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ABSTRACT: Kinesins are the motor proteins that transport [Chronicconstricﬁon |njury]

excitatory receptors to the synaptic membrane by forming a PG

complex with receptor cargo leading to central sensitization /é)?—:Tozasenibl
causing neuropathic pain. Many regulatory proteins govern the %3‘:7\7 R
transit of receptors by activating kinesin, and Aurora kinases are G,_l A < |Aurora kinase Aurora kinase

one of them. In this study, we have performed in silico molecular
dynamics simulation to delineate the dynamic interaction of
Aurora kinase A with its pharmacological inhibitor, tozasertib. The
results from the molecular dynamics study shows that tozasertib- Cascade

N
. - dynam | / \
Aurora kinase A complex is stabilized through hydrogen bonding, QO = W._ N D

polar interactions, and water bridges. Findings from the in vitro
Transportation to Newly expressed /
n

studies suggest that tozasertib treatment significantly attenuates suronsl oll merbrane  exctalryrespiors \
lipopolysaccharide (LPS)-induced increase in oxidonitrosative o

stress and kifl1 overexpression in C6 glial cell lines. Further, we ...

investigated the regulation of kifll and its modulation by | anced Neuronal Excitabilty w QB
tozasertib in an animal model of neuropathic pain. Two weeks
post-CCI surgery we observed a significant increase in pain
hypersensitivity and kifl11 overexpression in DRG and spinal cord of nerve-injured rats. Tozasertib treatment significantly attenuates
enhanced pain hypersensitivity along with the restoration of kifl1 expression in DRG and spinal cord and oxidonitrosative stress in
the sciatic nerve of injured rats. Our findings demonstrate the potential role of tozasertib for the management of neuropathic pain.

T Oxido-inflammatory

s

KEYWORDS: Aurora kinase, Kifl1, chronic constriction injury, neuropathic pain, molecular dynamics simulation, tozasertib

1. INTRODUCTION potential targets and development of efficacious drugs with
minimal side effects is of utmost clinical importance.*
Various receptors are involved in the development and
maintenance of neuropathic including TRPV-1, Navl.6,
NMDA, and LPAl, etc.’ The pathogenesis of chronic
neuropathic pain has been proven to include hyperactivation
of glutamatergic transmission.®” Prolonged activation of
nociceptors or damage to the afferent nerve leads to the
central sensitization of the nociceptive system. The putative
electrophysiological mechanism of this sensitization (wind-up
phenomenon) depends on the activation of N-methyl-p-
aspartate receptors (NMDAR).” Blocking glutamate receptors
has been shown to alleviate both acute and chronic pain in
animal models. It has been proven that NMDA receptors play

Chronic pain is accompanied by many neurological diseases
such as brain or spinal cord injury, tumors, neurodevelopmen-
tal disorders, neurodegeneration, neuroinflammation, etc.
Neuropathic pain occurs when there is actual or potential
damage to the somatosensory system. Due to this damage,
various inflammatory mediators and toxins are released which
causes nonspecific stimulation of nociceptors resulting in
increased synaptic plasticity leading to both peripheral and
central sensitization." Recent epidemiological studies suggest
that about a quarter of the world’s population suffers from the
pain of which 7—8% of cases are neuropathic in origin. Even
for more than a century of research on nociception and
analgesia, 35% of neuropathic pain patients do not respond to
standard treatment and show serious side effects.” The
clinically available drugs fail to provide adequate pain relief : '
as neuropathic pain progresses to a chronic state due to its Accepted:  May 17, 2021 f' f‘f
dose-limiting side effects and the inability of current Published: May 24, 2021 pa
pharmacotherapy to counteract the pain progression as they il M]’IMWM
fail to act on cellular and molecular mechanisms driving
neuropathic pain which remains elusive.> Thus, identifying the

Received: January 23, 2021

© 2021 American Chemical Society https://doi.org/10.1021/acschemneuro.1c00043

W ACS Publications 1948 ACS Chem. Neurosci. 2021, 12, 1948—1960



Impact Factor: 4.932

International Immunopharmacology 106 (2022) 108622

Contents lists available at ScienceDirect

International Immunopharmacology

journal homepage: www.elsevier.com/locate/intimp

ELSEVIER

Check for

Inhibition of pan-Aurora kinase attenuates evoked and ongoing pain in e
nerve injured rats via regulating KIF17-NR2B mediated signaling

Ankit Uniyal®, Akhilesh®, Aaina Singh Rathore ", Priyanka Kumari Keshri >
Surya Pratap Singh", Sanjay Singh ¢, Vinod Tiwari®

@ Neuroscience and Pain Research Laboratory, Department of Pharmaceutical Engineering and Technology, Indian Institute of Technology (Banaras Hindu University),
Varanasi 221005, Uttar Pradesh, India

b Department of Biochemistry, Institute of Science, Banaras Hindu University, Varanasi, 221005, India

¢ Baba Saheb Bhim Rao Ambedkar Central University (BBAU), Lucknow 226025, Uttar Pradesh, India

ARTICLE INFO ABSTRACT

Keywords: Kinesins (KIF’s) are the motor proteins which are recently reported to be involved in the trafficking of noci-
A'uror'a Kinase ceptors leading to chronic pain. Aurora kinases are known to be involved in the regulation of KIF proteins which
Kinesin ) are associated with the activation of N-methyl-D-aspartate (NMDA) receptors. Here, we investigated the effect of
Spontaneous ongoing pain . . sl .. . . . o

NR2B tozasertib, a pan-Aurora kinase inhibitor, on nerve injury-induced evoked and chronic ongoing pain in rats and
NMDA the involvement of kinesin family member 17 (KIF17) and NMDA receptor subtype 2B (NR2B) crosstalk in the
Neuroinflammation same. Rats with chronic constriction injury showed a significantly decreased pain threshold in a battery of pain

behavioural assays. We found that tozasertib [10, 20, and 40 mg/kg intraperitoneally (i.p.)] treatment showed a
significant and dose-dependent inhibition of both evoked and chronic ongoing pain in rats with nerve injury.
Tozasertib (40 mg/kg i.p.) and gabapentin (30 mg/kg i.p.) treatment significantly inhibits spontaneous ongoing
pain in nerve injured rats but did not produce any place preference behaviour in healthy naive rats pointing
towards their non-addictive analgesic potential. Moreover, tozasertib (10, 20, and 40 mg/kg i.p.) and gabapentin
(30 mg/kg i.p.) treatment did not altered the normal pain threshold in healthy naive rats and didn’t produce
central nervous system associated side effects as well. Western blotting and reverse transcription polymerase
chain reaction studies suggested enhanced expressions of NR2B and KIF-17 along with increased nuclear factor
kappa B (NFkp), tumour necrosis factor-o (TNF-a), interleukin 1p (IL-1p), and interleukin 6 (IL-6) levels in dorsal
root ganglion (DRG) and spinal cord of nerve injured rats which was significantly attenuated on treatment with
different does of Tozasertib. Findings from the current study suggests that inhibition of pan-Aurora kinase
decreased KIF-17 mediated NR2B activation which further leads to significant inhibition of evoked and chronic
ongoing pain in nerve-injured rats.

1. Introduction

Chronic pain is a devastating disorder affecting more than 20% of the
population worldwide [1,2]. A subtype of this is chronic neuropathic
pain which occurs due to the damage to the somatosensory nervous
system including peripheral nerve fibers such as A8, Ap, and C fibres.
The prevalence of neuropathic pain ranges from 6 to 10 % globally [3]
and the patients suffering from the same exhibits significant hyper-
algesia, shooting sensations, numbness, allodynia, and spontaneous
ongoing pain. Unfortunately, the currently available analgesics provide
only mild symptomatic relief and that too at the cost of several side

effects including but not limited to sedation, motor incoordination, drug
addiction and development of tolerance [4]. The pathophysiology of
neuropathic pain has both nociceptive and inflammatory components
and requires an effective strategy to mitigate the same. N-methyl-
aspartate-receptors (NMDAR’s) are known to be involved in the devel-
opment and maintenance of neuropathic pain both in preclinical and
clinical studies [5,6]. A subset of this receptor unit, NMDA receptor
subtype 2B (NR2B) is essential for the localization of NMDARs into the
synaptic membrane [7] and plays an important role in learning and
memory and chronic pain. Central sensitization which is a primary
feature of neuropathic pain pathophysiology develops due to the over-
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Abstract

Chronic pain is among the most burdensome and devastating disorders affecting millions of people worldwide. Recent stud-

ies suggest the role of kinesin nanomotors in development and maintenance of chronic pain. KIF17 is a member of kinesin
10 superfamily that binds to NR2B cargo system via mLin10 scaffolding protein and makes the NMDARs functional at cell [X3ll
" surface. NMDA receptor activation is known to induce the central sensitization and excitotoxicity which can be recognized
12 by the glial cells followed by the release of cytokine storm at spinal and supraspinal level leading to chronic pain. In this
13 study, we have investigated the role of aurora kinase in the regulation of KIF17 and NR2B trafficking in the animal model
14 of chronic inflammatory pain. Tozasertib (10, 20, and 40 mg/kg i.p.), a pan aurora kinase inhibitor, significantly attenuates
15 acute inflammatory pain and suppresses enhanced pain hypersensitivity to heat, cold, and mechanical stimuli in CFA-injected
16 rats. Molecular investigations suggest enhanced expression of KIF17/mLin10/NR2B in L4-L5 dorsal root ganglion (DRG)
17 and spinal cord of CFA-injected rats which was significantly attenuated on treatment with tozasertib. Moreover, tozasertib
18 treatment significantly attenuated CFA-induced oxido-nitrosative stress and macrophage activation in DRG and microglia
19 activation in spinal cord of rats. Findings from the current study suggest that tozasertib mediates anti-nociceptive activity

by inhibiting aurora kinase-mediated KIF17/mLin10/NR2B signaling.

21 Keywords Aurora kinase - Kinesin - Neuroinflammation - Microglia - Pain

22 Introduction activated immune system occurs in chronic pain condition 35
that simulates the nociceptors and manipulate the central 36
23 Chronic pain is one of the most prevalent clinical disorders  projections involved in pain processing. The complex patho- 37
24 which occurs due to persistent activation of neural pain path- ~ physiological mechanisms and lack of potential druggable 38
25 ways. Every person experiences pain at some point in their ~ targets are the key factors that put a substantial barrier to 39
26 life span but the number of patients seeking medical care  analgesic drug development (Yu et al. 2013). Moreover, 40
27 due to chronic pain is about 30% across the globe (Cohen  currently available analgesics fail to treat chronic pain ade- 41
28 et al. 2021). Chronic pain may consist of both neuropathic ~ quately and produce several side effects that lead to treat- 42
29 and inflammatory components, involving complex mecha-  ment withdrawal and poor quality of life (Fitzgerald 2017; 43
30 nisms such as excitatory synaptic transmission, microglial ~ Uniyal et al. 2020). Opioids are one of the most commonly 44
31 and macrophage activation, altered action potential in noci-  prescribed medicines for the treatment of chronic pain but 45
32 ceptive fibers, and central as well as peripheral sensitiza-  they carry potential side effects including drug addiction, 46
33 tion (Powell et al. 2021; Xie et al. 2021). Release of vari-  respiratory depression, hypotension, sleep apnea and consti- 47
34 ous inflammatory mediators from the tissue injury site or  pation (Uniyal et al. 2020; Powell et al. 2021). Non-steroidal 48
anti-inflammatory drugs are the first line of therapy for the 49
treatment of chronic inflammatory pain but their contraindi- 50
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ABSTRACT: Chronic pain is among the most prevalent burdensome disorders Newly synthesised Kinesin
worldwide. The N-methyl-p-aspartate (NMDA) receptor system plays a critical g‘

role in central sensitization, a primary feature of chronic pain. Despite the proven ®\<\ i
efficacy of exogenous ligands to this receptor system in preclinical studies, E

evidence for the clinical efficacy of NMDA antagonists for the treatment of 7 TS
chronic pain is weak. Researchers are studying alternate approaches, rather than
direct inhibition of the NMDA receptors in pain processing neurons. This indirect \
approach utilizes the modulation of molecular switches that regulates the
synthesis, maturation, and transport of receptors from cellular organelles to the
synaptic membrane. Kinesins are nanomotors that anterogradely transport the |
cargo using microtubule tracks across the neurons. Various members of the
kinesin family, including KIF17, KIF11, KIFSb, and KIF2la, regulate the
intracellular transport of NMDA receptors. Pharmacological targeting of these
ATP-driven nanomotors could be a useful tool for manipulating the NMDAR functioning. It could provide the potential for the
development of a novel strategy for the management of chronic pain.
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1. INTRODUCTION

Acute pain resulting from tissue injury acts as an alarm for the
body and serves a protective function. However, acute pain can
transit to a chronic state due to the pathophysiological changes
at multiple sites along the peripheral and central nervous
systems. Chronic pain can be debilitating and is usually

understanding of the disease. Various ionotropic channel
receptors are widely implicated in the pathophysiology of
various disorders and hold the glory of therapeutical
implications. The recent decade in pain research has witnessed
a shift from the discovery of direct exogenous ligands to
alternate strategies, such as modulating receptor synthesis,
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associated with significant distress and suffering. Everyone
experiences pain at some point during their whole life span. In
terms of pain, seeking medical care possesses a worldwide
prevalence range from 1% to 76% that varies demographically,'
whereas the proportion of chronic pain in developing countries
was estimated to be 18%.” On average, the prevalence in
developing countries is more than that of developed countries.
Generally, in the elderly population, the prevalence of chronic
pain is reported to be 25—85%.> The economic burden of
chronic pain accounts for more than that of cardiovascular
diseases and cancer. The available treatment options for
chronic pain are limited and are ineffective in a significant
proportion of patients. In addition, most approved therapies
are associated with considerable adverse effects that result from
their off-target effects at CNS sites. Thus, there is an urgent
need to develop new efficacious molecular entities with a
higher therapeutic safety index.

Research from the past few decades that focused on the
neurobiology of chronic pain has substantially increased the
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maturation, and transport processes.4_

The role of the N-methyl-D-aspartate (NMDA) receptors
system in chronic pain is well supported with preclinical
evidence.” ' However, the direct blockade of NMDA
receptors failed in clinical trials for chronic pain.'' This
suggests that targeting NMDA receptors after their insertion
into the synaptic membrane may not be an optimal approach.
Meanwhile, the potential of this receptor system cannot be
ignored due to the high rate of success in basic research
studies.”'”~"* Thus, developing an indirect approach to target
this receptor system could provide a new series of therapeutics
for the management of chronic pain. We have previously
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