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Effect of Artemisia annua Linne callus induced by plant cell culture
technology on wound healing
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Abstract Currently, many countries have an interest in developing cosmetics materials using native plants. In this
aspect, there is increasing need to develop cosmetics materials using native plants in our county. In the present study,
calluses were induced from Artemisia annua Linne, which was highlighted because of its useful effects, such as
anti-cancer, anti-fungal and anti-inflammation. Water and ethanol extractions were performed from the calluses of
Artemisia annua Linne. After the mass production of Artemisia annua Linne's calluses, water and ethanol extraction
was performed to examine its functional roles in healing wounds and inflammation. The differences in the effective
elements were observed in the ethanol extract. The callus showed anti-inflammation activity through the suppression
of the inflammation-related gene, COX-2, and ethanol extracts showed their ability to heal wounds. Overall, these
results suggest that the extract of Artemisia annua Linne’s calluses is a natural and environment-friendly material,
and can be used as medical supplies associated with anti-inflammation and healing wounds.

Key Words : Artemisia annua Linne, Anti-inflammation, Plant cell culture technology, Wound healing

B = AREEH Afes Sy Re] Harokel g WS el ATNEE AR AHE Ao A91E o}
Y F YR (NIBR No. 2013-02-071, =3 HA: 3]7] /5 2R A& 24uEe 53 g 28 75 2 shgd

AN 3
"Corresponding Author : Sang Hyun Moh(BIO-FD&C Co.,Ltd.)

Tel: +82-10-8921-0435 email: shmoh@biofdnc.com

Received April 28, 2014 Revised (1st June 16, 2014, 2nd July 3, 2014, 3rd July 15, 2014) Accepted September 11, 2014

5628



i

ke
yal

FaAk A B2 Al Al B

S

AA¥s
bol Q13 A7t ol ALt Aol

°©

bz A}

[e]

=

]

o
v

fid

£

I

To=

=
T

of oby 4% %
A1 wlelE 7}

pdl

St R QRAE JEE AEZF S U A|EZF 2Z59] wound healing effect

ABA Y& o8
. ME

o AR&-5

E

3}

A

L

SRR

PEEABBTEADA BT S Ao rTEahodE M
R o RN XX 0 = oy B ° - 0 R T o
N Ay BT o TP N B deE Doy o, A i
N B o T Njo Mo < W= o ™ mhy
CHEFRL YR TR T ogy VEL R YT RS T
ER R RN g T e g BT e W B
PR - o R R R Tl S o
0 iy < ™ — ol N =T o <° = ~O R s
— T op o ‘m_ﬂxowu N oo :iEﬁerMﬂﬂW ™ %0
oo W TE ET s, PR P o T
TEERELERoLiCrETIsiisvaREl o
o B T ; = o Ao = T L or S T W
ﬁomooM,WWMMJ‘MQWMH@HI%%EQE%@oT_l:_mﬂ&,mn.M..m
T PP T ERRT By T A R ES g
o s A P o T i zAQEmEﬂL%H%uﬂ — 8
TR~ i NS H oo L il =02 do 7 TR g =2
< ZZ..#JVH,I‘AXOEE‘IQUHO = LY P,N_idlw
Homom.mﬂmw%ﬂﬂx%frEnWEMLﬁ%%ﬂﬂnzmﬂm%%%a
,Llo,“lu o A ) _— T ;oxlrLoEEeille;oﬁu‘lﬂ.l
uw.urmmmi,ovoﬂﬁ.%%%%%%ﬂ%iml%oﬁmﬂﬁo%oET.m
iﬂ%ﬂwmﬁm?%guxﬁﬁlﬁlﬁOM%mﬁﬂmﬂgwu%zg_sr_oﬂ?ﬂw
NN d N wEge Mol 2 By P myps I
Hop FmRwa BN ST RE D eI 0w R
A
Fa PP gHgrorsyfc NPT JIpPegrsep s aglimw®R
ﬂoﬂ1ﬂﬂé%w%%ﬁﬁﬂﬂ%%%%Hﬂ%m%m%%
THEBFTPTToABRNDREANLEKT T DT R T
BT oo X om B o Ty W o o o X FT AN g
Eoxrcadesw s dsdtra “wihbyPss gz
TE e DT HE®T Wkl Wy WM T S
I~ =
W&@%%%wﬂ%%uﬂﬂiﬂﬂ7o%ﬁww_ﬂ7uﬂuﬂw
TR B N T O S B N i g
—_ g PR T ) ) -
el B I R T TR I N
WEm WX ORI gy RAT Ny PPR 5 YT
me_ZEﬁTHT ﬂyl_XﬂA_hLo&mﬂuhArHl7iMiﬂer]ﬁ1%Ziﬁ@-17
:.L ~o ﬂ_EHNIVﬂ O#E o' i) ,i o o :.L o = ~ X .i ey O ;]mﬂ _.rl
o EE%%HH% %xnzn%ﬁm*mm%ﬂﬂwMﬂﬂvﬂ
ﬁ%btﬂ%wﬂmw_dw:;wﬁﬂowimdﬂﬂmﬂﬂmﬁubmﬁhﬁoﬁo:ﬂumﬁc
— s _— — f f - — —_—
o»lﬁlw@uﬂﬁLﬂ‘DﬁiLmL ‘AL,mﬂwALFLMEQEEEMﬁO»OEWL@_‘Li7
#ﬂ%ﬂ%%ﬂﬂ%%%ﬂﬂiﬂ%gHT;O1¢mﬁﬂ%¢ﬂ
m A Lljm.,_]y}_]Jlnmko;e:uiﬁnﬁﬂo%%weku & oo
o S N = M X X g0 X ron) woRr MRy
do M m B b N o o~ of W X M o] Boop Tl do o o o O
< FageCowmdp T e el g TR e M2
g R pT e PE RN ET e r TTRC
i A i N S - o R e NN R
TER LT E LT e S = B - B
A d e T R E e o R N b g
X E AT T T N R A e T oM ] od oo e W T B ok m

ob=Hm| 410}

L

L

o

5629

AL AAA R HA

AA AAHAAN 95

3

ks
g}

[e)

=
3

=

Rl



ARAFE| S8 =R AW A9E, 2014

eheloht o1, Ao 54 Anskzd 53 Sl o)
A QIeH3AL 3 it Wy, Y56, FAHSHT-10)
ol F7h 9FH0] Fohe ohle} A G R 5
W gk wael ojshe e sl ) x
& ohgaE Fol SRA ATE 2 PA% By
& g s SEEel g% A0RA, F71urt o]
A e BAL O] NS FER 4
W A, AR A A, QA% 42 o
AR, NO WA oAl EohE F B BahE 7}

>
E
3o
!
)

o
=

e Al o

oy
o

,d

l~>

=

o
)

Lo

ﬁ&

2.1 #AzA FE Y XX} HiX[=H
A2 st} eb= AESR SRl xH 4
S 918l 709% ol gkeol 3037 A, 0.3% A obg Ak

E H(Sodium hypochlorite)el] 10 - 15 & X &sle] A
AR AFagith FEdE Y] F2E 718 MSH
MES 05 g, sucrose 30 g)olA] 10
2k 7194 Wols fieatgitt woluj oA 10 44
wolahd, Ags] A A S Aebs] AEAG S
o] 23 HHX] o xdste] Ae2E FEagith
o] wiR|zAgell A wjdstr] s Z47] BHE plant
growth regulator7} SH-E MSHiA|(1 L9 24-D 15 mg,
NAA 0.1 mg, kinetin 0.25 mg, IAA 0.1 mg), SH#A|(1
L9 24-D 05 mg, CPA 2 mg, kinetin 0.1 mg), 10.5/20.2
HIA(1 L TAA 05 mg, zeatin 0.2 mg)oll A 242t 2174
T, 24+1°C 9] wlkAol A 4 Foll A 10 77+ wi stk
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Le] 70% olghgol 747y ¥ & 121CollA 1 Al3Het
FZ39th 3% & mesh® o Fate] 1 RS A A}
i1, ojFste] U A v A, oS e FEES 7
TANZSY 5 mg/mle] FEE AT Fof A9
A&

2.3 A HiY FES2| HPLC 24

A&

Waters 1525 u Binary HPLC pump, Waters 996
photodiode array detector® AH&-sFaL 2] All 9
3 Gemini 5 y CI8 110 AG um, 46 x 250 nm,
Phenomenex) columns AH&-3FATE 418 $lg &l
= 019 trifluoroacetic acid(TFA)E E 3¢t water(§-vl
A)2} acetonitrile(£VIB)E AHE-SFA L 1 ml/min®] F%
S8 270 nm Il A A3

2.4 ME HHQF

17k ZHA YA M| EF(HaCaT, keratinocyte), 17 A
oM AE(CCDY86sk, fibroblast)E DMEM, 10% FBS,
1% antibiotic-antimycotic(GIBCO) <] Bj=] |4 dishell 4]
37T, 5% COyel 7o 2 vj%ksloitt

2.5 Cell viability S8 A&

HaCaT cell 2 24 well plated] 1 x 10° 7§2] A ¥
Fate] mjgetart. 24 A7t ¥ FBSE
|2 WA|BFAL 24 A7HE<t starvationdhal, A&
W APsigieh. 1 F 24 AR Bk wjgsla wjA S
AT % 5 mg/ml MTT (3-(45-Dimethylthiazol-2-
yD)-2, 5-diphenyl Tetrazolium Bromide, Sigma) Ak
2440 W2 AE] F 4 ARE S9F 7 v FetgiTh 4 A7k
T wixlE  AASE,  dimethylsulfoxide (DMSO,
Amresco)E 1 mi® ¥ 10 #3F 5 & T 200 ul
A 6 welloll F3Fe] Spectrophotometer(Thermo) & 540
nmel A F3EE SAsHATHI6 7]

SIS
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EE
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N
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Cell viahility (%)

= (N7 THE / gz T35 x100(%)
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HaCaTZ 24 well plated] 2x10° cells/well& 53+
T 24 AIZE wjekstal, UVB Z2AKE0 mj/em?) § AlE&
Attt TR 5 uM
hydrocortisones A 2|8kt 248 $ 4 AZks<t
F7Ha% 2 cell lysis buffer (0.1% SDS, 1% NP40, 150
mM NaCl, 05% sodium deoxycholate, 50 mM
Tris-Cl(pH 7.5) and protease inhibitors) S ©] &3}
2L FE8lal BCA assayz vids Aks)

[1819].
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2.7 Western blotting

3719 e gl dAHE SDS-polyacrylamide
geloll loadingate] #7]9%F o2 £elsta, Nitrocellulose
(NC) membrane2.Z 2] proteins transfer A1Zth
o] membrane< blocking solution (5% skim milk in
TBST(Tris-buffered saline with 0.196 Tween 20))°l &
7F 30 ¥l blocking Al7]3 primary antibody
(COX-2, Abcam) solution®l 7} 4CollA overnight &
Z WS AIZTE 71 Foll TBSTE 1087+ 3% washing 3}
31 Primary antibody conjugated secondary antibody&
2 AIZHgek HESA]7] a1 ECL solution kit (Amersham) 2.
2 dAste] 225 TH20].

2.8 Procollagen synthesis assay

Procollagen synthesis %41 Procollagen Type 1
C-Peptide EIA kit (Takara)Z2 AR&3le] =A313ch
CCD986sk cell S 48well plateol] 5 x 10* cells/well 2 &
T3 5 24 ARFEE wj st AldEEE Aestdnh
4 48 A7 & 42 wiAE Procollagen Type 1
C-Peptide EIA kito] vlvwQol wje} aste] 22413519
vH21,22].

2.9 Wound healing assay

HaCaT cellS 12 well platedl] 2x10%cells/well #5-3F
24 NZEviekstaL FBSE ¥gshA] o wix 2 alA)
3 5 2} wellol 200p tipo 2 2FHXE WL AFE2
< Atk 244 F 18 - 20 At Fh S
en WA= A A&k fixing solution(4%
paraformaldehyde) 2 Y3 15 #3F  A20A]
incubationd}al PBSZ 3% washingdl™] fixingd
wound healing®] ® HEEZ dn|Hoz ARNE Ao
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30 g sucrose, plant growth regulator 24-D 1.5 mg,
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[Fig. 3] Cell viability effect of Artemisia annua Linne
callus extracts.
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5uM Hydrocortisone B
uvB - + + + + + + + +

Relative Intensity
(COX-2 / B-actin)
N

Artemisia annua Linne

callus extract (ug/ml) -7 1.5 10 1.5 10

3.5 Collagen B4 ZZl5 AE S8 F3
WM =t
A7) AW collagen®] A4 571 AE=E PIP EIA
kitE ARt S48k TH2021). &S Aes FE5=
9] AlEW collagen ol FIX & JeFS Elstazt Al
¥ o wulEE PIPe) s SASl L A <
T FEES Q2T v A5 Bk v of
e FEES AP AdudAe 1 ug/ml FEZ A
et o PIPe} o] Zaaltit el sk 3715
GIEESE NP SR R 2 I H
ol 7, dehe 5 27 PIP AN S Sleed 2
FIFL FA B FAGA olF Bl AEE A
2 FEES collagen §733 #HAE FENAo &E50]
gee ¢ 4 ok
607
. 1
l_E_ 40
o
£
o
o 20
Artemisia annua Linne
callus extract (pg/ml) 1 5 10 1 5 10
water extract EtOH extract

Sample Control Artemisia annua Linne callus water extract Artemisia annua Linne callus tOH extract

5uM Hydrocortisone - -+ - - - - - -
Conc. (pg/ml) - 1 5 10 1 5 10
uvB -+ 0+ + + o+ + + 4+ Mean 5159 4249 4345 4621 3942 5453 5312
1SEM 104940 11305 06877 2198 12072 102239 +1559
water extract EtOH extract A L. L. )
[Fig. 5] Anti-winkle of Artemisia annua Linne callus
Sample Control (UV-) Control Hydrocortisone extracts.
Conc. (uM) - - s
e 1000 01055 +6.0586 o =
= — — 3.6 HEX A2 A FEE9| YXXE St
Sample Artemisia annua Linne callus water extract
Cone. (ug/mD) 1 s 10 Wound healing assayS ©]-&3to] 7|5 A~ F
Mean 2.428 1.930 2.494 o o
=0 by . : = 2] =1 o= =]
+SEM +£0.0583 +0.0551 +0.0091 %EO] /\ﬂig/l migration& =7 o]__‘jx] o] R —‘V_za]-o]_
Sample Artemisia annua Linne callus EtOH extract -
A = o] JE<N
Conc. (ug/ml) 1 5 10 021 o]']xli _8_“’}’ ‘117]'0]'—1—;(]' 0]' D} HaCaT cell =
Mean 2.533 1972 1.279 = =
+SEM +0.0463 +0.0021 +0.0420 H o]:§_ plateoﬂ }\E_EHKI =) ——?‘— Z:-EE']}\ —%‘5%3 Zﬁ\j/]

[Fig. 4] Anti-inflammation effect of Artemisia annua

3oL 18 Al7Hgor wjdkate] wound healing areaZ A4k

Linne callus extracts. A. Western blot result 3kt Cell viahility 7} # 4 70%3%E¢1 5= ol A 7}
showing the effects of Artemisia annua Linne A wmo wre X%H Aeetde, 5222 5)

callus extracts, B. quantification of the bands.

Results are expressed as the meants.e.m. of

three

**p<0.005 versus UVB-stimulated group.

independent experiments, *p<0.05,
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; a. control, b. 0.3pg/ml EGF, c. Artemisia
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callus extract. Results are expressed as the
meanss.e.m. of three independent experiments,
***p<0.0001 versus control group.

5634

4 ZE

NEE B ~E 47 A4, o ee 5519 I 5
22 1,5 10 uyg/mle] sE== MXol| Aglste] &9 L
e T O s Wrlskdth 1 A viES A
Y2 e FEES 10 yg/mle] T2 HsdS
UVE 2AV8HA] @2 thxatihE COX-29] &do] 74
3= AL gkt w3 wound healing assays &
8 A Afs Bk @ A NEE dgeFEE
A i ztell Blal oF 3096 = healing area’} 715k
Ae BE3ILk ol TeHI AE I NEX
A~ deEFEE] dFFEE vd o g A
B 7R JEE o 5 qla 7| de] dER
FH 259 tEo] A Afrss 7S sk
olF T3l MESR Al FEELS AARSH o1 1%
7BA0 AAE NEFo R v I 9 dA XE #
H AF B 7]oE oz o dEr

References

[1] Kang, B. H. “Native plants and useful plants”, Korean J.
Seed Sci. 28, 12-16, 2008.

[2]1 Hong Yunho, "Food physiological active substance
science”, Chonnam National University Press. 13-72, 2009

[3] Choi EJ, Kim GH, "Antioxidant and anticancer activity of
Artemisia princeps var. orientalis extract in HepG2 and
Hep3B hepatocellular carcinoma cells”, Chin J Cancer Res.
25, 536-243, 2013.

[4] Kim JH, Jung SH, Yang YI, Ahn JH, Cho JG, Lee KT,
Baek NI, Choi JH, “Artemisia leaf extract induces
apoptosis in human endometriotic cells through regulation
of the p38 and NFxB pathways”, J Ethnopharmacol. 145,
767775, 2013.

DOL http://dx.doi.org/10.1016/].jep.2012.12.003

[5] Chang SH, Jung EJ, Park YH, Lim DG, Ko NY, Choi WS,
Her E, Kim SH, Choi KD, Bae JH, Kim SH, Kang CD,
Han DJ, Kim SC, “Anti-inflammatory effects of Artemisia
princeps in antigen—stimulated T cells and regulatory T
cells”, J Pharm Pharmacol. 61, 1043-1050, 2009.

DOI: http://dx.doi.org/10.1211/ipp.61.08.0008

[6] Kang GJ, Kang NJ, Han SC, Koo DH, Kim YS, Lee JH,
Kim SC, Park DH, Lee JS, Kang HK, Yoo ES, “HaCaT 7}
AP MEN A TN EZ(Artemisia annua L) -2 A&
Artemisinic acid®] Macrophage-derived Chemokine &4




AEAZHL7 &S ol 8T FEAE MEE AE

= O

F = ¥

= 9 NEZF 2ZE9 wound healing effect

4y

a3, Korean J Pharm 43, 217-223, 2012.

Kiharu I, Miho I, Toshimi H. “Major antioxidative
substances in leaves of Atsumi-kabu”, Agric Biol Chem.
54, 1053-1065, 1990.

DOL http://dx.doi.org/10.1271/bbb1961.54.1053

Hayashi, T. Hayakawa, Y. Hayashi, T., Sasaki, H.,
Sakuragawa, N., “Sulfated polysaccharide from the leaves
of Artemisia princeps activates heparin cofactor II
independently of the Lys 173 and Arg 189 residues of
heparin cofactor I”, Thromb. Res. 87, 105-112, 1997.
Kim, N.M,, Kim, J., Chung, HY., Choi, J.S. “Isolation of
luteolin  7-O-rutinoside and esculetin with potential

(7

(8]

9l

antioxidant activity from the aerial parts of Artemisia
montana”, Arch Pharm Res. 23, 237-239, 2000.
DOL: http://dx.doi.org/10.1007/BF02976451

[10] Toda, S., Shirataki, Y. “Inhibitory effects of isoflavones in
roots of the Astragalus membranaceus Bunge (astragali

radix) on lipid peroxidation by reactive oxygen species”,
Phytother. Res. 12, 59-61, 1998.
DOI : http://dx.doi.org/10.1002/(SICD1099-1573(19980201)
12:1%6 3C59::AID-PTRI82%3E3.0.CO:2-R
[11] K. E. Hwang, H. W. Kim, Y. S. Choi, S. Y. Lee, E. J. Yeo,
Y. K. Ham, S. M. Choi, M. A. Lee, C. J. Kim, “Evaluation
of the antioxidant effect of ganghwayakssuk (Artemisia

princeps Pamp.) extract alone and in combination with
ascorbic acid in raw chicken patties”, Poultry Science, 92,
3244-3250, 2013.

DOI: http://dx.doi.org/10.3382/ps.2013-03274

[12] Ryu SY, Kim JO, Choi SU. "Cytotoxic components of
Artemisia princeps”, Planta Med 63, 384-335, 1997.
DOIL http://dx.doi.org/10.1055/s-2006-957714

[13] Sarath VJ, So CS, Won YD, “Artemisia princeps var
orientalis induces apoptosis in human breast cancer
MCF-7 cells”, Anticancer Res. 27, 38913898, 2007.

[14] Bora KS, Sharma A. “Evaluation of antioxidant and
freeradical scavenging potential of Artemisia absinthium”,
Pharm Biol. 49, 1216-1223, 2011.

DOL: http://dx.doi.org/10.3109/13880209.2011.578142

[15] Kim KS, Lee S, Lee YS, “Anti-oxidant activities of the
extracts from the herbs of Artemisia apiacea’, J
Ethnopharmacol. 8, 69-72, 2003.

DOL: http://dx.doi.org/10.1016/S0378-8741(02)00338-0

[16] Van Meerloo J, Kaspers GJ, Cloos J, "Cell sensitivity
assays: the MTT assay”, Methods Mol Biol 731,
237-245, 2011.

DOL http://dx.doi.org/10.1007/978-1-61779-030-5_20

[17] Fotakis G, Timbrell JA, "In vitro cytotoxicity assays:

comparison of LDH, neutral red, MTT and protein assay

5635

in hepatoma cell lines following exposure to cadmium
chloride”, Toxicol Lett. 160, 171-177, 2006.
DOL http://dx.doi.org/10.1016/j.toxlet.2005.07.001

[18] E. M. Middleton, A. H. Teramura, "The role of flavonol
glycosides and carotenoids in protecting soybean from
ultraviolet-B damage”, Plant Physiol. 103, 741-752, 1993.

[19] Saveria Pastore, Daniela Lulli, Alla I. Potapovich, Paolo
Fidanza, Vladimir A. Kostyuk,

Elena Dellambra, Chiara De Luca, Riccardo Maurelli, Liudmila
G. Korkina,“Differential modulation of stress-inflammation
responses by plant polyphenols in cultured normal human
keratinocytes and immortalized HaCaT ]
Dermatological Science, 63, 104-114, 2011.

[20] Potapovich Al Lulli D, Fidanza P, Kostyuk VA, De Luca
C, Pastore S, Korkina LG, "Plant polyphenols differentially

modulate inflammatory responses of human Kkeratinocytes

cells”,

by interfering with activation of transcription factors NFx
B and AhR and EGFR-ERK pathway”, Toxicol Appl
Pharmacol. 255, 138-149, 2011.
DOL: http://dx.doi.org/10.1016/j.taap.2011.06.007

[21] Atsushi Masamune, Shin Hamada, Kazuhiro Kikuta,
Tetsuya Takikawa, Shin Miura, Eriko Nakano, Tooru
Shimosegawa, "The angiotensin II type I receptor blocker

olmesartan inhibits the growth of pancreatic cancer by
targeting stellate cell activities in mice”, Journal of
Guastroenterology. 48, 602-609, 2013.

[22] Cho S, Kim HH, Lee MJ, Lee S, Park CS, Nam SJ, Han
JJ, Kim JW, Chung JH, "Phosphatidylserine prevents
UV-induced decrease of type I procollagen and increase of
MMP-1 in dermal fibroblasts and human skin in vivo”, J
Lipid Res. 49, 1235-1245, 2008.

DOL: http://dx.doi.org/10.1194/41r M700581 - JLR200

[23] Justin C Yarrow, Zachary E Perlman, Nicholas J
Westwood, Timothy J Mitchison, ”"A high-throughput cell

scratch  wound healing,

migration assay using a
comparison of image-based readout methods”, BMC
Biotechnology. 4, 21, 2004.

DOL http://dx.doi.org/10.1186/1472-6750-4-21

[24] Coomber BL, Gotlieb Al, "In vitro endothelial wound
repair, interaction of cell migration and proliferation”,
Arteriosclerosis. 10, 215-222, 1990.

DOL http://dx.doi.org/10.1161/01. ATV.10.2.215

[25] Lampugnani MG, "Cell migration into a wounded area in
vitro”, Methods Mol Biol. 96, 177-182, 1999.

[26] Kaji T, Kaga K, Miezi N, Hayashi T, Ejiri N, Sakuragawa

N, "Possible mechanism of the stimulatory effect of

Artemisia leaf extract on the proliferation of cultured
endothelial cells: involvement of basic fibroblast growth



St=Alksl7| &5k =8 A Alsd A9S, 2014

factor”, Chem Pharm Bull (Tokyo). 38, 2494-2497, 1990.
DO http://dx.doi.org/10.1248/cpb.38.538

2 & Eli(Seungtack OH) (=59
02011 2¢ : AvAdiga fHF
8 4 (olakehA))
20134 29 © Aaroista k)

2013 99 ~ FAA : (F)ule]Q
o ZrjelH 5

<P Fop>
AR, 13

A Sl 4=(Haesoo Jung)

020121 29 : Aeisn sYET
g dw (o]gean)

2011 82 ~ @Al 1 (F)utel
RECLE S

<o
S3F 23t

X & ZI(Moonjin Cho)

02007 8¢ :
(o]3}3Ah
02000 11¥ ~ dAl : (F)ulelS

olZrjy =5

Feltsta s

<o
=S

M & $(Hyo Hyun Seo) (&3]

01999 12¢€ ~ 20074 3¥ : &=
SAEet FeAE A ekl
2 A9 Al

020041 89 : FFHET|Ed A
ekt (o] sHAAD

02007 69 ~ A : (F)lole
ol ey =%

of ;ri
Ar
O
o
Vv

o= A
il
o

5636

02003 8¢ @ BFHIr|ed A4H
#3}k3} (o] AL

020134 29 : AdoisE ezt
B71EH e (e]3Ah

020051 119 ~ &4 : (F)ulo]le
ol Zr] el thigolAL

<BARop
AR, estet

& 0] HMiyoung Song) (&3]
©2008'd 29 : A= sy

(o183
02012 849 ¢ =St dnkest
A g E (o]3Ah
02013 99 ~ A : (F)ulole
ol Zrjqly =%

<FHlEop
A, 315



