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M OE CRAILUIEESR & T E A ALK RE F-B1 (TGF-B1) (i 1k 572 T/ 5 i 2 W2 94 K ki F (SCS/PLL/
TGF-g1) A5 T B Ab 5T SR MH 4 Uk E X 2 OK L - by 42 RT3 1T AL 57 B9 5% . T 745 94 K R0k B 2 28 7 240 ~ 290
nm FHEHEATE -0.4 ~ 1.3 mV Z i) /] 9. R 3E 5 i 7 0 000 R AE T 58 b 7 RO/ R #1202 (SCS/PLL) i
SCS/PLL/TGF-B1 4K ki 1% % . 38 3k 44 418 86 1A] 58 50 1 48 il ( BMSCs ) 35 3% 5C 46, 43 5l %5 8¢ T SCS/PLL/
TGF-BL YK AL X BMSCs (V9385 51 2 S 7] SR (GAGs) 43 WA A 1T AL i J5t ik R 2 38 19 52 ). 45 51 b7 AR X T
L2 SCS/PLL B [W 4k J¥ 1Y [ i TGF-B1,SCS/PLL/TGF-B1 4K ki T 1l 4 547 3 TGF-B1 (1) 1 ¥ , {2 i#f BMSCs
DE =0 ATV SR =K 3Ry TR b i

KR LSRN, AR E -1, 4Kk, BEIRI AR T AN, 51

BB L AUR I AR U R0 R LR R
e A RBE FEAEHAWN N ES RERITHRE,
PO I A R R R BB e
SR 20 40 TR S AR R R R B B
FORRAS Tz ik Mo i B R FE R T
i L (BMSCs) HH: Z2 43 AL i 68, 7T 5 5 434k S 3K
BN, B R TR R

BMSCs 75 1& & v i FH %) 5 B 2 an o A
SRR 4 EL ) R A B 434k R4 BMSCs 4 4R i A
ZME, WHAYEER 7 LY R
TN R A o AR T
T Wy 2 i D S TR B T A S T, T A O
PO M BB A T AR AL R T RE RIS 24T
RO EHAANEAESBEE SR BA EEWAE
JU e A KR 8L (TGF-BL) J2: i 2 A4
M AH [R]85 AH I 43 F iR 12,5 x 107 {4 3 B {37 3
i B R O U, LA R A A K
e T R (9 15 . TGF-B1 il it 15 BMSCs JiE 3 1
(1 AT 7Y 85 I 22 G R/ O R IR B i &2 IR R &
WIAR 25 4 , 5 30 Smads 3 B A 22 4 4500 1Y
B PO (MAPK) 38 % 9% 8006 , 7 ng/mL gk

Ji B AT A5 205 S BMSCs [ 56 40 g 4 4k
ERCEBERE W RIAIT R R M HIE 97 5 7
N

A&, TGF-B1 fir k& &y ot , 1 H 76 ¥ W h i 1
P W, R S 2 AR IR pH E UL K i 1Y 52
Mol 7 2 3% . DAL, ] A5 R ER 4 TGF-B1 1 3% 4 1%
Skl 2 HL N s O TR R TGF-B1 45 1
R, HATC & 7 Sk Y i
TR A2 g7 12 7 AR SR, B T AT R0 A
T 0 e S R A X R A
AN LE R AR L, — 2R & Ak e i A ) R T
e fboe B BE R )Tz N T AR T M IR
AR e 3 I TR U R ikl o i N
it 1722 35 (A1 1A= W 3 PR DR 7 18 Y T FL ) R B
F olORE S0 R 5% Fk (8] B AR BAE T, T DA R R A
WO T B R 4, SR T SR AT Y A
HIWF Y & B, TR AL 52 RME R R VE T, Bl B
L1 YL M A= K T (bFGE) A6 P15 21 B4R 3F
T A R S B2 2 A0 ) 1G5, LS AR B
AT ZE R 70% 24720 Lin™? S5 g gy %W 2,
6-0-if b 72 T BE v LLUA 20 = 9 | B il A
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(BMP) {3 P, 412 1 1 240 M 1] 15 240 534k

ABIE ST R KR8 S B b BMSCs & 14155
oAb A L, BB 285 5 4 Ak BT T TGF-B1 1y %
PR in) @, R LT E B %5 7/ & TGF-p1 (1)
ek Ak 5C SR W/ Rl 2 R 4 K k¥~ (SCS/PLL/TGF-
BL) ,WFFE T Al Ak 7 5 Ml vk B2 45 ) 2% 2 BT 4 ok
L B4 A2 0 2% T FRL AV 19 52 . 38 o FR fiE BMSCs
(5 58 2 B R ME (GAGs ) 23 WA T B Jie Jit 5 [
FIKEYERE, KRG T SCS/PLL/TGF-B1 44 K
1755 BMSCs [m] 50 240 M 53 Ak 1 fig )

1 SLIEER4Y

7RI 5K
FERNE (M, 250 x 10°, i 2, BEJE 95% ) Iy
TH B4 A . R (PLL, M, Jy 30 x
10" ~70 x 10°) lly F Sigma 24 ). F4H A ALE K
A BL(TGF-BL) 4 F Pepro Tech 2\ ). S fif iR .
ZH ORI N, N-Z i (DMF) %532 [
28 A1 i

3,6-0-f 1k 7¢ B M (SCS) 1y ] % J7 ¥ W
TLRREL S g SERMEM AL 60 mL g N, N-—
FHEL TP @t i (DMF) b B A 2 mL & SR, i
FELT R, 153 2 70 BB IR I W VKA KT
5 mL S % 2 in A 2] 20 mL DMF v il £ i Ak i
. Ak Ak 1 R 248 i A B e R R W,
60 °C i 1.5 h, 535 I Jo /K B F K Bk % , 4235
Br AV R 11 1 45 SCS.
1.2 EAHNWAEKEFLIHBEBULTRE/ B/
KBMW KR FHH &S5RI

i o T E i 45 i A TGF-B1 1 il 1k 7c 3R
W/ B 2 TR 40 K KL (SCS/PLL/TGF-B1) . HAK
il 2 B AT 2 20 pL 1 pg/mL (1) TGF-B1 K
(CRHT0. 1% 4= 13 11 25 1 /PBS %W BC &) Fi 100
pL 0. 1% iy PLL K WOR & ¥ 51 5, l— & s
A B GG RF B R [R]v BE 19 SCS 7K ¥ W, i Jid 7%
¥ 30 s, =R F & 30 min, 1§ %] SCS/PLL/TGF-B1.
FH AR TGF-B1 ) PLL /K % W , 2 AH [5] 1 %&
W T oK A TCF-B1 Ay filf 1k 52 2R 4/ 5 #i
RN KL F (SCS/PLL) .

K B £ 43 #74AX ( Brookhaven, USA) Fil zeta
L 3# M4 ( DelsaTM , Beckman Coulter, USA) 43
S E SCS/PLL/TGF-B1 [y fr 42 1 2% T HL A7 5 2R
FH% 5 f 7 B 8% (TEM, JEOL JEM-1200EX) %f
%% SCS /PLL I SCS/PLL/TGF-81 HIIE$i.

1.1

1.3 BfEExRTARALESE

SEEG T A BMSCs H 7 P4 22 G B i T 43 B8 4K
5, B2 B AL B R 0 il — B
86, DMEM 15 7% 55 B 5 T 2000 /min B0 2
U AFY 20 min, 25 B B L K B JE A5 A 40
MR R T 9 em BFFRIL, N A — 2 8 19 58 & 15 97
(DMEM +10% 54 1L + 100 U/mL 5 & £ +
100 wg /mL 455 2) , F 37 C,5% CO, k5548
RS, — SRR AR5 R 3 ~ 4 R ARV, A0
fil A A B 35 80% ~90% B AR, SR AR 2 104
TG 22058 .

1.4 ZHAaE B &

H5 BMSCs L) 3000 4 fiftd/FL 1 % J& Fh A 12 fL
FEFRAR R SR 24 h f 4 NG BE S, e SR SR,
A 1.5 mLOE SRR SR 0. LA AS AR B 2 i
A 55 pL 3% ) SCS/PLL 1 SCS/PLL/TGF-B1 %
W (Kb T TGF-B1 5¢ 4 Bk, Hidw & vk Ji
3 ng/mL) , LK 3 ng/mL H W) TCGF-B1 L,
TR 2 K, A AR RE 3R 1,37 14 R lig g
A, IFE T - 80 CIRAF. FRFE s oe 4, itk
A0, % ) DNA i3 € ( Molecular Probes, USA)
ez D0 44t e %% 5
1.5 SEHREME(GAGs) 5l

BMSCs YA AE A8 5273k 1.4 75 fr ik, 43
FIAET KA 14 RICELN L, I E T - 80 CLRAF.
TR A 58 4, SR T 3R B L 5 ( DMMB)
Fb e 3k o K I 40 M g S A R OB (GAGs) &%
B LUBRCE B ARERE
1.6 MERFERERZENE

BMSCs (1) Fl R I EE 2 5 840 1. 4 5 Tk, By
I 14 KT U4 e, T A9 e B L TR 38 3k & O 1R 4T
S D7 v A Sk TR 0L R AT B RNA 2 IG5
BHE, I PCR JEH 54 { ( Bio-Rad ) 4" 4 3K
31 pg 9 RNA FE &L, SR A iQ™S 2 S i 2k
E & PCR {X ( Bio-Rad, USA ) £ I 1T % Ji¢ Jirt & [A]
ik, £ 1 h51 9751, LL GAPDH Y f.

Table 1 PCR primers and product sizes

Gene Primer sequence (5'-3") Size (bp)

Forward; GACTGCCTGAGCCCCGAGAT
Reverse; CTGCCCCTTTGGTCCTGGTTTC

Collagen
type 11

GAPDH

(Rabbit)

Forward; GACGGACCAGAGCGAAAGC
Reverse; CGCCAGTCGGCATCGTTTATG
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2.1 ARKFHRIE
20101 RAR IR LA

2 M Ak 5c OB Y Mk B2 X SCS/PLL/TGF-
B A A 3 T AL (9 5 W 22 itk Ak 5SRO 09 Wk B
0. 3% B, SCS/PLL/TGF-B1 ) ki 42 24 K 240
nm. [§ % i £k 72 OB e B 00 B2 L 9 ROk B R
(PS5 NI ER TR Ry % N R 03 N T
AL 5T OB MR BE B2 10 %, B Gk B 3% B
il £ BRLAR 3G K295 290 nm. 44 K AL - 1 &
T FEL A7 U] 222 B AH B A A8 Ak R AR, B 2 Al Ak e 2R
Ve 5 (%) 38 0, 2% T EL A 2R T AR N — A Ry,
TOVE 125 ] 2% 1) 2R Pl e 0 499 DK A~ 1) 42 R 3% 1T Pl
A5 & v I B H Ay B DDA OG0 Ak 7 SR
W RE R 0.3% BF, BT 3R AT 1 94 KR 3R 187 AL A7 422
T H P SRR &R b IE T H T A AR Y B
& T A 70 JROME I B 1 K, IR & b i 97 F g R A —
A 22, T B 22 1) it Ak 7S SROBE T UE B 4l oK
KiF IO EORL AR A BT K. R, h TARR T
PLL/TGF-B1 {1 & &t — & , B IF 3 faf & — & , 7] °F
M U0 UE A B PR ar 42 T A RR BRL O 4 KR T 1Y
AR AR BEIT AN 1 3, 0 EL R T A R
b 5e SROBE (A RE G 1t 3 22, R 1Y 3R 1 H A aE— 2P
AR 25 18 3 90 K kL 1Y B2 M A TGF-B1 (1 171
o, R SR TR £ 3% fitf Ak 5T IR M i 45 1Y SCS/
PLL/TGF-B1 4k ki .
Table 2 Influence of the sulfated chitosan concentration on the size

and /-potential of SCS/PLL/TGF-B1 nanoparticles

Sulfated chitosan (% ) Size (nm) /-potential (mV)
0.3 240 £ 14 -0.48 +0.28
1.5 274 £13 -1.02+£0.29
3 288 +7 -1.23+0.46

2.1.2 GURKLFIES

K H13% 5t i R (TEM) X SCS/PLL Fil
SCS/PLL/TGF-B1 [IE S #EAT T RAE (K 1).2 Fh
Eip S DA OESS IR EROR YW UNSN RS $72 T TAR AN
ST N I € NI A i L 7 D TR e
R UL B % ST A5, R W] TGF-BT W] 7E 44 K kL
T ARG B o3 1. Gt e B 45 R Bk, SCS/PLL
fRLAE A (177 £26) nm. & TGF-B1 J5 , i Tk
F i IE H AT B A X HE i, B ) 4% 1 SCS/PLL/
TGF-B1 [ RLARH K K (195 £35) nm. 5 £ 2 kit
A3 BT ASCRG 0 235 2R L e AT DL, SCS/PLL/TGF-B1 1y

T ARLAR BT /N T AR KR W R B RLAS TR W
PR R IK VP BE K A — R TR R T I

Fig. 1 TEM images of SCS/PLL (a) and SCS/
PLL/TGF-B1 nanoparticles (b)

2.2 YHPAIBIEITA

3 K BMSCs Ktk B B 55 16 1] 22 4k, %
%7 BMSCs 3% 9% (blank) , 1) ) 5 SCS/PLL,
TGF-B1 I SCS/PLL/TGF-B1 I35 3% 4 144 T iy 4t
GAT M (P 2) . BPTTT 3, B2 55 7 i 1] 19 3 K, 4
Tl AR 46 14 F 5 37 (9 BMSCs S ¥y B b £ (1
WOT SR A 595 3 T , 4% 401 60 A0 M 5
RS B T KA 14 K5, TGF-B1 il SCS/
PLL/TGF-B1 21 () 40 fifg 4 it 22 W & /> F Blank

50k —0o—Blank
—o—SCS/PLL *
—A—TGF-B1
a 40 —v—SCS/PLL/TGF-B1
X
= 30F
2
g
= 20r
iG]
Q
10
0 1 1 1 1
0 3 6 9 12 15

Culture time (day)

Fig. 2 The number of BMSCs cocultured without and with
TGF-B1, and SCS/PLL  and SCS/PLL/TGF-B1
nanoparticles over a period of 14 days

Data are expressed as mean + SD (n =4); s Denotes
significant difference at p < 0. 05 compared with SCS/

PLL/TGF-B1 group at the corresponding culture time.
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SCS/PLL 41 ,iiE B %3 il TGF-B1 %t BMSCs () 3% 4
A W R SEZE/E . 5 Blank 4140 b, SCS/PLL 21
M)A BB AERT 7 RAERTC I B By X )5 HEE R R
14 KB, Blank 24 A% 40 B % B0 B\ T SCS/
PLL 41, 3% 1] fig 5 44 K bz 7 A0 40 g 18] 40 548 A
K. AE #& A5 FEHE ] N, TGF-B1 41 Fil SCS/PLL/
TGF-B1 41 BMSCs (4 58 17 4y JC B 1 iy IX 1.
AW R Y], TCF-p1 H A £ #F BMSCs 4 4 1 43
VR A ER T 40 i i) 385 58 RN 43 A6 AT R A B S
Ma , >4 4 A Ak T o AR S B L3 B AT Ry 23 52 A
JSE B R A TGF-BL Ji 24 i 4 5 A
ZrF R T TGF-B1 WfEH T, BMSCs £ 8
Rt R B A T [ v T 0 1 O U
2.3 GAGs srib g i
BIERHWE(GAGs) 2 CH HL b FZ 9
ML Ah 3 T 22—, GAGs 43 W J& R AE BMSCs [n] 4K
AP AR — AT ESEFR . 3 %4 T BMSCs
o % 3% (blank ) , DA & 5 SCS/PLL, TGF-B1 Al
SCS/PLL/TGF-B1 HH5FE XA T GAGs 1y 43 W i .
M AR, 5555 7 KR, A HE T Blank 41 SCS/PLL
41 F1 TGF-B1 41 ,SCS/PLL/TGF-g1 A { i BMSCs
ST Z ) GAGs. 3553 14 R, & 41 GAGs 47
WA AR AT BT B, ARRE X oA 3 41, SCS/PLL/
TGF-B1 AR Fs i =5 1) GAGs 43 1. 7F 45 Bif
] 5, SCS/PLL 2 i) GAGs 4> i & 5 Blank 41 %
WA X1, % 8 B B — (%) SCS/PLL 44 2K i
X BMSCs [m] 3K i 41 fitd 53 46 JC 9] & i 4 . i
Sh ,AHXF T Blank 4 F1 SCS/PLL 41, 7E 7 K Hl 14
FKLMA H H# TGF-B1 %F BMSCs i) GAGs 43 b
AW B EWRIMEN, XIS HHRET

*

0.6

S

r 77217 days
14 days

=

~

<
T

W

GAGs (mg/mL)
(=)
W
(=)

0.15F

SCS/PLL  TGF-B1 SCS/PLL/TGF-f1

o~}

lank
Fig. 3 Quantitative analysis of GAGs content secreted by
BMSCs
Data are expressed as mean + SD (n =3). # Denotes

significant difference at p < 0.05.

TGF-B1 (1% P E LA PR R A7 OC. A L T 45 Jon ) ik 2
% A B TGF-B1, SCS/PLL/TGF-gl1 #] DL fi& ik
BMSCs 43+ WA B £ () GAGs, i B SCS/PLL/TGF-B1
P Rl 2 1Y B B TGF-B1 B GE 2 #F BMSCs [m] X
40 Mg 434k, 8 BF L FE B L SCS/PLL/TGF-B1 44 >k
BB XA LA R TCF-B1 1Y iE k.
2.4 NDTEEKEHNEEZRIE

T 789 Jie Jit s PR ) 36 38 2 R AE BMSCs ]
21 A B 5 b — AN T AR g A 14
R T2 g S L R 1 AH X 2 ik i, % 48 T BMSCs
ph 1% #% (blank ), DL} 5 SCS/PLL, TGF-81 Fi
SCS/PLL/TGF-B1 455 5 44 T BMSCs [i] # & 41l
Mok ka3 (R 4) . A e TR B TGF-L 1
Blank 2 #1 SCS/PLL 4, TGF-B1 #H I SCS/PLL/
TGF-B1 ¥ B A7 i) 11 BY R J B [ ik . 5
GAGs € 45 R AR, % i A i i TGF-B1 Xf
BMSCs ik 11 2 i Ji 5 [N o A7 — 2 72 B 1 412
HEVEFE. 3X Tl fig 5 qRT-PCR J7 i (19 45 5 45 %, 1
P38 0 22 G PRI AP BRI T % 5 VA R R Y R A
.M F TGF-B1 41, SCS/PLL/TGF-B1 4 A A&
BrE I A R A Rk . X R TR AW
Kok iy TGF-B1 B A BT 4f 1y A= ¥ 3% 14 , fE 4
K TGF-B1 X BMSCs (1% /F FH B[], AT 55 A7 250 b
{2k BMSCs [a] 858 41 i 431k

14
%
g 1 u I
g : I
5 :
= 10r
8
2
s T
2 s
Blank SCS/PLL  TGF-B1 SCS/PLL/TGF-f1

Fig. 4 qRT-PCR analysis for collagen type II gene

expression of BMSCs after being cultured for 14 days
Results were presented as relative quantity compared to
GAPDH gene expression. Data are expressed as mean * SD

(n =3).

# Denotes significant difference at p < 0.05.

3 Z

38 3 I YT A& T ORI AE A 240 ~ 290 nm,
RN 0.4 ~ —1.3 mV, EERIEIE i 19

i

%
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7 T WE/ T AR/ e AL AR K I B 9K AL T
(SCS/PLL/TGF-B1) . B fiff £ 5¢ 56 Bl vik i 119 38 K,
SCS/PLL/TGF-B1 1y ki #% 1% A 4 ¢, ity H: 2 1w U
S S 0 0 H M. SR TR S 9 KR 5 i R ]
FE BT A ( BMSCs ) 235 35 07 25, BF5E 1 K [A) 2%
1 BMSCs W38 58 A1 3 A0 AT Ry S5 R B, n A
TGF-B1 Hl SCS/PLL/TGF-B1 £ 1 il BMSCs (i 4

5547 K. A%t F Blank, SCS/PLL H1 [ i TGF-81
40, % i SCS/PLL/TGF-B1 5 B 4H w] 47 % AR i
BMSCs 1Y) GAGs 43 Wb A1 1T 78 Jig Jit 336 A i 235
W45 BAF B, SCS/PLL/TGF-B1 4k ki 7] LI A
RARA TGF-B1 1 1% Pk, 4 & TGF-B1 (14 E J1 B
], TG 250 3 BMSCs [] 55 400 Jfd 434k
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PREPARATION OF SULFATED CHITOSAN/POLYLYSINE/TRANSFORM
GROWTH FACTOR-81 NANOPARTICLES AND THEIR ABILITY
TO INDUCE CHONDROGENESIS DIFFERENTIATION OF BMSCs

Fei-fei Li, Qiu-wen Wang, Lie Ma, Chang-you Gao
(MOE Key Laboratory of Macromolecular Synthesis and Functionalization, Department of Polymer Science and Engineering ,

Zhejiang University, Hangzhou 310027)

Abstract To protect the activity of transform growth factor-81 (TGF-B1) ,the sulfated chitosan/polylysine/
TGF-g1 ( SCS/PLL/TGF-B1) nanoparticles were prepared by a co-precipitation method. Along with the
increase of sulfated chitosan concentration, the nanoparticles with larger size and more negatively-charged
surface were obtained. Both the SCS/PLL and SCS/PLL/TGF-B1 nanoparticles had a round morphology
observed by transmission electron microscopy (TEM) ,with a dry size of (177 £26) nm and (195 £35) nm,
respectively. In vitro cell culture was performed to evaluate the differentiation of bone mesenchyrnal stem cells
(BMSCs) induced by the SCS/PLL/TGF-B81 nanoparticles. The result of cell proliferation showed that the
addition of TGF-B1 either in a free state or as nanoparticles could block the proliferation of BMSCs to some
extent. However, compared to the blank, SCS/PLL and free TGF-81 groups, the SCS/PLL/TGF-81 group
secreted the highest amount of glycosaminoglycans ( GAGs). Moreover, the results of quantitative reverse
transcription-polymerase chain reaction (qRT-PCR) also showed that the BMSCs seeded with the SCS/PLL/
TGF-B1 nanoparticles expressed significantly higher amount of collagen type II gene at day 14. All these results
confirm that the bioactivity of TGF-B1 can be largely preserved in the form of SCS/PLL/TGF-B1 nanoparticles,
leading to the preferential differentiation of BMSCs toward chondrocytes.

Keywords Sulfated chitosan, TGF-B1, Nanoparticles, BMSCs, Chondrogenesis



