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ABSTRACT Objective: To investigate the role of interleukin-17 (interleukin-17, IL-17) on proliferation and metabolism of nucleus
pulposus cells cultured in vitro. Methods: The magnetic resonance imaging showed that nucleus pulposus cells were isolated from human
degenerative disc tissues and cultured in vitro. Cells were cultured without or with different concentrations of IL-17. After 72 hours of
stimulation by IL-17 of 2, 5, 10, 15, 20 ng/mL, the rate of proliferation inhibition was measured by MTS; Nucleus pulposus cells were
cultured without or with an proper concentration of IL-17 for 48 or 96 hours. We used Real-time PCR and Western Blot method to
measure the mRNA expression and protein expression levels of matrix macromolecules and tissue degradation genes. Results: It reported
that the proliferation of nucleus pulposus cells cultured in vitro was inhibited with the stimulation of IL-17, while the inhibition effect of
15ng/mL IL-17 was significantly stronger. At the dose of 15 ng/mL, the stimulation of IL-17 contributed to multiple cellular responses,
including increased mRNA expression of aggrecan (aggrecan, ACAN) and type I collagen (type I collagen, COL1A1) genes (P<0.05),
and significantly decreased mRNA expression of tissue degradation genes, matrix metalloproteinase-3 (matrix metalloproteinase-3,
MMP3)and tissue inhibitor of metalloproteinase-3 (tissue inhibitor of metalloproteinase-3, TIMP3) (P<0.05). The mRNA expression of
COL2A1 and MMPI13, a disintegrin like and metalloproteinase with thrombospondin type [ motifs-4 (a disintegrin like and
metalloproteinase with thrombospondin type I motifs-4, ADAMTS4), ADAMTSS, TIMP1 genes was increased, but the difference was
not significant (P> 0.05). After 48 hours of stimulation by IL-17, the results of Western Blot showed that the level of COL1A1 was
dramaticlly decreased (t=-2.814, P=0.010), however the peptidases (ADAMTSS) level was significantly increased (t=3.131, P=0.005).
However, after 48 hours of stimulation by IL-17, the protein expression of COL1A1 decreased and the protein expression of ADAMTSS
increased, but there was no significant difference (P>0.05); COL2A1 protein expression level was significantly decreased (P=0.037).
Conclusions: These findings suggest that IL-17 can inhibit the proliferation of nucleus pulposus cells in vitro and affect its metabolism,

which leads to the degenerative changes of disc disease.
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S TL-17 3o 410 o ] 2 200 P8 50 R0 A0 L/ o i, i e
PRI X SR A SR S I 1A 7 A , 10 T A ) £
B R AR ST TL-17 XSS I 6% 20
SERE AR RO | B AR A EME ] SR AR O FEHT
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L1 AARI&K

WedE 21 4] 2013 4 10 [ & 2014 4 5 7 P fEpEHEF
HEMEIR] SR A (R, TR Hh U BR8] 3 2
A BEEIAERS R 68.38+ 7.68 %, Hoh 12 il B s AR E T
FEERIRRYY JEIE | I W PR ARG A 3 A A DG B . B
(] #41R 25 4% Thompson's 1R A7+ I IV ; frfy 414
AT SRR, I B WFR AR B A  AAT
1.2 XA 58

DMEM/F12 ¥ 32 (22 Gibco 23 1]), Ba 2R I3 (fetal
bovine serum, FBS)(ZE [& Gibco /A #]),2.5 g/L EE A (EH
Gibco 2\ ), 11 7 Jise J5 il (35 [ Invitrogen 2\ &), = FF 25317
(DMSO, 3£ [H Invitrogen 2\ 7)), T 85 % 458 % (35 [H Invitrogen
), W S £ (Takara 2 1) , B VRCAH 6 184 ARG 38 741)
& (3E[E Promega /2 ]), 455 F2 46 (TEE Heraeus 24 ), 5] &
BAE(H A Olympus AR, 8% TAES (B4 T), EIE/KE
AR, 40T
1.3 WA S B SR

IR AR M (B] SEBEZ AN LY, RBRIR A LT S |, R A7
TA PR K, 30 min Ji5 A ARBLBTK- B A 21 2L BT f L 0.25 % Jile
EABEEEE 0.2% 11 B RS 4L 1 h, 1000 r/min 2.0 10 min,
i o ORI EUS  # 1x 10° R TR A 25 e B
FEM . MA 5 mL 58 &8 W (58 & IR 20%
FBS+DEME/F12+100 pg/mL H 2% +100 pg/mL 455 %), 5%
CO, 37T CIEIRAMMILFAGTIFE , & 2-3 R FR
RrAnfmlA ks 80%LA L, HEATAE4C,
1.4 IL-17 FFE S SR B 1% 20 A

HEAZ AN MG TR S MO 3 AL AU O BB A 20 I, ~F- X i
BUIMA 96 fLHz, 23 L4, 705 A 2 ng/mL.5 ng/mL., 10
ng/mL 15 ng/mL 20 ng/mL IL-17 JREHERZ A, 73 —4IAMA
IL-17 AR AR . A EE 2R I 72 h 5, EA TR 40
HFERN BB 3 A TAT.

BEAZ AN ACI S5 R 3 AL AR B BERZ AL, M A 96
AUBOIFRENL Y gL A AGE 2 8 IL-17 B9 0 il
AHNIL-17 R AKNBEER . 4350)F 48 h Al 96 h W L4, 1E4 T
BAEAEAGI . R 3 A PAT.

L5 IL-17 T T el /a et 4 R s TE A0 AU 4L

151 MTS ik M B RAERGIESEIE R IL-17 T 40 72
h G, B RS SR, BAL A 20 wL (9 MTS 350, 55 5524
JEFE 4 ho EERRCRINEE SR IIBOLIE (450 nm ), MTS 3]
R 20 P B AR, e T AT B IR S
Py, R IR P s 2 RS TR AL S DR B RE e . IR
B W) AR 5 WO A TR, I3t IL-17 X A%
20 ) S FEL AR L 17 3% (suppression ratio) 23 : R
4 - JFEH )Y ORI - ASE)* 100%.

1.52 SLHETEE PCR(RT-PCR)# U mRNA Fix & RNA &
JUFI cDNA £ 1 : W 8E IL-17 AL 3 48 h 1 96 h J5 i A% 41 L,
FEHUE RNA SEAMPOEEETHAIBER L DR AS I RNA [ 20
SEECM: B S g &L RNA,{# A SuperScript® 111 First Strand kits
(Invitrogen) A 20 pL SRR, #BEEREDLI mRNA 135
2 cDNA, (IR A7 T -20C .

1Yt S G R AR5 GenBank 1 AN 25K GAPDH
(glyceraldehyde-3-phosphate dehydrogenase) 5 ACAN (aggre-
can) ,COL1A1 (collagen, type I, alpha 1) COL2A1 (collagen, type
II, alpha 1) MMP-3 (matrix metalloprotease-3 (stromolysin)),
MMP-1 (matrix metalloprotease-1(collagenase) ADAMTS4(a dis-
integrin and metalloproteinase with thrombospondin motifs 4),
ADAMTSS (a disintegrin and metalloproteinase with throm-
bospondin motifs 5) , TIMP-1(tissue inhibitor of matrix metallopro-
tease-1) , TIMP-13( tissue inhibitor of matrix metalloprotease-13).
GAPDH (glyceraldehyde phosphate dehydrogenase) i) mRNA J#
)RG5 519t 5, FH Primer Express 3.0 4 fF itk
LML, SIRRRITIIILER 1o 519t se iUE b
A THEWIEAR A R

RT-PCR Al 3K 2635 - i F RT-PCR {5 &, R FH S8
P IR B R L B cDNA AEA IS 1 R EA TG . 25 L 2
M % :SYBR® Premix ExTaql2.5 uL, | TFiF5144 0.5 ul,
ROX Reference Dye 11 0.5 wL,cDNA F£4% 2 wL,ddH,0 9 pL.
PCR ¥ 33 #2k 95°CHilAs M 10s,95°CAEME: 20s, 65 CiE k ZEfH
20 s, JEFR 45 U, BRGNS A5 HEATHOCHTIN o A i kA
I PCR 434 =Wy iy 5k . PCR 88724y, il 3 1.5% 550G
WHEEIRE HL VKA PCR 4845 25R

RT-PCR B4l 347 - 735 I A S 389 CH{EL. Ct{H
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Tablel Gene sequences and primer information

Gene GenBank Accession NO. Primer pair (5'- 3') Length of product (bp)
For: CAGAATCAACTGCTGCAGACCA
ACAN NM 001135 227
Rev: TTCGATGGTCCTGTCGTTCAG
For: AGTGGTTTGGATGGTGCCAA
COLI1Al NM_000088 170
Rev: GCACCATCATTTCCACGAGC
For: GGGACTGtTCCTCTGCGACGACA
COL2A1 NM_001844 172
Rev: CTTTGGTCCTGGTTGCCCACT
For: TGAGGACACCAGCATGAACC
MMP3 NM002422 248
Rev: ACTTCGGGATGCCAGGAAAG
For: CATGAGTTCGGCCACTCCTT
MMP13 NM002427 230
Rev: CCTCGGAGACTGGTAATGGC
For: CACATTCTTGTCCGGCAGCA
ADAMTS4 NM005099 489
Rev: CCCCTCCCCACTGAGTCTTA
For: ACTTTCCTTTGGCACACCCA
ADAMTS5 NM007038 230
Rev: ACGTCACTGACCACTGTTGG
For: GCGGATACTTCCACAGGTCC
TIMP1 NM003254 242
Rev: CTGGTCCGTCCACAAGCAAT
For: CCCTCCCACAAGTGGACATC
TIMP3 NM000362 139
Rev: ACTCCGCAGGGAAACTTCAG
For: TCAAGATCATCAGCAATGCC
GAPDH NM002046 227

Rev: TGTGGTCATGAGTCCTTCCA

1.5.3 western blot M EARIZE  UsE IL-17 43 48 h 1 96

2.1 REIRE IL-17 35S 5= B 1% 20 Rt 58 A9 52 M

h S RSMEFRREAZ AN, T &8 & AR (B oA
AiA R, 2, E) B9 RIPA 2% il e R & A
Bradford 25 [ 3¢ &l %8 17 £ (Bradford Protein Assay Kit)jll €
HEHWRE . 20 g 85 HIEY#E T 12%SDS-PAGE 43 1 5
TRIEER . B 5% IR U i TBS- nhiR S 2 h, TBS 42K
RUEYS 3 R, BRR S min, BB 2 TOREESIA YU E R, 200
it A ACAN,COL1A1,COL2A1,ADAMTS4, ADAMTSS —¥i,
R B RE 4350k 1:1500, 1:500, 1:1000, 1:2000, 5 & 1% )5 , A
TBS ¥k 3 ¥, K 5 min, 5 A0 RERER 1 RbiFE 40
(Santa Cruz Biotechnology /% 7)BE & 2 h, FHHs B B4 il b €4,
TR R4 S GBI T
1.6 GitFES

K SPSS19.0 GeitFifritttrgeit =i, ITHEFRIF
Bz RN, A R 22 5 LhBCR H t K56, DL P<0.
05 LA G # R

2.5.10,15 1 20 ng/mL IL-17 FEH] TSNS R 1 Bl 40 i
T2h )5, RERZ AN A HGFEINE RSN 3.84%E 0.63%.6.76%
+ 1.02% .8.32% + 0.74% .12.91% + 0.67% .12.78% + 1.52% ,
IL-17 W EART 15 ng/mL B, 40 A= F A0 ) S bl 18 o i 34
i, 15 ng/mL X 8E4% 40 ML A4 1) 2 58 F 2 ng/mL(P=0.000).5
ng/mL (P=0.000) FI 10 ng/mL (P=0.000), i 15 ng/mL I 20
ng/mL $ERZ AN AN HI/E H H i 22 7 IE50 25 5 L (P=0.789),
2.2 IL-17 XSS 75 BEAZ 40 AR S B [F Rk M3 M

15ng/mL IL-17 4 F T RS0 5 5% B B A% 41 At 48 h i1 96 h
J5, SAAIRLH e, ACAN mRNA %35 B 3 T [ ; MMP3
mRNA ]335 2 3% - F; COL1A1 mRNA (%3 A7E 48 h B} i
FH TR (P<0.05), 7 96 h i 22 534 i 3% ; TIMP3 mRNA [ 31k
7E 48 h BT .2 - Ft (P<0.05), 7F 96 h B2 5 g 2, COL2A1
mRNA [ FREA TR, H2E5A P ;MMPI3 ADAMTS4,
ADAMTS5 TIMP1 mRNA f£ixH FIF HEFARE . FEL
F 2R3,

2 H#R
R 21L-17 4b32 48 /N RHESMEFRBEIZ AR X B B RE A # 0
Table 2 Effect of interleukin-17 treated for 48h on the mRNA expression of related genes in annulus fibrosus cells
Groups ACAN COLIA1 COL2A1 MMP3 MMP13 ADAMTS4  ADAMTSS TIMP1 TIMP3
Stimulated ~ 7.19+ 2.06 11.87+ 3.83 8.80%+ 3.03 542+ 225 741+ 3.14 11.08% 4.09 13.38+ 3.65 10.34+ 2.32 8.20% 3.21
Unstimulated 4.52+ 2.63 821+ 141 746+ 2.67 8.86x 3.86 8.19+ 2.74 1321+ 386 11.53+ 4.18 11.44+ 3.02 12.05+ 4.03
P 0.011 0.005 0.263 0.014 0.523 0.203 0.261 0.328 0.017
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Table 3 Effect of interleukin-17 treated for 96h on the mRNA expression of related genes in annulus fibrosus cells

Groups ACAN COLI1A1 COL2A1 MMP3 MMP13 ADAMTS4  ADAMTSS TIMP1 TIMP3
Stimulated ~ 10.43%+ 3.32 824+ 297 10.21% 3.53 7.0l 2.88 11.38+ 423 10.20+ 4.23 546+ 235 837+ 275 11.23% 4.02
Unstimulated  7.02+ 228  9.31% 3.23  8.97+ 3.94 10.56+ 2.93 921+ 3.54 12.24+ 357 6.38% 3.14  6.86x 247 1041+ 2.96
P 0.008 0.407 0.425 0.007 0.187 0.215 0.425 0.171 0.575

2.3 IL-17 JHMESMEFREEZ 4 B tE X | A RIE M

I 4 3k 5 7R, 15 ng/mL IL-17 FEF FAARSP S 3R 1
A, I 48 h B, BEAZ AHME P COLIAL BE[RI 18 Ik #K
R 535 F e ;s ADAMTSS JE DR 4 35 11 22 3880 R k2

245 {H 3 96 h A, COL1A1 3K , ADAMTSS5 J: K08 1
TR 5 RN T 3 22 55 i 5 R4 A COL2A1 BRI E
EESy sl  CEE A RSy, @ A e NN

R 41L-17 4b32 48 /N RHASMEF BRI X & R RIERIFIT

Table 4 Effect of interleukin-17 treated for 48h on the protein expression of related genes in annulus fibrosus cells

Groups ACAN COLI1AlL COL2A1 ADAMTS4 ADAMTSS
Stimulated 0.75+ 0.31 0.41% 0.12 0.59+ 0.22 0.42+ 0.21 0.58+ 0.19
Unstimulated 0.64% 0.25 0.65% 0.27 0.61% 0.23 0.57+ 0.17 0.39+ 0.09

P 0.349 0.010 0.830 0.067 0.005

5 IL-17 4038 96 /MBI SME TR BB R B AR X B B RIA IR
Table 5 Effect of interleukin-17 treated for 96h on the protein expression of related genes in annulus fibrosus cells

Groups ACAN COLI1Al1 COL2A1 ADAMTS4 ADAMTSS
Stimulated 0.36% 0.15 0.56+ 0.19 0.51+ 0.16 0.28+ 0.09 0.19%+ 0.07
Unstimulated 0.34% 0.13 0.63% 0.22 0.69% 0.23 0.31% 0.11 0.22+ 0.09

P 0.730 0.413 0.037 0.472 0.372

3 Wi hinf, ZifIAMEET RS> ACAN Fl COLIAT mRNA ik 8 {1

HAAEANF -17(L-17) 46 N R ASME R #1233k B 2 5t
LR IL-17 FefE e SR AT R T B A4 T HZAEH . A
SEHOSE T T RS ME FEBEAL AN, WA RV i TL-17 % A%
YU B A2, I TL-17 AR AN R BT o AR R S Y 2=
IRARAE T R IL-17 A ) AR AR R L a9 vl e .
ARIFREER R IL-17 VR TIRSME TR R A0 72 h 5, 3
FEAE A WA, ELID IR EERE TL-17 Y B %) 38 I w3 im
iR 15 ng/mL B, filAZ 40 I 5 27 20 A4 Ve ik . Gabr
SEUOTFIAR R B TL-17 RS A0S , & B 10 ng/mL ¥k & D)
B IL-17 A H AL AR (NO)V IR 2, ARSI Y 45 R B A —
o, (BABFFEY, 15 ng/mL F1 20 ng/mL IL-17 X §&4% 41 oY 34
FEAMGIVE 2 AN 03, PTRRJR MR B % 15 ng/mL A4 B, B
TR TL-17 32K T B 58 A5t A0 B8kt RV fetivge B s i, (HL
St BT A RS R A . NOUIE, BB A 3 = (L pF 4 e T
Jin SR A (] SRR AR T TL-17 7] DL 255 5 —E AL B A U )
FEik, MR HE NO A A A, PRI TL-17 -t A 3 5 () S (e b i
24 60 P 8 T R HE R A L A VR

FRYEIGFE S 5, DL 15 ng/mL o4 IL-17 RIFSLE6 1) FeiE
FFH % . RT-PCR 25 R 7R IL-17 JlSE RSN S Bz 4N 48

FRIBLL ; 13 96 h I, ACAN fif mRNA FikAlh ML TR
T2 o B KA IS SR AR I, 15 ng/mL IL-17 Jl st 4n
Jitd 48 h i, COLTAT Pl (1) 2 11 R R F5 A A A A 40 i 2
TR, TR mRNA & 7EJE A TR, H 2 AR 5
LRI TC 225 Seguin 347 T TNF-a  Jli kst
R SR RER% NI S Z R L mRNA Fik72E (b5, % L TNF-a
Al P E AR B h ACAN BRI, TEBH S8k IR T/ ]
FERAR SRR v ) — AN FE A FH RT RE S a0 41 R A B 5 1Y 7
Ao BRT ANMA NI T R (4 AR, SR AR M (] S 202U 2 K R
TD RS ey 1 Y Ji Py 2 A0) . ARAFF 9 o S B0 1T AU Jie s mRNA
FEIBAOEFEAR, {H IL-17 5l 3% i S8 15 37 86 4% 40 i 96h 1,
COL2A1 3 [R 2 1 3% 35 /K P 58 A 0 S 4 v 2 25 B, T
COLIA1 3 5 8 11 235 K 5 AR R AL i T 25 5. vl Rg 2
IL-17 Jl3re 5 e T ARG S mRNA 638 R AR, dufeat T
BERZ AN P T LR DR Ak TR B, AT 1 7R e J5 2 P 7K
SEAE 48 h 5T T TR SRR KRR X — 45
VE Y TL-17 03] T 4 A AN BT 43— 9 A 1, O FLRE (2 g 11 7Y
Je I T YR S AR A, e DR 200 L A/ I 14~

FERZ A AT G BN ML R AT, iR 2 4 b 2 Fh 41 41
U, 2 4 SR A o AR SEG v IL-17 VR PR i)
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2R M N iR K S R TR . ORI LAH [, MMP3 mR-

NA [ ZFIATE 48 h #1196 h if ¥ ig & |- 7} ; TIMP3 mRNA ()3

iKFE 48 h vt i 2 1Tt Liang SFRHFSE A B, Mk ) SR AT 1A

MMP3 F1 TIMP3 J&[K] mRNA 5 THE"" 9, 5AMF 584551

AHIE . 1f ADAMTS4 ADAMTSS , TIMP1 mRNA {928k 7EHI 3L

JEA BT E2RERRN R . TR RO TR AN A RE R R

seg kAT B, X IL-17 FRECR Y. . ADAM-TSS ()

WA RIBTE 48 h WHECR R AL B % T, R R

ADAMTSS5 mRNA 7] §EXT IL-17 7 W Ji7 , AT 7E Bl AT A2 B

B2 ADAMTSS 1, JEM 2 5 MM A oM E BT LA 252

Y, IL-17 (ER THERZ AR . i B 3 2 . 6P

5, S TP AFE 7] 25 40 7k o 1% e A A1 P i, A g AP TR

I3 TR IR — 2P
AR TL-17 RSB 77 A% A0 M2 BIF 50 A 1] iR A8 5

PRI — R ROERAE (AT IRAFAE—SER . I TAHIER

TEIUA) BERZ A0 A DR T IR AL ME] B2 2L, MAEEI Y mRNA Al

HHZKFAZ AT BE PR AT T R IR BEAZ 40 M VR X IR T A7 R

250 HWFE R, B ASHEN SEBEAZ AN ML A Bl A TL-17 ZKFHY

T, ARSI AT FEAR B IL-17 F3R 5% 5250 A 520 . A It

BT B AL SRR R rp IL-17 SR 7 (AR % 2 i 1) 52

M, DACTTT SRR AR TL-17 il SR A2 b VR AN D RE
ARSI AT AN FRREAL AN, AN R AE K T TL-17

X BB 20 B S AN R S, B TL-17 R AR A1 5 7

A A0 B0 K B, [ P e 40 ) 200 B AP S5 1 B 33k, 1 i G

WA ) 225 , MR AU AN RE By o DL, TL-17 R MEE] 27

IR R AT RE AR T E A RE IR
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