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ing the pocket, just as JQ1 blocks a key pocket on BRD4. 
Most of these actions won’t slow growth of the cancer cell. 
It’s the few that do—pockets that, when blocked, cause 
cells to die—that the team is looking for. These needles 
in DNA haystacks are made visible on what the scientists 
call a Manhattan plot—a few “skyscrapers” of cell-killing 
activity along an otherwise flat horizon. 

“This technology allows us to map every active surface 
of every protein that every cancer requires,” says Vakoc. 
“There are other ways of finding proteins that cancer cells 
need. Our approach reveals not just the proteins but in-
formation about which surface features on them that we 
want drugs to hit in order to have dramatic killing effects.”

The team used CRISPR to screen 192 gene-regulatory 
domains of interest in mouse AML cells, and found all 
six previously known drug targets as well as 19 previously 
unidentified binding pockets that the cells could not live 
without. These are immediate targets of interest in drug 
discovery—DNA addresses of binding sites for future 
drugs that could have powerful killing effects on cancer 
cells. Adding to the immediacy of the potential benefit, 
this screen tested only those targets that current pharma-
ceutical science already knows how to hit. They’re “drug-
gable targets,” in the language of chemists.

Ahead of the competition, the Vakoc lab is able to use 
CRISPR to find these powerful targets in cancer thanks 
in part to the dedication of Junwei Shi. “His success,” 
says Vakoc, “is a good example of what young researchers 
at the Lab can aspire to. You can come to Cold Spring  
Harbor and help advance a field.” 

Peter Tarr

letters that encode such 
features on proteins of 
interest. A compre-
hensive set of such 
motifs is known, thanks 

to extensive genome  
annotation work performed 

since completion of the  
Human Genome Project.

CRISPR scanning

Combining this knowledge with Shi’s 
optimization of CRISPR and meth-
ods of producing massive numbers 
of small RNAs, the team arrived at 
a powerful way to discover new drug 
targets, not only in leukemia, but 
across all cancer cell types. Vakoc 
and Shi call their method CRISPR 

scanning. It’s the fruit of Shi’s “extra” year—which 
extended to 2 years before Shi this winter accepted a  
tenure-track assistant professorship in the cancer biology 
department at the University of Pennsylvania.

In a single experiment, the team uses thousands of CRISPR  
“scissors” to cut out different DNA regions in a given gene. 
Each Cas9 enzyme is loaded with a different guide RNA. 
When piggy-backed to an inactive virus, each enzyme and 
its guide RNA infects a single cancer cell, grown in a cul-
ture dish. “It’s called multiplexing, and in one experiment, 
you can make thousands of different cuts in the genome 
and track the impact on cancer cell death,” Vakoc says. 

In effect, the scientists use CRISPR to mimic, in thousands 
of binding pockets at once, the impact of a drug block-

3D model of the BRD4 protein, 
showing how JQ1 (red), a drug 
now in clinical trials, blocks a key 
binding pocket that leukemia cells 
depend upon to grow and spread.

0

100

200

300

400

500

600

MARJANNOVSEPJULMAYMARJANNOVSEPJULMAYMARJANNOV 

Submissions to bioRxiv
NOV 2014–MAR 2016

Shi and Vakoc hitched numerous RNA 
guide molecules to Cas9 enzymes in order 
to make literally thousands of cuts in 
leukemia cancer genes. This “Manhattan 
plot” registers the “skyscrapers” where 
particular binding pockets on the cancer 
cells, when blocked or inactivated, have 
powerful killing effects on the cancer. Red 
peaks are previously known targets. Grey 
peaks are among 19 powerful new targets 
discovered in a single experiment.
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Since 1933, the Laboratory’s acclaimed academic publishing  
house, CSHL Press, has been an innovator in spreading 
scientific knowledge around the globe. Its latest foray into 
a preprint distribution service called bioRxiv puts CSHL 
at the center of a revolution in scientific communica-
tion—giving biomedical researchers the freedom to share 
their discoveries publicly before submitting to a peer- 
reviewed scholarly journal. Nearly 3 years old, bioRxiv 
has reached critical mass, gaining appeal among the bio-
medical community’s top shelf. When CSHL alumna and 
Nobel Prize winner Carol Greider submitted to bioRxiv 
earlier this year, it was seen as a tipping point. “Scientific 
communication must evolve to meet the needs of re-
searchers and speed the transmission of 
scientific knowledge to  
the public,”  

said CSHL Press Executive Director John Inglis.  
In the tradition of the Lab, the high-risk gam-
bit to launch a free preprint server was 
visionary and made possible by private 
philanthropic support. The ultimate goal 
could not be more in line with CSHL’s his-
toric institutional mission: to 
advance biomedical research 
and education.

High risk, high reward

www.yourekascience.org
http://biorxiv.org



