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Effects of active micronized dermal collagen on wound healing
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Abstract; Objective To prepare active micronized dermal collagen and investigate its effect on wound healing.
Methods Chemical erosion and repeated freeze — thaw methods were applied for preparation of acellular dermal matrix
( ADM) which was then ground into micronized dermal collagen which before co — cultured with adipose — derived stem
cells (ADSCs) in vitro. The biocompatibility of micronized dermal collagen and ADSCs was detected, and a model of
skin wound in nude mice was constructed. The wound healing rates in the micronized dermal collagen group + ADSC
group, the micronized dermal collagen group, the ADSC group and the blank group were compared. Results The mi-
cronized dermal collagen group + ADSC group demonstrated a remarkably higher rate of wound healing than the other
three groups (P <0.01). Conclusions Active micronized dermal collagen can carry ADSCs, facilitate their proliferation
and migration, and effectively promote wound healing.
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1.1 ##AeM Rk JERALS Uk ARMER K
¥HRERBEINFRAEBE, FR23~45%, %
BREER TR ES, FEBRAEERSH
BREEAFRIE. . %ML % rha PBS(JtE
PREEH)  REEAR . -SBE A -F
AREENE(EBEZX); RAR. SELH (L
EEAEHA ) ; DMEM/F - 12 #5524 (£ E HyClone
AT 1 RBFES (£ E Sigma A7) ; B4 MF
(FBS) (B A FIE Gibco A 7] ); M & X (VIC-
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MED) ;SPF 4% BALB/c # R (JL = 4EE R 4E) o

1.2 ik

1.2.1 AEEBEHRHHE OEKENR P
JE g F PBS #%5+;1 mol/L NaCl I ¥k B 24 h X%
TR BA 1% NaOH 75, 4875 18 BEAX 12 PR 1] ik
Givedk,4 h 3 1 X, 3L 5 GPBS( & 1% K - HE
R)IRGBEW%E pH 4K 7.2; -80C/37C RE %l
3WLLLE, BKE R 4 h; BRI - 60°C ¥ TR
FHRVLALHE 48 h, R TRFF & . @QADM LIKE
PBS(& 1% % - @SB E) REFEE, B 24 h FHK
ABEHRR, MA 100 ml JCB§ PBS, L FReRNBEREHLAK
HEHFEE 5 ~ 10 min, 100 B # M3 38, 3 LA 3 000 1/
min 2.0 10 min, JT3E By BB B IR A0R

1.2.2 ARBHTalMSE SEREFE O%
Zuk 257 ) B g AR B SE 10 07 v LAE IR RS I Ak vk
538 55k ADSC, @& GFP 18R E 4. ADSC F
100 mm EFR M35 E 4 80% Rl& , BEREIH 1Lk
$EA0H,1 400 r/min B> 5 min, R B OLIE; A 3
ml SELREFEER; 6 FLIR, BB R LN F
FA 2 ml, B ALMEREZ 100 wl,F 37°C.5% CO,
LT IE5E ., QUL 50% R & AT RS
H1.5 ml EP &, B A GFP 184573 10 ul.Opti -
MEM 490 pl.DMEM/F - 12 + 10% FBS + 1% M
500 pl ZREERE (polybrene) 1 pwl (AW E 5 mg/L),
BEEH. @B 6 fLA P51, PBS WKk 2 K,
MARFER 1 ml, 3558 24 b2 RINA 1 ml 58
SREFREE I RELER, A 2 ml EEREFRE;
BAXRMABERBEENZT 2 FE(LREKRE
2mg/L) ;555 REIBHZBHBES T WA HHE
T, BN ER (AEE 2 my/L) LK
FEBSERER, OBME T WE GFP IRic Y, B
A 100 mm ¥EFE 00, 2 DMEM/F12 35553 (& 10%
FBS +1% XW41) + @M ER (LR E 2 mg/L) H5%,
EaHER,

1.2.3 EHARKNER OFRREE ADM fIE
BRI AH0hE ; B2 80% R P4 4% ADSC(E GFP 43
i8) , WEEAMSG 500 r/min B0 5 min, TR )5 41
HHLA 6 x10° >, Q¥ 4IME S, HWOEMT
ADM =M, a5 EEBIEMRKITIRS G &35
Fo OHFIAGE, W10 Wl EEEKER, KAR
HET MEAMFERR

1.2.4 FRARRE -Ra4feE  50% ADM EEK
R EFME KL 4% ZRPBEE, ABA
B R, AN - A a, WMIEHAR, TEHET
PUE =& )i

1.2.5 EHEERKEMB - ADSC 8 & kA B ER
H 2ZRPE +3% R _BEREXE;0.1%PB Fik
3K, IR 10 ~15 min;1% ~2% MEAZRBEBZEER
et 1 h;0.1% PB #¥k 3 IR, BIK S5 ~ 10 min; B FF
ZEEBK B LR R YE 2 K, BIK 15 min; iEF
RTBRTRIEH & B U R, AR gm
ZmE,

1.2.6 FYLH HH4 ~6 FHEHERRIL 12 B,
BEML o A BB e JRA80RE — ADSC B &R 41 . ADSC 4.,
R RRON A 5 B4, B4 3 R, WiHEREH
RN, B4 1 cm 4% K-S EEELI0.4 g/kg
ESTRE, TR B S HURE KSR, GlEsb B LRk
FOELER 1 FERIERS MR, B mE
&%, AR = (FAVERH - kA4 CImHE
)/ FR eI x100%

1.3 %itgas (A SPSS 16.0 A HBUE, %
FABSTAEA ¢ B, P <0.05 AZERAGIHER .

2 g R

2.1 BwmBARXANEK ADM EF A6 (HE
la) , BB RS, M R TR B K ER (B 1b) , |
B EEREMNEAAE(E 1c) , BHR;
HTEEAAAERKERR(E 14d) , EWER.

a. ADM;b. ADM(JRT) se. HEZ RIS H0RE ;d. H B RIFIOBL( R T)
1 ADM B F Bz B IR BoR VR T8l & KAk bl
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2.2 FAHURRAEY HGHARSGWHEMN(E 3P ERRERBBLE A ESE (K 3b) , 45
2a) A THRAEATRFEBE (K 2b) ELEE 0, EHARSARE,BREESER KDA— 4 F
JBE SRR (6] 5 240 B A 200 ~400 um; ADM - ADSC B 54k (& 3¢) 401
2.3 FAM-FoRERK ADMEREFEZW(E (UHAERRKAHEERRD RFEZKESEE
3a) HEIFIMAREWAR, SRE EHMRSEMERE, R RBRBOA - ADSC E-&4k(H 3d) Bl JiR BT E
KRESWES B, BRSNS et J I S T & Bt/ WA 4 , LB A K& ADSC,

a. SR - MRE SRR b O T HAREY
B2 HERFRERATOLBE( x20)

a. ADM;b. B2 B JFHORE ;. ADM - ADSC & 444 d. 0k — ADSC & &%
3 FAKE - PRI R A LB ADM K BLAZ FR IR GRORE HR B 40 AR 2544 (bar =200 pm)

2.4 REBRBRMAE -ADSC EA4A b HAE FRFEHBFRmMBUKT ADSC, H 3% m AT 4L 40 ok
B R B ROk o] W ADSC 7715 (E 4a 4b) s B MAK(E4c),

a.c. X3500;b. x8000
4 EEBEIFEON - ADSC & A kel T B B I AR ( 87 k#5752 ADSC)

2.5 RETRAGEAHA REFETJRIMGE 3.2%,ZHEK19.0% +1.8% ,8-54KHAHA&
AER, EHGKENG69.7% £2.2% ,ADSC 1y ESXRHUBETHMIA, EZRELHFBEX(P<
49.7% + 1. 8% , B E IRt Pi 4H 2 32. 8% 0.01), WAS.,
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a. ZA R4 ;b. ADSC 4 ;e. EEBIRMON A ;d. ZH4A
5 ®REAE1AQERE

3 %W @

B BB M8 T R BT S IR TAE S BXE S
Z—o EEBBHTE S, A &K S M mA K
N EREBRRYRE TIHITHEM . SHREE
BB E—ERE FERERERENRE, B2
JEPHER R I8 yr s R A O R AT
HHMERAHE, TRARERERNAR TREREK
WIT, TIABRRBIXF A 2. BASCRIRE KA
AR S R0, A RE 4 M E & ADM
BB RZFEER  REBHEHER R AR YN
W ARSI, EEEEN TR RIS
Kt (B2, ADM R 5B %4 FLBRBIHETE,
15 U AL BRI R RS B E 2, AR T4
REREEEHASREAREAEKY  ERBEY D
BB O E A AR, 4 L HBHEY T R
BRSNS, EENAEMNES, —EEE L
BRI TR, AREAHE T — RFIER, %
E ADM FLBRR , 6 fn i B & A S Bk il ¢ ADM,
FHER LB LBEES" BERERE
B, B8 E ADM Lk K EEd AR
By B AR B AR R

2001 4E Zuk ZP2 N R H T ADSC, W4 T
R BRI G RRN FE B TH M. BFR%E
B, ADSC 2—FRtELA £ ML i SR A 40 i , X fok i 40
A I FAIATT R BERRSER ™ ' AT DGE
WHESEEREME WEHAIEA S, ADSC Joxk
EHEQIEMIRT R T —FFTER, RAREE
STHRH T, ZERAR S IR, CE4H
A G K B 5% , 4 A R fR o . dgk 0k DA
KMEEERE, ZmTaRAmeR e,
AHR SR & — AR TREERK, 5T 9K E A

B AR EHENALS, R T HRMEE TR
T 40 A JAON , H R 3 B ADM R ADSC i 5
RIEYI R

AL H B A R B R,
HE RS, FEI% ADM MR, R
FAHBBTE ot 38, 315 H 42 200 ~ 400 pm F 7B
JRAhE . IXPURIZEIRA ADM HrH RO EARE E X E A
T—SEAIE, LR AW, B BIFEBUR R A E
Msr (B 3b) , BAEFA T, AR R A w4
BAL R , B ERR BEEF(E 1e.1d) , B
FOIHE ARG HR A A E 2 8 ADM mHAR B X A]
WHERE, =5 T HEHR R ABEE, Bk
HHBRER B8 LM . BERBIFEBRITET
ADM FLER R4 558 MR GR , 550 B g AL , B i
FHhi 2B KT ADSC( & 4c) , Bt FBANKIR
B AR 1 LU BT (K 4a.4b) , AT
MRFHOEREABIEK, BEBEREEFHTH
Mg (& 3d) Bl B2 F ADM( B 3c) . MBI
B, SMBEE AR 1 R MERIR, H & k4H ]|
BEHRERHMAERERIMERE S RARXHIE
P BB B R GORE AT AR B B SR B A B &
HREES A, TIRKMAE —EESEL

B &b SCik % B, ADSC A LA 3 B i & Fh 40
REFRHANEAREKSBERESMERE S,
R mEFESHTARHAEZRERRAEG, ALR
R, BT IEHEE R BRREBR RS & A R
BERS, 0TAER E A 0L E) 0 A TE 3 PR
B, fEAR ) E K R n] BER RIS T HMES
BEMTRBREAAREFHER. 2B KRR
XEIRPR TR , B fe 5 i — B BT R LR 8
X F



- 189 -

BMER K2 ] Xuzhou Med Univ 2019,39(3)
SE MK
(1] HERB, =%, BB, %. SCF/c - Kit KA HAE ADSCs

(2]

(3]

[4]

[s]

(6]

(71

(8]

(9]

ERERAESE MERTE (J]. PERAREEEE,
2017, 27(14): 8 — 13. DOI: 10. 3969/j. issn. 1005 — 8982.
2017. 14.002.

Zuk PA, Zhu M, Mizuno H, et al. Multilineage cells from human
adipose tissue: implications for cell — based therapies [J]. Tissue
Eng, 2001, 7(2): 211 -228.

Zuk PA, Zhu M, Ashjian P, et al. Human adipose tissue is a
source of multipotent stem cells [ J]. Mol Biol Cell, 2002, 13
(12); 4279 -4295.

KERE, &L, BB, . 48N ERNBERMG
RPN (1] PEXEERIIRRE, 2010, 21
(11) ; 676 -677. DOI; 10.3969/j. issn. 1673 —7040. 2010. 11.
014.

Biedermann T, Boettcher — Haberzeth S, Reichmann E. Tissue
engineering of skin for wound coverage [J]. Eur J Pediatr Surg,
2013, 23(5): 375 -382. DOI; 10. 1055/s —0033 - 1352529.
Varkey M, Ding J, Tredget EE. Advances in skin substitutes -
potential of tissue engineered skin for facilitating anti - fibrotic
healing [J]. J Funct Biomater, 2015, 6(3): 547 - 563. DOI:
10. 3390/jfb6030547.

Huang SP, Hsu CC, Chang SC, et al. Adipose — derived stem
cells seeded on acellular dermal matrix grafts enhance wound heal-
ing in a murine model of a full — thickness defect [J]. Ann Plast
Surg, 2012, 69 (6): 656 — 662. DOI. 10. 1097/SAP.
0b013e3182731909.

Zamora DO, Natesan S, Becerra S, et al. Enhanced wound vascu-
larization using a dsASCs seeded FPEG scaffold [J]. Angiogene-
sis, 2013, 16(4); 745 —757. DOI. 10. 1007/s10456 — 013 -
9352 -y.

KRR, TR, HEE, ¥ FRERHEABAREEKH

[10]

{11}

[12]

[13]

[14]

(5]

[16]

[17]

HERERBENGIR [J]. PREZRFEFRE, 2014, 20
(2): 130 -133.
HER, TR, £FF, §F. FAFERHBEABRARIEN
T RERAYT [J]. BRMESEBFH, 2013, 33(11): 755
-758.
£, KER, ZEM, ¥ AFRBRAKEEHERER
SHELI]. PEASTRBIR, 2016, 20(7): 1006 - 1012.
DOI: 10.3969/j. issn. 2095 —4344. 2016.07.013.
EW%, &BE, BEHE, F AREHSABRMARIENE
H5EMMREAYE [J]. PREEEREEFRE, 2016,
22(6): 369 - 372. DOI: 10.3760/cma. j. issn. 1671 — 0290.
2016.06.015.
EE, KM, XN, & BRHOE) BAKRERERBON
HHPGER (J]. hEBEARAE, 2003, 19(2); 132
-134. DOI: 10.3760/]. issn:1009 —4598.2003. 02. 018.
Zhang F, Oswald T, Lin S, et al. Vascular endothelial growth
factor (VEGF) expression and the effect of exogenous VEGF on
survival of a random flap in the rat [J]. Br J Plast Surg, 2003,
56(7) : 653 -659.
Fujihara Y, Koyama H, Ohba M, et al. Controlled delivery of
bFGF to recipient bed enhances the vascularization and viability
of an ischemic skin flap [J]. Wound Repair Regen, 2008, 16
(1): 125 -131, DOI; 10. 1111/j. 1524 - 475X. 2007. 00339.
Kokai LE, Marra K, Rubin JP. Adipose stem cells; biology and
clinical applications for tissue repair and regeneration [ J].
Transl Res, 2014, 163(4): 399 -408. DOI. 10. 1016/j. trsl.
2013.11.009.
A, &34, RUNX2 EE%F ADSCs M F B LW
B (7). BRABERREER, 2017, 37(5): 287 -292.
KCANEI3:2018 -05 - 10  #§[E FX9:2018 - 05 - 28
MR BR



