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Bromodomain brake 
on AML
By Chris Cain, Staff Writer

A Cold Spring Harbor Laboratory–led team has shown that a bromo-
domain inhibitor can help treat acute myeloid leukemia in mice, greatly 
expanding the therapeutic potential for this emerging drug class.1 Newly 
founded Tensha Therapeutics Inc. has licensed the findings and hopes 
to bring a compound into Phase I trials within two years.

Bromodomain containing proteins regulate gene expression by 
binding to acetylated histones and altering chromatin structure. They 
were widely believed to be undruggable until late last year, when two 
groups reported small molecules that selectively inhibited the BET 
family of bromodomain containing proteins, specifically bromodomain 
containing 2 (BRD2), BRD3 and BRD4.2,3

Translocation of BRD4 has been linked to 
nuclear protein in testis (NUT) midline carci-
noma, a rare form of aggressive cancer diag-
nosed in 20–40 people per year in the U.S. In 
vivo proof of concept for BET inhibition was 
seen in a xenograft mouse model of this dis-
ease, in which a BET inhibitor induced tumor 
regression. A key question was whether these 
inhibitors would be effective in more common 
forms of cancer.

Now, a team led by Christopher Vakoc, research fellow at Cold 
Spring Harbor Laboratory, has shown that BET inhibitors can help 
treat acute myeloid leukemia (AML).

Vakoc did not start out specifically looking at BET inhibitors. 
Instead he sought out new therapeutic targets by performing an unbi-
ased RNAi screen of 243 chromatin regulators in AML cells. The top 
hit from this screen was BRD4, which had not previously been associ-
ated with the disease.

“Our screen revealed that RNAi-based suppression of BRD4 led 
to profound antileukemia effects in experimental models. However, 
since BRD4 is a nonenzymatic reader of chromatin acetylation, we 
had initially assumed it would prove to be a challenging drug target,” 
Vakoc said. “Remarkably, during the course of our studies we saw the 
publication of a manuscript at Nature describing potent small mol-
ecule inhibitors of BRD4, which prompted an exciting and memorable 
phone call.”

That phone call was with James Bradner, senior author of the 
publication describing the discovery and characterization of the BET 
inhibitor JQ1.

Bradner’s paper was the first to show that bromodomain containing 
proteins could be selectively and potently inhibited by a small mole-
cule. This was surprising because the domain does not have enzymatic 
activity and functions as an adaptor that facilitates protein-protein 
interactions.

Bradner is an investigator in the Department of Medical Oncology 
and a staff physician in the Stem Cell Transplantation and Hemato-
logic Malignancies Services at the Dana-Farber Cancer Institute and 
an instructor in the Department of Medicine at Harvard Medical 
School.

Soon thereafter, Vakoc received JQ1 from Bradner and started a 
collaboration to test its effectiveness in AML. In diverse AML cell 
lines and patient samples, JQ1 inhibited proliferation, whereas non-
cancerous cell lines were not significantly affected. In a mouse model 
of aggressive AML, JQ1 delayed disease progression and prolonged 
survival compared with vehicle.

Results were published last week in Nature.
Bradner told SciBX, “This RNAi platform is incredibly powerful for 

identifying nonobvious cancer dependencies, and the availability of an 
open-access chemical tool allowed us to immediately pharmacologi-
cally validate this target and move toward clinical translation.”

Alexander Tarakhovsky, professor of immu-
nology at The Rockefeller University, was 
enthusiastic about targeting BRD4. “There are 
so few targets that could be promising in the 
case of this particular leukemia,” he said.

He added that the most important contribu-
tion of the new paper was that it showed BRD4 
inhibition has specific effects on leukemia 
cells that are distinct from its effect on other 
cell types. “This is one of the few drugs that 

will target specific gene or cell states rather than targeting a specific 
protein,” he said.

Last year, weeks after Bradner’s initial publication, Tarakhovsky’s 
lab published work in collaboration with GlaxoSmithKline plc charac-
terizing the effects of another BET inhibitor in models of acute inflam-
mation. His lab is continuing to study the role epigenetic modifications 
play in regulating the immune response.

Stephen Nimer, vice chair of the Department of Medicine at the 
Memorial Sloan-Kettering Cancer Center, agreed that this new role for 
BRD4 was surprising. “No one would have expected it as a target. The 
leukemia community had not talked about it before, and the previous 
paper on NUT midline carcinoma did not suddenly attract a leukemia 
audience,” he said.

Nimer’s lab recently reported in Science that site-specific lysine 
acetylation of the AML1-ETO oncogenic fusion protein is required for 
its leukemic function.4 This suggests bromodomain containing factors 
may mediate AML1-ETO downstream activity, though so far nothing 
connects this finding directly to BRD4.

Nimer now is collaborating with Vakoc and Bradner to study 
additional interactions between acetylated lysine residues and bro-

“This is one of the few 
drugs that will target 
specific gene or cell states 
rather than targeting a 
specific protein.” 

—Alexander Tarakhovsky,  
The Rockefeller University
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modomain containing proteins that could lead to new treatments for 
AML.

He added, “We still don’t know what the true range of bromodo-
main protein targets is in AML.”

A MYC connection
A closer look at the mechanism underlying these results provides a 
preliminary suggestion that BRD4 inhibition—by suppressing expres-
sion of the oncoprotein MYC (c-Myc)—could be broadly effective in 
many cancer types.

AML is caused by blood cells that do not properly differentiate and 
instead proliferate and cause disease. These cells are known as leuke-
mia stem cells because they possess many stem cell–like properties. 
They are highly proliferative, can self-renew and are multipotent. In 
cultured leukemia cells, JQ1 triggered morphological signs of differ-
entiation, suggesting that the compound may treat AML by terminally 
differentiating these leukemia stem cells.

Vakoc noted, “The inability of these cells to differentiate is a hallmark 
of the disease. BRD4 inhibition allows them to resume differentiation.”

To identify the mechanism underlying this induced differentia-
tion, his team analyzed gene expression in JQ1-treated AML cell lines 
and found that MYC expression was dramatically lower than that in 
vehicle-treated cells. MYC is an oncogenic transcription factor that 
maintains stem cell self-renewal. Immunoprecipitation detected BRD4 
binding upstream of the MYC promoter, suggesting it might directly 
regulate MYC expression.

“There is potential that suppression of MYC via BET bromodomain 
inhibitors might also be an effective strategy in other cancers,” said Vakoc. 
“We are pursuing this hypothesis intensively in ongoing collaborations.”

Nimer agreed that targeting MYC had potential that extends well 
beyond AML. “MYC plays a role in lymphoma, myeloma and a lot of 
different cancers. The question is whether acetylation and bromodo-
mains play a role in cancer stem cell self-renewal in additional forms 
of cancer and whether this can be specifically targeted.”

Although MYC has long been an attractive cancer target, no com-
panies are directly working to inhibit the protein.

Moving toward the clinic
At least three companies have disclosed active preclinical bromodo-
main inhibitor programs.

Tensha, a company founded by Bradner, has licensed patents cover-
ing the application of this work as well as derivatives of JQ1 and is 

pursuing the development of BET inhibitors in leukemia and other 
hematologic cancers. In an SEC filing published this week, the com-
pany revealed it has raised $500,000 of a planned $15 million funding 
round.

According to Bradner, the company hopes to bring a BET inhibitor 
into Phase I trials within the next two years.

Constellation Pharmaceuticals Inc. also has bromodomain inhibi-
tors in preclinical development.5

GSK has not disclosed specific details of its bromodomain program 
except to say that it is developing BET inhibitors across a range of 
therapeutic indications. Tarakhovsky noted that his lab is still col-
laborating with GSK and the company is “making major progress in 
developing new BET inhibitors, which are more selective, with better 
pharmacokinetics and less toxicity.”

Vakoc and Bradner are both continuing to study the relationship 
between BRD4, MYC expression and disease. Vakoc also is screening 
for additional epigenetic regulators that could be therapeutic targets 
in cancer.

“RNAi gives us a different way to approach epigenetic targets,” he 
noted. “We’re actively pursuing this, and we’re expecting to see that 
tumors will be very different from each other at the chromatin level. 
This system is a great opportunity for an academic lab to pinpoint 
new targets.”

Cold Spring Harbor Laboratory and Dana-Farber have filed patents 
on this work, and the IP is licensed to Tensha.
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