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[H#ZE] BEHHE A AL 2= 5 R 0 3% B 4 25 8 (spinal tuberculosis , STB) 8 # A1 i 1ML 2% v 32 35 25 5 1) 8 11
BT, BT STB BURHLHI M AR . F5 3% WUE 30 19 STB 8 2 il 30 il i 5 35 a2 i 0 A i, BUH A 3 91 STB
A (WGELE ) F 3 491 el RJE 7 B 25 O IR AL ) 19 A1 Jo] 1l 52 5 2o 28 10 S5 4 2% () 7 38 A 0 AR R % 28 0] 5 e R A
R 1% — ST % T AT B R S 25 SR A 1 G R R R Gk 25 5 I B (22 AR H>1.2, P<0.05) B EE 11 BT, JF R AT Ak A I
(gene ontology,GO) Fl 5 #8JE K 5 3L P 2 H Bl 4 5 (Kyoto Encyclopedia of Genes and Genomes,KEGG) & 447
Br 3 2R J5 4% 30 9] STB £ 35 F1 30 1) 3 B 2 J 5 19 1 2% 14 52 ) 5 ' A ki 7 53 3R 5 il 6 S 7 (real —time  quan-
titative polymerase chain reaction, RT-PCR) 1 iff ¢ %t & W B I 22 7 (enzyme-linked immunosorbent assay,
ELISA) Bk H 25 S JE [ K 11 . 85 R :STB M AM i i e b L e 118 16 A~ S50 A A2 7 W E M 22 R 5
o 11 A8 A 2 8% 2 11 (lipopolysaccharide—binding  protein, LBP) .S100-A8 & [1 (protein S100-A8) .S100-
A9 HE 1 (protein S100-A9) , JEMAFEE 1 A-2 (serum amyloid A-2 protein,SAA2) | & & 5% AW a-2 B M
(leucine-rich alpha—2-glycoprotein, LRG2) . # 1 % #% 4 (proteoglycan 4,PRG4) FMAEH T I (complement factor
1,CFI) .a—1-9i B 2 1 i} (alpha—1-antitrypsin, SERPINA1) 41 12K (1 fiff D (cathepsin D,CTSD) . Ifil 3¢ 4 #% & 1
(ceruloplasmin, CP) Al N %2 %% Bk 2 1 (lambda—immunoglobulin 4-60,IGLV4-60)]# ik 1,5 /& (1[5 & B &
F1 (vinculin, VCL) .3-64D 2 % Bk & 1 (immunoglobulin heavy variable 3-64D,IGHV3-64D) .2D-29 fu % Bk £
M (immunoglobulin kappa variable 2D-29,1GKV2D-29) .l 5 & 7 % 3% Bk 2 1 (non—functional immunoglobulin
6D—-41,IGKV6D—41) 1 1-45 %35 Bk 8 14 (immunoglobulin heavy variable 1-45,IGHV1-45)]# 35 N4, LBP,
S100-A8 & 11 S100-A9 (I 7E STB 4 41 Ji] il 14 1 PRI AR 11 38 35 5 00 B2 L e 3 W 38 M i (P<0.05)
FEESHHAMNFE-1T F 5 E SR, HAED HE T b 5 RE AW B E T 5492 D) Re A
%, SAA2 LRG2.PRG4 CFI.SERPINA1 ,CTSD .CP il VCL fy 3L A& (1 321k 5 0 BRAL B G 1T 5 25 5 s IGLV4-
60 . IGHV3-64D IGKV2D-29 . IGKV6D—41 il IGHV1-45 1) 5 [} 2 ik 5 %f I W 35 1 22 5% (P>0.05) , 8 & 15
REGIE. SR HE A0 T STB 8 SR i 22 57 8 5 R i i K STB AR L A9 F 52, LBP S100-A8 Al
S100-A9 & AT EJE STB AR AL G B RIKE L, FE S 5 IL-17 (5 5 WM B WA E S HE DT
RAE | AW AL TS5 A Y D E
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[Abstract] Objectives: To screen the differentially expressed proteins in peripheral plasma of patients with

spinal tuberculosis with proteomics technology to provide reference for the study of the pathogenic mechanism
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and metabolic pathway of spinal tuberculosis. Methods: Peripheral blood was collected from 30 patients with
spinal tuberculosis and 30 healthy volunteers, and the peripheral plasma from three patients with spinal
tuberculosis (observation group) and three healthy volunteers(control group) was identified by isobaric tags for
relative and absolute quantification (iTRAQ) based proteomics technique and liquid chromatography —mass
spectrometry analysis for differential proteins to screen the proteins with significant expression differences (FC>
1.2, P<0.05), and enrichment analysis was performed through Gene Ontology(GO) and Kyoto Encyclopedia of
Genes and Genomes(KEGG). Then, plasma from spinal tuberculosis patients and healthy volunteers was tested
by real-time fluorescent quantitative reverse transcription polymerase chain reaction (RT-PCR) and enzyme-—
linked immunosorbent assay (ELISA) to verify the differential genes and proteins. Results: A total of 16
proteins were screened in the peripheral plasma of patients with spinal tuberculosis that were significantly
different from those of the control group. Among them, 11 were up-regulated [lipopolysaccharide—binding
protein(LBP), S100-A8, S100-A9, serum amyloid A-2 protein(SAA2), leucine—rich alpha-2 glycoprotein(LRG2),
proteoglycan 4 (PRG4), complement factor 1 (CFI), alpha—1-antitrypsin (SERPINAT1), cathepsin D (CTSD),
ceruloplasmin(CP), and lambda—immunoglobulin variable 4-60(IGLV4-60)] and 5 proteins were down-regulated
[vinculin(VCL), immunoglobulin heavy variable 3-64D(IGHV3-64D), immunoglobulin kappa variable 2D-29
(IGKV2D-29), non—functional immunoglobulin kappa variable 6D-41(IGKV6D-41), and immunoglobulin heavy
variable 1-45(IGHV1-45)]. The gene and protein expressions of LBP, S100-A8, and S100-A9 proteins were
significantly elevated in the peripheral plasma of patients with spinal tuberculosis compared with those of
control group(P<0.05). They mainly involved in the interleukin—17 signaling pathway and autophagy signaling
pathway, where they were associated with inflammation, autophagy, chemokines and other biological functions.
The gene and protein expressions of SAA2, LRG2, PRG4, CF1, SERPINA1, CTSD, CP, and VCL were not
statistically different from those of the control group; the gene expression of IGLV4-60, [IGHV3-64D,
IGKV2D-29, IGKV6D-41, and IGHV1-45 were not significantly different from those of the control group(P>
0.05), and the protein expression was not validated. Conclusions: Proteomics can be used to screen
differential proteins in peripheral blood of patients with spinal tuberculosis and study the pathogenesis of
spinal tuberculosis.  LBP, S100-A8 and S100-A9 proteins may be important expression proteins related to
the pathogenesis of spinal tuberculosis, which proteins mainly participate in [L-17 signaling pathway and
autophagy —related signal pathway, and focus on biological functions such as inflammation, autophagy and
chemokines.
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T 2H T FHD o RIS 2 1 3k R0 O vk — B
1.2 EELGI AR

Easy nLC 4% 224t (Thermo Fisher Scientif-
ic);Q Exactive plus it} {X (Thermo Fisher Sci-
entific) ; Multiskcan Sky i #5 1 (Thermo Fisher
Scientific) ; Agilent 1260 infinity [I HPLC R % ;
HL YK { (BIO-RAD) ; MP Fastprep—24 2] %A (MP
Fastprep—24 5G) ; M/ B AN (77 328 2 JY96-1-
IN);Nano Drop (Thermo Fisher scientific); 2 N

T BE I HLIK (SDS-PAGE) R 1 22 il
(3 = K ,PO0LISF) ; Jis 2 4 & 11 (LBP) Ht 44 1105
£ \S100A8/A9 HL A7 £ (db nUK R A= )
AR ) ;RNA £ B Trizol (Invitrogen, 58
¥ );TB Green premix Ex TaqTM II (TAKARA,
H 4%);Light Cycler 480 I & & ¥ (Roche, 3
[ ) ; PrimeScript RT reagent Kit(Thermo, 5% [ );
LME (Merck , 1000304008 ) ; Lysing Matrix A (MP,
6910 -100 -99219);C18 % [l 43 #1 # (Waters,
WAT023590) ; —fiii 5 b 5 (Sigma, 43819-5G ) ; H
PR B (Sigma, 17843) ; — 9 £ & (Sigma , T6508 ) ; ¢
ffE L (4%SDS, 100mM  Tris—HCI) ; il % 28 vh i (8M
Urea,150mM Tris—HCl); & pH {H ) i) 2% Ml A
(10mM HCOONH,,5% N4l ) ; = pH {H I 17 2%
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Q-Exactive plus FEAT [ 28 FRiC AH X FI 48 0] 5 1
BORAG I, 52338 4714 5 15 0 5233 23 A #7F Mascot
2.6 Fll Proteome Discoverer 2.2 X} 545 #1770 41
Pt Rk 22 5 B (R AEH>1.2,P<0.05) 1 &
(S5
1.4 EWE R0

FIH Blast2GO B x) H A5 8 1 B 4E & k47
FEH AR (Gene Ontology , GO) Fl it # 5E K 15 5& A
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Genomes, KEGG) & /04T .
1.5 AP i 2 S5 5k PR SR 0 S i

fift ] Trizol 251 & B MU 2 v A A 10 v i
AL RNA K RNA J2FE 524145 ¢DNA . B cDNA fif
JH TB Green premix Ex TaqTM I “E&E¥FE
[Lh B-actin iy NS #EAT 5L I 28 i 1 i G s R 5
fiff %% S W (real —time quantitative polymerase
chain reaction, RT-PCR) |$&E 525 . Je WK R A .
Il BT cDNA,0.4pl+0.4pl L FHE51 4 ,8.2ul
ddH,0, 10l SYBR MIX, &K F 20l ; PCR 4% 14
4:95%C 3min;95°C 5s,60°C 30s,40 MEH, ¥
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5 fg B AR T AN A i Ok TR FR Ak 25 S R O
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BE YR BEHOB AL IR 7 701 Ik A R AE ) I
P A RAEAE I o RAE KN TL-17 P 576 H:
{5 5 38 % b BE 98 1 ) A% % 3¢ H 7 —kB (nuclear
transcription Kappa B, NF-«kB)#J#G!41¢, LBP
AN RR RS2 AR T, AR S5 A% 5 BT TR 11
RAEN NF-«B {5 518 v 20980 Fg s (5

SR, NF-kB 776258 40 BT B B i %
i RS R R AEA ek, dEmS R R
i AR AT NS Y NF—kB PR 380005 1 7 4 il
Jei , WUHE 245 A vl BT 5 9 A FHU10081 B g 4
TS5 BUFF T R 78 40 e sk vl BE S HE LBP, b i
1R TL-17 15538 B 09 S, % 4 s g 7™ Az
i, H IL-17 BB I NF-«B {5 538 % 19 5
W, AWFFELE I B STB B 4 If+ LBP 5

x1 EHEZEFIEANPREIEZEENERD

Table 1 Proteins expressed significantly differently in peripheral blood of patients with spinal tuberculosis

SR WFEN

RATERH

B4 i % AL S A T {555 3
Protein hydrolysates cl};aorll(ie Sclﬁrrllfé_ Pi;::;dl Gene ontology Signaling pathway
g ;
NRERRE A S g
lambda—immunoglobulin 2.130 0.010 IGLV4-60 Infl ) tjzﬂ ‘%‘E’Efiﬂj " N?f:
variable 4-60(LGLY 4-60) nflammation and immunoreaction one
[hEZ F B SAE AT A A NF-kB Hl TL-17 {5 53 #
Lipopolysaccharide-binding 1.825 0.029 LBP Inflammation, chemotaxis, and NF-kappa B signaling pathway
protein(LBP) phagocytosis and IL—-17 signaling pathway
L3 VE R RE SR 1 A2 2 A
Serum amyloid A-2 protein 1.758 0.028 SAA2 Cﬁf ﬂ:ﬂt—}:ﬁ Njﬁ
(SAA2) emotaxis one
WA AR a2 BEEA
Leucine-rich alpha-2- 1.714 0.022 LRG1 T f:":{t i Njﬁ
elycoprotein(LRG2) ransformation one
PAE AR ARV T e
. S100-A8 i 1.644 0.042 S100-A8 Inflammation, chemotaxis, IL-17 1”.7;16%
Protein S100-A8(S100-A8) phagocylosis, and apoptosis IL-17 signaling pathway
. RAE EAAE R A WEAE R T SO
100-A9 % ] HAE A > 1L-17 {5 530 #%
Protein S100-A9(S100-49) 128 0031 S100-A9 pﬁgﬂggfg‘;}}‘SO“;nth';‘gﬁz‘;; IL-17 signaling pathway
t=) ” N
BTN 4 KB A J
Proteoglycan 4(PRG4) 1.438 0.003 PRG4 Conglutination and inhibition None
IV ED EVE T GER AR A AR % ) T SR
. . 1.376 0.030 CFI Chemotaxis, migration, and Staphylococcus aureus
Complement factor I(CF 1) h ! h
phagocytosis infection
a-1-PUREE F y s WMER S
Alpha—1-antitrypsin 1.345 0.022 SERPINA1 Chéﬁjﬁjﬁ ﬁﬁnlﬁ ﬂﬁ{’iﬁ'ﬁmqi‘ Complement and coagulation
(SERPINAT) ’ S and phagocyrosts cascades
S 1 D Wi BE s il 2455
Ca{h(;;);in D(CTSD) 1.326 0.049 CTSD Apoptosis, translocation, and Sphingolipid signaling
inflammation pathway
9 i e 7 e NGRS AW )
2 ik A
. mbﬁﬁ;hmﬁ H 1.231 0.000 CpP L %Jé ‘j‘h ﬂ,ﬂ: S Porphyrin and chlorophyll
Ceruloplasmin(CP) Translocation and antioxidant .
metabolism
Bk R M i B e B
Vinculin(VCL) 0821 0.032 VCL Conglutination Focal adhesion
monoellin oot 0730 o019 VT B RS #5155l B
variable 3_% 4D (IGHV3—%, 4D) : : 64D Chemotaxis and immunoreaction Calcium signaling pathway
2D-29 GIEER A 11 IGKV2D- AN \ NF-kB {55 3
Tmmunoglobulin kappa 0.694 0.034 o HEAEI SRR NF—kappa B signaling
variable 2D-29(IGKV2D-29) 29 emotaxis and mmmunoreaction pathway
2 e
AF DA S S FR IGKV6D- [ERR PI3K-Akt {55 il
Non —functional immunoglob- 0.669 0.003 Chemotaxis PI3K-Akt sienaline pathwa
ulin 6D-41(IGKV6D-41) 41 s gnating pathway
1-45 S sk A WEEE o3 AL S S B 2 A7 5 3 it
Immunoglobulin heavy 0.637 0.048 IGHV1-45  Multiplication, differentiation, and B cell receptor signaling
variable 1-45(IGHV1-45) iimmunoreaction pathway
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Figure 1 GO enrichment analysis associated with differential proteins a The composition, activity and function of the
screened proteins b The fold change of the screened differential proteins in different biological functions ¢ The locations

of the screened differential proteins d The number of differential proteins screened under different functions
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Figure 2 KEGG enrichment analysis results of differential proteins a Bubble diagram of KEGG enrichment analysis b
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IL-17 {5 5l H R % V), {HAE STB 44E h an i
RIEER U K25 12 XALH H AT A G
LBP s f5c L BAE 5 22 IR B P v b e 55 IR 2 b
55 U —Fh 2k RV 8 . Chen 55191 B
LBP 7 e 85 I AF 19 (5] 22 35 25 Ty, 7E 5800 AR ik
BE IMAE FMEEE MAE i BAT 835 A9 Re S, B
h 12 Wi B8 D)k B Ol RE 2R W AR GR W RY I RE
Chalubinska—Fendler %500 F| i 88 28 & 07 )5
LBP 1 IRR7 R0 B B m iy Emi v, A2
Ay L IR TBOT T S B AR bR i . LBP 7R
2 R AE 55 R AT Bl 9 1) RO v T £L A B TR
HRal C—FNLEE 1, WA ] G A 12 I 28 R P O
TR WS AR R Pillay SFP0) 1 S PR
iR PR R A B RN LBP Rk B 3 T
ZERZ IR YT W) LBP 05 KT R [ LBP 7525 4%
K kA5 T EEAEM . De Groot FFPI7E 5
P il 235 4 B ILE RO LBP #EAT T8 R
IR 12 Wi 45 4% AR AR S R T o AR E ST e

F2 EHERHAXAEEPCRSIY
Table 2 RT-PCR primers

K Bk 2l
Gene Primer sequence(5’—3") Products
LBP i Forward CTGGCATTGCTGCTTACGTC

T i Reverse CTCAAGTCCCCGGTGAAGTC 164

3% Forward TGTCTTTCAGAAGACCTGGTTC
S100-A8/A9 T Reverse ACGGCATGGAAATTCCCCTTT 140

IGLV4-60 3% Forward GCTGACTCAATCATCCTCTGC
g T Reverse CTCCCCTTGTTGTAGCTTCCA

SAA2 U Forward TGGCTGGAAAGATGGAGACAA 115
Fii# Reverse AAAGCTCTCTCTTGCATCACTG

3% Forward TTGGCAGCATCAAGGAAGC

171

LRG1 T Reverse CAGATGGACAGTGTCGGCA 226
PRG4 3% Forward CAGAGGTCTCTACTCCAACTACC 199
FU# Reverse AGTCATTTCAGGTTTAGTCGCTG

CFI i Forward GGTGAGGTGGACTGCATTACA 191
Fii# Reverse CCTCCCACAATTCGTTTCCTTC

+ 3 Forward GGAGGCTCAGATCCATGAAGG
SERPINAL T Reverse GGTGTCCCCGAAGTTGACAG 187
CTSD %g Forward TGCTCAAGAACTACATGGACGC 117

Reverse CGAAGACGACTGTGAAGCACT

CP [-3i# Forward GGGCCATCTACCCTGATAACA 38
i Reverse TTAAAGGTCCGATGAGTCCTGA

VCL 37 Forward CTCGTCCGGGTTGGAAAAGAG
T Reverse CTCGTCCGGGTTGGAAAAGAG

7 Forward GGACGACGTCTGTGTAGCACT
IGHV3-64D T Reverse GGGCTATCTTCCGTGATCACA 83

142

Fiif Forward CCGAGGTCTCATCTCGATCTTCC
IGKV2D-29 it Reverse AGTCATATCAGGGTTAGTCACTG 129
FiiF Forward GCAGGACCAGATTCATCATGG
IGKVOD-41 e Reverse GCTCTCGTCGATGTAGACAG 214
1 Reverse GCGGAATCGATCATTCTGTGCC
IGHVI=45 £ pomward TCCTCTTGTCGTAGCATCCA 96

i Forward GAAAATCTGGCACCACAAAT 43

B-aclin T Reverse GATAGCACAGCCTGGATAGCAA

LBP 7 STB &3 0940 i 3K h e e 2 R Rk w
FE5E M LBP A 2 W STB 7 bR 4 .
3 4h , Wang 521 Bl S100-A8 2 (1 1 S100-
A9 B 10 R B B 5 ) A R S RN
S8 L PR 43 D SR R 1 AR S L, AT A A 2 W A i
DT 0 A0 355 A 00 75 0 L % 4 i A B YR 7 R
FI T8 5 . AW 45 S B, S100-A8/A9 [
5 A WER TL-17 {558 B2 DA OC . T 1 W R 20

®3 ERAMBEHEREEIEANPERERMNE

HIER (n=30)
Table 3 Expressions of differential genes in

peripheral blood of normal people and patients with

spinal tuberculosis

IEH A BB H PlE

Normal people STB patients P value
LBP 0.97+0.36 1.63+0.31 0.01
S100-A8/9 0.87+0.35 1.4620.26 0.03
IGLV4-60 0.79+0.26 0.86+0.38 0.23
SAA2 1.35£0.25 1.25+0.82 1.06
LRG1 0.76+0.31 0.86+0.23 0.06
PRG4 0.81+0.31 0.89+0.27 0.93
CFI 0.83+0.52 0.77+0.46 0.09
SERPINA1 0.75£0.31 0.89:0.62 0.06
CTSD 0.76+0.46 0.67+0.54 0.16
cp 0.840.57 0.74+0.51 0.07
VCL 0.76+0.31 0.58+0.39 0.06
IGHV3-64D 0.89+0.43 0.75+0.47 025
IGKV2D-29 0.85+0.39 0.76+0.48 0.29
IGKV6D-41 0.76+0.43 0.89+0.53 0.08
IGHV1-45 0.67+0.37 0.85+0.23 0.26

F4 EEANMBEREEZEZFIALPEREANRIE
1B 5 (n=30,pg/ml)
Table 4 Expressions of differential proteins in
peripheral blood of normal people and patients with

spinal tuberculosis

EHA HREA R Pl

Normal people STB patients P value
LBP 4.97+1.23 7.57+2.52 0.02
S100-A8/9 4.26x1.49 5.98+1.64 0.03
SAA2 5.56+3.25 5.98+4.23 0.67
LRG1 23.26+12.32 28.36+29.36 1.36
PRG4 323.56+159.64 415.38+257.68 0.09
CFI 46.57+23.49 43.26+24.17 0.83
SERPINA1 384.34+87.36 387.92+106.85 1.96
CTSD 589.48+126.47 658.76+175.65 0.08
Cp 92.36+23.18 85.76+26.34 0.67
VCL 1652.48+849.54 1584.25+867.59 0.82




o [ A A A2 7 2022 4EE 32 455 9 1)

Chinese Journal of Spine and Spinal Cord, 2022, Vol.32, No.9

821
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