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Molecular mechanism of chronic pain via histone-dependent peripheral sensitization
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We focused on the roles of histone, a nuclear protein, in molecular mechanisms of
chronic pain. Immune cells including macrophages were accumulated in the injured nerves, and they
produced pain-facilitating molecules such as chemokines. We found that these expressions were mediated by
modification (acetylation and methylation) of histones. Moreover, macrophages were polarized into
pain-facilitating phenotype by histone modification. We demonstrated that inhibition of these types of
macrophages by pharmacological treatment was able to improve chronic pain. Taken together, histone
modification in macrophages might be key machinery of chronic pain, and it will be candidate of novel
therapeutic target.



B X C—19, F—19., Z—19 (GtaH)

1. WFZERRMA L PO 5

(1) 1B 1A R DG ECHRE B 12
FEOWTHRIE L, @7 O8I PiE 2 R
T2 OIIRIE D EENT T 5, IR IRER IR
A8 PEAR R R IE DR RE D oy 1 I A
EWVWIHMARHENL L OOHALDOD, FDiE
HNTEIR L L CABITH D, HR7R TG RN
DML % PR 2 T B PEAR R R E D 4y - Fo
AN, BUR COREEHRETH S,

(2) BERMERIIZHFFER, v~ 77
— VB XY Bk AR E o i A iR
L. RIEEMEAT 4 =— X —%40 L TIRMHER
WCEEICEETS (K1), HiEE LI
F TICHBERMEMHBRICBIT BB RRIE
EHIYA NIA L - rEIAL (o7
7= UREMES NI E) ERIELTEY,
FRoNEMEERICEEREHE RS
AT THE L T&E e (PAIN
2010 ; Curr Opin Pharmacol, 2012), F7=
INHORALEIHI 0T — % —HEIBEICE
FH5EARrDTRF ML (ZEF ) MME
fif) ICELVABINDZELHALMNILTWY
% (JPET 2012), RIHEAEAZH#HS 1 b H
AV FENA Uy BT — 7 OFEiIE 7
O ONCHE 2 OEEFIIAINE 2 & DT Ea
B 2RO D Z LIk, 18RRI OTR

AR EAEFETE b,
~ e Q) - -
» ~REY
@ 79[177—9’ \
THRA qgrﬁs_; j
0 @b
17 iR @ H A HA2 (IL)
. SENA (MIP)
(R E

B & MAAD R FE R RE

2. WHEOHEHM

(1) ARWFFE T, EBMHEEwR OB ETS T
ELTOERA N OEENZER LT, =S
J DMEMIZ IS A N A v DR BLHE
WZInZ ., ARRAMIZIEERE L 7o B A b 2 OFERIA
JA~OEHEAZFHMEL, B A RS K
IAEDORREEME A2 B L LT,

(2)5FEHHICRBISND 2T B A b (H2A,
H2B, H3,H4) 8 X'V »h—t A b (H1)
X7 VA Y —LOKRTTHY, 7 u~
F UMD XA F 27 R B EERIHIE
D, T, MRS H CER R E e
PERIEVER B Oy TR L CE S ) A
BRFOERENEE > TS, S HICHEE

5 ORI IS & BHERZH D
A NBA Y~ FEAAORBEERZH E R

kN ABRTEOBERE 2B BN TRR SN D, S HIT
b A N ATRIERF ISR~ & S,
JR G E R BORIE DI E A R & W\ o 728
T2 BN GE A LM &N TV 5,

(3) EREO I ST, RIERKIEZH S & A B
YOBRENIZETHY . RIHEIEIZIT 2B
HH ZNETOMENLF3IMA 5, BEA
~r DEEN R L ORENERICE S8
PEARREJAE O I AEBSEAR 2 R0 L. 18R O
BB IRERIG 2 fES 4 5,

3. WD HIE
(1) AEMRRER#ELs  ICR RBEME~ 7 A
(20-25g) &MV, ~L2 RSV E X — LR
TN TR RO 1/3 AR TED
<HE%E LT, BEAZE®IL PBS %7213 DMSO
R L. B PRI Bk % 10 pl
E LTS Lz,

(2) RT-U 72 A 2 PCR : B #fR LY
# RNA ZHiH L, ¢cDNA Z{F#l 1 7-, SYBR
Green OENIREEZIEEL LZEEN D T
VE A 5 PCR Z1T\, % % O mRNA %8l %
el L7,

(3) FHARALSEFRAT « R TI2 T 4%/%7

RVAT AT RIZ X AHERBEE%. fHHL
T AL B AR O BRSO T 2Rk LT, &5 %
DOEEAH A Z WD TRIEGE 21TV, HE
L — P —EAMEEIC CH X R E D%
L2 5 L 7=,

(4) 7o=F LK LEMHRELIDE
A h-DNA HEEERERE L, TE'F L
BLOXAF ke X k> H3 FrRAHUEAZ
WL 21T, DNA #Hii L7z, 7
0 e — X — IR RN ST A~ — % H
W72 PCRIZE D B R b AESZFFM L 7=,

(5) FIRATEYRTAM : 40 CHE S W=~
U A DK R EF R AR E 0.07 g £721%
0.16 g ® von Frey 7 4 7 A > R THIEK L.
WRWE S Ze s LTz BRI K v fik 7 =
T A =T ERHl Lie, b T A BBk
SH T~ U RO %R E I i B A R
U WEERS 2 7R 9 C O IR D FIHEIC L
V) Z0 TR A FEAm L 7=,

4. BFFERR

(1) BERMMRIZI T DA O RIEMER
FREBUENN : AR B DA B R ICIS VN T,
A MIAL  TEAA ORI EZ~A 7 1
TUAIT LY MEENICREIG L 72, FFIC
CC-chemokine ligand 3 (CCL3) £ X OV
CCL8 OB MARH L THY (K2), 1&
PR ICEEE & ST CCL2 DR HLH
MbBEINTZ, FEINLOZRIRTHD
CC-chemokine receptor 1 (CCR1). CCR2,
CCR5 DI FIEFICFR O BT,




*HBEDRIRLL

ZIIIIl...ﬂHﬁ
llllllllLJLlLl

) SIS N
O'QVQ\/O'OO’QQ\/\Z‘ c}’

M2 (L BHRICB T2 ThI B

(2) FEIA L OFRBEIMZIHB T HE X B
NESG DRSS« CCL2, UESkiUCGE
D7 T — X —fHEKICEBIT D e A N AESA
%Eﬂ?fﬂﬁ?é Lo WJ“ZH‘BL@?E@:’:} ek
WZHIET 5 2 o H3 o7 B F Lk (K9)
L hU AT (K4) BRBO BN, B A B
VT FIALILERE WD & CCLZ 0
SRR OFEBLEE AN < iz,

(3) =7m757—VIZ féth/wf
BB A R BEEN - EEA BRI T
DAL IR I L 0 CCL B #H sk~
77y —VICEmBEHRTH 2 RN,
b0 CCL #BBl~ru 77—V OENIC

BWT, 7EF sV R U AT ke
A NUOEMBEEINZZ XY, BEX b
MEf L A R BLO BB 508 K
fHron (K3),

¥ : 7EFke A FH3
Riwrzuzr—Y H ¥

H3: @A on77—21E1TBER RS

(4) XML ~ru 77— T )
A THEAE . B A N EREKIFHIIC CCL <X
PA NS v EBRAT O I~ a7y —¥
%, CD86 #3Bld 572 ERMEME (M1) ~7
07y —VORMEEA LTV, M1 w71
7 7 — T interleukin-4 (IL'4)%E%|E§@”5
&, CCL ORHBUL T &Iz, Arginase X°
Cﬁ%G%m%ﬁf%%% (vaym7
T ANDT ) AAT T EBRBIESR
77

(5) KIEM~7 v 77— H 4 ) BIEER

DIFREHAR < (BFE RV THIEDHY

HICHETS Ml ~osn 7y —U% IL4 R
—aF T EFALaY U REERIKIC

K OIHIT 25 &, MREEZRICEL AT o

T4 =7 B L OERERIE &#Wﬁéﬂto
a7y —YREETNVERHWTEERIC
wT%ﬁ%@%%ﬁ%%ﬂf%U\thV
Btz a7 Ml ~2 a7y —DOER
PEARIE S LT,

(6) fitiam : ARG ERNCERE L 0 IRH
ThHvr a7y —TliEEe & I\/ﬂkﬁﬁi/ﬁﬂ:
NAETUTEY, CCL % & Tefli~ ORIENERN 1
RGBT D, B A N EHITRTT LT RIE
t~wrv 7y —U~iifb, o RNTEND
MEATDIIEDA L A N aA B ENE
IR DR THRBETH D Z & 2 K5
WICBWTHLM™MZLE (K6), é%m:
SEERL LEEHEZAT o —FIC
TRIEHRIE O AT HE i%ﬂﬁ_rﬁbfwé

"

b

& ToooyF—o
b 3

HA+hL2 (L)
TEHA> (MIP)

RS
2

ERRAE S
F4: ERRASER ISR DR AR F 588

5. TreRFEim T
(WFFRARERE . WFFE 038 Je OV HERF R 12
LR

UdERsamsc) (B 10 )

D Kiguchi N, Kobayashi Y, Saika F,
Sakaguchi H, Maeda T, Kishioka S:
Peripheral interleukin-4  ameliorates
inflammatory macrophage-dependent
neuropathic pain.  Pain 2015; 156(4):
684-693. £ B A . doi:
10.1097/5.pain.0000000000000097.

@ Saika F, Kiguchi N, Kobayvashi Y,
Kishioka S: Peripheral alpha4beta2
nicotinic acetylcholine receptor signaling
attenuates tactile allodynia and thermal
hyperalgesia after nerve injury in mice.
Acta Physiol 2015; 213(2): 462-471. #Hi4.
doi: 10.1111/apha.12437.

@ Kiguchi N, Saika F, Kobayashi Y,
Kishioka S: Epigenetic regulation of
CC-chemokine ligand 2 in nonresolving
inflammation. Biomol Concepts 2014; 5(4):



265-273. = it H
doi:10.1515/bme-2014-0022.

@Kiguchi N, Kobayashi Y, Kadowaki Y,
Fukazawa Y, Saika F, Kishioka S: Vascular
endothelial growth factor signaling in
injured nerves underlies peripheral
sensitization in neuropathic pain. o
Neurochem 2014; 129(1): 169-178. &t A .
doi: 10.1111/jnc.12614.

OA P fii—, Rl AL GEREAHRIC T
DB AN AEH AP R R 2 AT
% . Pain Research 2014; 29(1): 9-16. &#iA.
https://www.jstage.jst.go.jp/browse/pain/29/
1/_contents/-char/ja/

® Kiguchi N, Kobayashi Y, Saika F,
Kishioka S: Epigenetic upregulation of
CCL2 and CCL3 via histone modifications
in infiltrating macrophages after
peripheral nerve injury. Cytokine 2013;
64(3): 666-672. & @t A . doi
10.1016/5.cyt0.2013.09.019.

@ Kiguchi N, Kobayashi Y, Maeda T,
Tominaga S, Nakamura J, Fukazawa Y,
Ozaki M, Kishioka S: Activation of
nicotinic acetylcholine receptors on bone
marrow-derived cells relieves neuropathic

pain accompanied by peripheral
neuroinflammation. Neurochem Int 2012;
61(7): 1212-1219. #& % A . doi

10.1016/j.neuint.2012.09.001.

Saika F, Kiguchi N, Kobayashi Y,
Fukazawa Y, Kishioka S: CC-chemokine
ligand 4/macrophage inflammatory
protein-1B participates in the induction of
neuropathic pain after peripheral nerve
injury. Eur J Pain 2012; 16(9): 1271-1280.
7 B H . doi:
10.1002/5.1532-2149.2012.00146.x.

© Kiguchi N, Kobayashi Y, Maeda T,
Fukazawa Y, Tohya K, Kimura M,
Kishioka S: Epigenetic augmentation of
the macrophage inflammatory protein
2/C-X-C chemokine receptor type 2 axis
through histone H3 acetylation in injured
peripheral nerves elicits neuropathic pain.
J Pharmacol Exp Ther 2012; 340(3):
577-587. o B H . doi:
10.1124/jpet.111.187724.

(9 Kiguchi N, Kobayashi Y, Kishioka S:
Chemokines and cytokines in
neuroinflammation leading to neuropathic
pain. Curr Opin Pharmacol 2012; 12(1):
55-61. #& @i M (45 ) . dob

10.1016/j.coph.2011.10.007.

E T INEGRVELD

O/, fill:  RAEEGEMEEEN & L
TR E MR RE ORI . %5 88 [M H A
HRPERAES 201545 3 H 20 H, 4 EE
Ry (B R).

O AEA, fih: IL-13 lZ~vru77—
DT =) BZATLT X o CTHRREE
FEIR RS 2 L5 88 [0 H ANSRBR AL
201543 H 20 H, 4 HREESEY (BAd
=).

@R AMER. il :  IL-13 1ZRA R =
DRIEM~ 7 0 77— aMET 5, 5§ 126
[A] H ARSEPR T eiies . 2014 4F 10 A 24
H. fafk= JA ev Fnakl) .

@OAOfm—. fh: ~ru7ryr—U% L
U 7= fh R B MR S TR R RS O FRFt . 86 34
MRS « A A A RRTF RO RO L
2014 49 H 6 H, REH =R AR (R
).

®Kiguchi N. Kishioka S : Peripheral
macrophages in long-lasting
neuroinflammation and neuropathic pain,

ARBERE L AR VAR Y T A 2014, 2014 4F
8 1 29 H T # KRR v /32 CRFR) .

OAOfi—. fl: IL-4iZ~7ua77—Y0
FERERFM I 2 0 L TR B MEIE s 2 B T
%, 5 36 Rl HAKER 2, 2014 46 A 21
H. KKR =7 /LK (KFX).

D LRR, flL 0 fRRREE MR TR R Y
LLTORM=aF o ET7EFLal 2
R, 5 87 [l H RFHLF NS 2014 4 3
A 198, iaEEE%— (IH).

@A Mfi—. fL: IL-41ZKEM~I 07>
— VB X O E MR A 95 L & 87
o] B AR 4E2 0 2014 45 3 H 19 H. Al
BEER 22— (IfB).

@Kiguchi N, f1: Histone H3 acetylations
enhances chemokine expression leading to
neuropathic pain, Asian Pain Symposium
2013, 2013412 H 18 A, [kl > 7 7 L
v AR H— ().

OAROf—. fll: MREEMEEBICET S
Kigt: VEGF & 27 05, 4 33 [B18H
e FEFA RXTF R URT T AL 2013
9 H 6 B, M KRFEERSE F).

A O fii—. FERSEER :  EERMEERICE
DB A S IR IR A TR N
9%, %5 35 Al H A F2, 201347 A 13




H. REY=v27v7 1 (EWeE).

@AOf—. fh: ~7/Br77r—VICLbi
ERTE S ARREREE RSO, 45 86 [nl AR
FRAER, 20134 3 A 22 B AR EER R
% (Fld) .

® Kiguchi N . fhi Macrophage
inflammatory proteins contributing to
neuropathic pain were upregulated by
histone modifications after peripheral
nerve injury, International Symposium for
Neurosciences 2013, 20134F 2 H 26 H,
EFERRF (H).

@Kiguchi N, fff : Augmentation of the

MIP-2/CXCR2 axis through histone H3

acetylation in injured peripheral nerves

facilitates neuropathic pain.. Neuroscience

2012, 2012410 H 17 H, ==—FVJ X
(T AV 7).

OGAOfE—., EMEEE: ~r7e77—U%
FEME & X7 BIX R MR R E 2 > LT
IRPEEMNEIE A EELT 5, 5 34 [BH AWK
4 20124E 7 H 21 B, REARHEERA TS
fif (REA).

GAOfm—., fli: FEHEEMRCBTS=
aF TR FALaY VERIKY T F LD
MPRRBEE MR OCE N R B 35 [l B ARPR#R
BlEke, 20124E 9 H 19 H, & W REES
Wl (AhE).

WAOfa— : Epigenetic Augmentation of
the Macrophage Inflammatory Protein
2/C-X-C Chemokine Receptor Type 2 Axis
through Histone H3 Acetylation in Injured
Peripheral Nerves Elicits Neuropathic
Pain, # 80 [RIfnKILIES2H=, 2012 4R 7
A 8 B, fnEkLESLER RS (Fndkil) .

(& Dfh)

TN NVAVSE S NS SIS SHIE SIS0 e ity
LR—=Y
http://www.wakayama-med.ac.jp/dept/igak
ubu/160416/index.html

6. WFIEHERK

(1) WFgefss
AA fw— (KIGUCHI, Norikazu)
R IR S SVALSY S N PR i O T
WFoe#ES . 90433341

(2) Brge sz

S SRR (KISHIOKA, Shiroh)
TR IL RS R R KSR 5 - 2
WIeEFE S . 60137255

/IR & (KOBAYASHI, Yuka)

Fak LR ST EE R RS E F550 - Bh#
WraeE#&=5 : 20511562

% PEE: (FUKAZAWA, Yohiji)
BE G [ 9 K AR R R 20 - HESIR
WroeE = : 70336882

(4) WFoe 175
ko 5% (SAKAGUCHI, Haruka)



