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LETTER FROM THE DIRECTOR

 THE PAST 35 YEARS have seen stunning progress 
in basic biomedical research, propelled by the 
powerful research technologies of recombinant 
DNA and genomics and by generations of young, 
ambitious scientists. From 1990-2003, the Human 
Genome Project revealed the human genetic code 
and propelled advances that have decreased the 
cost of sequencing a human genome by roughly 
one million-fold, from a few billion dollars to a few 
thousand dollars today. With these tools, scientists 
worldwide are now discovering the genetic fac-
tors underlying human diseases – including the 
genes responsible for more than 3000 single-gene 
disorders; more than 1500 genes contributing to 
inherited risk for common polygenic diseases such 
as diabetes and heart disease; and more than 300 
genes that contribute to the progress of cancer. 

   Scientists in the Broad community have been 
at the forefront of this work – developing powerful 
tools and datasets, sharing them with the scientific 
world, and applying them to unravel the basis of 
disease. This scientific work will continue over the 
next decade, leading to an increasingly complete 
catalog and providing powerful insight into the 
molecular basis of disease.

   Increasingly, though, we must focus on bridg-
ing the gap from biological insight to clinical im-
pact. We need systematic ways to understand where 
in a biological circuit to intervene to ameliorate 
a disease. And we need powerful new methods to 
create therapeutics against key molecular targets – 
including those traditionally seen as “undruggable.”

   In this annual report, we focus on the Broad’s 
effort to bridge this gap. 

   

The report describes projects to develop tools 
and technologies – including vast libraries of 
diverse chemical compounds to screen for thera-
peutic leads and comprehensive collections of 
gene inhibitors to probe gene function. It outlines 
ambitious efforts to create a systematic therapeutic 
roadmap for cancer, to uncover the secrets by which 
tuberculosis persists in the face of drug therapy, 
and to find the molecular circuits that are altered in 
psychiatric disease. And, the report also introduces 
our newest Broad core faculty: Myriam Heiman, 
Feng Zhang, and Paul Blainey, who have brought 
an extraordinary range of ideas and skills to the 
institute.

   Importantly, the report underscores the 
critical role of visionary philanthropy in enabling 
bold science at the Broad. The Broad was created 
through the generous gift of Eli and Edythe Broad. 
Our most ambitious projects have been made pos-
sible through other far-sighted gifts, including to 
create the Stanley Center for Psychiatric Research.     
The report profiles an unprecedented international 
collaboration supported by Mexican philanthro-
pist Carlos Slim and his health institute to tackle        
cancer, diabetes, and kidney disease, as well as          
to build scientific capacity in Mexico. 

   The Broad Institute brings together re-  
searchers at Harvard, MIT, and the Harvard         
hospitals,  and reaches out across the globe.

   It is a remarkable and open community.     
Come visit us to learn more. 

Eric S. Lander
President and Director

IN THE MORE THAN TWO YEARS I have had the 
privilege of serving as the chair of the inaugural 
board of the Broad Institute, it has become ever 
more manifest to me not only that the institute 
is uniquely positioned to transform medicine for 
future generations, but more fully how that excit-
ing potential is being realized in real time, day in 
and day out. 

The Human Genome Project demonstrated 
that the traditional, small-scale model of biomedi-
cal research was no longer equal to the potential 
for progress in medicine and health. Ten years ago, 
Eric Lander emerged from the race to sequence 
the genome convinced that the next phase of work 
would require a new form of scientific community. 
It would have to set bold goals and apply team-
work to accomplish them; focus on scale, process 
and efficiency; marry breakthrough technologi-
cal capabilities with individual creativity; share 
data rapidly and freely to accelerate the pace of 
discovery. The Broad Institute was conceived as a 
response to those needs and has been producing 
a cascade of high-impact results across a broad 
spectrum of biomedical puzzles and targets of op-
portunity.

The Broad engages the future, thinks strategi-
cally about what might be possible five and ten 
years hence, even beyond. This is a community 
unafraid to tackle challenges that others dismiss 
as impossible. Transforming medicine requires 
erecting bridges across the wide gap between 

fundamental insights and novel therapies. This, in 
turn, requires assembling teams of bright and re-
silient people who can collaborate across seldom 
connected islands of skill and expertise. Within 
the Broad community, extraordinary scientists are 
traversing the bridges of scientific discovery, often 
building them as they go.

The Broad Institute draws additional strength 
from its distinguished and deeply-engaged Board 
of Directors, proven innovators from industry and 
the academy – themselves bridge builders. It’s a 
great pleasure to work with these colleagues who 
are committed to the institute’s success, inspired 
by the quality of its people, and energized by their 
wholehearted embrace of this pivotal moment in 
the history of medicine and human health. 

Many board members have expressed their 
deep commitment through philanthropy, as well. 
And so do many others. All of us are deeply grate-
ful for the generosity of the Broad’s friends and 
supporters.

Diana Chapman Walsh
Chair of the Board of Directors

     

LETTER FROM THE CHAIR OF THE BOARD OF DIRECTORS
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               T’S A COLLECTION LIKE NO OTHER: 100,000 customized molecules 
designed to fill in where nature left off. Known as Diversity-Oriented Syn-
thesis (DOS) compounds, these chemicals (named “small molecules”) are 
a critical part of an effort at the Broad Institute to integrate chemistry and 
biology in order to develop new therapies for the most daunting human 
diseases. 

   “DNA sequencing shines a powerful light on human health. It tells us 
what can go wrong when disease strikes. But a gap remains between under-
standing disease and developing effective therapies,” explains Stuart Sch-
reiber, Ph.D., a core member and director of the Chemical Biology Program 
at the Broad. “We need the science of small molecules to deliver on the 
promise that human biology holds for human health.”

   Systematic, high-throughput DNA sequencing has deepened our un-
derstanding of the human genome over the last decade. Using a similar 
comprehensive, high-tech approach, scientists at the Broad have identified 
biological targets and synthesized small molecules that can travel through 
the body to hit those targets – hopefully without a trail of toxic side effects. 
In some cases, these small molecules are used as probes to deliver new 
information about disease biology. In other cases, the small molecules take 
aim at proteins that have been deemed “undruggable.” 

   “Chemistry is the key ingredient moving forward if we are to take ad-
vantage of the massive investment made in understanding biology through 

DOS CHEMISTRY TOOLBOX

Broad builds a ‘library’ 
for scientists worldwide

“DNA sequencing shines a powerful 
light on human health. It tells us 
what can go wrong when disease 

strikes. But a gap remains between 
understanding disease and 

developing effective therapies.” 
                                                   

– STUART SCHREIBER
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 When scientists at the Broad Institute set up a 
small pilot screen to find drugs against malaria 
using 8,000 compounds from the 100,000-com-
pound Diversity-Oriented Synthesis (DOS) collec-
tion, they were only intending to take this small 
“informer set” out for a test drive. The informer 
set was selected to represent the diversity of the 
entire collection. Each compound in the screen 
was present with its full complement of alterna-
tive three-dimensional structures. But research-
ers got a hit quickly, and now have accelerated 
their hunt for new compounds. 

   Developed in collaboration with Dyann Wirth, 
Ph.D., Broad senior associate member and chair 
of the Department of Immunology and Infectious 
Diseases at the Harvard School of Public Health, 
that pilot screen and the systematic process 
Broad scientists pursued to develop a lead 
compound is highlighted in a paper published in 
ACS Medicinal Chemistry Letters. The hit cluster 
included a compound with strong antimalarial ac-
tivity at an unusually low concentration. The most 
potent compound was selected for further work-
up by the Broad’s medicinal chemistry team. 

   “If we had not included all the three-dimen-
sional structures for each compound in the pilot 
screen, we quite possibly would have missed 
this,” says Benito Munoz, Ph.D., director of 
medicinal chemistry within the Broad Institute’s 
Chemical Biology Platform. The team optimized 
the compound, and showed that it is active in 
low doses against two P. falciparum strains in 
vitro and, in fact, is more potent than antimalarial 
agents in common use. 

   Researchers are now studying how this anti-
malarial compound and others are metabolized 
in vitro in mice and in humans using microsomes, 
which are subcellular liver structures. Com-
pounds that are more stable in the presence of 
microsomes are more likely to be metabolically 
stable. Munoz’s team will select those com-
pounds with the best overall metabolic stability 
for in vivo animal studies.

‘Test drive’ 
yields promise 
with malaria

     CASE STUDY

“Our mission – our moral 
obligation – is to create 
a transformative collection 
of new chemical matter 
that will make a difference 
for human health.” 

- MICHAEL FOLEY

Part of 
the Broad’s
collection 
of small 
molecules

genomics,” says Michael Foley, Ph.D., 
director of the Chemical Biology Plat-
form at the Broad.

   Ever-more-powerful sequencing 
technologies offer an unprecedented 
range of potential new drug targets. 
But genomics discoveries will not 
mean anything for human health with-
out new chemistry. “DOS is new chem-
istry capable of effectively interfacing 
with the new targets,” adds Foley. “The 
Broad is one of the few places that has 
made a meaningful investment in new 
chemistry in the last five years.” 

   In effect, scientists are creating a 
new cosmos, systematically populat-
ing it with odd molecular shapes and 
structures not found anywhere else. 
Inspired by the chemistry found in 
“natural products” – potent small mol-
ecules found in nature that have been 
the basis for many drugs – scientists in 
the Broad’s Chemical Biology Program 
and Platform deploy automated incu-
bators, computerized imaging systems, 
and robotic screening systems to ac-
celerate the pace of discovery.

   The diverse array of chemicals 
in this cosmos is intended to cover 
a range of chemical space far be-
yond that of existing small-molecule 
collections. As Schreiber explains, 
compounds found in most of these col-
lections are limited – either too simple 
in design or too similar to each other 
– and have difficulty hitting the most 
critical targets in the disease process. 

“A library that contains a more diverse 
range of molecular shapes provides 
more hits for the more challenging 
biological targets,” he says.

   How are these molecules assem-
bled? A DOS compound starts with tiny 
chemical fragments that are joined in 
the lab to create numerous versions of 
a molecule. These versions are built in 
three-dimensional structures.

   “In the Broad DOS collection, we 
have taken a systematic approach to 
synthesizing compounds according 
to their physical properties,” explains 
Jeremy Duvall, Ph.D., DOS chemistry 
manager. A compound with a particu-
lar three-dimensional structure may 
bind a target; another version with the 
same molecular signature but just a 
slightly different three-dimensional 
structure may miss it entirely. The 
DOS collection is designed to include 
all of the three-dimensional variations 
of each compound. “No one has ever 
done that before,” says Foley. 

   “Our mission – our moral obliga-
tion – is to create a transformative 
collection of new chemical matter 
that will make a difference for human 
health,” says Foley.

   Broad researchers share their DOS 
compounds widely in a public database 
and document the milestones and 
approaches used to design, create, and 
evaluate them. Says Foley, “The more 
we can encourage people to share data, 
the better off society is going to be.”
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SEQUENCING PLATFORM

A dynamic foundation

The  Broad
Sequencing
Platform

The sequencing platform is powerful and vast – 
tens of thousands of samples are sequenced here 
every year. But it is also agile. 

 
Work benches
Movable workbenches offer flexibility 
in a space that is constantly evolving 
as new technologies are put to the 
test. Surfaces are organized so that 
everything a researcher needs – and 
only that –is within arm’s reach.

Genome Sequencing
and Analysis:

Deciphering 
fundamental 
differences

Sequencing reveals a genetic story, telling 
us what’s different and what’s similar in the 
string of nucleotides that determines our fate. 
DNA in cancerous tumors is compared to genes 
in normal cells nearby – and differences can 
hold clues to disease biology. The genomes of 
humans are compared to other animals’ – and 
similarities can shed light on genetic function.

   In the Broad Institute’s Genome Sequenc-
ing and Analysis Program (GSAP), scientists 
hunt for patterns in genomic data and design 
methods to interpret them. The projects tackled 
are diverse, but all have a common thread: deep 
collaboration across disciplines, boosted by 
rapidly evolving technologies. 

●  Co-director Bruce Birren, Ph.D., studies 
the human microbiome, all the microbes – good 
and bad – that live on us and in us. In one study, 
researchers are investigating how infants ac-
quire a microbiome and how that might differ in 
premature babies, who are typically treated with 
high levels of antibiotics. 

●  Co-director Chad Nusbaum, Ph.D., deter-
mines how new sequencing technologies can be 
applied to new biological problems. Sequencing 
at the Broad is more than machines, Nusbaum 
says; it entails partnerships with other institu-
tions and with private companies. 

●  Kerstin Lindblad-Toh, Ph.D., leads the 
vertebrate genome biology group, which has 
sequenced and analyzed the genomes of many 
vertebrates to gain a better understanding of 
the human genome – its evolution as well as dis-
ease mechanisms. For example, because dogs 
have many of the same diseases as humans, 
the group has been able to develop the dog as 
a model for complex human diseases such as 
cancer, autoimmune disease, and behavioral 
disorders.

●  The computational research and develop-
ment group, led by David Jaffe, Ph.D., devises 
new ways to assemble genomes. Next-genera-
tion sequencing technology has revolutionized 
the speed and diminished the cost of sequenc-
ing, producing a powerful stream of data. Jaffe 
writes new computational tools to assemble the 
story in that data into a comprehensible whole. 

   GSAP is inherently collaborative, Nusbaum 
says. “The Broad’s technology, computational 
expertise, and clinical connections fuel deep 
collaborations.”

TAKE A TOUR
OF THE 
PLATFORM

                          OTHING IN THE Broad Institute’s Genome Sequencing Platform is 
static. Beneath the serene surface of daily activity, ideas for improvement are 
always bubbling. This is in part because every person, from the most junior lab 
technician to the platform’s managers, is responsible for thinking of new ways to 
improve the process of turning biological samples into digital sequencing data.

   “We have people right there at the front lines thinking, ‘How can I improve 
this? How could I make this better?’ ” says Rob Nicol, Ph.D., director of sequencing 

operations and technology development for the  
platform. “Innovation is not an abstract concept: Peo-
ple are purposely assigned to develop these solutions, 
and the answers they devise today become tomorrow’s 
processes.”

   The sequencing platform is powerful and vast – 
tens of thousands of samples are sequenced here every 
year. But it is also agile. State-of-the-art sequencers are 
on wheels, and can be moved to make room for newly 
released – and not-yet released – machines. Each lab 
surface sports labels and tape that outline places for 
everything a technician needs, keeping everything 
within reach. These outlines are continuously changed 
as new processes and better protocols are adopted.

   One such protocol has dramatically shifted the 
kinds of projects that can be taken on. The method was 
developed by a technician who had been working with 
DNA samples from microbes found in the human gut. 
Very little DNA from these microorganisms was avail-
able, and with every transfer of DNA from one plate to 
the next, a little bit of the precious material was lost. 
The new method minimizes the number of transfers 
across plates by attaching the DNA to magnetic beads. 
The procedure has been widely adopted across projects 

and has opened up access to hundreds of thousands of 
preserved cancer samples, once unavailable because 
they contain such small amounts of DNA.

   Nicol refers to the process innovations developed 
by his team as “apps,” explaining: “When you have top-
level R&D people also running processes, you can go 
very fast and implement these apps. Typically, organi-
zations have a separate production group and a sepa-
rate R&D group. We’ve integrated both. It’s unique.”

   Every sample of DNA that enters the platform 
is assigned to a project manager who sets priorities, 
tracks deadlines and budgets, and shares information 
about the scientific questions that collaborators are 
pursuing.

   With the help of new apps, samples can yield 
sequences faster and faster. Informaticists then use 
computational techniques to process the sequence 
data and distribute it to researchers for analysis. The 
platform processes terabytes of data per day, a feat 
that requires industrial-level software and systems. 
Toby Bloom, Ph.D., who leads the informatics group, 
explains that the informatics team continually shares 
feedback with the lab. And, she adds: “The whole proc-
ess keeps evolving – change never stops.”
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Ion Torrent
In just a few hours, an Ion Torrent 
sequencer can produce millions 
of DNA sequence reads and up to 
a gigabyte of data. The machine 
reads tiny electric current gener-
ated from DNA synthesis.



cBots 
A cBot machine 
can churn out 
clusters of DNA on 
glass chips called 
flow cells that will 
be inserted into 
sequencers. Each 
cluster contains 
thousands of 
identical copies of 
a single template 
molecule. 

HiSeq2000
The Platform 
uses its 51 HiSeq 
instruments for 
projects that aim 
to identify causal 
gene mutations 
associated with 
cancer and other 
medical condi-
tions, sequence 
and assemble 
genomes that 
range from tiny 
microbes to large 
mammals, and 
more. 

Barcoded test tubes
Each test tube of DNA 
receives an individual 
barcode that is scanned 
at every step of the 
sequencing process. 

MiSeqs
The MiSeq, a 
desktop version 
of the higher 
throughput HiSeq 
instrument, allows 
fast turnaround 
sequencing for a 
variety of applica-
tions, including 
rapidly sequencing 
microbial genomes 
in the event of 
infectious disease 
outbreaks.

Clean rooms
In clean rooms, 
air is filtered to 
keep out foreign 
DNA, which could 
contaminate a 
sample and ruin 
an experiment. 
In many cases, 
samples are 
limited and dif-
ficult to obtain, 
making each one 
important. 

PacBio
Weighing over a 
ton but capable of 
detecting single 
molecules of DNA, 
the PacBio RS is 
a newly released 
sequencer.

Flow cells
A flow cell contains hundreds 
of millions of clusters of DNA. 
It will be loaded onto a se-
quencer for automated cycles 
of extension and imaging.

A Platform 
in action
The Broad’s Genome 
Sequencing Platform, 
one of the leading con-
tributors to the Human 
Genome Project, operates 
at 320 Charles Street in 
the same space where 
much of the work on this 
historic project was ac-
complished. The space, 
techniques, and technol-
ogy driving the platform’s 
research have changed 
dramatically since the 
Human Genome Project’s 
completion in 2003, 
but the commitment to 
harnessing powerful 
technologies to transform 
medicine remains. The 
platform designs and 
carries out large-scale 
genome sequencing 
projects, generating mas-
sive quantities of ge-
nomic data, in excess of 
300,000 billion bases of 
DNA sequence per year.
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Automation head
The platform
uses automated 
liquid handling – 
once done by hand 
using a pipette – to 
efficiently prepare 
samples en masse 
for sequencing.

Ion Torrent
In just a few hours, an Ion Torrent 
sequencer can produce millions 
of DNA sequence reads and up to 
a gigabyte of data. The machine 
reads tiny electric current gener-
ated from DNA synthesis.

Genome Sequencing
and Analysis:

Deciphering 
fundamental 
differences

Sequencing reveals a genetic story, telling 
us what’s different and what’s similar in the 
string of nucleotides that determines our fate. 
DNA in cancerous tumors is compared to genes 
in normal cells nearby – and differences can 
hold clues to disease biology. The genomes of 
humans are compared to other animals’ – and 
similarities can shed light on genetic function.

   In the Broad Institute’s Genome Sequenc-
ing and Analysis Program (GSAP), scientists 
hunt for patterns in genomic data and design 
methods to interpret them. The projects tackled 
are diverse, but all have a common thread: deep 
collaboration across disciplines, boosted by 
rapidly evolving technologies. 

●  Co-director Bruce Birren, Ph.D., studies 
the human microbiome, all the microbes – good 
and bad – that live on us and in us. In one study, 
researchers are investigating how infants ac-
quire a microbiome and how that might differ in 
premature babies, who are typically treated with 
high levels of antibiotics. 

●  Co-director Chad Nusbaum, Ph.D., deter-
mines how new sequencing technologies can be 
applied to new biological problems. Sequencing 
at the Broad is more than machines, Nusbaum 
says; it entails partnerships with other institu-
tions and with private companies. 

●  Kerstin Lindblad-Toh, Ph.D., leads the 
vertebrate genome biology group, which has 
sequenced and analyzed the genomes of many 
vertebrates to gain a better understanding of 
the human genome – its evolution as well as dis-
ease mechanisms. For example, because dogs 
have many of the same diseases as humans, 
the group has been able to develop the dog as 
a model for complex human diseases such as 
cancer, autoimmune disease, and behavioral 
disorders.

●  The computational research and develop-
ment group, led by David Jaffe, Ph.D., devises 
new ways to assemble genomes. Next-genera-
tion sequencing technology has revolutionized 
the speed and diminished the cost of sequenc-
ing, producing a powerful stream of data. Jaffe 
writes new computational tools to assemble the 
story in that data into a comprehensible whole. 

   GSAP is inherently collaborative, Nusbaum 
says. “The Broad’s technology, computational 
expertise, and clinical connections fuel deep 
collaborations.”

 
Work benches
Movable workbenches offer flexibility 
in a space that is constantly evolving 
as new technologies are put to the 
test. Surfaces are organized so that 
everything a researcher needs – and 
only that – are within arm’s reach.
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The sequencing platform is powerful and vast – 
tens of thousands of samples are sequenced here 
every year. But it is also agile. 



ARTIFICIAL LIVER TISSUE

Engineering a way 
to predict drug safety

“This tool provides a critically important 
step in the development of a robust system 
for experimental therapeutics.”
                                                                                                      _  SANGEETA BHATIA
 

highly functional human liver cells in 
an artificial substrate. This substrate – a 
sliver that looks something like a contact 
lens – can be implanted into mice. 
   Bhatia’s research at MIT, where she is a 
professor of health sciences and technol-
ogy, stems from her desire to build new 
liver cells and tissues that can sustain 
normal human life after liver injury. 

   “To start, we wanted to build a high-
er fidelity model of the human liver,” 
says Bhatia, who is also director of the 
Laboratory for Multiscale Regenerative 
Technologies at the David H. Koch Insti-
tute for Integrative Cancer Research at 
MIT. “We can use a model of the human 
liver to cut drug development costs and 
make drugs safer for patients.”

   To test whether the implanted liver 
tissue truly mimics the functional and 
molecular activity of the human liver 
cells, and not the mouse host, Bhatia 
teamed with Broad core member Todd 
Golub, M.D., and David Thomas, M.D., an 
associate researcher at the Broad and in-
structor of medicine at Harvard Medical 
School. This is not a small task – the liver 
performs over 500 different functions. 
There are 83 different enzymes involved 
in liver detoxification alone.

   Thomas and his colleagues devel-
oped a set of molecular tools known as 
probes to survey the expression and 
function of a range of enzymes involved 
in the human liver’s activity. 

   “It was important to identify the ef-
fects of the three-dimensional microen-
vironment in which the engineered liver 
tissue is produced,” explains Bhatia. 
Golub and Thomas developed an assay 
to define the best environments for the 
liver cells.

   Researchers examined 83 genes 
encoding drug metabolism enzymes and 
transcription factors found exclusively 
in human liver tissue. They found that 
most of the enzymes are expressed in 
the engineered tissue, including the 
handful of enzymes that account for 90 
percent of drug metabolism. And the 
engineered human liver cells implanted 
in the mouse reacted to a test drug while 
the innate mouse liver cells did not.

   Tools like in vivo artificial human 
liver tissue could ultimately be used to 
study liver cell metabolism, hepatotoxic-
ity, or drug potency. Adds Bhatia, “This 
tool provides a critically important step 
in the development of a robust system 
for experimental therapeutics.”

*Confocal fluorescence micrograph depicting 
human liver cells (green) and co-encapsulat-
ed fluorescent nanoparticles (red).

             HE PATH TO drug development 
is long, requiring significant investments 
of money and time. But obstacles often 
spawn ambitious goals – and bold ex-
periments. Sangeeta Bhatia, Ph.D., a 
senior associate member at the Broad 
Institute, and her collaborators be-
lieved they could tackle a critical chal-
lenge for drug development. They want-
ed to create a way to test for toxicity 
long before a medicine coursed through 
a patient’s liver.

 To do this, Bhatia and her colleagues 
fashioned a three-dimensional version 
of the human liver by encapsulating

Illustration /Sigrid Hart 
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RNAi TOOLS PROTEOMICS

Uncovering the
biomarkers of disease

       ROTEINS ARE tantalizing diagnos-
tic tools. A vial of blood contains a rich 
sea of proteins, some of which rise and 
fall in accordance with disease response 
and recovery. But pinpointing proteins 
is an incredibly complex task. Unlike 
DNA, which has fixed chemical proper-
ties and structure, proteins come in all 
shapes, sizes, and concentrations that change over 
time. Many key protein biomarkers are only present at 
infinitesimal levels in blood. Some potential biomark-
ers, or indicators of disease, have been identified over 
the years, but few have been approved for clinical use. 
Better biomarkers are urgently needed to improve 
diagnosis and treatment for a variety of diseases, in-
cluding cancer, cardiovascular disease, and infectious 
diseases.

   Steven Carr, Ph.D., director of the Broad Institute’s 
Proteomics Platform, leads a team that is developing a 
powerful new approach to detect and verify biomark-
ers. Earlier this year, he and his colleagues put this 
technique into practice, using the search for heart at-
tack biomarkers as a test case. They were able to detect 
minute levels of new biomarkers, some of which appear 
in the blood just 10 minutes after a heart attack – a 
detection strategy that could be applied to a variety of 
diseases by following up on the most promising protein 
candidates.                                                      Continued next page   

Turning down genes - and    
watching what happens

DAVID ROOT

Creatine kinase, 
shown here, is a 
known heart attack 
biomarker. Steven Carr 
and his colleagues are 
developing a powerful 
technique to verify
known biomarkers like 
this protein and to 
detect new biomarkers 
of disease.

                         LITTLE MORE THAN A DECADE AGO, researchers discovered an 
ancient mechanism that cells use to silence genes. Like a dimmer switch turn-
ing down a light, RNA interference (RNAi) dials down gene activity, interfer-
ing with protein production or other cellular functions, in simple organisms 
as well as in humans. Scientists have seized on RNAi as a tool to “turn down” 
genes to determine what they do.

In order to take full advantage of RNAi technology for disease research, 
four scientists at the Broad Institute launched The RNAi Consortium (TRC)

 

to build a library of RNAi reagents to target every 
gene in the human and mouse genomes. The con-
sortium team evolved into the Broad RNAi Plat-
form, and the vision of TRC’s founders materialized 
in a more concrete form: a large, well-characterized 
collection of RNAi reagents that is openly shared 
with the scientific community. The platform has 
collaborated with nearly 100 different research 
groups, and scores of other groups have published 
results using these reagents on their own. 

   “The broad goal of the RNAi Platform is to bet-
ter understand the functions of the entire human 
genome,” says platform director David Root, Ph.D. 
“We need to quickly assess the role genes play in 
disease susceptibility in order to transform medi-
cine.” 

   RNAi screens in cell lines are used to identify 
the genes that cancerous tumors need to survive 
– their Achilles’ heels – in a collaboration of the 
Cancer Program known as Project Achilles. RNAi is 

also used to study other cancer cell properties, such 
as the ability to migrate and differentiate. Other 
Broad projects use RNAi to reconstruct the network 
of genes involved in immune response. 

   The platform team is building a comprehensive 
set of reagents for perturbing genes. The range of 
genes targeted is also expanding to include “non-
coding” genes, which are transcribed into RNA but 
do not lead to production of a protein. These genes 
appear to play roles in development, gene regula-
tion, and more. 

   Broad researchers are constantly improv-
ing methods: They are developing better ways to 
transfer reagents into cells, mix them in pools, and 
test them in mice. They are also incorporating in-
creasingly sophisticated readouts of cell states and 
behaviors, and new ways to interpret all the data.

   “The great tools we’ve developed – and our deep 
expertise in applying RNAi – keep advancing the 
forefront of functional genomics,” Root says.

Illustration/Sigrid Hart
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T H E R A P E U T I C  R O A D M A P S

Diagnosing a heart attack quickly is criti-
cal: Heart attacks kill more than 600,000 
people in the United States every year. 
But if a doctor can accurately and 
rapidly diagnose a patient, the patient 
can immediately receive medication or 
catheter-based treatment. For years, 
researchers have looked for proteins or 
biochemicals in the blood that are re-
leased when heart cells are injured, but 
the ones that scientists have identified 
were only detectable several hours after 
the injury. Many key protein biomarkers 
are only detectable at the nanogram-per- 
milliliter level or below. A smattering 
of potential biomarkers of disease have 
been detected over the years, but very 
few have been approved for clinical use.

   Carr and colleagues at the Broad 
and at Massachusetts General Hospital 
developed a new, systematic approach 
to detect and verify biomarkers and 
put this “pipeline” into practice. The 
researchers explained that what is most 
exciting about the research is the poten-
tial of applying this detection strategy to 
a variety of diseases and following up on 
the most promising protein candidates.

“Proteomics is not a static technol-

ogy,” Carr says. “Rapid advances in mass 
spectrometry are driving change, ena-
bling us to detect and quantify signals 
that were once beyond our grasp.”

   The mission of the Broad’s Proteom-
ics Platform is to leverage detection 
strategies to provide new insights into 
gene function, drug targets, and the mo-
lecular basis of disease. With dramatic 
advances in proteomics technologies, in-
cluding mass spectrometry, Carr’s team 
can tackle biomedical problems with an 
unprecedented degree of sensitivity and 
specificity. 

   Carr and his team are using new 
strategies to bridge the gap between dis-
covery and clinical validation of biomar-
kers. Their next step will be to measure 
candidate proteins in a large, diverse 
population. 

   The researchers’ ultimate goal is 
to develop diagnostic tools that can be 
implemented in the clinic to identify or 
predict disease. Carr describes the Broad 
Institute’s close collaboration with the 
Harvard-affiliated hospitals as critical to 
this mission. “We wouldn’t be able to do 
this work alone – the clinical questions 
drive our investigations,” he says.  

“We urgently need better diagnostic 
tools for diseases like cancer, chronic 
illnesses, and infectious disease. We’re 
developing a new approach because 
improvements in clinical care depend on 
our  ability to detect and intervene early.”
                                                                              – STEVEN CARR
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CANCER

Translating genomic 
knowledge into impact

“With every resource 
that we build and every 

challenge that we tackle, 
we narrow the gulf 

between the far shore 
and where we stand.”

                                                  
– TODD GOLUB

                      CIENTISTS IN THE Broad’s Cancer Program started by envisioning 
where cancer treatment needs to be. They then set their sights on these far 
shores – effective new therapies – and began to build a bridge to get there. 
Thanks to generous philanthropy and a close relationship with partner 
hospitals, the gap is narrowing. 

Cancer Program researchers see three challenges :

These major challenges require collaborations that cut across the traditional 
scientific boundaries of biology, chemistry, medicine, computational science, 
and engineering. Members of the Cancer Program collaborate closely with 
scientists in the Chemical Biology Program and nearly all of the institute’s 
platforms, especially the RNAi Platform, the Genome Sequencing Platform, 
and the Chemical Biology Platform.                                                                                 Continued next page

S
Developing 
a comprehensive catalog of all genes 
frequently mutated in tumors, across 
cancer types, to understand how 
genes drive the disease. With powerful 
new sequencing technologies and a 
blossoming international collabora-
tion, this goal is already within sight in 
the next five years

Translating
this genomic knowledge 
into a “therapeutic road-
map” showing the right 
targets for drug develop-
ment, by identifying the 
critical vulnerabilities and 
mechanisms of resistance, 
for all cancers

Creating  
and applying 
powerful new 
chemical and 
biological tools 
to discover 
and develop 
effective cancer 
therapies
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Targeting
Cancerous Tumors

Cancer researchers at 
the Broad use sys-
tematic approaches to 
understand the genetic 
changes underlying 
cancer and develop 
more effective therapies. 
In this illustration, a 
tumor (in green) begins 
dying upon exposure 
to a targeted drug 
delivered via the blood-
stream. Broad scientists 
also aim to learn how 
tumors respond to 
drugs and why some 
develop resistance.

   Using the Broad’s powerful new sequenc-
ing technologies to read massive amounts of 
DNA information, Cancer Program director 
and Broad founding core member Todd Golub 
and his colleagues are now unveiling genetic 
blueprints for deadly cancers such as multiple 
myeloma, prostate cancer, melanoma, and 
breast and ovarian cancer. 

 These researchers have created a host of 
projects to connect those genomic discoveries 
to the underlying biology of disease, to identify 
targets for treatment, and to discover chemi-
cals that can modulate cancer cells. These 
projects are:

Target Accelerator. Broad scientists have 
developed powerful ways to identify the role of 
key cancer-related proteins in the cells. 

Project Achilles. Using tools developed in 
the Broad’s RNA interference (RNAi) Platform, 
scientists can identify cancer’s weak spots and 
make them a focus of new therapeutics. 

Cancer Therapeutics. Scientists are us-
ing new chemical methods to attack cancer’s 
most important targets, including those once 
deemed “undruggable.” 

Drug Resistance. Scientists are launching a 
systematic effort to predict in advance how tu-
mors may become resistant to cancer drugs and 
to develop ways to stop them from doing so.

 

Targeting
Cancerous 
Tumors

Cancer researchers 
at the Broad use sys-
tematic approaches 
to understand the 
genetic changes 
underlying cancer 
and develop more 
effective therapies. 
In this illustration, 
a tumor (in green) 
begins dying upon 
exposure to a tar-
geted drug delivered 
via the bloodstream. 
Broad scientists also 
aim to learn how 
tumors respond to 
drugs and why some 
develop resistance.

Illustration/Janet Iwasa
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Summary: Many cancerous tumors initially re-
spond to treatments, only to subsequently  develop 
drug resistance, allowing the cancer to come back. 
Broad researchers are probing how resistance de-
velops – and providing a guide to how to prevent it. 

Half of all melanomas – the most deadly form of 
skin cancer – harbor a mutation in a gene called 
BRAF. The FDA recently approved a powerful 
new drug that inhibits mutated BRAF and causes 
tumors to shrink in many patients. The success, 
however, is short-lived: the cancer comes back 
within a year. 

   “The big question now is: How does resist-
ance occur and how can we use that knowl-
edge to develop therapies that will circumvent 
resistance?” says Levi Garraway, M.D., Ph.D., a 
medical oncologist and associate professor at 
Dana-Farber Cancer Institute, and a senior as-
sociate member at the Broad Institute. 

   Garraway’s team has developed powerful 
tools to answer these questions. They “turned 
on” 600 different kinase genes in melanoma 
cell lines to see which ones have the ability to 
make cells resistant to the drug. They discov-
ered several ways in which melanoma cells can 
become resistant: BRAF’s sister proteins could 
step in and reactivate uncontrolled growth; 
other kinases could bypass BRAF; and muta-
tions in downstream genes could reactivate the 
pathway. Remarkably, they showed that patients 

with resistant tumors showed similar mutations. 
And, they have found chemicals can block some 
of these resistance pathways. The team has re-
cently expanded the project to study resistance 
to additional cancer drugs.

   While Garraway’s work focuses on the 
changes within cancer cells, resistance may 
also arise from neighboring non-cancer cells 
in the tumor – known as the tumor’s microen-
vironment. A team led by Todd Golub, Cancer 
Program director, has developed ways to 
systematically screen for factors secreted by 
cells in the microenvironment that can cause 
cancer cells to become drug-resistant. They 
recently discovered that neighboring fibroblasts 
in the laboratory – and in patients – can secrete 
a growth factor that can bypass BRAF and pro-
duce resistance. Excitingly, they found that this 
mechanism of resistance can be blocked with 
existing drugs.

   Knowing how tumors evade drugs can guide 
strategies to effectively treat melanoma while 
preventing resistance with targeted drugs in 
combination. This systematic approach is a 
model for making headway in other cancers. 
“We should anticipate that resistance is a likely 
scenario. We need to be on top of that by un-
derstanding, early on, what are the likely paths 
tumor cells can take to become resistant and 
how to stop them,” says Golub. “That could have 
a huge impact.”

Targeting resistance

Broad researchers 
have uncovered several 
mechanisms of resist-
ance to BRAF inhibitors 
in melanoma: 1) BRAF’s 
sister proteins step 
in and reactivate the 
pathway; 2) other ki-
nases like COT bypass 
BRAF; 3) downstream 
elements like MEK are 
mutated; and 4) factors 
from other cells trigger 
proliferation and sur-
vival of tumor cells.

   CANCER CASE STUDY

MIT0CHONDRIAL DISORDERS

Stepping stones 
to common disease

LEVI GARRAWAY VAMSI MOOTHA

                        GAINST THE white      
background of a PowerPoint slide, the 
words, “Not a single proven therapy” 
stand out in bold type. Vamsi Mootha, 
M.D., a senior associate member at 
the Broad Institute and physician-
scientist at Massachusetts General 
Hospital, pauses for a moment and 
points to the text. “This is what moti-
vates us,” he says.

   Mitochondrial diseases take many forms but 
are uniformly fatal. Although collectively they af-
fect at least 1 in 4,000 live births, these disorders 
are considered rare. They fall under the category 
of orphaned or neglected diseases, deemed un-
profitable areas of research by pharmaceutical 
companies. But a growing body of evidence suggests 
that understanding these rare diseases could help 
researchers unlock the mechanisms of more com-
mon illness, including diabetes, neurodegenerative 
diseases such as Parkinson’s disease, and cancers 
such as gliomas, all of which are also linked to the 
mitochondria.                                    Continued next page
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Mitochondria: 
the cell’s 
powerhouses

Mitochondria are 
responsible for pro-
ducing 90 percent 
of the energy cells 
need to grow and 
survive. If the mi-
tochondria in cells 
are compromised, 
the parts of the body 
that need energy 
the most – the heart, 
brain, liver, muscles, 
and lungs – can be-
come damaged. With 
more than 1,000 mi-
tochondrial proteins 
identified, Broad 
researchers can now 
study the role these 
proteins play in 
human disease.

“I like to think of mitochondria as the 
hub of a wheel with spokes reaching out 
into all of these other diseases. If we can 
understand what goes wrong in these rare 
disorders, we’ll have a huge advantage 
in studying the common diseases.”    
                                                                                         – VAMSI MOOTHA

“I like to think of mitochondria as the hub 
of a wheel with spokes reaching out into all 
of these other diseases,” says Mootha, who is 
also a professor of systems biology at Harvard 
Medical School and a MacArthur Fellow. “If we 
can understand what goes wrong in these rare 
disorders, we’ll have a huge advantage in study-
ing the common diseases.”

   Mootha and his colleagues are pursuing the 
genetic mutations that lead to mitochondrial 
diseases, but first, they needed a map of the 
more than 1,000 mitochondrial proteins, collec-
tively known as the mitochondrial proteome. In 
the past decade, they have begun to crack open 
the field by mapping out and sequencing all of 
the regions of DNA that code for mitochondrial 
proteins. These projects, known as MitoCarta 
and MitoExome, are beginning to bear fruit.

   Through the MitoCarta project, research-
ers identified nearly 1,100 genes involved in 
mitochondrial function. Building on this work, 
Mootha and his collaborators are embarking on 
the MitoExome project, which aims to match 
hundreds of disease phenotypes (physical char-
acteristics) with genetic abnormalities. The 
team has already identified 10 mitochondrial 
disease genes.

   “Over the last seven years at the Broad, 
we’ve developed a genomic foundation for 

tackling these disorders,” Mootha says. “We’ve 
identified all of the protein components in the 
organelle, we’re using evolutionary genom-
ics to understand how those components are 
wired together, and we’re now using sequenc-
ing technologies to scan all of those proteins to 
establish a molecular diagnostic. The momen-
tum is building – we are poised to take on these 
diseases.”

   Working with the Broad’s Metabolite Profil-
ing Platform, Mootha and his team are estab-
lishing biomarkers of mitochondrial disease. 
These biomarkers can be used together with 
sequencing to recruit patients for clinical trials 
and to monitor a patient’s response to treat-
ment. With a parts list and diagnostic biomark-
ers in hand, the team will be ready for the next 
important step: creating new therapeutics. By 
partnering with the Broad’s Chemical Biology 
Platform, Mootha and his colleagues hope to 
identify drugs that act on the mitochondria, 
which could spur new treatment options for 
neglected patients.

   “Our long-term vision is to develop novel 
therapeutics and companion diagnostics,” 
Mootha says. “If we can discover drugs to treat 
these rare diseases, the same molecules could 
be useful for common diseases that impact 
hundreds of millions of people.”

Illustration/Janet Iwasa
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“We urgently need new 
approaches for the diagnosis 
and treatment of tuberculosis. 
The Broad Institute is uniquely 
positioned to dramatically ac-
celerate progress against TB.” 
                                  – DEBORAH HUNG

TUBERCULOSIS

Taking aim at a leading
global health threat

SARAH GRANT

DEBORAH 
HUNG

largely a disease of the developing world and the 
prospects for profit are low.

   The Broad Institute has made a deep com-
mitment to tackling TB, including understand-
ing why it eludes short-course treatments and 
developing better diagnostics and therapies. 

   “If we can understand the essential func-
tions of TB and the basis of resistance, we would 
have a much better idea how to target it,” says 
Broad core member Deborah Hung, M.D., Ph.D., 
who is also an infectious disease physician at 
Massachusetts General Hospital and Brigham 
and Women’s Hospital. An assistant professor 
in the department of microbiology and mo-
lecular genetics at Harvard Medical School, she 
trained in both synthetic chemistry and bacte-
rial genetics. “We’re capitalizing on the genomic 
approaches and advanced technologies here at 
the Broad.”

   The Broad’s TB program is led by Hung, 
director of the Infectious Disease Program, 
and draws on the strengths of a number of the 
Broad’s programs and platforms, including the 
Chemical Biology Platform for high-throughput 
chemical screening, the Genome Sequencing 
Platform and Genome Sequencing and Analysis 
Program, and the Proteomics Platform.

   Sarah Grant, M.D., a pulmonologist at 
Brigham and Women’s Hospital who works with 
Hung, also is exploring how a subset of TB cells 
is able to persist for many months in the face 
of antibiotic treatment – and to develop com-
pounds that that can block this ability. Working 
with the Broad’s Chemical Biology and Genome 
Sequencing platforms as well as the Genome Se-
quencing and Analysis Program, she narrowed 
in on compounds that will reveal more about 
the mysterious microbe.

                                ORE THAN ONE-THIRD of the 
world’s population is infected with tuberculosis. 
Ten percent of these 2 billion people will become 
sick with active TB in their lifetime. And, each 
year, roughly 2 million will die. TB is the leading 
cause of death from a curable disease and the 
second-leading cause of death from infectious 
disease worldwide.

   The problem has been worsening over the past decade.  TB and 
HIV share a catastrophic synergy, with each potentiating the other. 
Moreover, drug-resistant forms of the TB microbe, M. tuberculosis, 
are rapidly emerging.
   What makes TB such a global scourge is that it is devilishly hard to 
treat. Whereas most bacterial infections can be cleared with two 
weeks of treatment, patients must take an antibiotic for nine months 
to kill the bacterium (or up to three years for strains resistant to 
conventional therapy).   On top of that, TB infections can be hard to 
diagnose. 

   Beyond these clinical challenges, TB is also daunting for sci-
entists to study in the laboratory. It can take weeks to grow it in a 
test tube, and it requires extensive biosafety protection in the lab. 
Finally, TB tends to attract little commercial interest because it is 

Source: WHO Report Global 
Tuberculosis Control

Graphic /Sigrid Hart 

Incidence 
of Tb
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Attention deficit hyperactivity disorder, or 
ADHD, is one of the most common behavioral 
disorders in children, and often continues 
into adulthood. Yet, the genes that underlie it 
remain unknown.

   To accelerate the understanding of the 
genetics of this disorder, Louis V. Gerstner, Jr., 
has pledged $4.6 million through the Gerstner 
Family Foundation to launch the ADHD Initia-
tive at the Broad. 

   “Progress in nearly every major disease 
depends upon the support of a few visionary 
leaders, who are willing to fund research at the 
earliest, most critical stages,” says Broad In-
stitute director Eric Lander. “Lou is a remark-
able visionary – laying a critical foundation 
that will ultimately give rise to an entire field of 
research.”

   Led by Mark Daly, Ph.D., and Benjamin 
Neale, Ph.D., the initiative builds on long-
standing collaborations between the Broad 
and Massachusetts General Hospital. Recent 
successes include unearthing genetic insights 
into other common disorders such as inflam-
matory bowel disease, autism, and type 2 
diabetes.

   With support from the Gerstner Family 
Foundation, these investigators will tackle a 
disease that affects nearly 5 percent of chil-
dren in the United States. Preliminary studies 
point to common genetic variations in ADHD 
patients, but rigorous studies have not been 
possible. “Our ability to identify genetic fac-
tors has been limited by the paucity of large 
sample collections,” says Neale, an assistant 
in genetics at ATGU and a research affiliate at 
the Broad. “The Gerstner gift will enable us to 
drive progress in this critical area.”

   A pool of roughly 15,000 patient samples 
will be collected. That resource will be the 
backbone for a flagship project that applies 
powerful new tools to examine patients’ 
genomes and identify the variants associated 
with ADHD. 

   “I’m deeply grateful to Lou for his gener-
osity and vision” says Daly, a senior associate 
member of the Broad and co-director of its 
Program in Medical and Population Genet-
ics, and chief of ATGU. “This will enable the 
first steps in a long-term strategy to make an 
impact on the understanding, treatment, and 
clinical care of ADHD.”

PSYCHIATRIC DISEASE 
& BEHAVIORAL DISORDERS

Turning up new 
genetic clues “I look forward to the day when 

we can look back on these early 
genetic discoveries and say, 
‘That was the turning point that 
led to truly important therapies 
for patients.’ ”  
                                            

– MARK DALY

Gerstner Family Foundation 
gift supports groundbreaking 
effort in ADHD

BENJAMIN NEALE MARK DALY

          AMILY HISTORY IS A strong risk factor for psychiatric diseases, pointing 
to the influence of genetic inheritance. But finding the genes responsible for 
these devastating disorders has eluded scientists for decades.  

   That’s finally changing. Using powerful genomic technologies and thousands 
of patient samples, researchers at the Broad Institute and their collaborators 
have found a growing collection of genes linked to three psychiatric diseases: 
schizophrenia, bipolar disorder, and autism. Mark Daly, Ph.D., a senior asso-
ciate member of the Broad and chief of the Analytic 
and Translational Genetics Unit (ATGU) at Massa-
chusetts General Hospital, coordinates analysis for the 
Psychiatric Genome-Wide Association Study Consor-
tium, which pulls together studies from around the 
world involving tens of thousands of patients.

   “Each time we find additional genes we get 
more specific insight into the disease,” Daly, who is 
also co-director of the Broad’s Program in Medical 
and Population Genetics, says. “The role of genet-
ics is to identify which processes and cell types are 
connected to each disease. We can then focus our 
understanding and eventual therapeutic develop-
ment on those connections.” 

   In schizophrenia, some of the genes are re-
lated to MIR137, a microRNA that regulates the 
way brain cells grow; microRNAs are small RNA 
molecules that control the levels of proteins made 
from transcribed genes. In bipolar disorder, some 

of the genes are related to calcium channels, which 
govern how signals travel between brain cells.

   “These are among the first really solid biologi-
cal clues that we have strong confidence in,” says 
Daly. “The next step is to take these genetic clues 
forward into a deeper understanding of the disease.” 

   Daly and his colleagues are also analyzing 
samples from genome-wide association studies of 
major depression and attention deficit hyperactiv-
ity disorder (ADHD).

 “We need to find all genetic variations, com-
mon and rare, that influence the risk of psychiatric 
disorders,” says Steven McCarroll, Ph.D., director 
of genetics for the Stanley Center for Psychiatric 
Research at the Broad. “The recent results are 
important because they tell us not only that that’s 
possible, but that the work will lead us to specific 
and actionable areas of human biology. They are not 
just random hits on the dartboard of the genome.”
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Scientists at the Broad Institute 
and Massachusetts General 
Hospital have uncovered new 
components in a critical pathway 
that allows immune cells to 
detect viral invaders.

   CASE STUDY

CELL SIGNALING NETWORKS

The wiring that
underlies human health

Summary:  Researchers study 
dendritic cells, an essential im-
mune system component, to learn 
more about the cellular pathways 
involved in disease. 

Dendritic cells stand guard 
against invading pathogens, 
marshaling the body’s immune 
system to ward off viruses, 
bacteria, and fungi. Usually, the 
immune response is exquisitely 
calibrated to fight infection. 
Sometimes, however, the very 
system designed to keep us safe 
roars out of control, causing 
autoimmune diseases like lupus 
or rheumatoid arthritis.

At the Broad Institute, senior 
associate member Nir Hacohen, 
Ph.D., and core member Aviv Re-
gev are unraveling the complex-
ity of cell circuitry and immune 
response using the dendritic cell 
as a model. “We want to under-
stand how these cells generate 
the optimal response to each 
pathogen,” says Hacohen, an as-
sociate professor at the Massa-
chusetts General Hospital Center 
for Immunology and Inflammato-
ry Diseases and Harvard Medical 
School. 

 “We strive to understand as 
many layers of information as we 
can in that cell’s circuitry – with 
the aim of explaining how the cell 

Dendritic 
cells: a model

“One of the strengths 
at the Broad is our 

network of programs, 
platforms, and people, 

working together to 
advance the study 

of human health and 
disease everywhere.”  

                         – AVIV REGEV

                           HEN AVIV REGEV arrived at the Broad Institute in 2006, 
she hoped to deepen her study of human cells – ranging from can-
cer cells to stem cells and immune cells. As she peered more deeply 
into how cells make decisions – to divide, die, make insulin, or dif-
ferentiate into a new cell type – she set an ambitious goal: to catalog 
all the biochemical circuits inside human cells  and to determine 
which configurations lead to disease.

 “Our vision is to understand all the layers 
of information in a cell’s circuitry explaining 
how the cell operates,” explains Regev, Ph.D., 
a core member at the Broad Institute, and 
MIT associate professor. “If you know how 
the cell is wired in fine detail, you can open 
up vast areas of new research that ultimately 
will transform human health.”

   And cells are like computers, she adds. 
“They receive external information, moni-
tor their own internal states,  and make 
decisions – all done using cellular circuits 
of interacting molecules. We use the word 
‘circuit’ because it immediately invokes an 
integrated circuit that is wired together for 
some functional purpose.”

   A computational biologist by training, Re-
gev has long been fascinated by cell circuitry 
and cellular signaling. “But it was only when I 
came to the Broad that I had the ability to do 
the right experiments in order to unravel the 

networks in a systematic way,” she explains. 
“The Broad’s systematic research approach 
allows us to marry the problem of understand-
ing how cells compute with the vision and 
ability to develop tools to find the answers.”

   The study of the intricacies of cell cir-
cuitry shows that it truly takes a network, 
cutting across research interests and insti-
tutions and drawing on many technology 
platforms and areas of biological expertise. 
“Our work has shown that you can choose 
one cell type and very systematically – one 
layer at a time – decipher its circuits,” Regev 
says. “You perturb, measure, and model.”

   The impact, she says, will be lasting, as 
scientists make data, discoveries, and tools 
available to the global community. “One of 
our strengths at the Broad is our network 
of programs, platforms, and people, work-
ing together to advance the study of human 
health and disease everywhere.”     Continued next page
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“Our work in cell circuitry involves a 
diverse team of scientists at the Broad 
across multiple disciplines, from pro-
teomics to chemistry. The deeper our 
understanding of how cellular networks 
function, the better our understanding 
of human disease.” 
                                            – NIR HACOHEN

operates under different conditions in 
the body,” says Regev. Using the Broad’s 
tools and technologies, and collaborat-
ing with partner institutions and across a 
range of Broad programs and platforms, 
Hacohen, Regev, and their team have 
discovered previously unknown genes 
and mechanisms by which dendritic cells 
turn on immune responses. 

   In order to dissect the dendritic 
cell circuit systematically, Hacohen has 
worked for several years with David Root, 
Ph.D., director of the Broad RNAi Plat-
form, to develop and apply RNA interfer-
ence libraries. The libraries can be used 
to turn off one gene at a time in dendritic 
cells. “Each time we turn off a gene, we 
measure the behavior of the cellular 
circuit – i.e., how it handles an infec-
tion with a bacterium or virus and what 
cellular programs are initiated,” explains 
Hacohen. “This allows us to understand 
the function of each component of the 
circuit and build a more complete model 
of the full circuit.” They believe that their 
approach could be used by researchers 
worldwide to study any cell type.

   Hacohen also uses state-of-the-
art proteomics technologies to probe 
for signaling mechanisms. Collaborat-
ing closely with the Broad Proteomics 
Platform, led by Steven Carr, Ph.D., the 
researchers were able to discover ad-
ditional circuit components that had not 
been on their radar.

   “We expanded our analysis to sign-
aling molecules, which are proteins that 
send messages from the cell surface 
to the nucleus where transcription of 
mRNA occurs,” Regev explains. The team 
implicated 35 signaling regulators, in-
cluding 19 that were new. Their work was 
published in Cell in November 2011.

   They also found two proteins, 
called polo-like kinase (Plk) 2 and 4, 
which are required by a cell to mount an 
immune response against almost any 
virus. Using an existing drug, Regev and 
Hacohen blocked the antiviral immune 
response. Hacohen notes that similar 
drugs could be used to tamp down the 
immune system to reduce damaging 
inflammation and treat autoimmune 
diseases such as lupus.
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EXPANDING CAPACITY

“Biology isn’t 
just about 
observing. 
We can change 
something and 
see if we can 
make it better. 
We can build 
something 
that doesn’t 
exist now.”  
            – FENG ZHANG

FENG ZHANG

Feng Zhang is intent on unraveling the most 
intricate mysteries of the brain. 

   Zhang, a core faculty member of the 
Broad and an investigator at the McGovern 
Institute for Brain Research at MIT, is design-
ing new molecular tools that allow scientists 
to study individual cell types and manipulate 
their activity. His groundbreaking approach 
is opening up new areas of research that ul-
timately will transform the understanding of 
psychiatric and neurodegenerative disease.

   “The genome-engineering tools that 
we’ve been developing give researchers the 
power to study a specific group of cells, or 
to insert a mutation into a specific gene,” 
Zhang says. “That’s the piece that’s been 
missing – precise ways to test hypotheses.”

   While a graduate student, Zhang, work-
ing with his Stanford University advisor Karl 
Deisseroth and a fellow student, Edward 
Boyden (now also on the MIT faculty), con-
ceived a powerful way to use light to control 
the activity of neurons. Their idea was to use 
a protein from green algae that responds to 
light by opening or closing a pore in the cell 
membrane. The scientists created trans-
genic mice in which the gene encoding this 
protein was turned on in specific types of 
neurons. By using fiberoptics to deliver light 
into the brain, they could control the activity 
of target neurons.

   The technique – called optogenetics – 
has taken the neurobiology world by storm.

   “We can systematically look at one type 
of cell at a time to figure out what each one 
does, and how they work with each other,” 
Zhang says. The team has successfully 
demonstrated the power of optogenetics 
in studying motor function, sleep, and the 
reward system. 

   “The way the brain is put together is very 
important to neurological and psychiatric 

Feng Zhang, Ph.D.

ENGINEERING 
THE GENOME
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problems, such as autism or schizophrenia,” 
says Zhang. “A lot of them involve the way 
cells are connected in the brain.”

   Since coming to the Broad, Zhang has 
undertaken another path-breaking project. 
His idea is to use a new kind of protein, called 
TAL effectors, that can be customized to 
bind to a specific location in the genome. 
After developing ways to build TAL effectors 
in a matter of days, Zhang and his team have 
been perfecting applications of these versa-
tile proteins. They have developed ways of 
using TAL effectors to insert a new DNA se-
quence, change a single base of DNA, delete 
a region of genetic material, and more. The 
technique opens up new ways of investigat-
ing many disease areas, including cancer, 
infectious diseases, and diabetes. Zhang is 
working with researchers from many Broad 
groups, including the Epigenomics Program 
and RNAi Platform, to use TAL effectors to 
engineer and manipulate genomes.

   “TAL effector technology represents 
a major advance in gene manipulation in 
animals,” says Michael Brown, M.D., a Nobel 
laureate and professor of molecular genet-
ics and director of the Jonsson Center for 
Molecular Genetics at UT Southwestern. 
“Zhang has performed an extremely valuable 
service to the entire community of biologists 
by making all of his methods and reagents 
available to any academic for a nominal fee. 
His generosity should be a model for all who 
develop pioneering technologies.”

   To Zhang, openly sharing his methodolo-
gies and techniques is natural.

   “When you’re building tools, it’s impor-
tant to get them out into the community,” he 
says. “The Broad has a system in place for 
sharing and collaborating, and that’s what 
I believe in, too. You build a tool, send it out, 
people use it and tell you it’s not working 
well, and you fix it. That kind of feedback 
drives things forward.”

   “Biology isn’t just about observing,” he 
says. “We can change something and see if 
we can make it better. We can build some-
thing that doesn’t exist now. That’s what got 
me interested in the field: its capacity to be 
transformed.”

Feng Zhang, Ph.D.

As director of the Broad Institute’s Therapeutics 
Discovery and Development (TDD) Platform, 
Brian Hubbard aims to transform the process 
of drug discovery and the treatment of human 
disease by developing and applying new drug 
discovery technologies. His group is focusing 
on classes of protein targets that are generally 
viewed as “undruggable” and patient popula-
tions currently left untreated by the biopharma-
ceutical industry.

   “Our group is targeting new mechanisms 
that are emerging from studies of human biol-
ogy, and working in an open, collaborative envi-
ronment to establish proofs of concept,” he says.

   “The platform brings together experts from 
academia and industry to drive innovation in 
solving therapeutics challenges widely consid-
ered intractable. Like other Broad initiatives, TDD 
works with Broad programs and platforms in an 
integrated, collaborative, and overarching effort 
to transform the understanding and treatment 
of disease.”

   The platform does not aim to duplicate drug 
discovery activities being pursued by large phar-
maceutical and biotech companies, according to 
Hubbard. Instead, the goal is to address critical 

unmet needs not being tackled elsewhere. 
   TDD integrates its ideas with industrial-

strength execution, bringing to bear the Broad’s 
capabilities in areas ranging from Diversity-
Oriented Synthesis libraries to Gene Expression 
High-Throughput Screening to laboratory-based 
target identification.

   Hubbard brings extensive knowledge of 
drug discovery and development to the Broad. 
Before arriving in 2011, he was senior director 
of cardiovascular diseases at Merck, where he 
was responsible for strategy and execution of 
research. His focus was primarily atherosclerosis 
research.

   Prior to his work at Merck, Hubbard was direc-
tor of cardiovascular and metabolism research 
at Novartis Institutes for Biomedical Research. 
He also did research into metabolic diseases and 
obesity at Millennium Pharmaceuticals. He has 
received numerous awards during his indus-
trial career, including elite scientific recognition 
awards at Millennium, Novartis, and Merck.

   “At the Broad, we aim to do more than        
just bring a few therapies to patients in need;   
we hope to revolutionize the entire drug            
discovery process.”

Brian Hubbard, Ph.D.

INNOVATION AND DRUG DISCOVERY
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The Broad’s deeply 
collaborative 
community bridges 
multiple institutions 
and partners in 
industry, connecting 
researchers from 
across MIT, Harvard, 
and the Harvard-
affiliated hospitals 
who work together 
to solve the most 
critical problems in 
biomedicine.

“Broadies” take on 
“impossible” prob-
lems, transcending 
disciplines and fusing 
experimental, compu-
tational, and clinical 
science into a new 
biology.

“The Broad 
is without peer 
in its expertise 
and leadership 
in genomics 
and therapeutics 
discovery.” 

                      – MYRIAM HEIMAN

 Myriam Heiman, Ph.D.

INSIGHTS INTO BRAIN DISEASE
Myriam Heiman’s journey to the Broad 
Institute was driven by a central question: 
What are the root causes of neurodegen-
erative and psychiatric disease? And for 
Heiman, who joined the Broad in early 2011 
as a core member, this question hinges on 
the longstanding problem in neuroscience 
of cell identity in the structurally diverse 
environment of the nervous system. 

   Heiman holds a joint appointment 
with the Picower Institute for Learning and 
Memory at MIT, and she is an assistant pro-
fessor of neuroscience in the Department of 
Brain and Cognitive Sciences at MIT. 

   The brain contains many different 
types of cells, all with unique functions and 
unique ways of breaking down. In many 
neurodegenerative diseases, for exam-
ple, certain cells are affected early in the 
disease process – but the reason remains 
a mystery. “How one studies individual cell 
types in very complex tissues is a funda-
mental question that has, for many dec-
ades, hampered neuroscience research,” 
she says.

   After studying basic genetics in yeast 
for her graduate work at Johns Hopkins 
University, Heiman pursued this question 
during her postdoctoral research with Paul 
Greengard and Nathaniel Heintz at the 
Rockefeller University. The scientists took 
a genetic approach to solving the problem. 
Using molecular tags, they were able to 
biochemically purify all the messenger RNA 
– representing the proteins being made in 
the cell – from a single cell type. 

   “It’s a very simple idea, but very power-
ful because we haven’t had this kind of 
molecular access before,” she says. “It’s a 
very exciting new ability to investigate what 
is being done by particular types of cells at 
particular times – during normal function 
and in diseased states. If we can under-
stand what’s going on in the vulnerable cell 
types, then we may understand the etiology 
of these diseases,” she says. This sort of 
molecular profiling allows investigators to 

study individual neuron populations among 
the myriad cell types that constitute the 
mammalian nervous system.

   At the Broad, Heiman and her team use 
molecular profiling, biochemical analysis, 
and mouse models of disease, including 
Huntington’s and Parkinson’s diseases, to 
investigate the basis of selective vulnerabil-
ity in disease. They also want to know how 
normal aging enhances this vulnerability. 

   “One commonly observed feature of 
many of these diseases is they’re only seen 
in advanced age,” Heiman says, “despite the 
fact that the genetic risk factors are present 
from birth. We can now ask what disease-
causing changes occur very early on in 
the course of an illness, before symptoms 
develop. We’re certainly not the first people 
to ask these questions,” she adds. “The 
difference is that we now have the ability to 
probe at the molecular level – comprehen-
sively and with great cellular resolution.”

   Heiman’s team also is interested in 
basic neurodevelopmental questions. “We 
try to understand what happens to cells as 
they age, to get a full perspective of what 
is defining cellular identity at the molecular 
and cellular level as these cells are born, 
mature, and then age,” she says.

   Heiman hopes that her approach 
can accelerate research into psychiatric 
disease and other diseases with selective 
cell deficiencies, such as cancer. By working 
with Huntington’s disease, caused by muta-
tion of a single gene, she hopes to prove 
the strength of her model and demonstrate 
its promise in untangling other diseases. 
“We hope that we can use the simplicity of 
this model and the lessons we learn to gain 
insights into other complex diseases.”

   She collaborates closely with com-
putational biologists and scientists in the 
Proteomics Platform. “The Broad is without 
peer in its expertise and leadership in 
genomics and therapeutic discovery, as 
well as in the study of cellular circuitry and 
molecular phenotypes in disease,” she says. 
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Paul Blainey’s 
3.5-cm micro-
fluidic chip sorts 
single cells 
and amplifies 
their genomes 
to prepare for 
sequencing 

Paul Blainey is intent on harnessing the 
power of small. An expert in analytic systems at 
both the single-molecule and single-cell levels, 
Blainey, newly arrived as a core member of the 
Broad Institute, has developed a microfluidic 
platform that allows him to segregate individual 
cells and directly sequence their genomes. 

   This, in turn, allows scientists to determine 
genomic sequences from organisms that have 
not been successfully cultured in the lab – un-
known microbes that could provide insights into 
fundamental aspects of microbial evolution and 
drive a deeper understanding of the population 
structure of human pathogens.

   At the Broad, Blainey plans to continue 
developing new applications of microfluidics in 
single-cell and single-molecule science. He has 
devised a system based on single-molecule 

assays to measure how certain proteins move 
along DNA, using simple microfluidics to stretch 
DNA and fluorescent protein labels to moni-
tor the movement. The work revealed that the 
proteins stay in contact with DNA as they slide 
along it, and that they spin around the DNA helix 
as they move. In his new role, Blainey plans to 
develop microfluidic technology to make these 
single-molecule assays easier to perform, in ad-
dition to searching for new classes of polypep-
tides that move along DNA by sliding.

   He hopes his work at the Broad and MIT, 
where he is an assistant professor in the Bio-
logical Engineering Department, will allow these 
technologies to find a broad range of important 
applications quickly. “The Broad is the best 
place in the world to do this kind of work.”

Paul Blainey, Ph.D.

HARNESSING THE POWER OF SMALL
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“I am convinced 
that genomics will 
be one of the ways 
to find out how to 
make people live 

longer, better lives.”

Carlos Slim’s

VISION
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                                   ARLOS SLIM HELÚ gets right to the point. 
Sitting at a large oval table in his spacious Mexico 
City office, he explains to his visitors why he invests 
in genomic medicine. 

“I am convinced that genomics will be one of the 
ways to find out how to make people live longer,  
better lives,” he says. 

Gesturing across the table to his son Marco Antonio Slim Domit, he 
says, “Tony can tell you in three words what we need for health: new, 
better solutions.”

   Mr. Slim warms to the topic of why he has devoted considerable 
resources to an initiative that bears his family’s name: the Slim Initia-
tive for Genomic Medicine. 

   “It’s the challenge,” he says. “We are clear that the way to finish 
poverty is with employment. But to become employed you first need    
to have good health, and then good education. We think genomics is  
the right way to improve health.”

   Part of the Carlos Slim Health Institute, the Slim Initiative is 
funded by the 25-year-old Carlos Slim Foundation, whose public 
health programs initially focused on improving maternal and child 
health through nutrition and immunizations, especially in rural areas 
of Mexico. The foundation also promotes education, the arts, sports, 
historic restoration, and digital literacy among other causes. 

   In 2010 the health institute expanded its vision to include basic 
biomedical science in the form of genomics. Through a three-year, 

15 
Mexican 

scientists 
in residence 

at the 
Broad

4 
workshops

1 
symposium

 

COLLABORATIVE 
EVENTS IN 2011  

The Slim Initiative brings together 
experts from the Broad Institute and from 
INMEGEN in Mexico. (photo opposite.)
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$65 million agreement with the Broad 
Institute, the Slim Initiative brings to-
gether experts from the Broad and from 
Mexico, including the National Institute 
of Genomic Medicine of the Mexican 
Secretariat of Health, known by its Span-
ish acronym INMEGEN. 

   The relationship forged with the 
Broad has twin goals. One is to unlock 
biological secrets through a better un-
derstanding of genetic factors underlying 
disease. The other is to invest in human 
capital. So far the Slim Initiative has 
helped to train more than 1,500 Mexican 
experts. INMEGEN scientists collabo-
rate with their Broad counterparts in 
a flourishing exchange of ideas, shar-
ing access to advanced technology and 
providing educational opportunities for 
researchers and students in both Cam-
bridge and Mexico City.

   “It is important to accelerate the de-
velopment of research in genomics here,” 
Mr. Slim says. 

   Because the project is Mexican at its 
heart, it focuses on diseases that have 
a profound impact on Mexicans and 
Latin Americans: diabetes and cancer. 
The Slim Initiative also studies kidney 
disease in affected families. 

   Diabetes is among the most common 
inherited diseases in Latin America, yet 
the role played by genetic risk factors is 
not well understood. Answers may lie in 
the genetic makeup of the Mexican popu-
lation, a mixed group with a background 
that is both European and Amerindian.

   Since the human genome was 
sequenced a decade ago, most genetic 

information has been gleaned from 
Europeans. Studying samples from Mexi-
cans, particularly from people whose 
Amerindian roots may be as distinct as 
the 65 separate languages these indig-
enous peoples speak, is a major goal of 
the initiative. Amerindian samples are 
important missing pieces that could 
harbor genetic variations related to risk 
for disease.

   “Mexican and Latin American popu-
lations have been poorly represented 
in the human genome,” says Miguel 
Betancourt, M.D., who oversees the Slim 
Initiative as global solutions director of 
the Carlos Slim Health Institute. “Epide-
miology tells us there are differences in 
type 2 diabetes and cancer in this popula-
tion. We want to see what the role of the 
Latin American genome is.”

   Such an ambitious project requires 
private-public partnerships, Dr. Betan-
court says. Governments can’t do every-
thing.

   “The same is true for genomics,” he 
says. “Every single thing we do – tele-
medicine for pregnant women, vaccines 
for neglected diseases, genomics for 
other diseases – is translated for public 
use.”

   But don’t call it “philanthropy.” 
Think of it as social investment.

   “We need to have a return on our 
investment for Mexican society: stronger 
institutions, better-trained researchers, 
better services for the population,” says 
Dr. Betancourt, a pediatrician who joined 
the Carlos Slim Health Institute after 
serving in the Mexican Secretariat of 

Health. “It is important that the research 
is jointly done in Mexico. We don’t want 
to just be sample givers.” 

   In Mexico and Latin America, the 
Slim family’s imprint touches daily life 
through telecommunications, real estate, 
retail, construction, and cultural institu-
tions they have built. Now 72, Mr. Slim 
devotes more time to the foundation, he 
has stepped back from some leadership 
roles, and his children have come to the 
fore in the family businesses.

   His son-in-law, architect Fernando 
Romero, designed Museo Soumaya, the 
soaring art museum named after Mr. 
Slim’s late wife, Soumaya Domit. Its 
treasures include Impressionist paint-
ings, Mexican masterpieces, religious 
artifacts, and a top floor devoted to sculp-
ture holding the largest collection of 
Rodins outside France. People can visit 
the museum free of charge.

   His office in Lomas de Chapultepec 
in Mexico City has an art gallery and 
towering bookcases with art tomes in his 
office. An image of Lebanon, where his 
father was born, hangs on a wall. A worn 
copy of futurist Alvin Toffler’s book, Las 
Guerras del Futuro, lies open, facedown 
on his table.

   Mr. Slim shares a prediction with 
his son Marco Antonio, Dr. Betancourt, 
and Slim Initiative associates assembled 
around his table.

   “What vaccines were in the past, I 
think genomics will be in the future,” Mr. 
Slim says. “The work we are doing with 
the Broad Institute is very important not 
only for Mexico, but worldwide.”

Carlos Slim Helú 
and his son, Marco 
Antonio Slim Domit.

Slim Initiative 
colleagues at INMEGEN 
in Mexico City. From 
left, Claudia Ran-
gel Escareño, Ph.D., 
research associate in 
computational genom-
ics; Enrique Hernandez 
Lemus, Ph.D., research 
associate in com-
putational genom-
ics; Alfredo Hidalgo 
Miranda, M.D., research 
associate; Jorge 
Melendez Zajgla, M.D., 
Ph.D., deputy director, 
basic research; and 
Alessandra Carnevale 
Cantoni, research 
director. 
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analysis with a team at the Broad.
   “The Slim Initiative has made things 

happen. It allowed us to do sequencing of 
tumors that would have been impossible 
to do here,” he says. “It’s a good example 
of how to produce information that will be 
useful for the Mexican population.”

   Pediatric oncologist Gabriela Mer-
cado hopes to establish a biobank in 
Mexico for high-quality tumor samples 
from children. While childhood cancer 
survival is improving in Mexico, rates 
are still lower than in Europe, the United 

States, or Canada, especially for leuke-
mia.

   “If you don’t collaborate, it is impos-
sible to have results in pediatric cancer 
because the number of cases, fortu-
nately, is small,” she says. “With the Slim 
Initiative project, I think we can do this.”

   Claudia Rangel Escareño, a math-
ematician who works in computational 
biology at INMEGEN, says the Slim Initia-
tive presents the opportunity to work 
with the top researchers in the world 
doing genetic analysis. 

   “There aren’t many institutions like IN-
MEGEN in Mexico,” she says. “We started 
from scratch. We are learning from the 
experience that the Broad already has.”

   She shares the enthusiasm of her 
colleague Ivan Imaz about exchanging 
ideas in Cambridge.

   “Every time we go to the Broad and 
see something – not only genetic analy-
sis but also how people interact and the 
way the work is organized – we say, ‘OK, 
I’m going to go back and implement that 
at INMEGEN,’ ” she says. 

From left, Andrew 
Crenshaw, Broad 
Assistant Director, 
Genotyping and Gene 
Expression, hosts Slim 
Initiative collaborators 
from Mexico: Teresa 
Tusie, M.D., Ph.D.,  prin-
cipal investigator for 
the Slim Initiative dia-
betes project, and San-
dra Romero Hidalgo, 
Ph.D., research associ-
ate in computational 
genomics.   
 

THE SLIM INITIATIVE

A two-way exchange
The Slim Initiative for Genomic Medi-

cine is a two-way street, with research-
ers and information moving in both 
directions as part of the international 
collaboration.

   Ivan Imaz and Angela Schwarz, two 
young scientists from the National Insti-
tute of Genomic Medicine (INMEGEN) in 
Mexico City, spent a short sabbatical at 
the Broad Institute as part of the initiative. 
The effort focuses on diseases that have 
a profound impact on Mexicans and Latin 
Americans: diabetes and cancer, as well 
as kidney disease in affected families.

   “The most important part of the 
collaboration is to bring knowledge back 
to Mexico, to start to do sequencing 
analysis,” Dr. Schwarz says on the last 
day of her three-month stay at the Broad. 
Trained as a physician, she is working on 
her Ph.D. in biomedicine while studying 
cancer genomics.

   For Dr. Imaz, who is a computational 
biologist, the international collaboration 
also highlights interdisciplinary connec-
tions among researchers. “It’s another 
way to do science,” he says.

   At a regularly scheduled visit by IN-
MEGEN scientists to the Broad, decisions 
are being made about the direction of a 
Slim Initiative project on diabetes. During 
a discussion led by Broad founding core 
member David Altshuler and leaders from 
Mexico City, milestones in the genetic 
analysis of Mexican samples are reported. 
Experts from Mexico and the University 
of Southern California weigh in with their 
results from relevant studies, generating 
excitement and thoughtful consideration 
of where resources should go. 

   Two years into the three-year initia-
tive uniting scientists from the Broad 
with their colleagues in Mexico City, the 

Slim Initiative diabetes project is exploit-
ing new methodologies to accelerate 
diabetes research and Latino genomics.

   “I think the Mexican population is a 
model for identifying genetic risk factors 
in diabetes that haven’t been identi-
fied before,” says Teresa Tusie, principal 
investigator for the Slim Initiative diabetes 
project and chief of the area of Molecular 
Biology and Genomic Medicine at the In-
stitute of Biomedical Research at the Na-
tional Autonomous University of Mexico.

   Altshuler is excited about the scientif-
ic progress being made, and he especially 
values the opportunity to work together, 
across borders.

   “In the long run, the most important 
thing is forming relationships and a 
team,” he says.

   At INMEGEN in Mexico City, scientists 
explain what the Slim Initiative means to 
them.

   Alfredo Hidalgo Miranda, champion 
of the breast cancer project at INMEGEN, 
says his work simply couldn’t happen 
without the Slim Initiative. 

   Four years ago he and his colleagues 
embarked on a project to characterize 
genomic alterations in breast tumors from 
Mexican patients. While survival rates are 
lower among Latino women, little is known 
about the genetics of breast cancer in this 
population. Working with samples from a 
local hospital specializing in breast dis-
ease, the INMEGEN researchers analyzed 
tumors looking for genetic variation, such 
as when stretches of DNA are present in 
excess copies or missing altogether. 

   For a more comprehensive analysis, 
the team needed more firepower. They 
got it when the Slim Initiative project was 
launched. Dr. Hidalgo Miranda was now 
able to sequence his samples and do joint 

DAVID ALTSHULER 
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Connecting Communities
               With new scientific approaches transforming our knowledge of human biology and 
disease, the Broad Institute is committed to opening the doors of science to the general 
public and to the next generation of young scientists.

   Through public programs, educational programs, and online resources, we invite 
everyone to learn about exciting discoveries and what new knowledge means for them. 

Public Lectures
Throughout the summer, Broad hosts its 
Midsummer Nights’ Science lectures for the 
general public. The lecture series explores key 
advances in genomic research.

Educational  Outreach Program
On-site programs bring local high-school 
students and teachers to the Broad to explore 
what it really means to be a scientist.

●    Class visits bring more than 1,000 students 
each year for experiments, computer and paper-
based activities related to current Broad re-
search, tours of Broad labs, interactions with 
Broad scientists, and discussions of science 
careers.

●    Summer internships allow a select group of 
high-school students to work one-on-one with 
scientific mentors.  

●    Teacher seminars bring educators into the 
Broad to learn about current research, tour 
Broad labs, and talk with scientists.

●    Semester-long research projects provide op-
portunities for students to engage in independ-
ent research projects aimed at isolating and 
identifying microbes from the environment.  

●    Portable lessons are developed by Broad sci-
entists and then delivered by science teachers 
in classrooms.

Diversity Initiative 
in Scientific Research
Programs engage underrepresented 
minorities at all levels in scientific training 
to pursue biomedical research.

●   The Summer Research Program in 
Genomics (SRPG) is a nine-week undergra-
duate research program designed for students 
with an interest in genomics and a commitment 
to research.  

●   Minority Introduction to Engineering 
and Science at MIT (MITES) is a six-week 
residential, academic enrichment summer 
program that introduces high school seniors 
to engineering and science. Broad hosts 16 
MITES students a year for a popular genomics 
internship.

●   Broad Medical Fellows are medical students 
who work on an original research project in 
genomic medicine during an eight-week 
summer program.

●   Broad Postdoctoral Fellows pursue up to 
three years of postdoctoral training in genomics 
through a program that prepares them for 
a research career.

●   The Visiting Faculty Program provides 
scientists the opportunity to participate in 
leading genomics research.



These 15 high school students participated in the 
fall 2011 semester-long research project, and chose to 
investigate microbes from a wide variety of environmental 
sources, such as a spider web and a kitchen sponge. 

Next up

They look like scientists.
   Wearing white lab gloves, wielding 

pipettes, and wondering what  their 
mystery worm might be, 29 students 
from a greater Boston AP biology   
class work at stations in a Broad Insti-
tute lab. 

   Tiny tubes contain proteins from    
a roundworm, a flatworm, and a mys-
tery worm, plus a “ladder” of proteins 
they can use as a reference. They’ll 
send a small sample of each through 
a process called gel electrophoresis, a 
technique that uses electrical current 
to separate DNA, RNA, or protein mol-
ecules based on their size.

   While they wait for the process to 
conclude, they open laptops to learn 
how to check an online database and  
to try to identify an organism by using 
its protein sequences.   

   “Chinese liver fluke?” asks one 
student. 

   She holds that thought until after 
lunch, when the students break up into 
groups of four to talk with Broad scien-
tists eager to share stories about their 
lives in science.

   Researcher John Doench explains 
RNA interference for the students 
before describing his role in the RNAi 
Platform. RNAi, discovered in 1998, is 
an ancient mechanism that organisms 
use to silence genes. Scientists have 
seized this process to understand 
what genes do by selectively silenc-
ing them, one at a time, in laboratory 
experiments.

   “Is that like hacking biology?” a 
student asks.

   Doench tells him yes. “Today’s    
discoveries become tomorrow’s tools.”

   Just as today’s students might 
become tomorrow’s scientists.

Reaching out
Bringing young minds 
into science

    CASE STUDY

Steven
NEWTON NORTH HIGH SCHOOL

sock, tree bark

Porter
CAMBRIDGE RINDGE & LATIN SCHOOL

doorknob, hand

Adam
CONCORD ACADEMY

fridge, spider web

Arcadia
CONCORD ACADEMY

grapes, toothbrush

Arjun
ADVANCED MATH & SCIENCE ACADEMY CHARTER SCHOOL

door handle, sink drain

Sofia
CONCORD ACADEMY

monkey bars, tea leaves

Christina 
JOHN D.  O’BRYANT SCHOOL

kitchen sponge, table

Daniel
NEWTON NORTH HIGH SCHOOl

feta cheese, his dog

Kavin
BOSTON LATIN SCHOOL

school fountain water, tree bark

George 
BELMONT HIGH SCHOOL

carpet, refrigerator handle

Elizabeth
NEEDHAM HIGH SCHOOL

aquarium tank water, mouth swab

Josie
JOHN D.  O’BRYANT SCHOOL

milk, children’s toy

Nick
BROOKLINE HIGH SCHOOL

dog, pillow

Mustafa
CAMBRIDGE RINDGE & LATIN SCHOOL

cheese, restroom

Ola
CONCORD CARLISLE HIGH SCHOOL

carpet, fence
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Stacey Donnelly
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Research and Planning

Kim Hazen
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Martin Leach
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Sarah Pearson
Chief Development Officer

Vivian Siegel
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Leadership

The members of the Broad Institute’s Board of 
Directors include world-class leaders from science, 
law, education, and business. These distinguished 
individuals serve as wise and effective stewards 
of the institute, helping to drive the transformation 
of medicine that lies at the heart of the Broad 
Institute’s mission.

Diana Chapman Walsh, Chair
President emerita, Wellesley College

Dennis Ausiello
Chief of Medicine at Massachusetts 
General Hospital; Chief Scientific 
Officer, Partners HealthCare; 
Jackson Professor of Clinical 
Medicine at Harvard Medical School

David Baltimore
President emeritus, California 
Institute of Technology; 
Nobel Laureate

Eli Broad
Founder, The Broad Foundations

Drew Gilpin Faust
President, Harvard University

Jeffrey S. Flier
Dean of the Faculty of Medicine, 
Harvard Medical School

Louis V. Gerstner, Jr.
Retired Chairman and CEO, 
IBM Corporation

William Helman
Partner, Greylock Partners

Susan Hockfield
President, Massachusetts Institute 
of Technology

Seth A. Klarman
President, The Baupost Group, LLC

Eric S. Lander
President and Director of the 
Broad Institute; Professor, MIT; 
Professor, Harvard Medical School

Arthur D. Levinson
Chairman, Genentech, Inc.

Phillip A. Sharp
Institute Professor,
Massachusetts Institute of 
Technology; Nobel Laureate

Patricia Stonesifer
Philanthropic Advisor
Former CEO, Bill & Melinda 
Gates Foundation

Board of Directors
The Broad Institute’s Board of Scientific 
Counselors, appointed by the Board of 
Directors, meets annually to review the 
institute’s scientific progress over the 
past year and to provide advice on future 
scientific directions to the institute 
director and to the Board of Directors. 

David Baltimore
President emeritus, California Institute 
of Technology; Nobel Laureate

Carolyn Bertozzi
Director of the Molecular Foundry, 
Lawrence Berkeley National Laboratory

Joseph Goldstein
Professor of Molecular Genetics, UT 
Southwestern Medical Center; Nobel Laureate

David Haussler
Director, Center for Biomolecular Science and 
Engineering, University of California, Santa Cruz

Richard Lifton
Chairman, Department of Genetics, and 
Sterling Professor of Genetics, Yale University 
School of Medicine

Vicki Sato
Professor of Management Practice, Harvard 
Business School; Former president, Vertex 
Pharmaceuticals

Charles Sawyers
Chairman, Human Oncology and Pathogenesis 
Program, Memorial Sloan-Kettering Cancer 
Center

Board of Scientific Counselors
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Ontario Cancer Research Institute 
Pfizer Incorporated
Prostate Cancer Foundation
Sigma-Aldrich 
Starr Foundation
The European Bioinformatics Institute
The Leona M. and Harry B. Helmsley 
        Charitable Trust

Corporations and Foundations that 
have provided sponsored research

Support of the Broad Institute
The ambitious projects undertaken by the Broad Institute 
would not be possible without the critical support and 
continued commitment of our donors, research sponsors, 
and friends. We would like to thank the following individ-
uals and organizations for their investment in improving 
human health through their support of the Broad Institute:

Eli and Edythe L. Broad
Discussions among Los Angeles philanthropists Eli and 
Edythe L. Broad, MIT, Harvard, and the Harvard-affiliated 
teaching hospitals shaped the vision for a new kind of 
research organization and community. The visionary 
generosity of the Broads ($100 million over ten years, 
subsequently doubled to $200 million) made it possible 
to formally announce the Eli and Edythe L. Broad Insti-
tute of MIT and Harvard in June 2003 and to launch it in 
May 2004. In September 2008, the Broads, Harvard, and 
MIT declared the new model a success. At the same time, 
the Broads announced that they would endow the insti-
tute with an additional $400 million, the largest single 
gift to a biomedical academic research center to date.

The Stanley Medical Research Institute
The Broad Institute’s Stanley Center for Psychiatric 
Research was created in 2007 with the extraordinary 
support of a ten-year $100 million grant from the Stanley 
Medical Research Institute (SMRI). In April 2011, SMRI 
extended its support to fund the work of the Stanley 
Center through 2022. The mission of the Stanley Center 
is to discover the human genes that confer risk for bipo-
lar disorder and schizophrenia and to use this informa-
tion to develop new diagnostic tests and treatments for 
these illnesses.

Instituto Carlos Slim de la Salud
In 2010 Carlos Slim Helú announced the launch of a 
major research project in genomic medicine to help ac-
celerate progress in public health in Mexico and around 
the world. The major goal of this project, called the Slim 
Initiative for Genomic Medicine, is to investigate the 
genomic basis of cancer in worldwide populations, and 
of type 2 diabetes in Mexican and Latin American popu-
lations. The Broad is collaborating in the $65 million 
project with the Carlos Slim Health Institute and Mexi-
co’s National Institute for Genomic Medicine.
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Financial Information

Broad Institute Funding Sources FY2011 
As of June 30, 2011 ($ in thousands)

Fees and Services
$8,729.0
3%

Other Income
$2,000.0
1%

Industrial
$12,247.8
4%

Gifts
$27,235.0
9%

Federal
$199,578.7
67%

Foundations/
Nonprofit
$49,079.9
16%

History of Operating Revenue

FY2011FY2010FY2009FY2008FY2007

300

250

200

150

100

50

0

$160.4

$197.5
$221.7

$258.1

Operating Revenue (FY2007-FY2011)

O
pe

ra
ti

ng
 R

ev
en

ue
 ($

 in
 m

ill
io

ns
)

$299.0

 Balance Sheet 
As of June 30, 2011 ($ in thousands)

Total Assets $1,160,479

Total Liabilities $455,408

Total Net Assets $705,071

From July 1, 2010 through June 30,  2011
($ in thousands)

Total Revenues

Total Expenses

Balance of Operations

$298,870

$287,612

$11,258

Operating Budget
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