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CUHAPOMIB

2. Targeting cellular and molecular spinal mechanisms of nociception for the treatment of chronic pain

Pedepar:

1. Y po6orTi nmpencTaBieHo KOMIIJIEKCHE JOCJiIPKEHHS KIITUHHUX Ta MOJIEKYJIIPHUX MEXaHi3MiB, 1110 3ayy4eHi y

i TPMMaHHS XPOHIYHOTO 60JII0 Pi3HOTO T€HEe3y y HEMPOHHUX MepesKax J0p3ajbHOro pory (JIP) CHMHHOro MO3Ky.
[TponeMoHCTPOBaHO, 110 NOPYLIEHHS AUHaMi4HOro o6iry (Tpadikinry) AMPA- penenTopis, siki micTsaTh GluR1 Ta
GluR2 cybonuHuL, y cHancax Ta o3aCUHANTUYHUX AiISIHKax MeMOpaHu HeNpoHiB JIP ie5kaTh B OCHOBI pO3BUTKY
Ta MiATPUMaHHS XPOHIYHOro 60J110. BCTaHOBJIEHNIT MOJIEKYJIIPHUI MEXaHi3M TaKUX [IOPYLIEHb [IPU
nepu@epruyHOMY 3aMajieHHi Ta 0XapaKTepPU30BaHO KacKaJl BHYTPILIHbOKJIITUHHUX O1/IKiB (cTaprasuH, ABP /GRIP,

PICK]1), ki 3anmy4eHi y perymasuito o6iry AMPA-penientopiB MiXk CMHAIITUYHOIO Ta TI03aCUHAITUYHUMU MEMOpaHaMU



3a y4acTIO KJII0UY0BOro ¢pepMmeHTy npoteinkiHasu C niaruny o (PKCn). EkcnepuMeHTanbHO IPOJEMOHCTPOBAHO, 0
nopyueHHs Tpadikinry AMPA- penienTopiB Ipu3BOAUTH 10 3MiH y 6aaHCi MiXK CUHAITUYHUM 30y IKEHHSIM Ta
raJbMyBaHHSIM y Mepeskax [IP, 110 cripuyuHse JOBroTpuBay 30yaanBicTs [P clinHHOro MO3Ky — peHOMEH
LIEHTPaJIbHOI ceHcuTu3alii. OCTaHHiH, K BBAKA€ETbCSI, OIIOCEPEIKOBY€E PO3BUTOK i MiATPUMAaHHS XPOHIYHOTO 60JI10
pi3HOro reHesy. Bnepie npoeMOHCTPOBAaHO KIIITUHHOCTIEHN(iuHICTh opyleHs Tpadikinry AMPA- penenTopis y
CEHCOPHMX HeMPOHaxX Ta 3MillleHHs 6aJ1aHCy MiXK CUHAIITUYHUM 30y/IKEHHSIM Ta raJibMyBaHHSIM y Mepesxax JIP
CIIMHHOT'O MO3KY. BusiBjieHi 3MiHM BIieplle B CBiTi AEMOHCTPYIOTb IPUYMHHO-HACJIAKOBI 3B'3KA MDX [IOPYIIEHHSIMU
peryssnii guHaMmivyHOro 06iry AMPA-penentopis Ha KJIIITUHHOMY PiBHi Ta PO3BUTKOM i MiATPMMAaHHIM XPOHIYHOTO
605110. PO3p0671€HO Ta eKCIIepUMEHTAIbHO OOIPYHTYBAaHO HOBUH MiZXif [J1s TOTEHLIHHO HOBOI Teparlii XxpOHiYHUX
00J7IbOBUX CUHIPOMIB i3 BpaxyBaHHSIM KJII0UOBOI POJIi CIIiHAJIbHUX MEXaHi3MiB y MiJTPMMaHHI XPOHIYHOT'O 6OJII0
pi3HOro NOXOPKEHHSI. B OCHOBI TaKOT0 MifX0y JIEXKUTh KOPETyBaHHS MOPYLIEHb Y JIAHILi MOJIEKYJIIPHOTO KacKamy,
10 OII0CepenKoBye peryioBaHHs Tpadikinry AMPA-penenTopis y ceHCOpHUX HelpoHax [IP CHMHHOTO MO3KY.
Ynepiie NpoieMOHCTPOBaHO TepaneBTUYHi edekTu papmakosoriyHoro 35 6s10kKyBaHHs Ca2+-poHUKHUX AMPA-
peLenTopiB BUCOKOCENEKTUBHUMHU CIIOJIyKaMU- iHIi6iTOpamMy HOBOTO TIOKOJIiHHS (aKTHBALiIHO3a/1e5KHUMU
6noxkaropamu IEM-1460 Ta IEM-1925) Ha nosiermeHHs: 60J1bOBOTO CUHAPOMY i3 MiHIMaZIbHUMU MOGIYHUMU
edekramu. Briepie 3acTOCOBaHO reHHY Teparlilo XpOHIYHOTo 60110 B eKcliepuMeHTasbHil mopesti CFA-
iHIyKOBaHOro nepu@epruyHoOro 3anajaeHHs i JOBeJeHO TepaleBTUYHY JIOLiIbHICTh KOPEryBaHHs IIOPYIIEHb
MOJIEKYJISIPHOTO MeXaHi3My perysaii Tpadikinry AMPA-penenTopis y HelipoHax JIP CIMHHOTO MO3KY IpU
TpPUBAJIOMY NepudpepruyHOMY 3amnajaeHHi. HaykoBo 06IpyHTOBAaHO TepaneBTUYHI €(eKTH Ha KJIITUHHOMY PiBHI.

2. This is a complex study of the intricate cellular and molecular mechanisms for the maintenance of chronic pain
of different aetiology in the dorsal horn (DH) of the spinal cord. By employing different techniques and varied
approaches, this study demonstrates the impaired trafficking of AMPA receptors in sensory neurons of the DH in
persistent pain conditions. This includes internalization of GluR2-containing AMPA receptors from the synapses
between primary afferents and DH neurons, whereas insertion of GluRl-containing, Ca2+-permeable AMPA
receptors into the extrasynaptic plasma membranes of sensory neurons. The molecular mechanism of altered
AMPA receptor trafficking in the DH neurons has been deciphered, showing the involvement of numerous
intracellular proteins (stargazin, ABP /GRIP, PICK1), with the key role of PKC subtype 0, a ubiquitous intracellular
enzyme, in regulation of GluR1 and GluR2 membrane translocations. The obtained data provide evidence 37 for the
causally linked changes between AMPA receptor trafficking and the balanced synaptic excitation and inhibition
within the DH neuronal networks, leading to the hyperexcitability of the DH - the phenomenon of central
sensitization. The latter is thought to represent the mechanistic basis behind chronic pain of different origins. In
this study, it has been demonstrated, for the first time, that altered AMPA receptor trafficking occurs in a cell-
type-specific manner, shifting the balance between synaptic excitation and inhibition differently for
subpopulations of DH neurons. The revealed causality between the altered AMPA receptors at the cellular level and
the chronic pain maintenance in vivo provides evidence for the key role of spinal mechanisms in chronification of
the emerged pain. Hence it ensures that developing strategies for targeting the central mechanisms (rather than
peripheral ones) would succeed in the cure of chronic pain. With this, the next studies were, therefore, focusing on
elaborating new approaches to the treatment of chronic pain via targeting the established molecular mechanism of
AMPA receptor trafficking in the DH neurons. First, an experimental methodology was evolved to deliver
compounds of interests site-specifically, using surgically implanted catheters for the local, intrathecal drug
delivery to the lumbar spinal cord segments, prone to minimize potential adverse effects. The therapeutic efficacy
of targeting the impaired spinal AMPA receptors was next tested by using a pharmacological approach, i.e.
selective inhibition of Ca2+-permeable AMPA receptors. For this, it has been implemented a class of novel high
potent blockers of Ca2+-permeable AMPA receptors, the openchannel antagonists acting in an activity-dependent
manner (dicationic compounds IEM-1460 and IEM-1925). The obtained data confirmed the antinociceptive effects
of the two compounds tested, with no side effects detectable upon activity-dependent inhibition of spinal Ca2+-
permeable AMPA receptors. The next strategy consisted of targeting spinal PKCo - as a prerequisite for the
impaired AMPA receptor trafficking - via either pharmacological or genetic inhibition. A novel selective antagonist



of PKCn, C2-4 peptide, was probed, which first revealed the antinociceptive effect here. For gene-therapy, the
gene-silencing approach has been utilized to knock-down spinal PKCo with antisense oligonucleotides delivered to
the lumbar spinal cord in an experimental model of persistent inflammatory pain. The therapeutic outcomes of
gene-therapy included substantial relief in inflammatory pain (alleviated nociceptive hypersensitivity of different
modalities) and shortening of the pain maintenance, in either pre- or post-treatment. This pain relief was
paralleled by a decline in the impaired AMPA receptor trafficking at the cellular level, as confirmed by
electrophysiological recordings made from the DH neurons from animals with persistent peripheral inflammation.
Together, these data provide fundamental knowledge for the dynamic AMPA receptor trafficking in sensory
neurons and open a new line of studies to focus on the mechanism-based treatment of chronic pain through
interference with molecular mechanisms for nociceptive signalling in central pain pathways.
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