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Epigenetics:
The Sounds of Silence

by Karen Ross

“...not everything that is inherited is

genetic. ”

—Boris EphiTissi

geneticist and embryologist (1901-1979)

M unira Basra!, of the NCI Ge-
netics Branch, opened the

Research Festival sympo-
sium on "Epigenetics and Cell Cycle

Control: From DNA Replication to

Cancer Therapy” with the above
quote from
Boris Ephrussi,

whose insights

presaged the

elucidation of

epigenetics.
German Cancer Research Center

is the study of Structural model

DNA modifica- oj a metbyltrans-

tions that per-
Mase enzyme

sist during cell division but that do
not change the DNA sequence itself.

NCI’s Shiv Grewal, Mirit Aladjem, and
David Schrump discussed ways in

which epigenetic phenomena con-

trol gene expression, the timing of

DNA replication, and the potential

of cells to form tumors.

Grewal, of the Laboratory of Mo-
lecular Cell Biology, explained how
gene expression is turned off, or si-

lenced, in particular regions of the

genome of fission yeast. Silencing

occurs, he said, when specific pro-

teins bind to the DNA, converting it

into a form called heterochromatin.

How does the cell know which
parts of the genome should be si-

lenced? The answer, at least in some
cases, Grewal said, lies in the RNAi
pathway, a system that has lately

come to the fore with its increasing

use by researchers to knock out the

function of genes of their choice in

continued on page 10
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Peering into the Infectious Future
Of Emerging Infectious Diseases

by Aarthi Ashok

Aarthi Ashok

On the Front Lines in the Labs: (left to right) Tony Fauci, Jose Ribeiro. Kanta Suhbamo,
and Bnice Chesebr-o

“The war against infections diseases

has been won.
”

—Surgeon General William H. Stewart

testifying before the U.S. Congress in 1967

Q uoting the former surgeon gen-

eral, NIAID Director Tony Fauci

set the stage for the Research
Festival symposium on 21st-cenairy chal-

lenges in infectious disease research.

He did not have to belabor the folly

of Stewart’s declaration—the fact that in-

fectious diseases were the second lead-

ing cause of death worldwide in 2002
was enough.

In his introductory overview of emerg-
ing and re-emerging infectious diseases,

Fauci said that:

Prevention of HIV infection—about

3 million people globally were newly
infected in 2003—remains the most dif-

ficult challenge in the HIV arena today,

particularly with regard to the develop-

ment of an HIV vaccine.

The sequencing of the genomes of

the most lethal malarial parasite and its

mosquito vector offers fresh approaches
for overcoming malaria, currently the

cause of 1.5-2. 5 million deaths annually.

The threat of an influenza pandemic
is “significant." Infections of humans with

lethal H5N1 avian influenza have been
detected in Asia since 1997 and, together

with a peiwasive lack of immunity to the

H5N1 strain in the population and shifts

in influenza antigenicity, add to the com-

plexity of this public health issue.

"West Nile virus, a classic re-emerg-

ing microbe, is currently endemic in the

United States but likely to spread to the

Caribbean and South America in com-
ing years. On the positive side is the

development by the NIAID Laboratory

of Infectious Diseases of a chimeric "West

Nile virus vaccine with a dengue virus

backbone.
The anthrax attacks of 2001, which

generated fear and disruption of rou-

tine activities, also led to a large increase

in NIH biodefense spending—from
$291.1 million in 2002 to an estimated

$1.6 billion in 2004—and the expansion
of NIH research facilities, including the

construction on campus of a biosafety

continued on page 3
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From the Deputy Director for Intramural Research

Supporting High-Risk, High-Impact Research
In the NIH Intramural Research Program

T hose of you who heard my keynote talk* at

the NIH Research Festival know what my bot-

tom line was: The greatest successes of the

NIH intramural research program (IRP) in the past

came from recruiting highly creative scientists and
giving them the freedom and environment in which
to explore important problems in biomedical re-

search.

The future of the IRP (and the U.S, biomedical

research effort overall) depends on ensuring that

the current and next generations of IRP scientists

have the freedom they need to be innovative.

In recent discussions with the NIH director, the

Board of Scientific Directors (SDs). and the chairs

of our Boards of Scientific Counselors (BSC), there

was unanimous agreement that the IRP must con-

tinue to be a vital, creative re-

search program, willing to take

high scientific risks in hopes of

enormous scientific payoffs.

Much time was spent at a re-

treat of the SDs this summer
brainstorming ways to make it

easier for our research staff to

tackle difficult problems with no
assurance of success. We iden-

tified three barriers that currently

make adventurous research all

too difficult in the IRP:

( 1

)

The product-oriented na-

ture of the review process by our

BSCs

(2)

The understandable con-

seiT/atism of our scientists and
scientific leadership at times of

constrained resources

(3)

A tenure-track system that

may penalize highly innovative

early career scientists whose re-

search risks do not pay off

The SDs recommended that

we address each of these prob-

lems in turn, through a series of discussions by their

board and appropriate subcommittees, with follow-

up when I meet in the spring with the BSC chairs.

Our long-term goal is to rewrite the instructions to

the BSC members so that they can help us support

higher-risk, higher-impact research in the IRP. We
want tenure-track review processes that do not pe-

nalize the most creative early career scientists.

1 would like to stimulate discussion about our ideas

thus far. The first idea relates to current BSC pro-

cesses, which largely reward products—such as dis-

coveries, patents, and papers. The BSC could also

help us identify highly creative projects that might

take more time than usual but if brought to fruition

would have veiy high impact. We could also meet

Our long-term goal

is to rewrite the

instructions to the

BSC MEMBERS so THAT

THEY CAN HELP US

SUPPORT higher-risk,

HIGHER-IMPACT RE-

SEARCH IN THE IRP.We
WANT TENURE-TRACK

REVIEW PROCESSES THAT

DO NOT PENALIZE THE

with colleagues in academia and industry to get their

tips on how to reward and encourage creativity.

The current primarily retrospective review that rec-

ognizes past successes is certainly a good way to

encourage more innovative research. But we need
also to add a way to evaluate innovative approaches
and ideas—experiments that are brilliant in concep-
tion—but do not always result in traditionally suc-

cessful outcomes. Successful outcome ought not be
the only measure of the value of the research. This

change would permit our most innovative scientists

to continue to explore new ideas, even if they have
not been particularly productive over a previous four-

year period. We have students and postdoctoral fel-

lows whose careers depend on some measureable
scientific output; so, whatever else we do, we must

continue to do enough “bread

and butter” science to support

these careers.

Another idea on the table is

that the SDs themselves take

more responsibility for recogniz-

MOST CREATIVE EARLY

CAREER SCIENTISTS.

*To hear the keynote address, go to

<http://videocast.nih.gov>

;

click on Past Events and then on special-, from there,

navigate to the September 28 event.

ing and encouraging innovative

research. This means making
merit-based decisions about as-

signment of resources so that

our most creative scientists are

given the resources they need
to conduct their research.

Across-the-board approaches to

resource allocation or limitation,

although less likely to result in

complaints from the scientific

staff, may not be in the best in-

terest of novel science.

In the matter of tenure-track

constraints on innovation, a spe-

cial subcommittee of SDs has

been established to think about

creating a climate for tenure-

track investigators that is more
conducive to taking chances.

As it now stands, at a period in their scientific

careers when they are most likely to produce truly

creative work, early career scientists are under the

greatest pressure to achieve specific goals.** Striv-

ing to meet these goals may limit out-of-the-box

thinking and research for some individuals.

Some ideas are percolating about how to avoid

penalizing our tenure-track investigators who take

scientific risks, but I would be interested to hear

more from the entire NIH community.
The good news is that there is general agreement

from NIH leaders and advisors who help oversee

our research that the IRP is the best place to con-

duct high-risk, high-impact research; we now need

to work together to develop policies and processes

that embrace this goal.

**See the criteria for tenure in the NIH Sourcebook:

<http://wwwl .od.nih.gov/oir/sourcebook/prof-
desig/tenurecriteria.htm>.
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Peering into the Infectious Future

continued from page 1

Peering into the infectiousfuture: (left to right) NlAID's Jose Ribeiro, Kcuita Subbarao. and Bruce Chesebro

level 3 building, that will accelerate the

development of countermeasures to an
array of infectious agents.

Fauci ended with a cautionaiy thought

taken from the book 77i<? Restless Tide

by former NIAID director Richard
Krause: Microbes will continue to bom-
bard the shores of mankind and, tiy as

they may, neither of the adversaries

—

humans or pathogens—will fully elimi-

nate the other.

Insect Vectors:

Transgenic Solutions?

It has long been clear that the eradi-

cation of infectious diseases transmitted

by insect vectors requires inten^ention

at the level of the vector itself.

Not only are there more than 15,000

species of insect vectors on the globe,

said Jose Ribeiro, head of the Vector Bi-

ology Section, NIAID, but they are “r-

selected” species whose large numbers
of offspring give rise to enormous ge-

netic diversity in the population and
hence adaptability to a rapidly chang-
ing environment.

International commerce has abetted

the spread of insect vectors. One ex-

ample, he said, was the importation into

the United States in the 1980s of rubber
tires from Malaysia that harbored the

eggs of the West Nile-associated mos-
Cjuito species Ochlerotatiis japoniciis

and Aedes albopictiis.

On a more local level, changing habi-

tats through the movement of people
into suburbs has broken the fragile bal-

ance of the environment and imposed
a greater risk of zoonotic diseases such

as Lyme disease.

Recent achievements, however, rival

these challenges, Ribeiro said. He cited

the sequencing of a mosquito genome,

the expanded knowledge of insect

population genetics, and the unprec-

edented ability to compile large amounts
of geographical ancl biological data

through the use of geographical infor-

mation systems.

The most significant advance, he said,

is probably the characterization of the

vector genes that affect host selection,

habitat choice, blood feeding, and para-

site susceptibility.

He projected that although several

ethical dilemmas remain regarding the

creation of transgenic mosquitoes, this

type of research over perhaps the next

20 years could lead to novel approaches
in the control of vector-borne illnesses.

Animal Models of SARS
In 2003, the World Health Organiza-

tion identified 8,000 cases of severe

acute respiratory syndrome (SARS)
across the globe; 774 people died be-

fore the outbreak ended in July 2004.

Kanta Subbarao, a senior investigator

in the Laboratory of Infectious Diseases,

NIAID, has worked extensively on the

development of animal models of SARS.

She aims to clarify the pathogenesis of

the disease and evaluate vaccine candi-

dates.

“We wanted to explore a range of ani-

mal species, as their susceptibilities may
vaiy," she said. She described results in

intranasally inoculated mice and golden
Syrian hamsters and intratracheally in-

oculated African green monkeys, rhesus

monkeys, and cynomolgus monkeys.
None of the animals tested developed

clinical signs of disease, but virus was
detected in the respiratoiy tract of mice,

hamsters, and African green monkeys,
and serology showed that they were in-

deed infected.

The animals were
protected from repli-

cation of virus after

subsequent viral chal-

lenge by antibody
production.

Llyperimmune se-

rum from iiafected ani-

mals could be used to

protect naive animals,

clearly defining the

role of antibodies in

preventing virus rep-

lication, Subbarao
noted.

The African green
monkey was found to

be the most permissive model among
the three species of nonhuman primates

tested, she reported, but because the

course of infection in these monkeys is

significantly different from that in hu-

mans, she urged caution in their use for

the evaluation of vaccine efficacies.

Several SARS vaccines are currently

being evaluated in this animal model,
including inactivated subunit DNA and
live attenuated forms, and the prospects

look promising, Subbarao said.

Another aspect of SARS infection re-

quiring targeted research is that old age

( over 60 ) appears to be a significant risk

factor in disease progression.

To better understand the pathogen-

esis of SARS in the elderly, Subbarao’s

group has created an older mouse
model, which shows a dramatically dif-

ferent response to SARS infection and
progression.

“We are very interested in investigat-

ing this model further," Subbarao said,

implying there is reason for optimism.

Prion Diseases:

Are Prions Infectious?

Prions have been described as the

agent of transmissible spongiform en-

cephalopathies (TSE), but not all inves-

tigators are convinced, said Bruce
Chesebro, chief of the Laboratory of Per-

sistent Viral Diseases at NlAID’s Rocky
Mountain Laboratories in Hamilton,
Mont. He placed himself in this group
of skeptics.

Prion protein diseases belong to a

class of protein-folding diseases, which
also include Alzheimer’s, type 2 diabe-

tes, and cystic fibrosis, in which the ac-

cumulation of misfolded proteins dis-

rupts the function of various organs.

continued oti next page
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Poster Session

Plumbing the Cell Biology oe Lou Gehrig’s Disease,
Atherosclerosis, and Lysosomal Membrane Proteins

Research Festival

More than 300 posters, placed under
25 differe}it scientific iimbrellas. were
presented during the Research Festival.

Below are reports on three of the post-
ersfrom the cell biology session.

Mutant Proteins in ALS

Aarthi Ashok

Luca Di Noto, NHLBI

Luca Di Noto, Laboratory of Bio-

chemistry, NHLBI; Principal Inves-
tigator: Rodney Levine
Susceptibility of mutant superox-
ide dismutase to degradation by
the proteasome and correlation
with amyotrophic lateral sclerosis

Lou Gehrig’s disease, or amyo-
trophic lateral sclerosis (ALS), results

in loss of motility due to neuronal de-

generation and is the most common
motor neuron disease in adults.

The familial form of ALS CfALS),

which constitutes about 10 percent of

all ALS cases, has been linked to more

PRIONS

continued from page 3

However, prion diseases differ in that

they are transmissible,

Creutzfeldt-Jakob disease (CJD), a

prion disease that has a familial, spo-

radic, and infectious form (vCJD), has

gained much notoriety in recent years

due to the link between vCJD and mad
cow disease and the suggestion of a

possible trans-species spread.

Chesebro agrees with the delineation

of the prion protein, PrP'
,
as the protein

that misfolds in these diseases to a form
known as PrP”L But he disagrees that

the evidence unec(uivocally defines this

protein as the infectious agent itself.

than 100 mutations in the sodl gene
that encodes copper/zinc superoxide

dismutase fSODl).
Previous studies have shown that

mutations of the ALS type decrease the

half-life of the mutant protein in vivo.

Di Noto and colleagues hypothesized

that the cell’s multicatalytic protease,

the 20S proteasome, may be respon-

sible for the degradation of SODl with

fALS-type mutations.

To test this hypothesis, they used pu-

rified 20S proteasomes from rat liver to

examine the degradative susceptibility

of the “apo" or metal-free forms of both

normal and fALS mutation-bearing
SODl proteins.

Quantification of degradation by re-

verse-phase chromatography and mass
spectroscopy led them to conclude that

some SODl mutant proteins were bet-

ter substrates for the proteasome than

the normal protein.

Further, because the cleavage sites

were unaltered in these mutants, the

differences between the normal and
mutant forms were clearly quantitative.

When they looked at the tempera-

tures at which each of the mutant pro-

teins became completely unfolded
( melting temperature), they noticed that

some of the mutant SODl proteins had
lower thermal stability than their nor-

mal counterpart, and this lower stabil-

ity had a linear correlation with
proteasomal degradation.

The unfolding of proteins at or near

their melting temperature should lead

to the exposure of the buried hydro-

Several animal models designed to

mimic the familial form of CJD with a

mutation in the gene encoding PrP'

show evidence of brain diseases but no
infectivity. The infectious agent—a vi-

rus—may remain to be identified,

Chesebro said.

The misfolding of PrP" in that case

would serve as the necessary suscepti-

bility factor.

Better vCJD screening strategies are

also needed, Chesebro added, noting

that current tests are only sensitive

enough to detect infection at the late

preclinical stages—at about 30 months

by Aarthi Ashok

phobic residues, and hydrophobic
patches on proteins have been pro-

posed as signals for proteasomal rec-

ognition and degradation. Using the

fluorescent dye ANS, which binds hy-

drophobic patches, Di Noto noted that

an increase in surface hydrophobic-

ity correlated with increased degra-

dation.

To drive home the point that ther-

mal stability governs proteasomal sus-

ceptibility, Di Noto reduced an in-

tramolecular disulfide bond in the nor-

mal protein that caused its melting

temperature to decrease dramatically.

He then showed that this reduced
form was a better substrate for

proteasomal degradation than the nor-

mal unreduced form.

Taken together, the data point to

the absence of metal ions, increased

thermal instability, and surface hydro-

phobicity as the susceptibility factors

for proteasomal degradation.

Di Noto suggests that the accumu-
lation of toxic degradation products

due to the increased turnover of the

mutant SODl proteins may be toxic

to neurons and thereby result in fALS.

Many degenerative diseases are hy-

pothesized to occur as a result of the

accumulation or aggregation of mu-
tant protein.

Based on their studies, Di Noto and
colleagues propose an alternative

mechanism whereby rapid turnover

of mutant proteins into toxic degra-

dation products underlies the pathol-

ogy of the disease.

of age in cattle—whereas the majority

of cattle are slaughtered between 14 and
16 months of age.

Chesebro’s group has created a mouse
infected with a hamster variant of prion

disease protein that has shown no clini-

cal signs of disease for two years.

There is evidence, however, that the

agent is becoming better able to infect

mice.

This carrier of infectivity may sewe as

a great model for understanding the

adaptability of the prion disease agent

and its cross-species spread to humans,
Chesel'iro suggested.
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Arterial Aging

Gaia Spinetti, NIA

Gaia Spinetti, Laboratory of Cardio-
vascular Science, NIA; Principal In-

vestigator: Edward Lakatta.

MCP-1 induces TGF-P activation in

vascular smooth muscle cells: im-

plicationfor age-associated arte-

rial remodeling

Remodeling of the arteries contrib-

utes to increased susceptibility to the

diseases of aging, such as atheroscle-

rosis. Fibrosis involves the accumula-

tion of collagen, fibronectin, and other

extracellular matrix components in the

arterial wall and is a component of the

vascular remodeling process.

Monocyte chemotactic protein 1

(MCP-1), metalloproteinase type II

(MMP2), and transforming growth fac-

tor-pi (TGF-pi) are all increased in

expression in the aging arterial wall

and are deemed to be molecular play-

ers in the fibrotic process. Previous

work has shown that MCP-1 activates

MMP2, and MMP2 can activate TGF-
Pl, in the rat aorta.

Spinetti and co-workers hypoth-
esized that the increased levels of MCP-
1 may be linked to the increase in TGF-

Pl levels in vitro and in vivo.

In testing this hypothesis, they first

showed that immunofluorescent detec-

tion of MCP-1 and TGF-pl in young
(8-month-old) and old (30-month-old)

rat aortae led to a complete overlap in

their signals, pointing to co-localiza-

tion of these proteins in the vascular

wall.

Using CD31 as a marker of endo-
thelial cells and a-SMA as a marker of

aortic vascular smooth muscle cells

(VSMC), they further showed that the

TGF-Pl signal was present within en-

dothelial and VSMC regions of the ar-

terial wall.

Real time PCR analysis using early

passage VSMC showed that TGF-Pl
transcript levels were increased in the

old rat aortas and in young aortas ex-

posed to MCP-1 for 24 hours, compared
with the untreated young aortas. ELISA
and western blot analysis showed that

the TGF-pi protein levels mirrored the

age dependency and MCP-1 responsive-

ness of the TGF-pi transcripts. Subcel-

lular fractionation assays demonstrated
the localization of TGF-pl protein in

these cells in the organelles, cytoplasm,

and nuclei.

These data point to TGF-Pl produc-

tion as a novel effect of MCP-1 signal-

ing in VSMC and provide insight into

the complex molecular regulation of ar-

terial remodeling.

Spinetti and co-workers are currently

analyzing the effect of MCP-1 siRNA
transfection on TGF-Pl expression lev-

els in VSMC to further define the rela-

tionship between these proteins.

Shedding Light on LAMPs

KatyJanvier, NICHD

Katy Janvier, Cell Biology and Me-
tabolism Branch, NICHD; Principal
Investigator: Juan Bonifacino
Rote of the endocytic machinery in

the sorting of lysosome-associated
membrane proteins (LAMPs

)

Lysosomal membranes are highly en-

riched in glycosylated transmembrane
proteins that are appropriately termed
lysosome-associated membrane proteins

(LAMPs). Janvier and colleagues have
set about to explore the cellular mecha-
nisms behind the sorting of these pro-

teins to the lysosomal membrane.
The most abundant members of the

LAMP family are LAMP-1, LAMP-2, and
CD63; they all cany tyrosine-based cy-

tosolic sequences that are recognized by
adaptor proteins (AP) involved in sort-

ing proteins to endocytic and secretory

compartments.
Previous work pointed to the exist-

ence of two possible pathways for the

sorting of LAMPs to the lysosome: the

direct and the indirect pathways. The
former pathway involves the movement
of LAMPs from the trans-Golgi network
to endosomes and then to lysosomes,

while the latter includes a movement
of these proteins to the plasma mem-
brane prior to their transport to endo-
somal compartments.

Janvier designed several experiments

to dissect the contributions of these

pathways to the trafficking of LAJVIPs

in HeLa cells.

She first examined whether the ex-

pression of a dominant negative mu-
tant form of clynamin 2, which blocks

internalization from the plasma mem-
brane, would affect the sorting of

LAMPS.
FACS analysis revealed an increased

cell surface expression of LAMPs in the

presence of the dominant negative

clynamin 2 compared with the levels

present in cells expressing normal
clynamin.

Next, using siRNA transfection,

Janvier selectively depleted the p sub-

unit of each of the AP complexes (API,

2, 3, and 4) and found that depletion

of the AP2 |i subunit ()l2) resulted in a

significant increase in the cell surface

levels of all three LAJVIPs.

Because AP2 is the adaptor protein

responsible for internalization of cargo

in dathrin-coated vesicles from the

plasma membrane, Janvier compared
the internalization rate of the LAJVIPs

with that of a marker for the AP2 path-

way, transferrin, in both the presence

and absence of the \x2 siRNA.

The internalization rates of the LAMPs
and transferrin were significantly dimin-

ished in the presence of siRNA, con-

firming the role of AP2 in the traffick-

ing of LAJVIPs.

This finding was supported by ex-

periments in which newly synthesized

CD63, upon release from a brefeldin A
block that held it in the ER, was sorted

to the lysosomes in normal cells and
was mostly present at the plasma mem-
brane in cells transfected with the ji2

SiRNA.

Finally, Percoll gradient fractionation

of HeLa cells followed by immunopre-
cipitation of LAMPs showed that 40-

60 percent of the LAMPs were pre-

vented from trafficking to lysosomes
upon AP2 depletion.

Janvier therefore concludes that

about half of the LAMP proteins in the

cell are sorted to the lysosomes via the

indirect pathway, in which AP2 and
clathrin play a key role.
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Complex Genetics and Common Brain Disorders by Fran Pollner

Fran Pollner

Brain explorers : (left to right) David Goldman. NIAAA; Robert Niissbaum, NHGRI: Daniel
Weinberger NIAIH; and George Uhl. NIDA

T he contribution of multiple genes
to the expression of a given dis-

order may be harder to pin down
than Mendelian genetics, but the more
complex the underlying genetics, the

more numerous the potential pathways
to intervention.

Unlike 'deterministic” single-gene

causes of such conditions as cystic fi-

brosis or Huntington's disease, suscep-

tibility genes merely predict an increased

risk of associated disorders—an in-

creased risk that once identified may be
preempted, panelists said at a Research

Festival symposium.
In the realm of common brain disor-

ders, plowing through the genomic
jungle to track alleles of vulnerability

may help alter the course of some of

the most pervasive, complicated, and re-

calcitrant conditions—dmg abuse, alco-

holism, and mental illness.

Addiction Vulnerability
Polydrug abusers seen at NIDA's Bal-

timore campus are the basis for “bed-

side-to-bench research” that is identify-

ing the allelic variants that predispose

to addiction vulnerability.

George Uhl, chief of the NIDA Mo-
lecular Neurobiology Branch, described

studies surveying thousands of single

nucleotide polymorphisms (SNPs) that

track how "DNA markers and addiction

move together through a population.”

Several markers, Uhl said, have been
found to be close to the functional vari-

ants; similar associations were found
among unrelated polysubstance abus-

ers, with minimal differences from Eu-

Pathways to Parkinson’s

Although parkinsonism is rarely in-

herited, understanding the nature

of the genetic pathway to the disease

sheds light on how to arrive there spo-

radically, observed Robert Nussbaum,
chief of the Genetic Disease Research

Branch, NHGRI.
The clear finding that specific tox-

ins that interfere with mitochondrial

function cause Parkinson’s disease

(PD) and the equally obvious fact that

most PD patients have no family his-

tory of the disease help explain why
the genetics of PD has been explored

only in the last eight years, he said.

"What has surfaced thus far—in rt\hn

studies—is that genetics comes into

play in the context of early onset (be-

fore age 50) PD, with siblings the rela-

tives at greatest risk.

Investigators at five other insti-

tutes—NINDS, NIMH, NIA, NHLBI,
and NIAAA—are involved in research

on PD genetics, Nussbaum said, not-

ing that at least four PD loci have been
identified, including a-synuclein
(park 1, at 4q21) found in families in

Greece, Italy, and Germany, and

Disease

parkin, a ubiquitin E3 ligase (park 2, at

6q25-27).

“A key lesson,” in the pursuit of PD
heritability, Nussbaum observed, “is that

hard as it is to find genetic causes, 30,000

genes [are] easy compared [with] the

black box of environmental factors.”

The underlying hypothesis of research

undertaken by Nussbaum’s team was
that studying the rare Mendelian fami-

lies—those with "deterministic” PD ge-

netics—would elucidate the pathways to

PD in the sporadic majority.

“"We studied an early onset, autoso-

mal dominant Italian family with link-

age to 4q21 and found mutations.” An-
other early-onset kindred, from Iowa,

had no a-synuclein mutation, but, rather,

three copies of a segment of chromo-
some 4—a triplication of the gene, he
said.

The team has identified allelic variants

with negative and positive associations;

related animal work has shown that

overexpression of a-synuclein in Droso-

phila and mice results in a neurodegen-

erative phenotype.

Nussbaum described collaborative

studies with Eric Murphy of the Uni-

versity of North Dakota, Grand Forks,

and Drake Mitchell's lab in NIAAA
examining brain phospholipid mea-
sures in the a-synuclein knockout
mouse.
They focused on cardiolipin, a lipid

specific to mitochondrial membrane
that is recjuired for electron transport.

Abnormalities in cardiolipin may pro-

duce reactive oxygen species, dis-

rupting the mitochondria.

The knockout model, he noted,

was not sufficient to eliminate car-

diolipin altogether. However, cardio-

lipin sidechains can be manipulated

by dietary fatty acid.

Dietary studies with variable poly-

unsaturated fat constituents will look

at whether “loss of function and ag-

gregation of a-synuclein, with dam-
aged or lost mitochondria, contrib-

ute to PD,” Nussbaum said.

Cardiolipin effects have been stud-

ied mostly in yeast, he added, “but

it’s an area ripe for study in mam-
mals.”

—Fran Pollner
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ropean American and African American
cohorts.

“Although environment also provides

a large chunk” in the development of

addiction, Uhl said, “the results of gene
mapping suggest that we have markers

with predictive power in European, Af-

rican American, and Asian popula-
tions—and current data nominate 33
chromosomal sites that together may ex-

plain a significant amount of addiction

vulnerability.”

Among those genes implicated in ad-

diction vulnerability are NrCANl (neu-

ronal cell adhesion molecule), a mor-
phine-regulated gene, and the cannab-
inoid receptor gene CNRl.
As with other addictions, heritability

accounts for more than 50 percent of

vulnerability to alcoholism, said David
Goldman, acting chief of the Laboratoiy

of Neurogenetics, NIAAA.
This substantial impact of genetics,

Goldman said, influences susceptibility

to nicotine, marijuana, and heroin ad-

dictions.

Genes implicated in susceptibility to

alcoholism include the ethanol metabo-
lism genes ALDH2 (aldehyde dehydro-
genase) and ADHIB (alcohol dehydro-
genase) and COA/r(catechol-0-methyl-

transferase).

Mental Illness

There is now clear proof, said Daniel

Weinberger, chief of the Clinical Brain

Disorders Branch, NIMH, that genes are

strongly related to neural information

processing systems, which in turn are

related to behaviors and behavioral dis-

orders. Thus, there is no longer any ar-

gument over the existence of a genetics

of mental illness.

There are, however, questions regard-

ing this genetics: “How many genes are

involved, and how large is the effect of

any one? What does it mean to be sus-

ceptible?” Weinberger asked. “We know
about cancer genes and their effects on
disruption of the cell cycle; biological

susceptibility to mental illness and ad-

diction is much more elusive.”

The surprising finding, he said, is that

linkage data have been at all successful

in uncovering regions of the genome
where susceptibility genes have been
found. That success, he said, can be at-

tributed at least partly to a “quirk of na-

ture"—the fact that linkage regions tend

to harbor multiple susceptibility genes.

This neighborly arrangement has facili-

tated replication, for instance, of the

identification of schizophrenia genes
among populations around the world.

Strategies that have been used to iden-

tify candidate genes in mental illness

include expression profiling, SNP asso-

ciations, and chromosomal translocation,

Weinberger said. At NIMH, SNP asso-

ciation has identified evidence of at least

10 schizophrenia genes. He pointed to

the identification of COMT and, more
recently, GRM3 (glutamate receptor,

metabotropic) as candidate genes in

schizophrenia that have been studied

extensively.

The COMT effect on dopamine—it in-

activates dopamine in the prefrontal

cortex—may explain the apparent asso-

ciation of COMT variations with an ar-

ray of phenotypic expressions—psycho-
sis, obsessive-compulsive disorder, anxi-

ety, drug abuse, bipolar disorder, aggres-

sion, poor impulse control, and sensi-

tivity to pain. “It may seem preposter-

ous,” Weinberger said, “but this could

be a basic biological effect" that mani-

fests itself in a variety of ways in differ-

ent contexts.

Cognition studies using functional MRI
in his lab have shown that COMT con-

tributes to normal human variation in

prefrontal memory processing, which
varies with COMT genotype.
Genes involved in serotonin signaling

and reuptake, such as the serotonin

transporter protein gene and its pro-

moter, also predict for depression in the

context of environmental stress. Not sur-

prisingly, effecting change in serotonin

signaling is the basis for most of the

antidepressant drugs on the market to-

day, Weinberger observed.

Four More lOM Stars

T he ranks of NIH scientists

elected to the Institiute of

Medicine expanded by four this

year: Zeke Emanuel director of

the Department of Clinical Bioet-

hics, CC; Alan Guttmacher, clini-

cal advisor to the director, NHGRI;
Bob Nussbaum, chief of the Ge-
netic Disease Research Branch,

NHGRI; and Tom Quinn, NIAID
senior investigator.

Book Early and Enjoy the

I
f you like recondite books and have a

somewhat eccentric mind, I’ve got a

great book club for you.

The NIH Biomedical Computing Inter-

est Group (BCIG) sponsors a highly suc-

cessful (in terms of attendance, partici-

pant liveliness, and follow-up accolades)

book club that was started over a year

ago.

Good, friendly, informative dialogue

occurs at every meeting. Participants feel

free to speak or not to speak. Some read

the books in detail and others don’t.

We have already selected nine books
for the 2005 program: three on computer
science, three on biomedical sciences, and
three on organizational behavior.

Here are the books and the dates they

will be discussed:

Club
1/27 eXtremeProgramming explained,

Kent Beck
2/24 Toe Triple Helix, Richard Lewontin

3/24 ne 21 Irrefutable Laws ofLead-
ership, John C. Maxwell

4/28 Leonardo 's Laptop: Hi iman Needs
and the New Computing Technologies, Ben
Shneiderman

5/26 Mapping Human Histoiy: Genes,

Race, and Our Common Origins, Steve

Olson

6/23 Micromotives andMacrobehavior,
Thomas C. Schelling

7/28 Free Software for Busy People,

Mohammad Al-Ubaydli

9/22 Life Evolving: Molecules, Mind,
and Meaning, Christian de Drive

10/27 Peopleware: Productive Projects

and Teams, 2nd Ed., Tom DeMarco, Timo-

thy Lister

You can get these

books through most book suppliers, in-

cluding the FAES Book Store and the NIH
Libraiy, or through interlibrary loan at

your local libraiy.

Authors Shneiderman, Olson, Al-

Ubaydli, and perhaps others are likely to

attend when their books are discussed

All meetings will be held in the NIH
Clinical Center (Building 10.) in the Medi-

cal Board Room (Room 2C116) on Thurs-

days from 5:30 to 7:30 p.m.

For more information, please contact

Jim DeLeo at 301-496-3848 or

<jdeleo@nih.gov>
or refer to the BCIG website

<www.nih-bcig.org>.
—-Jim DeLeo
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Fare Thee Well:
NIH Job Fair Aims to Open Doors beyond NIH

text andphotos
by Karen Ross

ne NIH Job Fair, held on September 30 during the Research Festival, featured 43 exhibitors whofilledfive conference rooms in the

Matcher Biiildi}ig. Tidefair was well attended. Many employers had a constant stream of visitors and after only a couple of hours, some
bad already run out of literature to distribute. We exhibitors rangedfrom multinational coiporations to small local biotechnology'

companies and i}icluded afew representatives ofalternative careers outside the traditio>ial academic and industrial research spheres.

Nearly all of the exhibitors had open positions and some conducted on-the-spot intewiews.

Compiitercraft, a local

compa)}}’ that develops and
maintai)is NCBFspublic

goietics databases,

including GenBank and
RefSecj, is afour-year

veteran of the NIHjob Fair
that has hired one or two

peoplefrom NIH each year.

Gene Hill and other

company reps were looking

for candidatesforfive
positions and kept busy
collecting resumes attd

conductitig inteiviews. Hill

said theyplanned to review
the resumes and schedule

more ititerviews the

following week. He also

credited OE's Shirley

Forehand with fineJob Fair
organizing.

Tl.iree human resources specialistsfrom the

Montgomeiy Coiuity Public Schools (MCPS)— (1.

to r.) Samuel Daniels, Elaine Tanenbaus, and
Peggy> Dolet (with Gloria Seelman, NIH Office of
Science Education, statiding)—were on hand to

recruitfellows with an interest in public school

teaching. Daniels explained that it’s not easy to

find certified science, math, and computer
science teachers, so they lookforpeople with

science or math backgrounds and guide them
through the teaching ceriification process,

which involves taking some education courses

and gaining teaching experience. Of course,

Daniels added, one sbottld also "he a good
communicator, have a lovefor kids, and . . .

have a warm personality."

Last year’sJob Fair, Tanenhaus remarked,

added one more NIFI alum to the MCPS ranks.

Dave Henderson, an
engineerfor GE Global

Research, came to the NIH
Job Fair to promote and
recruitfor the company's
new Bioscietices Lab. which
sttpports the newly created

GE Healthcare Bio-Sciences

business. T!^e new lab has
multiple openings in biology,

chemistiy, and biochemistty.

Henderson was seekitig

candidates tofill

bioinformatics positions atid

was impressed by the NIH
turnout. "I didn’t know quite

what to expect, " be said, "hut

I quickly got inundated with

veiy well-qualifiedpeople. ”

He viewed the Eair as "a nice

opportunity . . . to get name
recognition JandJ to attract

top talent to help build the

organization ."
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Prelims: How to Approach Job Fair
And Other Job-Seeking Activities

Prospecting

Tina Tekihan, a fellow at NCI-
Frederick who hopes to land an
academic position, said she was
disappointed that theJob Fair was
focused on nonacademic posts. She
didpick up some of the nonaca-

demic exhibitors' brochuresfor her
colleagues in Frederick, where the

career center (part of thefellowship

office) was closed several months
ago. Another helpful resource, she
suggested, would be a centralized

source to which NIH Pis could send
up-to-date universityjob bulletin

board posts relayed by their col-

leagues.

Ed. Note: Tltte NIH Office ofhitra-
mural Training and Education has

threejob-hunting sitesfor NIH
fellows. First, go to

<http://www.training.nih.gov>;
then select (I) “NIH Only " for access

to Current Outside Openings
and (2) “Careers "for access to

“VirtualJob Vmt" and Virtual
Career Center.

NCBIfellow Damir Herman, who is

seeking a position in bioinformatics or

biostatistics, found a couple ofpromis-
ing companies at theJob Fair. "I don't

expect NIH to lookfor myjob, " he said,

"hut they're doing a pretty goodjob of
bringingpeople in . . . .[and these

people] are veryi eager to hire.

"

by Karen Ross

Two weeks before Job Fair, NIH
hosted two workshops on gearing

lip for job hunting. About 50 people
attended a September 13 workshop
led by Beth Fischer of the University

of Pittsburgh, who offered NIH job

seekers advice on how to prepare
themselves and their resumes for the

NIH Job Fair. Attendees indicated in-

terests in both academic and industry

research in an informal poll by Fischer.

The first part of the workshop was
devoted to Job Fair preparation and
etiquette. The goal of the job seeker

at a fair, Fischer emphasized, is to land

a full intenhew. The best way to ac-

complish this goal, she said, is to do
extensive research beforehand. Job
seekers should come to the employer's

table with questions about specific

products the company is developing

or about hiring patterns or career paths

at the company. "You want to give

them eveiything you can to show that

you are an interested professional,"

she said.

Fellows would be wise to visit the

NIH Job Fair website, which lists all

participating companies and, in many
cases, descriptions of open positions

and links to the companies' websites.

Dressing nicely is also important,

Fischer said, adding that in previous

years some employers at the NIH Job
Fair complained that the fellows

looked "a little shabby."

She also advised people to attend

the Job Fair with their resumes in

hand—and then she launched into a

discussion of how those resumes
ought to be crafted. She described the

differences between a curriculum vi-

tae (CV), the traditional format used
to apply for academic positions, and
the industry-oriented resume. (The CV
is an exhaustive chronological listing

of career accomplishments, while a

resume is tailored to highlight the

candidate's qualifications for a particu-

lar job.)

To illustrate some common prob-

lems, she distributed copies of a mock
resume that was full of typographical

and formatting errors as well as irrel-

evant information that hid the

applicant's real accomplishments.

The workshop appeared to be well-

received. NIAID fellow Emiko Soeda
and NINDS fellow Jean Tiong, both

of whom intend to hit the job market

in the near future, were enthusiastic

about the program. Soeda remarked
that job fairs are an unfamiliar con-

cept to her because in her home
countiy, Japan, young scientists most
often get jobs through their advisors'

personal connections. Tiong liked

having the opportunity to critique a

resume and planned to use her new
knowledge to modify her own.
The following week, on Septem-

ber 21, representatives from Wyeth
Pharmaceuticals, including Matt Yudt,

a Ph.D. scientist who did his postdoc-

toral work at NIH, offered advice on
landing a job at a big pharmaceutical

company. The program was spon-
sored by FELCOM, the Office of In-

tramural Training and Education, and
the Office of Research on Women's
Health.

They stressed that people seeking

positions as scientists in industry, es-

pecially in these tough economic
times, need to focus on jobs that re-

quire the specific skills and educa-

tion they have—and that their resume
should be tailored to reflect that.

Available positions, they noted, are

usually described on the company's
website.

Candidates who are selected for in-

tendews are judged on both their sci-

ence and their communication skills.

They normally are required to give a

research seminar, and the quality of

their presentation and their ability to

answer questions are closely scruti-

nized.

Yudt added that it is helpful if can-

didates can suggest commercial tie-

ins to their research. And they should

be enthusiastic and as knowledgeable
as possible about the position for

which they are interviewing.

Those who hope a job in industry

will offer a respite from the long hours

at the bench as a postdoc may be
disappointed. In addition to their pro-

prietary work, scientists at Wyeth are

expected to publish two papers a

year. Yudt said he frequently goes
back to the lab to work in the eve-

nings, and that promotions come
faster to those who put in evening

and weekend hours.

On the plus side, he added, pro-

motions are plentiful, salaries are

good, and the research atmosphere
is collaborative.
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Epigenetics

continued from page 1

Karen Ross

Epigenetics panel (left to right)Jay Chung, NHLBJ Shiv Grewal, NCI; Mint Aladjem,

NCI; Munira Basrai, NCI; David Schnimp, NCI

a variety of experimental organisms.

Some DNA regions destined to be si-

lenced contain a short piece of repeated

sequence. RNA made from the repeated

secjuence forms a double-stranded con-

formation, which is chopped up into

small pieces by enzymes in the RNAi
pathway.

The pieces, in turn, help recruit the

enzymes and structural proteins needed
to make heterochromatin to the homolo-
gous DNA sequence from which RNA
was made.

1 leterochromatin formation is epige-

netic because it alters the DNA in a non-
permanent way that nevertheless is very

stable and can be passed on to the next

generation.

Replication Timing
Aladjem, of the Laboratory' of Molecu-

lar Pharmacology, described new in-

sights into how cells control when dif-

ferent parts of the genome are replicated.

In general, she said, regions with high

levels of gene expression replicate early

and silent regions replicate late.

To investigate why this is, Aladjem and
her colleagues inserted the DNA se-

quences that code for the blood protein

P-globin into a new home—a region of

chromosome 15 that normally replicates

late. In one orientation, the transplanted

DNA was expressed and replicated early;

in the other orientation, it was not ex-

pressed and was replicated late.

A particular chemical modification of

the DNA known as methylation was
associated with late replication. In fact,

if the (3-globin DNA was methylated be-

fore it was inserted, it replicated late in

both orientations.

P-Globin DNA that was altered so that

it could not be methylated, however,
showed a normal pattern of replication

timing, suggesting that methylation is not

required for late replication. A portion

of the p-globin sequence called the lo-

cus control region proved to be impor-

tant for regulating replication timing.

Finally, Aladjem said, although late

replication and gene silencing normally

go hand in hand, the two processes are

distinct, as newly inserted P-globin se-

cpiences replicate late even before they

are fully silenced, a process that takes

several weeks.

Epigenetics at the Bedside
Two drugs that induce epigenetic

modifications of DNA are the subjects

of clinical trials involving lung cancer

patients, reported Schrump, of the Tho-
racic Oncology Section of the Surgeiy

Branch.

Tumor cells undergo a complex pat-

tern of epigenetic changes in their DNA
that affect gene expression, Schrump
said.

Early in tumor formation there is wide-

spread demethylation of DNA, which
leads to a general increase in gene ex-

pression; however, a few critical tumor
suppressor genes undergo the opposite
modification—they are hypermethylated

and silenced.

Schrump is investigating whether two
drugs—5-aza-2'-deoxycytidine (DAC)
and depsipeptide (DP)—can awaken
these antitumor genes and halt the pro-

gression of lung cancer. DAC inhibits

DNA methylation; DP is one of a class

of drugs called histone deacetylase in-

hibitors that block the removal of acetyl

groups from histones. (Histones are

DNA-binding proteins that organize and
compact the DNA. Acetylation of his-

tones is associated with increased gene
expression.)

In a phase I clinical trial with DAC,
Schrump reported, patients’ tumors sta-

bilized, although they did not shrink,

and the expression of some tumor sup-

pressor genes did increase. In addition,

some tumors exhibited increased expres-

sion of tumor antigens that are known
to be regulated by epigenetic mecha-
nisms. A phase II trial with DP and a

trial in which DAC and DP were given

sequentially yielded similar results.

Schrump and his colleagues are now
testing sequential doses of DP and
flavopiridol (FLA), a diaig that influences

gene expression by an entirely differ-

ent mechanism. Early evidence suggests

that FLA may increase the effectiveness

of DP and make cells more susceptible

to programmed cell death.

The Multifaceted Per2
Per2, a protein that affects gene ex-

pression and cell cycle, turns out to have

a surprising new function in metabo-

lism. Jay Chung, Laboratory of Biochemi-

cal Genetics, NHLBI, discussed this pro-

tein of interest in another context: its

role in regulating food intake and glu-

cose levels in mice.

Per2 mutant mice develop tumors in

their salivary glands, and their cells have

an abnormal response to DNA damage.

The mutants also cannot maintain a

steady sleep-wake cycle if they are kept

in constant darkness, which indicates

that they have defects in their circadian

clock.

Chung’s group discovered that Per2

mutant mice, particularly females, gain

weight unusually quickly when fed a

high-fat diet. Like people with type 2

diabetes, the mice are insulin resistant,
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More Epigenetics

On Deck: Zebularine

E pigenetics also took center stage

at Hispanic Scientist Day on Oc-
tober 13 . Keynoter Victor Marquez,
chief of the Laboratoiy of Medicinal

Chemistry, NCI-Freclerick, discussed

a promising anticancer dmg called

zebularine, which reduces DNA me-
thylation much like DAC, the drug
studied by Schrump's group.

Chemically speaking, zebularine

closely resembles cytidine, one of the

normal DNA bases. Incorporated into

DNA at a low rate, it binds tightly to

the enzyme re-

sponsible for

DNA methy-
lation, trap-

ping it and
blocking its

further activ-

ity. The over-

all reduction

in DNA me-
thyl a t i o n
stimulates in-

creased ex-

pression of

important an-

titumor genes \ictoi Mcncjiiez

such as pl6 and p53-

This mechanism of action is very

similar to that of DAC. Although DAC
is the more potent of the two drugs,

zebularine has a couple of impor-

tant advantages. First, it is far less

toxic than DAC because its activity

is restricted mainly to tumor cells

—

the enzymes necessaiy to process

zebularine so that it can get into DNA
are expressed at much higher levels

in tumor cells than in normal cells.

Second, it can be administered
orally—tumor growth was slowed in

mice that drank water containing

zebularine.

Marquez, in collaboration with the

NCI Cancer Therapy Evaluation Pro-

gram, is currently preparing for a

clinical trial of zebularine. So far, the

NCI Developmental Therapeutics
Program has produced large quanti-

ties of the dmg and is in the process

of completing toxicity studies in ani-

mals needed for inclusion in an IND.

—Karen Ross

unable to control their blood sugar de-

spite producing adequate levels of in-

sulin.

Per2, Chung noted, appears to be part

of the preopimelanocortin/a-melano-
cyte stimulating hormone pathway,
which is known to regulate appetite.

N IH undoubtedly trains many
beautiful minds. In October, the

MacArthur Foundation con-
firmed the intellectual beauty of one
former trainee by awarding Vamsi
Mootha one of its “genius awards”—

a

five-year, $500,000 no-strings-attached

fellowship.

Mootha, 33, is currently an assistant

professor of systems biology at his alma
mater. Harvard Medical School in Bos-

ton (and assistant professor of medicine
at Massachusetts General Hospital in

Boston). He was one of 23 recipients of

a 2004 Fellowship from the John D. and
Catherine T. MacArthur Foundation.

Mootha ’s research focuses on mito-

chondria. He used innovative “neighbor-

hood analysis” data-mining methods to

combine functional, expression, and
gene position data to identify the flaw

underlying the rare, fatal Leigh syn-

drome, French-Canadian Variant. LSFC
claims one in 2,000 children born in the

Saguenay/Lac-Saint-Jean region of Que-
bec. Mutations in the LRPPRC gene lead

to cytochrome c oxidase deficiency, with

resulting developmental delays and fa-

tal build-up of lactic acid in the blood,

typically after infection or other stress.

While the LSFC discovery was impres-

sive, it is likely that what caught the eye
of the MacArthur selection committee
was Mootha’s sleight-of-hand in pulling

biological and clinical discoveries, like

rabbits, out of unpromising and vast

genomic and proteomic datasets.

Mootha ancl collaborators have now
moved their mathematical sorcery to type

2 diabetes. After categorizing functional

categories of genes from expression data,

they were able to detect a difference in

mitochondrial gene regulation between
people with and without diabetes.

“Vamsi is not attempting to reduce the

problem to its simplest elements, but to

accept the complexity of biology and
develop the tools we will use over the

next several decades to unravel the in-

teractions that naturally occur,” observes

NHLBI scientific director. Bob Balaban.

Mootha was an NIH/Howard Hughes
medical student in Balaban’s lab from

1995 to 1997 before returning to Harvard

to complete his M.D. Balaban calls

Mootha's LSFC, diabetes, and overall mi-

tochondrial proteomics “landmark stud-

ies in mitochondria research.”

Balaban says Mootha revealed his ge-

nius potential within the first two weeks
of setting foot in his lab. “Vamsi was sim-

Tlje look ofgenius: Vamsi Mootha

ply a remarkable student,” Balaban re-

calls. “His first paper was generated by
making a novel technical observation,

working out the details, and writing up
the paper over a period of about a

week.”

The paper looked nearly flawless to

Balaban. "I did not have to modify any-

thing other than to add some references.

This was also the first scientific paper
he ever wrote!”

The journal reviewers agreed with

Balaban's assessment and published the

paper without any revision. Balaban calls

Mootha “one of the brightest, most en-

ergetic fellows I have ever had in the

lab"—and “one of the most enjoyable

people to interact with .... The
[MacArthur] committee did a spectacu-

lar job in identifying Vamsi as a genius.

... It is going to be great to watch him
soar.”

And for his part, Mootha told TIjeNIH

Catalyst, "I was very fortunate to land

in Bob Balaban's laboratory. [He] had
set up a wonderful environment in

which physicians, physicists, and bio-

chemists could work together to use

quantitative approaches to explore prob-

lems related to energy metabolism and
human disease.

"The year at the NIH was a veiy spe-

cial one. ... It was during this time,”

Mootha recalled, “that I fell in love with

mitochondrial metabolism.
”

Asked how he plans to use the “ge-

nius grant,” Mootha has told the press

he is uncertain, but his thinking is head-

ing in directions that seem very much
in the intramural NIH tradition of ad-

venturous research [see editorial, p.2],

A Harvard press release says Mootha’s
initial thoughts are to investigate rare

mitochondrial disorders. “I want to do
something deliberate with the money,
maybe research some riskier areas,”

Mootha said. “Some of my crazier ideas

will be funded with this money.”
—Celia Hooper

NIH/Hughes Scholar Mootha
Wins MacArthur Award

11



The NIH Catalyst

People

Recently Tenured

Patrice J. Morin earned his Ph.D. de-

gree at Boston University in 1995- He
then did hispostdoctoral research trai)}-

ing at theJohns HopkiJis Oncology Cen-
ter in Baltimore. Hejoined the NIH as a
tenure-track investigator in 1998. He is

now a senior i)westigator at NIA in the

Laboratory ofCellularandMolecularBi-
ology and is head of the Cancer
Genomics and Signaling Sec-

tion.

Our research focuses on
the molecular mechanisms of

ovarian tumorigenesis. In par-

ticular, we are interested in

identifying genes and path-

ways that may become novel

targets for detection and
therapy.

The American Cancer So-

ciety estimates that in the

United States this year more than 23,000

women will be diagnosed with ovarian

cancer, and approximately 14,000 will

die of the disease. Yet very little is known
about the biology of ovarian cancer.

Ovarian cancer affects older women
disproportionately, with more than half

the cases diagnosed in women older

than 60. In spite of the recent introduc-

tion of aggressive treatments, five-year

sunhval rates for patients with advanced
ovarian cancer are low, ranging between

5 and 30 percent.

Five-year survival can reach 95 per-

cent if the diagnosis is made at an early

stage, but only about one-quarter of pa-

tients are diagnosed early, when there

are no symptoms. These facts make
ovarian cancer a disease for which early

detection represents an intervention of

choice in reducing morbidity.

It is likely that the discovery of highly

sensitive and specific tumor markers will

greatly affect ovarian cancer manage-
ment and lead to a significant increase

in overall siiwival.

In the past few years, we have used
serial analysis of gene expression
(SAGE) and microarrays to examine
gene expression in ovarian cancer and
normal ovarian tissues.

We have identified several thousand
genes expressed in each tissue and
found numerous genes differentially ex-

pressed between normal and malignant
ovarian cells, including novel transcripts

that we have namecl HOSTs (human
ovarian cancer-specific transcripts).

Genes whose expression is elevated in

ovarian cancer, especially those that

encode secreted and/or surface proteins,

may become targets for early diagnosis

and various therapeutic strategies, such
as immunotherapy. We are evaluating

promising candidates and generating an-

tibodies to investigate their clinical po-

tential.

The large number of genes abnormally

expressed in ovarian cancer may also

provide clues to which mo-
lecular pathways may be
relevant to ovarian tumori-

genesis. We are using a va-

riety of molecular biologi-

cal tools to validate our
SAGE results and dissect the

molecular pathways respon-

sible for the aberrant gene
expression.

Of particular interest is the

pathway involving the

claudin tight junction proteins. We have

found that these proteins are consistently

elevated in ovarian tumors. Since our

initial findings, other research groups
have found that claudins are

dysregulated in many other

cancers.

We are currently examin-

ing signal transduction up-

stream and downstream of

the claudin proteins in order

to clarify their functions in

cancer. Our current data sug-

gest that claudins may be im-

portant for cell motility and
invasion. Overall, the identi-

fication and characterization of pathways

crucial for ovarian tumorigenesis will

provide a better understanding of this

disease at the molecular level and may
suggest novels targets for therapy.

Aside from the difficulties of ovarian

cancer detection, ovarian cancer treat-

ment is also plagued by drug resistance.

Approximately half of ovarian tumors

are intrinsically resistant to chemo-
therapy, and a significant fraction of

women with tumors that initially re-

spond to chemotherapy eventually re-

lapse with drug-resistant disease.

We have created an in vitro model of

drtig resistance consisting of isogenic cell

lines differing in their sensitivity to

cisplatin. Using SAGE, we have identi-

fied genes whose expression is altered

in cisplatin-resistant cells. These genes

encode proteins of the extracellular

matrix and cell adhesion, such as col-

lagen VI, collagen XI, and decorin.

We are currently investigating the

mechanisms of cell adhesion-mediated
drug resistance in ovarian cancer. We
are also studying the roles of the

phosphatidylinositol 3 kinase/Akt path-

way, as well as the X-linked inhibitor of

apoptosis pathway in ovarian cancer

drug resistance using, among other ap-

proaches, siRNAs and somatic gene-tar-

geting strategies.

Ronald Summers received his M.D.
and Ph.D. degrees from the University

of Pennsylvania School ofMedicine in

Philadelphia in 1988. After a medical
internship, be completed a radiology

residency at the University ofMichigan
Hospitals in Ann Arborand a bodyMag-
netic Resonance Imaging fellowship at

Duke University in Durham, N.C. He
joined NIH in 1994 as a staffradiologist

in the Clinical Center and is currently

chiefofthe Virtual Endoscopy ar7d Com-
piiter'-Aided Diagnosis Laboratory) in. the

Diagnostic Radiology Department ofthe

CC Lrnaging Sciences Pr-ogr-arn.

While at Duke, I attended

a lecture by David Vining, a

radiologist who was touting

a new way of detecting

colorectal cancer using com-
puted tomography (CT)
scans.

He called the test “virtual

colonoscopy” and high-

lighted his lecture with “Fan-

tastic Voyage”-like movies

of the inside of the large in-

testine.

Here was the potential to make new
types of radiologic diagnoses noninvas-

ively. Vining’s presentation sparked my
imagination as I realized by performing

research in virtual endoscopy I could

combine my interests in medical imag-

ing and computing to solve important

clinical problems.

Upon arrival at NIH, I first explored

virtual endoscopy’s potential for detect-

ing disease of the human airways.

In collaboration with James Shelhamer

of the Critical Care Medicine Department

and Michael Sneller and Steven Holland

of NIAID, I embarked on a protocol to

use virtual bronchoscopy to study pa-

tients with cavitary lung disease and air-

way stenosis.

Later, with David Schaimp and Steven

Finkelstein of the NCI Surgical Oncol-

ogy Branch, I used virtual bronchoscopy

to study patients with lung cancer.

Patrice Morin
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We wrote a series of articles present-

ing our methodology for producing the

virtual bronchoscopy images. We also

conducted clinical validation studies that

showed that virtual bronchoscopy could

reveal morphologic abnormalities such

as airway occlusions and endobronchial

masses.

Based on these results, we moved vir-

tual bronchoscopy from the bench to

the bedside—from an experimental
project to a routine clinical service of-

fered to patients at the CC.

About 1998, I became interested in

computer-aided detection (CAD). Medi-

cal images were becoming more com-
plex, and radiologic interpretation of

these images became more labor-inten-

sive. I saw potential clinical value in au-

tomating the process of lesion detection.

Our approach was to determine those

structural features, sucli as shape, that

the radiologist and endoscopist have tra-

ditionally identified. Then we identified

methods such as differential geometry
and other mathematical and image pro-

cessing techniques to isolate anci quan-

tify these features and, ultimately, im-

prove upon them.

The outcome of this work was the first

computer-aided detection system for

virtual bronchoscopy. This system en-

abled us to locate endobronchial poly-

poid lesions with automated software

that had high sensitivity and a low false-

positive rate.

Simultaneously with this work, inter-

est in virtual endoscopy had accelerated

in the medical community. CT scanners

were acquiring images faster, and im-

age cjuality was improving. These ad-

vances allowed more accurate three-di-

mensional reconstructions and better

virtual depictions of internal anatomy.

For example, several clinical trials

showed that virtual colonoscopy had
potentially high sensitivity and specific-

ity for detecting colorectal polyps, pre-

cancerous growths that are the precur-

sor lesion to colorectal cancer.

While polypoid endobronchial lesions

are rare, colonic polyps are not. In ad-

dition, polyp detection is important, and
detection and removal of them is the

centerpiece of colorectal cancer preven-

tion and treatment. It soon became clear

to me that we could apply similar CAD
technologies to find polyps on virtual

colonoscopy and that there was clinical

value in doing so.

In 2000, in collaboration with col-

leagues at Stanford University (Stanford,

Calif.), my lab published a feasibility

study that showed CAD could locate

simulated polyps in human virtual

colonoscopy scans.

One year later, in collaboration with

colleagues at the Mayo Clinic (Roches-

ter, Minn.), we published results of a

clinical trial that showed CAD could find

real colonic polyps in patients. These
papers, published in the widely read

journal Radiology, initiated a ground-
swell of interest in computer-aided co-

lonic polyp detection.

Since then, researchers from institu-

tions around the world have published

on virtual colonoscopy CAD. Commer-
cialization of computer-aided polyp de-

tection is likely in the near future.

Currently my lab is working on im-

proving the sensitivity and decreasing

the false-positive rate of computer-aided

polyp detection.

We are studying ways to help the

colonoscopist precisely locate abnormal
tissue found at virtual colonoscopy so

that these abnormalities can be removed.

We are verifying the performance of

CAD in a screening population of pa-

tients and refining CAD to detect differ-

ent histopathologic polyp types.

Other research areas we are working
on include advanced image segmenta-
tion techniques to distinguish organs and
lesions from normal background tissue

and the application of CAD to detect

other abnormalities on CT scans such
as subcutaneous melanoma and bone
metastases.

Our work would not be possible with-

out a multidisciplinaiy approach that

involves collaboration of computer sci-

entists, engineers, statisticians, and cli-

nicians.

Together we can bring the power of

noninvasive imaging and computational

methods to bear on health problems that

affect many Americans. The NIH CC is

an ideal place to do this kind of

multidisciplinary work.

In Memoriam: John La Montagne

J
ohn La Montagne, NIAID deputy
director since 1998 and NIH lumi-

nary since his arrival here in 1976,

collapsed and died November 2

while standing in line at an airport

in Mexico City. He was 6l.

A chronology of his nearly 30 years

at NIH includes his leadership posi-

tions in the NIAID Influenza Program,

the Viral Vaccines Program, the In-

fluenza and Viral Respiratory Dis-

eases Program, the AIDS Program,
and the Microbiology and Infectious

Diseases Program (and Division) be-

fore he became NIAID deputy direc-

tor.

Throughout his career, he was an
internationalist, dedicated to the

eradication of worldwide health

scourges; in that endeavor, he served as

A major organizer of the Multilat-

eral Initiative on Malaria, an international

effort spanning agencies from the United

States, Europe, and Africa

A member of the World Health Or-

ganization (WHO) expert advisory

groups on vaccines and biologicals, as

well as vaccines and immunization

Chairman of the WHO Task Force

on Strategic Planning for the Children’s

Vaccine Initiative

An advisor to Pan American Health

Organization programs in vaccine re-

search implementation

A member of the board of the Glo-

bal Alliance for Tuberculosis Drug De-
velopment
He was also involved in biodefense

strategies and
NIH security and
ethics initiatives.

In the words of

NIAID Director

Tony Fauci: “All

of us are pro-
foundly sad-
dened by the loss

of John La Montagne. Personally, he
was a dear friend and one of the fin-

est people I have ever known. Pro-

fessionally, in an NIH career span-

ning nearly 30 years, his leadership

and commitment to improving glo-

bal health were remarkable. His gen-

erosity, wit, even-handedness and
kindness made him a friend to all who
knew him. He will be sorely missed.”
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NIH Internships for Students with Disabilities

O n Wednesday, April 28, Ganesh
Kumar worked until it was April 29,

missing the last Metro out of the Bethesda
Medical Center station. He stayed the night,

working on his 3-D reconstmctions of pan-
creatic tissue images and sleeping a few
moments here and there on the couch in

Sriram Subramaniam's Building 50 lab.

The next morning, his mentor pulled

up a chair to the computer and together

they peered over the series of pancreatic

slices.

"How did you segment this position? Is

that the nucleus?" Subramaniam asked, as

they clicked through the images on the

screen. Kumar was quick in his responses,

alert, and looked well rested and fresh.

A sophomore at Carnegie-Mellon Uni-

versity in Pittsburgh, Kumar had taken a

semester off to work with Subramaniam,
chief of the biophysics section at NCI's

Laboratory of Cell Biology. The following

day, the 30th, would end his four-month

stint at NIH, and he needed to tie up loose

ends.

Kumar had arrived in January at the

same time the lab was entering into a

CRADA to evaluate and establish standards

for an automated "slice and view" scan-

ning capacitance microscope that, says

Subramaniam, “yields 10 times better reso-

lution than confocal microscopy." As a

member of the CRADA team, Kumar used

the microscope and produced weekly re-

ports on the machine’s output.

“He was in the right place at the right

time,” Subramaniam observes.

Kumar is working toward a bachelor of

science degree in computer science; the

previous summer, he’d done an internship

at a major business corporation, working
on databases. This time around, he wanted
exposure to the biotech applications of

his chosen field. “I was lucky,” he says of

his chance to work with Subramaniam on
such an exciting project.

He anticipates graduate school, possi-

bly medical school as well, and pursuing

the biomedical and bioengineering aspects

of computer science.

Enter Entry Point!

Kumar found his way to Subramaniam's
lab through his own initiative and through

contact with individuals involved in es-

tablishing a collaboration between NIH
and the American Association for the Ad-
vancement of Science in an AAAS program
called Entiy Point!

Entry Point! was set up in 1996 to facili-

tate the entiy of undergraduate and gradu-

ate students with disabilities into intern-

Fran Pollner

All in a night’s work: Sriram
Subramaniam (foreground) reviews the

last batch of images generated by
depariiiig i>itern Ganesh Kumar

ships in private industiy and government
in science, engineering, math, computer
science, and certain business fields.

NIH's Entiy Point! is also looking for

students majoring in biology, bioengineer-

ing, and biochemistiy, as well as science

students with writing and web design

skills.

For more information, contact Delores

Parron at 301-451-9677 or by e-mail:

<parrond@mail.nih.gov>
or visit the AAAS website:

<http://ehrweb.aaas.org/entrypoint/
index.html>.

—Fran Pollner

Pharmacology Training j

'^he NIGMS Pharmacology Re
L search Associate (PRAT) pro-

gram is now accepting applications

for positions to begin October 2005-

Applications must be received by
January 14, 2005.

This is a 3-year competitive re-

search fellowship program that sup-

ports training at NIH or FDA labora-

tories for postdoctoral candidates in

the pharmacological sciences and re-

lated research areas.

Applicable areas of research may
include, but are not limited to, mo-
lecular pharmacology, signal-trans-

duction mechanisms, drug metabo-

Programs

lism, immunopharmacology, chemistry

and drug design, stmctural biology, en-

docrinology, bioinformatics, and neu-
roscience.

PRAT fellows receive competitive

salaries as well as supply and travel

funds. Candidates apply in conjunction

with an identified preceptor, who may
be any tenured or tenure-track scien-

tist at NIH or FDA. For more informa-

tion or application materials, contact the

PRAT program assistant at 301-594-3583

or by e-mail <prat@nigms.nih.gov>,
or visit the PRAT web site at

<http://www.nigms.nih.gov/
about_nigms/prat.html>

.

CUnPRAT
The Clinical Pharmacology Research

Associate (ClinPRAT) program is in-

tended for physicians who wish to

acquire specialized clinical and labo-

ratoiy training in the pharmacologi-

cal sciences.

For more information or application

materials, contact Donna L. Shields at

301-435-6618 or by e-mail

<DShields@mail.cc.nih.gov>,

or visit the ClinPRAT "Web site:

<http://www.cc.nih.gov/re-
searchers/training/
clinprat.shtml>.

NIH-Duke Program Trat
A pplications are being accepted for the

xjL 2005-2006 NIH-Duke Training Pro-

gram in Clinical Research. The deadline

for applying is March 1, 2005.

The program is designed primarily for

physicians and dentists who want for-

mal training in the quantitative and meth-
odological principles of clinical research

and is intended to be a part-time comple-
ment to ongoing clinical training.

Courses are offered at the NIH Clini-

ning In Clinical Research
cal Center via videoconference. Academic
credit for the course may be applied toward
satisfying the degree requirement (24 cred-

its of graded course work plus a 12-credit

research project) for a Master of Health Sci-

ences in Clinical Research from Duke Uni-

versity School of Medicine.

Applications are available in the NIH Clini-

cal (lenter, Office of Clinical Research Train-

ing and Medical Education, Building 10,

Room B1L403-

Additional information regarding
coursework and tuition costs is available

at the program website at

<http://tpcr.mc.duke.edu>

.

E-mail queries can be sent to the same
address.

Enrollment is limited. Interested indi-

viduals should check with their NIH insti-

tute or center regarding funding for par-

ticipation. Successful applicants will be no-

tified by July 1, 2005.
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Demystifying Medicine

T he popular Demystifying Medicine

course will be offered again in 2005.

The course aims to bridge the gap be-

tween Ph.D.s trained in basic science

and the medical problems to which their

skills and insights could be applied. Pre-

sentations of patients and pathology are

accompanied by state-of-the-art analy-

ses of related basic and clinical science.

Starting January 4 and ending May
17, the course will be held eveiy Tues-

day from 4:00 to 6:00 p.m. in the Build-

ing 50 ground-floor auditorium ( Rooms
1227 & 1233). All presentations will be
videocast.

The course is geared to graduate and
medical students, clinical and Ph.D. fel-

lows, and staff. Background information

and handouts will be available.

Those seeking academic credit for the

course can register with TABS at

<http://www.faes.org>

;

otherwise, registration is at the Listsew:

<http://list.nih.gov/archives/

demystifyingmed/htnil>

.

Participants who attend at least 75 per-

cent of the sessions and complete a

web-based final examination will receive

a certificate. The course schedule fol-

lows and can also be found at

<http://wwwl.od.nih.gov/oir/
DemystifyinglVIed/index.htnil>

.

TCB at NIH: Entering
A New Business System

N IH has begun replacing its Adminis-

trative Database (ADB) with the fully

integrated NIH Business System (NBS)
that will automate and link all of NIH’s

administrative processes, resources, and
financial information.

One of the first two modules in place

for the start of fiscal 2004—the NBS Travel

System—was used to process 70,719
travel authorizations, 56,988 travel vouch-

ers, and 6,543 local travel vouchers dur-

ing the fiscal year ending September 30,

2004. (Because travel documents are now
electronically routed, CANs have been re-

placed by “project” numbers.

)

To help NIH users navigate the new
system, an NBS Management Center was
established in September 2003; 15,000

help calls were logged in fiscal 2004, and

99 percent of them have been resolved.

In addition, each institute and center has

appointed a liaison to the NMC.
The NBS team is now readying mod-

ules to be used in FT2006 (starting Octo-

ber 1, 2006)—propeity, acquisitions, sta-

tion support and research and develop-

ment contracts, supply,/inventoiy, and
several finance modules.

More information about the NBS
project can be found at

<http://nbs.nih.gov>

,

November — December 2004

2005 Demystifying Medicine for Ph.D.s

Date Speakers Subject

January

4 Henry Masur (CC)
John Coffin (NCI) HIV

11 David Henderson (CC)
Kanta Subbarao (NIAID)

SAKS

18
Jay Hoofnagle (NIDDK),
Snorri Thorgeirsson (NCI),

Win Arias (NICHD)

HCV and Liver
Cancer

25 Peter Jahrling (USAMRIID)
John Robbins (NICHD)

Diseases of Potential

Terrorism: Ebola and
Anthrax

Fehruary

1 Louis Miller (NIAID)
Tom WeUems (NIAID)

Malaria

8 Don Kastner (NIAMS)
Rafaella Goldbach-
Mansky (NIAMS)

Fevers, Genes and History:

Adventures in the

Genomes of Inflammation

15 Jennifer Puck (NHGRI)
and TEN

Stem Cells

22 Chris Austin (NHGRI)
Stephen O’Brien (NCI)

Genomics in Disease
and Species

March

1
Husseini Manji (NIMH)
Carlos Zarate (NIMH)

Bipolar Disease

8 Michael Rogawski (NINDS)
William Theodore (NINDS)

Epilepsy

15 Ken Fischbeck (NINDS)
and TEN

Amyotrophic Lateral

Sclerosis

22 Nora Volkow (NIDA)
Frank Vocci (NIDA)

Drug addiction

29
Thomas Starzl (Pitt)

Crystal Mackall (NCI)
Transplantation:

Tolerance vs Rejection

April

5
Bob Balaban (NHLBI)
Steven Warach (NINDS)

Stroke and Imaging

12 Richard Cannon (NHLBI)
Bryan Brewer (NHLBI)

Coronary Heart Disease

19 Phil Gorden (NIDDK)
Marvin Gershengorn (NIDDK)

Diabetes

26 Michael Gottesman (NCI)
Win Arias (NICHD)

Diseases ofABC
Transporters

May

3
Warren Strober (NIDDK)
Peter Mannon (NIDDK)

Inflammatory
Bowel Disease

10 Lee Helman (NCI)
Karen Antman (NCI)

Sarcoma

17 Finale: Symposium on Career Opportunities for PhD
Postdocs
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Catalytic
Reactions?

I
t' you have a photo or
other graphic that reflects

an aspect of life at NIH
(including laboratoiy life)

or a quotation that scien-

tists might appreciate that

woLild be fit to print in the

space to the right, why not

send it to us via e-mail:

catalyst@nih.gov>;
fax:402-4303; or maU:
Building 2, Room 2E26.

Also, we welcome
“letters to the editor” for
publication and your
reactions to anything on
the Catalyst pages.

In Future Issues...

On the Roadmap:
Nanotechnology

IRP Roundup

I Women's Task
Force Update

folds’ Ca^alysf: Teern i T ouGoes , Avt> Toes:
/t’s All in the Geues

When someone tells you that you look just like your mom or dad
or sister, they're not just being mean (just kidding!). People to

whom you are the most closely linked genetically are your immediate
family, but we all share genetic links even if we can't quickly trace

back to a common ancestor.

Genetics is, to me, one of the most fascinating and important branches of science because
it's seen everywhere, all of the time, and the discoveries made now may change our quality of
life forever. It can explain why a flower is purple, why your hair isn't (one day), and maybe

—

again, one day—how to change from brown to purple. Of course, curing genetic diseases is

right up there with the color of your hair .... it's all linked, and so are we.
There are a few genetic differences that are easy to see and track within your families and

classes. The websites given below are springboards for additional research, but for these ex-

periments all you really need is a piece of paper and willing participants.

Keep in mind that entire sections of libraries are devoted to genetics, and you could study
it for the rest of your life—starting right here with your toes.

Second-Toe Woe: <http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=189200>
Have all your subjects take off their socks and shoes (you can do this outside if it's not too

cold) and tell you whether their second toe is longer than their big toe. The longer toe is

genetic and is called a Roman Toe, not after the Romans, but after a scientist who studied it,

Two-Tooth Twang: <http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=150400>
My all-time favorite, since I know someone very well who is missing her lateral incisors.

Only 1.5 percent of us are missing those particular teeth, but an even higher percentage are

missing other teeth (because they were born that way, and not because of an older brother). If

you don't have all of your adult teeth yet, you may not know, but keep this one in mind. If you
do run into a "two-tooth" (slang for having two front teeth instead of the usual four, since the two
incisor sidekicks are missing), ask them whether their siblings or parents have the same thing. I

have only ever met five two-tooths. and I've been asking for a long time.

Twirling Tongues: <http://www3.ncbi.nlm.nih.gov:80/entrez/dispomim.cgi?id=189300>
Can you roll your tongue so it looks like an O when you're looking in the mirror? Yep, this

is genetic, too. Find out how many people in your class can, and how many can't. Figure out

what percent of people can, and see how that number changes based on how many people
you ask. (Hint: This will be a lesson in the importance of adequate sampling—and while you’re at

it, you might also do an ear count of attached vs. unattached ear lobes.)

—Jennifer White

The NIH Catalyst is pub-
lished bi-monthly for and by
the intramural scientists at

NIH. Address correspon-

dence to Building 2, Room
2E26, NIH, Bethesda, MD
20892. Ph: (301) 402-1449;

fax: (301) 402-4303;

e-mail: <catalyst@nih.gov>
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