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AEEF B AW A HRZHET FoR!
(LRSI R 222, il 200240; 2 L IEAMIHE ARG RA R, i 201203)

BE  BEN-F AL RSB (PNIPAAMER A B AR G T A @ B 28 Sk 64 5% & i fe
R 0 B IR AR ) — AT SR 6 IR SO AR BUR . {2 R AR R AR R & PNIPAAmMEE AR E 2 1R K
5 o0) U T A 2w e R AR AR R 6 RE TR B8 ) Ao BL I B 7, TR T E AR RARIRGY B R ROk, R HRiE
BT 4645 B & I K S-4E i (atom transfer radical polymerization, ATRP)& & % 45 PNIPAAm3E A4 2|
FoE 2 F AL 69 F K TH R [chloromethylated poly (styrene), CMPS]& @, 4~ % 7~ ] PNIPAAm4%
AL O BAAEBIR, T mIONEHE . BLHE A RS HREIF F e a8 hee /7, RIAT, 12 A
@, 424 ¥, 47 (scanning electron microscope, SEM). & F 7 2 ##%4%(atomic force microscope, AFM). X-
St 4% % ¥, F 48 3 (X-ray photoelectron spectroscopy, XPS)xt i Sk & & r it A7 R AE. s R
A, G PNIPAAmMA A K Z 52200 mmol/LAT, B0k 3k & I H 60% 49 4m FLBLIT 2 B 50% 4 4m e b
G HAESMBFREAT EAFEAEE YIS, AL, SEMEAFMAIEL R T 7, IR
R E R ALK AT B 33 A0, XPSLE R A, BAMIREAONAEA R EH M, XL RIENT M
BAK LR AATHNIPAAMS) AP HEA, A L F I 45 RA N, XA AR SR B LA RAFe) afie
ML AU B2 7, Fr 2 R KAUARSE FR b M AL e i 0 RIFHAF.
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The Study of Noval Temperature-responsive Microcarriers for Non-invasive
Harvest of Anchorage-dependent Cells

Dong Jianfeng', Ren Huaijuan?, Zhang Fengli?, Wu Yuequn?, Chen Yantian'*, Qi Nianmin'
(‘School of Pharmacy Shanghai Jiaotong University, Shanghai 200240, China; *Chiacelltech Co.Ltd, Shanghai 201203, China)

Abstract Poly (N-isopropylacrylamide) (PNIPAAm) grafted microcarrier is a typical thermo-sensitive mi-
crocarrier due to the presence of hydrophilic amide chains and hydrophobic isopropyl chains in side-chains. However,
the grafted amount of NIPAAm on cell culturing surface will greatly affect the adhering and detaching behavior of
anchorage-dependent cells, which restricts its application. In our study, atom transfer radical polymerization (ATRP)
method was used to graft different amounts of PNIPAAm onto the microcarrier surfaces. Then cell attaching, de-
taching and proliferation ability in stirred suspension culture were studied. The surface of thermo-microcarriers was
characterized by SEM (scanning electron microscope), AFM (atomic force microscope) and XPS (X-ray photoelec-
tron spectroscopy) methods. The results revealed that when the feeding concentration was 200 mmol/L, the thermo-
microcarriers showed the best cell detaching ability of about 60%, cell attaching ability of about 50% and steady pro-
liferation ability in suspension culture. The results of SEM and AFM showed that thermo-microcarrier surfaces were

much rougher than CMPS [chloromethylated poly (styrene)] microcarries, and XPS results showed that the content of
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nitrogen on microcarrier surface was increased significantly, which proved the successful grafting of PNIPAAm onto

the surface of microcarriers. The thermo-responsive microcarrier exhibiting thermo-dependent cell adhesion and de-

tachment will be an attractive candidate for the large-scale culturing of anchorage-dependent cells.
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[-CH(CHa),-], fi HAEAR T-32 °CI 75 7K ¥ 11 85 77 ik
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SI-ATRP)", fECMPS [ #% £ - PNIPAAm. J&if
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PNIPA Am; temperature-responsive; microcarriers; atom transfer radical polymerization
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1.2.2 @ F 434 ¥ $%(scanning electron microscope,
SEM)] SRR, ds A AR (FE-SEM)X ik
RTESHAT M o SR T HRIE T I S AR [ e A2
s b, BEAT W4 DLBR iR 1) T L, 2 e R
JEAIHRAE RN . H T CMPSTUER S B A HR Sk
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1.2.3 XAk % F fg 18 (X-ray photoelectron spec-
troscopy) S, XS EON LT REIG(AXIS
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TR P =2 R DA R sk 36 T R SR AR P
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USA)H, 4 °CLRAT, % HH .

2 1L 3 G B ST R o S K B0 B D (A grose,
MD Bio) HIPBSHC & 1% ¥ W, 121 °C. 30 min
WK B, R, £ G TAE G B24LR
(Corning, USA), TFLIIA T mL 1% Agroseifi, 3.

Y1 B 52 56 7 925 K VEROZH i LL5 <105/ em? (1) 2
FEE Fpp 21 20 B ARG B ALAR R, DN S TR N2 em?)
KA A, AL A B mLiRikE. B
7824 hJg, K H 900 WL 1) 35 77 Jk 8k Bl e 5% 77 2k
HE3R, B2 R 4. A 7k E g E,
W BT mLAk BR B v R, PBSIE W3k, 37 °C TrypLE
THAKLS min, 40U EONRCTE £ A AR PR 2R (%)=
B 200 P A 50/ O\ 4T < 100% . 23 Ak, AT
4, W mLKA VEROA K ORI AE20 °CHY IR
546 120 min, 40 HOAR TEE. 20 A P EE (%) =15

FBCTH A 1) 4T R K/ B 1 40 PR B¢ 100% 0 X6 AN [
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Bk b 28 B B G B 5L, 20 7 7E30, 60, 90, 120 min
HHAT BB T 2. BA1x10%em? (1) 40 i %
FERMVEROZH i 31 20 B AR G B 12U, 424424 h
Ji FT I RS TR TR B3 IR, 22 B ARG B Y VER O4H i,
Ak 1% 7748 he, BEAT TrypLEVR 0 Mt . SR e *t
S 3EAT20 CCRFIRTH AL, 2T 4.
12.6  BFHHE b minsg i 4k /) AR ABLI 6
Jkm AR TAES N, B 2200 cm’(F)
AR I CL4 K B i (Wheaton, USA)H, A
10 mLE5 725, PA1.0x10%cm? () # Ff %5 & 32 FVERO
Y, R R R3S mL. IR SRR E
24 h, AR L. 2 )5, NI 2530 mLES
FREE, e R R TR AL, A 3IR, Bk 2 W B 4
Lo B SRR R BN70 mL, [F) N L B Rk
FEF50 r/min, &R H35 mLIIRE IR, b
M W mL & A ORI R 7R 5, PBSIBVE3 X,
37 °C TrypLEW {15 min, g0 iHHobct . Himd
B = W A i o< R B e AR . R, (R
WL mL & Ak i RE 72 5, ION20 °ClE RS H i
B 120 min, 4HATHEOBTT . 40 A IBE B (%)=l B
WSS 41 B B0 Tryp LEYE SR FO 40 A $0< 100%
1.2.7 MER@mefeay  ARMEAM(actic de-
hydrogenase, LDH) & — Fl 47 7£ T 40 fig 9 19 B, 3=
BRI R I R R R HEAE R o 20 M 2 3 45 47 1
LDHZ: B J3C 3 40 M b PRk, 38 3k G ) 85 5% 3 o
LDHK B, ] DAfS 40 i 1) 52 5 F8 B, R 47 40 i
B Ay b e SEEH, 430l 48 FH Tryp LEVE Al 88020
SRANME R, 1000 t/minBg 005 minli 3R Fig. R
LDH i 77 & (o & B b vk 8 A U6 B 5 47 # 4, £E
P AEA450 nm ARG .
1.3 ZIFSH

SIS E PR Dimean=S. DL KR, BE M ZE 7
43 7 Fl GraphPad Prism 54T, P<0.054 7% 7 2. 3%,
P<0.01 82 7R H B3, P<0.001 8% 552 .
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2.1 EHMEARRBERIE
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USRI, FEBA T NIPAAmMS, Tk /A 22 1 WA SRS,
% HE ZH CMPS A Bk 2 11 )2 AR (B 1) 6

212 BRFHBMEBAEN  ERIET R T 1B
BOW, W E2AT R, A HGT X REZHCMPSTER, T B
TUERFR A 2 198k, LLROHIRE . AR B2 20 B 45
B, IR B ERCMPS-NIPAAm# T ~F- 251 KL K oA
9.948 nm, & HCMPSE [ 1 4 K & £ 295.582 nm.
JR 77 U S B R B, AL T NIPAAmMS Rk %
T EBEA AT, RS B A — 5 R, R A
NIPA Am A A% -

213 X-H&bwFaeat R TS
BRRMC. NILER G EIALL, 285 eV(C) 5397 eV(N)
HH B 3 0 AT LU JE NPNIPAAmMZY 1 HH & 3 B
C=05N-H, iX £ W PNPAAmZ> T C. 2 hl i 322 45 5
TCMPSHER R . B3R 1 B R 245 Bl o ek %
HC. NITEYE. TR EHE, kR

A IR B: X AL

A: thermo-responsive microcarriers; B: control microcarriers.

NGRS EA W EINP<0.05). 5535
AR HINIPAAMIZAYL % /21032 pg/em’s
2.2 YHBETERER A RO RS A0 B BT BE F1A8

R PEATRPA B 77 1%, 40 3 % N AS TR BE 1)
NIPAAMELAE(0, 125, 200, 250, 500, 750 mmol/L), H:
BN PIAH TR, il 2% 7N [FINTPA Am % 4% & 1) iR 50k
BRCMPS-NIPAAmM. A 1 BF 58 & 4L IR SO 14 4 i
N R AR5 B B 0, S 6 HR B SR VEROA i F 1 41 it
S0 . FEGZH R [FINTPA Am$% BV FE (1) IR B8 i 3k
e, 2 R R A0 I B 2R A T 5 SR an B4 R . B
NIPAAm#E N I FE (138 Jin, 40 P 7 Bl Ak b 7 Tl B
FRAR IR BRA, T 40 AR T Bt 26 2 2 I T i ) B
[ ka3, #5200 mmol/Lyf FE I I BBUH A8 A 200 e Aot Bt
RE 1B B i i ATRERT R 20 B A NIPAAmMIK
JEE (R TF 5, AR A 3 T P R i I AT 44 e o R A
1 BINIPAAm 2 7ECMPSTI R 32 [ CUER 107 55 F 3%

Bl R RE

Fig.1 SEM picture of microcarriers

(A)

200.00 nm

A R ER AR B: X IR A
A: thermo-responsive microcarriers; B: control microcarriers.

&2

(B)

) 200.00 nm

WEARF HERMIRE(S pmx5 pm)

Fig.2 AFM picture of microcarriers (5 pmx5 pm)
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Cls represented the content of carbon, N1s represented the content of nitrogen, blue line represented thermo-responsive microcarriers, and red line rep-

resented control microcarriers.

B3 MEAEXG LR TR

Fig.3 XPS picture of microcarriers

R1 WEAERPNIPAAmBIERAK,. ATRIER
Table 1 The content of carbon and nitrogen content of

microcarriers before and after the grafting of PNIPAAm

285 B2 (%) R E(%)
Group Carbon content (%)  Nitrogen content (%)
CMPS 99.32+0.22 0.68+0.04

CMPS-NIPAAm  95.81+0.30 4.19+0.06*

*P<(0.05, 5 XF IR 41 (CMPSZ) L #L .
*P<0.05 compared with control group (CMPS group).

MNEEG, ®EEIEH S TRR. NIPAAmMIK
R — 2 U, NIPAAmMZy Tl 2 18] 23 7= A2 25 [A] fir
BH, PHASNIPAAm{E i FE 2032 I A R B AR 48, 3 1M
e K IR B TR P IR B B A 011 Maeda %51
Balamurugan 5" 1A 57 1% B, 7ENIPA Amifk & 5%
REITSE LR, FEIREE 37 °CRRAREI20 °CHYyLFEH,
HH T 3R 1] I PNIPA Am 73 Fill 2 — Ff 5% /575 7K 4 0k
() 23 T AL, BT A2 B0 08 1) 42 ik A 1) PG
fHZ, NIPAAm$E B FE T sy, ZELCST/H iR
TRCR TR B il A AR A A B3, 5 0 P IR S8 A e
FEAIK o

{8 FINIPAAm & K 5 9200 mmol/L I i B
BR, BIF 5 A [R1R BOH AL TE] (0, 30, 60, 90, 120 min)
N BB R T . g RIS R, 720 °CHIIK
IIRBE R, CMPS_EVEROA i I P 2R FE A ff FF A
A%, CMPSHUERA B4 B0 A RE 7, 1 8 IR Uik

100+

80+

604

404

204

I I 1 1
0 200 400 600 800
NIPAAm (mmol/L)
-8 Adhension rate (%) -©- Detachment rate (%)

El4 NEINIPAAmE R EH] & 00R SRk -
210 RS B OBt BT €
Fig.4 Cell adhesion and thermo-induced detachment
ability of CMPS microcarriers grafted of different
amount of NIPAAm

CMPS-NIPAAm_ I, VEROZH ifd (1) 1 B} 2% |5t 55 B4 il it
V) PR 38 0 777 PR A, 210120 min5 JE AR AR . 45 5
FH, IR UM ERCMPS-NIPAAmM EL A5 [ 1 ) 4 fiu %
TR E B RE 7, 17120 min B4R IR 8] 1A 21 5% K 1 4 i
WaRE.
2.3 ‘MRRTERE R L RY1EsERE T

S vh s R HEAT VER O 41 i 76 T A 41
J B 5 BE T AR I . 5 I R, BE24 hitk AT — R4l
IR RO AL R . W6 TR, 7RI RS 9%
SEEG T, VEROZH A 7E M SO A4 A CMPS TRk E 4R
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Fig.5 The time-course of cell attachment percentage from
the surface of CMPS-NIPAAm after reducing temperature

from 37 °C to 20 °C
#
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E 40 sk
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##5P<0.001, 5 RAFH LA AL #P<0.05,
*#%P<().001 compared with TrypLE group. #P<0.05.
E7 FEKETEES i d A _ L RRR S IR BE D
Fig.7 Thermo-induced cell harvest of VERO in long-term

stirred suspension culture

A DARR e RR AR b K, T B S E R E
F(P>0.05). 7 4h, 7R N, 15K I TR () 40 B 55
FEH, IR A AR BE LR RES0% LA T 1) 41 A I B
JBE B 2R, ERFE RS FR5 dJF, IR B M 1) 41 i IR A
i B 28 A B S 0 PR AR (P<0.05) . 1T BE AR JEL IR, Bl
5 Y GELIT [R] R34 00, ok i b At AR T 5%, 4
o TR ELAE B0, (DR, 200 PR 43 ) 400 o 71 3 J il
3200 a5 5 5 ()4 FH 38 i, X A IR 2R PR T

Number of adhering cells/10* cells/cm?

Time (d)

—@— Thermo group -©- TrypLE group

[Zl6 4% iS4 FP 24 HRl AL (R ER AN LSRR SE RE 7]
Fig.6 Large-scale culture of VERO in long-term stirred
suspension culture

300
200

§ *

< —_—
100

0 T T
Thermo TrypLE
*P<0.05.

E8 RS R Tryp LEH (L3 45 47 F LD HAG
Fig.8 Cell damage LDH test of temperature-detachment

and trypsinization

B RHELCSTE B AR 8 1, #E i AR T IR B
B I T e P R RO B
2.4 YRR RER

WK A7, TrypLEYH AL SR [ 4 e 26+, LDH
2268 U/L, TSIk B 40 M 28, LDHE 1%
E1S2 UL, HiE B RENZER . XFERHEN
SE IR — B, DR R R Y A A e i % A 2
&7 5 o5 7 DT 240 L T K R, BT I8 8] e 43 4 B i 7
F BRI B B B B X R U i 2 ot 4 i
A LS A M A — e R R 1 5 R R OR
11 i ) 2 8 AU S P o A A K R T 1 5 R
KA, (51540 . B SR 7&, AN 2 0] 40 it 1t 5
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TRFFTERENE; (3)i I 2 5t s R WG P 31 SR 2R 2 0
TR, 35N T SHARAE SR A b 0 B

S0, 3E Jok ) A R R R TTNTPA Am 1) B2 4%
i DL TE AR R T B 22 SRR R 1 7 2, KK
PErm T 40 M E SR AR SR T B B FNSE SR RE T . AP,
TERE R BN 2 15 75 %, VEROZN A ] DLYE L B R |
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b o 55 2% (8] B 385 0, MBS 7S RO 46, 200 Mo B B 2R
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