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Effect of Heparin on Expression of mRNA of MMP
1,2,9 in Adult Rat Wound

Han Koo Kim, M.D.", Jung Soo Hong, M.D.",
Sae Hwan Kim, M.D.2 Mi Kyoung Lee, M.D2,
Seung Hong Kim, M.D.’, Woo Seob Kim, M.D.’

'Department of Plastic and Reconstructive Surgery, *Pathology,
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Purpose: This study was to investigate how the
heparin, which has been known to induce neovasculari-
zation by MMP in the infarcted tissue of the
myocardium, had influence on the expression of mMRNA
of MMP 1,2,9 of the skin wound of rat.

Methods: Full depth skin wounds were created on
the dorsum of Sprague-Dawley 60 rats. The experi-
mental rats were divided into two groups according to
the concentration of heparin(100 ng/ml in 20, 300 pg/ml
in 20). Heparin soaked gelatin sponges in different con-
centration were inserted into the pocket of experimental
rats and the wounds were closed. Normal saline soaked
gelatin sponges were used in control rats. Wounds were
harvested at 48 and 72 hours after closure. We per-
formed histologic study in H-E stain. RNA was isolated
from the harvested tissue and then real time polymerase
chain reaction was performed to determine the gene
expression of MMP-1,2,9.

Results: We observed that inflammatory cell de-
creased in heparin soaked group and heparin increased
the expression of MMP-1,9 mRNA of dorsal wound of rat
at 72 hours (p < 0.05).

Conclusion: This result suggest that heparin may
be used inducing another factor inducing scarless wound
healing by increasing MMP.
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HFEHL 91‘4

7]’% & R5) § 2 (matrix metalloproteinase, MMP)

T 1 7Fe AES 7EY Q7 b 9iAd S £
Eq, 714 FEHMEE g4 22 A A (tissue-derived in-
hibitors of MMPs, TIMP)ol| 2|3 HAldr}t. HMFEAE,
ZANE, 335998, dAAZN EHEH= MMP=
2338, @AY, 22 TAAANA e 4 F
83 A98s a1, Y o dAA &g A 1
A 5ol 2F7|Ho] AW WA A4 T HAY et
o 53] AZojme} MFAANEAAN F7tE S 5
e MMP-1, 99] Aot d#Ee] ot RuHgt’

FHE 9717 g€ "ot FgAMs MMP-L, 97+ A
i) Ao wish o w23 o ZA dgsie] MMP-2&
Blo} oA MatA FAT 4 e gadth
ojRAL ZA FH ik, AXE ol HTT A 7]
A(fluid matrix)& TEo] 2= FH flo] FEA/FE 7
=3ke AoE AN U’

9 e AIAN] FA FHddA BRANS
1}15}01 AR BYE ol o] AL §3}o

2 AT B2 BHEAE SA4gEt AT A
'n-_‘?_lﬂiﬂ]/ﬂ MMP-12& Z7HA1Z ¢ ojg Zlojtt. & & u
o 23 FPANL MMPo <3 mjEcfE Holth

ol e AAgrate] B AFME FHel F3 AL L
2ojsle] HAIZY =T AL DS (real-time polymerase
chain reaction, real-time PCR)© 2 MMP-1,29 mRNAE
AgEste] MMP] W3l FE Ao N & 3o
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BAAFHAGA MMP-1,299] #3tE op7|A7=AE
otz sk

Il M2 # oy

A BAT GEPE o) 70ok(HEE e, ET
el s o, AFARe] g AA%e AN F A
e A

Heparin(Heparin sodium salt, Sigma Aldrich, Korea)
2 100 ug/ml, 300 pg/mlE HE0] AF&59 11, heparin2)
carrier2 % gelatin(Cutanplast®, Cutanplast, Korea)& A}

&3t

L. Al
1) AE =SS0 &aqat

5% ketamine hydrochloride(Ketar®, Fatoksy, AL,
Korea) 20 mg/kg$} xylazine hydrochloride(Rompun®, v}
oldzg|ol, 4-&, Korea) 2mg/kgE EF3|AH 538t
AAE A2 F w2 D2 AFo] W WEHY
o2 W¥g £5dn vy A6z A dshdh

4gze TR el Buo) net 22} 00ty
F ToE W, 839 wiFdd 2eme] HifE s8ta
2E B d o8 A 179 <= heparin 100 pg/ml-gol
of, Al 2l 4+ heparin 300 pg/ml-E&-4o] 1 X 1cm 7]
9] Cutanplast®—§ 587 AAl & AR gdld ¥i6-0
Hdges F3s 5stdth

212 heparin T2, A2l4do] 4l Cutanplast
P2 olgslo FUF Wyoz mz o) AYste, 100}
2le A4S V1ot $e FHE AR o8

no

) ZE 4]

X
S F 48T A R 712 ohA 2 B

Table |. Primers Used for Real-time PCR
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£ A8, AyolA 20u2](heparin 100 pg/mlol A
10v}2], 300 ug/miel A 10mke]), tizTo A 15vte]e] &
ol A hedelA 2 x 2mm AZFHRE 2FHstS
RNAFZS 98 Basigh. 437 5 200t (heparin
100 ng/mlo) A 105}2], 300 pg/mlo] A 100}2)), thza 5
oA 15t A3 F9 o 2mm WARE EF3te] 25
X 05cm A7l AFAANE HASS 22gH AAE
A3 10% =22y Lo 1YY

Ch. Topabe

1) 2B A}

10% 223y gdd 133 24 & 4mm FAR 4

w50] 7+ 2] Hematoxylin and Eosin @442 2] d]|
AFHE FE &v|7 4008 Aokl A Ao] B

nade A Awo} Ee BT

2 HAIZH STAL FEELIUISS 0|8 MMP-
1,29 SHX} 2E9f f

a) AerA] AT FF3} FA(standard curve) FH|

FF MMP-, 2, 9 §AHAE 2Z3 £ & A
(primer)$} Y5 th= §-AA} FZ-2- 9|3 glyceraldehyde-3-
phosphate  dehydrogenase(GAPDH) A]'#A|£  Primer
Express 2.0(Applied Biosystems, Foster City, CA, USA)
TP EL o] g3te] 1ete g tiTable D).

¥z3 Mo "R genomic DNAE Wizard®
Genomic DNA Purification Kit(Promega, Madison, WI,
USA)E AHgstel 228 §, 247 4H45E FREA
At o2 SFAS ojm el PCR ¥Hg-AE APdA|
ZvZy 0.51M, dNTP 250 uM, Tris-HCI(pH 8.3) 10mM,
KCI 50 mM, MgCl, 1.5 mM, Taq DNA polymerase(Roche
Diagnostic Corp., Indianapolis, IN, USA) 0.5 unit,
template DNA 4pLe) B¢ £7F4E 378ty & 200l
Z WEdY. PCRE AF2=xA7|(GeneAmp PCR
system 2400, Perkin Elmer, Foster City, CA, USA)E 9]

Primer Oligonucleotide sequence (5-3") Product size (bp)

MMP-1 Forward TGGGATTTCCAAAAGAGGTG 121
Reverse ACGTGGTTCCCTGAGAAGA

MMP-2 Forward GGCCCTCTGCGGGTT 125
Reverse ATTGCACTGCCAACTCTTTGT

MMP-9 Forward TGCGCTGGGCTTAGATCA 114
Reverse GGATGCCTTTTATGTCGTICTIT

GAPDH Forward AATGTATCCGTTGTGGATCTGA 122
Reverse AGCCCAGGATGCCCTTTA




AT 5 slwdo] MMPRE VX = Ja

&3t MUTolA 58I A WAL F, 94TAA 30%, 55
TollA 30z B 72°Coll A 3024 353 FF31 vpz|2o
E 72CAA 10% < @isAAh 4749 S544=
2 3% agarose gelo|4] 100 VE 3087 A7|95¢ &,
ethidium bromide® A3} UVslo|A] ZZEAE-S &
213}tk PCR &5 AHES QIAquiCk“’R\‘ PCR purification
kit(Qiagen, Valencia, CA, USA)= AA3 & dAHo =
s4ete AA7 4% PCRAAN ¥Z 29 template
2 AMgshgck

b) = RNA %3

% RNAE RNAqueous®-4PCR(Ambion, Austin, TX,
USA)E AHg3to] F&stAth AT =3& 4] 1.5ml
Q8L FU2 $7 A& 942 BAP F guanidi-
nium thiocyanate7} E90]9]& Lysis/Binding &<} 400 pL
g 2715 240) 9Ws #ARD WA TR
Z3ko] 64% ethanolg #A7}sled & A& F silicaz o] F
o]A o} FHRNAqueous filter cartridge)ol] S8 AA
53K 13,000 rpmo A 177 A4 Z skt o
tRNAS} 55 ribosomal RNA$} 722 df$ 28 RNAE A
913 RNAZF ofstuto] ZgsiA k. DNA, did o
02 od E28 AAS] At ART/S ANZL A4
228 FERE &7 71E W A AHgdez o3
W& 33 AHst AR 2 HE RNAE F53517] s}
o, AW N2L FHZ 7)1 80TE 71ed 55 &
H 50pLE oHHe] FY¢ o F &F% $ 13,000
rpmoll A 17 94 EFste] RNAE fddh 54
RNA &0 Fol9)e DNA AAZ 93l DNase 12
units/pL) 7 $ZH-& 7}ate] 37°C A A 1A F3t whE-A]
713, thA] DNase & H|ZAEA7]7] 93t DNase
inactivation reagentE H7}slo] Ao 2 x5 &
13,000 rpmof A 187 AR 8D 45& A FEZ &

71 cDNA @A A&ttt

il

M
=
oL

c) cDNA ¥4

cDNA A& 93 dAAE 1st Strand cDNA Syn-
thesis Kit for RT-PCR(Roche Diagnostic Corp., India-
napolis, IN, USA)& Al83}e] & RNA 10uL$} 10 x
reaction buffer(100 mM Tris, 500 mM KCl, pH 8.3) 5L, 25
mM MgCl; 10 pL, ANTP mix(dATP, dCTP, dTTP, dGTP,
10 mM each) 5ul, Random primer p(dN) 65 uL, RNase
inhibitor 2.5pl, AMV reverse transcriptase 2 pLol]
DEPC-A ] B¢ F7FE F7ete & 50uLz &tk
A} ¥2e AFLE 2 A7) (GeneAmp PCR system
2400)0l1 4 25C ol A 108, 50Tl 607t ¥H3-A] 7)1 &
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A} EA0 BEAIE 98] 99°CAA 557 vheA AT
A E (DNAE QIAquick:@ PCR purification kit(Qiagen)
£ Agstal FAE ¥, 260 nmet 280 nmol N EFEE
ZA35te] AAS DNAY %47 £22 Flstygrt

d) 2A)7t A&7 PCR(real-time PCR)

AX7t AZA PCRE ABI PRISM™ 7000(Applied
Biosystems, Foster City, CA, USA)-& A}-8-8}% 31, PCR 7t
sde 2 xSYBR® Green PCR Master Mix(Applied
Biosystems, Foster City, CA, USA) 12.5 L, Al 2tz
320 nM, template 2uLE Y3 B SFFE A7islo &
25 L7} S A 33, 50Tl A 28, 95°Coll A 1073t ¥+
A|Z] 3 95T A 15%, 60T A 184 403) 93 A1H =
Z 3ttt o] o SYBR Green® PCRZ 4% double-
stranded DNA©] A% 3t g3 UYetliA HEZ, g
o] APHdl we} BAsE FFTE 7t FUvie 7A
e Rz FEF FHE AR
B AAFS S48 ¥ & FF x
F7V7F A HA gov dA FI17F Avd 534
o] HIZ A 77 ZA 7] Al Aeted, o]d
o] ZXE 4 Y& AEE FEAA FUhsk= AR F
7148 Ax FI7)(CT, threshold cycle)2 w3tz glth
aYeE EA3t a3 AA A 4 FHAe] CTg

T8 g3 v 34 7AAY FF AE
g]4slo] PCRE A3 AHZREH a7
olgalo] £H 487 PCR $HNE
AT BA §A% 2A ) AL
A2 GAPDHEZ o] g3gon, 7
& wloz FAld GAPDHE A3
PDH®| PCR FEAHEo] tg B3 F349 PCR
go) Wg e B4 FA7 2UE AT 4

CEE AAE 424 2H e 3WY SHE A7
347 PCRE A3l o8 Ae] HEGoR Bk

ofr
-

o &
off

X o
fru

B
N <
ek e
4yt

o2
>
o e

o,
B
Ho

= ool Ax

oo

9
o
of
€
N

O‘P: dor do Lo fo N e wfo
J
[P

QL
38
o

~

CR A+29] dissociation curve 54
A3 Ete]

2 % €5 & E(melting temperature)
g Pge=

AA¢+ GAPDHY PCR ZEA] ©
Y g0 F gtolsl g t}(Fig. 1, 2).

AAE 93X T ARHE-& o] 88t iz H
heparin 100 pg/mls*, heparin 300 pg/ml o 4] MMP-
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Fig. 1. Quantification of MMP-1 mRNA expression in real-time PCR. Serially diluted samples of purified MMP-1 PCR product and
cDNA(unknown samples) were prepared and amplified for 40 cycles. (Left) Plotting fluorescence data against cycle number. (Right)
Melting curve analysis for each sample was performed by plotting the first negative derivative of the fluorescence (F) with respect
to temperature (T) against temperature [(-dF/dT) vs T] and showed a single melting maximum for each sample indicating specific

amplification without primer dimer.

AR .

1het8)

IR RN

Fig. 2. (Left) Generation of an external standard curve for real-time PCR (a: 1 X 10°, b: 1 X 10%, ¢: 1 x 107, d: 1 x 10®). The graph
shows the interrelationship between log F(fluorescence) and the amplification cycle; background levels are indicated by the horizontal
line. The cycle at which the sample fluorescence crosses the background line is set as the threshold cycle(CT). (Right) Standard curve
of MMP-1 for real-time PCR. The graph shows the regression curve resulting from threshold determinations for the serially diluted

MMP-1 PCR products.

heparin 300 pg/ml A7 & AFE BlaT & e vx
3 749 Kruskal-Wallis TestE A]33}e] pghe] 0.05
ngel A9E A sels) gl Aoz BEAA

m. & =

Mo
rid,
uf
olN

3 AE] +& dn|7 4008 Aofo A Ao
HAANE FaHoy ofFd HEE A g2 A U=
ol ME 7.60 £ 167709 AFHMET BHAHAL, HEF
2 48417k A3 Fol M= 10580 + 4.327) 2 FAE O
o, 72717t A2 Fol A 9940 + 322712 A7ke] A
SHEA okt EEAH ¥ 74389tk heparin 100 pg/ml
£ 4847 A3 FoAE 75.60 + 9.670, 72X17F A §

oAM= 73.80 £ 12767] 2 #EE o] AAFE A #
o vlgte} GFME 7} 7438191, heparin 300 pg/
mlE 48A)7F Helgk FlA e 75.20 + 10.2374, 72417F
2§ FoAE 4920 + 12217] 2, heparin 300 pg/mlE
72Xt Mg oA AABA FFA R S FAE
ATHTable IT). FFAE] & oo mPd9 33 F=
o wjgde 7k & 7Ho] 5¥E ol YehlA st

L}, &AIZH HEAL SESAHMNESE 0|88 MMP-
1,2,9 7EAL Walo| Alrjma
MMP-18] W& Gz o)A 747(+ 2.35), thZZ
X 48A17ko] 11.82(+ 6.91), 72A17k]l 9.22(+ 5.01), heparin
100 pg/mlz o) X 48A) 74 10.54(+ 5.28), 724|744 18.31
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Table lI. Inflammatory Cell Counts(HPF x 400, p-value:
0.0001)

48 hours 72 hours
99.40(% 3.22)
73.80(+ 12.76)

49.20(+ 12.21)

Normal saline(control) 105.80(+ 4.32)
Heparin 100 pg/ml
Heparin 300 pg/ml

75.60(= 9.6)
75.20(+ 10.23)

Table Hl. MMP-1 mRNA Expression(p-value *: 0.011)

48 hours
11.82(+ 6.91)

72 hours

Normal saline(control) 9.22*(+ 5.01)

Heparin 100 ng/ml 10.54(+ 5.28)  18.31*(+ 8.94)

Heparin 300 ng/mil 10.35(=* 2.08) 24.26*(+ 5.24)

Table IV. MMP-2 mRNA Expression

48 hours 72 hours
Normal saline(control) 3.44(= 3.48) 1.66(+ 0.91)
Heparin 100 yg/ml 5.35(+ 2.89) 5.26(+ 5.93)
Heparin 300 pg/ml 5.52(+ 2.20) 1.73(% 0.57)

Table V. MMP-9 mRNA Expression(p-value *: 0.013)

48 hours 72 hours

Normal saline(control) 3295 (+20.41) 41.19* (£ 18.30)

Heparin 100 ug/ml 40.04 (£539) 44.93* (+ 34.75)

Heparin 300 pg/ml 5322 (+9.45) 131.09* (+ 37.75)

(= 8.94), heparin 300 pg/mle 4| 48A]7kel] 10.35(+ 2.08),
T3] 2426+ 524)9) B EEAAGHTable TN,

MMP-20 A& AAzAd A 551(£ 1.75), thETNA
48X 740 3.44(% 3.48) 72A]7+6] 1.66(+ 0.91), heparin 100
}lg/ml{foﬂ}ﬂ 48| 7te]l  5.35(* 2.89), 7277kl 5.26(+
5.93), heparin 300 ug/mlz ] A 48A| 7}l 5.52(+ 2.20), 72
A7kl 173(+ 057)¢] BET EZHASCHTable IV),

MMP-9o| X = Az 2 o A 30.54(+ 8.91), tZFlA
48] 7ko]] 32.95(% 2041) 724)7kell 41.19(+ 18.30), heparin
100 pg/mlol 4 48A17kel] 40.04(+ 5.39) 7241 3ko] 44.93
(£ 34.75), heparin 300 pg/mla-ol| A 48A]7kell 53.22(+
9.45) 72A)7be] 131.09(+ 37.75)¢] FH@d EEBAGT
(Table V).

Kruskal-Wallis Test& A|3)8}o] t) 2T, heparin 100 ug/
ml#, heparin 300 pg/ml7S Bl S o 48A|ZtA| A p
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Zko] MMP-1-& 0.990, MMP-2= 0.336, MMP-9+= 0.108%
p3rol 0052t AEg Mzt FATdHoZ {43 A}
o7} itk

72A1Zk A pEko]l MMP-12 0.011, MMP-2& 0.852,
MMP-9%& 0.0136.2 MMP-13} MMP-99| A EA8 50 &
F2g Aol7t A &, x| B8 heparing o A4
72A1Zk] MMP-1, MMP-99] 9§ F7b7F Ao

FAre] NE7]AL IR FE(cutaneous repair)ol A
AE &, o)F, 524, w5t F2% 23 AR A
Hl AAAEYNAY I FAEL HAHFHA 129 &
A, &4, B 45HA B s 2 ol
3 A Bl AolAY, FEG 714 GO 2A
A B2 vAGE 71 FH0] A2 & UL, BF 7
HAE 7|4 9o =g 2 Qs wFLH 71E
Bzt A7 4 Aok FA71-AA S, geid, d
g} 2l (elastin), 28 FZA}] =22 TH(glycosaminoglycans),
= 28 2 F# ZHproteoglycans) 2] &7 3= HFE
AE} AT T8 FEE Pk g FE1E
Bl A& Ao Bedsts MMPsS} TIMPse thaksh Al
ol A AArEch MMPs= 374 2 B AE97d ¥
Aol #olshe 714 FHTHEHaLTO, B &
29 (zymogen) 0.2 EH|H o], FujFFA ofdAdEA
o, 714 5o wet &7 =, TIMPsol| s A€
t}. MMPs kA B0 A 284 & A (rate-limiting
enzyme)Z 28319, 3 AEL7|FY tEAQR, d
2H°, Af2¢4(fibronectin), T2H L ZET & £
et

A4 T MMP-1, MMP-9, TIMP-1 mRNA~Z} A 1247+
A Z7tEH 2, 3ol HuH o]2= AL A3 HY
A5 2 FAA X @ 7|5 HeE FFTAM 2
89 we MMP9, TIMP-1& A& = Eu)3ky, ¥hd
MMP-1& ZHa A Fol5d Bashh® B4 2 3Y oF
MMP-1, MMP-9, TIMP-1 mRNA7} A48 Z712 Bo)x)
FE AL FAEE9 Fo} £ AP AN E= B3}
AL 9usta, A e A DR #F
EE= MMP-1, MMP-9, TIMP-1 mRNA&] @& 3= A
AR fAE Ao 9L s Ao AzEn’ W

34 Qe Z49%dA MMP2 mRNAE F5E9]
g Holy, o= AFAT {FAo MMP-27} H&-2
E AL gujgtz sgen 4 F 3AAAE
MMP-2 mRNAS| Z7}Ah70] HolA| gehr} 5de] F7}
3 UL7HA FRAHE R2E Hol MMP-27} 333 &

X
&
o
i

L
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A Sobl & 7] AFA SANA F83 guE 7HAT
ST L .
MMP-1(collagenase-1)& F2 JF-E2AHE, A E, o
she A EoM s, Fehl dAtdA £28
Aaw ALt d MMP-19] o3 WAHY, Z
2 MMP-9(gelatinase-B)ol| &J3) Hajdth MMP2= &
34 Fol 53 (repain)irhe M FLe F70] Bl
& A 9lon,5 MMP-14(membrane type-1)
pro-MMP-2s} 2ol B4she MMP2E
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Fde Al 2% MMP-1, 9 mRNAY 2712 o

"‘f‘ [+ IR S
Zste], ol MMPs7t 49} A)dasto] ] FAuks
olg

B

o o]

2t AZetgla, TIMPO] o3 MMPe] Al &

747F A 29712 A EH(turnover) F7}, bl %329

e, ARolEo] A Ad 7] (fluid matrix)S THE
o] F8 flv 4 Bt sg’

2749 ZARNAN LB Ae

AZ7AMe HAE A Tyagi 5 372 oo

A2

A2 M Z(human heart-derived fibroblast)o]] A MMP-1,
28 Z7}A71Ed olAo] Ca¥" §9(Ca’ transient)s} €]
24 B4R A EX(tyrosine kinase activity)ol] 2]3+ Ho]
g gkt

£ ARolAME 719 dFlA MMPY Z7171 FE R
£ APARE HEHE MMPRAY 2718 FEsE

WY ZolA heparin®] ZHE YolH 1At AHFIHTE
Heparin 4@ #o] -9 F5& Tyagi 59 A<} v
223} 100 pg/ml, 300 ug/mlo 2 AL-31g 1, 222 A
b2 Dangell 93 A@olA 7 F7hek AlA Q1 48417,
727zt 2 ste) APstint’ 2HstE HALZE 400M)
Alofell X FFAEE Aol Ao diz7ol vls] heparin
100 pg/ml, 300 pg/mirell A FEHEL 7} 7Hase]
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3, 4ZATY e 9o wdAe A% AEg v
dnR4ox 7 2 7ho] BWH AolS el gt
24874 Zoold UAe) A2} e Aol g
AL 33 F 2949 Y7ol 59 olFo] M), B
Ao A E 48A13E, T2 ZAAALE AERonE
a7l g9d Ao A

2 49904 34 F 7242 MMP1 mRNAZ 9%

(A AEFF)ANAM 9.22(£ 5.01), A¥+ F heparin
100 pg/ml FJFolA 18.31(+ 8.94), heparin 300 pg/ml
FYPTol A 24.26(+ 5.24) 0.2 1o} T HiE| AEE
o] TAA LR WA 7t , MMP-9 mRNASj
M= 72X W zel HlE] Aol BAGH R 9
oA 71k ¥hE MMP-2 mRNAE 72A)74717) &
AHog uigle 7S HolA| gkgitt

ol ARG UE fdekA flo] MMP-1, 9
mRNA9Y F7l7h 34 F 2, 344 Huo] ol=n
MMP-2 mRNA7} 34 3 3A8 7R Z714A4L HoA)
ete 71T AW A 2d¢ BRAT £
B ZAANA o] FA} 72412 Fo] MMP-1, 9
mRNAE EA38 02 4987 2714728 Dang 52
of ofs MMP-1, 99 4t Al Z77) HtEgle A4S &

re FEATE J12 A9H A
shelo] MEGE F4S 9T £ At E e 297
o
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