(s 4)
[16ek0610002h0003]
YRk 2 94 5 H25H

VK 2 8 K EREHF ZE B g K R E E

X A (AR BIEOR AR

(£ 3B) Research Project on Elucidation of Chronic Pain

WHFEBRFE RS« (HAEE) W - InREDBRFRE Z HIE L oM D@ L 2B+ F T %
L—3 = FUabge

(3£ F&) Understanding the pain chronification process of in the brain - a

translational approach from rodents, marmosets and to human

subjects

B Y 3 (AARGE) WRHEESERRY B iz kR
Frlg &% K4 : (3 §8) The Jikei University School of Medicine; Professor; Fusao Kato

o B FERk28FE4H1H ~ FERk2943 H 31 H

SHESE (A ARGEE) resting-state IMRI R8I Ig A O1EMEAVIZ BEEE U 7o sEs IR RE RIS &
[ EVEBH S & ERARISH
BSR4 « (& §E) Development and application of the inter-regional functional connectivity
evaluation in the patients with chronic pain based on resting-state
functional MRI

WFFEBRRS Sy A (AAGE) RIRKRFRFBEES RO EREIRE TR bz
SRHBUZ
ArE &k K4 (3% §E) Department of Pain Medicine Osaka University Graduate School of
Medicine; Endowed Chair Professor; Masahiko Shibata

S HEAESE (HARGE) v—F& vy MBI DA THEEE IRRHERS & & RIS RERIRS & D AT
B4 © (& §E) Anatomofunctional connectivity analysis of the pain-emotion networks in

the marmosets based on brain imaging



WFFEBH R i (AARGEE)  HEBESERKRY BAEERTPUTHRER MY A AR
Frle & K4 0 (& §8)  Division of Regenerative Medicine, Jikei University School of

Medicine; Professor; Hirotaka James Okano

SMEsE (AAREE) APEMEYEERE ORI IZ 3D < WE kAR
BHFSIREES - (€ FE) Elucidation of the molecular mechanism underlying pain chronification

based on evaluation of bioactive substance release

WHgEpsE A (

HAEE) AGE KRR ABERAIIERE - 2% - ML
e ek K40 OF GE

#&) Department of Pharmacology, Graduate School of Pharmaceutical

Sciences, Hokkaido University; Professor; Masabumi Minami

IL FRAROBE (RIEHEEHRE)
WFZEBARAEF I L D HMEDHE

WFFERRRIREA  (FEMINE) - 1B T 7 /v MRI fighT

1. [BHREET /L MRIfENT (WFZEBAFSIRIRE IR o)

FEHOFETTELZ BB L 9 5~ WG MR EZIGH L, RAkRZ & o R RO RE TTHE 2
R U7z, B, = &R MRIEOT — Z 2 FD < FBLEAL FE RS R L 2 B % L, AT IE
A Uiz, AT, H iR S BOREI & = SRR S BL AR DO RIE AT T T V&2 ERL L . TR
PR M X M 5228 & % R ~ R BOERIC AT 5 B 2 Ll L 7o, B RICHE T HIEHE)
TLHEDS —RIOPIEINL AR FETAE LD Z E B LMo T2, £, YR EE T O > %E MRI
FLER A AIRRIC TR, BEMERM A E A BT A L L BbIC, MERERERA AT U TT DT
DOt a harvEaE AL, ZE L BOLD (E5% 10 o2 7- 0 itskd 25 Z & 23 AEe
272 oTc, ZUD A BT LIe 2 EBRERSIENT 2D T 5,

2. BT AL S AFEE M O] (WFEBHREAERE IR )

BB TFHIFEE HO, TR E TOHETIIRATRE T o o 7ol AT AR filE B A o o
F 7 A A B RACTE L SERRT D R AWM. L (= x 7 b2 %), b KA MRI
S LN EERREEOBIbE YT T A - LAYLTHRAEL TV 5,

3. rs-fMRI 7 — Z fiFHTIC KD < R AV 2 SEIR B REAVAE & O FHI (WFZEBFINERE  SEHBUZ)

HRX S RE IR SR BB HE 46 4 (CRPS 19§51 #RMERREIE 8 1 Zoofth 19 BDIZISV T, WofllEr
RIEIN 72 & OBSRERIFRE B DMK T L, FRIMAGE S PR B & Rk, airarkiEl, f/N & o I A
TIHALNRWAEZRBIENREE N A O, ERKME L 2B REOBEENFE S O S LA DR
FE LAZIEOFEREA L S v, WMRIARIRE] & A2 B BB O FSRERIAS B 1R A O W & MBI L Cuvie, B
i CRPS B 16 41T\ TLEA O KM EE —YGESYEF OBERERIFE & 0358 L Tz, ZEHER UIBR
MiA T 23 BTN T, —UGEBET - SR 7 & O IEB) R & /NN & o OBERERIRSE & 2 BB R
THBIZIKT LT\, BRMEREBIEIE & 220 S N TR BETE a1 T 7 & O B#E 14 Bl CHR AR
R & e BB R K OWERRRA R & OFSRERIRE G IR L Cie, SR EICHE 2k L, it o
FERYGE 2 T T & DEITOBFFIC S22 5,




4. v—F& v MNIBT DA HEENEEK M RRHERE & & R RERORE & O T (BFZEEH I IRE
[ = A D ALENR)

TR P RBFIERT - BERAR LR Ty RAT BT 4 =7 ET/UCEIT S MRI #4217
STz, LAMRIRBEGIC LV ET VEER LI 21T o7& 2 A, BT A~ U A TIERTERE . UK
IZBWTEV BOLD E 523 H X172, Resting state fMRI |2 X U #RERIFE AR 21T o7& =
AW BENZ ML E IS S1 T/hEL o TRY . 7 7 AX ) 7% - RshE
IXRTHRE CHBEICE D - T, £2, B LIEISREZIMUERIEZ B W CHEICE -T2, AB
HRHER DFEE R RE S Tz,

5. AEPNEVEYEIFEEO T IS < WE SV (WFZEBHAERE B HESO

AR 7 a ATV AEERNFRIZL Y | BHERE T LVEIIC BT D P N-L% R
IR MRS ORERERE AR LTz, ZOBRERFIXEMIR E 5 DWICHB LI A D=L THY
B 7R BR S & D VWIHL O DERDOBIFARR & 2 D ATREMEDN & D,

1. MRI analysis of chronic inflammatory pain development in mice
We employed the manganese-enhanced MRI (MEMRI) that enables imaging of accumulated

Mn2* in the cells through excitatory synaptic transmission and neuronal excitation. MEMRI at
2, 6 and 24 hours after intraplantar formalin injection resulted in a significant Mn2* signal
increase in the limbic system including the right central amygdala, accumbens nucleus,
suggesting the sustained spontaneous activity in these areas would be the key triggers that
would characterize the cerebral plastic changes in the course of acute-to-chronic transition of the
inflammatory pain.

2. Analysis of synaptic interconnectivity between brain regions underlying pain-related symptoms in

the chronic pain model animals
We applied optogenetics to analyze the pain-induced changes in the functional connectivity

between distinct brain regions using isolated brain slice preparations. We succeeded in detecting
the changes in the opioid sensitivity of the inhibitory transmission from the central amygdala to
the periaqueductal grey (PAG). This approach would compensate for the molecular/synaptic
information as to the functional connectivity data obtained in the fMRI recordings.

3. Development and application of the inter-regional functional connectivity evaluation in the
patients with chronic pain based on resting-state functional MRI

In 46 patients with central dysfunction pain syndrome a significantly higher functional
connectivity within the rACC (rostral anterior cingulate cortex) between the PAG
(periaqueductal gray) and amygdala/ACC/right cerebellum was found by resting state fMRI. The
connectivity between the left amygdala and the left insular cortex was positively correlated with
mean pain intensity and the connectivity between the rACC and the left insular cortex was
negatively correlated with pain duration. In 23 Cervical myelopathy patients, the functional
connectivity between primary motor cortex and cerebellum was significantly decreased. In 14
patients with osteoarthritis of knee, the functional connectivity between the posterior cingulate

cortex and the left insular/putamen, globus pallidus was significantly increased.



4. Anatomofunctional connectivity analysis of the pain-emotion networks in the marmosets based

on brain imaging
fMRI was conducted to investigate allodynia in mice generated by surgical injury at the 1.4 spinal

nerve root. The allodynic mice showed significantly higher BOLD signals in the anterior
cingulate area (ACA) and thalamus. The degree and eigenvector centrality were significantly
decreased in the contralateral S1, clustering coefficient and local efficiency were significantly
increased in the ACA, and “between-ness centrality” was significantly higher in the ventral
posterolateral nucleus of the thalamus. These results suggest that the abnormal BOLD
activation is associated with defects in AB-fiber systems.

5. Elucidation of the molecular mechanism underlying pain chronification based on evaluation of
bioactive substance release

In vivo microdialysis study showed the dysfunction of the mesolimbic dopamine reward circuit
develops in chronic pain model animals. This dysfunction might be a common neuronal
mechanism underlying chronic pain and depression, and a potential target for novel analgesic

and antidepressant medications.
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