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NIPAAm, H 7 KOHJIN /& ; FLBE R (LA)
IR HE R 22 X R A RS w5 CS (i & Bt T >
85% ) , Wiil4x5¢c E Wik ¥ ; NHS (EDC - HCL,
176 Medpep /A F] ; U H 3t 2, — e (TEMED) | [# 2
A AL 27 3R A R w5 IV, N-SIE HY 6 30D 43 15k e
(MBA) ,Solarbio 2\ w] 5 & i B2 % (APS) , K #E: 1
WA R Bt AL 2R T AR g, 56 Sigma 24
A] ; DMEM 5 5% Bk (B ) , 38 B Gibeo 23 W] ; Jift 4
M (FBS), 5& [& MDgenics 23 A ; 75 A K-t 41
(H&E) Je Al &, RE A AR AR A
Al NIE S A & (HL-7702 ), KL 28 = s
BB

VECTOR 22 £L 4635 A%, 78 [ Bruker /A A ;
ELMER PH 1 5600 % X 5} 2k % f8 1 fig 1% 1%
DCAT21 2 2 fik #7 W 3K 4%, 78 E Dataphysics
Surface Tension; CK 7 {8 & M 2 B fif 5
(Olympus, Japan) .
1.2 Gal-CS-g-PNIPAAm HE /KB HH &

FREL—5E 51 LA % T 200 mL TEMED/HCL
() 2% W (pH =4.7) 435 LA 0. 28 ¢ NHS,
1.42 ¢ EDC F1 6 g CS, ZE 51 T+ SN 72 h
J& BT A% (Bt i K AR 3 B & oy 3500) %
BT 4 K, U0HT V2 VR T8 B AT A5 2 [ 4K
GC. ¥ iR GC BAfR A NTPAAm $% i & 1L My 1:2

T 20 mL FTiE 040 1% MR, m A
0.04 g(APS)fEBI &7, 78 N, 30 min. FEfIA 0.1
g MBA 25, 75 N,10 min, )i & TEMED fE{£
R, A 1 WA A B 3 AR R L v 3 B S R RN
48 h J5154 3| Gal-CS-g-PNIPAAm 7K % k. 7637 C
KU Ik BV IS R EE U B AR 10 mm )
B R, 228 Pk T K, I B R K Bk 2 5%
Y, 0F B T WL R 22 vh i W (PBS) P % W h
FEH.
1.3 #R o MEHRE

¥ CS ¥y K. GC ¥y K M T #  Gal-g-
PNIPAAm 55 e if KBr He v I e HL 21 A1
ii%. MERCURYPLUS 8 5 #% i 3 9% 15 A3 0+ 5 4%
Wi ,Lh 1% DCL R #). i8¢ ELMER PH I 5600
AL X SO0 L T RE G AL AR 15 FE S XPS BE & K3
L2220 & 5. T 2003 B A Ve R T AR
JETEWR A WIS, U1 IBCEE R A AU TH 4 HCKG 3]
G JEAL L, W4 5 AE SEM R ULELBE IR T 45 4
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¥ PNIPAAm ¥t B¢ 1 Gal-CS-g-PNIPAAm 1t
REE AL A 37 C WGP 12 h 5 & T
48 FLANM KT =4, B LN A 400 wL,10 wt% FBS
) DMEM/F12 £5 52 W, #4540 )5 /9 HL-7702 4 il
o BB FE 8 x 10 A~/mL ) 41 M B ¥, A5 FL 2%
Flt 100 wL. ¥ Bh A J5 9 20 JfL 35 57 M BT 37 C
5% CO, KGR Th AR SR 37 7 K, 15 24 h e —x
ARG IR, TG RO T UL S0 Sk 4
i B A R
1.5 2B B B A 35

PRI T RIGARMIN 37 C 2% 20 C ¥
55 ,10,40 F1120 min f5 53 50 41 2% 48] & 1 50 58 WL
FLAL SR A0 L B B 2. 2 258 Sk BROK B e 4 T A T 1Y
JI AT

JBE BF J 4 40 S B BE R S x 10" 4S/mL
) 2 JE R A, He & 96 LR, B AL 100 L. 4 h J5
We KGR, 1T PBS W UE 2 ~ 3 . A 8] 2 W
VPR /V(ESRR) =9:1, V/V) [E5E 20 min, JE i1
[ 5 WIT F AR AT HE 325050 & e 4.
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W £ Gal-CS-g-PNIPAAm #E Jii¢ il PNIPAAm
% e 4 THD P36 iRk JOE BRF 1740 4 FEL TN TCPS Al 35 T Jige ity
T B 20 B O B LM E R 2k 1.5 x 10" 4~/
mL; 435 B 10 20 2% Ff 4 i B i 200 WL FAE T 96
LB AR, 200 FE 1.3 FI 5 KAk UL 2% 4 Jd 1) 34 4 155
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Fig. 1 FTIR spectra of (a) CS, (b) GC and (c¢) Gal-
CS-g-NIPAAm

CS %' H-NMR & 4 J& &0 7 ,' H-NMR ( 300
MHz, D, 0/DCL, 8):4.816 (H,),3.099 (H,),
3.38~4.0(m, 4H),1.972 (NHCOCH, 1 /¥y H).
GC (9" H-NMR % )9 )& @t F,' H-NMR (300 MHz,
D,0/DCL, 8):1.908 (NHCOCH, {1 f{§ H) ,4.768
(H,),4.06,4.4(H/ He),3.3 ~4.0(m, 10H),
3.042(H,). '"H-NMR 455 %8 GC tfh § =4.06 FI
4.4 PYFEAENE R LA th i+ HY, He. 55 4b, @ o
57 H-NMR %} [ % B, NHCOCH, ' () it 7

H (R AR W T 08 B 1,972 5 &= 1,098 4b, H g (A
Rasi Ui LA thig R 5L (—COOH) 5 7¢ M iy
(—NH,) &4 T Bt Ak B
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em ~ b PR AR TOBT B WO JE T NIPAAmM F 1 i
I, Gal-CS-g-PNIPAAm [ @t fiie T . T % 0 i i DA
1632 F1 1531 c¢m ' 43 %I # & 1643 F1 1548 cm ™'
Rb, FLUW R B @ 3 hn. 7 1035 ~ 1080 cm ~' Ab ik
(C—O—C) FRAIF 1 Wig e 725 At s g W 8" 3iF P
NIPAAm & M Z5] A% GC L.
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Fig. 2 XPS scan spectra of CS, GC and Gal-CS-g-
PNIPAAm
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LA 5] A3 CS T3, Gal-CS-g-PNIPAAm % ik H
NICEE R GC & i &, R W NIPAAm (1) 5]
AR GC i N LR S &b, 5 bt xf e C
1O JLEM AL T LAFE Y, Gal-CS-g-PNIPAAm 5
ferp COLR ST @m0 LR & & Rk — 2
UL T NIPAAm 5 GC k4 TR G R .

Table 1 Percentage composition (% ) of N in CS,GC and Gal-CS-
g-PNIPAAm

Samples Clg Ol Nlg

cSs 57.71 32.38 7.48

GC 65. 06 28.7 6.24
Gal-CS-g-PNIPAAm 74.53 13.63 10. 42

2.2 BEKMBEEmEERR

K 3 & Gal-CS-g-PNIPAAm F1 PNIPAAm #
JiE 43 S AE 25 °C 1 37 C K PO 24 h A
TS5 R W SEM BR 5. fl (&1 W] 0, PNIPA Am 5
JiE N A7 AE 34 51 B g FLAR S5 4 (181 3 (a) FI
3(c)), MM Gal-CS-g-PNTPAAm #E ¢ A 7 £L AR 25
TS AG AN, HALARZE R (EI3(b) F13(d)). i
T GC Bk oy F 45 5 4%, 5 NIPAAm #7 k7 2L 23R
BF 7 A AR K 1 23 TR BHL, 5 HL 23 A 7 3 5 B fie 1Y)
ELAE b, SR e 2 AN B K AL 5 4. TR

b, A ] UE 25 °C S i i B R 30 R BE IR
AR FLIR I R T 37 °C P il BT 3 3R B e P
AL RS B e AL RO B 2 T 2 18 T e 28 /8.

4 43 50 S A TR L ) R GC 5 Y Gal-
CS-g-PNIPAAm 7K %E ¢ Fl 4i PNIPAAm 7K %E fZ 7F
DMEM 55 3% 5 v 75 ik 25 Bl 5 28 £k i iih £ dn (%]
fit 7~ , Gal-CS-g-PNIPAAm 7K #E Ji& Fi1 4fi PNIPAAm
K B JETE 1 % ik v 11 V8 T 3 A RH AL 10 72 Ak i
VI EA B il B ) 0 Ve 7E — o IR R Y 1 N B
Tk 2 1) T s 5 G 1 s ik 38 B AT % B8 TR AR Il 5L i
fift R BE (LCST) 7 32 C 4. HEiE GC HikE
IR K R K, X 2 T GC R g
B SR KA T .

2 BONFENRIET 2 Fh e e 0 2% T 42 ik A
N P 8CdE 7T, Gal-CS-g-PNIPAAm 3 5 BE I 1Y
2 Sl Afy E P AOIRLBE R 22388 4l PNIPA Am 7K 5 JI U8
AN BT GC By 5 AHE KT B R Y 2R K M. TR B
MR IE T F L2 e i 3k T 4 fk £ R B U R
B TH w8 T AR K, ZE AR T LCST B9 25 °C A, 4 firh £
G300k 840 54° i 24 PR BE I B AR O K F LCST
[ 37°C B, 3 il Af 4300 Ry 115° 0 83, P 35 4 i /R
HH SR R IR AR, 28 I AR 4 A 3R g 7 42

Fig. 3 SEM images of PNIPAAm and Gal-CS-g-PNIPAAm hydrogels at different temperature: (a) 25 C PNIPAAm, (b) 25 C Gal-CS-g-

PNIPAAm, (c¢) 37 C PNIPAAm and (d) 37 C Gal-CS-g-PNIPAAm

2.3 WRERITHFAR

& 5 & HL-7702 40 i 7E PNIPAAm il Gal-CS-
g-PNIPAAm Ff 5 e K10 40 5| 35 9% 3 KA T K5
()2 S S0 IR .l I AT 20 A 2 DB i 3R
T B A B SR A R R I s 2 (R, 5

PNIPAAm #E & #H It , Gal-CS-g-PNIPAAm ¥ & 3
T 20 M e & 58 hn 5B B, U B Gal-CS-g-
PNIPAAm #E 5 84 F F HL-7702 40 g 59 4 K. 1
6 J& HL-7702 41 g /¢ PNIPAAm # iX Al GC-g-
PNIPAAm #E ¢ 3 i A= K AR I, NI R AT LUE:
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Table 2 Contact angles (°) of TCPS, PNIPAAm and GC-g-
14 —omR=0 PNIPAA
—0—R=02 "
12} —A—R=04 Contact angles(°)
Samples
10t T(25C) T(37 C)
% \g\ TCPS 65.5+1.3 67.4+£1.6
= 8r \é\
o0 D\D PNIPAAm 84.8 £2.1 115.2 £0.8
= 6 ~~no Gal-CS-g-PNIPAAm 54.8+1.9  83.5x1.1
z %
4r 2 W e N
\0§A WL EEFR LRI AN 2 T I R THI I 1 5 2%
L l — o . 2 N
2 0o 0 6 AR 30 Y T 4 T PR B AL T3S N 4 B B
o SRR BT 4 2B TS 3 6 TF 46 40 M

Temperature (°C)

Fig. 4 Temperature dependence of the swelling ratio of
Gal-CS-g-PNIPAAm hydrogels in cell culture medium
O

GC-g-PNIPAAm ¥ i 2% T 1) 48 5 3 < B 58 10 200 g
7E PNIPAAm B 3R G FH L, X — S5 R 518 5 BF
N4 R — B0 U W] GC B A 2 B 3 PNIPAAmM

(O

Fig. 5 TImages of HL-7702 cells grown on different surfaces: (a), (b) PNIPAAm hydrogel for 3 and 7days; (c),

(d) Gal-CS-g-PNIPAAm hydrogel for 3 and 7days

Jei AR T A0 B Y B A 3 . K] 6 (a) AT 6(c)
rh I 7S 4 A A T O R S TR 2 A 1 R, T RE R
FH T ol 4 A RS AN A 1 2 i e 3
2.4 RABEMTIT AR

& 7 R T Gal-CS-g-PNIPAAm #§ % 35 I
(9 HL-7702 240, 75 37 CIHRE R 557 K, k%)
Fl A RS I B I BE B A e R AT AT DL B B
AV TR P 58 B ) ) A K R i % T % 57 Y 48 L Fl
JEARZSAZ N BIE (K 7 (a)), I NBERE R 1 H &
JBERM (T 7 (b)), 120 min J5 20 M 75 & e 35 1w JL-F-
SEANLHE (B 7 (). 302 IR i EE AR T LCST
(32.5 °C) Y}, Gal-CS-g-PNIPAAm ¥ ik % 1 4 32
JRAERG AN, T 256 7K 55 R B 3 TED AN 1) 40 1Y 2
B, 208 T L2 T 463 40 M6 R . e ek 5t AT 124 5k T L, sk
o A2 58 i I 10 1% T ST 240 L 8 A 240 i 5 448 e =2 ]

1200 Group
B3 PNI _

1.000} B GC-g-PNI
£ 0.800f
N
2N
N - _
= 0.600f
1=
£ 3
2 0400 B2
<

0.2001

0
3 5
Time (day)
Fig. 6 Proliferation of HL-7702 cells cultured on surfaces of

PNIPAAm hydrogel and Gal-CS-g-PNIPAAm hydrogel for 1, 3 and 5

days



7H BB A < IR AR A LB 2 1 5 OB K BB B B0 A i S HL X HL-7702 40 [ 3% 58 47 2 22 R #X) B 5 893

P14 322 o 08 T 2 B 5 AT ) S 1l e A KA T2
P S5 200 i S 1, 365 A0 ) R B 452403

R TSGR M IE P L RS 3 WA A L G T
M AL, BATHE— 2 47 T H&E e (W 550
B P 8 () Dy UL IBE R FT 45 240 1S 4 b i R 10 BE
A B 8(b) Dy i o W iH 1l ik B A5 4i i 4 h SR
W B I 25 T S L X L o T 3L R ) 400 i R 4

ol I 2 DR A 0 B S R, A Y A R 240 i 51X 23 W
I 228 A BRI A5 400 B T I A T
o7 240 S A4, S 3R L R N () P A R o i
A, 40 MO A% 5 20 i AN RE A IX 73 7 AR Sk —
45 2R 1 D DR 2 T £ 1 TR R 408 K A 2 A SRR
i JEEE 1, M O 0 1) L 4 i 15 400 5k J5 (]
HE B, BN B Pk T R

Fig. 7 Photographs of cell morphologies on Gal-CS-g-PNIPAAm hydrogel surface for the process of cell detachment; (a) 10 min, (b) 40

min and (c¢) 120 min

Fig. 8 H&E staining of detached cells: (a) cells detached by lowering temperature and reseeded for 4 h and (b) cells detached by trypsin

digestion temperature and reseeded for 4 h

Cells were collected from different methods of detachment. They were then stained with H&E by conventional methods and observed under

microscope.

2.5 WREIFHITAMR

h T SR B HL-7702 40 i 1 3% 1, #F
FT 7 200 0 2 280 S 56, G T I8 B 4 L ) B i s B 3
B 3% 51, 9 LN TCPS B L i 1% 7 1k 3545 14 40 g
Ry A S IO ) o 3 e S NEE B BN
2 b B i % 1T R T SR 1 0 i DA R e e S Ak A5
) 11 200 B, i 5 s % BoF [ ) SE K 200 o 250 o 40 3 ¥
A EPSYNR -3 ETN= -3 ]
TPER KT N TCPS M b 3 1k 45 21 i 40 i 1%
P XU T B TG B R b IR BT A Y O
P S o T A I X A0 1 B 452 45 Gal-CS-g-
PNIPAAm [ JJid B % 20 Jfd 3% 4 B 2 K F PNIPAAm
Y6 fi 2 1T R A 400 B 95 L DI GC iR B A
AR o 7 Jie M RE 0 40 B A S T AR T
JIGE A 240 L %) 346 B 77

0.500[  Group
E Det.PS
BN Det.

0.400r®N Det.GC

0.300p

0.200

Adsorption (492 nm)

0.100f

Time (day)

Fig. 9  Comparison of HL-7702 cells transshipment
activity: (E Det. PS) E detached cells, (N Det PNIPAAm)
cells detached from PNIPAAm and (N Det. GC) cells
detached from Gal-CS-g-PNIPAAm ( # p <0.05; ##p <
0.01)
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3 R 7K B J5E 3% THT TG A5 40 5t B . %k | i ot R R R 9 Ak
- A P9 24 R 0 R P 4 ) % AR R I, I U I A
WL FUBE LS| A E] CS By 25 K v ) 45 1 Ul ik F14) 200 L L R I A P58 R 1% 4 g A 0 ) B

£ Gal-CS-g-PNIPAAm 2L B 7K % . Gal-CS-g- i Gal-CS-g-PNIPAAm 2k 5% /K 35 i 2 18 I B %) 40

PNIPAAm A H) T HL-7702 0L A A=<, 68 L& J7 Lt NIPAAm 7K &E B B B i 40 0% 7 0.

W] GC WEHIRM 5] AL B T PNIPAAm 7K Gal-CS-g-PNIPAAm 7K ¢ JiE A B2 75 JIF 20 41 T2 L)

JE R A AR S T ELAE FE TR B A R RN AN RN R )R AR SRy AR 2 ) N

Bt . HL-7702 41 i g % 7€ Gal-CS-g-PNIPAAm 5
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THERMO-SENSITIVE GALACTOSYLATED CHITOSAN-g-
POLY ( N-ISOPROPYLACRYLAMIDE ) HYDROGELS
AND THEIR EFFECTS ON HL-7702 CELLS’ BEHAVIORS

Si-xin Bi', Ning Yang', Miao-kun Yang', Xiao-ling He', Qing-song Zhang', Li Chen',
Zheng-yan Zhu® | Ying-tang Gao’, Zhi Du’
(' Tianjin Key Laboratory of Fiber Modification and Functional Fiber, School of Materials Science and Engineering,
Tianjin Polytechnic University, Tianjin 300387)
(* Key Laboratory of Regenerative Medicine, Tianjin Third Central Hospital, Tianjin 300170)

Abstract The galactosylated chitosan (GC) was synthesized by the reaction of the amino group of chitosan
and carboxyl group of lactobionic acid under the activation of 1ethyl3-(3dimethyllaminopropyl) carbodiimide
hydrochloride ( EDC) and N-hydroxysulfosuccinimide sodium salt ( NHS). Subsequently, thermo-sensitive
galactosylated chitosan-grafi-poly ( N-isopropylacrylamide ) ( Gal-CS-g-PNIPAm) hydrogels were prepared via
free radical polymerization method. The chemical composition and structure of the novel copolymer obtained
were characterized by Fourier transform infrared spectroscopy ( FTIR ), X-ray photoelectron spectroscopy
(XPS) and scanning electron microscopy (SEM) , respectively. Thermo-sensitive feature of the hydrogel was
studied by measuring its swelling ratio and contact angle. The results showed that Gal-CS-g-PNIPAm hydrogels
exhibited good temperature response. HL-7702 cell behaviors such as proliferation , detachment and cell transfer
were carefully investigated via cell culture on the surface of Gal-CS-g-PNIPAAm hydrogels in vitro. The results
indicated that Gal-CS-g-PNIPAAm hydrogel exhibited a good biocompatibility. HL-7702 cells cultured on this
hydrogel surface proliferated better than on the PNIPAAm hydrogel. Besides, HL-7702 cells could
spontaneously detach from the surface of the Gal-CS-g-PNIPAAm hydrogel by lowering the temperature below
the LCST (32.5 °C ) ,and the detached cells showed less damage than those detached by enzymes from TCPS.
Meanwhile, cells detached from Gal-CS-g-PNIPAAm hydrogel showed higher viability than those from the
PNIPAAm hydrogel, suggesting that introduction of GC monomer to PNIPAAm hydrogel evidently improved the
activity of the detached cells.

Keywords Gal-CS-g-PNIPAAm hydrogel, Thermo-response HL-7702 cells line, Detachment, Cell

transshipment



