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Protein kinase ASK1 as potential therapeutic target
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Apoptosis signal-regulating kinase 1 (ASK1) is serine/threonine

kinase of kinase 5 that activates

MAP-kinase (MAPKKKS). ASK 1 induces apoptosis via the JNK and p38 signaling pathways. This review is
focused on three main characteristics of ASK1: the structure , the regulatory mechanisms of kinase
activity and the physiological role. ASK1 is required for apoptosis induced by oxidative stress, TNF-a, Fas
and endoplasmic reticulum. It also regulates differentiation and death of neurons. ASK1 has been shown to
be required for the innate immune response. This kinase is a critical signaling molecule for cardiac
hypertrophy and remodeling. ASKI also accelerates endothelial cell senescence in diabetic patients.
Inhibition of the ASKI1-p38 pathway could be useful for preventing vascular ageing and treatment of
neurodegenerative and cardiac diseases.
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Introduction. Apoptosis is a highly regulated process
of programmed cell death that is of great importance
for normal development and homeostasis of
multicellular organisms. The disorders in apoptosis
regulation can lead to cancer, autoimmune and
neurodegenerative diseases. Therefore, the
investigation of  regulatory = mechanisms  of
programmed cell death is a fundamental task of cell
biology.

The capability of cells to react most adequately
against different changes of external and internal
environment is based on the interaction of intracellular
signaling pathways. Their integration is essential for
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the regulation of such physiological processes as
proliferation, differentiation and apoptosis [1].
Mitogen-activated protein kinase signaling pathways
(MAPK) are currently believed to play a decisive role
in apoptosis regulation. MAP kinase pathways are
well-conserved in evolution from yeast to human and
regulate death and survival in all eukaryotic cells. An
important intermediate of MAPK signaling cascades is
ASK1 (Apoptosis signal-regulating kinase 1) that
activates both JNK (c-Jun NH,-terminal kinase) and
p38 pathways in response to inflammatory cytokines
(TNF-a and interleukin-1) and external stress stimuli,
including UV-irradiation and reactive oxygen species
(ROS) [2]. The phosphorylation of p38 MAPK and
JNK leads to the activation of corresponding chains of
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Fig.1 Schematic model of the regulation of ASKI activity by
phosphorylation. ASK1 is activated via autophosphorylation of Thr845
at the activation loop. Phosphorylation of Ser83, Ser967, and Ser1034
results in the decrease in ASK1 activity and negatively controls the
kinase proapoptotic activity.

reactions, which can modify the expression of genes,
involved in cell proliferation, differentiation, and
apoptosis [3]. Current data concerning the structure of
ASK1, regulatory mechanisms of the kinase activity
and physiological role are analyzed in the review.

The structure of  ASKI. Apoptosis
signal-regulating kinase 1 (ASK1) is a serine/threonine
mitogen-activated protein kinase kinase kinase 5
(MAPKKKS), present in all eukaryotic organisms.
ASK1 is a protein with molecular weight of 170 kDa,
ASK1 gene map locus 6q22.33. Human and mouse
ASK1 consists of 1374 and 1380 amino acids
respectively, and has 11 kinase subdomains.
Coiled-coil domains are located in N- and C-termini.
C-terminus of the molecule is necessary for the
formation of signalosome and self-activation of the
kinase. N-terminus act as a centre of protein-protein
interactions. The middle part of the molecule contains
the catalytic domain which displays a typical protein
kinase fold, comprising the five B sheets and helix aC,
constituting a small lobe (residues 670-757) and a large
mainly alpha helical C-terminal lobe
subdomain(residues 761-940) [4, 5].

The regulation of ASK1 activity. ASKI
activation triggers various biological responses such as
differentiation,  senescence, inflammation and
apoptosis, depending on cell type and cellular context.
The important physiological role of ASK1 makes it
necessary to study the regulatory mechanisms of its
kinase activity. Three main regulatory mechanisms are
known, namely, phosphorylation, oligomerization and
protein—protein interactions. Autophosphorylation of
Thr845 in the activation loop is required for ASK1
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activation. The modulation of activity is also
performed by other kinases, that phosphorylate three
amino acid residues of ASKI. Phosphorylation of
Ser83, Ser967 or Ser1034 causes the decrease in ASK1
activity and negatively controls its proapoptotic action
(Fig. 1) [5-7].

It was demonstrated that intramolecular interaction
between N- and C- termini domains of ASK1 results in
the formation of inactive form, while
homooligomerization of the kinase correlates with its
activation [4]. The interaction between ASKI
monomers is based primarily on the surfaces
complementarity — N-terminus domain of one
molecule interacts with C-terminus of the other. The
interaction between the molecules involves a number
of direct hydrogen bonds (Leu700-Asn776,
Asn702-Tyr783’, GIn703-Thr779°, and
Arg705-Thr813” [and vice versa]), as well as
water-mediated hydrogen bonds
(GIn756-HOH-Tyr814") (the apostrophe denotes the
symmetry equivalent molecule. In addition, multilayer
n-stacking and hydrophobic interactions
Arg705-Tyr814°-Pro758/Pro758’-Tyr814-Arg705’
may also contribute to the dimerization [5].

Protein-protein interactions are of the greatest
importance in the regulation of ASKI activity. In
response to the signals of TNF-a and Fas, ASK1 binds
to TRAF2 (TNF receptor-associated factor 2) and
Daxx protein, respectively, which ensures functional
activation of ASK1 . This triggers cell apoptosis via
activation of JNK-dependent signaling pathway [8, 9].

Proapoptotic activity of ASK1 is inhibited by many
other proteins. There are its partners-antagonists in the
cell: thioredoxin (Trx) [10], glutaredoxin (Grx) [11],
14-3-3  proteins [12], CHIP (C-terminus of
Hsp70-interacting protein) [13], SUMO-1 (Small
ubiquitin-related modifier-1) [14], mGSTMI1-1 (mouse
glutathione S-transferase Mul-1) [15], Raf-1 [16],
phosphatase Cdc25A (Cell division cycle 25 homolog
A (Schizosaccharomyces pombe)) [17] etc.

The interaction between Trx and ASK1 was found
to depend on the redox status of Trx and this binding
was observed only under reducing conditions.
Apoptotic stimuli such as TNF-a and ROS activate
ASKI in part by oxidizing Trx and releasing it from
ASKI1, resulting in the activation of ASK1 through
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oligomerization and phosphorylation [18]. There are
current experimental data on redox-independent
inhibition of ASK1 by thioredoxin. In the case of
overexpression Trx promotes ASK1 ubiquitination
and degradation in bovine aorta endothelial cells, and
this activity of Trx is dependent on its binding to
ASK1 [19].

GRX protein binds to the C-terminus of ASK1
depending on the redox state of GRX as well. This
interaction inhibits ASK1-mediated apoptosis, while
overexpression of Grx was found to protect cells from
glucose deprivation-induced death [11].

14-3-3 proteins are a large family of adapter
phosphoserine/phosphothreonine-binding molecules
[20]. There are several known mechanisms of their
inhibiting ASK1-mediated apoptosis. The interaction
of 14-3-3 with ASK1 may inhibit the ability of ASK1
to activate JNK and p38 pathways or other potential
effectors directly involved in apoptosis. The binding
of 14-3-3 proteins to ASKI depends on
phosphorylation of Ser967 i.e. its dephosphorylation
correlates with the dissociation of these proteins, and
the mutation of this residue blocks their interaction
[21]. Alternatively, 14-3-3 may determine the
localization of ASKI in cells, sequestering it in a
compartment distinct from ASK1’s death effectors
[12]. These data indicate that 14-3-3 proteins
regulate ASK1 function, controlling its subcellular
distribution.

Another way of ASKI1 regulation is through
inhibition by cytosolic chaperones of Hsp 70 family.
CHIP (C-terminus of Hsp70-interacting protein) is a
co-chaperone and ubiquitin ligase that interacts with
Hsp70 through an amino-terminal tetratricopeptide
repeating (TPR) domain. Since ASKI1 contains an
acceptor site to this domain, a role of CHIP in
regulating ASK1 function was examined. CHIP
interacted with ASK1 and induced its ubiquitination
and proteasome-dependent degradation [13]. Raf-1, a
negative regulator of ASK1, induces the formation of
inactive conformation of the kinase through the
interaction with the N-terminal domain of ASK1. It is
possible that Raf-1 binding interferes with the
interaction of ASK1 with its effectors such as MKK3
or regulators such as Daxx. There is another opinion
on the inhibitor function of Raf-1. It has been reported

that Raf-1 is associated with Akt, which
phosphorylates and negatively regulates ASK1 [22].

SUMO-1 and mGSTM1-1 demonstrate negative
regulatory influence on ASKI1 activity via
protein-protein interaction, but not through enzymatic
activity [14, 15].

There are also some known phosphatases, capable
of interacting with ASK1. CDC25 inhibits ASK1 due
to association without any enzymatic activity. The
overexpression of CDC25A diminishes
homo-oligomerization of ASK1 [17], required for its
activation [4]. PP5 (Protein phosphatase 3)
dephosphorylates Thr845 in the activation loop of
ASK1 and inhibits H,0,-induced activation of ASK1
[23]. SKRP1 (Stress-activated protein kinase
pathway-regulating phosphatase 1) promotes ASKI1
association with its substrate MKK?7, but inhibits
JNK-dependent signaling. Only the phosphatase,
responsible for ASK1 dephosphorylation at pSer967,
has been implicated in positive regulation of ASK1
activity [24].

Therefore, the activity of ASK1 is controlled by
different molecular mechanisms at multiple levels.
However, the complete picture of the ASK1 regulation
in the cellular signaling network is not yet revealed.

ASK1 may be activated by different
proapoptotic stimuli, including oxidants, death
receptors, endoplasmic reticulum (ER) stress,
caused by the accumulation of unfolded proteins in
the ER lumen, etc.

ASK1 compartmentalization is critical for
responses to  various  proapoptotic  stimuli.
Cytoplasm-located ASK1 mediates Fas or ER
stress-induced extrinsic apoptotic pathway. In contrast,
ASK1 located in mitochondria triggers cell death via an
intrinsic apoptotic pathway in response to TNF, ROS,
or DNA damaging agents [25].

The role of ASK1 in signaling induced by
oxidative stress. ROS are thought to participate in a
wide variety of cellular functions, including cell
proliferation, differentiation and apoptosis. ROS are
either formed via different processes in the cell or are of
exogenous origin. Uncontrolled formation of ROS may
result in disorders of the structure and function of such
cellular components as DNA, proteins and lipids,
which, in its turn, leads to oxidative stress. The latter is
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Fig.2 The regulatory mechanism of ASKI activity in response to
oxidative stress. H,O, induces the dissociation of Trx from N-terminus
of ASK1 and stimulates the phosphatase directed to pSer967 ASK1.
The dephosphorylation by this residue results in the dissociation of
14-3-3 proteins, activation of ASK1, its effector kinases, and triggering
of apoptosis.

Apoptosis

involved in many diseases, such as atherosclerosis,
diabetes, arthritis, cancer and neurodegenerative
processes [26]. The investigation of intracellular
signaling pathways, regulating the response to the
stress caused by oxidants, is important for drug
development.

The recent investigations have demonstrated that
ASKI1 plays a critical role in the cell response to the
H,O,-induced stress. Mouse embryonic fibroblasts
derived from ASKI-deficient mice were resistant to
H,O,-induced apoptosis [27]. One of the mechanisms,
mediating the impact of H,O, on the cell, is dissociation
of Trx from ASKI1 [18]. H,O, also controls the
phosphorylation status of ASK1 by Ser967. The
activity of hydrogen peroxide is necessary to stimulate
the phosphatase, catalysing ASK1 dephosphorylation
by this amino acid residue, with subsequent
dissociation of 14-3-3 proteins, the activation of ASK 1
and its effector kinases (Fig. 2) [27]. The
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phosphorylation of Ser967 and the association with
14-3-3 proteins has an influence on the interaction of
ASK1 with its intracellular inhibitors — Trx and Grx.
The dephosphorylation of pSer967 diminishes the
affinity of ASK1 to these proteins, therefore reducing
kinase sensitivity to H,O, [28]. Thus, the induction of
ASK1-mediated response of cells to the stress is likely
to take place via the activation of the specific
phosphatase, modulating pSer967-dependent
interaction of ASKI1 with 14-3-3 proteins and
thioredoxin. These data establish a close link between
signaling, dependent on ROS, and enzyme network
that converges on Ser-967 of ASK1.

There are remarkable results confirming the other
kinases involvment in the modulation of ASKI1
activity. In the endothelial cells H,O, induces the
phosphorylation of PKD and its translocation from the
membrane to cytoplasm where it associates with
ASKI1. This type of association is mediated by
plextrin-homology (PH) domain PKD and C-terminus
of ASK1. The inhibition of PKD by staurosporine or
siRNA blocks H,0,-induced activation of endothelial
cells apoptosis [29]. On the contrary, Akt-kinase is
capable of efficient inhibiting the response of ASK1
to the oxidative stress due to the phosphorylation of
Ser83 [6]. Therefore, the current data testify to the
presence of very complicated mechanisms of
regulating ASK1 activity in the cellular response to
the oxidative stress.

The role of ASK1 in the Fas-induced cell death.
Fas belongs to the family of membrane proteins that
transduce apoptotic signals. Upon Fas activation
the proapoptotic protein Daxx binds to the
N-terminus of ASK1 in a ligand-dependent manner
and activates JNK, which may sensitize cells to
apoptosis (Fig. 3) [30].

It was proposed that during Fas-induced apoptosis
ASK1 activation is regulated by HIPKI
(Homeodomain-interacting protein kinase-1), which is
localised in the nucleus and regulates the activity of a
wide range of transcription factors. Upon Fas
activation HIPK1 translocates to cytoplasm and
associates with the signaling AIP-ASK1 complex and
promotes the dissociation of Trx and 14-3-3 proteins.
The mechanism of this dissociation is yet to be
determined. It is likely to be promoted by the activation



PROTEIN KINASE ASK1 AS POTENTIAL THERAPEUTIC TARGET

SOCS1 —l

Inactive

Active

Fig.3 The theoretical model of TNF- and Fas-dependent activation of
ASK1. The activation of TNFR1 causes the dissociation of
AIP1-TNFR1 complex with subsequent diffusion of AIP1 into the
cytoplasm, where it interacts with ASK1 and changes its conformation.
This promotes the association of ASKI1 with TRAF2 and induces
JNK-signaling pathway which results in phosphorylation of
anti-apoptotic protein Bcl-2 and its inactivation. Upon Fas induction
the Daxx protein binds to N-terminus of ASK1, changing autoinhibiting
intramolecular interaction between N- and C-termini of the kinase for
formating active conformation. The activated kinase triggers
JNK-dependent apoptosis. Negative regulators of ASK1 are SOCS1
and glutamyl-tRNA synthetase (QRS), the effect of which is positively
controlled by the cellular concentration of Gln.

of the phosphatase responsible for the
dephosphorylation of pSer967 [31].

A negative ASK1 modulator — glutamyl-tRNA
synthetase (QRS) inhibits Fas-induced cell death. The
antiapoptotic interaction of QRS with ASKI1 is
positively controlled by the cellular concentration of
Gln [32].

ASK1 in TNF-induced apoptosis. ASK1 is a
mediator of TNF-o-induced apoptosis. One of the main
physiological targets of TNF-a action are vascular
endothelial cells [33]. The cytokines belonging to

TNF-family interact with TNFR (TNF receptor). TNF
signaling is negatively regulated by the binding of
TNFR intracytoplasmic domain to the protein called
SODD (Silencer of death domains). TNF binding to
TNFR releases SODD with subsequent recruiting of
TRADD (INF receptor-associated death-domain
protein), which functions as a platform adaptor to
recruit both RIP1  (Ser/Thr protein kinase
receptor-interacting  protein 1) and TRAF2
(TNFR-associated factor-2) assembling a multiprotein
complex that activates downstream signaling pathways
[34]. TRAF2 directly interacts to C-terminal domain of
ASK1 and promotes the oligomerization of ASKI,
preventing its autophosphorylation by Thr845 [35].

Protein AIP1 (ASK1-interacting protein 1) plays an
important regulatory role in the formation of
TRAF2-ASK1 complex. AIP1 belongs to the
Ras-GAP family (the protein, activating GTPase
activity of Ras) and localized mainly on the
cytoplasmatic side of the membrane in the complex
with TNFRI1. In response to TNF binding AIP1
dissociates from TNFR1 with concomitant diffusion of
AIP1 into the cytoplasm where it associates with
TRAF2 and ASKI1. Thus, it is the mechanism of
positive regulation of ASK1-JNK signaling pathway,
resulting in the phosphorylation and inactivation of
antiapoptotic protein Bcl-2 (Fig. 3) [36].

TNF-a induces the dissociation of Trx from ASK1
by generating intracellular reactive oxygen species to
oxidize Trx. ASKI1 in cytoplasm mediates a
JNK-dependent apoptotic pathway associated with
JNK activation, Bid cleavage, and Bax translocation.
ASK1 in mitochondria mediates a JNK-independent
apoptotic pathway, the mechanism of which is not
understood. Nevertheless, both pathways cause the
release of cytochrom C and activation of caspase 3
[37].

Another interacting partner of ASK1 is SOCSI1
(Suppressor of cytokine signaling 1), that forms a labile
complex with ASK1. The phosphotyrosine-binding
SH2 domain of SOCSI is critical for its association
with ASK1. pTyr718 of ASK1 plays a key role in the
process of binding to SOCS1. The mutation at this
amino acid diminished the binding ASK1 to SOCSI.
TNF-a may induce the dissociation of ASK1-SOCSI1
complex [38].
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ASK1 is required for endoplasmic reticulum
(ER) stress-induced apoptosis. ER stress is induced
by accumulation of unfolded or misfolded proteins
within the endoplasmic reticulum lumen. ER stress has
been implicated in neurodegenerative processes such
as Alzheimer’s disease, Parkinson’s disease,
polyglutamine diseases, etc. The cells are trying to
adapt to endoplasmic reticulum stress through the
activation of stress-induced protein kinase pathways.
Initial mediators of ER responses are IREl
(Inositol-requiring enzyme 1), ATF6 (Activating
transcription factor 6), OASIS (Old astrocyte
specifically induced substance), etc. [39]. These
transmembrane proteins modulate transport of newly
synthesized proteins into the ER. If this adaptation is
insufficient to avoid stress, the cells undergo apoptosis.
A number of works indicate that ASK1 plays essential
roles in the regulation of apoptosis, induced by ER
stress. During neuronal cell death ASK1 interacts with
TRAF2 and is recruited by IRE1 which is a
transmembrane sensor of endoplasmic reticulum. The
formation of IREI-TRAF2—-ASK1 complex promotes
the activation of JNK-dependent apoptosis [40]. In the
neurons derived from ASKI1 deficient mice activation
of endogenous JNK was almost completely eliminated
[41]. These data demonstrate the important role of
ASK1 in ER stress.

The participation of ASK1 in neuronal
differentiation and apoptosis. Besides the significant
role of ASK1 in the pathways of signal transmission of
apoptosis, induced by different factors, it is also
important for the differentiation of cells [42].

ASKI1 takes part in the differentiation of neurons
and inhibition of gliogenesis through p38 MAP kinase
activation. Ca’ influx evoked by membrane
depolarization in neurons induces activation of
Ca’'/calmodulin-dependent  protein  kinase  II
(CAMK?2), which phosphorylates ASK1. In its turn,
ASK1 activates p38 via the phosphorylation of MKK3
or MKK6. Thus, ASK 1 is a critical intermediate of Ca**
signaling between CaMKII and p38 MAP kinase [43]
ASK1 was shown to induce the expression of some
neuron-specific proteins, thus promoting the neuronal
differentiation of cells (PC12).

The mechanism of ASKI participation in the
inhibition of gliogenesis is yet unknown. The
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differentiation of stem cells in astroglial cells is
determined by BMPs factors (Bone morphogenetic
proteins). The response of cells to BMPs depends on
the amount of endogenous neurogenin in the cell.
When the levels of neurogenin are low, BMP induces
astroglial fate in immature neural progenitor cells.
ASKI1 is likely to stimulate the synthesis of neurogenin
and inhibits glial-cell differentiation [44].

ASK1 is an important molecule in the
pathogenesis  of neurodegenerative  diseases.
Alzheimer’s disease is caused by the accumulation of
p-amyloid (AP) derived from APBPP (Amyloid
precursor protein) [45]. The study using ABPP gene
knockout mice, proved this protein to perform
important physiological functions in the development
of the nervous system [46]. ASKI1 is capable of
forming a complex with ABPP via JIP-1b (JNK
signaling scaffold protein). In this complex
C-terminus of ABPP binds JNK and promotes its
activation, bringing the latter closer to ASK1 [47].

Upon the treatment cells with AB, ASK1 activates
JNK signaling pathway due to the formation of reactive
oxygen species, causing oxidation of Grx1 and Trx1.
AB-induced neurotoxicity is efficiently inhibited by the
overexpression of Grxl or Trxl. ASKI1-/~ neurons
were resistant to AP-induced cell death [48].

Thus, considering the role of ASKI1 in the
development of Alzheimer’s disease, it may be
regarded as a potential therapeutic target in the
treatment of neurodegenerative diseases.

The role of ASK1 in hypertrophy and apoptosis
of cardiomyocytes. The main mechanisms of the
growth of cardiac muscle tissue are hypertrophy and
hyperplasia of cardiomyocytes [49]. These processes
along with programmed cell death lead to normal
development and functioning of the heart.

The hypertrophy of cardiomyocytes is an important
adaptive process in response to such extracellular
stimuli as mechanical stress, cytokines, and growth
factors. But sustained extracellular stimuli may lead to
excessive cardiac remodeling and finally to heart
failure.

ASK1 was identified as a novel signaling
intermediate involved in cardiac myocyte hypertrophy.
The overexpression of the dominant-negative mutant
of ASKI inhibits hypertrophy, while constitutively
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active ASK1 leads to hypertrophy via the activation of
NF-kB [50]. The activation of ASK1 is believed to take
place due to binding of GPCR agonists. The
intermediate  molecule, which mediates the
hypertrophic signal from GPCR to ASK1, has not been
identified yet. The literature data allow to suggest that
GTPase Racl may act as such a mediator. This protein
regulates the activity of NADPH-oxidase system,
providing the formation of ROS which cause the
dissociation of thioredoxin from ASKI1 and its
activation [51].

The mechanical stress can lead to an adaptive
cardiac hypertrophy characterized by a normal cardiac
structure and normal or enhanced work of the heart.
ASK1-deficient mice showed exaggerated growth of
the heart accompanied by typical characteristics of
physiological hypertrophy, i.e. without any pathology.
The results of these experiments indicate that
ASK1/p38 signaling pathway negatively regulates
physiological hypertrophy [52].

Noteworthy is the opinion of the authors [53]
regarding the participation of ASK1 in the processes
of cardiomyocyte death. The molecular mechanisms
of the death of cardiac cells remain to be clarified.
Ischemia-reperfusion in the heart of wild type mice
leads to necrotic injury, whereas infarct size was
drastically reduced in the mice with ASK1 knockout
gene. The necrotic injury was not accompanied with
any evidence of apoptosis. ASK1” cardiomyocytes
were more resistant to apoptosis, induced by H,O, or
Ca”', than normal cardiomyocytes. These data suggest
that ASK1 is involved in necrosis as well as apoptosis
of the heart [53].

Therefore, these date testify to possible
participation of ASK1 in the development of the heart
pathological processes — hypertrophy, apoptosis, and
necrosis of cardiomyocytes. Thus, it may be considered
as a potential therapeutic target in the treatment of
cardiac diseases.

The participation of ASK1 in the immune
response. During the immune response the pathogens
are first recognized by the cell surface receptors. The
main significance among them is attributed to TLRs
(Toll-like receptors), that recognize structurally
conservative molecules of a wide spectrum of
microorganisms. Ligand binding induces

conformational changes of receptors and subsequent
activation of p38 and JNK signaling pathways.

The role of ASK1-p38 pathway in the immune
response was demonstrated in the experiments using
the ASKI1 knockout mice. In the splenocytes and
dendritic cells derived from ASKI-deficient mice
LPS-induced activation of p38 MAPK was not
detected and the production of inflammation cytokines
— TNF, interleukin-6, and interleukin-1 — was also
reduced. The literature data allow to suggest that the
ASK1-p38 signaling pathway is required for
inflammation in response to LPS. The mechanism of
ASK1 activation by LPS was also predicted. LPS
treatment leads to the generation of ROS; the increased
ROS production induces the dissociation of Trx from
ASK1, thereby enabling the recruiting TRAF6 to
ASK1 to form the activated ASK1 signalosome, which
promotes activation of ASK1-p38 pathway.

The study in vivo also supports the role of ASK1 in
the immune response. ASKI-deficient mice were
resistant to LPS-induced septic shock, while most
wild-type mice after intraperitoneal injection of LPS
died within 40 h [4]. The selective inhibitors of ASK1
would be promising reagents for the development of
clinical anti-inflammatory agents to treat septic shock.

The activation of ASK1 at the high glucose level.
In case of hyperglycemia the increased activity of
ASK1 promotes senescence of endothelial cells. High
glucose concentration induces the increase in the levels
of ASK1 expression. The incubation of endothelial
cells in the medium with high glucose level increased
the proportion of cells expressing
senescence-associated [(-galactosidase (SA-B-gal),
which is a known physiological marker of the
senescence process. Transfection with an adenoviral
construct including a dominant negative form of ASK1
gene significantly inhibited SA-beta-gal activity
induced by high glucose level. Vice versa, the infection
with an adenoviral construct expressing the
constitutively active ASK 1 gene promotes the increase
in the levels of SA-B-gal activity [54].

Hyperglycemia increased mitochondrial ROS
production, which results in the dissociation of
thioredoxin and glutaredoxin from ASKI1 and
subsequent activation of JNK-dependent apoptosis
(Fig.4) [55]. In cell culture, incubation of epithelial
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Fig.4 The activation of ASK 1 with high glucose concentration. ASK1 is
activated at the increase in glucose concentration due to elevated
intracellular levels of H,O, and oxidized glutathione which results in
the dissociation of glutaredoxin and activation of JNK-dependent
signaling pathway and cytotoxicity.
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Fig.5 Schematic model of the activation of ASK1 during glucose
deprivation. If the concentration of glucose in the medium drops to low
levels, the intracellular amount of H,O, in the human prostate
adenocarcinoma DU-145 cells increases which results in the
dissociation of  Trx and Grx and activation of
ASK1-MKK-JNK-signaling pathway. At these conditions HIPK1 is
activated and phosphorylates Daxx which causes its relocalization
from the nucleus to the cytoplasm. The translocated form of Daxx binds
to ASKI1 and promotes its oligomerization, thus functioning as a
positive regulator of the activation of ASK1-MEK-MAPK transduction

cells in the medium with high glucose level, increased
SLK (Ste20-like kinase) activity. SLK can induce
phosphorylation of ASK1 and specifically activates the
apoptosis, dependent on p38MAPK [56].

In human prostate adenocarcinoma DU-145 cells
the intracellular level of H,O, is elevated due to
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decreased glucose concentration in the medium. These

conditions  activate  the  signaling pathway
ASK1-MEK-MAPK-HIPKI1. Activated HIPKI1
phosphorylates Daxx  which results in the

relocalization of Daxx from the nucleus to the
cytoplasm. The translocated form of Daxx binds to
ASKI1 and causes its oligomerization, thus functioning
as a positive regulator of activation of
ASK1-MEK-MAPK transduction pathway (Fig.5)
[57]. These controversial results indicate the
complicated mechanisms of regulating
ASK1-dependent signaling pathways which proves the
necessity of carrying out further researches in this field.
ASK1 inhibitors as a potential therapeutic
target. The recent investigations, aimed at the
determination of ASKI1 role in the functioning of the
cellular signaling networks and its direct participation
in the regulation of cell survival and death, revealed the
connection between the increased activity of the kinase
and the development of many pathologies. It is a
prerequisite for the search for potential ASKI
inhibitors which may be used in the medical practice.
Protein kinase ASKI1 is an important proapoptotic
cellular intermediator in response to the activity of
ROS, Fas, TNF-qa, incorrect folding of proteins, etc.
Besides regulating stress-induced signaling pathways,
ASK1 performs a number of other biological functions,
like modulation of cell differentiation and senescence.
The kinase is involved in many pathological processes.
For instance, ASK1 activation by oxidants is a key
mechanism of Af-induced neurotoxicity in
Alzheimer’s disease. Its role in the immune response
and the development of inflammation was also
characterized. There are more data testifying to its
participation in the cardiac hypertrophy and
senescence of endothelial cells in diabetic patients.
The experiments on blocking the function of this
target using different genetic, biochemical, and
chemical approaches directly or indirectly — via other
molecules-partners and regulatory ways, which were
conducted both in vitro and in vivo bring novel
evidence to the fact that symptoms and implications of
the above mentioned pathologies may be diminished
considerably. There is no doubt that ASK1 will
position as an object of close attention for many
pharmaceutical companies and will urge scientists to
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search for medical ways of influencing this protein.
This search will last until clinical trials clear out the
efficiency of therapeutic preparations and possible
negative implications of their use.

This process has just started as only 2006-2007
allowed obtaining the most important scientific
prerequisite for search at the level, corresponding to
modern approaches of rational design of protein kinase
inhibitors, i.e. the method of X-ray structural analysis
allowed determining 3D structure of this kinase
molecule. Leading biological and pharmaceutical
companies, specialized in the design of protein kinase
inhibitors, included ASK1 to the screening panel of
chemical databases several years ago. However, there
are still no official published results on any progress in
the search for synthetic inhibitors of high activity and
specificity to ASK1.

If one may predict possible clinical effects of the
use of ASK1-specific inhibitor, i.e. its pharmacological
spectrum of activity, it is reasonable to expect some
trials in pathologies, which are currently related to
functions of JNK-family kinases that are downstream
targets of ASK1 signaling pathway. ASK1 inhibitors
may also act as blockers of p38MAPK pathway,
though to a smaller degree.

The preparations, directed towards the inhibition of
the function of protein kinase ASK1, may act as first
aid medicine in acute periods after cerebrovascular
accidents and heart attacks. Their temporary use is also
reasonable in the case of septic shock, local acute
inflammatory processes, and toxic affection of some
organs which may cause the formation of considerable
zones of necrosis and destruction due to acute
activation of apoptosis. The abovementioned
pathologies may include toxic glomerulonephritis,
hepatitis, and pancreatitis. On the contrary, acute
infections, especially the ones of specific character —
viral or bacterial, are likely undesired targets for
blocking MAPK-signaling pathways because of
possible inhibition of the immune response. Besides,
long-term use of compositions, critically influencing
one of the signaling pathways, which are vital for cell
functioning, may have negative effect on the regulatory
systems of cells.

Possible consequences of decrease in ASKI1
functions include the disorder of biochemical reactions

of cells at the level of reparation/remodelling systems
of the tissue, blocking the cell cycle, counteraction to
oxidative stresses, mutations, as well as reducting
protection from transformation of some types of cells.
It raises the possibility of immunodeficiency and
non-specific infections. Long-term use of inhibitors of
MAPK-kinase signaling pathway may sometimes
result in the possibility of formation of tumours in some
types of tissues. Nevertheless, the medical preparations
— antagonists of MAPK-cascade, which are inhibitors
of effector kinases regarding ASK1, are well under the
pre-trial investigations. Therefore, ASK1 inhibitors
seem to be quite reasonable therapeutic tools.

I I1. Bonuneyw, B. I'. Boacona, O. I1. Kyxapenko, O. B. Cosemosa,
C. M. Apmoniok

Iporeinkinaza ASK1 sk mepcrnekTuBHAa MilieHb s (hapMako-

JIOT1YHOT'O BTPYUYaHHs

Pesrome

Ilpomeinkinasa ASK1 (Apoptosis signal-regulating kinase 1) — ce-
pun/mpeoninosa kinaza 5 xinazu MAP-xinasu (MAPKKKS), saxa
sycmpivaemocs 8 ycix eekapiomnux opeawismax. ASKI indyxye
anonmo3s uepes kackaou JNK i p38 y 6ionogiov na npoanonmuumni
cmumynu — akmugni popmu oxcuzerny, TNF-o, Fas, cmpec endon-
nazmamuuno2o pemuxynymy ma in. ASK1 6epe yuacmeo y npoyecax
ougpepenyiayii ma 3aeubeni netiponis. Kinaza € eaxciaugoio cue-
HATbLHOW MONEKYI010 6 2inepmpoghii ma anonmo3si kapoiomioyumis.
ASK1 sanyuena 0o possumky imyHHoOi 6i0no6idi ma 0o npoyecis
cmapinusa eH0omenianbHux KiimuHn npu oiabemi i Mosice 6ymu no-
MEeHYIHOI0  MepanegmuyHol  MiueHHI0 Ol  NONepeodICeH s
Ccmapinus cyoun, NiKy8anus Heupooe2eHepamueHux i cepyesux x60-
pob.

Knrwouoesi cnosa: ASKI, anonmos,
610n0610b, 2inepmpodhis cepysi.

ougpepenyiayis, iMyHHa

I I1. Bonuney, B. I'. Boacona, O. I1. Kyxapenro, O. B. Cosemosa,
C. M. Apmonox

IIporennkunaza ASK1 kak mepcrnekTuBHas (apmakogoruyeckas

MHUIIICHb

Pesrome

Ilpomeunxunasa ASK1 (Apoptosis signal-regulating kinase 1) — ce-
pun/mpeonunosas kunasza 5 kunazvl MAP-kunaser (MAPKKKS) —
0OHapyacena 6o ecex sykapuomuuix opeanusmax. ASKI1 unoyyupy-
em anonmos nocpeocmeom akmueayuu nymei cuenaiunea JNK u
p38 6 omeem na npoanonmuyeckue CIMUMYnbl — AKMUGHbLE HOPMbl
kucaopooa, TNF-a, Fas, cmpecc sH0oniasmamuieckozo pemuKy-
ayma u 0p. ASK1 neobxoouma 6 npoyeccax oughghepenyuayuu u 2u-
benu neiponos. Kunasa ywacmeyem 6 pazeumuu UMMYHHO2O
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omeema u 6 npoyeccax cmapenus HOOMeIUANbHBIX KIeMmoK npu
ouabeme. ASKI aensemces kniouegoil MoaeKynol 6 eunepmpoduu u
anonmose KapOUOMUOYUMO8 U MONCem Oblnb NOMEHYUALbHOU me-
panesmuueckol Muwienvio 0 npedynpexicoenus CmapeHus cocy-
008 U JeueHus HelpooeceHepamueHblX U KapOUuoI0cUdecKux
3a60nesanuil.

Knwouesvie cnosa: ASKI1, anonmo3s, ouppepernyuayus, ummyn-
Hbll omeem, eunepmpous cepoya.
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