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B E B BRE8E T 48 (bone mesenchymal stem cells, BMSC) %1 # fi % % (resiniferatoxin,
RTX) /5 #y 1 257 38 M 2O /N BB O 1B R R LS. Frik: 36 A CSTBL/6 /D RN 34 (&
HI12 7)) 0 BEHIEH (Cul4) : DNEEEIELHER. RIX 44 (RTX4) : BEEIARES
ZFHIRTX WARER . BHE AR THMBHEA (BMSC4A) : FHE AR TAMSGHEE TEME
SRARGHRAMEEHEA LM T4, £ RIXEHNE 1. 5. 10, 15, 20. 25. 30 KA W& &4/ &
HUAHE B Fo o B . AR 30 KA & 3 4N RAATE, WA & B B A p38 MAPK ik
B, R % b BRI AR A /N B 4B B vE AL % BMSC )3 £ 08 0, (R Bt R B /R AR e,
WME 3 /N RAABY AR T M, &R RIX 4/ DNENMEREES 5 KB TH, %10 K
FULBENAMTE RS AL, HEEEREZR (P<0.05); BMSC ANMHEEEH A, BMSC i 4
JE %20 RERABEMEE N (P <0.05). RTX A5 3 8/ 40 je 47104 CD11b X p38 MAPK #) %
AR EETAEA, RTX 4+ /NRR A5 p38 MAPK W e & 3t £ 4. BMSC 7 41 5 /N B 40 i vk
TEWF, p38 MAPK & B &AM, 40 HHA AR THRBHAE RTX AR #ERERELRER
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The analgesic effect of bone mesenchymal stem cells transplantation in resiniferatoxin-induced
neuropathic pain in mice *
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Abstract Objective: To elucidate the analgesic effect of bone mesenchymal stem cells (BMSC) transplantation
on resiniferatoxin (RTX) induced neuropathic pain in mice and their potential mechanism related to microglia acti-
vation. Methods: Thirty-six C57BL/6 mice were randomly divided into 3 groups (12 in each group). Control group:
intraperitoneal injection of vehicle; RTX neuralgia group: establishment of RTX neuralgia model by intraperitoneal
injection of resinferatoxin; Bone marrow mesenchymal stem cell transplantation group (BMSC): 1 10° BMSC was
infused through tail vein 5 days after modeling. Mechanical threshold and thermal latency of mice in each group were
measured at day 1, 5, 10, 15, 20, 25 and 30 after administration. Three groups of mice were sampled 30 days after the
establishment of the model. Changes of p38 MAPK expression were detected by western blot, microglia activation
in spinal dorsal horn and BMSC tracing were detected by immunofluorescence, and plasticity of dendritic spines in
spinal dorsal horn was observed by Golgi staining. Results: The mechanical withdrawal threshold (MWT) of mice in RTX
group began to decline from day 5, since day 10, the difference between RTX and control group was significant (P < 0.05).
Mechanical withdrawal threshold increased in BMSC group, and the difference was significant at day 20 af-
ter BMSC injection (P < 0.05). After RTX treatment, the expression of microglia markers CD11b and p38 MAPK
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in the spinal cord upregulated than those in the control group, and CD11b in RTX group were co-localized with p38

MAPK. After BMSC injection, the activation of microglia was attenuated and p38 MAPK expression was decreased.

Conclusion: Systemic transplantation of BMSC can be directed to the spinal cord dorsal horn in RTX induced neuropathic

pain model, and it can produce analgesic effect by reducing microglial activation and p38 MAPK level in RTX treated mice.

Key words BMSC transplantation; Resiniferatoxin (RTX); Neuropathic pain; Microglia activation
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1. SIS

e FE M C57/BL6 /N 36 L, 6~8 JA#E, i
22~25 g, BN SPF 2, W H T R AA LA G
SIS Ik R OGS B ) A 2 IR R R R A RS 2006
RATHIC T E RS SR ) BAR D ER W,

2. EFAN AR

von Frey 7B H 3 Stoelin A7, C57/BL6
KR H) GFP-BMSC JIJ H Cyagen Biosciences |~ M 2~
#]; DMEM 1k ¥ £% 7% 3. I 4F 1L J5 Fetal Bovine
Serum (FBS). 0.25% fi# & F B, — H B R0 B
Gibco 3 [H /A #]; CDI11b % Ft /N &R Pt 4. MAPK
p38 BT RETUAAR, Alex488 EHif, Cy3 EHiM —
Pl B Abcam 2 7). HRP W 2EPia — Py 5 s

Proteintech 24 ; FD Rapid GolgiStainTM Kit FD
A R R YA 2 H 3£ [ ThermoFisher Scientific
Zvw); Western blot LUK« 4% 54X [ Bio-Rad A ],
PGB E BB H H A Leica A Ao

3. BN () ST S A A

PRI EIAEE, Jel 12 h, R 50%, TRE
YOK A, B3 REHGERL, 1FFE 1A ERENL
R3H, T 12 A OB FIXTEZ (Control 4) -
— RPERE I VST 200l AR T 55 28 B VAR 10%
TFAE 10% I 80; @ RTX 44l (RTX 41) -
I Ji 3 S B 75 3 100 pg/kg, TAART 10% T AS N
10% i 80 ¥y, B AR LIS AR 08 4 pg. VE
St RTX J5 58 5 K44 200 pl PBS; @ &R 7e i 1
R4l (BMSC 41) : RTX &G S K,
B /0N BRI R R U A L R i TR A O T 4
1X10° AN 200 pl 0. FF4L/NRAT NEE S
AT ERGE T - 40 B R AR 75 3 EURR 95 Ay ek ™)
PLR TSRS o /N SR ER AR S8 A 1 ml %I R R
. FHNRAEFARIGE 30 KRG — 402 B,
AT ST bR A .

4. 47 5

MU B (mechanical withdrawl threshold, MWT)
P3RS 1) [4] 52 F 10:00~12:00 347, ML FT 30 min
PN B T HEA IS RIAEE . K von Frey filaments
Wk, fEH 0.07 g~2 g JEH A4k 2250 /N A G 2
JEHEAT MWT JU5E, M 0.07 g £F4E22 1 4G, RN
A G BRI EME MR SIE, FEnE<5s,
/IN R H B A2 B8 A2 4 [ ) BB I D B M R R A
5 YR E AP s AN A 3 IR U 2 T R AR R — 2R ik
LT 2 22 (B VORI TR 2/ (RTRG 15 s. K
HIIL 3 IR DA B BH I R ) B N 44 R B 5 DR /)N BRI
MWT. 4R/ S KR MWT P21, &R S0
5 WM T RTX VRS AT 1 RIMAIELREAE 5 S5 IE,
DU ST RTX VESSS 1. 5. 104 150 204 25, 30 K
DR/ B R SRS WL SR, . Hargreaves #4Ji
i (thermal withdrawal latency, TWL) 5 MWT Iz [f]
K% 1h, /N E T Hargreaves #HGE RS I,
AN EBE RS AT 2, 03 I GE 2 B BN ]
cut-off I [H] B A 20 s 8F /)N BLE A4

W 202055 ERI00.indd 661 j‘:

(T

2020/9/22 14:18:18 ’7



* 662 -

5. GFP-i (A A i T2 s 7. 94

EN T 1X10° BMSC MG AME TR, #RT
T25 ¥5g#tiH, T 37 °C, B4 5%CO, fHiR 77
o B % o A SRR 0 10% a4 135 ) L-DMEM
SEARE TR AT A M R, IRH R IR, 2 K
J& AN BRI L) 90%, NN 0.25% figifE 2 ml JH1k
2~3min, 800 rpm, &E.LF4E 12 cm, &0 5 min,
o 12 LeIFEAR. 4n Btk 225 8 X5 F i v 1L J5
B0y, YU EOR K B 11X 10° BMSCs #E T
200 pl PBS 1, F RTX EHTZE S K, H 1 mlES
R A /N R B T a0, RTX AR 4 5
200 ul 0.1 M PBS.

6. A F 5 G tn

RTX #5284 37 30 K 5, B4/ BT &K
A R IA M PR RIE T, TP EE O fE, LLo.1 M
PBS M A O E R IR 1 LIS A 4% 25 5% FF I v ]
B, BUEEL L-L BRE4, a6 X, 4% ZEH
W S5 1 48 h, 30% FEFEIEBM KUK, BLOCT
EIRT UKV HUE 25 nm LR YT B, #4745
e B EE . EEM SRR WEE 3 AR
BETET A CD11b Aric /N5 4 B 28 K B0E 15 L,
GFP 4+ 5 W 28 BMSC H 81 0l Ry e ta b
% UKEVIAH 0.1 M PBS R¥ZIEVEE A 3% (¢
I AT 0.3% Triton100X [F13 HVR =i E 1 2 h, A
—#$7{ GFP (1:400), CD11b (1:400), p38 MAPK (1:200)
J5 4CHEE IR, WF—PuE A 0.1 M PBS i& ¥
10 min X 3 ¢, Wi IN726 5t TAEM Alex488 (1:600),
Cy3 (1:1000) =i E 2 h, 0.1 M PBS 3% i ¥k
10 min X3 X, 50% HilE q, 28 BRes T,
BRI N 550/565 nm f Cy3 240 5 R oK,
PR KA 488 nm ) Alex488 %t R AL €1,
PRI R IE A BoR T B

7. GBEEN AT I /S BRI B HiE p38 SR IR IA
A

RTX #4148 37 30 K 5, i A RIPA 5 1 4 HY
WHRE 3 AR L-Ly AfaEr, a3 1. B
H /N BB BE 5 ARG, SRS 78 UK A AT S
KBRS, A —WEmkER (bicinchoninic acid,
BCA) & A & 21 S $E U & A 3T &
ZHHL 30 pg 255 M FIE 12% SDS-PAGE b HL ik (H
JE 80 V20 min, 120V 1h) , ZJ5## %] PVDF i
F, 300 mA #4852 ho 5% Bifg4EWhE A 2 h, —BT
ACHFHE®, —PisrHIN GAPDH (1:10 000), p38
MAPK (1:2000) F AR IS AP (HRP) FLHEH) —
PSS 2h, BECL B57 B,
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8. /R

RTX BRI ST 30 R, B4/ BAE S AR
A K IA I BRI (100 mg/kg SR + 50 mg/kg
BRIAMED ) JRRIEE R AbBE/IN RS B I BCR i
HE 3 R HZEEK R RN, EIKERED
YIA AL LB 58 D)% 10 mm g/~ B, # 4 Ramon
Moliner, Glaser Al Van der Loos JIT [ i& f¥) J7 2 J5 B
BT FD Rapid GolgiStainTM Kit (FD R iE /& /K
B8 BRI ST RE, FitHNR
FHEE MAER)Z D =AM 4 TT I e R R
TR 3 TV S R SR %

9. ittt

Hla K. gt K2 &7 ] Excel. SPSS
H1 Graphpad Prism 7.0 Kt 4T; 47 50K 45
FAIEL + ARAER (X 2SEM) TR ST & HAT N
97 0 FH B0 % 98 0 P PR A PR B0, B 2 B 308 2K E AR EE
BOR A LR 21 R 7 22 79 M (One-way Repeated
measurement ANOVA) F 5 [F] — s 8] 553 4720 18] B
B, P<0.05 RonZERA SR L.

& R

1. GFP-BMSC Hk5 34k

BE IR A Ab 1 5 8 AR i R) 70 5T T 4 A SR A
80%, 1X10° %%, EREGZEME T, R
AR T 4E SR 4, GFP FRic -5 58 8] 78 55 48
JHLZE 5 S e T L 488 nm YG I, 4 G R TS T,
M e R, pEgtE (K I1A) . BEES S
A EE 100% JCA f5, N T8] )5 410 i 5 A 75
W, WARET 7 KRG, ANA/MERHIL, 2
13 RJG Ma A A LG, A0 il KA AR
RNIFAER LD, WL O Yot B KEIRRITTE
(WEB) o BE 7S GEEZ) 70% -5 )G
IONTE BT 20 B 75 S, 5385 9% 15 R,
JO N TR RIORL, 4R A ARV REA G, AR AT LA
JRUTEN, 2 £35S rp O B0 200 S8 0T i A 2 22 4T i 45
M, BT R, & RA G R agT (I
10) .

2. /NBRAT R T

G 5 H/NR, RTX 4 MWT 7255 5 KT
WHRRE B0 RSBEFMBHEREEZES P <
0.05), HFF2:%E RTX 44245)5 30 K. MU & JE
MM HE 7R RTX 75 S AR A g ST il o (AL
2A) . BMSC 41 T RTX ¥ 4 J5 %5 10 K MWT
FUE T+, F 25 K EI BMSC i 8 5 20 R 5
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B 1 (A B) SB[ 7850 T 4 AR T 3 K AE N
7 £ , LA 4c. %] .
488 om WOL WK F R4 @0 GFP ARids (€, D) o2 N (P<005, JLE4C. 4D A 5) 5 Westem
100 5 % 200 fi5 7 K WL %2 BMSC [ i % % 4 blot &5 & RTX 41/ Ui MAPK p38 MAPK 4k
LHE 1 (B, F) M5 BMSC (1% &% S 40 1L fg M#RiAEE FiE, 1 BMSC #4841 p38 MAPK ik
. fi"‘]’;gg“m o BEIE LI 4B AT 4C) MR 2 CD1Ib
ig. s aracterization of the morphological o - I P
SC were observed under the microscope; (C, D) The 5 1)38 MAPK X}jk ST E RTX # p38 MAPK H
adipogenic differentiation abilities of BMSC; (E, F) /0N B 5 A A v B 3R e 4, H RTX 2H p38 MAPK
The osteogenic differentiation abilities of BMSC. 5 CD11b XYL FH M 20 g 5 % B 40 AH b 3 %2, T e
Scale bar = 50 um BMSC ZHEME (L& 5) .
A ) ) B )
Mechanical allodynia Thermal hyperalgesia
—e—i Ctrl +—®4RTX +—A— BMSC 15 —e—i Ctrl +—®4RTX
5 % 104
= =
2 g
s ~
5_
0 T T T T T T T 0 T T T T T T
5 10 15 20 25 30 5 10 15 20 25 30
Time post-RTX injection (day) Time post-RTX injection (day)
B2 JEEESZEYE 0. 1. 5. 104 154 204 25, 30 KREH/NR MWT (IHLEL (72= 5, X £SEM)
(A) =4/ RAUIR R LR (B) Crl 405 RTX AR LLEL *P < 0.05, 5 Curl ZHAHLE: "P<0.05, 5 RTX 4
MWT {iAf EE
Fig. 2 Comparison of MWT at day 0, 1, 5, 10, 15, 20, 25 and 30 after the intraperitoneal injection of Ctrl, RTX and BMSC

treatment (72 =5, X =SEM)

(A) Comparison WMT of three groups of mice; (B) Comparison TWL of Ctrl and RTX group. *P < 0.05, compared with

Ctrl group; P < 0.05, compared with group RTX.
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RTX HZE A B EMIFRrE 25 30 K (P <0.05,
LB 2B) o X HEZH /N B RTX B AY 20 /) Bl TWL
TRENEES.

3. PG WA IS BE 1) 70 T A0 B A A o

7E RTX HERLES 30 K, GFP Hiiket ) BMSC
FERA/NRIEBCE S E S PN, ke Bis
Wi, DAPI Q43 7 Bon st BAMMit%, HExER56
YR T REE VR E, U] BMSC & [ 15
HENFFHEM (WE 3 .

4. %) RTX {45 30 K J5 BUM /N BRUIE B BE kAT
WIG

ERMGEME T, R4 AR L4 CD11b
BRI, DRI R, RTX A%
HEZH CD11b PR3 (P <0.05, LK 4A F1E
5, MOARAEOR HAR Mg, 2PPKEREES,
BMSC i3J7 41 CD11b FHPERIE R RTX 4152 b,

(P<0.01, WK 4D FIE 5) 5 G Epdsikaai 3 41

/INEUH B p38 MAPK 2 1 %1k, RTX 41 p38 MAPK
A RIEWEE L E, BMSC i 4 41 p38 MAPK

S

(T

2020/9/22 14:18:19 ’7



. 664 - o [ R R 2 A

m - mnssll

Chinese Journal of Pain Medicine 2020, 26 (9)

B3 LS BMSC 5 25 K, BMSC 25 i) 78 i T4 AE Lo-Ls 5 HETF A AU SR L
HREY A GFP ARICHI B B8 7T B4R A 4% (0%, DAPL o difiiz i ts, MM (s,
Ctrl M1 RTX A 9BIME G (S5 0RER)  FRR =50 um
Fig. 3 Localization of GFP-BMSC by immunofiuorescence on the surface of the L,-L; level spinal cord at day 25 after BMSC injection
BMSC labeled with GFP in the spinal dorsal horn showed green fluorescence, DAPI showed nuclear staining, showing blue flu-
orescence. Ctrl and RTX were negative staining (the results were not shown).  Scale bar = 50 pm
A
i
B C D
8 i T * r # 1 100 i T * r i 1
T>'> = 80
Ctrl RTX BMSC 2L 6 I @ T
= T
MAPK p38 e — - < 8 60+
-— —— g ol =
v - -~ 23 % ,
oror | S S - & II
4
Ctrl RTX BMSC Ctrl RTX BMSC
B4 (A) =4/ L-L B85 /NR R FR G CD1b RIER L GRCREECN X200 f%) 3 (B) Western Blot
Far il %25 p38 MAPK &5 417 [8; (C) R BN b & 20 S gie 98 e g 8 CD11b FHPEAH I ZE S (72 = 3, X £SEM),
*P <0.05, 5 Ctrl ML "P<0.05, 5 RTX 4L4HEL; (D) %40 Western blot p38 MAPK & A4 IKE 2 57 (72 = 3),
*P<0.05, “P<0.01, 5 RTX 4Lk
Fig. 4 (A) The immunofluorescence of activated microglia in the spinal dorsal horn of three groups of mice. The red CD11b la-

beled the activated microglial; (B) MAPK p38 protein band image of each group detected by Western Blot; (C) Positive
cells of CDI11b in spinal dorsal horn of different group of mice (72 = 3, X =SEM). *P < 0.05, compared with Ctrl
group; "P < 0.05, compared with group RTX; (D) p38 protein relative content of each group (72 = 3). *P < 0.05, “P < 0.01,

compared with group RTX.
TR SAG e ey R - P = Ky A\
5. i RS B 1 R A S C L SR AL R W

R A2

RTX ZH A 58 | Sk B8 K 290K 0785 245 FE S R AR 58 P IgFE & (resiniferatoxin) AFAR R Y H

PR (WE 6) o FEREE G LM B
RS PREVIM LT, i/ RCE Y s
TORE IR F B 5 T AR RO B R, SRR AR L
RTX 27 o BB Sk %5 FE 3G 0 (P < 0.05), BMSC
2 % 7k FE AS W SRR P 4 RTX A BRAIK (P < 0.05)
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1 1

CD11b/p38
co-localization cells

(&)}
1

o

BMSC

Ctrl RTX

BS5 =HNE/NRIFAMRARCY CD11b 5 p38 MAPK %4 ML R A 1L
L X B M p38 MAPK FHPERIE, SR (XN AN CD11b [HPEZRIE, Merge MRl & G 45 R,
TR p38 SN AR IL s 5 Sk K ITHE N PR 5 0 X O SERIE TR AL (BORAE Y X 20 £5) 5 HRRIEXS T
K4 CDI11b 5 p38 I MM £ T (72 =3, X £SEM).  *P <0.05, 5 RTX 4Lk

Fig. 5 Immunofiuorescence image of microglial marker CD11b and p38 MAPK double stanning in spinal dorsal horn of three groups

Double-staining for p38 MAPK (red) and CD11b (green) reveals a yellow co-localization (arrows); Positive cells of
CD11b co-localization with p38 MAPK in spinal dorsal horn of different group of mice (7z = 3, X =SEM). *P < 0.05,

compared with group RTX.

W, K2R N B R A W, AV
BOR . AW TR A R 2 0 N A0 JE R 2 I H 2E AR
P, BB HE AR 5 RTX 7 S A0 B AR 22 1
AP B R BUARALL ), 3 B i M UB G i R e th e
NMEIE A RIS JE M TR IR R KB [RIvk, ANHT
FUIEFE RTX BN RAE NSO SR, BR AT 3
PEZCIRIRES T /N A s SR B R &R A
WFFCREL, RTX AbF/IN R B 2 U o i
PG, ARMUBOR B AT 4EF 2 55 30 K, {HiFEH RTX
Jo AR S R L 22 R RS, R R
2 J5F 240 PR % 1 P S R R, T B 0N R R 4 B PR S
RTX % SHINUBIRBCE VIS, 5 Lei 25 HF 7T
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SRS, /0N 2 Joi 200 e e e S 3R B Ak R A R A,
PE — AR B IR A 5 1 38 1% DA % 98 0 DR - O RE TR
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Mushroom spine density
(spines per 10 um dendrite)

o

Ctrl RTX

54! - i Ctrl ‘i RTX e:q&

e R Gt 8 7 /N B BB T A 4 2 0 SO SRR SR AR AL

(A) BT MRE T EMETOEA: B) SFAHNRMEZE TR ER R B RIBTES
(C) B 2HBE 78 T2 250 RV 208 2 (n 3, X £SEM)

*P<0.05, SAHAAML: P<0.05, 5 BMSC 4L

Golgi-stained coronal sections of spinal cord tissue

(A) Representative image of the dorsal horn with a wide-dynamic range (WDR) neuron located in laminae II; (B) Dendritic
spines appear on neuronal dendrites and vary in density and morphology. RTX increased mushroom spine density and BMSC
treatment decreased mushroom spine density in mice; (C) Mushroom spine density of each group (72 =3, X £.SEM)

RTX 2H % % JE 25 B 9 B84

Fig. 6
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*P < (.05, compared with group Ctrl; “P < 0.05, compared with group BMSC.

R AR B PRI AE FHA PR, 1 X 45 45 1) o 22 4
EEEER, HEE —ERERmadEE ™, |
%E%%Eﬁﬁmmﬁ,ﬁ%¢&ﬁ%m%ﬁ%,

BE A 1455 (1w 2 s ok 320 L

YU IR T 2 A SR F 1 20995 B T 1
T, BRAEMT T AR 5 40 i 3E i oAk A A% AL
[, BT AP R DhRe s 2ME EAEH,
H BT BT 78 5 ey T 140 i i 5% 43 e ML i O
PR R A BE IR RE T, FLREA 1 G 2 4t S 1
RE AT AE M1 28 2 i Joit 48 A 1] M2 7t 28 Jise Joit 48
PR f Ak U, AT ) 0 S N % SRR - T
IB) 78 5 T4l AR A Ao 2 T4, HEA AR
BB 2 M RE IR . RANSRIGUE I, HBE
(B 78 3 T4 5 /MR R A LR 7%, AT LA TNF-o
I (/N R AT R A e (B U A i ey 7 i
FUIEE T SR AR AR R ) A B T 4 A, i
BMSC H 7 #4278 37 K+ BDNF F=AE a2 51k
U T A HE 7T 0 2 S 4 B 1 7 30 BMSC
TERPZIR BV IS EHUHIEEAT T 997

F T 2 9 R AR B TR A1 R A0 2 R R OK P T
ZATAE, AT R R EE ik # s, &
B TR S AL I A L B RSB B, %% BMISC
4 B 0N . AR 4 13 0 56 R A O STk, ik B
1X10° 1E /N R4 B vE S 4 & R R B, R

JikiEST BMSC 528 10 RGN MWT U6 5,
H5 RTX A Lb BB E M Z 5, HZE BMSC S
JG 55 20 K, BMSC 4/ B B Tt i -5 0] FEZE A B
A HABEER, YW BMSC 1ET R 2 KA RRALAT,
TEAMNEA KRR R ST e . BEA @ 2 5 bk
T S U 5% 38 O A0 R T 40 A VB ) A R A
%, HHEEVIINA, Gid 2 & IkE S T4k
SRl FHRERZ) 2 A e E RS B AL,
HiE B E i faninsice o U, A7t i g2
F|, BMSC £ J& &t fiki¥ 41 J5 20 K, BMSC X} RTX
Ab BN AR B R BUR B E T, SRR & R FR kE
%, BMSC mliE# & 8fmah, Hnlm i 8 55 6 56
B AR, W CE T R I 2 B 9K
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