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HE. [BR] WFEMEIRSER T-a (tumor necrosis factor—a, TNF—a) AFSEIE AR HE ] #8552 0838 05 5 8, I TZE D1
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oIt R . [FiE] EAIEIEZE GEO (Gene Expression Omnibus) HV R 28 TNF—o 33505 18 A8 = A] 5L A9 JE RS Ao dis, i
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Abstract: [Objective] To reveal the key differentially expressed genes and regulatory mechanisms associated with tumor necrosis fac-

tor—a (TNF-a) in human degenerative intervertebral disc by analyzing microarray data using bioinformatics, and to explore the related sig-
naling pathways and interactions network, providing clues for future investigations on the molecular mechanisms of disc degeneration.
[Methods| The microarray data on degenerative intervertebral disc after stimulation with TNF—a were downloaded from the public data-
base GEO (Gene Expression Omnibus) , to find the differential expressed genes between degenerative disc cells and those stimulated with
TNF-a by a screening tool, and the analyses on gene ontology, signaling pathways and interaction networks for differentially expressed
genes were conducted using DAVID, STRING and other online tools. [Results] A total of 754 key differentially expressed genes were found
in degenerated annulus fibroblasts stimulated by TNF-a, of which 461 were up—regulated and 293 were down—regulated. In term of gene
ontology annotation analysis, these differentially expressed genes were mainly related to extracellular matrix, injury reaction, inflammation,
apoptosis regulation. In term of signal pathway analysis, these differentially expressed genes were mainly related to signal pathways such as
cytokine interaction, apoptosis, NOD~like receptors, chemokine transduction. In term of interaction network analysis, genes, such as JUN,
CCL3 and ANHK may play a key role in the intervertebral disc degeneration. [Conclusion] It has found that CCL3 and other genes may
play a certain role in the development of disc degeneration by inflammatory reactions using bioinformatics analysis of gene expression profil -
ing of degenerative intervertebral disc stimulated by TNF-a, suggesting that bioinformatics methods can find a number of potential target
genes to provide new ideas for the research of degenerative intervertebral disc.
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FEARFR R AT ISR BE L A, I R 2 30y 21
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IRAEZ R ILFIERMEER, — Bl AER: . P
N ARG REEUEE R, HEREREIFA
REAR 4 M i REME () SR A 1 e A L R a2, 3
AR 5 & U [ 25 SRR B v 3 9 A8 O SF-A7
JEHRERAE R T 40 IL-18 . TNF-o 2 5 7 HE[A] 4
AR AR, (0 HAE ARG 3 R S K A F HL DR
By B ARBIFSE I A BT TNF—o T 380 18 728 M 1] 4
LT L IR0 DR Rk (AR Ak, SRR Y 25 S R
RS R HLTRE, SR IORE VR F A ) S 8OGR
RAM AR, PR SR A e
il

1 #MREFE

L1 SRR EUE

TE GEO DataSets (http://www.ncbi. nlm. nih. gov/ gd
sf) HCHE P b TR 80HE ) 4R R 2R Gk 8 R B aiE
GSE41883. % &#i i Gruber HE S 424, SR Af-
fymetrix Human X3P Array &£ 12808 H 8 -3
DU i, A4 4 SRS HER] S 2V 4 A
TNF-a FRIRASHMERI S E

Xof R ZH e ORI HE ] S 2T AEA AL A T35 57 14 d
JRPRIBUE RNA, 24718 | it | 5OEhmc)n 5 Af-
fymetrix Human X3P Array %3¢ ; SEHG 206 GR ARHEN]
ST AN ST SR, FEFRAEPAINA TNF-, 14d
JEPEIUR RNA, 284788 | ikt | ZOthRid)E 5 Af-
fymetrix Human X3P Array ZEAE
1.2 2253k i 1t

H NCBI [ 3 {5 GEO %4l 5 v N 2 804 %
GSE41883 Hy3Cf, HIHI R 1 5 i 1k 22 5 R B HE
BOE R E > (1) A5EEUE (fold change filter-
ing), DAZEXHE 2 A HLEARN AR (2) koK
Fid g (expression level filterin ), Ek B4 3 R %3¢ H X}
KB LAFCXT ¢ K38 P<0.01 HEFFIfi i LA
1.3 ZFRIIEN I ZRIE

FIHI MeV 4.9 B fAx 2 Bdfa i 19 22 R A kA
T2 E I (hierarchical clustering) , 3 HT 22 5%
FEIR LD BE A S 2H 5 00 R DOl ok
1.4 ZERFBIEHINHET R

W22 5 R FL 22 ) DAVID B33 (http://da-
vid.abee.nciferf.gov/) 11, FIFHSE R D REE BEAELL T
R (Ver. 6.7) 73Hr 22 e 3R B AL 200 . 731

RS EWd e s
1.5 225 3R DGR S B 4B

1 22 S R K L 42 22 3 DAVID M ufirh, I
KEGG (Kyoto Encyclopedia of Genes and Genomes) %§
P BT A OG5 S
1.6 SR EAERIDCR

Wi 22 5 FARFEM L & STRING 9.1 7ELR 5301 T
H (http://string.embl.de/) ', K152 7 FIRILH I &
H—E A, G LA

2 & B

2.1 ZESRIRILH MY E

LG 754 D2 F RN, Hr [ 461 4
(£ 1), FIH2934 (F2), H 455 EEE
HHER 153 S, 455 ERB T MR 103 4>, %
SR LA TE 2~4 RERHE, R T & A
TNF-co Ji 18 A AE ] 45 3% A AR AR 19 O, 3 B 3ot U o
FIEN, AT AT LR 2 A5 E L 2R
FEE R M4

x®1 EII5ANLAER

HH AR A 1D (Erie3d P
CSF2 1437 377.7078 0.000260
CCL20 6364 343.9235 0.000236
SERPINB2 5055 231.3459 0.000116
CaL3 6348 77.88544 0.000213
ILTA 3552 68.9248 0.000592
EHF 26298 55.85117 0.000117
KYNU 8942 54.16793 0.000703
GPRC5B 51704 50.82116 0.000640
CLIC6 54102 47.7098 0.001089
ECIS: 6352 44.57848 0.006932
CMPK2 129607 39.80179 0.003041
NR4A3 8013 38.53188 0.002099
SLC7A2 6542 38.13445 0.000734
ILIRN 3557 33.68248 0.006044
BST2 684 33.11028 0.001469

22 BIERESH
T MeV A X 22 5 9 38 B R4 T IR0 #r
REERWAE 1, Hpfg—3RE—N A, B—17
fRFE—AD2ERRIREN, HH—JMEEH R ] fE
AL R L DR TNF-o /5 i 3Rk
T BT O A ) 22 S AR SR DR AT K A B 2 5 A Ak B
ZH Xk
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%2 BISATEER ty) . ¥R F 454 (transcription factor binding) 1

S AR 3 1D Tk, P AL I (chemokine activity) 285 (2) 4ifiggd

COLI5A1 1306 0.010723 0.000983 A KA AN 5 (extracellular region part) £l

LSP1 4046 0.01307 0.001757 AIMI AP EE T (extracellular matrix) 255 (3) ZEWyat

ADAMTS15 170689 0.023532 0.008025 A R K dn e M SE T A #2 - (regulation of

TDO2 6999 0.027926 0.000814 programmed cell death) F14g & 2 . (immune re-

SEPP1 6414 0.030672 0.000588 sponse) 25 (3 3~5),

DBC1 1620 0.032532 0.001953

RIMS1 22999 0.035718 0.003206 s 5 o8 88 8 § @

LYVEI 10894 0.043693 0.008313 % % % % % % % %

INMT 11185 0.044676 0.001125

OGN 4969 0.046562 0.002216

LOC158376 158376 0.051556 0.002552

STEAP4 79689 0.054048 0.006601 5

SNEDI 25992 0.055345 0.000247 F

LAMPS 24141 0.056647 0.007807 E

ADHIB 125 0.056998 0.006574 k

23 GO BEbr

ZEFRIBEE M GO IIfEER TR (1)

IR E W A A R 76 % (eytokine activi- R e ]
&3 COTTFHRESH
Fhk filik T4k PH Benjamini {f
GOTERM_MF_DIRECT peptide antigen binding 8 0.000061 0.052
GOTERM_MF_DIRECT protein homodimerization activity 48 0.000240 0.099
GOTERM_MF_DIRECT chemokine activity 9 0.000440 0.120
GOTERM_MF_DIRECT protein binding 372 0.000580 0.120
GOTERM_MF_DIRECT spectrin binding 6 0.002500 0.360
GOTERM_MF_DIRECT transcription factor binding 22 0.002600 0.310
R4 GO HRAR S
Fh fiik T PAH Benjamini
GOTERM_CC_DIRECT proteinaceous extracellular matrix 29 7.7E-07 0.00032
GOTERM_CC_DIRECT cytoplasm 244 0.000012 0.0025
GOTERM_CC_DIRECT cell surface 42 0.000012 0.0017
GOTERM_CC_DIRECT extracellular space 81 0.000015 0.0016
GOTERM_CC_DIRECT extracellular exosome 142 0.000061 0.0052
GOTERM_CC_DIRECT extracellular matrix 26 0.00011 0.0077
RS COEMIRASM
i ik R PH Benjamini {if
GOTERM_BP_DIRECT type | interferon signaling pathway 15 1E-07 0.00032
GOTERM_BP_DIRECT inflammatory response 38 1.9E-07 0.00029
GOTERM_BP_DIRECT immune response 38 2.5E-06 0.00250
GOTERM_BP_DIRECT Chemotaxis 18 4.1E-06 0.00310
GOTERM_BP_DIRECT positive regulation of transcription from RNA polymerase 1l promoter 67 5.7E-06 0.00350
GOTERM_BP_DIRECT cell adhesion 38 0.000018 0.00900
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2.4 KEGG 5 5@ #5741
KEGG 15 5@ Hr i 1009 22 F ik 5,

FEW LB AN TAAHEAEN . T, NOD K52
R BIHTHSEETER (R6).

&6 KEGC ESEBEAH

HIES E{ipa T P{H Benjamini {H
KEGG_PATHWAY TNF signaling pathway 2 6.6E-09 1.6E-06
KEGG_PATHWAY rheumatoid arthritis 14 0.00014 0.017
KEGG_PATHWAY NF-kappa B signaling pathway 13 0.00048 0.039
KEGG_PATHWAY herpes simplex infection 20 0.00054 0.033
KEGG_PATHWAY cytokine—cytokine receptor interaction 22 0.0015 0.073
KEGG_PATHWAY osteoclast differentiation 15 0.0022 0.087

2.5 HHE-EAMIAEHRR

it STRING 7E4 TR AR 28 S B A 2 1 - 2R
FAHEAE OGR4, 530 Ge it I % v A A5 i
RS- (average degree ) , K- 3 5 1) 56 R FR
Z R FEA (hub genes), HH JUN, CCL3, AN-
HK 552 FE R i m AR AL ) (1 2)

000000

Gouat
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3 3t i
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B AN SMIFFEUE SRS B B IR N SEZE | Bk
B I A TR SR A PR AL T AT RE, P e R
A2 M50 Y AR S T [ I SR ME ]
IR 78 S B AN (SO0t 8 78 B AR e 2R R R 70 1

PRI B S, SRRk — 0 5% w5 e JR A0 i AL A
o

IO 58 T — SEAfE ) R A8 1) 4> AR i
Gruber &5 " & PR AR MER] 5 H asporin [ RIETH T
Zhang 55 " 3 b H AR AR 55 A 1R AR A ) 48 A0 ¢
WANHEL, &3 ADAMTS-7 )ik #4285 ; Kalb
8 U R IARE R TN IL-1, -6 ¢ TNF-a ZEARE[H]
FRAR R R PR HEAE ] . AT 2 Dl IR
D63k A 18 A2 M I1] 28 8 O BRUME ] B I FE X 5, BFE
IR AR [R] A 0 B R R A, T RGE R IR AR HE
] L R Rk 784k, FoRIBASAHCEE ], (HEE
S b MR 408 AR e A i R B i R R AR AR R A 2
(), L A0k Y e DAL 1R A 1 R 3 2 R i 2 o ]
T, RIS AT A B9 L R A IO MO T Tl 5
o 7 =X A ) 46 Tk SR A B A e L fE R, K
e, TEfE R RAYAEAR,  nfaf DT B 05 5L b 3 U
PSR B — R

eI R AR /Y K A 2 — D 2 Rl 2 g
YEMT 2 217 A Z P B R i o /8, AR BF5R
o N R RETERAEA 1, PR TNF-o SHAGER, 4R
YR TNF—ou V5 FH I 2B 78 A ) 25 2T 245 R 40 ik DR e ik %
ol FIURIEWIAE B2 03 B S AE DR 74 A ) 25
P AR AR IR TP R B OGRS X S PR Y
Tiee . FrTefs 5 i s SO EAE T 2%, S5 R 48,
TNF-o 11 5 1B AR ] £ 19 22 5 R IR B A 1009
A, B 624 4, T 385 A, Hrh e A E AN
fiti—1 (MMP-1) ‘2 25.5 ff{E T+, NF-kB (nuclear
factor kappa B) £ 9.3 EETHE, ADAMTS6 (a disin-
tegrin and metalloproteinase with thrombospondin mo-
tifs) & 3.75 T o Cho 4% ' UE S 406 X - 4
IL-1B. TNF-o AJ LA$ /i1 MMP—1 [ 35 5 | e A ] 4%
PANIEFTREAR ;5 IE R ROMERE S ZUHEE, NF-
kB & SiE BRI, T LABOS AR O S H 7, A ik
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RAE AT (IL- 1. TNF-a. IL-6) F1%% 5 A+
(ADAMTS., MMPs) (#4537 3k S8 5205 5 AW 5%
ghR—g . AR KB CCL3 K & 77.9 f5H -
W, X} CCL3 1 GO 43 ¥ & KEGG 4t & B, CCL3
FENZ 5 R B i1 MAAE N, & MAPK, NF-«kB
1 C/EBPB {55 B W T ilE, Wang 55 " ZBLR M H
T IL-18. TNF-« i i 3% MAPK, NF-«B {5 % il
IR CCL3 A S SHEREHRAE . CCL3 ] LUt

CCR1 #1355 B WA M 7= A SRAE IR N, 3X AT RE
WIS S I S A M 18] 2518 28wV FH Ao LG

E TR, ANKH LR & 3.2 56 F 5, AN-
HK JE PR G5 —F s B 11, v 200 B P JC ML AR TR
(PPi) Heiz A, MRN—E R PPi vk AP
FEAVERT, Ho 45 1) % 3 ANKH J PR 5l i 4 /8 BRLAR A=
Jo, VU . AR, BRI R ]
fb, I HEPAEAY ANKH S H 55 A ANKH 2[R 2848
AP TR E ANKH 25 (DI REF I o b i 5 2%
TSR E A . Xu 55 2 WF5E K BREIHE R S &
M BB AR R AR ZE YT, ANKH (92650 B R, 12
/v ANKH BE R 2R3k 19 R 0 T B 25175 & s A 54k
AT A () AR A, i — 20478 ANKH (1978 H
B B 4 AT B8 At ] 25E1R AR 76y T R AL i S
ARG AR WIE B2 07 A BTk (R] SR AR l
FEREE R, BRI . SAER . PR TR A
SHER AR IR AR B YIAOC, Hrp CCL3. ANKH 452
R ] B 1 25 RAE SN FEME] LR AR 9 & A & R
E—EEH, MEARAE LA R TS0 5
k.
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