| T T | —— (. [ |

Hh [ 55 27 44 75 Chinese Journal of Pain Medicine 2025, 31 (2) .03 .

doi:10.3969/j.issn.1006-9852.2025.02.003

.i/B\ %‘.

BT VRORH (0 - A Ko T 11 A1 1y A 2 T A R K B
i 2 H B A o i *

FEEpE GO GRE " BREET 2 kY kb et
CGREE R E — IR EE B R EERL, W31 570102; 2 MEREE RIS PR SR, W1 571199; ° HE RS E LA
BERes & B, gEE 570311

W E BN RAZORAFBANEREF AL FwERERAARAREA T, UREER
EOFS50ENFE, RITLFHERNA AN, FiE: ¥ 12 R SD etk K B 3% H 2 A5
ENAEGAAERL, FH 6 A, EH AL, HAL AR AN E W EHTEILEE,
BAZARTEEERARAF L REARENH AT ENERFON. BR: AABRHFHALFHE
FE| 5975 ANVEH, HE WA A4 E A 51 A E & (differentially expressed proteins, DEPs), 5
EHAML, ERAPH I NMEAREI M, 42/ MeakAhBEK, 29 CypSlal fo Cad Rk TIE,
KEGG EEAMERET, £2REOTESRAWMBNM. W ET LW E KT 088 oA & B
Rt G EFETEE. &ib: LEWERANT AN TS CypSlal. Cad kL, UKEA
RABABL R M FE—ENKXR.
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Liquid chromatography-tandem mass spectrometry-based proteomics analysis of the spinal
cord of rats with sciatica model *
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Abstract Objective: To observe the spinal cord protein markers in normal and sciatica model rats, as well as
the biological processes involved in each differential protein with proteomics technology, and explore the mech-
anism of sciatica. Methods: Twelve SD male rats were simply randomized into normal group and model group,
six in each group. The rats in model group were ligated and modeled in the left sciatic nerve, and 3 rats in each
group were used for quantitative proteomics to identify protein markers and for bioinformatics analysis. Results:
A total of 5975 proteins were identified from rats spinal cord tissues, among which 51 differentially expressed
proteins (DEPs) were found between the normal group and the model group, and 9 proteins with increased
expression and 42 proteins with decreased expression were found in the model group compared with the normal
group. Among them, Cyp51al and Cad expression were decreased. The KEGG enrichment analysis showed that
the DEPs were mainly involved in signaling pathways such as pyruvate metabolism, glutamate and glutamine
metabolism in cofactor biosynthesis, and insulin. Conclusion: The mechanism of sciatica may be related to the
expression of Cyp51al, Cad and the metabolism of glutamate and glutamine.

Keywords sciatica; proteomics; LC-MS/MS

*ETH: EXERBEEET RSB STH (816608200 5 HErH HARBI IS FERAATH (821RC571) 5 R
Bt 7o A QPRSI H  (HYYB2023A10)
SEEEE RS hy0204039@hainme.edu.cn; X% hy0204026@hainme.edu.cn

W 20255523 S indd 93 $ 2025/2/17 13:36:35 (



| T T

W 202572 S indd 94

. 04

Al B P 22 A A PR 2 52 B R 38 51 1 R 1
BRAR R MERNT I AR IN A B B R TS M
B AR ZER, IR IR . w5
KDL, AAE 2R R RN 1.2%~43%, fER R
[ 5K R R R e IR AL A
259 NI 4 A0 A5 o B i R i sz g, KA
PIR AT FEOR NS HIAHS . V5 5l 32 B A A A
5, AR ERZ . AR ERSE R
1K B — WA AR, (HE I A RV 2 A
RSO IF I E BE 7 M. H R, AR 4
FmR B AL S T Z T, SRS PR K
W, FHYE A SRS (nitric oxide synthase,
nNOS) BH P i 28 70 75 15 1 A B #1282 95 1) A A AL o)
A EEAEH . (HR & B AR AL
2 IR EALR D AR, RN E A R A
FERZR AL B P2 I AR LI A I R V69T SR (k4R 5
BAEZNE . AREHAT AR H, @gaA
WHEHZERIANIR . G EY. IR TR 25l
RLALE AR EE N R Y R AR
BRI 2 Ja ol R RS R I e i A 2 R, 2
TR — g, A PR TE R — e i Bk
A2 DR T 2 5 A 2 R S AR A, TR — b
HEMHEARTFB, EifgiEmiziirEmS247ia
TR R R RIER V. e BE AR E
PRBEE I ThRE. REMHEAER, S a)T
Z TR ARSI, MR E
Fk RIOHE TSR TR R Y. IR, AR B AE
W E R EAAHEEAR, B\ IR AR
BUH, 3 — 2D ERA O A F 2 RN IR, N a2
RITPRAEEIR TR T .
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1. EZEGRIA S

TR VBEEE (DTT, 43819-5g). fill Z. Wi (TAA,
11149-5G). ¥ Z JHL R M2 2, 6% 1§ iR (HEPES, H3375-
100G). fit EHERHY (SDC, 30970-100G). i R & 4%
(NH,HCO;, 5330050050), % J& T =¥ (Tris, 10708-
976001). Z.Ji% (Anhydrous acetonitrile, 271004-100 ml)-
¥£l (Hydroxylamine, 8144410100). H#2 (FA, 695076-
100ML). & [ 8§ #0 f# 77 cocktail (Protease inhibi-
tor cocktail, 11697498001). =% L& (TFA, T6508-
100 ml). Zfi% (CAN, CAEQ-4-000308-4000). 7K (H,O,
CAEQ-4-000302-4000)~ i (Acetone, CAEQ-4-010131-
4000). JiE 2 A B (Trypsin, V5280). 5 1L 8 (NaCl,
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A610476-0001). —+ — f F= i BZ 4/ (SDS, A500228-
0250)~ TMT [F{7 Z b1 155 & (TMT Isobaric Label
Reagent Set, A44522). BCA & [ W il 52 i 77 &
(Enhanced BCA Protein Assay Kit, P0009). H g
(MeOH, CAEQ-4-003302-4000). = R iAH 43 (nano-
UPLC EASYnLC1200). J5ii %1% (Q Exactive HFX).
157 3 250 /L (Heraeus Frescol7 centrifuge), W H T
2% [H Thermo Scientific A #]; il (XBridge BEH
C18 XP Column). 73 H1KF (ATY124). 4 H i 7 il
PEAC (JY96-1IN). ifEA#{X (Thermo Scientific, USA).

2. LR EN

12 HUEtE SD KB, fRHE vy 200+20 g, IWH
K REAEMBHEARAR (FATIES: SCXK
(1) 2022-0011) . 1HFE TR E S5, i
FE 24+2°C, JBIF 50%+5%, & H B/ BE % 12 h,
TREFER, HHRUOKREE. %0 Ry o
RNIEFHRBRIA, H 6 R 1B HAMAEA 4
PR, AT ZH P G LU (40 mg/kg) N8 i V3 ) RRER
JG, 4-0 FIH& T AL E T AT 454 4 B
FEBCZ AR BEA | mm 747, F AL E ARG TR
38451473 (chronic constriction injury, CCI) A FRAR
AHIE T I i e R 2 P B S B R B A (IR B
HLS HYLL-2021-153) &

3. A A T RS IR A R A

{81 FH RB-200 % RE A4 (B 22 WA RBHE A R
ANFD , KBIREREZE S2°C, W& IE R AR
AR RN S A2 8 i R R 1) R A AR JE S T AR
(thermal withdrawal latency, TWL). £Ef 5 min 61
Lk, W3k, BCFME. AR AMEZER, B
KGR JEFARM 5 g0 TWL Z 8 485 {1 1E A
B #L Chyperalgesia score, HAS; Fifii: sec) ),
F HAS 2 A1 K BRI N o O T 3 o 2 5 2 DK
BV BRI ) RIS 20 5o 23 BIFE AR FR 2 S5 4L AR
A CRIJERRERD) KEFLARE S 3. 7. 10 fl 14 K
5K R AU 5 2 ) TWL B

4. B

RIGE 14 K, IEF AR K B e b
AN (40 mg/kg) WIS BT BRI . B R OOR
BE L~Le 1B, M6 X, BEANGRAE, WRaLap
B NVREUE O R R 72 22 -80 C UKFE TR AT
H3 KT EEEARASI.

5. ¥ AL FE AT nanoLC-MS/MS 3t

{81 ] RIPA SRR MRAE 4°C T B SRR B
i, BANEES I 100 pg B A I H0 KR A
B2 1 mgml, SAENES, f£-20C FiFE R

S
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SR 5 BE S AE 4°C F 1,3000 rpm 2 40 10 min, B 5
F 80% TN BRI % o 4 B BT BV AR, NN DTT
FIAA, RGHBEEAMEEEAR. SRMWEA
Ji #% B8 TMT #r ic i 5] & (Thermo Fisher Scientific)
BB B HEATFRIC. 2% =8 2 BR DT AR AN 2 [
SDS. B/E{EH C18 BrEh B OB #EAT KM 25, Usi4R
VEMIEAE 4°C 2 T

&R 4 nano-UPLC i AH % 48 EASY-nLC1200 i
AT 53 85 ) Wk FH IE 4% 4R T 8 7 U R 0 145X (Q Exactive
HFX) JE47 304 k4. i 43 55K A 100 pm ID X
15 cm [ AH 1% FE (ReprosilPur 120 C18-AQ, 1.9 um
Dr. Maisch) ik 0.3 pl/min #£47. JENAHRH 2 5-
K-HEE R, HARsiHE AN 0.1% H I 98% /K
W (ZEN B AN 0.1% HER-80% ZIEIRBIKAN
20%) o EiEFELL 100% B A FHFE S, MRS EE
RS E AR PR IR, A EES S,
& 300 nl/min, B R K 90 min. i BIAH B L
Bl: 2%~ 5% FF4: 2 min, 5%~22% $F4: 68 min,
22%~45% FF4E 16 min, 45%~95% FF4E 2 min,
95% FF4E 2 min.

JoR V43 B A FH E0HE A >R 4 (data-dependent
acquisition, DDA) f53, & HrHf K4 90 min, K
BOE B PR . —2¢494 (Full scan) [ 350~
1600 m/z, 43 HE%E N 120k (@ 200 m/z), AGC A 3E6,
KB TIEAR 8] (max IT) 5 30 ms; — 234+
S B A 20 N T (top 20) 2 PR AT 5%k Jig 4
HCD 24 Ja d-ATH s T4 DUARAT Fs B & 1
(isolation window) N 0.7 m/z, FrUEALAERERE (NCE)
N 32%, AGC A 1E5, max IT N 96 ms. 233t
[ 72 52 /)y m/z 24 110 (fixed first mass), 730 #F% 45 ko
MR L I i 55, BNASHERRIN (M8 45 s; L HLfar
K> 6 M T AT = . A0 BUE SC A AE
H (SpectroMine 4.1.230421.52329; Biognosys AG)
B N A Pulsar £ 28 5] BEHEAT B R &R, Horp
carbamidomethyl (C)» TMT 6 plex (K) F! TMT 6 plex
(N-term) N[ 5E &1, oxidation (M) Fl acetyl (protein
N-term) A A] A&, 5 F 8§ 1) ¥ & A Trypsin, W]
13 BETR A RN Peptide&PSM FDR < 0.01; 8% 45
WG AT 2 T X AL B 1 o 22 S iR AT T 0k
25 R ATk 25 Fold change = 1.2 B¢ < 0.83,
HP<005. ¥tk zZRED, EEWER
Sk b o ) T RIS ZH () K B 3 LRI
V44 6 7 A7 43 P

6. ‘MG B HT

{5 196 HH 1E 5 4RI 20 K BROCH B 4 21 1Y) DEPs,

| T T —6—

¢« 05

FEXH DEPs 7E S AR A5 PG i EA7 AE W05 B 22000
AFGFE KA MK (gene ontology, GO) Th RE A i # FE [A]
HRRHH B4 (Kyoto Encyclopedia of Genes and
Genomes, KEGG) B & %757

7. Gt o b

KM SPSS 25.0 it B A AT H s b DAY
K+ b2 (X £8SD) Ko, HAS R ELN &S
ZENT, 4L LR Bonferroni 4% 1E, P <0.05
RNEFAGIFE X

B R

1. PHZEK B o0 L

PR 2H K BT 36 A5 T S5 S [7) B TR st P 9 20
(HAS) ALt 1 flis. 458K, (E@ CCIAR
ARG, P KR A HAS LB ZE R LS i3 L
RS AR B C W B2 5. AR MR ZE ARG 3 K,
SIEH AL, HAYL K HAS 22180 (P < 0.001),
RIFALE A5 FHA G KR TWL 35 K.

2. ALK A BEZHZ h 22 7 25 1 (DEPs) 43 #ir

AR 0T BOHE 4 BT B O 0% 4% #F: Fold-
change = 1.2 8% < 0.83, H P<0.05, %} DEPs 34T
e, 1E AR 2 LG tH 51 4> DEPs; 5 1E
AR, BRI T 9 MEERIE M (WE D,
42 MEHRIEFEAC (WK 2) , 51 4> DEPs £ A
HFIA WL 2 FIEE 3, DASAESH M 2 A WL 4.

PR 4H R AR [R) B 1 3R 08 7K 22 57 1 40 A IR O L
K2, A SRE—MEMED, BABRARRIZA

[ONormal group M Model group

4~
ekl
sesfok
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etk
ek
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T 27
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o[

Basic threshold 3 7 10 14

After operation

E1  AEehEdLal e WA KRR (2= 6, X £SD)
*REP < 0.001, HIEHAME

Fig. 1 Hyperalgesia score (HAS) of rats in each group before
and after sciatic nerve ligation (72 = 6, X £SD)
**%P < 0.001, compared with normal group.
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F1 BRHMIER HRIEG N EA

Table 1 Proteins with increased expression in the model group vs. normal group

W 2025724 S indd 96

FEF 4K Gene name 25145 Accession P 1 P value JER 7K Gene name 145 Accession P {4 P value
Ephb6 POCOK7 0.003127446 Cd47 AOABI6AR93 0.020667338
Gpnmb AOABI6AAT2 0.005107129 Cstf2t AOABISZW25 0.027608851
Tmem?263 AOABI6AQR3 0.005353903 Phrfl AO0A8L2QQ15 0.036588356
Tprkb G3V805 0.00737562 Cbrll2 AOABISXVU2 0.044746892
Nr3cl AOABI6A088 0.019510393

F2 BIMAMIER ARERCHEA
Table 2 Proteins with reduced expression in the model group vs. normal group

FER 4R Gene name & [14i 5 Accession P {8 P value HER A FK GeneName 25 145 Accession P {H P value
Biccl AO0A0G2K0YO0 0.000977695 Rabgapl AO0ASBISY2GS5 0.029230852
Apod MOR4S2 0.001575683 Cyp5lal Q64654 0.03347223
Dst AOABISZUES 0.006329795 Snx30 A0A0G2JUF2 0.033507524
Cdh5 A0A0G2KO0I6 0.007565649 Ankrd28 AOASBISYO6TS 0.033699549
Dhrsl AOABISZRF1 0.009161298 Larp7 MOR7DI1 0.034693553
Ddx42 AOASBISZLP6 0.010118888 Erlinl A0A8I6B6J2 0.034975385
Cad AOABISY665 0.010350167 Fegrt AOASBI6AFI8 0.035416448
Lonpl Q924S5 0.010712952 Dhodh AO0ASBISZWO02 0.035971658
Pklr AO0AOH2UIO7 0.010915862 Fbxo22 F7EMSS5 0.036616991
Zw10 Q4V8C2 0.011868631 Gtf2a2 AO0A0G2K1BS8 0.040051414
Hdgfl2 A0A0G2JYC7 0.013085447 Dcakd QO6AYS5 0.042032844
Cog8 B5DF86 0.01520053 Pnn AOASI6AKSO 0.04569218
H1-4 P15865 0.017743811 Scepdh QO6AY30 0.046061756
Ugt8 Q09426 0.018983326 Spg21 AOASBI6AIT6 0.046690282
Tubalb AOASI6ALVE 0.019093892 Il1rap AOASBI6ACY6 0.047502267
Wnk1 AO0A0G2K3A0 0.019150363 Retreg2 AO0A0G2K1US 0.047520457
Abcbla AOASBI5ZY39 0.022215406 Sart3 D3ZASS8 0.047699109
Ndufs6l1 AOAS8I6GLD7 0.023477833 Acaca AO0AS8I6A239 0.047847435
Arhgefl A0A0G2JUO1 0.027104274 Rpl5 AOASI6ARHS 0.049842254
HIf2 AO0A0G2K654 0.027422656 Mrpl18 AO0ASBISYO0J7 0.049952187
Tmx3 AOASI6ARW7 0.028929857 Pickl Q6GQQ2 0.049973763

X AR ECR G G, 2 AR o 30
ZE SRR E A AT X e Wi, R¥PE LOG
FOLDCHANGE {i ) I 47 AT FI W7 i (1 E R I 5 0L
HYALFRFK 7R Student's t-test [ PAE CHULA 10 MR HY
FOED , PAEMEN, BOSEUSEBRR, YR
MERAE B, RoRZERBEE, BUBiaREA
HgRE R, W LK ERRIAED UL AER,
EETRNERREAEONEARR, FREER
HEE KRR,

3.GO 5 KEGG &&E i

TEMAEAS P& X 514> DEPs #4T GO #l KEGG
T E LT, GO i = Ak, WA
it F (biological process, BP). 4 ¥ I fE (molecular
function, MF). 4l }fd ZH i (cellular component, CC).

GO & &M &s R R E Y #2 (biological process,
BP) H 240 T, TP S 1B PR IE AL H IR (uridy-
lic acid, UMP) AE¥)& it 2. R B2 (uridine
diphosphate, UDP) 44 & Bl 2. MEIE MM % 5 —
BERR A& O R . H 5 E 7 380 X4 i 5 T
W%, 71 IhAE (molecular function, MF) A 49 17,

FEW R ENREE S BB S. G AEY
Zh4r. U6 snRNA 454, 5S rRNA 45 6% difudl
% (cellular component, CC) 5 26 T, %3 &% |l
W M. EEEGAIas. M55, KRR
AR KA RS IX 51 4~ DEPs i 5 24
WA K. 2 HIRYE BP. CC. MF 1 P {H
IR/l 2% HHE AT 10 R (ILE S
UbAh, X IEH HABALA R 51 4~ DEPs #1T KEGG

S

2025/2/17 13:36:35 ’7



r ] %97 5 2 2% & Chinese Journal of Pain Medicine 2025, 31 (2)

3 . » Down-regulated
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Fig. 2 Volcano plot of model group vs. normal group
Up-regulated: 5 1E# 4 AHLRIA Fiff; Down-reg-
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Fig. 3 Heat map of hierarchical clustering analysis of model
group and normal group
The color blocks at different positions represent the
relative expression of proteins at the corresponding
positions, with red representing high expression and
blue representing low expression. A clear pattern of
grouping of differentially expressed proteins can be
seen in Fig.

B Cytoplasm (18, 35.29%)

B Nucleus (15, 29.41%)

I Plasma membrane (5, 9.8%)

B Secreted (4, 7.84%)

[ Endoplasmic reticulum membrane (3, 5.88%)
Golgi apparatus membrane (2, 3.92%)

B Mitochondrion (2, 3.92%)

| Mitochondrion membrane (1,1.96%)

[ Endoplasmic reticulum (1,1.96%)

V40t 5 o7 A2 5 F R B 1 RN SR DR A AR A P9 (K B AR AP AL, AR . B SRR AR MRS, S A
MR = R BUAE B A IS AN DRI T, J9ERf TSR R I OhRE, WELR R AR E AL, DA R 4%
THRERITTREIA T o 12 W] DAL UL S I 6 45 U 240 i P S F) 22 5 R0 2 1 RS B0 o

Fig. 4 Pie chart of subcellular localization analysis of differentially expressed proteins in the model group versus the normal

group

Subcellular localization refers to the specific location of a protein or a gene expression product in the cell, including the
nucleus, cytoplasm and cell membrane, etc. The regulation of gene expression is reflected in the structure and function
of proteins, in order to accurately understand the function of a certain protein. It is usually necessary to be clear about its
subcellular localization, in order to determine the possible places where it can perform its function. The graph visualizes
the number and percentage of differentially expressed proteins mapped in each subcell.
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K&, FWUR 1% - 57 7% (liquid chromatography-
mass spectrum, LC-MS) 1] H Tl & & 28 e A
HE BRI R, P R R 2 IO
R VR A TR R U T SR e MY I g ik
BRHMIE R A 2R EE, v S % R
HEMKK AR, HEREARYANESE
H, IR E A2 E AL . Qiu %5 i@
I e S R R E B o B, R BT [ R 5
(anterior cingulate cortex, ACC) 1 9 i A Z& KL A4 AH
SHERR AT e S R EME RO A o5, [FIFE, Dige ™
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Go term
- ” . . . N .
B5 FBMAXIEFARZEREKEEA GO &8 KETTE
TEAAFR N GO Term, hALKR NI 2 FRIEE AN, L EORREYILFE (biological process, BP), £t (AR 4l
MUZH Y (cellular component, CC), ¥ t3R7R 7T L€ (molecular function, MF), & HEHRR P AEH K/, BlRIR,
P BB/
Fig. 5 Classification histogram of GO enrichment analysis of differentially expressed proteins in the model group versus the

normal group

The horizontal coordinate is GO Term, the vertical coordinate is the number of mapped differentially expressed proteins,
red color indicates biological process (BP), green color indicates cellular component (CC), blue color indicates molecular
function (MF), and transparency indicates P value, the darker the color, the smaller the P value.
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Pyruvate melabollsm [mo00620] 6]
Pyrimidine metabolism [mo00240] &]

-Log, (P-value)
2.25
I 2.00
1.75
mRNA surveillance pathway [mo03015] @ |50
Count
@

Insulin signaling pathway [mc04910]+— @

Biosynthesis of cofactors [mo01240] @

0.62 0.63 0.04
Rich factor

Bl 6 RN IR A % 7R IA R A K KEGG AUGHEE & £ iR
BEARDR N SRR IE Rich factor {8, 445 KEGG Pathway 15 5. HHr, R R /N2 7R IS B0 B 1) 22 S AR
EANEL ERERCOR, B, BIENEEER P AR, S, PIEBuN.

Fig. 6 Bubble plot of KEGG metabolic pathway enrichment analysis of differentially expressed proteins in the model group ver-
sus the normal group
The horizontal coordinate is the enrichment degree Rich factor value, and the vertical coordinate is KEGG Pathway infor-
mation. The size of the circle indicates the number of differentially expressed proteins in the mapped pathway, the larger
the circle, the higher the number; the color of the circle indicates the size of the P value, the redder the color, the smaller

the P value.
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Fig. 7 KEGG metabolic pathway of differentially expressed proteins in the model group versus the normal group
The biosynthetic metabolic pathways of cofactors are shown in the figure, which involves complex metabolites and path-
ways, including Glutamate and Glutamine with blue arrows, which represent glutamate and glutamine metabolic processes.
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