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Chitosan/alginate nanomembrane promotes healing of full-thickness wounds in mice
Kong Yi', Xu Rui', Malcolm M. Q. Xing’, He Weifeng', Luo Gaoxing', Wu Jun' ('State Key Laboratory of Trauma,
Burns and Combined Injury, Institute of Burns, Southwest Hospital, Third Military Medical University, Chongging,
400038, China; *Department of Mechanical Engineering, University of Manitoba, Winnipeg, MBR3T 2N2, Canada)

[ Abstract | Objective To evaluate the efficacy of the chitosan/alginate nanomembrane as cell
scaffold material to enhance burn wound healing by promoting the adhesion, migration, proliferation and
differentiation of mouse bone marrow mesenchymal stem cells (MSCs). Methods BALB/c mice (aged 8
weeks ) were selected as the experimental animals. A 5-mm diameter full-thickness cutaneous burn wound was
inflicted on the depilated dorsal skin in each of mice. Then the animals were firstly divided into 2 groups. The
wounds in experimental group were covered with the nanomembrane, while those in control group were not.
Equal bone marrow-derived MSCs transduced with green fluorescent protein (GFP) gene were transplanted to

the periphery of the skin wounds in both groups of mice. The intensity of the GFP signal was evaluated after
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surgery with an In Vivo Imaging system. Fluorescence activated cell sorting (FACS) was used to quantify the
ratio of the positive GFP-MSCs. Frozen sections of the newly formed tissues were observed respectively to
evaluate the survival condition of the GFP-MSCs. Then another groups of mice were divided into blank control
group, nanomembrane group, MSCs injected group and nanomembrane + MSCs injected group (n =8). The
condition of wounds healing in each group were observed and assessed at different time points after surgery.
Results
the 7th day after surgery [ intensity of GFP signal (25.97 +6.98) x 10* vs (6.00 +2.84) x10*, P <0.05].
Flow cytometry showed that the average percentage of the positive GFP-MSCs was obviously higher in

The expression of GFP was significantly higher in the experimental group than the control group on

experimental group than that in control group on the 5th day after surgery [ (66.78 +7.00)% wvs (33.58 =
3.62)% , P <0.01] and on the 7" day [53.03 +3.15)% vs (34.20 £7.98)% , P <0.01]. Fluorescence
microscopy indicated the density of GFP-MSCs in newly formed tissue was greater in experimental group than
control group in 14 d after surgery [ (101.00 +15.51) /horizon vs (25.25 £5.07) /horizon, P <0.05]. The
wounds of the namomembrane + MSCs group showed significantly faster healing speed than the other 3 groups
(P <0.05). Conclusion

adhesion, migration, proliferation and differentiation of MSCs, and can served as a good cell scaffold for

When applied in skin wounds, the chitosan/alginate nanomembrane promotes the

reconstruction of skin tissue.
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chitosan/alginate ; nanomembrane; tissue engineering; cell scaffold; wound healing
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SEEG B (BALB/¢ /NRL) B 25 = ZE B R S50 3
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FRAHD) 81 5% WAMUBE (modellX70, H 4 Olympus
ANaE]) TR (Attune® NxT, 34 [E Life Technolo-
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3% N FER) 0.1 mol/L RAE 7% 5% it ¥k ( Sorensen’ s
Buffer) H1{21 24 h, % 2 FORAE S IE TR TP % 1, PBS
THEPIE , & 1% D& 4EHE (0s0,) 11 0. 1 mol/L
RIS TR 0R LR 2% ik ( Sorensen ’ s Phosphate Buffer ) -
YR 2 he WIS, IZRE S % B 20 BRI — K Ak
FH .30% A5 IR ML 10 min, 50% JFF5 12 10 min, 70%
TAE IR 10 min, 90% AETR I 20 min, 100% P 5HR
.30 min, ik SE5e  FFE S AR AN (PO) hiR
10 min, # Bk PO, KA 8 A B E M /PO
(50% /50% ) IR AW AEZ R AN TS 3 h, #
PESERIS , FHINA 100% SREM IR 24 ho 553 KK
AT E AR, PR IREE 2 60 C L 4ERE 24 h #F
an i ESERE , AAEI T IR B TP R . B, i S
HL B UL SR K I AT 22 B AR A oK 454

1.5 SEshh Ao

8 JHi BALB/c /INER 48 H, 2 ¥F LA R 7 =il 4
N BT B B R 4 2 e A ) T o e e 7 B B AL AR A (A
) IO 8 L a3 2 H (B 4 2 SEgR g/
BT PR RITET LA 5¢ SR/ SR R B T A K R o, Xof PR 2
AN TIZAUK BB TN . 2 2/ B3 0 L S8 81 % 3 53
SEHEY GFP-MSCs , 7E AR J5 47 /)N 8l W) 116 14 AR WL 4% 5
5o Va8 HUNE, DAIRIRE i) 23 2H A0 52 5
T EARIGES 5 RANER T R I =40 M AR AT A
GFP-MSCs Lu i€ 704, FFAEAR G 55 14 K IR 1 B
AL VKIRY) WS GFP-MSCs fEIG 1§ . 4% 32 H
INEAT AT BRI 3 4 A (R 8 ), 403l
25 0 R (AR IREZH MSCs {1 5 2H AN K + MSCs
TS A AR URABORE 7 A B, 6 AR i A [ B[] i 08 28 1)
T AT AT O o
1.6 RH IR E BRI AR H &

SEH BT 1% [N T Z AN 1 A (100 mg/kg,
0.01 mL/g) BRI, AR XA K5, T EM [E &
AR IUBR 2, R AL, T/ B R AT LA
il A HAR 0.5 em 42)2 K RS A1 T .

1.7 GFP-MSCs &4 dy B4t 3 7

WAk B BE DR /IS B 23 B 8 7 3 ALY GFP-MSCs,
PBS E ARG, il 45 50 pL & AHMIEZI R 5 x 10° 1 4 i
B TEREANZR 0.3 cm (1 4 AT (UTA1 %% 360° 4
90° LI 1 A>T 5 A0 43 7l v 2 K% 5% 4F 19 GFP-MSCs
CEP 1 R BTSN 5 % 10° A4S, 1 59 A9 TR M i
50 Wb, B 12.5 wl) o SEEADR 9K 2T i 8 T
ANBRTFE RN, - , AR TS TG [ 5 A T A 44
K5 Xof BEZH T BRI T ARG T, O 3 [ A X A
GFP-MSCs,,

1.8 3y B ARG GFP-MSCs & 435 3%

2 HBAEARTG T d FTHANH, KBRGUKIR S , 78
ANZIL PR UNIRE N QTR =SS S =Rk |
GFP-MSCs 18 T 1Y 7715 16 0L
1.9 Al

2 HINWTEAR G 5.7 d ATIFRITE , ZBRAUK IS
HURI T 4 2R AE T4 B 5 7 L v B A%, B A 0. 5% iR
JitE o P TR B S 2 0, 37 C I AL 10 min, 1]
2 RS TR AR AL, AT IR AT SRJE 200 H
U W08 2 oy — B SR L RS 20 B i 40 Bk . 4 C
1 000 r/min Z5.0> 10 min, 3 _Ff , 111500 WL PBS @,
IR ARG o WHEBR A 2 = BRI SE A A, 4%
1:500 A 7-AAD Jef}, Z R EOEHEE 10 min, /5
FHR A0 AR B 20 B A 7 A
1.10 JRAMK BB FhE

ARG 14 d BRI 2 21 30 s B T ER A8 A 4H 2
Hil7E 8 wm JEKIRYI R, 4% B DLF B BAK b B . D=
JRBET 10 min 4 “CTAEAE 2 10 min,PBS {27% 5 min x
3 ;1% BSA B 1 h, ik, 200k ; i hin—4t
(YT GFP ZraEdiiAk:1:200) Y2 &M 4 Cidk;
@5 2 K 37 CHE IR 20 min, PBS 3% 5 min x3 K;
®ii%fin FITC-HEEFEHT R —H0(1:100) ,37 CHFF 1 h,
PBS &9k 5 min x3 7% ; ©@DAPI & 4t 10 min, PBS 27
5 min x 3 YK OB KE 7 RE B @ &5 8
Tl TS ( x200)
111 4@ aeug

25 O BEZH /N BB T AN T A T A 3, 499 oK 2 /)N
SR THT A T~ A K A 55 1T AN 1 59 MSCis, MSCs 13 4 41
/NERBTETAN R A7 73 5 MSCs # 1E T AS T 44 oK B 7 2%,
YRR + MSCs {3 5520 /)N BB/ 1w A K B o, I 45
MSCs, FEARJEHE 1.3.5.7.9 K53 5l WLE £ 2 /)N B A
TS E O, ARHE A T B R A 0 18 BT o T 61 1 9
S

AN E 4T = % x 100%

1.12 %it%s%

KT SPSS 19. 0 G i3 44, B T &1 15 55 3 % 1 5
7 22007, A EL AR T ¢ A58 T e R L & £ 5
FR, P<0.05 JERAGIHE L.

2 #R

2.1 BRI o R A/ B BR 3 R I 45 A
TCRME/ BRIR R AR 28 T4 18] 5 AL RS, 7255
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%2/9 200 nm L) gm*ﬂ%gg%%ﬁﬁ‘zﬁ t[:?‘é/%( [z] 1 ) o BL1-GFP-H- BL1-GFP-H+ BL1-H- BL1-H+
621% 37.9% 318% — 68.2%
1500 1 ] 800
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= 1000 ”
Iz t g 400
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[ () I A e O Moy er
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400 <81 5% 385% 48.8% 51.2%
300 4 ” 200
= 500 =
4‘5 - 100
100

1 EHERNRERE/ ERBNKIREEBHRELEN

2.2 NFhahER R M K GFP-MSCs 3¢ 4% 5 %
0N

T ERENTE T~ LA e SR/ 5 R 6 vl 4 oK T i 2
(SEERH) SR TAUOKIEEE S 240 (X R L, FE/ Vgl
Py A AN AT LS 3 4 /) B A T 2 €5, 2 I T AR
KA CAE S 5B Bk, 9Ot maIN, K57 d
SEIAH GFP (5533 [ (25.97 +6.98 x ) 10* | B & i
FXTHRZ[ (6.00 +2.84) x10*,P <0.05,[& 2],

A3 IB LB, L34
B2 /IEEERGIRERESE 7 XREH/NREIE
GFP 3R I5SRE

2.3 AX e 4] & 48R GFP-MSCs & 4tk

TS AR I A5 5 R JS 5 d, SE e 42
GFP-MSCs FH 43 b (66. 78 +7.00) % Bt &5 F %t Ba 21
[(33.58 £3.62)% ,P <0.01 |; RJ5 7 d, 525411y
FHPE GFP-MSCs T4 H (53. 03 £3.15) % B &g &5 %
HEA[ (34.20 +7.98)% ,P <0.01] , [AZH A~ B AH £
Z I B2 TG (P >0.05,1%3)

10" 10> 10° 10* 10° 10° 107 10' 10*10° 10* 10° 10° 107
BL1-H-: 3 GFP #7i2.4m A& ; BL1-H + . GFP-MSCs
3 RAAREARNESANNRIARESdINT7 dIEELR
GFP-MSCs

2.4 RKEWmKMEFHE

ARJG 14 d BN B AR 1 A= 2 2 4R vk iR
VIR 8 N UL R S g 4l 9 A= 4 41 GFP-MSCs %%
T N BE YA S R T T R AL Bt AL BB T TR /N
LT (800 pwm x 600 pum ) FEATER A CANMITTEL, 5250
ZH0 (101. 00 = 15. 51) N/ 0L BF, % B 41 K (25.25 +
5.07) N/ WREF , S5 2 2 Y 20 M 45 W kKT X6 R
(P<0.05,&4),

[\ Rt
% & .GFP-MSCs; ¥ & : DAPI # & 3k GFP #m fie
0B, FI
4 REFE 4 XREBRABHMENE2 A/NRIE
441 GFP-MSCs £K1ER  ( x200)

A5t RR

2.5 B RAERF R E A & A A H UL R A B,
At @ e & g it

25 20/ INERBI T R NS5 it s ) 22 il /N (T S ) o 44
AL + MSCs i 55 41 A0 1 Fifi 5 B[R] B (R J5 56 7.9
R AE ] — B[] e B T A A 23200 T 25 EXT BRA g0k
JEEZH AN MSCs FESFZH (P <0.05) ;75 X B A 15 0l
W 2E. RIGHT9 RYIKIE + MSCs 1A/ BIE 2
R E R A, SR AR BT RN T35 X IRAL (P <
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0.01) ZKIELL (P <0.05) FI4 A 5 + MSCs 1 5141
(P<0.05,K 6); 40K 5 MSCs 13 4 4 2 0] 22 ¢
TGt #EEm X (P >0.05),

28 X IR ZH YR MSCs S 9RAE+MSCs 4T

‘ = .....:*-—‘a ;
Od-aic% Qﬂ

- 25 U0 IR

- QR IEL]

~ MSCs VEHH

= UK JE+MSCs FET 4L

A TE] (e/d)

a: P<0.05, 55 2y KR40 Fo MSCs iE AT 20042
E6 FANRRESAENERKROIELL R

3 ifig

ML TR FAM SR CA 20 K4E. Bl
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WL LLT 26 - O RAF B LE AR AL, ML S 1 HE T I
I PO s @ TR R A I 5 1k s B H A (i A = 425
F R A0 RS B 2 K oAk @ T A i i
FCRMRIBERRER AR O 2232 S 5 A A B
LT HA TR, 5 I8 H A2 22 ) SR RHE
FARZEN o FORMR—FIRIR TP BE A M AR
B2 2/ iR (R SN 3 N (NER DS

FR 0 2B R TR F 40 PG AR €0 3 2 BR TR K T A 7 55
HA—ERPUEACRE " SRR T R A
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PrbpRHE VR R A 75 1), wl ] & o SR/ B IR Ah
TGO JEEAE Ay A S SR o 375 5 v 5 T Y LS B 2
*ﬂﬁﬂﬂﬁi%ﬁﬂ%%%ﬁﬂﬁﬁﬁio PRI AN H LA Ry
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i‘])ﬁﬂ?ﬁ@]ﬁ,@ﬁfﬁ‘ﬁ GFP Fric iy MSCs JE i L 1Y )
L TR -PRHE G4, 50 0 240 3% 2l 1 7
RO B A e R . TE B R A AR AT
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B4 A UE AR S 2H 21 AR v 8 A4S B B, 20 i
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B E D REHE e A, 40 i 41 35 it ( extracellular matrix,
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