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Neuropathic pain is a pathological pain condition that often results from peripheral nerve injury. Several lines of
evidence suggest that neuroinflammation mediated by the interaction between immune cells and neurons plays an im-
portant role in the pathogenesis of neuropathic pain. Transient receptor potential melastatin 2 (TRPM?2) is a nonselec-
tive Ca?*-permeable cation channel that acts as a sensor for reactive oxygen species. Recent evidence suggests that
TRPM2 expressed on immune cells plays an important role in immune and inflammatory responses. In this study, we ex-
amined the roles of TRPM2 expressed on immune and glial cells in neuropathic pain. TRPM2 deficiency attenuated pain
behaviors (mechanical allodynia, thermal hyperalgesia and spontaneous pain behaviors) in various kinds of inflamma-
tory and neuropathic pain, but not in nociceptive pain models. In peripheral nerve injury-induced neuropathic pain
models, TRPM2 deficiency diminished infiltration of neutrophils mediated through CXCL2 production from macro-
phages around the injured peripheral nerve and activation of spinal microglia, suggesting that TRPM2 expressed on
macrophages and microglia aggravates peripheral and spinal pronociceptive inflammatory responses. Furthermore, we
examined the infiltration of peripheral immune cells into the injured nerve and spinal cord using bone marrow chimeric
mice by crossing wildtype and TRPM2-knockout mice. The results suggest that TRPM2 plays an important role in the
infiltration of peripheral immune cells, particularly macrophages, into the spinal cord, rather than into the injured
nerves. The spinal infiltration of macrophages mediated by TRPM2 may contribute to the pathogenesis of neuropathic
pain.
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spinal infiltration
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5 2N DG RTF ROGIEIT K 2 FEBRNE R
N2 (experimental autoimmune encepha-
lomyelitis; EAE) EF)LIZBIT 58705 1+ =
TIZBWTHHFERBMBNRD SN, 28,

EAE E5)LIZBWTIE, B Yo7+ =7 0H
B5T, BORM - AIKOME, SHTEEREDE
KA bERICIHIE N, £, HREEEEE
WETIELT, L4 BRHEMEYIE (Chung €5
V), BB HES (Seltzer E5))) ITX B K
MR EEEEET )L, £z, 1 BIEREET IV
ELTHHEINA A NLT MY b2 T X 2R
PR E, FIRAKIDO 1 DTHB/N7 YUY FEIL
RAEFEIT K 25 AAE AR HREEETIVIC

PBOWTHHEERBIENED SN (Table 1), I
5OFERM S, TRPM21Z, [EWBBRELAEICES
THIT SN D REFZBEMIEIFENDFHII DN,

Table 1. Effectiveness of TRPM2 Deficiency in Various Pain
Models

Effectiveness in

Pain models TRPM2-KO mice

Nociceptive pain

Basal mechanical nociceptive sensitivity 20 No

Basal thermal nociceptive sensitivity 2! No

Capsaicin-evoked pain behavior* No

H,0,-evoked pain behavior* No

Formalin-induced chemonociceptive pain No

behavior (1st phase)2V

Post-operative pain model * No
Inflammatory pain

Formalin-induced inflammatory pain be- Yes

havior (2nd phase)?2V

Acetic acid-induced writhing behavior* Yes

Carrageenan-induced inflammatory pain 2V Yes

Monoiodoacetic acid (MIA)-induced os- Yes

teoarthritis model *

Experimental autoimmune encephalomy- Yes

elitis (EAE) model*

I.pl. macrophage- or neutrophil-induced v

pain2) es
Neuropathic pain

Partial sciatic nerve ligation-induced neu- Yes

ropathic pain (Seltzer model) 2

Spinal nerve transection-induced neu- Yes

ropathic pain (Chung model) 2V

Streptozotocin-induced painful diabetic Yes

neuropathy*

Paclitaxel-induced peripheral neuropathy * Yes

No; TRPM2 deficiency had no effect. Yes; TRPM2 deficiency signifi-
cantly attenuated the pain behaviors. #; data is unpublished.

(RS2 E D AR FRE S HH AR AR O e ST /)
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HbDEZEZENS.
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Fig. 1. Roles of TRPM2 in Neuropathic Pain

TRPM2 expressed in peripheral macrophages and spinal microglia contributes to the peripheral and central sensitization, respectively, through the aggravation

of pronociceptive inflammatory responses.

EEZTNWS (Fig. 1).

4. 3I40%41) 7O TRPM2 & iiREEMKRE
PR EMEARICEMI 707 ) 7G5 L T
HZEFE<MENTNVWS 29 TRPM21ZI 7 0%
UZIZHREHL TSI ENHSNTNS Z &M
5,19 K12, 27070 7IZHBT 5 TRPM2 & #
TR EMIE & OBEIC DWW TR 21To /2. BE
MRS 2R IC K 2 R R R E I EM T T LICH
WT, #i Ibal ik Z W 7z KM a2 BEE i & 0
TR AN S Ibal I 7027 ) 7 240 BREL L,
real-time PCR % C TRPM2 mRNA &ZH[E L 7/- &
A, BiitgANI 70/ ) 7 TO TRPM2 mRNA
FEBENGEICHML T, £z, LBk
#i%kd B\ Id L4 BEMRRTIERIC A S N 5 B8
ANI 7O Y7 OIEE L 70707 —H—
TH 5 Iba-1 LN OX-42 THIEHAMIRE, KO p38
MAPK @V > Eg{k) 7%, TRPM2-KO <7 ZI1ZH W
THER 3-14 HRICHFICHHI SN T £z,
TRPM2-KO XU XMW H ML 2EI /707 )Y
WZHBWT, LPS/A >y —T7 x> -y flizk 5
CXCL2 A, —Mfb=FE (NO) pEE, #HEM
NO & hkEE# (INOS) FEARED, WINBHEIC
KFLTWE. 20 2 5DFEENS, TI Oz
) 7 DIEHALIZH TRPM2 235 L, CXCL2 pEAE:,
NO FEAZE 2 U THHR AR ORE L, 720

HHRHREEICEEL TS b0 &EEIEND
(Fig. ).

5. BERMEROFTHEARBICEKITS TRPM2 D
e

INE TOMET, HREEEEREICTT 57
077 —32® TRPM2 Z 4+ L 2 )in% (CXCL2 £
&, HFHEREE) OFHIREIMNTH D, KEHEIC
H <P A BN RSN DTHo 27
D, FEI 707U 7O TRPM2 & D KELF
HBLTW5DO TR RWhEFHIL TWe, 22T,
REAES > )87 (green fluorescent protein; GFP)
NG ZAPzZw 7 EHITEDLEREZWT T A K
U TRPM2-KO ¥ A THBEF XA <7 2 & {E#
L, X707y =Y ROEMIZOZ7 Y 7ZENTN
@ TRPM2 O 5% fat L7z, WT/TRPM2-KO &
BiF AT URXEHNT, SHloiEiicks
HREERERERN L&A, WT BHifiEz
WT LI EL b 2 L 72 TRPM2BM+/Rect
FATITATIE, 1FEFE WT ¥ 2 EFEEE DO
MM 7057 1 Z70NAE U0 LT, TRPM2-
KO HH#fiffifuz WT LS ET Y RICHBAEL
7z TRPM2BM—/Reet £ X 5y 2, WT & il iz
Z TRPM2-KO L 2 E L R AICHBMEL =2
TRPM2BM+/Ree— F X 57 2 TRPM2-KO 4 #fi
fifidz TRPM2-KO L 2 E L b AICKHEL /=
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Fig. 2. Peripheral Nerve Injury-induced Mechanical Allo-
dynia in WT/TRPM2-KO BM Chimeric Mice

In the partial sciatic nerve ligation model of neuropathic pain (Seltzer
model) , the 50% withdrawal threshold to mechanical stimuli was determined
in the ipsilateral (A) and contralateral paws (B) of TRPM2BM+/Rect
TRPM2BM—/Rec+  TRPM2BM+/Rec— and TRPM2BM+/Rect mice. *p<0.05;
**p<0.01; ***p<0.001, compared with TRPM2BM*/Rect mice, #p<0.05;
#p<0.01, compared with Day 0 in each BM chimeric mouse group. n=
§5-7.20

TRPM2BM—/Ree— £ X 57 2, WTNIZBWT
b, WY OF « =7 OFEREIENED 5N
(Fig. 2). ZNHOERIT, 7077y =Y RO
7071 7 WO TRPM2 % ik e <= MLy % 12
FEITHZLEERBTHHDOTHS. W

F7z, LBMRE L 14 HEE & WD HgAYE
WRFHIZ B WT, A5k OB GEALEI N2 D
GFP [51EE Bt SkfiiE, $75b 5 g 2iligniz
MR s, TOREHL R Ibal M~ o>
7= Tholz. LnLENS, fER-RLZ4FED
WT/TRPM2-KO BH#iF A 7 <7 2, WIhich
NWTHEZED N>z (Fig. 3). £/, %4
HHRELEE A HROBHEBEAITHNT,
TRPM2BM+/Rect 2 X 57 Z1THBNTIE, HEi%
A OLEMIT Ibal Bl &AM N L T 7273,
FIREIZ, 28D GFP G E R kM, T7/4bb5
A SR D e R Y B BANITEIE L TV S BT

>

Contralateral sciatic nerve
Iba1 Merged

GFP
.
it .

Ipsilateral sciatic nerve
GFP Merged

Iba1

M2BM+/Rec—

B Contralateral sciatic nerve

Ipsilateral sciatic nerve

B 1ba1~/GFP* cells
[ 1ba1*/GFP* cells
Bl bat*/GFP- cells

Number of cells
/ region
N
o

TRPM2EM 4 = + — + - + =
TRPM2Ree 4+ # = = + + - -

Fig. 3. Infiltration of GFP™ BM-derived Cells around the In-
jured Sciatic Nerve in WT/TRPM2-KO BM Chimeric Mice
(A) GFP* cells and Ibal* cells were visualized by GFP fluorescence
(green) and immunostaining with Ibal antibody (red), respectively, in the
sciatic nerve sections around the ligation site 14 d after partial sciatic nerve li-
gation. Ibal*/GFP* cells were visualized as a yellow signal in merged im-
ages. Representative microphotographs are shown (scale bars=50 um). (B)
The numbers of Ibal~/GFP~ cells, Ibal*/GFP~ cells, and Ibal*/GFP+
cells within the images were counted in the contralateral (left panel) and ip-
silateral (right panel) sections. n=3-5.20

MR I Nz, 2L TORWBATIRES, #f
FREB oy 5 %k 2 e U 7= BOHAI O B HEIC B W TIE, GFP
GHEIRIFEEAETED NN ENG, KR E
HOFER, R HERO R RMEAEENICIRE L
EboEEZSNS. £k, BHNITEEL = GFP
B 1 S 22 Rl e D~ B BA B Tbal Bt~ 7 o7
7= ThO, 14 HEE WS KRTI, Ibal
BE PR 0D K2 50 7% GFP BB o0y% 2, 3 72b
B 07 7= ThHol REHEREFE XK
MEERIC, 7077y =0 T U 2Nk
EDORMHR D HE RN ERNICEE TS 2 &
MEZTNTHB O, 22 RGP RIE, C
MEDRIW2 1T XV k- B HEBIM e L, Bl
NN ML 2 EER 3 % se i R iz L 7= & D
&%2_ 5N T w5, 28,29) #jj—’ TRPM2BM+/Rec+ 3—‘_
AT &L THo 3 fE¥EO WT/TRPM2-
KO BHiF AT T A, WIHIZBWTH, Ibal 5
PEOHEEEI 70 )Y/ RKidsk~rnoT y—2
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DOHfEE K B RENIZTE U 7= GFP [ %09 R
¥ LTz, X512, Ibal Bt GFP [t
fifg, I7abb, BHNIEELLYIOT7 77—
DL, 3 fi¥ED TRPM2-KO FHfi+ A 7~
ZNTRUIZBNWTHEHEEICE DL Tz, Ibal
Witk /GFP [2tEfiife, /bbb, EEEI 7 Or
U7 OfilakicEZiZBo s>k (Fig. 4.2
INSORERIE, LFHREHE 4 HBEWD
PRt bt I g DB E I BT, TRPM2 13586
WIEE I 707U 7 OIEHICIZEEE 5 X TNWR
WY, RIHCROERME, flcxrnTyy—2
DHEMNFEEICEEREREZRZL TSI EER
L TWws (Fig. 5).
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HEeRd L, TOANZAXLEL T, TRPM2
AR R EGIET (1 HEAWN) 124U 2 8550
BT~ 7y—=UnsEEIES CXCL2 241
U7 EolE A ICBE G- L, R PRREIE O FEICE
5952&, £72, HBE3IA%EZEY -0 T 550
BANOEEEI 707 ) 7 OIEHLIZHES L,
HIR R E OB EIC D EEEE 2R TS
EEZ5ND. 51T, TRPM2 I, REYHFEIESE 7
—14 H#212A U 2 Rk %% 2L, Fricxro
77—V OBEHINEMICHREE L, R
DHEFFIZH L THRBRALNDEEIZHS TVWEHOD
EEZOND. KRBEMNS, BIEDE IS TRPM2

Primary afferent  °
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b @
Spinal
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B  cContralateral spinal dorsal horn Ipsilateral spinal dorsal horn
Iba1 GFP Merged Iba1 GFP Merged

T L

= PR
e T e e
T L
c I I —

Contralateral spinal dorsal homn Ipsilateral spinal dorsal horn
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Fig. 4. [Infiltration of GFP* BM-derived Cells into the Spinal
Cord in WT/TRPM2-KO BM Chimeric Mice

(A, B) GFP™ cells and Ibal* cells were visualized by GFP fluorescence
(green) and immunostaining with Ibal antibody (red), respectively, in the
spinal cord sections 14 days after partial sciatic nerve ligation. Ibal*/GFP*
cells were visualized as a yellow signal in merged images. (A) Representative
microphotographs in WT-BM and WT chimeric mice are shown (scale bars
=200 um) . (B) Representative microphotographs in selected regions of con-
tralateral and ipsilateral spinal dorsal horn (defined by the rectangular area
in A) are shown (scale bars=100 um). (C) The numbers of Ibal~/GFP+
cells, Ibal*/GFP~ cells, and Ibal*/GFP+ cells within the selected regions
were counted in the contralateral (left panel) and ipsilateral (right panel)
spinal dorsal horn. n=3-6.20

Injured signal

B [_Astrooytes ]

\ p! vtes
» g \
g ¥ Dysfunction of
Blood-spinal
Astrooytes cord barrier

Spinal dorsal
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Fig. 5. Involvement of TRPM2 in Spinal Infiltration of Peripheral Immune Cells, Including Macrophages
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