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WE. B WIEES B AMATIE S0 M (human keratinocytes, HKC) F1 A G £T 4% 40 g ( human fibroblasts, HFB) [
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DITESEIRBE-WI R S48 b IE GG 53, 4 kPa [R 7 sl L5 37 AT LR i HKC 358 RIS G, 30 HEB 3% 58 )¢
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Effects of keratinocytes/fibroblasts co-culture under pressure on cell
proliferation and collagen synthesis

LIU Yang', AN Mei-wen', LU Ying’, CHEN Ling-feng', RU Meng-jie' (1. Shanxi Key Lab of
Material Strength & Structural Impact, Institute of Applied Mechanics and Biomedical Engineering, Taiyuan University

of Technology, Taiyuan 030024, China; 2. Radiotherapy Department, Shanxi Dayi Hospital, Taiyuan 030032, China)

Abstract; Objective To investigate effects of 3D co-culture of human keratinocytes (HKC) and human fibro-
blasts (HFB) under pressure on cell proliferation and collagen synthesis. Methods The HKC and HFB were
planted on chitosan-gelatin scaffolds, respectively, for 2 d. The HKC-chitosan-gelatin complex (3D HKC) was
cultured at air-liquid interface for 1 d to induce differentiation, and then co-cultured with the HFB-chitosan-gelatin
complex (3D HFB) for 12 h. 3.4 kPa pressure was applied on the co-culture group for 24 h. The group of single
culture with pressure, the group of single culture without pressure and the group of co-culture without pressure
were used as control. HE staining was used to observe distribution and growth of HKC and HFB on chitosan-ge-
latin scaffolds. MTT method was used to test proliferation of HKC and HFB. Hydroxyproline kit was used to ob-
serve collagen concentration of the supernatant fluids. Results HE staining showed that HKC and HFB could
grow confluently on chitosan-gelatin scaffolds ;3.4 kPa pressure or co-culture both could promote the HKC prolif-
eration and collagen synthesis, while restrain the HFB proliferation and collagen synthesis. Conclusions Pres-
sure and co-culture play an important role in HKC and HFB proliferation and collagen synthesis. This research find-
ing provides some reference for exploring the therapeutic mechanism of hyperplastic scar from clinical operation of
resecting scar by transplanting tissue-engineered skin to the wound and then combined with pressure treatment.
Key words: Keratinocytes; Fibroblasts; Cell proliferation; Collagen; Pressure
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TERE KA 1 6 i A v 23 T8 BUAS [ 2 B 1 O
IR, AN R IR BT 44 200 A 1 5 3 9 2 AR S Y
Ao BEUBUR AR | 5 5 M FE % 14 B A L0 B
FEo XFTIhReER AL T 1 BRI 18 il i 38 AE PR
I R | 2R TR J7 ¥ 00 DD B 184 A= PR , B4
HAT R A B w0, DG s AT R )
W97 ZIRIT T B — R A AR Y HR
IR_ETFARYIBRIIR 5 BAE 3R K e 256 e J1ikiay vy
A PRI P ELAARHIL T 1 AN B, 50 0 X LR A T
RAATH TG, A DR 38 320 4 B 5 52 3%
M-I SR AT G B R R AME R T AR B
A I 4 e (human keratinocytes, HKC) 5 A\ E 7
JNET4E AR I (human fibroblasts, HFB) [t = 4k L% 3%
AR, A IR ) R LB 3778 HKC 5 HEFB J5 4540 i
HegE A A e i E

1 SLWHE

1.1 s

7¢ M ( Chitosan ) (25 FI), it L WEBE 99%
5 E AL 2 O A R TR 2\ 5 BT (G-2500,
Sigma 2 H], 36 [ ) 5 8 M (o A g, bR 2
Al 5 WA A A LA (R T e R Ak )
J7) ;Dispase Il (4942078001, Roche 2\ &), Fij =+ ) 5 i
JE 11 ( Collagenase I ) ( C6885, Sigma /F] , L [H ) ;
S [ il ( T4648 , Sigma /A7), 35 ) ; EDTA (ES040,
Solarbio A, b 51) ; To55%E PBS (0694, Solarbio 2%
), db 7T) ; DMEM & B 5% 35 £ ( SH30022. 01B,
Hyclone/NH] , 32 ) ; i 4F 135 (16000-044 , Gibco 2y
A, 3D 5 N A PP U2 i 35 55 2 K-SFM (17005,
Gibco /A &, £ H ), MTT ( M5655, Sigma 7\ #], 3£
[€) ; DMSO(D2650, Sigma 23], S ) 5 3 i 2 FR Il
R E (R A A ) TR .
1.2 ZRE-RARZEHEE

R L 2508 R T 8 Ok i A e 3R BE-PIT e S
R SRR SRS LB 15 1,0. 4% 1%

WS B S 280L 25 kGy 1 y STERARS 03 24 h K
W AT TR IR
1.3 AAiREN R 35

WU AL B I S5 0 Bz R A 2 (|l L v
REEBEFRAL, B3 BA MG , 2R KRE T

ZH41,0.2% Dispase 1l 4 CRRAIHI T B R-H I,
JER T A PR HKC, ] K-SFM #5572 B85 57 HKC;
RH 0.25% TR i Ak ik 4 BUR AR HEFB, By 5%
R 10% A 13 1) DMEM (5l 15 570k HAR 4
LEE UL R 5 e ik WS 2 S0k 9-12 ] .

1.4 S{EEHEEEIT

AR IV T %% A 2540 1 T AR DR B ¥ 95% =5
K.5% CO, IRAEAMZ0.22 wm JELR L IE /G TEA
WIS AR P K R R R
S 8% AR A RO 2% A 45 28 I I AR
FIREE RS0 T B e W R A, i % T 5 A L
Ti SR BRI SRR 1o LB o
FEAT 20 25 LB 2 PR 22 25 v, SR 5 0 4% TR 5 48
i T 37 °C 5% CO, 53346 L, JC R 10 B2 ik ik
[Fl—4~ CO, B34,

1.5 SBHA

JE LRGSR R AR 2D TR AN T < K 52 -1
e SR (TR R B AR S mm 5 2 mm i [
), 435I K-SFM K DMEM 35373 37 C = il
W Pl HKC 5 HFB #2055 4 A RRE R
g FLAR T %55 50888 78 401 09 40 B, K HKC 5 HEFB 43 5j1)
A3 x10° A~/ S48 0 4 BE 3Rl T 4, F K-SFM 85
FrHENEFE HKC-e M-I E A (HKC B 64 ,
F % 10% G 4 3% (%) DMEM 153215 7% HFB-75 5
V- S (HFB Z59)) .

HKC & & WRIRER R 3R 2 d il ,
PGS S35 579, i HKC 259 F i 1 mm #8535
FefE CO, FFRffih , ST - A 15 9% 1 d J5 , f
HKC & &9 HFB & & YA 96 FLAR 4L 45 57
12 h( 5ok HFB 25 Y0 e T 96 fLARH, #96f
HKC G &Y E FHEZHITRFR) , UE 1% i
A fER 1 1 ARBLELFIR & 79 DMEM 5 K-SFM &
B, AR S5 45 1 T B % 37 1) HKC B2 &) &
HFB & 5 W/E X R . BG4 HKC 5 HFB Stk
FEEY) ARG FR HKC & & Y MRl % 57 HFB
HAEWIAT 3.4 kPa SRR J1 403 24 h, LR 46 4%
PERESR 24 h 9 JC R ) LG5 o ) Bl i 57 HKC
FTC R 7 sl 3% 5% HEB S xf B2

PRLIE B 20 s AE S 55 5 8 4 (D3. 4 kPa [k
F1Bm B HKC 40, (@3. 4 kPa J& J7 B % 5% HFB
41,33. 4 kPa JE S35 3% 22 HKC 41, @3. 4 kPa
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JE AR 3 R 2 HFB 41, ®JC % 7 5l 15 3% HKC
¢, @ F F Baph 1 3% HFB 41, 0K S 4685 3% 1
JZ HKC 4 ,@TC L4455 T 2 HFB 41,

AN 6 4] LiE . D3. 4 kPa J& Jy Bl 3% 5%
HKC 41, @ 3. 4 kPa JE Jy 0 & 3 HFB 41,
(33.4 kPaJk Jj 3K 41, @ JC kg Bl 1 37 HKC
20, @TCIE S Bl k3% HFB 4, ©JC & 1385354
1.6 HE - EMBMRAESTE EERKRKE

B8 Ll 4N, PBS ¥ bk 2 ik, 283t [
FE BREEAS K A S U R R B R
K IIARZEYL AR T5% £ TR & WE-1% Hii 2K Rl B
grye s BREETRS K B R B R S R
FE AR LS A0 A S 2 T i AR R RN A A A DL
FEH¥ 1% CCD & 4 (Image-Pro 5.1, Olympus 23
H, HA)FHE
1.7 MTT EZNEHMEEER

A A ALY SR W m A 20 uL MTT
(5 g/L) ,37 C | 5% CO, ¥ Fefah st 4 h 5, 0ok
VW A 150 wL DMSO, #Z 7% 15 min £ 4559
SEA IR R, B FLIBCRE 100 L, FH T I6G f 928 A6 0 A
(Thermo 23 F], 32 [ ) 78 490 nm I K F il 5 £ 4 W
JGfE OD, LRI ERE 5 k(n=5),

1.8 ERERE®RIEEZNEREESSWE
WA VW, R T AT 3 AL, AR i IR
EHRAEUE AR E A5 2 I P R I Z R AES50 nm
ARTRIR AR, RN AR o [B) 45 S e 2 I
JE IR i i TR AR
v i e DWEEREIROCRE - 28 AR IROEE
R = i e o ™
(BRERE B i x IR SMATR) / Uk
Forb LIE 1% Je 4= ig 1 1R BIR A 1
DMEM 55 K-SFM B3R AE R 25 U0 IR
1.9 ZitabE
S RO LA B = AR R 2 R R, R
SPSS 19. 048 143 Hr 4 L B IR 3R 5 22 43 8k dls , A
W45 2 22 (BT 5 A7 22 5, T 7 PR e /s o 3
e (LSD) , P <0.05 Fn 5 BA G758 .

2 SLIGHR

2.1 MAEIRENERER
XL AT UL R BEAT HE Be 8, WSS A0 i 75 52
PR R A oL (L 1) o SERB AL,
HKC K HFB 4 MR N B 2 0 )57 55 B It A B A 1
FLREROEL(a) ~ (d) P& HHKCH S5 %

Bl &4 HKCHHFBYIFEHE & (a)J0/RJ7 SR HKC, (b) JoJE i 34537 HKC, (¢)3. 4 kPa JEJj 5l 37 HKC, (d)3. 4 kPa J&
J1EE IR HKC, (o) JoHJ s 5% HFB, (f) Jol i L5537 HFB, (g)3.4 kPa JEJ 9% HFB, (h)3. 4 kPa [k J5 T 455 5% HFB

Fig.1 HE staining of HKC and HFB in each group (a) Culture of HKC alone without pressure, (b) Co-culture of HKC and HFB without pres-

sure, (c¢) Culture of HKC alone with 3.4 kPa pressure, (d) Co-culture of HKC and HFB with 3.4 kPa pressure, (e) Culture of HFB alone

without pressure, (f) Co-culture of HFB and HKC without pressure, (g) Culture of HFB alone with 3.4 kPa pressure, (h) Co-culture of HFB

and HKC with 3.4 kPa pressure



X BE,%E. ENTRRFAMES BT 440 AR 15 R 3 4 ARG S K B IR & B R S0
LIU Yang, et al. Effects of keratinocytes/fibroblasts co-culture under pressure on

cell proliferation and collagen sysnthesis 151

- 2 S 4 FLIR A K, HKC 4 JROR 28 B4, 2[5
W M MEZNE AR, 5824 K K HKC RS
— 3, HAE5T ROME-W e S 48 p AR K i) HKC A SR 4R
Wh, 2224 K, Bl 53 8me. B 1(e) ~
(h) H1 4520 HFB 7 [l 2% 5¢ SR M-I e = 42 1) £ LT A=
K, BB K BIEHES], 5 5 )2 K 5 HFB RZS
— 3, HAE ST RN -WI S 48 %) HFB ] RAE i
B SRR U AR S 5 AR Y 52 RS- S
JUE S 0 TR HKC 5 HFB, H & 241 HKC 5
HFB (A RKARAS R AT

2.2 FHAMPAREEER

OD {E A 40 il 1Y B i, OD (R 3G K, K WIE
ARG 225 [z, OD {E /)N, 36 WIS 40 Mo 2 i
Wb A AE 490 nm R Y OD {H 4N 1&] 2
JiR. &4 HKC 9 OD Ui R git 2 5
AHAS T ICE 1 5o B 3% HKC 4, Jo s fp3khs g4 v
HKC ) OD fEH] 3 K (P <0.05) , YW L1 T
HKC 5 HFB 33557 0] D2 #F HKC 456 ; AH# T 0
JE s 3% 3% HKC 41,3, 4 kPa J& 77 F Ll 3% 5%
HKC [ OD {H ] 3K (P <0.05) ,$iH] 3.4 kPa J&
JInT LA i HKC 34 56 5 AH 8T JC IR 7 5 ph 35 5+
HKC 21 ,3.4 kPa &5 F 34555 HKC 9 OD {5 B i
HIR(P<0.05), HU W KT 3.4 kPa J& J7 T 4%
FERNTCE Sy L35 35220 vh HKC () OD {H (P <0.05) ,
Vi 3. 4 kPa s Jy 38535 HKC A] DL @A 3 HKC
HEE[ WK 2(a) ],

A4t HFB |y OD i H A it %2 5%, M
BT S o 5 9% HFB 41, JC IR A b g 5 4l v
HFB ] OD ] .98 /N (P <0.05) , Y LK1 T
HFB 5 HKC pydL35 32 0] LA HEB Y45 ; A7 T
JCHE 7 B 5 7% HEB 4,3, 4 kPa JE J7 T Bl 85 57
HFB () OD A B /NP <0.05) , i 3.4 kPa J£
JIa] LAl HEB 3451 5 H 6 & )y e 15 3% 40 vh HFB
) OD {ELEH /N T 3.4 kPa J& 3 T Bl 5% HFB 1y
OD {H (P <0.05) ; M3 F I J1 sl 15 3% HFB 4,
3.4 kPa JE f7 F L3159 HKC 8 OD {i& B 2 i/
(P<0.05), HUHRALT 3.4 kPa £ J) F B 5 A
Johe eG54 HFB /9 OD fH (P <0.05) , i
HH3.4 kPaJk Jj 35 3% 0T LU BH g 0 i HFB 3555 [ O
Kl2(b) ],

0.8 [ No pressure, HKC alone

1 No pressure, co-culture of HKC and HFB

[ 3.4 kPa pressure, HKC alone

0.7 I 3.4 kPa pressure, co-culture of HKC and HFB
d

0.6 c
a
o

Ho

0.5F

0.4 [

0.3

HKC

(a) HKC

0.57 C_1 No pressure, HKC alone

1 No pressure, co-culture of HKC and HFB
[ 3 4 kPa pressure, HKC alone

Il 3 4 kPa pressure, co-culture of HKC and HFB

a
T

o

8 o38F

—

0.19

HFB

(b) HFB
B2 RAMMEEBRILEK(a~d ARAILLBREFTRITFER)
Fig.2 Comparison of cell proliferation in each group (a) HKC,
(b) HFB

2.3 EHALERPREEANVE

23 YR I A R I3 B I 45 2 1 T PR A
R & 2, I35 VB WP IR R VR . 4%
20 L VE W IR A i B A B 3 B . SRl
I HFB 4 135 W b e B 2 1 Wk 3 B A o 1 Bl 5%
7% HKC 41 (P <0.05) , {5t B [ BE 45 14 %5 5% HFB &
B IS SR AR 148 HKC & B 22 5 AEE T I8 15 7 B
K37 HKC 41,3. 4 kPa J& 7] F 3l 5% HKC B3
TR AR IR EE TR T (P <0.05) , 158 3. 4 kPa
JEJ70T LI i HKC Xof B S5 28 11 6 s AR T8
JIEEEFE HFB 44,3, 4 kPa & Jy sl 3 3% HFB 44
VR T D R B B B AR (P < 0,05 ), T
3.4 kPa J& J30] IS HEB o 2 5 48 11 0 4 il 6
JE 07 He bR A1 3 R R D B R B e T R )
MMR: 3% HKC 4, X F JC F& o Bl 15 5% HFB 4]
(P<0.05),3.4 kPa Sy 355020 FIH WP IR &
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FeE i F 3. 4 kPa & J7 Bl 8% 3% HKC 41, 1K T
3.4 kPaJE 7 % 15 35 HFB 41 (P < 0. 05), i3 ]
HKC 5 HFB 553507 DUJE 5 20 it % i R 2 &
G, LA e 5 21 e IR B 1A R B A T L 8 R
HFB 2 ;3.4 kPaJ& Jj 855 41 T3 i e It 2 1 ik
FEAR T IO ) 25 42 41 (P <0.05) , 5B 3.4 kPa [&
JInT LA HKC A1 HFB B2 3% 40 i %) e i 8 1 11
Ao

3
=1

r C_ HKC alone
| C_1HFB alone

Il Co-culture of HKC and HFB
b

3% w2 = w D ~ x
= =4 =4 =3 [=3 = =
T T T T T T
o
-

a

-

No pressure 3.4 kPa pressure
Groups

=
T

Collagen concentration/(ng - mL™")

(=}

3 REZEARERR(a~fHARLEBREERITFER)

Fig.3 Comparison of collagen concentration

3 it

B 1 A PR IR E I 3 R 2 IR T A
I S5 0 0 I D 1 5 A i A A VAR,
FE T SB[k 2L £ AL T IR . B sl —Fia T )7
VT REIA AN B T A9 18 7 808, SO R | £ % 1L
PO RS A 9 7 AT A PR Horh, RIS TR
7R TR A MR, TR ML 41 TR e
F L TG54 R T H VA T A MR R T AT
Heo AR IR R WL AR B0 R, 7R 16T B A PR
HATF BN, W R T AR 5 A PR S L 7645 1
AT 7 2 3 B B R VT LA b 3 1 184 A MR 1 T
Y RS EIE B, A RN 3. 4 kPa 24 B TR
7718 ~24 h B ERUIR IR, VAT T A MR A Ak
A1k 60% ~85% ' TR ESR K LT
RN G 72 K2 R AL 4 JF 1 VAT 18 A P IR 14
AL 5 A B

AHFFEAERIEE 3. 4 kPa S {&JE J3 HKC 5 HFB
= IEERR R YRR T, BFOTE T D R kb g xd
HKC HFB 3 5 F1 i 5 25 14 B $% 0 . HE 34 (8
KB ,HKC 5 HFB W28 FAEK B, 3.4 kPa

JE 3] LI 3 HKC 3858, 0] HFB 3658, 5 LLAERT
g H R BCME I B ) AT DU 2F B2 ik HKC 34515 K
SRS RT LA 52 8 55 HFB 485 1Y 45 5 —
'Y HKC 5 HFB JoJE Jy 385 35 0T LU HKC
g Amig HEB ¥54 , 5 LIERFSE o H 242 HFB
YE R SR Z2 T DAE#E HKC #9514, 2 HKC 5 HFB 1t
B mT LUkl HFB 458 B 2 M w &0 .
3.4 kPaJk J; HKC 5 HFB L85 5% 01 DL B & fi ifF
HKC 3% , ##] HFB 3458, H 3. 4 kPa J& Jj PRl
7% HKC 24 h i % HKC 3678 (942 oE7E R F 0%
IR HKC 345 p e EME A . AHAE T 3. 4 kPa
JEF 55 3% HFB 24 h [ X HFB @ #0176 HI, T8
FE ) JEREFR D] HFB 3458 i)V H Bk B 48

Sabine 25" BFST & B, 75 47 11 A4 A b HKC
Y5 HFB 2 [A) 7746 35 A0 H R, 0 40 B A T 2
P BCEA B S AR MR . ARIF9E & 3,3 4 kPa
JE AT LA gE B B 55 1) HKC X e 5L AR A A R,
R B SR HFB X I 4 1 A & k. HKC 5
HFB JC & 77 HL 5% 3% 4 A 5 ) e I 2 ik AR F G
JE 3 s 3% HEB AR, i3 T J0 R ) sph 15 %
HKC 4k, 3.4 kPa JE f7 HKC 5 HFB JtE: 3
AL S 9700 P D P R Ao 3 T B I R 1Y)
JEVIBR I A MERR L85 , B 4 21 TR I - &%
BTGRP DA 3 J R B8 2, SE B I
Bz A B 7 e AN U I fip 7 A1 O bl ot o
1 ] BEHL T o

PIAEWFE A 81, R I 0 %6 e Bk L B 440 it 3
i I A 3G 5 M AR A SE A A — R, TR
TIVE R AT LA il 1 1 24 20 e fr A 4 sk 2D L Rz 4 g
AP ATTAR R T DU HE = A R 0 6
290 0 58 L A3 Ak R RS IR L i Y A
HKC 5 HFB Ji 2 11 & B 35 & 35 T 324
. HKC 43189 A & -1a (interleukin-1, IL-1a)
AL A K A F-B1 (transfer growth factor, TGF-B1)
SRR RCET 20 i e I A A ) BB A
b IL-1oc 7T BSR40 HEB e 58 (A k™
TGF-B1 w] LI HFB f i 5 2E A 4 ™ o [FlRE,
HFB 434 19 TGF-B1 F A BB bl 40 i A= 1 [+
( keratinocyte growth factor, KGF) A DA77 HKC &
R S 120 A TGF-B1 ikl HKC 4 Bk
JF 2 1, KGF ] LU ik HKC & M R E . KT
S JHORT A i PR P 388 mT AR MAPK J NF-yB
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