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H1 Western blot %l , £55R : collagen I Fl aggrecan A4 mRNA Fik e P ILEE FRAH AT B 5k | (H NPCs L5 IR0 % ANPCs F 1%
TR TE NI 4l NPCs 2, PRl BMSCs 2H R WL BH & ¢35 ; collagen Il Fil aggrecan 2R [ 2635 78 B 3L FR a8 48w, (2
NPCs JLIE IR ANPCs LR BTN F.21 NPCs 4, 1M HA40 BMSCs 4R WIA Rk . B850 fF Transwell A B I
FeAT ANPCs Fl NPCs ¥R BMSCs 10881 Jr 191 734k, 3F H. NPCs % BMSCs [m] 642 J5 1] 734k 75 A E S AN EA 2
(RG] I AR A2 AL A0 s A8 ] FE T T4 He i R s oAk
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Effects of normal and degenerative nucleus pulposus cells on differentiation of bone
marrow mesenchymal stem cells into nucleus pulposus-like cells

Hu Lang'?,Li Dapeng’, Huang Yonghui**

(School of Clinical Medicine , Jiangsu University,Zhenjiang 212013 ;*Department of Orthopaedics ,Affiliated
Hospiial , Jiangsu University , Zhenjiang 212001, China)

[Abstract] Objective:To isolate and culture the normal and degenerative nucleus pulposus cells (NPCs) and bone mesenchymal
stem cells (BMSCs) of SD rats,and then to compare the effects of normal and degenerative NPCs on BMSCs differentiatinto nucleus
pulposus-like cells by a 3D noncontact coculture methord. Methods:The animal models with degenerative nucleus pulposus were
established by acupuncture and aspiration. The BMSCs, normal and degeneratived NPCs of SD rats were isolated and cultured. The
cells growth condition was observed by light microscope,and the second generation of NPCs and dNPCs and the third generation of
BMSCs were selecte to combine alginate gel stents and culture in transwell plate. The BMSCs +NPCs or BMSCs+dNPCs were co-
cultured in vitro as experiment group ;the NPCs and BMSCs were cultured alone as positive and negative control,respectirely. 7 days
later, the collagen Il and aggrecan of recycled BMSCs of each group were detected by western blot and RT-PCR. Results: The mRNA
of collagen Il and aggrecan showed a high level both in two co-culture groups,but the BMSCs/NPCs co-culture group is more similar
to NPCs sample than BMSCs/dNPCs co-culture group. The results of the content of collagen Il and aggrecan was the same with mRNA
level. Conclusion:Under a 3D non-contact co-culture system,both the normal and degenerative NPCs can induce BMSCs
differentiation into nucleus pulposus-like cells,but the induction effects of normal NPCs is more obviously than degenerative NPCs .
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HE ] SRS PR TENG R B B 205 W, 5]
EE A 12 D e 2R AL o T MA) 28
H S B REAZ S R B 2 AR BRI B e 2R
T ML AN ELHER 8 5 3 ORI T 2l S R 7 41
LB %, — B AR ARME A T84, T HLIR
U WG S ) ME T B4 e A R BE 0 1 B Bk fe , &
FOHLE LB D REI AR ARk | B ZHEN
TR AR DGR R AN A A 2H A B RIR
I P HE ] LR BB N AR A WS AR, B
] 7T 40 (bone marrow derived mesenchymal
stem cells, BMSCs ) & —FIfigfg 1] ZFh 150k 2
RET A0, HRIE) ™, Tt itk , & H Rty
RN ANz — 2 Xu S04 BMSCs 5B B 40
Jitd (nucleus pulposus cells, NPCs) ZER SN 1T 55 & Y
BMSCs REWZ M BERZAE A 7 1] 53K ; Richardson 45
K BMSCs 5 NPCs ELEZAZ ML 557, duka il i
BMSCs [o] BERZ AL 0k . 3 d W 7 AL B 30 A
™, NPCs BENS15S BMSCs [a) 4% 7 18104k, FIrLAFH
BMSCs 1E 14 it #4120 23 T AR BEAX A 7 A A]
TR AL R e, SRTIAE D BMSCs [m)#f4% J7 [0]
SRR NPCs A SR IR HAA PRy, 1 HL
H R R i T ARIEY P HEIR] SR A R i A
IBERZ R 2B C R R IRAE . AR5 5E ok X
NPCs Fil dNPCs % BMSCs 175 S50 3k 43 B7 W0 &
ZIRIES 255, W dNPCs 76— & /F FREdn
NPCs —FEX} BMSCs &2 2[R S5 R 149775 FAF L IR
L2 A IR AE AN ZH 2T AR Dy BBy THE ] SR A2
PEBR BT SR AL R R A5

1 #RF7EE

1.1 ##

DMEM/F12 (DF12) 55 3735 R4 Mg i H
it (Gibeo 23], & [ ), 1T 7Y i JEORN 2R 11 R 2 e
YUK (Santa Cruz A F), £ F) ;CO, 181G A0 55 7246
(FORMA 7~ , &), {58 B AH 2= BAEE (NIKON 2
A, HA), BEAEE TAESG (TLI595¢) ,PCR X
(Applied Biosystems 2% A, 3 [E ), Wester blot 1%
(Bio-Rad 28], &),
12 Fik
1.2.1 SD K RAAE &R T IHh WA a2 5

¥ 300~350 g BYHEME SD KB (TTLI R2Esh
D) 10%7K A EBELL 4 ml/ kg B8 I RRIFE , IR
PG HREY B , BUR IR EE B2 VI Rk R
T AN, BEE L2~L5 A6 5 Ff 58

FH 21G ZE R TR 5T 2 A DU T BIVAE: [i) L 3R] AAEE:
() FEREAZ , S BT RIFh A [] A% 8~10 KGR
ek, L2~L5 AMER A E E DL B8R, Bt
R EBER K ik B2 A I, 4 R
R AR, R BRI (] AR AR 1 O
122 NPCs % dNPCs #9583 fr 5 %7

PIFR A 50 25 15 5% i A TR], BLLA NPCs (143
BRRSROTE B, 3 FUEMER] SRR AR SD KRR
FHid i 10%K 5 AR I TE ST AL B, TCR 45 F T HL
K BGR AR A B, AT 4RABRARE S LA S 8
BRI e, BFR eI FIIRAEN Y /N HH B A
TSR, SRIGIA 0.25%1) R T 37°C
THAE 20 min, 5 500 g .0 5 min J5 5 LIEWR, A
DF12 3558 (&% 15% 864 M35 ) W) 4 I fe 4 4 i
BRI T 25 em® IAEMEEE SR, BT 37°C 5%
CO, MG FAA TP E G 7 d J5 PRI, 10 d &
W, DGR 3~4 d s dif 1k (8B B
SO AE KDL, 15 d ZEA A S MDA
BT H 0.25% k8 B H AL, 32 101 Lel (DS 3% 1:
) ARG FR (R A T ORER AN A KA L, R HR
%5 2 1R NPCs &,
123 BMSCs #9483k 5 %5 %

B 100 g 247 6~8 St 1) SD KB, MEREAS R
(VLI RE= YOt ) | SUMEE F 20 FE R B, TH
G 6 TORE S5 T S8 B B BUR v AR e
LR ] B/ D BY 2 PR Im A AR, AN
WL B BRI AR, SRS T 1 ml TGRS A
10% /54 3G 19 DF12 35580, R B S ob g
BEWR T IO FR LN, R wh PR BOK s & 2 5
FIEREW, il PRI BRUS H M F 2 4 25 em? 1)
LTS, BT 37°C 5%C0, B FRM 3%
24 h iR, 48 h 28, DIJER 3~4 d 4
R 1R EE BEE T SR A S L, 10 d
Zeti 80%~90% IRl &, LT HT 0.25% [ 2R 11t 11
1k, 7 122 e BB s N s i i A
KAFBL, BB 3 1% BMSCs % H .
1.24 dNPCs NPCs % BMSCs 5 3 8 3 B 5 2 4
Hy g ) &

HE£ 0.150 mol/L 1Y NaCl % 1 0.102 mol/L
1) CaCl, 745 100 ml, FHJ FORCBEHR TR 281K
PG BT 4°CUKF N A, % 100 ml 0.150 mol/L i
NaCl B T3 RpR i FEFREL 1.0 ¢ PRl (I
BT Sigma 2N ), SEEDBIA I ACARE SIHEFEER,
BTG I, 60°CHFEL 2.5 h HL B B¢
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LV W 1% BERR RS RS FH R, R R
FEIRK A, ACHKFE IR H

FH 1% 3 1R £5 %5 W ¥ #5 FH 1) dNPCs \NPCs %
BMSCs 4351 il i 40 B A2V, A A i H 5ok 114, i 2
JIZERE R 1 x 10°4/ml, I 1 ml AOfC ARSI e I
£ i 2 VR EL 2712 T A BT 0.102 mol/L 1Y CaCl,
VR B3 FR L, 5~10 min J5IRA SRR EL A0 40 2
WA 4 mm 2247 OBERC IR , W 24319 CaCl,
VST, RIVRIEE 3 sk 2 610,
1.2.5 dNPCs NPCs #= BMSCs #3271k A 69 2 5

5 BMSCs FERER 2 & WA 2 Transwell 6 fL
B b2 b | R S 45 R ANPCs B3 2 SW1EN
dANPCs FR5 3540, B — ¢t Transwell 6 FLHL , ¥
BMSCs #:REh & A WA S L2 f R = 4R
NPCs WL & A WE ] NPCs FhE5 5540, S5 HL 2 B
Transwell 6 fLA, 53713 Fh BMSCs FEfRERE S ¥H1
NPCs SR 2 A PIE N Pl BMSCs 53720 AN B
NPCs }i 7540, SRIG A 10% 064~ 175 HY DF12 15
TR, BT 37°C . 5%CO, MIGFAA PR3 B 3~4 d
il 1R SR 7 d SR R AR
1.2.6 334k R BMSCs #9 =Dk

FREEER AN 7 1.618 g JIA 100 ml 0.15 mol/T.
B NaClIEW Y, % 55 mmol /L BYFEERR M4 W
JET FURREHL, B 2R IR A CORFR A7 L 7
T S FHUH Transwell 6 FLAR 24/ 1% BM-
SCs W FRER IR B T = M, SRS 55
mmol /L [FFAGERR NI TR IS T Bl M TR , 4 15 % 1L
F 37°C . 5%CO, WA IEE 10~15 min, FFfLER
SERV IR SRR R E.0E,750 g B0 5 min,
F FIHWR, B R BMSCs 1 NPCs [A1Us 77 B4
[,
1.2.7 RT-PCR 4 collagen Il #= aggrecan #J mR-
NA &k

1235 7 d J5 , % 1 ml TRIzol (Invitrogen /A ]
L EDIABIBEE R AR I FHAE SR ATIR AT, UK
EEFE S min JEIMASED] 200 wl, FEoHRS)E R
H 15 min, ZRJ5 4°C 12 000 g &5.0> 8 min, ¥ FJE/K
AH (2 500 W) WHLZ 1.5 ml EP 435 MA 500 wl
SRR IR ZEIREE 10 min 5 4°C 12 000 g B0
10 min, 5 _FIVEW, DIEH A 75% 89 BE 1 ml, i
IR 30 s, BIFJE BRI L (4°C, 7 500 g,5 min),
FE PV, UUE S T T4 10 min J5VE T DEPC /K
(JC RNAse 7K ) ,~70°CHEFEE . TIAE A5 RNA MR B,
M RT i &6 RNA Ji% 58 cDNA, SR J5 1T

PCR 438 5134 fa 2k TAEW T AR (i) A PR H)
A, MR RT-PCR i 254 :95°C 3 min, 95°C
30 s,58°C 30 5,72°C 30 s,72°C 10 min; 347 36
MM, Aggrecan B RT-PCR v 25434 : 95°C
3 min,95%C 30 s,60°C 30 s,72°C 30 s,72°C 10 min;
HEHELT 36 MEER, B-actin SN A H :95C 3 min,
95°C 30 5,62%C 30 s,72°C 30 s,72°C 10 min; LT
30 MEER, PCR »HIZeridk | i GIS2008 BEHL K
BERGHRIR; WO G R HIO R,
5NZ B-actin 757 HUIH mRNA SRIBKFZHL

PCR # I H #4955 P #9 51 913 3T : B-actin: 5 -
tgacgtggacatcegeaaag-3' |5’ -ctggaagetggacagegage-3' |
H B9 Bt 235 bp; Aggrecan ; 5’ -ctetgggatctateggtgtea -
3',5'- cteggteaaagtecagigtet-3', H 1Y F Bt 131 bp;
Collagen II ;5'-tcaggaatitggtetggacata-3’,5’- ccggact-
gteaggttaggatag-3', H Bt 178 bp,
1.2.8  Western blot #] collagen Il = aggrecan %9 %&
EE 5 2

HEEFR T dJE KSR A 58 3 246, BSA R
1 3 A I B R BE L 2 > A i e R
FE W, 100°CE B 5 min, A8V A& (RS H
109%SDS RN M B BERC BTk, F TS =
PVDF I |, BSA ¥ = IE] 2 h, 235145 collagen
II \aggrecan Jz B-actin 2 v [EHLIK 4CHFHR LK,
TBST 6k 3 x 10 min, —HUZRPFE 2 h, Bk
10 min x 3 YWJE 15 ECL b2/ k0t i 455 i, W't
TAIR B UG T R GE ML B A
13 %itssa

Bllseit i SPssi6 Gtk b, LIS + 45
W22 (X = 8) TN, BN ZR 7 2270 M Al LSD-1 46
FTEHIE AL, P<0.05 2 A geit 208 X

2 5 R

2.1 AHRIIEE R & SD K KA ] AR & Shapy AR
# MRI VLK 4 2

RJG 4 JEXF SD KELTF LA MR A4y, W] WLEAR
Ja IR B L2~L5 MM B8RS 5 (T2 IEUE ) BH .
A, AR TR B e A T T B, T AT A 9 1E K
BRUME ] B EAZ A 5 o B T I ks (1 1)
22 e SRR
22.1 SD KR BMSCs & kB &M

2B RE W RE VR T A5 1 JEAR BMSCs 2 3RE B 7
TR IR, Horpa] WA £ 40 i A5 A 1l 2R 41
24 h JF EA KEEAIIENERE 24 h Fil 48 h 5 K
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Figure 1  Sagittal T2MRI images of the SD rat’s lumbar

S ETEARANM I B, W RERY BMSCs ) PO il 2
TESAN, BRIC S Z MY, 3 d Ja4HMigsE e 2
8% 7~10 d J5 WRE A B Rl e R 5
SEVEIFAHE BA , 10~14 d J5 7T DLA0 gl &3k 80%~
90% , W RE A MBI 3 3G SR T AR B S | IUA
S AR (A 2).,
222 SD K& NPCs H AULE

JFAR NPCs Wi BE 2 Fif S BERIE BT s 2R
LRI THFROT . A RERE S 555 ,3~4 d
A FUREE | 7~10 d JG MG EELN A 3 22, RRIE
SN Z T A S BR IRDE I nT DA~ 12~
14 d Uags Pl B2, AR, R E TRt
NPCs } dNPCs 7RIS ETCH B X (] 2) .

F2 4iEss

22U (18 B BBE, x100)

Figure 2 The cell morphology by inverted microscope (x100)

2.3 RT-PCR

collagen Il F1 aggrecan ) mRNA 7¢I 55 552 41
AR #R, (H NPCs M 3R415r ANPCs JhkT
TR BN BRAE NPCs 41, T 8.4l BMSCs 41K UL
Wl aRik (183,56 1),

1 2 3 4 marker

500 bp
300 bp
100 bp

Collagen Il

(178 bp)

Aggrecan

(131 bp)

1 FRALIE HREAZ AL (NPCs ) 5 2. 1E F A% 40 i b 35 2 (BMSCs/
dNPCs) ; 3R 7Bk 40 2L 55 55 241 (BMSCs/dNPCs ) ; 4 - BL20 B 1]
FEFET M2 (BMSCs ) ; M : Marker,

B3 IR SOX9 Fl aggrecan [ RT-PCREL K55

Figure 3  Reverse transcription polymerase chain reaction of

Actin
(235 bp)

collagen I ,SOX9 and aggrecan

£1 SAMBEHEERKKE

Table 1 Target gene expression of each group

(X+£5s,n=23)
H 5L
bl
collagen Il aggrecan
NPC 0.818 5+ 0.0216 0.5299 +0.014 9
NPC/BMSCs 0.5822+0.0210 02111 +0.0023
dNPC/BMSCs 0.417 6 + 0.030 7" 0.186 2 + 0.012 6*

5 NPCs F:h5574 g, P < 0.05,

2.4  Western blot

collagen I 1 aggrecan 7F P I 55 F2 40 94 80
i, {H NPCs LB IR HdANPCs HE35 95 20 T Mm%
UL ERAE NPCs 4, i ER4l BMSCs 2H oK WL Btk 338
(K4,%2),

RIS =

W A I 4 A I B AE 22T i (AR B
R AL ZEHE S oA ) AN R A AR, R
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1 2 3 4
Collagen [l o — —

Aggrecan e 4 ey w

Bractin (D S A —

1 A IE R BER AL (NPCs ) ;2 TEH A% 40 M 3L 5 5 41 (BMSCs/
dNPCs) ;3 3B A8 B4 2 M HL 15 37 41 (BMSCs/dNPCs ) ;4 : F.40 T 24 il
2 (BMSCs)

K4 1R EAMZ 688 F R Western blot FLJKZE R

Figure 4 Western blot of collagen Il and aggrecan

*2 HHABMEAMNSEKTE
Table 2 Target protein of each group

(n=3,%%59)
51 iE
collagen Il aggrecan
NPC 05505 +£0.0472 02946 =+0.0126
NPC/BMSCs 0.300 4 £ 0.002 8 0.156 6 £0.022 5"
dNPC/BMSCs 0.218 5 £ 0.335 4* 0.081 7 + 0.005 7*

5 NPCs FLB5FR4H H#E L P < 0.05,

BN NPCs M AMMIAME BRI ECE (40 NPCs SRFE 4
T, aggrecan Fll collagen I1 25 4l i &L o A5 il ik /DEE
PR R AL U0 collagen 11 7] collagen 1 #%
A, S K AR R ) DA T 5 B0k 18] £ 2 RE VR , HE
[F] g B METR) ) 22 ks | e 6 I A B
JEELTFR 0 D JS S R A — ZR A i IR A ] 28
e (R BER R AR AL LY, NPCs JEHCHFELIIL, T4
M AN T2 aggrecan Fl collagen IT 4H A7, P
P aggrecan il collagen I1 5 & (1728 £k DL J2 5 R ik
TEOLREIEE—ERE B b OVt NPCs HYR#E, RIS
WA BMSCs 7275 [l A% J7 0] 7 AL R AR B
T I PR E X ] 28 7 i G ] 48 28
HHAE HEEIASEEAESF BRI T T S A& s (anfib
PR, 25155 ) AT A (CHHEIRL LA B A I Rl 25 P
[ 55 )VRYT o (B TCIEMEMIGY T I A L AR I
EFRREAR , AN BB MRS | 30 52 50 7 M 1] 25 10
—HIRAE, AR, BMSCs 5 NPCs 27718
g1 NPCs 7T 34, P, I BMSCs KRB
B AL AFE ] 25 18 Ay — o A T R TR T 7 1], AR 20
Mot HEU T AR, SR, S8 BMSCs [ A% 7 [ 73
i EiE 5 NPCs MR S, iIX R W] NPCs 1
XA IR AR R AR EEAER], TYEH]
A BRI H BHEAKRIERE, B DL T x) be
NPCs & dNPCs I BMSCs ({2 MR, 4047 1 %
ZIR BN 2R, WA R 2ER, Wl

NPCs 5 dNPCs Z [AJfFFEREAPANR] S, T IE X Fh
ANFLEST BMSCs Bl 3] T 25 HZ MR, 75
Hh, Teit 2 NPCs 42 ANPCs 14 BMSCs 4MEHY 75
S, 3 PR 20 ) A A S A AT BRI D E i
I R, ANPCs AHXT 5 Z2—28 | PR BERZ R A
FRAS R BEAZ HRIEAR O A TIRAE . IS pifh
YA BMSCs HIFE /A TG 35 25 5 IR A i s
JH ANPCs 4% NPCs 5 BMSCs 2153535 S0k,
Z 1 BMSCs BLREH) FH 40 iR i F R s 41 41 T 72
FARSIAIF IR AS R ME R 5, AR DL P A i
BMSCs /b A g2 5, ABAHE AT LAXT X
FhAIMUAESE— 55T, BT RE Al XA X )
HAFI) ANPCs T LA—7E 191700, T BRI A2 5

Vadaltn 2507 B BMSCs B 5 F1) % 4 31 M 6]
FN, TR A IS AR S AR A RS A At A
— AN IEFLIIGIE . A LA — R LR e A
FH, TR A Y BMSCs 25 5 [ A [ 504 15 /M5 s 1
RASOIEA, BEIREE—Fh S i SRR R
E2 I K| IR Y R R L A L P S e
Iy HRELEE FRY BONUARSE | 5 PRIROK BERE
T LSRR AT B AR R 1 LA R A 2 BUR 2 PR 1 7K
JE T 2 AR By A I R il 7 o of N AR T A
FHUOT By IASHIF 0K BERRER A S A S 4 3 3 FOR
PRSP RRE AR A . B IR H R i =4
RS, T AT LS BN L R] R SR S T 4y A Y
YA A [ A,

BARARIZE R ANPCs fENSS BMSCs [ 58
7 m oA B WA 22 E AN ANPCs BT AL I NS5
INRESRTL , TEX R 251 BMSCs e ) A% 5 17]
S AL BETMAERIL, T —J5 T, WS REAEMRS T
BMSCs 47 UA— BB 915 5001k, P H A
FIRAME ) 2, 5P REAR UL T ) Ak i IR, 5
—J71H, R AN 4 NPCs 5 dNPCs 2 8] (125 5
fifi ANPCs A F NPCs —FERIASRUR, IRAXFH

ST BRI AR R T AR A (B SO B 2R ALY
[]

WA &I, RSMAES: BMSCs 5 1750 fb 2
AT LASEPRAY , #R1 ANPCs A1 NPCs XF BMSCs 5 S4F
FHAFTE2E 5 B NPCs BSR4, {H2 NPCs
KIRA R, ANPCs XA — & 75 FVEH, B4 an ik
AE I X A X B 25 ) AR AR B ANPCs T LA —3E (1) T
i, MIMILEIF NPCs R ERRCR,, HhA R
BMSCs BRI T HE R SLR AR PG FT T Jeh

AR HATX ANPCs [T T5 230 T 5
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AW BRI —E e SO, RO AT
Transwell BUEEFIARIMEEE TR R, 1T Transwell Az
JEFE[E Corning 23 Fl il B —FhILRE 7 R g2 op
(i) R HAT B R R R FR IR (A 0.4 wm AL
OB LN, 43 F KT 70 000 A48 i 5
W 1 24 (200 000) , IT AT (190 000) 25 AN FE
LR 1 Z2 R AN 70 000 A 4H T
AT AR RS B AE K T 1(IGF-1) (N B
RN (EGF) Bt il 2T 4k 40 g 4= K K (bFGF) |
ALK AT -B(TCF-B) A5 Bi 5T £,
10 pe/L 19 TGF-B v LAAR 4T Hbi75 5 BMSCs ] 1
eI 3k, RZAHFERWT, TGF-B1 IGF SE AT LS5
T BMSCs [ BCEFEAN ML AL, BrLL, ASHiESExT
BMSCs 43175 SAE T fE 2l i Transwell At
e R P 240 L A1 145 /N o34 5 T LS 28/ N93 -4
JFE NPCs 43UbHY , 345 NPCs B VMG, MiFtEs
FRAR NPCs B2 ANPCs B A [m], A g S A
Torib A 25, B RS NPCs )2 dNPCs
I FRIRE A Ir 2SR, LU Transwell
A 5 A58 11 400 M TR -4 /N T s D, e T3
BMSCs by 2257 . SR, BARSZ IR L/ N34 o
e T BMSCs 434k, LARGXEE/NrFH) )55 NPCs
FEAEAT 2R E R BE A8 A3 A ANPCs e Bl
e DB O 40 i R - e R T d i 6 BMSCs 9431
WRROR HATE ARG A B R gL se g b it — 2
T,

[&% 30k ]
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