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ABSTRACT

GM-CSF is a multipotent growth factor, which also plays an important role during the process of wound healing. rrThGM-
CSF was specifically produced from rice cell culture in our laboratory (Hanson Biotech Co., Ltd, Daejeon). The rrhGM-
CSF contains more oligosaccharide side chains than any other types of GM-CSF. This work was taken to evaluate the
influence on wound healing of rtThGM-CSF in male golden hamsters. Full thickness skin defects of 9 mm in diameter
were made in the back of hamsters, and 100 pL ointment containing rrhGM-CSF 50 pug/mL was applied. Control groups
were given ointment without rrhGM-CSF. The wound sizes were relatively reduced and skin was well regenerated in the
experimental group compared with the control group. Structurally, reepithelialization and architecture of the skin follow-
ing injury were well accomplished in the experimental group. And also, positive reaction of PCNA of the skin following
injury was more prominent in rrThGM-CSF containing ointment treatment group. Since this type of GM-CSF has highly
glycosylated side chains, the effectiveness might be retain longer and stable, regarding acceleration of wound healing in
the animal model. The present study has important implications for further development of the therapeutic manipulation
of wound healing using rrhGM-CSF.
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714 A 2 =H9] oz AT 3} (reepithelialization)d}
3 ATAR ez A5 o FYe AT 2 A5rgol
A o], cytokine o} A7} Ml W] 445
3} Agleto 24 Al2E Y (Brem & Tomic-Canic, 2007).

GM-CSF (granulocyte/macrophage colony-stimulating fac-
tor)i= =4 W progenitor cell 58 A=3te] AT 2
A 2z Esl=S 3h, 1277]9] on|mAltEz2 A= o]
AL #AEF 23kDa A =o] b Adakelzte] ot (Kaplan
et al., 1992; Bussolino et al., 1994; Hill et al., 1995). =3}, 5]
X A 2 & 2V A 3 (keratinocyte)ol| 4] E-H] =] o] autocrine
Aoz mIAZe] FAE FXFo N AAHIES =

F= t}7]|% (pleitropic) cytokine o]t} (Braunstein et al.,
1994; Malik et al., 1998). €3] GM-CSF =4 A £-2 niA=
5 A 2ol Af7t oHqE FAEL] AT =
& FE= 7oz BT o] gl (Fararh et al., 2005).

ANz3 GM-CSFE F2 Ayt £ ERE ST 9
gao] AarslolA shent, 22 w9k el WA (rice cell)
Sl A3 thGM-CSF7} al<zubo] 2. (el 4] A4
o ABALE 4F2 sl Le Pshe HAe 4
Yoz Al gol A vholels Fo xejes) 2
o pgglozye paalE, wehofol b5 Sl
Slef. w3 A #9 GM-CSFel wls) Shalzeo] oS- £
33 Aoz pAuglen], el dea 5 (elycosylaton)
o e A BRA FE wfe) 447 Do) 9)
= Aoz d8lx ¢lo}(Kim et al., 2008).
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T B%2 Y localization 5-& &913}7] ¢|sfe] W x5}
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97] (Roche Co)E o|-8-sted SAsISAe W Bxrt &
g A2Ee 55 9E AV E o83t 72 F
223802 HE A Ay, 4T A5 T 9
2 AE Imme] Z7|2 I3 A & A 2
A= AlglZ o2 rhGM-CSFE 50 ug/mL Soi3)
100 uL A-8-3}91 37, 122 qxLo 2 thGM-CSFE
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2l& proliferating cell nuclear antigen (PCNA)2] W& oFA}
& 2] 919 MY EAse m2e ALshelch HE 9
MY Sepol s} 2o Yyow 2AmEY A4ehT DAB
chromogen kit2} anti-PCNAZS o] &3] = x2]3}3} (im-
munohistochemistry)? HhH o2 FA}s}gdt} (Hall et al.,
1990). I}e}e)) Emj ¥ 3]E %A]-S microtomeS ©]-8-3}e]
sumel FAw AL % Adde] 7 524 23] 7 shed
Aepe AARATE §48 2AE ALolA 3% HO
587} x)2]3}32 Immunotech kit (Immunotech Co.)E ©]&-3}
o] anti-PCNAE- 4°CellA] a5 g3t X2]3isich 231 A
(biotinylated secondary antibody)®} streptatavin peroxidase
= 1084 x2]3 3 DABZ A7), FujEAlglo s
T41—7-:°§*H‘5}°4 Fetu|A oz sl

5. MARID|E®= M%

ANy FQl FE Y2F IR nAHTx Wi fAs)
T2} ARER A 22E A 2bstedoh 4% glutaraldehyde 37
Mol A g 2214 0.1 M Q1AFFEL-9% (phosphate buf-
fer,pH 7.2) 2.2 2084 33]d] ZAA A £, 1% 0sO, 1A
doz 1A7 9 TyAsIy U}zb}x]i 0.1M QlAke}==
ooz SAstelch 60% JEheRE] B oekestA]

T A oz 7 2084 ©43t & propylene oxideZ 10
BA 23] *3+s}9d ). NMA (nadiac methyl anhydride), DDSA
(dodecenyl succinic anhydride), Poly/Bed 812 Resin (Epon)3}

DMP-30 (dimethyl aminomethyl)2 %43 %l Epon &3t o2
o5tz 60°C dry ovenollA] 72417t 33tk Zol®l =
Z)2 ZHPEH 7] (Reichert supenmova ultramicrotome, Leica
Co.)E o|&3le] 80nm FA 2 ZuPH AL uranyl acetate
9} lead citrate 2. o] FQ M3}t F E3pAE w4 (JEM-1010,
JEOL Co.) 0.2 80kVael ] 2as}eic).

Z o

A Z Q2FM A SIS =g dolrr] 913 A
g E42l rthGM-CSFE A 43t % 39, 69, 9Y¢]] 8|<gko
2 HAstgioh Base cream™-g 283 2] A4S 3Y
A ARl A AEEe] ol B, 6dA M= 1EE I
Ze o, A=) 57} who] AP | gtol Aol s
AAZZE Z A E 4 A 3 AL 79 6d

Table 1. Relative wound sizes at various days after injury in two
groups of treatment of base cream (control group) and rrhGM-CSF
containing ointment (experimental group). Data were expressed as
mean=+S.D.

Days after injury
Groups
0 3 6 9
Control (%) 100.00 54.07+0.15 31.11£0.09 1.60+0.02

Experimental (%) 100.00 42.33+0.18 16.92+0.08 0.53+0.01

Fig. 1. Light micrographs of the hamster skin at 3 days (a, d), 6 days (b, e) and 9 days (c, f) after injury and treatment with only base cream (a, b
and c) or rThGM-CSF containing ointment (d, e and f). Reepithelialization of the skin relatively prominent in the experimental group. H-E stain
(% 100).
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Fig. 2. Immunohistochemistry of PCNA at 3 days (a, d), 6 days (b, €) and 9 days (c, ) after injury and treatment with only base cream (a, b and c)
or rthGM-CSF containing ointment (d, e and f). Positive reaction of PCNA is stronger in the experimental group ( X 100).

Fig. 3. Wide plane of immunohistochemistry of PCNA in hamster skin at 6 days after injury and treatment with only base cream (a) or rrhGM-
CSF containing ointment (b). Positive reaction of PCNA is seen throughout the whole epidermis in the experimental group ( X 40).

Fol= A4S} o] AW o] AN FolE AL B A8 AW ®yr} AYREAL) Az o §
2 4 Q9 (Table 1). 9LAol = F 15 =% A=l Alebl wgw dzze] md Addos o ¥4 ny
Ao 9md Aoz FBHY o} thOM-CSFE Zget o o
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Fig. 4. Electron micrographs of hamster skin at 3 days after injury and treatment with only base cream (a and b) or rhGM-CSF containing oint-
ment (c, d, e and f). Oval nucleus (N) and swollen rough endoplasmic reticulum (rER) of keratinocyte are seen in the control group. Tonofibrils

(circle) and keratohyaline granules (K) are observed in stratum granulosum and corneum (C). Desmosomes (arrows) between cells are plentiful in
the experimental group.

H-E A3 2204 344 dx< IRz2e] A Fo

719 AAR A el sldert APLE AR

ofj
o

o

3xAo] B IE AL B 4 Ak 6AA AP
A3t Hlo] e EIFE o AL & 5 adgle

rlo



258 Korean J. Microscopy Vol. 39, No. 3, 2009

(<

A2 ob®= AR Fok o] AT E) o] o
A A sk ZE)7E et e AL AAF S U 90
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Ao #2971 HlzFel vlE o AR AL B 4 U
o} (Fig. 1).
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IS FERdE AAsl g dnE I8t F
% FRAALe AFHA el wAE WM Z(rice cell)ol| A
$9N% A3 GM-CSFe] 2t Fohav)d o W2
e "oz ololn v} slth B Alde)| ARLE W
AL A E2] g A= 80me/dL W99 om, strep-

tozotocin B7}FAte]l o HFx|7} ef AFAEe] 71E
A1 Wgjel 300 mg/dL oAl A$-E TG wrL S
¥ Aoz FAdsld vl (Phares, 1980). ) AlA] Tx19
o) A 55 AQATIE Z1e] Al B B aEel
sledl, maeke] ¢AR Mpadon ALAze ol5e
letn 2ol W BH GAe ADATE Aew Bt
¥t} (Nagumo, 1994; Lan et al., 2009; Liao et al., 2009).

A3 dzelr] A 35 A=S dolrr] $3)] A
22 He F 39, 649, 9Uef St A} 2ol A
AT 37 wko] As)ER] olo} /}:]_fs"]—_,-’-oﬂ Bvls] Az =77}
Z AL E 5 Ak 39, 994l 7 15 27 A4
937} A9 ¢tad Aoz iy 91314 rthGM-CSF& £
S de e APl w3sh Paenade) 43
Y fARH BA, Qx2e] 23 AdHez o E
Boloh o) Hxe] =39 FAAL o gkol &3] ol
o] d3to] =} Hol7] wjie]eta A7zhElh(Fang et al,
2007).
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= WEFE Zlez Mol 9l Al 23k )RR
o] Aol 2] gkm®l Aoz Hohelch(Kawada et al., 1997;
Sousa et al., 2009).
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& el EReEd Ry S BN B
e S FE A2 A 7 AFe] nle}
AV A =0 Aol BAdl Aom JeEh}E= Ao
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’%@%94 A% ARRSGIN A B mIE A
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B3] 229 AAFow BT 4 Gk T2E e
sie g, AREe) A9 253 el S febd
Fo] Yzzud o WPEe] Qi 54 uglm WBE
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o9 BARAE AT 7122 ST Al Aoz 4
7+ =t} (Repesh & Oberpriller, 1980; Khammo et al., 1997).
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5o ZAAA 2] FAE AF3te A3 =5 71
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