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NTV: Ventral Tegmental Nucleus of Gudden
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Kiyvama et al, Neurosci Res 1990 (Review)
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PNS(motor neurons)

™

Nerve injury

¢ S

Surviving | Dy|ng

Q: What sort of environments and mechanisms
affect the fate determination ?

Phenomena mining : Rat V.S. Mouse; C57/B6 V.S. ICR; neonate V.S. adu
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Hypoglossal nucleus

control mRNA/protein Injured mMRNA/protein
Proteomic analysis

S Transcriptomic analysis
g HE
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e E i cDNA library from
& T 1 - Nerve injured nuclei
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: . : c 8 EST cloning
‘ : : DNA microarray Differential display
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Molecular mechanisms underlying neuronal
degeneration and regeneration
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EAAC1(EAAT3) mRNA

Cyclin G mRNA
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Kiryu S, et al, J/ Neuroscience (1995) Morita N, et al, / Neuroscience (1996)
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DD-PCRIEZ(ICKDDFIRR CESNITEIR TR (TD3)
Identification of Damage Induced Neuronal Endopeptidase
(DINE/ECEL1) by using differential display

DD-PCR :> in situ Display :> Gene & Molecule
structure

18 exons, 1.9 ~ 7.8 kb transcripts (major 2.9)
775 amino acids with single TM domain

Kiryu-Seo et al, PNAS 2000



Damage Induced Neuronal Endopeptidase (DINE) / ECEL1
HEEE CTHEMRSENICRERT S

Motor nerve Optic nerve injury (Flat-mount)
injury & R NP P T G
Ischemic »
damage s

GCLA %
traumatic = w |
injury ONL | Sorber (Rt B | ?m : g

Ischemic injury (MCAO)
MCAOS5d

= Sensory nerve
Injury (DRG)

TTC | DINE

caudate putamen

Optic nerve
i ﬂj u ry anterior hippocampus
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Matsumoto S, et al, / Meurosci, 2016
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Nagata et al, J Neurosci 2010, Acta Neuropathol 2016, Acta Neuropathol Commun 2017
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Molecules involved in the nerve repair process

neuron-autonomous mechanisms
Expression of Radical Scavengers
(SOD, GPx, Catalase)

Remodeling of Microtubule, Neurofilament

Suppression of Glutamate toxicity and actin filament
(EAAT3, GLAST,GS) (SCG10, CRMP-2, Cofilin, Profilin,
GAP43, Rho,TC10, Rac)
fHiaEEDIET
Neuron injury—p Neuron —5 AXon __ Fynctional repair

protection regeneration

Remodeling of membrane

Redox regulation character by changing /
lipid composition

TRX, TRX-Red, GSH-Red /

( ) (SCD1, ABCA1, LDLR)

Expression of receptors for trophic factors and Expression of logistics
cytokines and intracellular signaling molecules f(oKr_axo_naII;rans_,p)ort
., 2 for survival and axon regeneration Inesin, Dynein
RERFITFIL 9

DIEMAL (TrkB, LIFR, GFRa1, PI3K, Akt, ERK) SEEE A O SEMAL
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Annexin Ill implicated in the microglial response to motor nerve injury
Konishi H, Namikawa K, Kiyama H, G/ia (2006)
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GPCR gene screening using nerve injured hypoglossal nucleil.

Table 1 GPCR genes that were increased more than 2-fold after hypoglossal axotomy
Hypoglossal nucleus

Expression level of injured side
(Fold induction)

""""""" Gene name Accession No. Ligand - :
\ e, N relative relative

] to control to GAPDH
T injury
g GPR84 (Q8CIMS5) Orphan 47.16 0.0013
GPR109 (QOEP66) Nicotinic acid 25.23 0.00019
/ \ F2RL1 (P55086) Trypsin, 25.07 0.00049
.. Trypsin-like enzyme
control mRNA injured mRNA P2RY13 (QOBE53) ADP 19.44 0.000046
GHRHR (P32082) GRF 17.08 0.0000059
-v MC1R (Q01727) MSH(a, 8. 1), 9.59 0.00011
ACTH
\ Real time PCR P2RY6 (Q9ERKS) UTP, ADP, ATP 9.53 0.00093
CCR5 (P51682) MIP-1a,8, 8.63 0.0021
RANTES, Ccl8
Using 279 primer sets ADORA3  (Q61618) Adenosine 8.15 0.00084
for GPCR mRNAs CX3CR1 (Q9Z0D9) Fractalkine 6.88 0.00407
BDKRB2 (P32299) Bradykinin 6.48 0.00037
P2RY12 (QICPVO) ATP, ADP 4.83 0.019
CNR2 (P47936) Cannabinoid, 4.44 0.00012
2-arachidonoyl glycerol,
Anandamide
C5AR1 (P30993) Anaphylatoxin C5a 4.40 0.00067
ISH screening VIPR1 (P97751) VIP 4.39 0.000011
- EMR1 (Q61549) Orphan 432 0.0023
- GPR34 (Q9CTM7) Orphan 4.10 0.0077
) SSTR1 (P30873) Somatostatin 4.06 0.00039
r HTR2B (QIQWS2) Serotonin 3.78 0.00011
a i PTAFR (Q62035) Platelet activating factor 3.58 0.000068
1 GPR65 (Q61038) Glycosphingolipid psychosine  3.41 0.00020
EDG5 (P52592) S1P 3.27 0.0010
R CASR (Q9QY96) Calium ions 3.27 0.0000049
Film ISH Emulsion ISH CMKLR1 (P97468) Orphan 3.16 0.00062
GPR35 (Q8CB97) Orphan 3.14 0.00011
. . FPRL1 (008790) Lipoxin A4 2.58 0.000025
Many of GPCRs are expressed by microglia. PTGER3  (P30557)  Prostaglandin E2 244 0.00023
TAAR1 (Q923Y8) beta-phenylethylamine, 2.33 0.000048
CCR5, CX;CR1, GPR34, GRP84, GPR109,P2Y13,P2Y12,P2Y7,etc p-tyramine
MC4R (P56450) MSH(a, 8. 1), 2.00 0.0082

Gamo et al, /] Neurosci (2008) ACTH
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G-Protein-Coupled Receptor Screen Reveals a Role for Chemokine Receptor CCRS in Suppressing
Microglial Neurotoxicity, Gamo K, Kiryu-Seo S, Konishi S, ..., and Kiyama H, J Neuroscience (2008)
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Distal region of injured hypoglossal nerve 7 days after nerve injury
(Schwann, macrophage, fibroblast and regenerating axons are at work)
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Interaction with Microglia and Astrocytes in CNS endoneurial

fibroblast

10

i

microglia

oligo
Nerve Injury
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Schwann cell

9.

macrophage

astrocyte

Interaction with Schwann cell, macrophage
and fibroblast in periphery
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Primary cultured microglia 3hr movie
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Tokizane et al Glia 2017



After forming processes the tips of processes are protruding and retracting
Tokizane et al Glia 2017




Microglia adhering to nerve injure
motor neurons (FIB/SEM analysi
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Konishi et al, EMBO J, 2020
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Transcription factors and miRNA for the expression of regeneration associated genes

ATF3 cC STAT3 cJun |:>
(Kato, J Neurosci 2002)

Regeneration associated Genes

>
( ATF3 cJun >
2
(Nakagomi, J Neurosci 2003

Regeneration associated Genes

»
( ATF3 cJun
»
‘ Sp1 , >
——— _—l_ (Kiryu-Seo JBC 2008)

Regeneration associated Genes

STAT3

miR124 §
*[ @ (Kiryu-Seo, Front Mol
K 4 Neurosci (Review) 2011;
& STAT3 WY el Nagata, Neurosci, 2014)

( CREB ) ‘ Sp1 , ‘ >

Regeneration associated Genes
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Atf3:BAC (Atf3:MitoGFP-Cre) Tg construct C-FOSATF3: | o 11y pizs

)

FRT FRT

» B’arm 3’arm ?
5 hﬂﬂOﬂACIEFF' IRES Cre 3 7% [
. ATG Il 3]
ATF3 gene —I HH:“‘"’“**I“"EZ:""‘ - =

S I'H. - .
T7 ATF3 gene Sp6 A -'A\; \I; <I3 iSiE
C \
BAC RP24-318C6 Ao %@ %’? K
/%ﬁ ‘% 6%9 43

“-Control .

Kiryu-Seo et al, Sci. Rep 2016

Control Injured
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FIB/SEM

By Tamada H




3D image of Mitophagy
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Tamada et al, 2017



Axon Initial Segment (AlIS) structure is disappeared, and this allows
massive mitochondrial influx into axon in response to nerve injury

Mitochondria are less in AIS Mitochondria are freely entering into AIS

Control Axon injured

myelin

Tamada et al, 2021
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Elgendy M, et al. 2024
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Kiryu-Seo et al,
EMBO J (2022)
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Kiryu-Seo et al,
EMBO J (2022)

—73. MEFHREIE
AISD & DT — A
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ShaYRYTHEHR
ICRATE D,
Kiryu-Seo et al,
in preparation




Irﬂ%gﬁg; gb%toneurons in the spina_‘l cord of ALS model mouse (SOD mutant

CUBIC
with
Lightsheet

1500 pm

(Kiryu-Seo EMBO J2022)
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et B A GE(EE¥ (Functional Somatic Syndrome)
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B EBEIFELED X H =X L (ME/RCS models)

Intrinsic muscles of the foot (IMF)

Proprioceptive neuron in DRG
@ M\ Muscle spindle

bt sl i * @4 . Neuro muscular junction
Intermediate Dorsal root central branch

column

Ventral root
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GFP

Lumbar Spinal Cord

RCS
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Fluctuat nec Mergitur
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