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Targeting JNK3 for the treatment of
neurodegenerative disorders

Lynn Resnick and Myles Fennell

¢-Jun N-terminal kinases (JNKs) have been recognized as important
enzymes in cellular function. [NK3, which is predominantly found in CNS
neurons, has been implicated in several neurodegenerative diseases,
including Alzheimer’s disease, Parkinson'’s disease and stroke. In particular,
JNK3 has been found to have an upstream role in neuronal ischemic
apoptosis. JNK3 is highly expressed and activated in postmortem brains
of individuals that suffered from Alzheimer’s disease. Furthermore, mice
that are deficient in JNK3 are more resistant to 1-methyl-4-phenyl-1,2,4,6-
tetrahydropyridine (a neurotoxin that mimics the neuropathological
characteristics of Parkinson’s disease) than their wild-type littermates.
Because of the involvement of JNK3 in neuronal diseases, the inhibition

of this enzyme is an attractive therapeutic target.

Vv c-Jun N-terminal kinase (JNK) is a member
of the family of serine and threonine mitogen-
activated protein kinases (MAPK) and is in-
volved with numerous physiological processes,
including tissue differentiation and patho-
genesis. Three genes encoding for JNKs have
been identified in humans (JNK1, JNK2 and
JNK3) and ten isoforms resulting from the al-
ternative splicing of these genes have been
characterized. Whereas JNK1 and JNK2 have a
broad tissue distribution, JNK3 is primarily
localized in CNS neurons, making it an attrac-
tive CNS drug target; JNK3 is also found at
low levels in heart and testis. Upstream acti-
vator kinases, such as mitogen-activated pro-
tein kinase kinase 4 (MKK4) and MKK?7, cat-
alyze the bis-phosphorylation of Thr and Tyr
residues in the activation loop of JNKs, and it
is this modification that activates the JNK
family of kinases. Activator kinases are them-
selves activated by MAP3K kinases such as
mixed lineage kinase (MLK) or apoptosis signal-
regulating kinase 1 (ASK1) (Figure 1). Maximum
activation of JNK requires the phosphoryla-
tion of both Thr and Tyr residues in the acti-
vation loop. Whereas phosphorylation of Thr
by MKK?7 results in significant activation of
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JNK3, phosphorylation of Thr by MKK4 alone
triggers only low levels of JNK3 activation;
however, MKK4 does increase the activity of
JNK that has already undergone Thr phospho-
rylation [1]. Activation of JNK results in the
phosphorylation of multiple targets, including
transcription factors that belong to the activa-
tor protein-1 (AP-1) class, for example, c-Jun,
anti-activating transcription factor-2 (ATF-2),
JunB and JunD [2]. Protein-scaffold proteins
and other protein-protein interactions are
crucial to the function and regulation of JNK
in the cell. Examples of these scaffold proteins
are JNK-interacting proteins (JIP) and B-
arrestins [3] (Figure 1).

JNK3 activation is thought to have a key
role in triggering apoptosis and pathogenesis
in several human neurodegenerative disorders.
In the adult brain, JNK3 expression is primar-
ily localized to pyramidal neurons in the CAl,
CA4 and subiculum regions of the hippocam-
pus, and to layers three and four of the neo-
cortex [4]; these areas are affected by neuro-
degenerative disorders such as Alzheimer’s
disease (AD). Because of their potential thera-
peutic utility, small molecule inhibitors of
JNK3 are currently being pursued by several
companies for CNS indications such as AD,
Parkinson’s disease (PD) and stroke.

One of the major issues facing the develop-
ment of JNK inhibitors for the treatment of
human disease is isoform selectivity. Transgenic
knockouts of JNK isoforms have provided cru-
cial insights into the role played by each iso-
form. JNK1 and JNK2 have been shown to have
important roles in the modulation of immune
cell function, with JNK1 and JNK2 mediating
alternative T-cell lineages [5,6]. Although it is
unclear how chronic inhibition of JNK1 and
JNK2 will affect the immune system in humans,
there is clearly a risk of increased susceptibil-
ity to infection or cellular hyperproliferation.
It has also been shown that JNK1 and JNK2
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are important in the development of the embryonic ner-
vous system. Although single knockouts of JNK1, JNK2 or
JNK3 show no early structural abnormalities, a double
knockout of JNK1 and JNK2 leads to a severe dysregulation
of apoptosis in the brain and is embryonically lethal [7].
Additionally, a study using Jnk1 knockout mice demon-
strated that JNK1 has an important regulatory and mainte-
nance function in the CNS [8]; Jnk1 knockout mice exhibit
a progressive loss of microtubules in their axons and den-
drites, which leads to progressive neuronal degeneration
[8]. However, Jnk2 knockout mice do not exhibit loss of
microtubules.

The high systemic expression levels of JNK1 and JNK2
and their key regulatory roles make the in vivo chronic in-
hibition of these enzymes potentially detrimental. Therefore,
the development of a selective JNK3 inhibitor is preferable
for the treatment of neurodegenerative disorders. Further-
more, an inhibitor that is selective for JNK2 and JNK3 over
JNK1 might also be tolerated and result in a more favor-
able side-effect profile than a pan-JNK inhibitor because
the important microtubule-stabilizing role of JNK1 would
be maintained [8].

Alzheimer’s disease and c-Jun N-terminal kinase
AD is the most common form of dementia in the elderly
and is characterized by progressive neurodegeneration.
Two hallmark lesions characterize the disease: (i) diffuse
plaques, of which the main component is f-amyloid pep-
tide (AB); and (ii) neurofibrillary tangles, which are com-
prised of aggregated, hyper-phosphorylated Tau protein
[9]. Neurons derived (ex vivo) from mice lacking JNK3 are
resistant to Ap-induced apoptosis when compared with
neurons from normal mice. The activation of JNK3, which
is induced by AR, activates c-Jun and leads to Fas-ligand ex-
pression; it is proposed that this cascade leads to AB-in-
duced apoptosis [10]. In human postmortem brains from
AD patients, JNK phosphorylation is markedly increased
and there is a pronounced redistribution of JNK compared
with age-matched controls. JNK2 and JNK3 are associated
with neurofibrillary pathology, and JNK upregulation has a
complete overlap with phosphorylated Tau [11], a protein
that is phosphorylated by JNK in vitro [12]. Additionally,
aberrant phosphorylation of Tau by JNK3 induces the
formation of oligomeric Tau fibrils in Cos-7 cells [13].
Amyloid precursor protein (APP) is a membrane-bound
peptide that has been implicated in the pathology of AD;
APP functions as a cargo receptor for fast axonal transport.
The sequential cleavage of APP by B- and y-secretases re-
sults in the production of toxic forms of AB (AB40 and
AB42), which form amyloid plaques in the brain [14]. APP
is an excellent substrate for JNK3, and phosphorylation of
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Figure 1. Mechanism of c-Jun N-terminal kinase activation by
upstream kinases. The MAPK, JNK, is activated by a series of
activator kinases belonging to the MAP2K and MAP3K families.
This activation and subsequent phosphorylation of target protein
is enhanced by scaffold proteins. Abbreviations: ASK1, apoptosis
signal-regulating kinase 1; JIP, ]NK-interacting proteins; JNK, c-Jun
N-terminal kinase; MAPK, mitogen-activated protein kinases; MKK,
mitogen-activated protein kinase kinase; MLK, mixed lineage kinase.

this peptide is thought to be one of the factors mediating
its cleavage by secretases [15]. Therefore, it is possible that
JNK3 is involved in the breakdown of synaptic transmis-
sion and the production of the toxic amyloid peptides
observed in AD.

A mouse model of AD that incorporates the Swedish APP
mutation and a mutant presenilin-1 (PS1) - Tg2576/PS1 -
has provided crucial information about the link between
JNK and AD [15]. Research using this model has demon-
strated that JNK activation is associated with amyloid de-
posits and phospho-Tau staining. Increased activation and
phosphorylation of JNK in the brain was observed in a time-
dependent manner after three months of age, with a greater
than fivefold increase in JNK activity by 12 months, which
correlates with increased amyloid deposition. Although
this mouse model of AD does not lead to a loss of neurons
as a result of amyloid deposition, as would be expected in
human AD, there is a significant decrease in synapto-
physin levels, indicating a loss of functional synapses [15].

Parkinson’s disease and c-Jun N-terminal kinase

PD is a neurodegenerative disease that is characterized by
the progressive loss of dopamine-containing neurons in
the midbrain. An important tool in the investigation of the
pathogenesis of PD is the neurotoxin 1-methyl-4-phenyl-
1,2,4,6-tetrahydropyridine (MPTP), which induces a
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neuropathology in animals that resembles the pathologi-
cal features of PD in humans, primates and other mam-
malian species, including mice [16]. In mice treated with
MPTP, and in human postmortem brains from PD patients,
an increased activation of the downstream target of JNK, c-
Jun, is detected [17]. Using gene knockout studies, it has
been shown that mice deficient in JNK2 and JNK3 are more
resistant to MPTP injury than their wild-type littermates,
whereas JNK1 knockout mice are as susceptible to MPTP as
control animals. A double gene deletion of Jnk2 and Jnk3
produced an even more pronounced resistance to MPTP
injury than the knockout of Jnk2 or Jnk3 alone [17]. This
study also demonstrated that expression of the proinflam-
matory gene Cox2 resulted from MPTP injury. This Cox2
induction is a direct result of /nk2 and Jnk3 activity and can
be decreased in single knockouts, or completely blocked in
double knockouts of Juk2 and Jnk3 [17].

Stroke and c-Jun N-terminal kinase

Stroke is currently the third largest cause of death in the
USA and there is a significant unmet clinical need for ef-
fective treatments. The only approved therapy is tissue
plasminogen activator (tPA), which is only effective if ad-
ministered within 3 h of the initiation of the ischemic
episode. Future neuroprotective treatments are needed,
and JNK3 is a considerably attractive potential target.
Neuronal death in cerebral ischemia is predominantly
caused by excitotoxic mechanisms. JNK is activated in
ischemic neurons downstream of glutamate-receptor acti-
vation, and thus mediates subsequent cell death [18].
Disruption of the gene that encodes JNK3 in mice causes
them to be resistant to the excitotoxic glutamate-receptor
agonist kainic acid [19]. These JNK3 knockout mice show a
reduction in seizure activity and hippocampal neuronal
apoptosis associated with this injury was prevented.
Phosphorylation of c-Jun and the transcriptional activity
of AP-1 were markedly reduced in the JNK3 knockout mice.
This indicates that the observed neuroprotection is caused
by the blockade of a JNK3-mediated signaling pathway
[19]. The targeted deletion of JNK3 also protects mice from
brain injury after cerebral ischemia-hypoxia [20]. In hy-
poxic injury, the majority of the injury appears to be medi-
ated by JNK3, with JNK2 only having a minor role, because
the JNK3 knockout completely eliminates the population
of JNK that is activated by ischemia-hypoxia [20].

Physiological regulators

The formation of stable complexes between JNK and
upstream kinases (MAP2K and MAP3K) is thought to con-
tribute to signal transmission and signal specificity. The N-
terminal extension of MKK4, or the D-site, is a conserved
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sequence among MKKs that is essential for the binding of
JNK; these D-sites are present on other JNK substrates, such
as c-Jun [21]. As well as proteins that directly activate JNK,
there are several scaffold proteins that allosterically modu-
late JNK activation. The first of these scaffold proteins to
be identified was JIP-1 [22], which interacts with members
of the JNK family and their upstream activators MKK7 and
MLK [23], but not with p38 or extracellular-signal-related
kinase (ERK). Subsequently, other JIPs have been identified
with high-homology to JIP-1 (JIP-2 and JIP-3). The heat
shock protein Hsp72, which also binds JNK and has cyto-
protective properties, has been reported to be a negative
regulator of JNK [24]. B-Arrestin-2 selectively binds to and
activates JNK3, in addition to forming a scaffold for the
JNK3-activating kinases MKK4 and ASK1 [25,26]. G-pro-
tein-coupled receptor (GPCR) activation by numerous lig-
ands leads to the recruitment of arrestin molecules, result-
ing in receptor internalization and downregulation of
GPCR signaling [27]. Thus, it appears that ligand-induced
GPCR-signaling system is a physiological mechanism for
JNK3 activation and could be a potential target for mecha-
nism-specific and tissue-specific inhibition of JNK3.

Peptide inhibitors

The interaction between JNK and JIP-1, and JNK and other
scaffold proteins, is highly selective and could therefore
regulate the target specificity of JNK isoforms [28] and
some of the tissue-specific isoform responses, making
proteins like JIP-1 potential templates for the design of
isoform-selective JNK inhibitors.

Overexpression of the JNK-binding domain of JIP-1
blocks activation of the JNK pathway and cell death in sev-
eral physiological models. A sequence of 21 amino acids in
the domain of JIP-1 that interacts with JNK was character-
ized as a peptide inhibitor, and subsequently an 11-amino
acid truncated version of this peptide that also has peptide
inhibitory activity was identified [29]. In the absence of
JIP-1, this 11-amino acid inhibitor blocks the phosphoryla-
tion of the JNK substrates c-Jun and ATF-2 in vitro. A cell-
permeable peptide inhibitor with a sequence based on the
21-amino acid sequence of the peptide from the JIP-1 do-
main potently protects against cerebral ischemic injury in
rodent models [30]. This peptide inhibitor has an unusually
long therapeutic window of between 6 and 12 h in a rotarod
test and affects lesion size and functional outcome [30].

Recently, the crystal structure of JNK1 complexed with
the 11-amino acid peptide inhibitor from JIP-1 was pub-
lished [31]. This study demonstrated the binding interac-
tions and the mode of allosteric inhibition of this peptide.
The bound peptide induces a rotation between the N- and
C-terminal lobes of JNK1, which results in a change in the
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Table 1. Properties of examples of c-Jun N-terminal kinase inhibitors

Chemical class Examples of IC,, Selectivity In vivo activity Refs
compounds’  values
for JNK3
2-amino-4-imidazole 1 1-7 nM No selectivity over |NK1 Active in animal models for [33,36]
pyrimidines and JNK2. Up to 100-fold  neurodegeneration. X-ray
increased activity for p38  co-crystal structure with JNK3
2-aminopyrimidinyls and 2,4 and 5 <500 nM  Moderate selectivity over ~ NA [41-52]
aminopyridinyls JNKT and JNK2 and
comparable activity in
p38, Lck and Src
2-aminopyrimidinyls 3 NA Moderate selectivity over NA [42]
JNKTand JNK2. Selective
over p38, but not Src or
Lck
Pyrimidinyl acetonitriles 6 70 nM No selectivity over |NK1 Demonstrated [37-40]
and JNK2. Selective over neuroprotection in in vivo
a range of kinases, models of stroke
including p38, ERK1 and
Src
Anthrapyrazoles 7 190 nM  No selectivity over |NK1 Some effect in animal models  [53-57]
and JNK2, but exhibits of Parkinson's disease. X-ray
selectivity over other co-crystal structure with JNK3
kinases, including p38
Thiophenyl and benzyl 8 150 nM  No selectivity over |NK1 Active in neuronal survival [58-65]
sulfonamides and JNK2. Inactive assays and in in vivo stroke
against p38 and ERK models
7-azaindoles, indazoles, 9,10,11 <500 nM  Selectivity not reported NA [66-78]
isoindolones and indole-  and 12

2,3-dione-3-oximes

*Structures of compounds are given in Figure 2.

Abbreviations: ERK, extracellular-signal-related kinase; JNK, c-Jun N-terminal kinase; Lck, lymphocyte-specific protein tyrosine kinase p56; NA, not available.

conformation of the active site that leads to a reduction in
the binding affinity of ATP.

Small molecule inhibitors

The structure homology among kinases, and particularly
among the JNK isoforms, makes the development of a se-
lective JNK3 inhibitor challenging. Most small molecule
kinase inhibitors operate by competitive interaction at
the ATP-binding site, a region that is structurally similar in
all kinases. Nevertheless, among different kinases, minor
residue differences in and near the ATP-binding pocket
enable a degree of selectivity [32]. X-ray crystallography,
in conjunction with homology modeling, enabled the
characterization of the differences within the vicinity of
the ATP-binding site between JNK1, JNK2 and JNK3 as con-
servative amino-acid substitutions that do not result in
major structural variations [33,34]. In addition, small vari-
ations exist in the substrate-binding site [35].

Small molecule inhibitors of JNK have been pursued by
several research laboratories for a variety of therapeutic
indications. At least 40 structurally distinct chemical scaf-
folds have been described as JNK inhibitors in the patent
literature. Most of these inhibitors are either not isoform
selective or show modest selectivity (up to ~tenfold) for
the different JNK isoforms, and many of these molecules
inhibit other kinases besides JNK.

A common structural feature among small molecule JNK
inhibitors is the 2-aminopyrimidine moiety, as exempli-
fied by compounds 1-6 (Figure 2, Table 1). In this class of
inhibitors, the amine group of the 2-aminopyrimidine core
is usually substituted with a hydrophobic group (compounds
1-5), whereas the 4-position of the pyrimidine incorpo-
rates an acetonitrile functionality (6) or a five-membered
heterocycle that is fused (4,5) or unfused (1-3). In com-
pounds 1, 2, 4 and 5, the substituent on the five-membered
ring adjacent to the pyrimidine is a halogen-substituted
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phenyl. This substituted phenyl ring could influence selec-
tivity. Compound 3 lacks this phenyl ring and exhibits
higher selectivity for JNK over the closely related MAPK,
p38. The considerable diversity among the other substitu-
tions on the five-membered rings accounts for the differ-
ences in activities between the inhibitors and could be
responsible for the selectivity observed among the JNK iso-
forms (e.g. compounds 3 and 4, Figure 2). Crystal struc-
tures of JNK3 in complex with two analogs from the 2-
aminopyrimidine class, including compound 1, have been
reported [33]. Compound 1 (Figure 2) has an IC;, value of
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7.1 nM against JNK3, and similar activities against JNK1
and JNK2; 1 is also 100-fold more active against p38. The
X-ray crystal structure reveals that this inhibitor binds in
the ATP-binding pocket of the enzyme and hydrogen-
bonding interactions are made between the 2-aminopyrim-
idine moiety and main chain nitrogen and oxygen atoms of
Met149 in the adenine-binding region (Figure 3). Because
of the structural similarities between 2-aminopyrimidine
JNK inhibitors 1-6, it can be postulated that each of these
compounds bind in the JNK active site in an analogous
orientation.
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Compound 1 and similar analogs [36] protect against
neurodegeneration, as determined by assays where the
compounds promoted neuronal survival of dopaminergic
neurons exposed to 1-methyl-4-phenylpyridium ion, the
neurotoxic agent derived from MPTP. These compounds
also promoted the survival of sympathetic neurons de-
prived of nerve growth factor [33]. Unfortunately, the poor
kinase-selectivity profile exhibited by the compounds ren-
ders them unlikely therapeutic agents.

AS601245 [2-aminopyrimidine (6)] exhibits 10-100-fold
selectivity for JNK over a range of kinases, including p38,
ERK1 and Src [37]. This compound is representative of a
series of JNK inhibitors discovered by researchers from
Applied Research Systems that incorporates a benzothia-
zole [38,39] or thiazole [40] and acetonitrile moieties on
the pyrimidine core. AS601245 inhibits JNK1, JNK2 and
JNK3 in an ATP-competitive manner with IC;, values of
150, 220 and 70 nM, respectively. The compound was neu-
roprotective in models of focal cerebral ischemia in rat and
global ischemia in gerbil [37].

Compounds 2 and 3 are among the many 2-aminopy-
rimidinyl or 2-aminopyridinyl JNK inhibitors discovered
by Vertex (http://www.vrtx.com) [41-48]. Most of the com-
pounds described in the patents filed by Vertex were
shown to inhibit other protein kinases in addition to JNK,
including lymphocyte-specific protein tyrosine kinase p56
(Lck) and Src. For example, compound 2 (Figure 2) inhibits
JNK3 and Lck with K, values of <0.1 uM [41], whereas
the pyrazole 3 inhibits JNK3 (K; <2 pM), JNK1 and JNK2
(K; of 2-10 pM) and Src and Lck (values not disclosed).
Compound 3 was shown to be selective for JNK1, JNK2 and
JNK3 over p38, with a K, of >10 pM. [42].

Compound 4, a dihydropyrrolo-imidazole discovered at
Eisai (http://www.eisai.com), has K; values of 29 nM, 125
nM and 313 nM for JNK3, JNK2 and JNK1, respectively,
and is one of the few JNK inhibitors that display greater
than tenfold selectivity for JNK3 over JNK1 [49]. Such a se-
lectivity profile would make this compound particularly
interesting for the treatment of neurodegenerative disorders.
However, compound 4 also inhibits p38 with a K; of 185 nM.

Compound 5 inhibits J]NK3 and p38 with IC;, values of
<0.5 pM; activity against other JNK isoforms was not dis-
closed [50]. Other 2-aminopyrimidine JNK inhibitors have
been synthesized by Takeda (http://www.takeda.co.jp) (these
compounds comprise thiazoles or imidazoles at the C-4 pos-
ition [51]) and by Signal (http://www.signalpharm.com) [52].

Some of the first identified JNK inhibitors are the an-
thrapyrazolones and related structures that are manufac-
tured by Celgene (http://www.celgene.com) [53,54]. One
compound, SP600125 (7), was found to inhibit JNK1, JNK2
and JNK3 with K; values of ~190 nM [55]. SP600125 was
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Figure 3. A c-Jun N-terminal kinase inhibitor in complex with
the ATP binding site of c-Jun N-terminal kinase 3. The inhibitor
in complex with c-Jun N-terminal kinase 3 is compound 1
(Figure 2). Hydrogen-bonding interactions between the ligand
and Met149 are shown as broken lines.

initially reported to be selective for JNK over several other
kinases, including p38. The recent testing of SP600125
against a panel of 28 protein kinases demonstrated that
this compound inhibited 13 of the 28 protein kinases
tested (including p38) with a similar or greater potency
than JNK [56]. This study used a ~tenfold higher concen-
tration of ATP compared with the initial study (100 uM
versus 11 pM), which explains the discrepancy observed in
the results produced from the two studies: SP600125 is an
ATP-competitive inhibitor. SP600125 was tested in the
MPTP model of PD and partially restored dopamine levels
[57]. However, this result cannot necessarily be attributed
solely to inhibition of JNK.

Scapin et al. [33] reported the co-crystal structure of
SP600125 with JNK3. This inhibitor forms two hydrogen-
bonding interactions in the linker region of the enzyme
and hydrophobic interactions in the upper portion of the
adenine-binding pocket. The selectivity for JNK over p38
could arise because the p38-binding pocket is larger and, as
such, this inhibitor is too far from the hydrophobic
residues to form Van der Waals contacts that are equiva-
lent strength to those formed by JNK. An X-ray crystal
structure of a ternary complex of JNK1 with SP600125 and
the allosteric 11-amino acid peptide originating from JIP-1
(pepJIP-1) has been reported [31]. Because this ternary
complex could closely resemble the state of JNK in vivo,
this complex could be used as a preferred model for the
design of JNK inhibitors.
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A novel class of JNK inhibitors that is exemplified by
compound 8 contains either a benzene sulfonamide or,
more typically, a thiophene sulfonamide [58-65]. Analogs
from this series were reported to rescue neurons from cell
death in a sympathetic neuron culture model. Furthermore,
some compounds from this series have been reported to
protect cells from neuronal apoptosis during induced
global ischemia in gerbils [58-65]. Many of the sulfon-
amide analogs reported in the patents filed by Applied
Research Systems are selective for JNK over p38 and ERK.
Although compound 8 (Figure 2) inhibits JNK3 and JNK2
with ICs, values of 150 nM and 220 nM, respectively, it is
inactive against p38 and ERK (ICy, >30 pM) [58]. Within
this series, greater structural diversity seems to be tolerated
in the substituents that are attached to the sulfonamide
portion of the thiophene core. However, this is not the
case with substitution in the 5-position of the thiophene
core; this position is generally occupied by a 4-chloro-ben-
zamido-methyl group. In many cases, the sulfonamide
attachment comprises a basic nitrogen.

Several other series of JNK inhibitors have been reported
in the patent literature. Researchers from Eisai disclosed a
series of 7-azaindoles that is exemplified by compound 9;
this compound was reported to inhibit JNK3 with an 1Cs,
value of 520 nM [66,67]. Eisai has also described a series of
indazoles, some of which have IC;, values against JNK3 in
the range 50-100 nM [68,69]. An example of this series is
compound 10, which inhibits JNK3 with an ICy, value of
55 nM and is ~1000-fold selective for JNK3 over ERK.
Additional indazole JNK inhibitors have been described in
the patent literature [70-74]. Hoffman-La Roche (http://www.
roche.com) has reported three novel isoindolone scaffolds
that demonstrate activity as inhibitors of JNK. The first two
series have aryl [75] or alkynyl [76] C-4 substitutions,
respectively, and the third series incorporates a fused
pyrazine functionality [77]. Alkynyl analog 11, which
is representative of the reported classes, inhibits rat stress-
activated protein kinase-f, an enzyme with high homol-
ogy to human JNK, with an ICg, value of 34 nM. Indole-
2,3-dione-3-oximes that act as inhibitors of JNK have been
reported by Vertex. Many of the disclosed compounds
inhibit the JNKs with K, values of <1 pM (e.g. compound
12, Figure 2) [78].

Summary

JNK3 is involved in key mechanisms that effect neurologi-
cal diseases including PD, AD and stroke. Inhibition of
JNK3 is a potential route to treating these diseases. Non-
selective JNK3 inhibitors could lead to drugs with adverse
side effects, including a compromised cellular immune
response and cellular hyperproliferation. Small molecule
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inhibitors of JNK have been pursued by several research
laboratories with the hope of finding safe and effective
drugs for a variety of indications. Recent advances demon-
strate that it could be possible to identify molecular scaf-
folds that selectively inhibit JNK3 over other JNK isoforms
and protein kinases. However, the ongoing challenge in
the development of clinically useful JNK3 inhibitors will
depend heavily on widening that margin of selectivity.
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