mARE PEERTERE @72

Chinese Journal of Tissue Engineering Research  www.CITER.com

Bt BEEI A 2 & MBS MR EAF 24

RER, MW, TAX, HEE, RR0A, £88, HEX

https://doi.org/10.12307/2024.426 . .

ps://dotore/ ! BRI O AR & sk o SR RIS AT B 90 5 R U5 2280 2 7
585 2023-06-27
SKFBHA: 2023-07-29 T8 R ARBHAE R M- B % 59 R 0h "\\
< ) 08- 20 15445 1 484 —
1EEBHE: 2023-08-16 N %%}(mg}ﬁ) " KAEIAE LA
E4BHA: 2023-08-26 Py | i | s || ais
PESES. ,':‘J);'Tg H AW 2 TR Kast4h e A B A
R459.9; R318; R651.2 B i SRS

7 : : 10 LB 2K A * R R O RE A E R

e, (*Hma) A R AR I I8 T 3 P AR
NERS: et 2 M AE A A BT ARAE R RAR G 09 f”f
2095-4344(2024)23-03709-06 AR
MEAFREE: A

SCRRRE M :

A BRER G X E BRGNS (ASIA) 3R AZONSERIERYT, BRBUS.) RIS Zh LI DI RECR B s BONANSE b0, FERhZE 4
PP LT, SIEHRBUS, MF R DIRE, ERALMTigsh e CIOA B atbfits, mmMaiiti il T Higshshieg, RE—FLL L
REENLII< 3% DN BN, MR T Ll FRIZsI IR, REED LRI =32 EQCNIEY, RILMIEs) )
REIET

R4 AV IR N SEEACHIE AR 1/ TAMA(9) 15 E< 1 000 Da), WIZARE M EES SMMIIER ALK, KE . B RGOS
PN ERS SRR, EE T RS E A, A ThREe.

HE

B QO BRI IR R b R AOR T BRI SRR, (B T RO M BUR A B e R, A A A BoR AT
AR EIEL, T AT ATE L 450 SRR DL R IT AR R B R

BEY: AU A BORRRAL G P B4 0 3 A QBIAS AL, R SRR AR5 69 SRR AR AR

FoE: WAR 2001 G175 1k 45 1 B UL 22 20) AN 10481 A e 32 i Onl A B LS MUBVRE A, AT AR b, RS RN 2 0 R B4 it
BT AT B ACHE, i 22 QY . i MetaboAnalystBi P BEATACHTE B = 5, B logisticlml IR 2 A Wb B AL A8, JF 558
[ BEA 1 B 22 (ASIA) IR R 2R

FERELEER: WA RE B ML AR 23 I H 16050 AN 730 BA 225 22 5 AR . SR SR b o, IOt a s 00 o g A
B R R AL, GRS, WlTR . o RRER MIEAE DU AR A4S LA Bl S B IR LIS 50 B plo TR HE 28 VD AE R 9 3 X
WA, It B R A & 7R ISR PRI 1K S ASIAG A TEAH e o BRI, ARTAH 22 AR S ik — 5 B AR G 5
A REB O EEALE] R THE SRR B . U AR A VbR S A & T RE DS PG G O VA R O T AR AR S

KR Attt AAS, AMREY, ZRAuY: 8RO G G- DURAT AT I (8] 5T %

Metabolomics analysis of serum and urine in patients with traumatic spinal cord injury

Song Jiating, Chen Jianmin, Wang Kewen, Huang Lanying, Xu Senming, Gui Yuchang, Xu Jianwen

Department of Rehabilitation Medicine, The First Affiliated Hospital of Guangxi Medical University, Nanning 530021, Guangxi Zhuang Autonomous Region,
China

Song Jiating, Master candidate, Physician, Department of Rehabilitation Medicine, The First Affiliated Hospital of Guangxi Medical University, Nanning 530021,
Guangxi Zhuang Autonomous Region, China

Corresponding author: Xu Jianwen, MD, Chief physician, Professor, Doctoral supervisor, Department of Rehabilitation Medicine, The First Affiliated Hospital of
Guangxi Medical University, Nanning 530021, Guangxi Zhuang Autonomous Region, China

Abstract

BACKGROUND: Traumatic spinal cord injury primarily relies on scale assessment and imaging examinations in clinical practice. However, there are limitations
in predicting the prognosis of the injury. Therefore, the use of metabolomics technology for biomarker screening is significant for estimating the extent of
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damage, injury and recovery, as well as developing new therapies.

OBIJECTIVE: To characterize the metabolic features of patients with traumatic spinal cord injury using metabolomics technology and explore potential

biomarkers and disrupted metabolic pathways.

METHODS: Serum and urine samples were collected from 20 patients with traumatic spinal cord injury (observation group) and 10 healthy subjects (control
group). Metabolites were analyzed and multivariate statistical analysis was then performed for data processing to screen differential metabolites. Metabolic
pathway enrichment was performed using MetaboAnalyst software. Logistic regression was applied to construct a biomarker combination model, and its

relationship with the American Spinal Injury Association grading was analyzed.

RESULTS AND CONCLUSION: Significant differences in 160 and 73 metabolites were detected in the serum and urine samples of the two groups, respectively.
Pathway enrichment analysis showed evident disturbances in lipid metabolism after traumatic spinal cord injury, including sphingolipid, arachidonic acid,
a-linolenic acid, and arachidonic acid metabolism, as well as glycerophospholipid and inositol phosphate biosynthesis. The combination of two identified
biomarkers, telmisartan and quercetin glycoside, showed a correlation with the American Spinal Injury Association grading in both serum and urine levels. Thus,
metabolomics technology provides assistance in further understanding the pathological mechanisms of traumatic spinal cord injury and screening therapeutic
targets. The identified metabolic biomarker combination may serve as a reference for assessing the severity of traumatic spinal cord injury.

Key words: traumatic spinal cord injury; metabolomics; biomarker; differential metabolites; ultra-performance liquid chromatography-quadrupole-time of flight

mass spectrometry
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Table 1 | General information of two groups of participants
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Figure 1 | Total ion chromatogram of quality control samples
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Figure 4 | Metabolic pathway prediction diagram
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Table 2 | Serum and urine intersecting metabolites in patients with spinal
cord injury

i FEAR m/z (B @G W sl BUbR eAmRE Ry
5 wh WETE 4l TR
(min) & XFH W
(min) 21 (ppm)
1 [fjF 833.45 8.18 0.07 M  CuH,O, 146  HMDBO0038350 i 25 i
SR 810 0.06 A 0.69
2 Iy 453.21 6.43 0.08 1 CyH,N,0 —0.10 HMDB0015439 fii Vb
SR 6.89 0.07 7° 439
3 Iy 325.03 435 0.08 1° C,H,0,S 3.02 HMDB0060031 KL th
FRI 882 0.12 I° 3.56

R AR 2RI REA ¢ #%. °P<0.05, "P<0.01

2.5 AMAREMIIE ROC 2k 44 RN #  RREE
TEJRIE ] AUC 4 0.80, IfiLiEH 4 0.70; A Z VD IHLE R+
] AUC 24 0.70, T[54 0.76, VLE 6A. Sjif Logistic [A])
WA TG, B B ARV IS AUC ZE I35 oA 0.89,
PRI 088, L AR A il 46 st — PRl & fs, AR
W4 A1 AUC 4 0.94, DLE 6B, iXEes: B R, MLiE AR
T R R SR AU R DR T 4N B LA BT (X 4
PERE, A E NI BV 1) X 2 PR B8 B A
E . a8 XIGUF 45 B4R — SR S FE A7 (Kappa &
%) 24 0.68, #ERFE (Accuracy) 4 0.86, KB AIENERE o

A 100
RERRRE
AUC = 0.80 (0.64-0.96)
80 ?&%%;%J%o (0.52-0.88)
< 60 . ?Lﬁ%?g:og(ws-os) H: A j‘j jﬁE ﬁ
g ] BT, oseosn T 1 H1 A5 138
% o 43 ) £ 1375 R L
@ W[ ROC i £&; B
20 A PR RS
g b 2% ¥b $H 7E 11 i A
0 20 40 60 80 100 JRAH ) ROC 2
100% - Specificity% 6 | Sl MEERE
190 p—— mipBERHYZ
o e ;l:';f: i;;s o610 X FE T 'ﬂE FHIEfh 2
AUC =0.88 (0.75-1.0) (ROC Eg£ )
§ 60 TJ?R?;?(MZ-LD) Figure 6 |
H P Receiver operating
2 40 characteristic curve
@ : of metabolites
20 in patients with
ol traumatic spinal
0 20 40 6 80 100 cord injury
100% - Specificity%
2.6 AMAREMOE LT EMG S EREKXFE  Spearman

RIS ASIA ZE40 2 T (P < 0.05); K
P AE 520 20 Al 7R 1 BCUA R R I A R +
TR, RWA S S ASIA SR B R TR, W&k 3.
ROC 73 &5 SR8, ARG X T ASIA A 2 FHEIIE e
0.80(0.57-1.0), B 2. 4 0.56(0.26-0.86), C 2/ 0.60(0.34-0.86),
D %¢70y 0.70(0.47-0.93), W.E 7. A E45547R, MIEH R
AR YA & AT RE S R AL G O PR B4 O ™ AR L ) )
PREY), IFHXTT ASIA A ORI D 9% BB B Pt g



HAEE

PEARTERE @72

Chinese Journal of Tissue Engineering Research  www.CITER.com

*3 | RiFYEE SEE BRGNS (ASIA) SREEX DT
Table 3 | Correlation analysis between metabolite composition and
American Spinal Injury Association classification
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