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BEAEIEEBREICBIIAL vy —O 4 F 10D
FI & FOEEFHICH

SRKFEFMESFHERSME (X2 KB W)
= ® & A

BB IAALER I AAERT, B, BB VI HEICERE T HMZA L, REHIIBVCITEEHICEET 245k
RHB/ T T 7 —VDEELREEES TV BN, EENTO—EOEEREIERLET TS0, HERTT#K
FIHET ARFHFATRTH S, KFETIE, £, BREETS VAL THAHA ¥ —04 % (interleukin, IL)-10
DEFREEEABIIBIIAHES L U F0EYENEREIIOVWTRIT L. v 7 ARBEBRICBIILILIOEHOREE
12, BESICEET AITRERVE A VIHENT A KES R (SEHIBE) -7 L%, —BEEA LAY, w0
Tr—VOEBEFRSIERL 25 KEPEY (FHEERTEME CBUPE -7 1GEL, mRNAOFERL e B AL Tz,
WA 7Y v FEE (n situ hybridization, ISH) 8 X UREREOBREHED b XEMRHIZ B TIIREMEL, &
51, BEWHCEETIEERB I UEEAT A REMBATII0EAMBOTETH L Z EAETEEINL, ILI0DFERIZ2D
DE—IHFBEDLNLZ s, ILIOHNELBERRFICEREG L, TOMRTSBEZ6BLIURERE BV THEL
fo. BFRUAEE ST & D IEEEHEE BV CREMT A AL X THBILL B, IL6, EHEEET (tumor necrosis factor-«
TNF-«) BLUC-CHrEH 1 T3 % monocyte chemoattractant protein-1 (MCP-1) & macrophage inflammatory protein-1 «
MIP-1 o) OBRBERAED SN/, 612, BEFICEETLHRRE~Y 707 7 —VKOMMERD 2. ILI0DOFEFDN2
DOE—7, BAMPITFRBLYv 7077 —VOEEBLUZOBERNMEFRICEELTBY, b iLER %L LER
BEAHT 27006 REABRARKICTHL EEZ N, D EOREY S, EEAEHEAREIZBITZIL10 DS
Hohkiol. K, EEFWNZBEA,D, BESEE COZHEEREHOIL10 mRNADZREFEHIL, ArTRIE L SEHRE
BEERENT A ETOSFHLIEEL LY ) BPErERE LA, Tabb, vy AEMEBEHICHEIT5IL10 mRNARBED
T HBEENOEELED T, ZHEHEONH 1800 DHE, $EE K1) A 7~ ¥EBENIC (reverse transcription-PCR, RT-
PCR) =2 AV THEEIICEHM L 7. IL-10 mRNARZFEZ 50 EH2 5 28I HEML, BEEE CORREL LB L -5E,
FE 0<0.05) ZEMAEHEZ30H5 1803 TRO LNz, ZOMEEIIERESHEREL 277 A0 THHEREN, —
5, ERBETERAELEINERD b eh o7, ThGOBED, S, EFEEHIZBITS L0 mRNABHEOMNDS, %
BHRBHOEERICOBBRIEEL RN ) LT EWRBESINS, 510, mRNAG—#FIZEL SN TWB L EIZFEHRELIC
HLTRETSH S EAVREN, RI-PCREIZ L B mRNA DT X EBOEBEEHRBICLSICHTETH L L Bbh/. &k
12, REMWTA M A A4 OBRETFRHALEFECD 2 WVITZEREARBEEOCREL LTULHAT 5 20 OEBNE#EL 155
BT, v 7 ARBEAGHEBEARIIBITAILL, L6684 U TNF-« mRNAOERBHBHBEOER B LB LizkiT5
BIEZME L7z, RT-PCRIFIWC LY, BEBHICH T 5IL-6 mRNAOREBRIITHHZR6MHME, [L1a, IL1 3B L TNF-«
mRNA X SEHAS DO 2B BIZ I CE— 2 2 BT AZ ML L 2o/, ISHERZBHWARENIZL D 25 mRNASE
HEORMA, ERGBHRICRET2HEER (vru 77 —), FHMAMNK (PP LREMBICBTBY A M7 1 20K
B OTRbERIFCBIT BEEREE R L TWA I EA7R &Nz, IL-10 mRNA N2 THEBEEE 2 & 2 h & JSfetey 1
M4 OmRNA%Z RTPCRIERZFHWTHEBRCRHTAZ L2 ), EBOEEHBRAICB 2 EERCOREEL LTORH
EXMET 20 EEbh. U EOmRNAMTICHET 2 BEE, EAE LV AL TORTAEERTH - 7o iEROLEBIER
DMFEFTFIIBNT, FlcBELZL-6TINLEZ LN,

Key words wound healing, interleukin-10, inflammation, chemotaxis, forensic wound examination

FROILE 7 A1I5BZM, PRI11E9A 1 HZH

Abbreviations . CSIF, cytokine synthesis inhibitory factor; DAB, 3,3'-diaminobenzidine; DEPC,
diethylpyrocarbonate; DIG, digoxigenin; DTT, dithiothreitol; IL, interleukin; ISH, in situ hybridization; MCP-1,
monocyte chemoattractant protein-1; MIP-1« , macrophage inflammatory protein-l« ; PFA, paraformaldehyde; RT-
PCR, reverse transcription-PCR; TNF- « , tumor necrosis factor- a
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A ERIEEGOEER LR T 0oL~ 2T
B, FOBBITBWTRER, BB, RABLVIHEI
EETAHMEAET S, DEUVBEBIERENE L, FERC
BT AT RERCHEIk/ v 0T 7~ D, BARTA b AA
YRMEETEEET S LV ERBRECOEE2RE %
TWaY Z0)LREETA ML THEA 5y -0l
~ (interleukin, IL) -1, IL-6°MEEEFEKF (tumor necrosis
factor-a, TNF-o) IF I 0FERbLEINr 077 -V X Y E
ESN, RERIBICBTLEERZATA -5 -t LTHOA
TWw5A2™9  F7:, 118, monocyte chemoattractant protein-1
(MCP-1), macrophage inflammatory protein-1 « (MIP-1 ¢) % &
DI EH A CEREMIRIRE & OBEFFEN, 2ok )iz,
ERATO—EOEEHBEIER BT T 5720101, Zhs
YA b A OB B ERF 2 REMREEEIHL,
RIS BE R T 2BFAARITRTH L.

HHEY A P A4 Y THBHILI0E, Thifilgodr 4 oA
CEATIHT 2 Th2HEEROEFE LTHREENZLDT
BN, BPWETA A A CEEIHEF (cytokine synthesis
inhibitory factor, CSIF) & IEENTW72H7, FDHBOIFET
CSIF{EHELAMC D S D EYFEM L FT5 Z LA L, 1L
102 F sz, IL10iE Thiflifa e Mek/~ 707 7 — ot
LCiIsEICER L, Elftsnizvrorr—Ih b4k
EMET A MA A 2 AL, 16, TNF-o) OREL % IHIT S
—7%T, BffifaoMappfiie, FEMMAE, MiaEEETHR I
LTI En2E L Tw3Y 10/ v 277 b= Rd
Kihn 52X DR SN TB Y, REMBEZHETAZ LD
HohTwa, RERLOBETIX, U vFHBEE% 5%
L) 7R —FR, KEWHES, MIEE> sy 7 2E0H
DRERBELKEMRETCOMSIHL L EL-TBH O, B
ETHRBELERPKECEFHTIEFE LT, IL10B &
UHEYE O RRICANOTREEDREFT ST 5,

BREELILI0OMEMEIZoWTIE, ThaMiak Wik sh
BI04, IL5, IL13 & & b IZHREFEREICBIT S Thl/Th2d NS
YAEBIMT AT A P4 ELTCOMRERSERENTS
H, EBIZ, L1013 Thl1 BN O RIERE TH 2 EEEBHE
FIGAEI T 2R A4 L9, SIRBE %O &AL
BT 2 GEEEORFNZ S ILI0ATRS LTwa L ahp 99
$/2, 7 ME—MEELETY, MEEYREOEREOBED
Eishoo8 ), ThIBME ShAEEIZH LTI a0 E
T MNL0ODHREWETH S E VIO IL10E7 7 F/
FAPRT /077 —UDOEESN, Y7077 — IR
RS DREEMT A b A A L OEEIFE X OBRIERET A b
NA L THAILILVET Y =Ty TAMNDEETFET S
EHEFLY, £72, MCP-1, MIP-l o, KCHREDTENA »
DELIH %8 L TREMBORBICOES LT3 22, A1
BOIL10/ v 777 b= ATIIRIESL ~EET B IR ER
ML, SEBMICBWTCCTYENA > THDHMCP1%
MIP-1 ¢ PBREICFHRE L TV B 2 LD HE S DD, 2542,
INLDTrENA YV IEEBOAMGHREERIIBVTO T O
T7—VOEELRELMMNTO—2THE I LD EHaNT
WHEHI fES T, IL0EEAIBEEICBVTL ISR
FOEYHEEEALTRERTEHB L T0E I LT
N, ThETHDEDA, BN LEMBEREARICE
5 IL10 DB EWFEMER SOV TSR ST

WL,

ST, BRI IOL )4 B AT 4 T— % — D5
LTWaA, EEZNRBAISIE, Fh5 ORENLEEN
BB FHHEBREEH 5 VIZEERICOEHE & BT 5354
EDABDOTIERZCD, LWHRESRY L. ERFEER
BV THEREIRLIEELREREO—2TH Y, BED
S RRBR R O ER EERICOF EOHUT (ERTHEE - B
HRIBEOER) 2 FEICT) S LERSIRE. EBICE,
INS B O AIRAET R B & UMM R R BRI %
BELTHRENE Z EWBWAT, B4, 4 A1 it
<MYy s R, BESTFEEOEGIWMBITICBIT BRI LM
L, EEFREICEAL L) LT 2 RAVFEERESEE L
S TIFLRTVBE D, T s DREREROTEIZBIT S
WreEis, REMGCENZFELRVIERE LNV TOFN
BEFETHY, KEHEYAS FH A2 THBILL, IL6TNF-«
IZEL T, Z0REEMLEN S BENFSEHEARE DM
FIHERTHh oL VI REF L SR TV RS,

—7, RNADIM % EERGREICCHL L9 ET28A
HEFIL EN TV A, Buris™® B X OF Oehmichen & 121818
HICBITZ RNAGROBRMERL I v 2BV THREL
BHBMIZBVTRNAGHEF AL TWB I LR HE LS,
mMRNADBAT 2GR LIl hETCoLZARETH A,
ZOBEMIZ, EEFOHEFIZLOBRE, ELORERM
DT TRBEELOBEL T T 5728, mRNAIZIERE LIS
HRL D IZHFER D RNase 2 Sl L W ESTFALENRTLE ) &w
P ESL LD EREDbNL. LiLLds, FIAIEITEERN
KBS W AR OBELRERICK SN BEOEREE £ &
AT 2354, BB ICBTABEREORHRICL > THIT 5
0L, GLAFNIZEL > THESN LI mRNAZ R T 27
A, SHHEBIIOVWT ISR EFREOEEE 2L L
PR END.

BRI BWTERIY, 7, £BRWIC~7 2O IZDE
FUERL L, BEBBBITICEIT2IL10 DEEEE & OB SR
A bHA Y ELTOIA0D4EYSEN 2SI BT 2 e %17
o720 KT, mRNADOT ¥ EEBEERECISHT 00
F AT & LT, RO Lo~y ADRERE
& IL-10 mRNA D AT, FROFZEHELIZBT S
B EERICOBEL Y ) BHhE D, FOWHEHEIZOW
THHE LA MRAT, REETA M H 1 o OBETRRES
BRFCBE I E O L L CIEH T A 20 O RMMRE 215
HHMT, BHOAMGHEBEIZHITSIL, IL638 LU TNF
« mMRNADREI 2 BHEOHER B L UMY HicBir s
FTE b B CRE L 7

MHE B L UFE

. EWAIEAKTEIRICBIAILIONES

1. ##

EBREM & LT, Cr: CD-1 (ICR) K~ 2 (8B, &
F30~37g, ARFy—IA - N—, B 2HV, R
TE=A® (AR b, KE) EHERES Gug/e) 1245
BT TYYAEREHEL, HBEAAATES2mOEH
ERB LR LWAIZERLE. F0O%, ¥ 7 AIERE24T,
BENDENTRE L. 2EHL 3, 6, 12, 24, 72, 144,
240 HICT Y A (BWEHISIL) 2 BRI VERL, A
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BrLHHS mm F TORBARWMUAB & Lz, WHELT
BEBOLRVT Y ADER RV, BMERIISNKRFEENH
X B EERABET I - 7.

2. MEE—FR) A5 —VEHNL (reverse transcription-
PCR, RT-PCR) #

1) #HRNADHH

R (EE50mg) 50 RNADHMHE &,
Chomczynski 5 * 0 J7#E 12260 { RNAIH AR ISOGEN (=
Ry T=v, BU) FRAWTIT-%. T4bb, EEREE
LI L1 ml D ISOGEN 4N A CTH# L, SR T5OMKEL L
%, 02mlosoa RV AEMATHLIRELA. 4T,
12,000 X g T155 ML L, EHEZEILL S v 78/ — v
05 minz FiRCLO4HKE L=, 4°C, 12,000 X g T104-
B0 L RNAZ R &7, hilkii80% =y / — L TEeiHL
WTER ST, 2010V FRET I —FER -1
(diethylpyrocarbonate, DEPC) ALEE % i L 7= Z&5E K& L 7.
RNABE 11 260 nm OEEIC L D fIE L 7=,

2) cDNAD &K

#RNA 2 g % $%8 & | T First-strand cDNA synthesis kit
(Life Science, St. Petersburg, USA) #H\WTcDNA%# & L
7o. 9, BRNAKA ) T @T) 121 774 v—05 ug &ML,
OCTIOFHMBE &7z, 5I&H AT, 10mM Y F+AL A
k —Jb (dithiothreitol, DTT), RNaseHEH| 12.5 847, HEE
RIS Ew, MY EMEEY A VABHREEERFS B L
EURIGHE25 1% 41 CTIRERD ¥, cDNAZER L.
I T#%, 95 CTSOMBRLIEERELRES L.

3)PCR

BRLET 71— OEERFNEERLIRT. £774~—
TEEE (BE) CREARLAEDOEHVA 3y ha—
ELTNIAF—EVTRIEFDIDTHD -7 7 F » mRNA
FHED cDNAZIE L 72, PCRICIZ2 41D cDNAR SR L LT
BV, %50 .M dNTP, £04,M®D75 {<—, PCRiEH
i [10 mM Tris-i58 (pH 8.0), 50 mM & kH ) 7 4, 1.5 mM
Bit= 72> L], TagDNARY 25 —F (FiEE) SHEM%E
EHORIGHES0 p 1R THIBRIEE1To72. 95C, 35 0%
M, M4TTLS, 65CTT25, R2TTIFOY A 7 1Vk 3-
TIF 3004 70, IL1013409 4 2 WiT o 72, RIGET
%, 6TO1IBEHOBER (0.25% 7O0E 72/ — LT )h—,
0.25% F L7 /=, 30% 70— N) ZFENLERKE
W12 pl%, TrisHM-EDTABRHE QH 7.8) 2 FAWT, 2% 7 4
=27V (Zy Ry I—2) CEBFEI00 VF CESIKEIL
. FVY LTS FREEITo %, BABBETT
PCRIBIREY % WAL L 7=

3. WA LALLIT v A (BELISA) i

B L - EERB 0L, 977+ —¥ (50 pg/ml, F%
g, KR &{0.01 MPBS (pH 7.2) #C37°C, 1K:RIEE
L7:%%, KETKREYFAXL7. 4°C, 12,000 X g T2045H
WAL, LEFPRMLARE Lz, RO IL-10EF L
Mouse IL-10 ELISA kit (Endogen, Woburn, USA) % BTl
ELZ Thbbh, FybRFfashizvisurL- 1 0%
7 = V50 ,ul@.]:‘?%i 72idvy A L1048 (0 ~ 13.5 BAL
/ml) &INZ, 37CT2GMRIC ¥, SHEPER, BEER
PRHLE 100 £ 197 200%, 37TCCIMERIES 7. 5625
L, FEIEZT 100 21 TF2MAL TERTI0HSKIC ST

3

%, BicElEEZzmA/. HEHRLEREHAVWCEY 2 v
450 nmiZ BT HWAEEzPE L, EEMHRE S LI EF RO
IL-10#EEEH LA, £/, EFEPOBEHEE L Folin-
Lowry BUB®IZ L Y llE L7, REEBICBITAILI0REER
OFHiiE, EHEMNERD ) OREHEREICHTSIL10ME
BEOLTITo 7z,

4. &AL 7 v FIEE (n situ hybridization, ISH) ¥

1) ML DR AL

BRECL 7z A & ) BT (10 pmE) 2ER LA, &l
RHURIEEE L, %235 RV AT LT N (paraformaldehyde,
PFA) # & PBS (pH 7.4) T154/, BIEIEL, Vw7 +—¥K
(Boehringer Mannheim Biochemica, Mannheim, Germany)
(2.0 zg/ml, 37°C, 107H) THREELELITV, 4% PFAN
PBST104[, BEELZITo/z. 3512, HHBEW 02N,
&, 1057H) THRESLE LT, FFERENL ST —TORE
fikoizdiz7E€Fv—ary OIM M) ) —LT 3V
1EEE, 0.25% EFERAR) 2 FRCTI05MIfTo /2%, =¥/ —
NMERFITHA, BE L. & RIDEREOMIE PBS TRA
L7

2) RNA 70— 7 DEH

IL-10 mRNAZH§ % FEERT-PCR DBEIREY 1 o1 % 857 &
LT, BLEZRTSRBMIZTI B LUSP6 RNAKRY 25—+
W T579E— =ML TI74 - HVTEART
v F-PCR (nested-PCR) %17 7:. PCREGHDOMHIZ LD
BHTHD, 95C, 3FONAEENHE, 94CTT14, 60CT
24F, T2CTLH308DOY A 7 VEEI0OTA 2 ViTolz. 20O
Bz 0 BoniTI/SP6 7 uEt— %~ 2 5UHMIEEW LY,
IL-10 mRNAIZXf§ A5t Y A8, 7Y F v A0V TS
= (digoxigenin, DIG) 1 RNA 7 — 7' % DIG RNA labeling
kit (Boehringer Mannheim Biochemica) * W T&ABK L7z, ¥
Zbhb, PCRIEIEEWS p1 %288 & L THY, £1mM®ATP,
CTP, GTP, 0.65 mM ® UTP, 0.35 mM ¢ DIG-11-UTP, RNase
FHEH 20 AL, BB RICHEME, 1785\ 3ISP6 RNAKF A
T — 20 L % &t RIS 20 1% 37 C T2 H KIS &€ RNA
TEBLL, RIDRTH, 20O DNase I 2012 37TT15
SRR LR DNAZ SR Lz, 75 pldT s ) — b, 254l
D4 MBELYF 7 25IMA—80CT2MEMEEL %, 4T,
15,000 X g T 1043 3% L» L RNA % (L S €72, Thigimid70% =
¥/ = VTHEL, 4°C, 15,000 X g T5 4 M#E0 L7,
DEPCHLEE % fifi L 7250 p 1 DZERE AKICHERR L 7.

IINAT) T4 E-Ta

B A 2 7Y R %, 100 M DTTIANA 7)) 4
= a VEW [50% A+ bRV AT 3 F, 10 mM Tris-4E
(pH 7.6), F ¥ /N )V MEE, 10% FF A b J Ui, 200 x
g/ml BERFERNA, 250 4 g/ml #7457 DNA] T37C, 187
LNATY T4~V a r&fTol, LN T4 E=Y
7 I DIG R RNA 7' 0 — 7 & i LA A i T L
72, NATVITAE—La e REBAPT50C, 16BEET
o7, BRI R OBEIE50% RV AT I FI2X SSCT50T,
204 % 16, 2XSSCT50TC, 303/ % 2[H, 0.1XSSCT
50°C, 304-M % 1[EI4T - 7.

4)Y A7) v FORIEMRRIL SRR

RO A %, DIGHEMRL [100 mM Tris-iEEE (oH
7.5), 150 mM 3E{bF btV v L] WSS EBES %, 1.5%
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7a v ¥ 7 H#E (Boehringer Mannheim Biochemica) 5l DIG
BEELCEIVERTLIEE, 70y X% TAa
JRRT 7Y —EEHEIDIGR Y 7 0 —F Lk 50087,
Boehringer Mannheim Biochemica) % iR T 1K KD S &7~
#, DIGRREH 1TIo4MH, 2/, &5IZDIGREERS
[100 mM Tris-¥5E (pH 9.5) , 100 mM ik F Y w4, 50
mM Bt= 7327 L) 1k ) 3GMFEHL L, TAd )k
A7 7Y —YORBIE, 450 pg/ml 7 T buFF IV
— 43 (Boehringer Mannheim Biochemica) # & 0175 ug/ml
579 E-4-7 0 0.3-4 » N& )V BEEEIE (Boehringer
Mannheim Biochemica) N DIG#EEE 3 % H vy, SEX LR
BHETITo7. +9LRRELERRE, Tris-EEB-EDTARBE K
[10 mM Tris#58 (pH 7.6), 1 mM EDTA] TRG*E1LL, &
BUHHAFTHAL TECPCEERE L. 28, BHRA
DRRMEL, L RAOT O~ T E iRt TR R AT
BTHZ LTI DRERL .

5. REMGILE
BREL7-EER I AL~ YEENT 74 Y8R 4 pem
B) #Ef L7 BUHREH/ ST 71 > L2, 0.3% B Lk
FARMAF VT V2= VIZ305HEELAEELVTF 25
— ¥R 7Oy FrrL, &5ICIHEBRNILESES KGR BIET
B7201Z, 2% I 7 FIF (Dako, Glostrup, Denmark) #*
FimTI0THEE S, —XkEfkE LTYFH~y X110
ARV 7 0 —F VHifk (Santa Cruz Biotechnology, Inc., Santa
Cruz, USA) % 100f5#/MT4C, —BERIG SE, 2k L
LT, ¥FF EHY 4 FHY FIgG Q00%AM, Dako) ¥ =
BTIBMRGEE, 851, TEY V- Fr#akiticik
O LSAB2#F#EHE (Dako) * EWTI0MREG ¥/, RiE
BEBERKITW % 0.01% BELAKEAKMII-VT I /I RFFU ¥
(3,3-diaminobenzidine, DAB, [F{-1k%, REAR) B CTalHALL,
AT NEDY) ITTRESTR, K, BALZ. SEREEREOE
12PBS (pH 7.4) THRSHE L. 23, BHUFRROERREMEI,
—REEOK D Y IZ KB ETFOILI0IINTE Ty F
7~ 7F F (Santa Cruz Biotechnology, Inc.) THZIT X 7=
TRV gt (IR CHEITREATAZEIZI N
AL/

6. IL-10 R A O 550 5

IL-10 DAERR TORE 2B 52T 5 72012, IL-10 Dl
MR EBRIIZHG L, SERT A b A > THBILL S, IL
6, TNF-a, C-C¥E# A > THh25MCP-1, MIP-1 ¢« D3EH &
DEAL, B L UMY R L2802 KEME Pk, <20
77 =) OB EZHHEB L UT2HME 2BV THEM L
720 ILLOH LR E LTT Y Moy RIL10E / 70— F )b
/& (Genzyme, Cambridge, USA) 2L, =% 2 (5IL) 0
ERRZRE (TR % TR L 7 AR R ADBLR 50 ng & BT R DRE
TG L7 HEELELTEEDT v FMgGl 25 L~
TA (B AV, ZEHEEMBICEROYY ALY EFR
BERN L7z ARSIy XIZBBE/ER L ER
1250 pg DIL-10 AR E 7213 o v b O — L IgGl 2% 5L,

TD24, 48HEMRIZHIAE R TISBIMES L, HHR T2

BB M 2RI LS L L7,

1) RT-PCR
BERERERICBIFEE&T A I 4 > OmRNADORHIZIL10
DEGE L RAFEORT-PCREF AVCEM L. FRLATS A

- ORERGIEFRLIIRT. 7B, MCP-1 mRNA®HHEIZ30
TA TN, BHHI2EMBIZBITSIL1 3 mRNADFEHIL 26
FAZN, ZOMDHA M H A OREHEIZLT28F 170D
PCRIZ X Y &FfHi L /2.

2) ELISA
EHELANVTOET A P A Y OFRERILI0OOBE L
RO ELISA#E W CFFl L7z, A L7-ELISA® v Mid
IL-1 3 (Genzyme), IL-6 (Endogen), TNF-« (Endogen), MCP-
1 (R&D Systems, Minneapolis, USA) 3 £ I’'MIP-1 ¢« (R&D
Systems) T# 5.

3) HAEEEREFT
BAOTIALVEMLZERF L) AN~ Y EE T 7
1R @umlE) 2ERLZ ¥, SEEEEEICBY
THRGHICBIT B IFRRBEFM L. T4bb, BT 20
BEEMLVERLANTS 71070y 2 2 6HOERY S
BEREL, 77— VASD /OO T ETF— P I AT T — P
BYEBLA. BEHVT, BUFCBVLTARRICERS K
DI HRIRE REFEME T CHEEIER L2 200580 548512
BOTHZ, 20/ %2EH L%, 6HOERIEICBITS
EHEEER U SERT2EEE B W TGRS 2
AC=o0 77— e L. TPk Ao H%CRIR
PICBIT2 F0EZPERL, =70 77— YHIZBE L TIdH~
ra7r—IUHEr RO RBERARICEMLE. Thbb,
BEREBST 7 4 2 L1tk 0.3% BEELAZRMAF LT L
=30 MREL, S5 ERRINLEESRE I
THZDIZ, 2% EEVYFILE (=F L4, BE) #BRT305
MEID S, — kKL LTy FhR~yA<vrn77—3
#i& (Inter-Cell Technologies, Inc., Hopewell, USA) % 500457
RCER, 1RMMIS &7, 5] &#v>TEnVision+™ (Dako)
FERTI0FERIC &, RIERESERICY % DAB ([
) BHRTTHRILL, N7 bR DU ST, Bk, #HA
L7z &BUEERORMILPBS (pH 7.4) THRSES L7, BLFAMN
D707 7 — IEITIFRERE & FRE O F I L Y Gl L 7z,

7. #ERCLEMUMRES

FERTEMARES 1 Student D U & H WV CTITVy, fERREE% 4
WELTHEEH Y & L.

I IL10@EFRENEBFRISOIEEZ S LT O

1. ZBHBEYIZBIT 2 IL-10 mRNA O B 1Y 2

Y ADEILEIIE L2 cm DRI R R L, S0, 5,
15, 30, 60, 1804 FICSHMEBIEIIC & » A L (HREMH 5T),
MEE (EB50mg) ZRINLZ, Tho DMLY L
& FIBRIZHERNA # 378, 20 410 DEPCHLER % B L 72 2655 /k
WIE L, 2024 1% AWTRT-PCR #4772, PCRIESIH ¥
77O =27 VBRI LF VA 7o Mt
L7-th, |YMRIBETT CHHEL RS 0 4 FEERE - 7.
WELERIO FEEAf A-VYAF v FEHNTI Y2
— 7 — IV NVEGRE LTASL, MIEEYO N Nk
Wi & B HT I 72 775 4 NIH Image 12 & b #fE{L L7z, IL-10
mRNA D FEBE 2 EERIZFMT 5 72D10, &4 OTHHREE
BEEBIZBVWTILIO A2 b -V THER-TrF>
mRNA RO PCRIGIEEY D/S > FIAEDLZEHL, Zh
#IL10 mRNASSHEOISHEY L7, %45, PCRIBIBEY D%
EEM LM AT I RNICLLT @B LU3) R FimiRe %
ot
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2. NIH Image DE&MIZH 2 15

NIH Image |2 & 3 /85 FEEDEREDS, $HFEIDNAES L
U'PCRY A 7 VA RMT A0 ) EFoOBE L. 34
bbb, S L7cDNADO0.25, 05 1, 2, 3plx#Hle LTLE
SEPCROBESLEET, 3-To/F Y IidTs 75 A<v—xd%&H
WCHIBRIE R T - 7. F 4 7 VEIIEHE DNADFEIZD
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MEDERRITo 72, HH L cDNAOAREHEIZ, /N
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DERL7-cDNA2 1 #4581 LT, LELPCROLKMHOT TH
BRIEEF-o7. F4 7 VEIZIL-1028 L Tik34, 36, 38,
40, 424 7V, B-THFvizoWVTIL28, 30, 32, 34, 36
4 7k L7, NIH ImageiZ X BN FEDEEFITo /-
%, T4 VEERESC, N FREOERMEONEE I
7oy b L

4. FEHRENAOEAZEEHEED D B-T 7 F > mRNAD
]

mRNADFEH LI T2 RERTRET L2, Thbb, #
Wohwvey A (14K 2E&ZL, BR24TC, BERDEN
CHRELLE, Zhonv o ALDEREO,LHIBHEETIH

FBIIEFEZERERLEB L, EERAE2S EROE YA
RNADHH, cDNADEREITV, B-T7F T 575
42 —% % HAWCPCRE%FTo7:, PCREIBEYIZIT Fo—2
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5. IL-10 mRNA D AEFRICOREE L TOTREN
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EME. ThEDTIAFIBELT, sHBOTIRESE
wm24°C, BE60%NEMICKE L. BH%L, 2, 3, 5HH
CEBOT AL ) RERE 2RI, s OB EE
{25175 1L-10 mRNADFEHE I, EEOEHT TRI-PCRE
1k D EEEICEE LA, BREMSEIIEET S Student D tIRE %
BTy, ERESSERBZUTEEESHY L L.

II. EHEAIEAEBIZICE TAREMY T bH1 > DBEIEF

R

B ASERBRRICBITAIL o, IL1 R, IL68 L UTNF-
o« DmRNA D %, RT-PCREB L U'ISH #: % Fl v CERHl L
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RNA 70— T OEREIZHWAE T 4 < —1HdRLITR L.

Table 1. Sequences of the primers used for PCR and nested-PCR

Molecule Sequence (5'to 3")

IL-1a Sense TGGCCAAAGTTCCTGACTTGTTTG
Antisense CAGGTCATTTAACCAAGTGGTGCT
Sense TTCAAGGAGAGCCGGGTGACAG
Antisense s## GGTAGGTGTAAGGTGCTGATCTGG

IL-13 Sense ATGGCAACTGTTCCTGAACTCAACT
Antisense CAGGACAGGTATAGATTCTTTCCTTT
Sense * CGGACCCCAAAAGATGAAGG
Antisense #x GGTATTTTGTCGTTGCTTGGTTCTCC

1L-6 Sense CGTGGAAATGAGAAAAGAGTTGTGC
Antisense ATGCTTAGGCATAACGCACTAGGTT
Sense # AGCCAGAGTCCTTCAGAGAGATACAG
Antisense #: GGTCCTTAGCCACTCCTTCTG

IL-10 Sense CTGCTCTTACTGACTGGCATGAG
Antisense GACTCAATACACACTGCAGGTGT
Sense = CAGCCGGGAAGACAATAACTGCAC
Antisense GAGGGTCTTCAGCTTCTCACCC

TNF- a Sense CAGCCTCTTCTCATTCCTGCTTGTG
Antisense CTGGAAGACTCCTCCCAGGTATAT
Sense #* GGCCTCCCTCTCATCAGTTC
Antisense #* TTGACGGCAGAGAGGAGGTTGACT

MCP-1 Sense ACTGAAGCCAGCTCTCTCTTCCTC
Antisense TTCCTTCTTGGGGTCAGCACAGAC

MIP-1 « Sense GCCCTTGCTGTTCTTCTCTGT
Antisense GGCAATCAGTTCCAGGTCAGT

A -actin Sense TTCTACAATGAGCTGCGTGTGGC
Antisense CTCATAGCTCTTCTCCAGGGAGGA

#, #+ Primers used for the nested-PCR to prepare RNA probes with the addition of T7 (x)-and Sp6 (##)-RNA

polymerase promoter to the 5’ end.
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1. EEEHEARARICE I3 IL1I0NES

1. RT-PCR

BEYVADOERIZBVTYH, IL-10 mRNADRHHEE &
hiz (K1), EBEHBITTOIL10 mRNAD KRR ILSERIC
#winL, FHERLPS6EMBEIZA T TEDEVEENTDH S
ni:. ZHHUBHEECIC-BIBELAMICETRTT
BEMIZH o 72H, ZOH%, BUENT AEEAED S,

2. ELISA

BERBMICBTLILI00EHE L ANVTORBEDIER
¥E212RT. ILIODERE LANVIISERIBNECY -2
IEL, 1227024 MEICBE L AVICETHEBEL T,
0%k, BUEIML, SHEREMEBCBRY-2I10ELT
Wi, ZOEBELVAVTORBREOHEREIImMRNADREIF/ Y
=Y (A1) LRHEMEL T,

Time after incision (hr)
c 1 3 6 12 24 72 144 240

IL-10

B-actin

Fig. 1. RT-PCR analysis of IL-10 mRNA expression during
cutaneous wound healing. Incised wounds were made on mice
and the expression of IL-10 mRNA in skin specimens was
examined using RT-PCR as described in Materials and
Methods. The size in base pairs of the amplified cDNA
fragments is indicated on the right. Lane C indicates the
results of normal mice (control).

1.25,

0.75

IL-10 level

0.5 ¢

T T T 1 I
o] 50 100 150 200 250

Time after incision (hr)

Fig. 2. Temporal expression of IL-10 protein during cutaneous
wound healing. The protein levels in skin specimens were
determined using ELISA as described in Materials and
Methods. The results represent the X = SEM of 5 mice per
group. The data of 0 hr after incision represent the results
obtained from normal mice.

IL-18 ‘
IL-6
TNF-q
MCP-1

MIP-1qa

B-actin

6 hr 72 hr

Fig. 4. Effects of anti-IL-10 treatment on mRNA expression of
proinflammatory cytokines and chemokines. Mice were
treated with either anti-IL-10 antibody or control IgG1
(50 «g/day) by hypodermic injection into the proximal part of
the wound margin. The mRNA expression of the cytokines in
skin specimens was examined 6 and 72 hr after incision using
RT-PCR as described in Materials and Methods. The size in
base pairs of the amplified cDNA fragments is indicated on the
right.
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SI9A3| 9-T) - PL-dIW + L-dOW
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IL-18 - TNF-a levels
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IL-1B [L-6 TNF-o MCP-1MIP-1¢q. IL-18 IL-8 TNF-o. MCP-1 MIP-1¢
L 1L ]

6 hr 72hr

Fig.5. Effects of anti-IL-10 treatment on the expression of
proinflammatory cytokines and chemokines. The protein
levels in skin specimens were determined using ELISA as
described in Materials and Methods. The results represent the
¥ = SEM of 5 mice per group. [3, control; , anti-IL-10
treatment. *p < 0.01. ** p < 0.05 (vs. control).
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Fig. 3. In situ hybridization of IL-10 mRNA (A, B) and immunostaining of IL-10 protein (C, D) during cutaneous wound healing. (A) 1 hr
after incision. Positive hybridization signals for IL-10 mRNA were detected in epidermal cells (arrows) of the wound margin (WM). (B) 3
days after incision. Two different types of infiltrating mononuclear cells (MNCs) (arrows and arrowheads) showed positive hybridization
signals, probably macrophages and lymphocytes, respectively. (C) 3 hr after incision. Epidermal cells (arrows) were immunoreactive for
anti-[L-10 antibody. (D) 3 days after incision. Two different types of MNCs (arrow and arrowhead), which corresponded with those of IL-
10 mRNA-positive cells, were immunostained. Bar = 30 um (4, C). Bar = 20 um (B, D).

Fig. 6. Histological evaluation of cutaneous alterations following the anti-IL-10 treatment. (A) 6 hr after incision, untreated. (B) 6 hr after
incision, anti-IL-10 treatment. (C) 72 hr after incision, untreated. (D) 72 hr after incision, anti-IL-10 treatment. Five mice in each group
were examined and representative results from individual mice are shown. HE. Bar = 250 2m (4, B). Bar =40..m (C, D).
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3. ISH

BETTAEBIIBVTY, FEMRIZIL10 mRNAU)F"“ri
FRFBIES NN, Tho OB R, BIGERATRRIC
WTHEICREBICBEESh:. 28, ﬂ/xﬁ®7m—7§
BB T3EELRY VT VEBED SN o7,

ZFHIRME T, AIBEEOKEEIZ1L-10 mRNA DG
WY T ROz (M3A). RBERLDL MBI, TH
BEEOREVSERHE LD, 6205 12BHE TIIBEEMIZE
HEMER GFHER) OREFES SN, IhbSMEnEk
T IL10 mRNAD & 7+ W id 1 CH - 72,

S 240 O T2 EICAT T, LM F AT AR B
Wi B/ w077 -Y) ko, T2REETI, KB
WIRRNELBAREER () 2 83R) ORBESEHE LY, KRR
A L REBOREITED S, b O R
Fa12 IL-10 Pt AT R 2SEER S 7z (U 3B).

SR 44 E TIEAFMBERESEHCH ), R
M GRAESEMNE) OEBELMETEETED A, Th oM
BERT RIS bR o7z, ANEZEH240MMEB 12, BE
Li-REMRICEeE b,

4. RIEMMREE

FEEEIZIBITAILI00EEIE, FEMBAE L OZERIC
BUARIZSEEET A BAERIZEED 541 (W3C, 3D), ISHEIZ L3
IL-10 mRNAD BENFBESh MR EFAETH 7=, &8,
B & U CIT o 2 IRIGRER I B W Cit, FEAR Y 7 F il
BD oML h oz,

5. IL-10 AR O 550 8

ILI0DORBIZ2ODE =2 (F2) RO Ens, 1L
WPFAOESHE L ZHH B L U T2EME BV THE
L7z, v bo— Ve KR L7284, PHERSETES
BiReBLUT2HEIZBNT, INF-a DHOH AL v A1 2D
mRNAFEHEAERHITEML Tw/z (04). ELISAEIC L B8
T, PHRAERSETRETOYS b4 v ORBEEIA
ST (D5).

HEZefs |2 X 2B 2 K6 1R T. SBH6EME TIZhM
AR S CEBROFHEHROBMERD, SOICHMBRT0ER
EAEHTH 72 (M6B). FHHET2BHEETE, 3> bo—
VEETAHMIZ 707 7 — V% TR E T2 £REMIE AT L
TR L i7ns (M6C), RIS 58 T3 R AERINE 31
DR, KRR E LTI ERD S B S (U 6D). MLk
REWCBUFS RS BEMBEREFMLA/HREHE2RT
B, PHIPURIE SR CITRER, v a7 —UHEDIIEE
(p<0.05) ZHghnAERB SRz,

Table 2. Number of infiltrating neutrophils and
without anti-IL- 10 treatment

IL-10/g-actin ratio

I. I-0BEFRROEFRGOEEL L TOAHEY

1. ZBREHICBI 5 L-10 mRNA O F-5E B M

2RO 5 1804012 B 5 KRB T D IL-10 mRNA O
RRBYSEB %, RT-PCRIEETEHMLAFEREMT7, Thb iR

Time after incision (min)
c 0 5

15 30 60 180
IL-10

B-actin

Fig.7.  RT-PCR analysis of IL-10 mRNA expression during the
early phase of cutaneous wound healing in mice. The
expression of IL-10 mRNA in skin specimens was examined
using RT-PCR as described in Materials and Methods. Lane C
indicates the results of normal mice (control).

1.2+

0.2

T T 1
0 50 100 150 200
Time after incision (min)

Fig. 8. Time-dependent expression of IL-10 mRNA during the
early phase of cutaneous wound healing. The ratio of IL-10 to
[3-actin band intensity (Fig. 7) was determined at the survival
time using Macintosh densitometry program NIH Image. The
results represent the X = SEM of 5 mice per group. * p < 0.05
(vs. control).

macrophages in the incised wound area of mice with and

Anti-IL-10 Time after Number Number of Number of
treatment incision (hr) of mice neutrophils macrophages
- 6 5 252436 NE
+ 6 5 713£219 :| : NE
- 72 5 76+29 33+10
+ ) 5 3314147 ]** 75421 ] '

The results represent the X £SD. NE, not examined. #p<0.01. #xp<0.05.
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FRFEMICHFMLAZS0ENEICRTY. IL-10 mRNAFH &
SRS E,SAMIEML TS Y, IFMETE-212
HELTW, BERECORBE L LET S L, IL-10 mRNA
DHEE (p<0.05) ARIEINIZHEH302 5 1803 IBTREDH L
.

L, FOEEENTE 7075 4 NH Image DEEMEIZE L
CHE % 1T - 7-4%, NIH Image - & % PCRISIREH D3> Fil
BEOEEEIL, BHDNAES X UPCRY A 7 Vik B M
LWz, F7:, IL-10 mRNA LXVASE — 7 |3E T B (%
B TR SRR L AR AT A 7 VROENT %
fFo78%, 1-10, A-F 27 F &b PCREIFRIGIET T +—IZ

Postmortem interval (day)
0 1 2 3 5 7 9 11 13
. , bp
456

Fig.9. Detection of actin mRNA from skin specimens with
postmortem putrefaction by RT-PCR. Fourteen mice without
incision were sacrificed and placed in an air conditioned room
(temperature 24 “C). The skin specimens were excised on days
0 to 13 and the expression of j-actin mRNA was examied
using RT-PCR as described in Materials and Methods.

Postmortem Time after incision (min)
interval c ploaoeoiso!,
(day) __ R ——
IL-10 s ot o 53
1
B-actin
IL-10
2 .
Lﬁ-actm

IL-10

L

5

Fig. 10. RT-PCR analysis of IL-10 mRNA expression from
putrefied skin specimens. Mice were sacrificed at 0, 30, 60 and
180 min after incision. A postmortem incision was also made
on separate mice after sacrifice. These mice were placed in an
air conditioned room. At 1, 2, 3 and 5 days postmortem, the
skin specimens were excised and the expression of IL-10
mRNA was examied using RT-PCR as described in Materials
and Methods. Lane C and lane P indicate the results of normal
mice and those of postmortem-incised mice, respectively.

FELTBST, 4 7 VB0t TRIGED ML S
BIREEIZd » 7.

2. WEBLOEALEBEE,»SDR-7 7 F > mRNAD
Mt

3-7 ¥ ¥~ mRNAH3&® RT-PCRIEIZ & B I4IEEWIE, 7+
TynTaeAd FEREEHLZT A0 —25 0V ET, BR%1L
HEF THRIETEETHo 72 (M9). LarL, BRECKEBHH
&L BICPCREIEEMEIIR A TR L.

3. IL-10 mRNA DAEGSOFEE LT O EEM:

®7127R L2110 mRNAORIHE I 2 HmE, BRR#ES
HEBE LAY AL DR L 225 bR TEETH

1.5+

pry
1

IL-10/g-actin ratio
o
2
1

T T T T

0 1 2 3 4 5 6
Postmortem interval (day)

Fig. 11. Time course of IL-10 mRNA expression during the 5
day postmortem interval. The ratio of IL-10 to j-actin band
intensity (Fig. 10) was determined at each time point. The
results represent the X of 3 mice per group.

O, control; @, 0 min post-incision; £, 30 min post-incision; 4,
60 min post-incision; [], 180 min post-incision; M, postmortem
damage. *p < 0.05 (vs. control).

Time after incision (hr)

c 1 3 6 12 24 48 72 144 240 bp

IL-18
IL-6

TNF-a
B-actin ‘

Fig. 12. RT-PCR analysis of mRNA expression of proinflammatory
cytokines during cutaneous wound healing in mice. The
mRNA expression of the proinflammatory cytokines in skin
specimens was examied using RT-PCR as described in
Materials and Methods. The size in base pairs of the amplified
cDNA fragments is indicated on the right. Lane C indicates the
results of normal mice (control).
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Fig. 13. Time-dependent expression of mRNA for proinflammatory cytokines during cutaneous wound healing. The ratio of cytokine to 3-
actin band intensity (Fig. 12) was determined at the survival time. The results represent the ¥ = SEM of 5 mice per group. The data of 0
hr after incision represent the results obtained from normal mice. (A) IL-1a, (B) IL-13, (C) IL-6, (D) TNF-« .

- E
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Fig. 14. In situ hybridization of mRNA for proinflammatory cytokines during cutaneous wound healing. (A) 12 hr after incision using TNF-
« antisense probe. Arrows indicate polymorphonuclear cells, probably neutrophils. (B) 3 days after incision using IL-1 3 antisense
probe. Arrows indicate relatively large mononuclear cells, probably macrophages. (C) 6 days after incision using IL-6 antisense probe.
Arrows indicate spindle-shaped mesenchymal cells, probably fibroblasts, (D) 6 days after incision using [L-1« antisense probe. Positive
signals were detected in the epidermal layer (EP) and the granulation tissue (GR). Bar = 20,.:m (A, B, C). Bar =50m (D).




496 #
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Abstract

The wound healing process is characterized by acute inflammation, granulation tissue formation, matrix formation and
remodeling. Neutrophils and macrophages migrate in an orderly fashion toward the site of injury, where they play critical roles
in modulating the inflammatory response. Tight regulation of the in vivo inflammatory response is a crucial factor in
successful wound repair and tissue regeneration. One of the aims of this study was to identify the role of endogenous
interleukin (IL)-10 in cutaneous wound healing. The IL-10 protein levels in incised wounds in mice peaked 3 hr after incision,
returned to normal levels by 24 hr, but increased again to another peak at 72 hr. The protein levels appeared to correlate with
the induction and upregulation of IL-10 mRNA. In situ hybridization (ISH) studies and immunostaining revealed that
epidermal cells and infiltrating mononuclear cells (MNCs) were the major source of IL-10. The early peak of IL-10 preceded
the infiltration of neutrophils toward the injury site, while the later peak of IL-10 appeared to be temporally linked to maximal
macrophage infiltration into the wound. To clarify the biological significance of each IL-10 peak, the effects of the
administration of anti-IL-10 antibody were examined 6 and 72 hr after incision. Neutralizing antibody studies demonstrated
that IL-10 inhibited in vivo overexpression of proinflammatory cytokines [IL-1 3, IL-6, tumor necrosis factor- @« (TNF- « )]
and C-C chemokines (monocyte chemoattractant protein-1, macrophage inflammatory protein-1 « ). IL-10 also inhibited the
infiltration of neutrophils and macrophages toward the injury site. These results suggest that IL-10 may play an important
regulatory role in the phase-specific infiltration of neutrophils and macrophages as well as cytokine production in the
inflammatory response to cutaneous wound healing. From the view point of forensic pathology, this gives rise to the
hypothesis that the rapid increase in IL-10 mRNA expression after incision could be an indicator for distinguishing between
intravital wounds and postmortem damage. This hypothesis was thus tested by making incised wounds in mice, which were
then variously sacrificed at 0, 5,15, 30, 60 and 180 min later. The affect of postmortem changes on mRNA was also examined.
A semi-quantitative measure of the initial amount of IL-10 mRNA in each skin specimen was obtained using reverse
transcription-PCR (RT-PCR). At 15 min a rapid increase in IL-10 mRNA levels was observed and the elevation in expression
of IL-10 mRNA was found to be significant between 30 and 180 min (p < 0.05), peaking at around 60 min. The time-
dependent increases in IL-10 mRNA expression were found to be maintained even in a group that was stored and tested at 5
days postmortem. Furthermore, no significant increase in IL-10 mRNA expression occurred in the postmortem damage control
group. Therefore, increased expression of IL-10 mRNA in skin specimens can be considered a vital reaction. These results
demonstrate the potential usefulness of mRNA analysis in forensic wound examination, with mRNA detectable by RT-PCR
over a long postmortem time course. Finally, the temporal expression of mRNA for the proinflammatory cytokines (IL-1, IL-
6, TNF- ¢ ) in incised wounds in mice was examined in terms of the forensic application as an indicator of wound vitality or
wound age. RT-PCR analysis showed that the local IL-6 mRNA level peaked at 6 hr, while the peak levels of mRNA for IL-1
a,IL-1 3 and TNF- a occurred between 48 and 72 hr. A study using the ISH technique revealed that the increase in mRNA
levels of the cytokines reflected local induction, i.e. a local vital reaction, in such cells as infiltrating MNCs,
polymorphonuclear cells and epidermal cells. The simultaneous detection of mRNA for the proinflammatory cytokines and
IL-10 using RT-PCR would be more useful when the determination of wound vitality is concerned in practical forensic cases.
Since most studies on forensic wound examination have used immunohistochemical techniques, mRNA analysis may provide
anovel tool in this field.




