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[ ZE] B @ H 4 Noggin 1955 , WLEE 6 I FUIS 5 [R) 78 52 T 41 (adipose-derived stem cells, ADSCs) H A= 1
S AL T 5(growth differentiation factor 5, GDF-5) A w3200, IR FX B Z I FR . ik A GDFS 18 9% B ad e ik 4 ik
(Lv-GDF5) J Noggin T-Ha84A (Lv-Noggin shRNA ) , iR4f& H (I FE R (AR K550 3 4 21, 70 ST F SR 4 8 w5 e K BLADSCs :
AN Lv-EGFP 4t ADSCs (25 AR B 5 Yo ) s B 41N Lv-Noggin shRNA 54 ADSCs ; C 21N Lv-GDF5 4%t ADSCs; D 41} Lv-
GDF5+LV—Noggin shRNA L5 YL ADSCs., 38 43 520 5 HF PCR B AR F Western blot £ AR M H; Y45 14 d GDF5 Fl Noggin 131k
i, AT AT o IR B o — Jﬂﬁ()?(collagen II',Col- Il )mRNA (35, AT MR b . Z53R : JCH 2 8 PCR 4521
YL E 14 d, A B.C. DL GDFS mRNA ik R Bl 3, Wi 2 8] L, % B 215 C =2 M1 22 R G U0, Hor 4%
IR 22 A G738 L (P < 0.05) ; 254118 Noggin mRNA FEik it LR, A 4I>CAI>BAL>D A1, I HLER B A 45 C LA 22 5%
TG A7 ok, AR 4 18] 22 S e 257 L (P < 0.05) ;Col- [T mRNA 6355 S a3 BT i, 22 A i
(P <0.05), Western blot Z5H iR  7EYL)5 14 d, A B .C. D4 GDF5 5 [ F 1k i Bt B L, 22 5 8a Giit2a i 3
(P <0.05) ; #5-4110] Noggin £ ik L, A4U>CAI>BAI>D AL, I HLE, A 415 C 4 .C 45 BRI & 5 Egt i+ L, Hdy
MM ZEFHHGIHFE (P <0.05), G5 : Ml K ADSCs Noggin 321k, GDFS Rk AH R I, Wi R AR
[X#ER]  Noggin; IR T4 ; A= KA EIH T 5
[FEHES] R329.2 [xEktRRE] A [EHS] 1007-4368(2018)09-1181-06
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GDF5 expression increased in adipose-derived stem cells by down-regulating Noggin
expression
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[Abstract] Objective: To explore the influence on expression of growth differentiation factor 5(GDF-5)in adipose-derived stem cells
(ADSCs)by inhibiting the expression of Noggin. Methods : The recombinant lentivirus vectors of GDF5 gene (Lv-GDF5)and lentivirus
vectors carrying Noggin RNAi sequence (Lv-Noggin shRNA ) were constructed. ADSCs were divided into four groups: ADSCs in group
A were transfected by empty lentivirus (with enhanced green fluorescent protein, Lv-EGFP) ; ADSCs in group B were transfected by Lv-
Noggin shRNA ; ADSCs in group C were transfected by Lv-GDF5; ADSCs in group D were co-transfected by Lv-GDF5 and Lv-Noggin
shRNA. Then, the expression of GDF5 and Noggin in ADSCs was determined by real -time PCR and Western blot 14 days after
transfection. The capacity of cartilage differentiation was detected through collagen type II (Col- Il )by RT-PCR. Finally, the expression
quantity was contrastly analyzed. Results: RT-PCR showed that the expression of GDF5 mRNA and protein increased gradually 14 d
after transfection from group A to group D. In comparison between each two groups , except the difference between group B and group C
was not statistically significant, differences between the other groups were statistically significant (P < 0.05). The expression of Noggin
mRNA and protein increased gradually in group D, B, C and A. In comparison between each two groups , except the difference between
group A and group C was not statistically significant , the differences between the other groups were statistically significant (P < 0.05).
The expression of Col- II mRNA increased gradually from group A to group D. In comparison between each two groups, the differences
were statistically significant (P < 0.05). The results of Western blot showed that the expression of GDF5 protein increased gradually

from group A to group D 14 d after transfection. In comparison between each two groups, the difference was statistically significant (P <
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0.05). The expression of Noggin protein decreased gradually in group A, C, B and D. In comparison between each two groups, the

differences between group A and group C, as well as group C and group B were not statistically significant, while the differences

between the other groups were statistically significant (P < 0.05). Conclusion: The expression of GDF5 in ADSCs increased by

inhibiting the expression of Noggin. A negative correlation between GDF5 and Noggin expression quantity was found.

[Key words]  Noggin; adipose-derived stem cells ; growth differentiation factor 5

B 77 2 (osteoarthritis, OA ) T 52 MR FPZ4FE A
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WS A ER AL , 5 RS O e e IR B
VBB RIRYT OA e B M ik Z—"

DA I PR b 36 7 0CH sl 46 22 10 B 20 i 78
P ABAEAEDR A 18 B 0 A0 MR IR R AR 4002
FRLHE P S ISE R DX 3t 5 735 25 e i 52 38 BR
AR A T AR L RIGYT 22 1 R, A
ISR e A B

RSN UE] , A K 53 - 5 (growth differen-
tiation factors, GDF5) BEEAiE 1 1] 75 5% T 41 . (mes-
enchymal stem cells, MSCs ) [a] 55 4 e 534k, HAZ A
B R B A4k 32 B GDFS 14 i 403101 il 351 Noggin 7
s Bt HOE AR R A A 3 L ) 1Y Noggin M
GDF5 3k , 5t il LA B 2ot s BB S 08 BT
OA [ E . K1 H HT Noggin & GDFS 7E 1 T i
TR AR RS B AT, P Rk R Z A A AR 6
FEM R R —HEATERE . R TR N 1 KA
FETE— R 2, T LA 3 1 5 8 o i 3 o 2D
Noggin , M TTiT [E] #2200 2E GDFS (1) 338 &2, (4 P 35 L 191)
R E A, T HE— DA BB S A SCTIE A
FET XA, AN E T A TR RS R
IP 2 RAR I Z (B )RR, LU ki 1852
T

1 #RFTTE

L1 M4

fa B AR A SD KRR 3 2, 44K 250~300 g, H
T AR ERESE R sh b ot o T BUR s
(Sigma 2\ A, £ [E ) ; i 4 L7 (fetal bovine serum,
FBS) (HyClone 2~ ], 3£ ) ; B- H M B L 44 . PCR 7]
¥ (Invitrogen 2~ F] , £ [E ) ; TRIzol , Revert Aid First
Strand ¢DNA Synthesis Kit (Thermo 28 &l , 3£ [E ) ;
SYBR Green PCR Master Mix (VT.75 R BLEE 250 7)) ;
16 55 B 2 38 JORE (b 5t 32 58 ML AR W B AT FR 2
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F]); GDF-5(A-10) ST FEHUIA | Noggin £ FLFEHL
A B-actin(Santa Cruz 23], 3E[E ), 293FT 4 il #f
I N R EE B 250 = Vi Ar . PVDF i (Millipore
N], 6 E ) s ECL & Y6 (Thermo 23], SE ) 5 BiFbR
Zht(Ae R SN AR R A BR A ; CO, Hi SR
A6 AR B O ML (Thermo A ], S5 3 B TAE
G (ML & A TR | 5 48] B 98O 1 i e
(Olympus 23 7, HZ) ; ABI7500 SZH}5¢ )6 22 f PCR
1Y (Applied Biosystems 2~ Al , [ ) .

12 F#k

1.21 X R A8 W 18 & T 29 A2 (adipose - derived
stem cells, ADSCs) 89 5~ 35 A2 K325

¥ SD K B siAb S I , TEB i TAE & h o B
VA BRI 2Y, FH PBS 1E VR 21 3 Uk, H- DIk PRI HR ]
DR/ IN I AE R AR . SR B BY T i 1 U89
1 mm* A7/ BV RS 2 5 mL B0 A
TS AR 0.19% T R Jiz Ji il 175 %, %8 B 25 0
B BB DB 3T CHBEIR AT, R L
60~90 min, 24 KT, T 10%FBS 1Y
DMEM Z5 (R FH A1 FT, 1 500 r/min B0 10 min J5 32
. 160 mmol/L NH.C1 Z2f# 2T 40 g 10 min, &0
2 Bl % 10%FBS i) DMEM = 241 i, 4i i1t
B, 4% 2x10° > /mL 1Y % B4 R0 T 35 em® B BE SR
P, BT 37 CIEIR 5% CO. M FIE B8 55 35 40 rh 83
o BiFE 48 hG B IR, LBRANGRELNL, LA PBS
WY 3R, Z I A 2~3 A3 1 IR, 240 5~7 d 224 i
KR 2 80%~90% 1 , HEATHEACRE 3%

Vo8 240 L 5% S 060 P A4 5 s T AE /N Wi
Wi A1 mL 3 1k (0.05% JiE 2 (A B +0.01%
EDTA), ¥ T 37 CHiF=4 1 10 min, T BT T
FEIH AL T A, 5 200 B 2 B, 248 i (7] 32 22 B s
EIHALT, A HG-DMEM (75 15%FBS) K5 35 5L, 3t:
WCFT /BN, FEA PR IEAN I e o A 4%
BTG L LA SX10° AN /mL 1985 R T 25 mL 1935
FEMH ARIE Sk PL, LAJS PR A AR 5 S B AR AR
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SRIFRIE N P2 P3. B H7EMEE i N WS40
ARG 53RN TR g
122 KR GDF5id &k H ke

WA K B ADSCs 4 il , i 4% RNA, >k JH Rever-
tAid First Strand ¢cDNA Synthesis Kit i3] & #17 RT-
PCR 155 cDNA, LAt A 4R PCR 4157153 GDF5 7~
W, 5l % F F k. b5 - ATGAGA-
CTCCCCAAACTCCT-3", Fiif 5'- CTACCTACAGC-
CACAAGATTC-3", GDF5 /=¥ i Bt 1 488 bp, i i
Xba 1 /EcoR 1 V)44 GDF5 5 A it 35204k pLV-
EGFP-Puro, kit Fikg ik 8 vl , 1 TEED)
YTE
123 XK & Noggin shRNA .2 sk # 2

X5 H B9 FE A Noggin, 35231 1 X} shRNA ZE 4%
2 4 3iE 5" -CCGGGAGATCAAAGGGCTGGAG-
TTCCTCGAGGAACTCCAGCCCTTTGATCTCTTTTTG
-3'; FiE5'- AATTCAAAAAGAGATCAAAGGGCTGG
-AGTTCCTCGAGGAACTCCAGCCCTTTGATCTC-3,,
shRNA 2B K28 XWE , PLKO. 1 FokiAge 1 /EcoR 1
XU J5 4% shRNA i A PLKO.1, 35540 5 547
DY %€ .
124 JmEOER

5 Lipofectamine 2000 T e 3R 12 o 1
4 Bl JORE PLP1 . PLP2 . PLP-VSVG IR & W1 5 ¥ 4t
B H G R e RS R A T AR K Y
203FT 4l HeYe)a 1 d EHE IR, #4448 hilk
REESR IS THR AR o IS 72 h SRR LRI, T
USRS TR B3 o FF L3 2L 3 000 t/min 2.0 15 min
J&, 1 0.45 um JEAR L U8 DL BRI o B
2 H #71F GDFS . Noggin shRNA (1) 5 2H 12 9% 5 (Lv-
GDF5 Lv-Noggin shRNA ) , 73-%% T80 ‘CUKFH AT 5
o Lv-EGFP 24 & AT
1.2.5 JRarR R R

SEES Ay AL, 53 A 4 (Lv-EGFP X IR 21 ) |
B4H (Lv-Noggin shRNA 41) .C4H (Lv-GDF541) .D 4
(Lv-GDF5+Lv-Noggin shRNA 20 ) . ELATTEANE ff
RZS BRI P3 AR ADSCs 41 At 6 FLAR , 3x10°4~/4L,
37 CHEFRAL B R < B AT, VKA B e 75
IEAEVK 22 Ak, FH & %8 S peg/mL poly-
brene PR f 15 57 e VE A A7 T 100 743 IR 5 W 2= 4 ity
JEAEE R AR R C T RS 2, R 8
IRAT. 37 CIFE RS 4~6 h G W e 35,
G TR 48~72 h, WMEEHEN R IR G S A A KA
B R . DAPRIEANAE R A A ROIRES

1.2.6 =8 %% % PCR(Real time PCR) 4]

B TR YT 14 AN, 32 RNA, s FE
SR eDNA AR A6 0 35 R A AS [, £ ] Primer Pre-
mier 5.0 A ITAIN. 5190, GDFS JEH 51 951 < -
GDF5 | 5'-TGTCCGATGCTGACAGAAAG-3' , r-
GDF5 F i 5' -TCCTTCTCCAAGGCACTGAT -3 ; 1~
Noggin I ii# 5" - CCGAGCGAGATCAAAGGG -3, r-
Noggin i 5’ -TACAGCACCGGGCAGAAGG-3 5 1-
Col I I 5'-AGGGGTACCAGGTTCTCCATC -3’ ,r-
Col I Fif 5'-CTGCTCATCGCCGCGGTCCTA -3’
NZ 5 FH) . r-GAPDH L% 5'-TTCAACGGCA-
CAGTCAAG -3’ , r- GAPDH F {i# 5’ - TGGTTCA-
CACCCATCACA-3',

PCR JZ W & 41 F : SYBR Green Master mix
(2x)10 pL, 5147 (10 pmol/L) 1 pL, Bk (¢cDNA)1 L,
)5 ddH,0 #h 2 2 ST 200 wL. TRAJE, BAL,
N TR Y 295 CHLAE M 10 min; 95 CAE M 15 s,
60 CiR k130 5,72 CLEMH 30 5,40 MG 115
FHE S CAA, AR 2 Sy A i H 1 35 R i 26748
b, 3 HE 2 YL X R A T A BT A B
1.2.7 Western blot #)|

JHRIPA Z4# vk - 24721/ 30 min, 12 000 t/min
4 CE5L 10 min J5 BT o NG & FAESE v, B
K 5 min #8485 47 B IR i o 48 129%SDS-PAGE
100 V4H < HL K, 250 mA TH 3t {255 B 90 min, $ 8 H
R PVDF B, S%IBRE T 1 h 5435
GDF-5(1:500) .Noggin(1:500) 5 B-actin(1:5 000)$
A, 4 CHF A LR TBST Yk 3 Uk, i b3 i A Ak P
EFRICH) P (1:2000), 2 F#FE 1 h, TBST ¥t
ARG AT ECL B A K% . XL F FH Image J #4F
HEFT AT, AR BEAE ) EEAELAE AR X 220 AT
13 %itsH

K SPSS17.0 Ge it #4740 B o £diE LAY
Babpifi 22 (v £ 5) 7N ; Z4ULR FLBCR FH AN 27 22
AT, P HE AR FH SNK K56 3 4656 7K Ei=0.05

2 # R

2.1 KR GDFSit &k H ke

YE RS AR 1R, SR R 1.2.3.4.61
WIAE A H % B GDFS, R 22525035 H pLV-EGFP-
Puro-GDF5-6,
2.2 K& Noggin shRNA F B 1k eg #y12

3 HeX, B IA 7 31 5 GenBank H Y 1)
SEA—E, TR g ) (E2) .
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2.3 KA ADSCs @ 0T &5 F LK
JEAR K% F2 19 ADSCs 24 h 25 A7 B ] U882 3] 41 it
FRURNGRE | 2RI RIE SR . Z1C4IAE 2 h B
AT RE ARV, 2 BN AT A2 !ﬁﬂ&lﬂ@
BHTD o WSR2 3 AN, A B IR SRR

2 000 bp—
<1488 bp

i AR (151 3) o
1.2.3.4.6: FHERE ;5.7 .8 FATEFURE ; M : Marker,, 2.4 H3 @t?ﬂ%ﬁ
Bl SRS R FUR 72 h SO MBEIEGR 44 ADSCS

Figure 1 Enzyme identification of 8 overexpression vector B FEPE A0 L 2R 44 75 7 90% L, I R E TR

clones \ ;
BEMEOR A A UM ARSI R AF . Ul F 2 12 5%
40 50 60 70 80 90 100 110
Nog-F-3.seq [....uuviiuiann. CCGGGAGATCAAAGGGCTGGAGTTCCTCGAGGAACTCCAGCCCTTTGATCTCTTTTTG
\SYEw2 B UIRN DIOTOIET oY Bl (VTR VYRSV C G GGAGATCAAAGGGCTGGAGTTCCTCGAGGACTCCAGCCCTTTGATCTCTTTITG VYN

Consensus ccgggagatcaaagggcetggagttcetecgaggaactccageccetttgatetetttttg

2 Noggin shRNA lIF &R
Figure 2  Sequencing result of Noggin shRNA

BEFG YSRGS R T A AR (B 4)
2.5 SREFSEE 2 PCRAMN

LS 14 d, A B.C.D 41 GDF5 mRNA %1k &
g P2 A, BR BAL S C 4Lz () o4
TeE2E RAh, RS UL 22 R Gt 23 (P <
0.05, % 1, K1 5A) ; £ 4H 8] Noggin mRNA ik & [t

A BOAHSCHSBASD A, MW HAL L BRAH S5 cH
A:JF ADSCs; B:P3{{ ADSCs, BTG 222 b, HoA 4t R 22 S 6 Gi 2
E3 FEHEERMENZADSCs FAKER(x100) Y (P<005.%1,E5A), Col-T mRNA k&7

Figure 3 Growth of ADSCs observed under inverted O 7] S 0 R A LR, 22 A G i L
phase contrast microscope (x100) (P<005.%1.K58)

A CH

4 HHET2h EHADSCs AEMBER A RIEIFER(x100)
Figure 4 Cell morphology and fluorescent expression of ADSCs 72 h after transfection (x100)
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®1 EIHREE

PCR #& | & 28 48 il GDF5 . Noggin, Col- I mRNA 183 Rz E

Table 1 Expression quantity of GDF5, Noggin and Col- I mRNA in each group deteted by real-time PCR

febr A4l B4 c4l D4l FIH PE
GDF5 1.00 £ 0.23 2.12+0.07 2.35+0.08 5.02 +0.27 255.16 <0.05
Noggin 1.00 £ 0.07 0.49 + 0.03 0.94 +0.04 0.33 +0.04 160.10 <0.05
Col-1I 1.00 £ 0.18 1.65 +0.33 3.70 £ 0.19 4.50 £0.33 152.74 <0.05
* 2 Fisher PR WA VIREATE P{H.
A A A4l BY CH D4l
i mm B4l
4 /= cH
m
% 5] B Afﬂ Béﬂ 7 "Céﬂ ) V[i»éﬂ
= Noggin & et
N — R
GDF5 Noggin B-actin a -42 kDa
B 6 * .
]’_ﬂg . A: Western blot 1l 4 21 46l iy GDFS 2 [1 223515 0 ; B: Western
_‘{45 . " blot #4520 41 i Noggin 25 ARG L o
= 6 Western blot ¥ il &% Z8 4 il GDF5 #1 Noggin & B &£
% &5
E 21 Figure 6 Expression of GDFS and Noggin protein in each
E |—'L| ’l‘ group by Western blot
© 0
A B4 D4
A: SIS A PCR G 2% 4 2 H@ GDF5 J Noggin mRNA A%} % 3 i i
it s B SINE B PCRATINAS AN Col- T mRNA AR Rikid . 7

413, P <0.05,
5 SLHEEZ PCR#& & 4 4 2 GDF5. Noggin # Col-
I mRNA X RiILE
Figure 5 Expression of GDF5, Noggin and Col- I mRNA
in each group detected by real-time PCR

2.6 Western blot 42|
Y514 d,A B .C. DA GDF5 FEH £ A m R
I Z ] LR, 22 R A St R X
(P <0.05, K 6A, 3 2) ;4541 [] Noggin £ F ik 5
e, A>CH>BA>D AL, IR , A5 C4l
8] \CZH5 B R 22 53 G248 3, HiAvd n) 24 55
WA G5 (P <0.05, K 6B.%2),

0A %llﬁﬂ?téﬁlﬁ‘ﬁﬁﬁ' 1) 2 AR, H
5 PR AR it 5 R O 0 A TR R R b
b BB I, 21 3 F*T?Ab&ﬂaéwﬂ?@y M
7 25 | A P P 5 D R P g

IR R T I AE A 28 S B i VAR I %o
BG5S RE Y 52 =5 F R 200 B R 43 6 114 20
ML F AT AT AATHIE R W RE 1 AH 24
AR Rk A i 22 0y ik Can A AR A i A
A ) 2 0 U T B SR, | 5O 0B 4t
15 B 16 52— B PR B B I A S A 1 — K
B, IR, TR AR B S A R AT
Fh PR Fi75 5 MSCs 4MBIE s i, Ho GDFS
S B AN R T R T R R R Y

2 Western blot il & ZH 21 it GDF5 & Noggin & HiHX RIZE
Table 2 Expression quantity of GDF5 and Noggin protein in each group by Western blot

Ei=L A4 B4 CH D FIH P
GDF5 25.42 + 0.66 32.47 + 1.36 38.44 + 1.46 54.54 + 0.46 401.08 <0.05
Noggin 63.56 + 0.45 61.70 = 0.79 62.55 = 0.93 51.90 + 0.03 207.74 <0.05
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RE SRR T SRR, e e e 2
JL3 5, AT — 25 (i SRR & B RO , 3l 6
TECE RS TSR

GDF5 /& ¥ b A= K IH 7 B (transforming growth
factor B, TGF-B) 8 I 13T R 51, 78 5K B T2 i Fn 56
TEIE b BT B E A R R, GDFS 7
BCE R B RE AR 3 MSCs BB 45 Ak H 7 171434k
FERCE R B JE W AE 0 R R B A S 5 . GDFS
A T 1 A ML AR A 2 3k R (R A SR
R, GDFS Va4 1) U o Aid 52 A A A SR
Noggin T 15, I EAH AR AR EEAE . A
BUEFFEE Y ], A e SR UASC T R B

Noggin J& ML B #% 2 40 & 7 (17 8 2 5 5
- Noggin 7 0] 5] BCE i 2 MO I R R
fito Noggin ZE78 1 %1 51 & B B 5 HXT GDFS
AIHEHUE A 56, 24 Noggin & [k Z i, S IR
T TCIE S BT GDFS B A= 93 1, DA 52 1A 565 &
B B, IEH Y T B X B GDFS
J Noggin, — H P& AN 225 | R OCT & B B

T #R5E GDFS Fil Noggin 7E 575 & B i #EH 1)
KR ABIGEIE 3 55 51 ) 02 75 4o R 3k A Lv-
GDF5 J L 844 Lv-Noggin shRNA , ¥ 5 4 18 ) 7
A3 B 4 #H % YL R B ADSCs, i 13t 52 I 5E 5 PCR I
Western blot £ ARG 2% 2H % YL J5 41 il GDFS 1 Nog-
gin IAHXT ik, 4R E/R, A B.C.DAUM
GDF5 Kik & b EaH A B Z [\ i, C.D
H2ZIB) b, 25 A G (P <0.05), i
L T 40 M Noggin 355 , W] DL i M b 51 5
GDF5 A3 5s . 1 H RIE 7E GDFS i 3Rk 15 il
T, W PR AR SR A AE , T 18 Noggin /588 1T LA
HH) FIH GDFS W3R . 55 ANl i SCH e 2 PCR G
N B, R A0 B A 32 5 1) E B A 43 Col- T FE 4541
] e 0k S P G #4345 GDFS A Rk e #—3L .,
X —45 R B & ADSCs 2635 GDFS A3, Hf)
0T G 53 A0 R SRR R RO AR R T B . A%
2H [8] Noggin &5 A Hedss, BAL B 35 = F D4, i
MY M GDFS RIS , 7T 51 Noggin ik i
BRI BRI RIIA R, GDFS Fll Noggin f) 3k
N EN 2 A, M CR, BT LLE
JERAN T I 58 Noggin 1Y 22 18R A N GDFS
(R IR il 9 3 L 9] 3k 1) dpe A, DT B A0 £
KT IEE

FRYEAMIFFT 25 54, , B b nT DL i O b
MU T W7 768 GDFS 1 Al F 8 Noggin,

DI RR A i 001 o AL B R 3 B AR BE , O L mT LA 4
oL DR e e 19 s [ 5 il 2 o A A PR B R
{HJ2& GDF5 5 Noggin AHEAE A, {2 2EHCH B 521X 6
WF5E H BT R TS 362, w8 i PR L e A AR —
Bebeg o Az PR3 R0 PN PRI A9 AR A R A 2
HE— AT, A PR AR G0 P e e f
I Iia) A e A2 590 A T T B i A i A S 7
e, PR A A TR TR Y 7 C 1R AT
PG AT T I BB, AR ME I

(&% 30k ]
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