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PR A0 S 5B AT A L, Z R RSB G TIMP-1 FERYTJE 5 3 d FPIRIE & . 5 6 d 5 8l (P <
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[Abstract] Objective To investigate the dynamic changes of matrix metalloproteinase-1,-9 (MMP-1, MMP-
9) and tissue inhibitor of metalloproteinase-l ( TIMP-1) in the refractory diabetic dermal ulcers treated with
autologous platelet-rich gel (APG). Methods 86 patients with nonhealing diabetic dermal ulcers were randomly
assigned to two groups treated with standard procedures and APG (standard care plus topic application of autologous
platelet-rich gel). The granulation tissues were collected at dO, d3, d6, d9, and d15 in patients in the APG group
and at dO, d6, d15 in patients in the standard care group. The areas of ulcers were measured. The protein levels of
MMP-1, MMP-9 and TIMP-1 in the tissues were determined with ELISA. The ratio of MMP-9/TIMP-1 and its
relationship with the areas of ulcers were examined. Results The areas of ulcers of patients in the APG group
decreased significantely (vs. do, P<C0. 05). The concentrations of MMP-1 in the granulation tissues of patients
treated with APG fluctuated and reached the lowest level at d15 (vs. d6, P<C0.05). The concentrations of MMP-9
in the patients treated with AGP decreased from d3 to d15, but without statistical significance compared with d0
(P>>0.05). The concentrations of TIMP-1 in the patients treated with AGP increased from d3 and reached the peak
at d6 (P<C0.05). The ratio of MMP-9/TIMP-1 at both d6 and d15 decreased significantly compared with d0 (P<C
0. 05) in the patients treated with AGP. The areas of ulcers in the patients with standard care decreased significantly

at d15 (vs. d6,P<C0.05). The concentrations of MMP-1 reached the peak at d6 (P<C0.05) and then decreased in
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the patients with standard care but was still higher than the patients treated with APG (P <C0.05). The

concentrations of MMP-9 decreased significantly at d15 compared with dO in the patients treated with standard care
(P<C0. 05), but the change of TIMP-1 was not significant. The ratio of MMP-9/TIMP-1 in the patients with
standard care decreased at d15 compared with the d0 (P<C0. 05). The ratio of MMP-9/TIMP-1 was positively

correlated with the areas of ulcers (r=0. 353, P<C0.05). Conclusion Topical application of APG might redress the

proteolytic imbalance of refractory diabetic dermal ulcers by decreasing the concentration of MMPs and increasing

that of TIMPs in granulation tissues. The ratio of MMP-9/TIMP-1 is a predictor of poor healing of refractory

diabetic dermal ulcers.
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B 1T B A A R 0 A 55 320 T 1S 22 8 i R L X )
T 5 1 7K Al PR35 52 W6 R ATAN o ASBIF 5 38 2o WL PR
G MR Tk Bz R 5 AE APG 3897 i G A1 1 1A 2E 41 41
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APG ® & = #il &£, A MMP-1, MMP-9
ELISA il & (L lg ZR i A /), O o 3 A
TIMP-1 ELISA it %] & (Uscn life science&
Technology Company, 3 [E); BCA & H Jfi & & &,
# & (Pierce 22wl , 3£ ) ; # H ¥JHK 4% (Cole-Parmer
o] FRED ;2K R AU AL & (Thermo Electron
OY .75 2) KRB Ol (Beckman, £ [F)
1.3 HRAWRERFHERNE

APG 4L 7EIR P AR 0.3.6.9.15 d B
THT PN PR PR 25 2 40, AR ME TR YT 4R LA 06,15 d 4
THT PR AR TR 222, RIS o 4% B T 500 S 35 9 1 R
g B PR 2R 21 SUR i A — 80 C¥R R AE A H
1.4 AL/EHEEFM MMP-1 MMP-9, TIMP-1 i
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K BCA dEM A 2138 (™, R 1 Wl 8K f0 g 1k
W HA SR E B RS MMP-1, MMP-9 K
TIMP-1 (%9 B, A 12 500 65 106 WA U0 5 30 75 14
WD ZHAEA T &, FER 100 pg AH
MMP-1 MMP-9 % TIMP-1 i % (ng/100 pg).,
1.5 SitZEHE

TR ot s R, A 152850 7 508 92k 22
X 5 4 I R AT 43 AT 5 R FH R A2 D A Y T 2 43 B A
KK ZAH ] Pearson #H5&50H1 . a=0. 05,
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TR (31, 3+ 24, 6) d. B4k I 41 & 1 (HbAle)
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1 %, Wagner 3 %% 2 ], Wagner 4 g% 6 i) ; br#fE IR
SPH 9B, 7 B, 2 2 ), S AR (62, 3413, 5)
BRI AR (8. 2 6. T)AF, B b Vit 5 6 B (43 &
49.8) d,HbAlc (8.3+2.3) %, Hh ggs 1 ],
TRIR BB 8 B (Wagner 2 2% 3 ], Wagner 3 2% 3
Bl , Wagner 4 2 2 ), P2 85 0 O TR W
TR TR 3597 9 72 B HbAlc Wi 22 B ¥ L 41t 2
BP0, 05, B dls 2 4 2550 A o 28 %8 B0 4
JE AT G ) o PR A A BT« IR | i Ll
B A E H L R e AR R

4h)m . APG gl 11 6. 1 )4 5 5515 BT
AL bR VR YT 20 5 B A, 1 F4r e . 1 iRy
B Bh B L 2 BRI R O e RS/ B
2.2 HMEARERTUERZRAERNIER
1 WO WU R E IR YT R0 0 AR 25 R TC S
H2FE L (P>0.05), APG 4HIA97 5 B W46 /8 . I
FE TN () 45 B ) D) B AR 25 R A Gt R X
(P<C0. 05) s bR YT L AEIR YT S 55 15 d BIR YT Il
FATF 546 6 d 45/ (P ¥7<C0.05) ,
2.3 WAFERITHEAFAHLR S MMP-1, MMP-
9 TIMP-1 iRk EE & MMP-9/TIMP-1 fj bk %5
ZR2a] W, APGH 5 45 HEIR J7 AR L . 7E3R

®1 APCARBERTARRTIIRREBERLER

Table 1

The change of area of ulcers both in patients treated with APG and standard care

Before teatment

After treatment (cm?)

Group

(em?) 3d 6d 9d 15 d
APG 11.75+£14. 19 10.32£12.89* 4 9.08411.49 4 8.154+10.60" 4 7.71411.874
Standard care 12.95+£17.62 — 10.74£13.01 — 9.17£9.45%
% P<C0.05, vs. before teatment in the same group; /A P<C0. 05, vs. each point after treatment in APG group; # P<C0.05, vs. before

teatment and 6 d after treatment in the same group

SV W48 B s N A2 A MMP-1.-9 )
TIMP-1 8 [k i HEAS 4k T 6] — 7K - (P>>0. 05) 53R
JYJE 5 15 d AR HETR YT 240 IR 2F 20 20 MMP-1 /K F- 38
APG H5, 2 R A G it 5 X (P<C0. 05) ; B 4[]
MMP-9 K TIMP-1 7K - [a] Bif B] s Ho 38, 25 5% o458
T X (P>0.05),

T APGIRYT A BT N A ZF H 210 MMP-1 3§
FIKSFZEIR YT G 5 3 d A3 T T B (B 53697 /il 4K

P>0.05),55 6 d f5A M F+J5 XG& 8 MR, 25515 d
F, B B AR (vs. 6 d, P<T0.05); MMP-9 ¥ JiF
PR32 T B ) R A H 45 B ) 0 25 S G E 2 R X
(P>0.05); TIMP-1 JKF-1E APG {R¥7 IR 45 3 d JF
IS 6 d iR B, SIRIT T L 2 R A gt
R L (P<C0.05) , Z JG B MR, 255 15 d iy =k
FER 1 TR YT HTKF (P=>0.05)

PR fER IT 20 . P 2F 20 20N MMP-148 1 9 3k

*2 FWABREESRBHEEAFAL B MMP-1, MMP-9  TIMP-1 §i% & (ng/100 pg) & MMP-9/TIMP-1 §J Lk %
Table 2 The concentrations of MMP-1, MMP-9, TIMP-1 (ng/100 pg)and the ratio of MMP-9/TIMP-1 in granulation tissues in patients treated

with APG and standard care

After treatment

Group
0d 3d 6 d 9d 15d

APG MMP-1 2.9942. 14 2.16+0.83 3.9942.93 3.44+2.45 1.9441.68*
MMP-9 22.48415. 31 14.96+12. 46 16.05+14. 05 16.20+9.74 12.794+9. 11
TIMP-1 1.2240.61 1.65+1.10 2.06+1.307 1.85+1.69 1.90+1. 21
MMP-9/TIMP-1 20.244+12.13 14.10+£14. 47 12.01+17.35% 13.91+9.63 8.84+6.38%

Standard care MMP-1 2.524+1.37 — 4.39+2.29% — 3.6941. 904
MMP-9 20.2947.49 — 17.78+16.0 — 11.84+7. 247
TIMP-1 1.3640. 82 - 1.52+1.22 - 1.3740. 36
MMP-9/TIMP-1 19.67+£12.76 - 15.53+9.91 — 9.50+6.517

* P<C0.05, vs. 6 d in the same group: # P<C0.05, vs. 0 d in the same group; /\ P<(0.05, vs. APG group at the same time

WITIES 6 d BRIGIFTHI AR ZERARITFE X
(P<C0.05), T4 15 d (K. B4 APG 445 (P<<
0.05) s MMP-9 2 [ B 15 d 53677 1 LA FE AR
(P<C0.05) ; TIMP-1 ¥ Ji 4% i} ] 57 5 A 2t 455 ] — 7K

TR TG EE L (P>0.05),
2.4 PHHEEAFEL R MMP-9/TIMP-1 bt &
HELRSBRHRENXER

M2 2 A 0L, APG HEEIRYTIE 55 6 d F1 15 d 1
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MMP-9/TIMP-1 Lt {8 ¥ % 36 97 171 B AL (P ¥ <
0.05) ARUEIE T 41 MMP-9/TIMP-1 {74 15 d
I8 IE 7 BT W AR (P<<0. 05) 5 AR [R] i 1) A5 26 1) e
BMERILGITFERE L (P>0.05),

R #2041 MMP-9/ TIMP-1 YA 5 it 3 i X
K/NEIEM I HR AHCRECH 0. 353(P=0.003),
78 MMP-9/TIMP-1 FUAB 5 3597 1 @ 45 5 fkl 26

3 itig

ABEFEEE T APG 657 Bl B ME VA 1k K ik 15t
% )5 s A 2E 4140 MMP-1 . MMP-9 % TIMP-1 {454k,
oL SR IR WA A 24 4 K g i MMP-1
MMP-9 , TIMP-1 ¥ 7 [5] — /K (P #4>>0. 05) , £ £
APG 87 J5 - MMP-1 7E55 15 d B ] 2 1 B, 38 h5
HEVRYT A% s MMP-9 16 APG 40 4 30 3% MR T K (1 8
POMIFERRAETR YT AL 2 T B PR AL ) b A 25 R 04
22 X (P>>0. 05) ; TIMP-1 7 APG 2H % i 3 5
5506 d 3k B AR HEIR YT 410 TIMP-1 JLF 4b
TRl — 7K P, WAL ] b 4 e B R 25 &/ (P >>0.05) ;
MMP-9/TIMP-1 (4 LGB AE P20 1 s B i R
Tt 97 1 AR 2 IEAH G (r=0. 353)

W PR s 2 EH T AR 2 e Wk R R A E TR L A )
THI PR 75 77 A R vk R B 1 K i L I A B AL A
T 1A A R A A PR A2 U R 5T 1 T LA 1)
A A . MMPs 7281 1 @ A 8 b i 4 e 17
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J& ECM rp i 4y i AR o (%) = 2 1 3 22 Ao [ AL
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HAEN . TIMPs j& MMPs (1) 55 5P 90 i 57 2 55
TIMP-1.-2.-3.-4"" BRI 3% Z Fh 4 i i) 2B K, A 56
N B JHR R R 0 A0 M e b e At . TIMP-1 5
MMP-9 254 Ja i MMP-9 3% 4010,

Lobmannn 45" He B0 IR 5 3F 45 PR AR 15t 95 41
41 MMPs 5 TIMPs /K ¥, 45 3 8 R ff & MMP-
1.Pro-MMP-2 MMP-2 , MMP-8 , MMP-9 #; J5 %
A AR FR B B Fh s T TIMP-2 B AR A g 41 il 3t
JE B MMPs (93 P K #2 5 TIMP (% R k0% A4 B

% M e m oA &Y. Ladwig 5 40 8 MMP-9/
TIMP-1 [ b A 2 12 14 6 A4 8 280 Bl 5,
W T 518 MR8 1 Bt 97 10 A IR AE AR A G
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MMP-9/TIMP-1 K LB 72 T B« bn E IR 97 41 1L
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derived growth factor, PDGF) .| Il & W iz 4= K K T
(vascular endothelial growth factor, VEGF) .3 &
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K ¥ (transforming growth factor-8, TGF-R) LA
Bk i B HREA: K H T (insulin-like growth factor-1,
IGF-1) . FATLLER I o8 . APG IR T )5 - Bt
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TGF-B1 REV5 = 4T 4 40 iy 3% 15 MMP-2 FI MMP-
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VI A 2Rt L R e 5 0 Y b B JB Y AR 5 ) e A )
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( granulocyte-macrophage
factor, GM-CSF) Dk K i M 5 £F 4 4 fd A4 K B+
(basic fibroblast growth factor, bFGF) fig 2 & &A%
PV TR 8 M 5t 9 2 N 1) MMP-9/ TIMP-1 o fi.
AN [ B0 ) 12 W ) MMP-9, TIMP-1
K TGF-8 I g B FIPAh @ & R R A KU
W /0Nl R S TT R 3 S A3 A TR S B TX
HH KRR G

colony  stimulating
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