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Serum proteomic analysis in patients with acute spinal cord injury
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[ Abstract] Objective To investigate the specific metabolic pathway or different biomarkers for acute spinal cord
injury (SCI ) by comparing the protein expression between acute SCI patients and healthy controls. Methods From July
2013 to December 2014, the blood samples were collected from 9 acute cervical SCI patients and 9 healthy controls. The
demographic characteristics of age, time of injury, and cervical Japanese Orthopedic Association (JOA ) score of the 9
SCI patients were recorded. The serum protein mass spectra were compared between SCI patients and healthy controls
by label-free relatively quantitative proteomic technology. The correlation between differential protein expression and
demographic characteristics was studied in the patients by using Spearman correlation analysis. The bioinformatic analyses
of differential expression proteins were performed by using gene ontology ( GO ), BiNGO, and Kyoto encyclopedia of
genes and genomes( KEGG ) analyses. Results Twenty-two candidate proteins were identified in the acute SCI group,
among which 11 proteins were up-regulated ( such as fructose-bisphosphate aldolase, carbonic anhydrase ) and positively
correlated with the time of injury and JOA score; and 11 proteins( such as immunoglobulins ) were down-regulated and
negatively correlated with the time of injury and JOA score. Bioinformatic analysis showed the 22 proteins were mainly in
fructose and mannose metabolism pathway, platelet activated metabolic pathway, adhesion and connection metabolism
pathway, and nitrogen metabolism pathway. Conclusion There are different serum protein profiles between acute SCI
patients and healthy controls. Candidate proteins fructose-bisphosphate aldolase and carbonic anhydrase are promising
biomarkers.
[ Key Words ] Spinal cord injuries; Serum; Proteomics

J Spinal Surg, 2019, 17(2); 116-120

EE&WB.: Bl DA RFERWH (2012Y146 )
EERN. & H(1984—), i+, FIGEEIR; gaoruidr@hotmail.com
«BIEEE: V% xuhuizhou66@163.com



PSR, 20194F4 7, 55 17 555 20 J Spinal Surg, April 2019, Vol. 17, No. 2 < 117 -

LAV RERU (SCL) B MR B WP 2
— HET s Z AR R R S s A A T B
s IPALFE bR o SCLIE (A5 B R T 43 4y S & A 45405
AN AL, R A5 A7 15 M 1A A ) 2855 %)
BRI L B Rl , Ak R PR R e e s L
i JE B R B AR PE RN 2 H RSk & v
5497 1 g LA BHRUATL 1) 60 A 1 2 30 I i O 5 4 B
B0 AR, BARA AR TS 2N T
TR BRSSPI 5, ASBFFER FHAERRICARXS
FE 2 2 2 (labelfree ) £ K Fo A% 2025555 SCI
SR RO R MLV 28 BT, X 28 ik i e
HATA WG B A, DA R I 2k SCLJ i %L
2 ARIRE A

1 MR5FE

1.1 BrRst %

201347 H—2014 412 A, WesE o B 2t 3
B SCIEH ()5 24 h N O)VE Rl , WsE 9 ik
) AFS 5 09 ZERH DG 4 i R A 5V A kot B
T I R BE, 4EIY32~55 %, FI474, il
SEE BT, T ME H A S FR2E 2 (JOA ) TE
Gyt R BRI B, A 31~54 %, P34 44
4o 2 B ICEE IR . A B S S AR
1.2 B R EZXF

FFERBE 5 T ( CTL 23w, 5[] ); Q-Exactive
WA 838 — 1 I FH 2 48 ( Thermo 24 W), 3£ [H );
EASY-nLC1000 44 T+ 9% 3 3£ 55 20 W A 2 3% &R 42
(Thermo 2y w), F[E ); ZFRAN 4FEFEEEHM
ZHEMBERE RS (Aligent 2 7], FEH ) JBREE 1§
( Promega 3], £ ),
1.3 iR AR o R G AL 22

BE DGR AL R R PTBER M4 e
Hozs HE B DKL, 4 °CE50 (1500 r/min, 250248
19.5 em, 10 min ), % 3 {3 M35 FEA LA I, 1N
— AR ERE, BH3AERE  BUEREM, £LBR
IS A= o3 o o S N 1 Y- - b £h//sav & (I E
Ja INAGE & 2403, BB 7K 15 min, &5, -80°C
T#17 o BEYRE AR 200 pg, MIA B BEEE (DTT )
YRR 100 mmol/L, 4°CE.L> (8 000 r/min, B.02F
#19.5 em, 10 min ), B0 2 KJG A 0.5% [ (i
40 uL, 37°CHFH 18 ho
1.4 RAREHE - B I ESHT

Fi 5 T 25 L3 g WA 7 W) 2R A T VROAH €833 -

3K T3 43 AT, R FH EASY-nLC1000 4 T &% 37t 7
o RO 3 R G AT or . SR Ar B R
Q-Exactive A @135 - BTG R etk A7 i 73 o
S AT IR 120 min, K 7 2OH TE B, BEE
Cml/z ) FHTE L 300~ 1 800,
1.5 ApARiL o Hrde £ M As B F 5T

PO (L3 — IS0 IR A6 SO A Maxquant
1.3.0.5 Bk A7 AR id & & 40 . B0 R
ipi.human.3.68 fasta, FIT15) A SCI FH Perseus 1.3.0.4
BAFHAT oMY o ARSI 22 S R B 8 T E SR AR 18
(GO ) Bl EEAT IR T, AAEAINEZ Y . 70520
REFNAE )2 AT o TE SUAR L A 5 SR R A R 4
P (KEGG ) 3414 738 #5341 o K H Cytoscape 3.2.1
AER) BINGO 3.0.3 ffi {1 75 4250 HT
1.6 %itFan

{11 SPSS 16.0 FAF X0 Bl A T e i 2700 M o 4
(1) % ML 2 P - 2 B 1) 22 S LR R I S AR 1
K, LIKGIRZE IR P <0.05 822 S350 > 2 iR FIgHA
NRRFEFFRIREH o R Spearman AHIC /M1 25 5+
FERE GRS | BT E LA JOA PEAFARDCHE

2 084 B

21 AAREE

S fAiI2H 9 1 F E Pt ) 3~24( 16.4 £ 3.1 ) h,
itk JOAPE N 6~13(9.2+ 1.7 )5
22 EFEARESH

RN EH, KPP 2/ EARHER
ik, SXTHRAM L, B PE 1T AEARE L
W, LS ALY - IR N | R G 11
EARIB T, ARG REEERESFE (R ),
23 EFARAEG LB ER JOA 48 £

Spearman fHCM T S BN, 1141305 BRI
P 5 3547 FsF ) FH B5UHE JOA PE20 S TE AR & 11403
IR R R R (S A5 5 (R AN A JOA TRy 2 fUR O6
(F£1); 24ZERFIREAY GG TE
24 AMIEEFHIN

GO FIBINGO 73 M4 R R, 22 Fp 22 S Rk iR
HEES 5k 2 . RN RS M . B 4iiisz
IRA5 5 B S A S AL R (3R 2), FEEETK
SFFEAY . AKX | YU | 20 B g A st 1A
Ji (223 ). K4 AT 110 22 53 3R B VA T KEGG 38 %
S, LRI T ANE G R R CEhE . R
BT A A U 5% | 0t /NS I8 A % L R
A B A EACHE



- 118 - e d . S R A AR L B BT A AT
x1 ERREELSHBHFE. JOATSHHEXME
Tab.1 Correlation analysis between differentially proteins and time of injury, JOA score
i : JOA 53 i i)
HEH & EFHE Rk HeA JOA score Time of injury
Gene Protein Protein description Expression Ratio
r P r P
Aldoa ALDOA Sl - ZERRIELTG A iR 12892 0.66 0.007 0.57  0.002
Fructose-bisphphate aldolase A Up-regulation
Fga FIBA 2R R o i A 8.681 0.65 0.003 0.78  0.001
Fibrinogen alpha chain Up-regulation
Ca3x CAH3 IR 3 i 8.156 0.4 0.009 0.71  0.002
Carbonic anhydrase 3 Up-regulation
Aldob ALDOB b - RIS B [ 7.568  0.71 0.002 0.74  0.002
Fructose-bisphosphate aldolase B Up-regulation
Ywhae 1433E 14334 e i 6.321 0.69 0.007 0.83  <0.000 1
14-3-3 epsilon Up-regulation
Ca2 CAH2 BRI 2 i 4764 081 0.007 0.55  0.001
Carbonic anhydrase 2 Up-regulation
Ceslc ESTIC SRR NG ki 4218 079 0.005 0.61  0.001
Carboxylesterase 1C Up-regulation
Serpina3n SPA3N 22 R A 7 A3N LA 3.845 0.63 0.008 0.68  0.002
Serine protease inhibitor A3N Up-regulation
Ugp2 UGPA UTP- 415k - 1- AR DR 1T e A5 T L 3518 064 0.003 071  0.005
UTP-glucose-1-phosphate uridylyltransferase Up-regulation
Prg4 PRG4 EE R4 A 3.206 0.73 0.000 0.82 0.003
Proteoglycan 4 Up-regulation
Cal CAHI1 TR 1 iR 3.103 0.72 0.003 0.83  <0.000 1
Carbonic anhydrase 1 Up-regulation
Dnah2 DYH2 Hhez 5l )y 8 1k T 0211  -0.79 0.007 077  0.002
Axonemal dynein heavy chain Down-regulation
Igh-la IGG2B o BREE 1 y-2B 8 C X T 0228  -0.59 0.003 -0.68  0.001
Ig gamma-2B chain C region Down-regulation
LOC367586  IGG2A GPERRIE ] y-2A i C X T 0302  -0.66 0.009  -0.81  0.002
Ig gamma-2A chain C region Down-regulation
Apoa2 APOA2 BAREITA-1T T 0325  -0.54 0.002  -0.59  0.007
Apolipoprotein A- Il Down-regulation
Lac2 LAC2 GRERRER 1 W24 C X T 0333  -0.71 0.007 -0.72  <0.000 1
Ig lambda-2 chain C region Down-regulation
Cda Cda AMA Cda T 0391  -0.72 0.007  -0.71  0.001
Complement C4a Down-regulation
HVM36 HVM36 G RRE I ERE V X 441 i 0393  -0.58 0.005  -0.61  0.003
Ig heavy chain V region 441 Down-regulation
Fl3al F13A BEIm 5~ X A5 T 0401  -0.69 0.008  -0.66  0.002
Coagulation factor X Il A chain Down-regulation
C4b C4b #M Cab T 0412  -0.59 0.003  -0.52  0.003
Complement C4b Down-regulation
Ppbp Cxcll CXC &b+ T 0487  -0.62 0.000 -0.58  0.004
CXC chemokine Down-regulation
cdsi CD5L PiJgEH: CDS T 0535  -0.75 0.003  -0.83  0.002

CDS5 antigen-like

Down-regulation
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Tab. 2 GO molecular functional classification

GO Jr FIIRET R I PfE
GO molecular function annotation Protein P value
b iz CAH1, CAH2, CAH3  0.000 43
Carbonate transport
TR T ARG 14 CAH1, CAH2, CAH3  0.000 43
Carbonic anhydrase activity
B A A2 A5 LAC2, HVM36, IGG2A, 0.000 81
B cell receptor signaling pathway 1GG2B
AT AL LAC2, HVM36, IGG2A, 0.000 98

IGG2B, 1433E, GROA,
FIBA

Cell activation

X3 GO D HE(24)

Tab.3 GO cellular component classification( Level 2 )

GO 2R 7326 HEH
GO cellular component classification Protein
KIFFEZEY LAC2, HVM36, IGG24,
Macromolecular complex 1GG2B, CAH1, CAH3
2 5 LAC2, HVM36, IGG2A,
Membrane IGG2B, 1433E
AiAMX CAHI, HVM36, GROA,
Extracellular region FIBA
I AT P ALDOA, 1433E, F13A,
Membrane-enclosed lumen ESTIC, FIBA
2 it %
A 32 42 1433E
Cell junction
i & CAHI, CAH2, CAH3,
Organelle LAC2, HVM36, IGG2A
33 i
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