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Block JNK at the
dock

By Michael ]. Haas, Senior Writer

A team of U.S. researchers has described a new mitogen-activated
protein kinase 8 (JNK; MAPKS) inhibitor that targets JNK’s substrate
docking site—instead of its ATP binding site—to treat type 2 diabetes.
The targeting strategy should be applicable to other diseases in which
JNK is implicated and to the inhibition of other protein kinases.

The research team from the Burnham Institute for Medical
Research, the University of California, San Diego and Invitrogen
Corp.’s Invitrogen Discovery Services unit in Wisconsin was led by
Maurizio Pellecchia, professor of infectious
diseases at Burnham.

“Our goal is to provide chemical probes
that provide information about the JNK dock-
ing site and its requirements,” Pellecchia told
SciBX. “This is a basic science approach with a
clear translational component. The compounds
themselves are free for research purposes.”

JNK bonds

The three c-Jun N-terminal kinases (JNK1; JNK2; JNK3) are members
of the mitogen-activated protein kinase (MAPK) family and are acti-
vated by cytokines or cellular stress. JNK and many of its substrates,
including c-Jun, activating transcription factor 2 (ATF2) and insulin
receptor substrate 1 (IRS1), have been implicated in the pathogenesis
of diabetes and other metabolic disorders, as well as in cancer and
inflammatory, vascular and neurodegenerative diseases.?

According to Pellecchia, studies of JNK’s role in disease have used
either JNK knockout models or pharmacological inhibitors of JNK.

“Most JNK inhibition studies have focused on using ATP mimetics”
because ATP-kinase interactions are more readily characterized than
substrate-kinase interactions, and ATP is readily mimicked by many
other small molecules, he said. “The problem is that the ATP binding
site is highly conserved across all protein kinases,” posing a significant
challenge to selective targeting of JNK.

“Even SP600125, the gold standard of JNK inhibition targeting the
ATP binding site, inhibits many other kinases,” Pellecchia noted.

A few other INK inhibition studies have focused on JNK’s substrate
docking site. JNK activation is facilitated by mitogen-activated protein
kinase 8 interacting protein 1 (JIP1; MAPKS8IP1; IB1), which binds
simultaneously to JNK’s substrate docking site and to other kinases
responsible for JNK phosphorylation.

“The specificity of
inhibitors targeting ATP
binding sites is terrible.”

— Christophe Bonny, Xigen S.A.
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Studies over the past decade have shown that two peptide segments
of JIP1’s JNK-binding domain are potent inhibitors of JNK.** Conju-
gates of these peptide segments with cell-penetrating peptides have
been investigated as therapeutics for type 2 diabetes,>® but develop-
ment of the conjugates has been hindered by poor cell permeability,
dosing limitations and short in vivo half-life.

In work published in the Proceedings of the National Academy of
Sciences, Pellecchia’s team set out to study the substrate docking site,
which is identical in JNK1, JNK2 and JNK3, with the goal of identify-
ing highly specific small molecule JNK inhibitors.

First, the team screened a library of about 30,000 compounds from
two commercially available libraries—one from Maybridge Corp. and
the other from ASDI BioSciences—to look for small molecules that
disrupted the interaction between JNK1 and pepJIP1, one of the JIP1
peptide segments known to inhibit JNK.

They subjected the hits from this screen to a second round of
screening, using Invitrogen’s LanthaScreen kinase assay to select for
compounds that inhibited JNK1’s phosphorylation of ATF2. Resulting
hits underwent a final round of screening to rule out overly cytotoxic
compounds. The result was lead molecule BI-
78D3.

Subsequent computational modeling and
NMR studies showed that BI-78D3 bound
JNKT1’s substrate docking site in a manner simi-
lar to that observed in the crystal structure of
the JNK1-pepJIP1 complex, which was solved
by researchers at CrystalGenomics Inc. in 2004.*

Next, the team showed that in human cells, BI-78D3 prevented JNK
phosphorylation of c-Jun without affecting p38 MAPK phosphoryla-
tion of ATF2 in the same cells. p38 is also activated by cytokines and
cellular stress and is structurally similar to JNK.

Lastly, BI-78D3 restored insulin sensitivity in a mouse model of
type 2 diabetes.

c-Jun-worthy vessels

The team wrote in PNAS that their results demonstrated that BI-78D3
was a potential new treatment for diabetes, and that blocking a kinase’s
substrate docking site, rather than its ATP binding site, could be a new
strategy for selective targeting of protein kinases.

Teo Uysal, president and CEO of Syndexa Pharmaceuticals Corp.,
said BI-78D3 “appeared to be JNK-selective—at least compared to p38
MAPK—and showed the desired activity in cell- and animal-based
assays.” He also noted that findings were consistent with Syndexa’s
work that established a role for chronic JNK activation in diabetes,
obesity and low-grade inflammatory responses.

Syndexa has small molecule programs targeting JNK and endo-
plasmic reticulum stress in preclinical development to treat metabolic
diseases. The company hopes to take a compound into clinical testing
to treat type 2 diabetes by 2011.

Uysal added that targeting the substrate docking site avoids another
issue—besides selectivity—associated with targeting the ATP binding
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site. “ATP concentrations inside cells reach millimolar levels,” he said.
Inhibition of JNK at this site therefore “requires a compound to be very
potent in displacing and competing against ATP for binding”

Christophe Bonny, president and CSO of Xigen S.A., voiced similar
views. “The specificity of inhibitors targeting ATP binding sites is ter-
rible,” he said.

In 2006, Bonny and researchers at University Hospital Lausanne
(CHUYV) examined the activity of two inhibitors that targeted JNK’s
ATP binding site against about 300 other kinases. They found that the
two inhibitors blocked 30-40% of those other kinases at least as well
as they blocked JNK.#

Thus, ATP binding site inhibitors “have incredibly high side effects
due to the nonspecific targeting of other kinases,” Bonny said.

Therefore, and before deciding the compound is truly a selective
JNK inhibitor, Bonny wants to see BI-78D3’ inhibition of JNK com-
pared to kinases besides p38 MAPK.

Taking the issue a step further, Seonggu Ro, CTO of CrystalGenom-
ics, said that although the cell- and animal-based studies described
in PNAS supported the conclusion that BI-78D3 was a selective
JNK inhibitor, it would be important “to obtain direct evidence for
BI-78D3’s binding to the JIP1 binding site of JNK1 through X-ray
crystallography”

Besides confirming the specific interaction of BI-78D3 with JNK,
the information provided by X-ray crystal structures would be “highly
useful for the discovery of new therapeutics that exploit the inhibitory
mechanism,” Ro said.

Pellecchia said it was not necessary to demonstrate BI-78D3’s
selectivity for JNK beyond comparing it to p38 MAPK. “p38 is the
standard comparison because it is so closely related to JNK,” he said.
“So if you don’t inhibit this, it is hard to believe that you would inhibit
any other kinases”

He added that his team has shown that the compound does not
inhibit protein kinase B (PKB; Akt) or phosphoinositide 3-kinase
(PI3K), but did not report those results in the PNAS paper.

Xigen’s lead compound is XG-102, a selective JNK inhibitor com-
posed of D-JNK-1 conjugated to a cell-penetrating HIV-TAT peptide.
D-JNK-1 is a complete p-amino-acid analog of a 21-amino-acid
sequence of JIP1’s binding domain.

Xigen and partner Auris Medical AG are running a Phase II trial
of XG-102 to treat acute acoustic trauma and hearing loss resulting
from inflammation of the inner ear. Xigen is also completing a Phase
I trial of the compound to treat stroke and plans to start Phase II trials
to treat stroke and inflammatory indications in 2009.

Bonny and researchers at CHUV had previously described the
potential of the D-JNK-1-HIV-TAT conjugate as a treatment for dia-
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betes,’ but discontinued their research because the dose required to
have an effect in animal models was too high, in the mg/kg range.
By comparison, XG-102 “showed good effect” at doses of 1 pg/kg in
animal models of stroke, according to Bonny.

CrystalGenomics utilizes kinase-specific compound libraries, gen-
erated with the company’s structural chemoproteomics technology, to
identify molecules that target disease-related kinases. The company’s
lead compound, an inhibitor of glycogen dependent kinase 3 (GSK3),
is in IND-enabling studies to treat diabetes, cancer and Alzheimer’s
disease (AD).

Double docking

Besides continuing to study the role of the JNK docking site in diabetes
and other indications such as melanoma, stroke and asthma, Pellec-
chia said the Burnham team has been researching bifunctional JNK
inhibitors—molecules capable of blocking both the ATP binding site
and substrate docking site simultaneously. The team published proof
of concept for such bifunctional molecules earlier this year.’

“We have now designed bifunctional JNK inhibitors with single-
digit nanomolar affinity for JNK,” which will be described in a forth-
coming publication, he said.

Burnham holds an international patent on the methods and find-
ings reported in PNAS.
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