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Effect of tensile stress on human heel skin fibroblast proliferation in vitro L/ Jun-hua, HUANG Zhong-ming,DU Shao-
hua,and HUANG Li-gang. Xiaoshan Traditional Chinese Medical Hospital ,Hangzhou 311200, Zhejiang , China

ABSTRACT Objective:To observe the effect of tensile stress on human heel skin fibroblast proliferation in vitro, providing
a theoretical basis for preventing the wound edge skin necrosis and nonunion after calcaneal fracture surgery. Methods : Fi-
broblast cells were taken from lateral heel skin of a 40 year-old-man, then cultured and subcultured in vitro. After that, they
were divided into three groups:0 hours group,6 hours group and 24 hours group and were tested by tensile stress testing. The
levels of TGF-B1 and IL—6 in nutrient fluid were measured. Transmission electron microscope and light microscope was ap-
plied for observe mitochondria and nucleus. Results; Under 10% of the tensile stress,mitochondria decreased,the levels of
TGF-B1 and IL-6 in nutrient fluid were decreased and cell proliferation was inhibited gradually with time increasing. Conclu-
sion; The human lateral heel skin in a long—time tensile stress state is an important cause of wound edge skin necrosis and
nonunion after calcaneus fracture surgery.

KEYWORDS Fibroblasts; Postoperative complications; Tensile stress

Calcaneus; Fractures; Skin;

Zhongguo Gu Shang/China J Orthop Trauma,2014,27(10):838-842 www.zggszz.com

PRE-E TR R ER AR WA, XT T Sanders|ll |
VAL, 30 2 =5k VI 2 A 80 Y [ 2 7697
FEHUS T B RIGRIRITR, R BEARE SR —
IR AE , o ) i 4 e BRIRAE ) OO f A
ERE B FARBT N EZERN G, —EARSEAR
FFE L, 2 Im RIA T R IR, BRI “L™ T2 1
A IR Rt L R e, EEREB T AR i

HEWH 1 WA B T AR R (45 :2012KYB169,
2013KYB226) ;2. #iilL& AT T AFEAA LR (%55 .
20127Q023);3. Wi VLA A w5 M AR BN H BRI (F5 .
2013¢33096) ;4. B M 17 B2 27 FE 0 LB Lo ut B kR (5
20120533Q39) ; 5.0 1 TLERMHE 4 (45 : 2013B51) ; 6.0 /H H 7
I X SRR E (45 :2012234)

Fund program; Zhejiang Medical and Health Science and Technology Plan
(No. 2012KYB169,2013KYB226)

WIRMEE . 2R E  E-mail ;961jh@sohu.com

Corresponding author: LI Jun-hua E-mail; 961jh@sohu.com

HRLDIO R ERER Y B Bk AT Tt | R 2K Y
Tifig, = SR gk e BRAMIU K IR T —
HORAPERIRS ST, AR TR BB sh, R ERAMI
“L” ) IEA T PR [] Jy 240 0 i fe—— 2
Eﬁ%ﬁﬁﬁﬁﬁ%mﬁﬁmﬁﬁ& PR AR
VRS P AR Z N ek, BRI R A
ik, FARJE B K, LR F AR T R R 4E S
PRI AT [ A B A M 11 42b B JEk A o7 B vh 3
IR S B 0 G R RIRAE VDA A
AHIEGE AN BRAMIU Kz JoR ST 4 40 B R A G X 42
B AT 2 20 M 7 17 3/ R I Sk AR A8 A LA R
I 3 AT AR A RSB S A BERE R T R
BIARIGY DG FIRIE . YO A 4R —
FBRIS AR
1 #MR5FE
1.1 FERH Y8 DMEM ¥5353 (3£ E Gibeo



A 2014 4F 10 H 2527 455 10 8 China J Orthop Trauma, Oct.2014, Vol.27,No.10 - 839 .

o] . 20120715) /AR LIS (32 Gibeo 24,
fit5:20121009) ,C0, 55246 (#2[H Heraeus A H]);
BB 2ZE BEMNABR RS (HAR Olympus 2y H] ),
AL B 1B (H A Olympus 23 8)) ; 4BME N3 R 458 (35
[, Flexcell-4000) ; ZfLAk (551 /206 /F] WOG)
AT (PE, USA) , Bio Flex™ 5% 3% 4, 100 ml 4 Jfu
KE o, O AR, DR R AN 55
1.2 ket de g i AR EE 3% B AL Rl
B 40 B A7 EERAMIN L TR 135 A Ak B R 4l 2 B
HUORE ORG-S B AT TS R 13, I HAS 2B B fe
PRZE DL ), AR e T 4o i b %) 03 M 2
N FEBEE AT, JOR A T BT Rl e B AT
/AN, A 0.25% )5 1 ml, TRB2),37 C,5%
CO,, A NEEFE 10~15 min, &F S min FRFE 1 1K
A B 10% /84 135 1) DMEM 85 55 55 22 - W 1k
1 000 r/min, 2.0 8 min, YL A ELH 2LV 5 SR 5
A 20%/NE IS ) DMEM 53558 RS B 2
100 ml K533, CO, WEAR kS 15 3% . 4 s BE
J& , BERE 2 d B, B H OIS A KRB, 4l AR Kk
80% Rl A I AL SR  3~4 AN E RUE 14X, 15 hE
FRHORIRH AR, nT TR 2585,
1.3 A g dr i S m#ise W Flexcell -
4000 FAF R THEEHLEE d A% | 000 A L U
S LM I R ACE B Bio Flex™ #5355
MALAL . Bio Flex™ 35574 — Wk 14 6 LA, #4 5 R
AR A RE R e, I Al T B (colla-
gen | ), IZRGEM  HLAS F 77 A 00 G0 4 B4
MRS FRIE, (AR AR AR IR I L B 4t 52 21
TIWPERT, MR A2 1 R/ NE L TSR A 22 hir
TEERIN AR R (%) , AN BHCE T CO, 557
FEN, MZRFRIT B Flexcell-4000 T HLE 1 A hi
il o
1.4 mEr=C S8 B 3~4 A K1)
M) AT AE A0 M, 2 5x10%/4L %5 15 43 54 # T Bio
Flex™ 6 fLAk L=, X 43 3 ASAS[a] @9 286 18], &4~
ZRINHE] 2 M 12 FL, B A 37 °C.CO, &4 5% 40 il
WM REED 24 b, HFHARKRZT#ASRE
Bf, %t Bio Flex™ 6 FLARJGEINHIAHNAE , Frff S50, iR
& 10% , 1IE5%3% 0.5 Hz, inzk it @ 4350°4 0.6 .24 h,
FE RN R A 0 O h 2 6 h 2 24 h 4,
RIS E UG , B 37 °C.CO, & 5% 40
MuEFRF PR RS T R,
1.5 WggmiH 577k
L5, 1 BSEEE OLBWE 3 ANt Al 4145 5L
1 A3 S E A LR, % o A 40 B ) L R T,
1 000 r/min &> 8~10 min J&7 , £ I, FH 2.5%)%

TR GE 24 h J5,0.1 PBS YL 3 W, 19544 I [
FE 1 h, BREETNEIRG K , Epon812 129 A3 | B i 1)
FALYI R, SRR - RS R AU Ye (o, B B LS
HiAy 1 B HE Ze(0,, 40 5048 FWIEE (AR 6 1L,
FEFLEC 10 MLET) .

1.5.2 KBFEHI0D & % Image—Pro Plus
6.0 UL AT AT A %o 37 0 Ha 5 R e 264 b AR 20 )
Joi TR AR RS- 1 10D (integrated optical den-
sity 2FOEE ), R Image—Pro Plus 6.0 K& 53#H7
KX 40 5B 8 B I T AR AZ ) B TR AN
1% 3F-5 TOD (integrated optical density 2FEEE) .
1.5.3  ELISA LRI RG F2 rh 40 i - (TGF-B1
IL-6)Fid  BEgem e . a0 l7E 1.3.5.7 d, &K
EE 3 4H4 6 /l\?Li%%{Tﬁ, 1 000 r/min &> 10 min,
BT, T-80 AT, L& R 4 je I8 1, $rilk
EEFIRRA TR TR A2, ol XUP AR S O IR
JEM [ (ELISA) i & bt i 8 TR A TR
S EISRAE AR UL AR

1.6 Siil2Eabs ] SPSS 11.0 Geif #4752
GERAL P S EH B AR 22 (x4 ) o IR LE
B g #5, Lh P<0.05 HESBGITFE X,

2 H£R

2.1 BHTHET JEEEES 24 h 4 4IRS B L B
WEE AP B R A% (E 1), 40 £k
B OES  AMECEA D BeEL (B 2) . 6 h 4L B ST
LSRR . Lbr (RSP ik i sl e 22 (11 3) , 40 fiess
TSR D GE I TOREE, S AN (T 4),
0h 2.5 H L BEIER . IE AR ZRIE Y
A1, R UL IR S AR IE S B (B 5) . 40 56
B PSR A 22 A K AAE LA (I 6)

2.2 ZRRifk . 4MAZSFY 10D A 24h 4 6h
20 .0 h 2% 5 FL 5 I 538 3 Tmage—Pro Plus 6.0 &
B MR AT 5 T AR SR AR SF- 15 10D R EL 55 25
SRS E L (P<0.05), 24h % 6h4 0h 4
40 f5 655 B8 i i Image—Pro Plus 6.0 KI5 T4k
P TS 40 I AZ S 2 10D B He A 22 A S it
X (P<0.05) (W 1),

2.3 FEFEWHP TGF-B1 Fm ks 9T 1.3,
5.7 d B3 ISR TGF-B1 &, 0h 4FE
LSRR RGN TCR-B1 &I, ERA%5IT2#
B (P<0.05), 6 h dBESEFRETEIE I TCF-B1 & &
B 3% 1.3.5 d il TCF-B1 & &1, 22
SAGI R L (P<0.05) 55 5 KA 7 K TGF-B1
TR ER TSI L, 24 h 4RERE IR R Y
hn TGF-B1 Frmhn #55% 1.3.5 d Wit TCF-B1 &
I, 2R A E X (P<0.05), 5 5 KA



-840 - HR A 2014 4510 A5 27 455 10 ] China J Orthop Trauma, Oct.2014, Vol.27,No.10

-t : 2
B 1 24 h A0S L UL  SoR s D B 2% ﬁff#z\%(XS 000) l 2 24h?ﬁ7'ﬁ$%TX)u%§ AR BeFL(HEX40) B3 6h
S RUBIULEE SO ARSI K R (x5 000) B4 6 h 4B OIS AR/ B R LR, 0 A ANE (HEX40) Bl 5 O h 2155
HLEOILEE IR AL AT, B I 5 R DU KB 24, AR IR 5 AP (x5.000) Bl 6 0 h AL HE LSS A 22 2 A 1, 40 e ) R4
(HEx40)
Fig.1 Group of 24 h,fibroblast was observed by transmission electron microscope:the mitochondria decreased,the nucleolus was fragmentation

(x5000) Fig.2 Group of 24 h, fibroblast was observed by light microscope (HEx40) :the number of fibroblasts were extremely less. Arrangement of

cell was messy Fig.3  Group of 6 h, fibroblast was observed by transmission electron microscope: the mitochondria was swelling or rupture (x5 000)
Fig.4 Group of 6 h,fibroblast was observed by light microscope (HEx40): the number of fibroblasts were lesser. Arrangement of cell was disorder
Fig.5 Group of 0 h,fibroblast was observed by transmission electron microscope : the mitochondria was not swelling or rupture. The nuclear shape was

good (x5000) Fig.6 Group of O h,fibroblast was observed by microscope (HEX40) : there were several layers fibroblast. Arrangement of cell was order

F1 FHEZNE WHEZTEHRRALZE IOD E(vxs) R2 BEINEFRHE S TGF-B1 SELLE (pg/ml, x+s)

Tab.1 IOD (integrated optical density) values of Tab.2 Comparison of TGF-{31 content on four time points
mitochondria and nucleus among three groups(x:s) among three group(pg/ml,x+s)

4151 LB ORI 10D(x10%)*  AifER P 10D A LB #EER1d RBiR3d B3RS Higr7d
24 h 4 6 109.12+£27.7 2 114.3£90.1 Oh4l 6  287.1£16.2 325.6+19.1 409.1+25.7 560.4+29.5
6h 4l 6 129.50+21.0 13 815.9+£74.3 6h4l 6  169.1+23.2 185.6£34.2 192.6+42.6" 197.7+32.7"
Oh# 6 340.31+21.1 22 374.9+98.2 24h e 6 111.2+13.6 132.5+18.3 163.9+23.8* 160.7+30.2*
U AL, P<0.05, *P<0.05 VE <[ — ] £ 3 ZUPTPTLLAR, P<0.05. O h 41759% 1.3.5.7 d T LA,
Note : Paired-comparisons among three groups, “P<0.05, *P<0.05 P<0.05, 6 h 413535 1.3 .5 d [l HeA, P<0.05, “¥53% 5 d Fi 7 d ] b A,

P>0.05, 24 h 05755 1.3.5d [A] L4, P<0.05, *1ig% 5d Fil7d [\
%57 K TCF-B1 Frm b, 2R G258, 3 éﬂ #,P>0.05

*H I_J HT IETJ I TGF—Bl Wjo I @Lﬁ %T{"ﬂé‘ = Note: Paired-comparisons among three groups at same time point, P<0.05.
In O h group, paired - compairisons among 1,3,5,7 d,P<0.05. In 6 h

(P<0.05) (W% 2). group , paired-compairisons among 1,3,5 d,P<0.05; *5 d vs 7 d, P>0.05.
2.4 WM -6 FHREL 23BIT 1.3.5.7d 1124 b group. paired-compairisons among 1.3.5 d,P<0.05; *5 d vs 7 d,
B3 H LSRRI TL-6 &5, 0 h ZHBER B H 1L~ P>0.0s.

6 SR, B3R 1.3.5 d G IL-6 & e ik 2

SAGIFE L (P<0.05) 56 5 KA 7 K 1L-6 &  AGIT2#E L (P<0.05),5 3.5.7 K 1L-6 &t b
BRI G T #E 6 h ARSI IL-6 S8 TG4 X, 3 AR A 1L-6 & 5P i
HOm, B3R 1.3 5d & -6 S REEARITEE  ASiH¥#E L (P<0.05) (L% 3).,

X (P<0.05),55 5 KHEE 7 K IL-6 S5 3 g

SRR SL 24 h SIS 1 RS 3 R IL-6 Sirlbiy 3.1 P 1 SergEdniesg sy U0 st A
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&3 BHANERHE S IL-6 2B (pg/ml, x+s)
Tab.3 Comparison of IL—-6(pg/ml,x+s)

A FLEC B 1d 3d 54d 74d

OhZl 6 98.1+2.28 154.1£15.2 275.1+11.8%% 287.1£23.5%4
6h#l 6 65.8+3.49 1329+124 201.7+22.17" 214.8£22.7""
24h4H 6 41.1x1.28 112.1£16.3™* 113.2423.8**  96.4£9.92**

TE [ —Aef0] 2 =1 HLABE, P<0.05, 0 h 418555 1.3.5 d [T HEAR,
P<0.05; ““85:3% 5 d M 7d [, P>0.05, 6 h 41559: 1.3 .5d A1
B, P<0.05, " 5537 5.d I 7 d [H] LA, P>0.05, 24 h 535 1d 13 d
Al LT, P<0.05, ** K537 3.5.7 d (] HL#E, P>0.05

Note ; Paired-comparisons among three groups at same time point, P<0.05.
In 0 h group, paired-compairisons among 1,3,5,7 d,P<0.05,4%5 d vs 7
d,P>0.05. In 6 h group, paired-compairisons among 1,3,5 d,P<0.05; **
5dvs 7d,P>0.05. In 24 h group,1 d vs 3 d,P<0.05; * *paired-com-
pairisons among 3,5,7 d, P>0.05
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