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PGC-la S-S ERLAR AW R AN oy T Jra AF K
BEBRIR RS *

NEFR K A BB IHET ITE I AL
GRS —ERR2E M 8 A SLER A, 57 250021)

 E B Hit A A 5 50E % Ry 2 H7E BT -1a (peroxisome proliferator-activated
receptor-y coactivator-la, PGC-1a) =& R EME A X EFERELEREOEH. Hik: F—Ho
Ly RAEMEME SD ARIREMA S T RIESK 24, BF AR (Sham 4 ) 5 HE 4 (bone cancer
pain, BCP 41 ) , &4 10 A, % —#p L KRIZEMENIFKE2 K 3 4, Sham + vehicle 4. BCP +
vehicle 1. BCP + ZLN (ZLN005, PGC-la ¥7&E A4 ) , #4125 2. # MRMT-1 X & 3L B8 20 fo 0%
N7 & F B JE 250 BCP K BBEAR!, Sham 41 A BT 4 S A48 Hank's T8 Bk, % —#» S£%+, BCP+
ZLN %1 K B8 N IE 4 ZLN005 ( 22k #.5] & 100 ug/30 ul) , Sham + vehicle %1 5 BCP + vehicle %1 4t
FRA B . Western blot I T 24 X B # % #* PGC-la. Nrfl o Tfam & H &35 €. qPCR Al T 247
mtDNA x4 3 T4, %95 5% 6 FUAR et 0 A PGC-lo B9 077 5 4l 4. G550 SE0IJE 4 f M if 5
BCP A BB J& IV AR R o 8. ZLNOO0S %4 1 v 41 =T 8 4% BCP A BRI Ja ICH AR e 5 L 4.
7£ BCP A B.Hy & % W2 5| PGC-la. Nrfl. Tfam #2 mtDNA A8 53 WK T T4, 8 Wi 4 ZLN0OS /&,
HmmLNm\ﬁmﬁmmmAﬁﬁ%ﬂﬁ%ﬁ?%%amanEWM%ﬁ@%ﬁ%ﬁ%ﬁﬁﬁ
PGC-lo #7K HiEE A BCP K RRMUAH B I T B, PGC-la FE 544 03k 24, s B
&ﬁ%é%ﬁi%ﬁ%ﬁﬁ?%%%#ﬁ%@%%ﬁiiﬁoHIAa&%%%&ﬂ%é%kéﬁﬁﬁ
TR AR EARE.
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The effect of PGC-10 mediates mitochondrial biogenesis on bone cancer pain and concurrent
mirror-image pain *

LIU Jia-lin, ZHANG Yu, DUAN Ke-yang, WANG Jing-xuan, WANG Xue-ying, SUN Tao *

(Department of Pain Medicine, Shandong Provincial Hospital Affiliated to Shandong First Medical University,
Jinan 250021, China)

Abstract Objective: To investigate the effects and mechanisms of peroxisome proliferator-activated receptor-y
coactivator-1a (PGC-1a) regulated mitochondrial biogenesis on bone cancer pain and concurrent mirror-image
pain. Methods: In the first part of the experiment, adult female SD rats were randomly divided into 2 groups
using a table of random numbers, Sham group and BCP (bone cancer pain) group, with 10 rats in each group. In
the second part of the experiment, the rats were randomly divided into 3 groups using a table of random numbers,
Sham + vehicle group, BCP + vehicle group, BCP + ZLN (ZLNO00S5, PGC-1a activator) group, with 25 rats in
each group. MRMT-1 breast cancer cells were injected into the medullary cavity of the left tibia to establish
BCP rat model, and Sham group rats were injected with equal volume of Hank's balanced salt solution. In the
second part of the experiment, rats in the ZLN group were injected intrathecally with ZLN005 (100 pg/30 pl),

and the Sham group and vehicle group rats were injected with an equal volume of vehicle. The levels of PGC-1a,
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Nrfl, and Tfam in the spinal cord of the rats were analysed by western blot. The mtDNA copy number

expression was analysed by qPCR. The localization of PGC-1a was analysed by immunofluorescence. Results:

Mechanical hyperalgesia was induced in the bilateral hind paws of rats by intra-bone marrow injection of cancer

cells. Intrathecal injection of ZLNOOS attenuated mechanical hyperalgesia of BCP rats. In the spinal cord of

BCP rats, a decreased in levels of PGC-1a, Nrfl, Tfam and relative mtDNA copy number were observed. The

expression of PGC-1a, Nrfl, Tfam and relative mtDNA copy number was elevated after administration with
ZINO005. The distribution of PGC-1a in the spinal dorsal horn was demonstrated on both sides. The fluorescence

intensity of PGC-1a was declined in BCP rats. PGC-10 was mainly located in neurons. Conclusion: In the spinal

cord, damage to mitochondrial biogenesis facilitated the development of bone cancer pain concomitant

with mirror-image pain. PGC-1a activation can alleviate bone cancer pain and concurrent mirror-image pain by

promoting mitochondrial biogenesis.

Keywords bone cancer pain; mirror-image pain; mitochondrial quality control; mitochondrial biogenesis; PGC-1a

YE N B LRI N2 —, ‘B (bone
cancer pain, BCP) & — Fft i & i e Jed B Jirb J8g i %%
ol R RS, TTRIUNFREE . Rk
BCE R TEIR,  HER 0 M S 48 0 HELAE P
HIFFAE. 52 2% PR () kAR R R ML 5 B0 e
OB EIRZ RN, GRS AL A il
98 B A T e N )i 98 I AR PR T Mg AR
T 2 AT SRR L U3 A7 () e e 3k el B
] 25 23452 45 51 R UM % 8 1 B R AR R B2 480 (mir-
ror-image pain, MIP) ™. 8315 [ 47 16 To e R K1 n
TRIER N B . SR BURYT . SRR TR
PERBARRIIALE], X — 0 T IR R I A
BRI 22 R R B SR o8 A IR S5 1 R AR B

B

AR oR, S kLA Tl Be B A 7E 1 R AR
FH3Z W 8 K B. e R AR A2 W) K A (mitochondrial
biogenesis, MB) J2& /= A= 1 ¥ Tl e P 26 ki 4 1) i 7%,
B SN SR A I BB R SRR T D) e 1 E 2
WLl BORLAARA ) R AR B B B . OO
WEFTIESE, MOTS-c RE 8% il ik Pk & 28 b A A= 4k A
Z% AR BCP /N B i 1o B ™ 3o S Ak W A 38
W S AR -y JL S R T -1a. (peroxisome prolifera-
tor-activated receptor-y coactivator-1a, PGC-1a) 522k
R A R A B BT R 7, 24 PGC-1a T
W2 FEERE R E K. R H MRMT-1 FLIRE
MR ) BCP AR SRR PGC-1a RIS
LT N, TGS PGC-1o 3@ ] GABA #grh Al 4
ZIMET AR B R M Y 28 FFTIR, PGC-la
I T ZRLAR AW e AR 1) 240 RT Re 2 B R K AR K
J PV TENLH 2 — o (H 2 508 3898 1 304 SL 30k 51
A BT B AR A, TN T B R AR KRR
IR T G IR UL S AL F 9 S 755
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AR P (A 52 KRB s R B Y 1) 7 1 2 R
Walker 256 5 MRMT-1 K i, 7L AR 40 B sk 4715 BiE s
WEST IR R . P H, A imEE
FI Walker 256 LR £ i # 2 1) Ja R A 7 KRR 2 1
REVEGR A T, BRI MRMT-1 FLR5E 41
) 2 (1) R B i o R 28 2 A 2 P R BRSO
Har Ao iiE % b . H H a4 55+ PGC-1a /¢
SRR AW R A TE R B R AR R B BRI S
5T AT LA VI &, FIF MRMT-1 3L
I A0 g S D K B s T AR 2R DA W 5 e e 1 K
BRI G, Hih, EEBAENTTR, PGC-la /i
SRR R A X — IRV R 2 e T TG,
TR TE A AT IOUE AR S0l % 0 BN 4, KT
5 S AR F ORI = KGR R s A
Bo DRI, AHEFE E SR R F B L& T
PGC-la /15 IR A 1 e A o T8 i i 1 R
BIRIL R s 5 HLE], DU A R BB R
ML T R AT R

I~

1. MRMT-1 4l 35 77

MRMT-1 K RFMELIIE GE R AR,
FRIET MDD £E55 10% FBS (Gibco, ZEER KRB,
EE) M 1% Hi4 &K (Gibeo) B RPMI-1640 1 57 3
(Gibeo) 157, F 5% CO,, 37 CHiFFM %,
FH0.25% B 1 (Gibeo) Y8 1k i B 0o AT £ 40 it
S8 5 B BT Hank's “F 1 2h¥A W (Solarbio, HE L E)
W, TSRS KRGS TR

2. SEIR B

%A MEYE Sprague-Dawley (SD) KFR, 6~8 J
W%, 1A 180~200 g, MWH VTN EF AR
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AT [ WATES: SCXK (4) 20190003]. A s
56K SRS AT ORI, PREEIR BRI 25+
1°C, BN 12 /N, B K B S Rl gz o6 15
VERTE NVETE R 1 B ah e 5 A S I /R R
¥ s AR 28 — BR R R 2 Bt 44 SR B S5 3 )
SR ot (RS No.2022-075) .

3. S

B s BB AL R S K
RBEHLA % 2 4 (4 10 B, BT AR (Sham
41) HEER4 (BCP4l) . FHAm 3~5 HHT
RETFIAJE 1. 4. 7. 104 14, 21 K 50% HLIHIEL
45 & [ 5 BIME (mechanical withdrawal threshold, 50%
MWT) il g, 55 21 K& g — RAT N2 45 1
JEHEAT DIEER . IR B S BEA LB TR,
T Western blot. #Ki& VI Rl g« G e ge s Jo i
HA Y] 5 HE sl

ot ) S S G IR e SPR M N
FEMLo> R 3 20 (Bi4H 25 ), Sham + vehicle 4.«
BCP + vehicle 1. BCP + ZLN 4. &4BEHL5 I
6~8 LKA TMEARFMMARSE 1. 4. 7. 10, 14
RUAMEEZ )G 1. 44 7+ 10 /N 50% MWT 384k .
HAMH T FAEMFRRM KRS LG 1 /R
ITONRER SRR F AR, 4~5 HHT Western
blot 5246, 4 KT 5 DNA #1325 qPCR 5256, 4
RATH &K 5 e 5 gt S5

4. R A

T8 I MRMT-1 48 522 Fh 21 0K 576 I8 i i B
Ji i ST BCP B2 . FH 2% Bl T (10 ml/kg, A&
WS RRERER, IR ERIFHETE. FH S mliE
SEERET SR E R R RH-F & BesFL, F 25 pl flcE
HERE 22K 10 pl & A 3X10° A MRMT-1 41 fito 1 &
WS H N BCP KR E i o Rl . i b 2%
1501 4Bl a A RVER Y 2R 5 05, R F R K %5
WA RGO, B sLid, BCP4
KEES MRMT-1 #£ 40, Sham 1K R 3 51 &5k
FHI) Hank's “P787 Eh VAW . 28 3B s23sH, BCP +
vehicle 41 Al BCP + ZLN 4 K §F 5 MRMT-1 & 41
4, Sham + vheicle ZH K By 5 55 AR F1 1) Hank's ~F
i SRR

5. LB B

{fH von Frey £F4E22 (Stoelting, ZE[E) F1 up-
and-down YA %E K 5 50% MWT, PAYEAL AU -
H R BN A1 42 J8 I JEC 1) o 2502 B SR A v, 3 Y
4530 k. A 04, 0.6 1. 2. 4. 6. 8F115g
[ von Frey £F 4k 22 FECOR RN ZE A G R A2 g F

* 655 -

BRI, RO R T e 2225 i 6~8 5o 240
SRR PR AR . TR AL BRER B 3% N
BF, P AL B RO, AR S B AE AT N 15
(T diss . 2400 823 B S SEIRE, DU AsE PR AR AT 1) K
| S edeez., BRI 3 28, MHIEE 1
WCHT G N AS— B ARG, PSR & 4 5 45
k. AR 50% MWT = 10 ¥, Xf: &5
1 /> von Frey £F 4 22 5O 50 5, e M1/ B 12 B
RN, 8 =0.244.

6. WNIES 4 2

4 PGC-1a 7 M 1 sk 05 771 ZLNOOS (Sellec-
kchem, 3 [H 4K H 20 ¥ T & 10% DMSO. 40%
PEG300 il 5% Tween-80 [ ¢ B 4= 2 #h /K . 7E
BCP & Y A J5 55 14 R AT B W 1E S 8 1E. 2% BT
YT Q10 mlkg, FEMEES RREERR S, K25 W i
Tl B PR BSR4 ON L A L HME AT B, 24 00 %2 3] K AR
HE IR PR PR R IS U B 2R R D, RN 2
W3 5 31 K SRk 9B R . BCP + ZLN 41K 54
W ¥ 5 ZLN005 (PGC-lo 3% 7, B Ik B 55 &
100 pg/30 ul) , Sham + vehicle 215 BCP + vehicle
ZH K R S SRR 7

7. 5443 HE Y0504t

F 2% Bl f 9T (10 ml/kg, JE RS VES) BRIFE K
B, 50 ml S 88 76 70 O S 3T o B AR 3 AR K
FEVE, FRATIEAR AJGREEAHRE. L ERE, B
T 4% PFA H T 4°CUKF A [ e it . 22 10% &=
VY R B A I, B 2B K i L T AR A et
FEHAAMED) ALY K S um (7 F . B AL D)
R HRBARRE- PGt a7 Biss (AR
B BX60, HA) f#EIL.

8. B % EIic /3 A (Western blot)

FH 2% BT 89T (10 ml/kg, JE RS BREE K
B, S0 LRAEREIKG, Mo S
KB EHE. A REHLTETA M PBS ¥ HiG bk,
FEAE 2 S B0 1 771 PMSF [ RIPA VAW H 20 3%
£ 4°C R LA 12,000 rpm 5500 25 S e, UEE IS
F BCA £ 2 85 A B . J8 i SDS 5 TR 445 It Ji
BBk B A AR R EFEE AR, K5
FHEF S PVDF B . 7650 T 5% IR
Wt bA 1.5 /MBS, R A —HifE 4 CUKFER IR S,
PEIK 7% : Rabbit anti-PGC-1a (1:1000, A20995,
ZZEs, HERI) , Rabbit anti-Nrfl (1:1000,
A5547, #Z1HZE55) , Rabbit anti-Tfam (1:1000,
A13552, Z1#ZE75) , Rabbit anti-B-actin (1:3000,
20536-1-AP, Proteintech, E[EZJNaF) . A TBST
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Ve 3 I fa, HUT ZH T =i a1/
HRP-labeled Goat Anti-Rabbit IgG (H + L) (1:1000,
A0208, FEHxK, W B . &5, A ECL
B RS 250 (Amersham Imager 600, 3%
B GE AR X8 E 2 d AT A4 .

9. SR 7 6 2 # PCR (qPCR)

ff 2R 20 DNA $2BURFI & (B R MWE
i KB BELH 2 4y B L K 415 DNA. T #1E 14
P R A P AR S U AT . SYBR® Green
Premix Pro Taq HS qPCR iRl & (AG11701, LR}
AW, FEWIEE) #HT QPCR, 1F LightCycler 480 11
(Roche, Hiit:) L@kfT. R R AT E &5
MR 272 9. KB mt-ND1 % [K £ ik 55 B-actin
P EGAE A — 10 F PATH 5 mtDNA AH X5 T3

qPCR SI¥F 5000 7F

B-actin-forward, 5'-CTCTGTGTGGATTGGTGG-
CT-3'; B-actin-reverse, 5'-GGGTGTAAAACGCAGCT-
CAG-3"; mt-ND1-forward, 5'-TTGCCCAAACCATCT-
CTTACG-3"; mt-ND1-reverse, 5'-GGTGTACTCGGCT-
ATG-AAGAA-3',

10. G R FERAR Gt BT

FH 2% BT 7T (10 ml/kg, BEEVFES) FREEA R,
GREODEREELHEEEBKGHEE 4% AZEH
B, RIVERXEHMALEET 4% 2 RPBEdR T
A CUKFE I e T . 43 JREBE R P i /K F0 OCT b &
A, FUKED R VOB BEZL 2D R 20 pm 1
W VKIRARY) AT iz imtr. VIR&
37°CHIJETE 95 Chr R A2 15 5 30
3k, AR G 0.1% TritonX-100 38 3% 30 4r . H
10% YIS TE 37°C FE M 1 /e AR5 LR —4t
1E ACUKF I B : Rabbit anti-PGC-1a (1:150,
NBP1-04676, Novus Biologicals, 3% [H % #1 £
M) . Mice anti-NeuN (1:200, AG5317, #ExK) .
M PBST & ¥ v 3 kG, FHULTF Zhife =i Nk
JEWEE 1.5 /hif: Alexa Fluor 488 Ui 4t 1gG T
(1:400, ab150077, Abcam, #%[H &) 1 Alexa
Fluor 555 J'Hi/Nil IgG — 47T (1:400, A0460, 37
R o Yl H DAPLEDCE LA fut%, K5 H ik
FERE R RE . &5, FHREEME (A
BT BX60) RAEHEKE .

11. Geil2253 0

Bt A BOHE AE 2 b 10 2847 1E &S PEAS 36 (Shapiro-
Wilk test). P§4LIR] LLRCR FMSIFEAR k50, 24
[) e R FH B R 35 7 22 93 i (ANOVA) H#E47 LLAR,
6 7 22 55 M B B0 347 Tukey )5 24T, ASFF

——
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A 25U B 3547 Dunnett 55 08T, AR A
IEZS A0 B R R AR S B 5 . Bl 45 R 33
CLIE + brifEiR (X £SEM) R7~, FH GraphPad
Prism 10.1.2 /% SPSS 26.0 #1770 #r. P <0.05 i\~
=R BB GRS

& R

1. 50 e 41 a2 0 51 & BCP K BB i JIUAS
[ PR PRI MLk s i ot

TEREAT BT AREAEAT, 20K BRI LR
] 72 7 G2 . 5 Sham 41K R AHLL, BCP
A BRI U 50% MWT WA JE %8 1 RIFUGH
WFFE, BF4REEREHEE (P<005 W
Bl 1A) 5 50% MWT [ T i Fifi B 7] 4 £% i 3t 4
H, —HFLE 21K (WK 1A) . BCP 4l K
S S5 TR 50% MWT T 55 7 K HUBL&E 2 K i,
Mo EAE N, HREERERE (LE1B) « HEH T
Hank's 2% ¥ 1¥) Sham 28 K B89 [0 55 55 ) i TG i)
50% MWT AW %2 2 8 2 A, 40 HE 4
S5 EIR, BCP ALK RIS H HLUE /INEIE LV b,
1M Sham ZH K §RB A 4UE /NR S A e (I
K 1c, 1D) .

2. S g8 40 L HE R 5] i BCP KBRS 6 8
LR AW R A A 5

Western blot 25 3 2 7x, 5 Sham 414 Lk, BCP
0 R BRI 0 i 2H 23 rp e R A AR ) R A A DR TR T
PGC-lo. Nrfl. Tfam HEL T 83 T (LK 24D ,
ELTE S 5 i 2 20 e o o o 7288 ) 5 R e ol AN T
(WE2B) « g R EoR, RSN
fiEih PGC-la 73 i THEEE M (WEI3A,3B) « 5
Sham ZHAHEL, RIS X688+ 1) PGC-1a 15
SEFEYHIBURES (ILE 3C, 3D) .

3. PGC-la FIBEIE 22 f# BCP K SRS AL AR 1
i

TEHEAT 250 88 S T TET,  AHXS T Sham +
vehicle 41, BCP + vehicle 41 5 BCP + ZLN 41 [&] fil]
L5560 5 T HS B0 4 25 WLk 1 o o ok i C AL T 4,
4B) ; Jf H., BCP + vehicle 41 5 BCP + ZLN 4141
(A UARR BRI 22 S o giit 2 e AR T4 4T
TG 1 /B, ZLNO00S fe 8 7E — & F2 & b 22 i [R] n]
RO o 8, 9 HL R 50% MWT b F+ik & K {E
(P <0.01); fE4AZT TG 4 /M, BCP+ ZLN KR
f) 50% MWT 4% [FH % T BCP + vehicle 41 (P < 0.05),
VLGB RE NS4 3 /N A4 (L 4C) . ZLN005

S

2024/9/13 21:23:21 ’7



| T T

——

A i 2= % 2% & Chinese Journal of Pain Medicine 2024, 30 (9) . 657 o
A Ipsilateral B Contralateral
20- —O0— Sham +~=— BCP 20- —O— Sham +=a— BCP
15 154
C) )
= S
S 104 S 104
N 2 o
o * o
© ©
ko * «
5+ * 5-
sk
sofolok ok
C
B 1 iR 5] &k BCP R BOWIN JE NI HUBR R SE i 8 (72 = 4, X =SEM)
(A) Sham 205 BCP H KB AR MA)G 1. 4. 7. 10, 14 F121 KM 5K 50% MWT 254k; (B) Sham 415 BCP
HARBAHTAARST 1. 41 7. 10 14 A1 21 TG T 50% MWT 2846; *P < 0.05, **P < 0.01, ***P <0.001,
HiEEP < 0.0001, 5 Sham 4AREL: (C) Sham 4K BUZE R 4 40) v HE 44 fh; (D) BCP 4K R e IR & 42300 Fr
HE 4efty, #ikRong NRSMZES M. )R =200 pm (X 100)
Fig. 1 Cancer cell inoculation induced mechanical hyperalgesia in the bilateral hind paws of BCP rats (72 = 4, X =SEM)

(A) Changes in 50% MWT in the ipsilateral hind paws of rats in the sham group and BCP group preoperatively and on days
Ist, 4th, 7th, 10th, 14th, and 21th postoperatively; (B) Changes in 50% MWT in the contralateral hind paws of rats in
the sham group and BCP group preoperatively and on days 1st, 4th, 7th, 10th, 14th, and 21th postoperatively. *P < 0.05,
*¥*P < 0.01, ***P < 0.001, ****P < 0.0001, compared with Sham group; (C) HE staining of left tibial tissue sections of
rats in Sham group; (D) HE staining of left tibial tissue sections of rats in BCP group. The arrows indicate disruption of
structural continuity of trabecular structure. Scale bar =200 pum (X 100)
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X F AU A R o i o — e R R, H
LR R HAr st (a S (LK 4D) .

4. PGC-la i J5 5 4K R Rk ik A4 kA N
THIFIES PGC-1o K4 M E AT

Western blot 45 £ i 7x, 5 Sham + vehicle 21
KB FH EG, BCP + vehicle 41 K B[] {0 45 %% 2 24 h
LR AR AN KA R K F PGC-1a. Nrfl. Tfam )
A RIEE K mDNA T DA HBL T 2% T
M (WK 5A) . i 5 BCP + vehicle 2 kK B LE,
BCP + ZLN K & [F ] 5 #& -+ PGC-1a. Nrfl. Tfam

(1 HE 13R85 % mtDNA A5 DUECH B T 7 (AL
Bl SA, 5C) o AT R BE, XA & 20K
FROGH A B8 B N R R (LI SB, SD) o R
FXFF Pt g5 RBIR, ESHRKREHEF, PGC-la
FESMEEEE M, A EESwHEoiteEi (L
K 6A, 6B) . 5 Sham + vehicle 20 K EUAHEL, BCP +
vehicle 21 K Al PGC-1o [R5 Y650 B HL LT Bos
i 5 BCP + vehicle 21 K R #H b, BCP + ZLN 41K
WA HE HH PGC-1o 12658 BE A= (LI 6C,
6D) .

S
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A Ipsilateral
1.5 $ok 1.5 " 1.5 *
 — o
£ o o)
T 1.0 £ 1.0 £ 1.0 5
[$] [S]
& ® [} © 0 -
3 - & =3
& 0.5 . T 054 5 05- -
O] z =
a
0 T 0 T 0 T
Sham BCP Sham BCP Sham BCP
B Contralateral
1.54 2.0+ 1.5+
*
 —
£ ° 154 ° c 7
© - c = -
g 10 = . £ . g 1.0 g -
< T 1.0 &
s <o ° E
y 0.5 b 0.5
I Z 05 ° . 2
o
0 T 0 T 0 T
Sham BCP Sham BCP Sham BCP
2 BCP KEVEHEH &R KA R T HIEAREE (77=3, X TSEM)

(A) Sham ZH. BCP 41 [FUA &+ PGC-1a. Nrfl. Tfam FIE 7K T (1) & H BRI 73 B B H AR 8 523 H7: (B) Sham 4.
BCP A A& H PGC-1an Nrfl. Tfam ik /KT 1) & A BV 43 4 K AR 8 #5041 *P < 0.05, **P < 0.01,

55 Sham ZHAHEL

Fig. 2 Expression of mitochondrial biogenesis factors in the spinal cord of BCP rats (72 =3, X +SEM)
(A) Western blot analysis of PGC-1a, Nrfl, Tfam levels in the ipsilateral spinal cord of Sham group and BCP group and
their relative quantification; (B) Western blot analysis of PGC-10, Nrfl, Tfam levels in the contralateral spinal cord of Sham
group and BCP group and their relative quantification. *P < 0.05, **P < 0.01, compared with Sham group.

15 I

KA B 2H 253495 51 R o 2 0 Je LR S B A
g M HRAERRENGIT 2 E R MARTE AV,
SRR ML IR SE EZY I NSNS E
22 JoT A M )G, I HS LI R LR . A
M AL ARG ST, S .
A A 38 T FE R S > U ph 2 e 2H 24, B il it
BOEME IO AR S B HAME ML %k
s BRI R O B B th A R 22
ORI, TR 0T 20 M PR 0 2 AR a3 A R A I ) ok
WAL BB, R HERHI PR 22 JoAE B AR, 2
ST AH LR 40 22 7 I £ K R0 A5 I AT 2R RN v )
iR, AN SEAGR R AE Y IR ER, B
MR 24545 J5 51 AR AR Y (dorsal root ganglion,
DRG) B TNF-a, ISR HL Xl DRG,
AR SR AN T 2 e o 200 e R I R TR AR K TR Y

(nerve growth factor, NGF), NGF 1 # %} flll DRG ##
LIRS RITE R, FF N T DRG #4870 %
bk, I B A 1P a2
TR 5 4 i ] 3 ok % B K A5 B B R
MFFHE, (R uB R, RIS EIREIIY
B M AE KRR B IR LA Y 10 2 R B0RE 4 1 K
(skin/muscle incision and retraction, SMIR) ] K fsl #
R B RP Z Bl A hr Ja, 51 R E 5T 40 PR R
&, FEOM DRG 1 28 70 2 R A4 35 L I K s
AR 1Y, SRR AR fE R A R A R
AT EER

TE AT FL R 3 — 0 seie o, A H MRMT-1
L g8 40 B g ST K B e A R R AR Y,
SE T ZH WL I R A A2 48 i B BCP K B[R] 5 TR
50% MWT B i [A]HE# 0 5 35 PR AIG: 454 HE %%
g R, BCP 41K B e IR i /N G2 2 M v Wy,
PN A MR 22 5 R B RN . TR A A A T K

S
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A Ipsilateral C
DAPI
*k
Sham 1
1504
© o]
o
< 100-
3
i
BCP
0 T
A Sham BCP
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Fig. 3 Distribution and mean fluorescence intensity of PGC-1a in the bilateral spinal horn of the rats (72 =3, X +.SEM)

(A) Immunofluorescence staining analysis showing the expression and distribution of PGC-1a (green) in the ipsilateral
spinal dorsal horn of the rats in Sham group and BCP group; (B) Immunofluorescence staining analysis showing the
expression and distribution of PGC-1a (green) in the contralateral spinal dorsal horn of the rats in Sham group and BCP
group. DAPI (blue) was used to label nucleus. Scale bar = 100 um (X200); Low-magnification images are enlarged in
the last column boxes (*), Scale bar = 50 pm (X400); (C) Analysis of mean fluorescence intensity of PGC-1a in the ipsilateral
spinal cord of rats in Sham group and BCP group; (D) Analysis of mean fluorescence intensity of PGC-1a in the contralateral
spinal cord of rats in Sham group and BCP group. *P < 0.05, **P < 0.01, compared with Sham group.
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(A) Sham + vehicle. BCP + vehicle 55 BCP + ZLN 4K ARTFAG 1. 4. 7. 10+ 14 KFEMJEIK 50% MWT 24k;
(B) Sham + vehicle. BCP + vehicle 5 BCP + ZLN 2L K BRARFIHIARE 1. 4. 7. 10, 14 RIS IR 50% MWT 284k
(C) Sham + vehicle. BCP + vehicle 5 BCP + ZLN 4 KR 4524)5 1. 4. 7. 10 /MEFFEIMJE R 50% MWT 484k; (D)
Sham + vehicle. BCP + vehicle 55 BCP + ZLN 2K 425 )5 1. 4. 7. 10 M XIS T 50% MWT 224k

*P < 0.05, **P <0.01, **¥*P <0.001, ****P <0.0001, 5 Sham + vehicle ZLAHEL; “P <0.05, P <0.01, 5 BCP+
ZLN At

Activation of PGC-1a alleviates bilateral mechanical hyperalgesia of BCP rats (72 = 6, X TSEM)

(A) Changes in 50% MWT in the ipsilateral hind paws of rats in the Sham + vehicle, BCP + vehicle and BCP + ZLN
groups preoperatively and on the 1st, 4th, 7th, 10th, 14th day after the BCP model surgery; (B) Changes in 50% MWT in
the contralateral hind paws of rats in the Sham + vehicle, BCP + vehicle and BCP + ZLN groups preoperatively before surgery
and on the Ist, 4th, 7th, 10th, 14th day after the BCP model surgery; (C) Changes in 50% MWT in the ipsilateral hind
paws of rats in the Sham + vehicle, BCP + vehicle and BCP + ZLN groups postoperatively at the Ist, 4th, 7th, and 10th
hour after administration; (D) Changes in 50% MWT in the contralateral hind paws of rats in the Sham + vehicle, BCP +
vehicle and BCP + ZLN groups postoperatively at the 1st, 4th, 7th, and 10th hour after administration.

#P < 0.05, ¥*P < 0.01, **¥*P < 0.001, ****P < 0.0001, compared with Sham + vehicle group; P < 0.05, *P < 0.01,

compared with BCP + ZLN group.
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(A) Sham + vehicle. BCP + vehicle 5 BCP + ZLN #1[FE 5 #EH PGC-1a. Nrfl. Tfam FRiE/KFIF 8 1 EIZE 54T
(B) Sham + vehicle. BCP + vehicle 5 BCP + ZLN XI5 &+ PGC-1a. Nrfl. Tfam FIE7KFIF 8 1 ENZE 54T
(C) qPCR JHT%3#7 Sham + vehicle. BCP + vehicle 5 BCP + ZLN 21 [l 6 mtDNA FIAHXS#% 1%L, (D) qPCR T
F43# Sham + vehicle. BCP + vehicle 55 BCP + ZLN 41%H I & mtDNA [¥IAH 4% DKL

*P <0.05, 5 Sham + Vehicle ZHAftt; P <0.05, 5 BCP+ZLN 414 LL

PGC-1a activation promotes up-regulation of protein expression of mitochondrial biogenesis factors and relative level of
mtDNA copy number in the spinal cord of BCP rats (72 = 4-5, X =SEM)

(A) Western blot analysis of PGC-10, Nrfl, Tfam levels in the ipsilateral spinal cord of the rats in Sham + vehicle, BCP +
vehicle and BCP + ZLN groups and their relative quantification; (B) Western blot analysis of PGC-1a, Nrfl, Tfam levels
in the contralateral spinal cord of the rats in Sham + vehicle, BCP + vehicle and BCP + ZLN groups and their relative

Fig. 5

quantification; (C) The relative mtDNA copy number was analysed by qPCR in the ipsilateral spinal cord of the rats in
Sham + vehicle, BCP + vehicle and BCP + ZLN groups; (D) The relative mtDNA copy number was analysed by qPCR in
the contralateral spinal cord of the rats in Sham + vehicle, BCP + vehicle and BCP + ZLN groups.

*P < 0.05, compared with Sham + vehicle group; P < 0.05, compared with BCP + ZLN group.
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Cellular localization and mean fluorescence intensity of PGC-1a in the bilateral spinal dorsal horn of the rats (72 = 4-5,
X £SEM)

(A) Double immunofluorescence staining analysis showing the co-localization of PGC-1a (green) with NeuN (neuronal
marker, red) in the ipsilateral spinal dorsal horn of rats in the Sham + vehicle, BCP + vehicle and BCP + ZLN groups;
(B) Double immunofluorescence staining analysis showing co-localization of PGC-1a (green) with NeuN (neuronal
marker, red) in the contralateral spinal dorsal horn of rats in the Sham + vehicle, BCP + vehicle and BCP + ZLN group.
Scale bar = 100 pm (X200); Low-magnification images are enlarged in the last column boxes (*), Scale bar = 50 um (><X400);
(C) Analysis of mean fluorescence intensity of PGC-1a in the ipsilateral spinal cord of rats in Sham + vehicle, BCP +
vehicle and BCP + ZLN groups; (D) Analysis of mean fluorescence intensity of PGC-1a in the contralateral spinal cord of
rats in Sham + vehicle, BCP + vehicle and BCP + ZLN groups.

*P < (.05, **P < 0.01, compared with Sham + vehicle group. “P < 0.05, “P < 0.01, compared with BCP + ZLN group.
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