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Electroacupuncture reduces the expression of Hba—a1 and Hbb—-bt and
alleviates cell apoptosis after spinal cord injury by regulating

the PPARy—-CD36 signaling pathway
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[ Abstract]Objective : To establish a mouse model of spinal cord injury (SCI),and to investigate the effect of electroacupuncture (EA)
intervention on cell apoptosis after acute SCI and its mechanism. Methods : Female C57BL/6 mice were used to establish a model of
SCI, and after successful modeling, the mice were randomly divided into SCI group, EA group, and Rosiglitazone group (R group) ; a

sham—operation group (Sham group) was also established. After successful modeling, the mice in the EA group were given EA at bilat-

eral Jiaji points and Zusanli once a day for 14 days, those in the R
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20004 F F FAHETH AT A (%5 :20212Y023890) ; TMT/ATRAQ techniques were used to identify the targets and mecha-

group were given intraperitoneal injection of the PPARYy agonist
Rosiglitazone (5 mg/kg) , and those in the Sham group and the SCI
group were not given any specific treatment. BMS score was used to
assess motor function; HE staining and immunofluorescence assay

were used to observe pathological changes after SCI; RNA-Seq and

2021 FEFRTHELB KRB (%5 : este202]jeyj- nisms of EA; Western blot was used to measure the protein expres-
msxmX0203) . sion levels of PPARy, CD36, Hba-al, Hbb-bt, and caspase-3.
R 5% B AR : hitps://link.cnki.net/urlid/50.1046.R.20250303.1203.002 Results : Compared with the SCI group, the EA group and the R

(2025-03-04) group had improvements in hindlimb motor function, tissue struc-
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ture, and the number of surviving cells. The EA group and the R group had a significant reduction in the expression of caspase—3 and

significant increases in the expression of PPARy and CD36, and the EA group had significant reductions in the expression of Hba-al

and Hbb-bt. In addition, RNA-Seq and TMT/iTRAQ techniques, significant analysis, Venn analysis, and dual-omics analysis identi-

fied Hba—al and Hbb-bt as the target genes of EA. The KEGG pathway enrichment analysis showed that EA had a significant effect on

the PPAR signaling pathway. Conclusion : By regulating the PPARy-CD36 signaling pathway, EA can promote the clearance of Hba—

al and Hbb-bt after SCI, reduce the expression level of caspase-3, alleviate cell apoptosis, and facilitate the recovery of spinal cord

nerve function.
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I 2 A ORI B R ™ R ARG R 28 35 B 410,
DAL G FRI 58 SCT AL I6 7 FI R S I 50 2 AR ) 1= o
U EE R
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ab209350) BT CD36 H{A (AiFang biological , 555 : AF07027) |
Pt Hba—al HL{& (AiFang biological, 55 : AF09922) .7t Hbb—bt
ﬁﬁg(AiFang biological , "5 AF10073) . PL Caspase—3 $i &
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mouse scale, BMS) P43 4 0 4 ,AE NSRBI B9 br e . KRG
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TRLHAE 3 /N BB B D) F 8 o el A s
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RIN{H. AT Oligo(dT) fRIBEER 5 ployA 4T A-T BIEAL
X, DA RNA HA0 88 H mRNAL M0 A5 B . R5
JILA fragmentation buffer, ¥ mRNA L2 | 38 13 4 Bk 7 126
JYES 300 bp Z AT /N B, TEWFE SRR T L IMAS
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HEAT A A, TE R 2 R XUES5H . JLA End Repair Mix
A AN COT R 3, BEJS AE 37 R S b — A", ] T
Y PR o R Mumina KT FEIR AR 5 4 CASAVA B
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{1 TopHat2 # P HEAT 81 X 43 5 (1 RSEM 4R 1,
IRAF BN FEATE H /% A B Read Counts, HEFTH 53R € i
(Transcripts Per Million reads, TPM) 5% 4 , X 3 [H /4 S A= K
JE I 3 R AT 4 — Ak, R T4 206 o Al 174 55 PR/ S AR
TR o BRIG ] DESeq2 B HEATREAS (B 5L R /7 S AR
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13235 22 SO0 BT 46 78 W 9% 22 59 3R R S IR /A S AR I D) 1
R RIE S 45 AR X 2k D5 45 v 9 ik B9 /7 S AR 84T KEGG
PATHWAY & 8347, BRiA 24 P<0.05 i, 1A b I KEGG i i
FEREEEEN . S H P-adjust<0.05 Alllog2FCI=1 )
FIE A AR B () ok B A W L R (R 1D,
1.2.42 TMTATRAQHAMATHE KM 156, XA 41T
FRE UM A RIPA 2 M W 2% FF 6% 15 95 (Phenyl methane
sulfonyl fluoride, PMSF) 5z £5 [ 4101 il 5%1) , 4 75 24/ &) 3% .4 °C
T 12 000 r/min Z5.0> 30 min, B3, RS . BCAIKHF &
I 2 MR, A PR 1 PBS 4% 7R PV T2 2 1 mg/mlL,
MU B S A B (2R BE 5 mmol/L) Tl 2L BE e ( 23k JiE
12.5 mmol/L) , ] K& & H 13 A 548 PBS, #% 2 H « i A
(100: 1) i A 45 11 B , 3 000 r/min 550> 10 min, B [ 7 .
Sep—Pak &R , KB PE BT SE , I 50 pl. 100 mmol/L TEAB
STV IMAGE 5 TMT, 5% F2 1 28 1k, 55 e WA €6 338 75 (High
Performance Liquid Chromatography , HPLC ) #E47 8 11 Jli 43 55,
JERESTHT o

HAR YRS 1 B BG4 2 9 LA B CER A 8 S R R
(Uniprot GO .KEGG .EggNOG , Pfam) ¥ 47 FL %, $R45- 26 11 9
RS, TG G 2E I, 5 w4 W R T G
IR 235 AT G R B A, 400k 19 P S 5 Rk e 2 #r , ARAS
F—EAEARRREAR P FRIEFE, TR R (25
SEFRIBOHT S A ) 22 SRR L T 2
HEHEYORe, BJE90E B A . TMTATRAQ 434,
K P-adjust<0.05 Al - P82 (4 FC>1.2, FHZE 4 FC<0.83 Y
LU SR RN A B 25 SRR R 1 (R 2),

i 5k RNA-Seq K TMTATRAQ #ds S 1E , A F Ak 1 Hoxt
PO, HE— P23 G T , F s A AL
1.2.5 Western blot 7 HU—80 “CyKFH FP I 7105 BE 40 4 3k
1FHRTE , PE 45 H A Oligo (dT) % ¥k , H YR N A RIPA % fif
W R ) R REER B 9], BFES 59K, 4 °CTF 12 000 r/min £5.0>
3 min, B FYE , $EBUE SR, ] BCA 357 & 5 2 IR .
SRJ5 FH 10% PAGE $ Jie R il £ 120500 & i 2 L K A 5 A
SDS-Tricine #EfE 1 AT HLIK , 1H FE 80 V, marker #1121 £k 4%
H R 120 V., V8 M 5 BB B RS A, 2% B« 45 AL 3 200 mA
100 min, I 552 2 PVDF §5 1, 5 % BB 4 054 2= 3 F S04
JEE 1 h, 3 TBSTVE% . il A PPARy.CD36 . Hba-al .Hbb—bt

Fl Caspase—3 —¥HT, % 1:1 000 Lb {7 B , B—actin #% 1:5 000
I A9 s B S5 R AT — B R L TBST PR . AR I — 40 %
1:10 000 L B#EAT R B S IR T E 1 h, 165 %= N N ECLL
A2 R EW L B G291 min, IMAGE STUDIO 1% 2 4t % 4
K%, Tmage J43HT AN Rk (R Rk i = H AV &
PR /NS B AR EE) .
13 %it#sk

1 GraphPad Prism 8.0 X} (4l 47 GiT 24081 . 5246
B IR+ ARifE 2 (o £ 5) 2R o LA HOBER N 7
22501 (ANOVA) , Bonferroni 22 546 I 4 15 FH 4% s 28 1
R 22500 . Rk a=0.05,
& B
2.1
13

5 Sham 41t , SCIZH \EA 2 & R 4156 1 K BMS #F43 oR
WERLELTI (P=0.001,P=0.001) ;5 SCI L, EA 21 J R 2 22 1))
BEPE 23 11 (P=0.001, P=0.001) (& 1A) ; i %5 34 77 i ] 4iE
£ EA L R 415 SCLAAH HaTF o3 ey HAs e (B11B) .
22 BUMBmBHEFEELERILEK

HE 4464 755 Sham 21 /) BUB REZH 2R 2540 56 2, QD 35
TEH B0 o SCIAL 4H M ek ik B 8, 20 i A [ 4 AR 0
A T8I A IE W AN B /0 5 SCI4UAH H  EA 4 R
/0N B TRE PR 1 0 B P G 200 AR ] 0 U L T RS I 4
Mg B2 (E2).
2.3 EA #= Rosiglitazone /& 97 2T A48 ROA P Caspase—3
&4 A 4 4 A

5 Sham 41 [t , SCT 41 Dapi BH: AR ic B 20 i 50 s 20 (&
3A) T EER LT % (8 3B) , Caspase—3 BHE R iAo 5k
HIH B Z (K 3A §i 3k FiR ), Caspase—3 FHAE: 2 0k i AL in
(P=0.001) (F3C) ;5 SCIAHH L5, EA 410 R 41 Dapi BH 4%
FRic A 40 B R 3G i (1 3A) | SE 568 E E (1K 3B)
Caspase—3 FAPEAN M B I R s/ (181 3A Hi 2k 7s ), Caspase—
3 B 2 35 1 ALk 20 (P=0.001, P=0.001) (1 3C) .
2.4 Sham #8.SCI 28 & EA 48 RNA-Seq % TMT/ATRAQ 3% K
Git F 5T

XF Sham 2 \SCIZL \EA 20545 5 64T 75 5 3B, RNA-

EA & Rosiglitazone & J7 J& & 4170y R AT A 52 4k ] 3 4

F1 HFEANFHAERBEMESH(SCIA vs. EAH)
B K i BN AR FC Log2FC e k]
ENSMUSG00000069919 Hba-al 0.489 -1.033 2 T
ENSMUSG00000073940 Hbb—bt 0.465 -1.104 2 T
*2 TEEEARAFEAERBEMSH(SCIA vs. EAH)
EASE T FEHEfE R FC Log2FC T .
ENSMUSP00000095794 Hba-al 2.987 1.579 B T
ENSMUSP00000090897 Hbb—bt 3.639 1.864 P T
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Me rge

b
)
20, 1 20 um 20 pum 20 um 0 1 T T
e R o Sham#f] SCIZH EAZH REH
A. £ H/INF Caspase—3 B 2R 50 C. Caspase-3F- 2950 [

W5 €84 Dapi, Z1 88 Caspase—3 ; i 3k T 48 4 Merge 15 0L ; a, 55 Sham 4 FL 5%, P<0.05;b, 5 SCI4H L%, P<0.05
B3 AHEALAN Caspase-3HMERIAIER

Seq 43 B #: T P-adjust<0.05 & llog2FCl=1, | i 2 SF 4% %k SCIZH vs. Sham 4111925 5 26 1 o, JLGE ) 349 4> 25 S5 5,
R 2 () G 1k 2% AF A 2HLIR) 32 35 22 S FE IR TMTATRAQ 36 F Hob 2894 9,60 4T 5 78 SCI 4 vs. EA 4H 0 22 386 H
P-adjust<0.05& Fi#%E [1 FC>1.2, T il & 1 FC<0.83 (14 i 1% e, LR e 32 A 22 A, o 17 B R 15 A R O
S PAR AR ER 2R EA (E4),

1€ SCI 4 vs Sham 21 () 22 5 FE K v Sk i 44 22 5 X} RNA-Seq M TMTATRAQ Fi A SE 5 5675 415 =40 #r
FEW L Hrh s A~ B, 39/\?1}] FE SCI 4 vs. EA 41125 57 5 T 15 4 P SR 2 5 B V2 R B AT R RROCHR A AT SOLAR IR
R b, ek i 114> 22 SRR o 14 B, 104 R 7 R A BT 45 S F W, SCI 4 vs. Sham 2 JC A8 2 HE R I 2 A
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(5.6.7A .8A) ; SCI 4 vs. EA £ Hba-al ,Hbb-bt 3£ [ 2 &
NP 25 AR AR B 2 22 5, Fe W A 4T Hba—al \Hbb—bt %4
SRR AR R (3R 1.2, 1815.6.7B.8B),
2.5 LHEKEGG i £

V5 FRE DR I 45 S AT g 5 4R 43T (KEGG Pathway ) i

PP LA, B B TR A 5 s S 36 P B S 7E PPAR {5
S (E9).,

B AETE PPARF 5 0 A R R S 44 F B R I
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