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fr=dhe @717k AAolztax & 4 siok(Gould
% 1997, Ashcrofts- 1999, Songs- 1999).

o ;Ake ﬂi W s ghge) )de] B @
Tk ohe), 3, F3, ulR 5 okt 2
o) gRAelE Felstsd, A viold
wAe] G Aol PASkT Qe obvlwal

$2A 5 Esle] o] Fo]xIt} (Christensen 1990k}
Al SEAlE 2] DBl sk obulmabe)
EAe) ulz} FA, 9714 W AR olm| A 4
2 FFE, AL 9] Aule o) o] B3 o)F
o) wheh Nat-o)&4 2 Nar-ne)ey Saa=

g o3} c]_u]

=20

L& Nat-u]9] 751 2 FAo}
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Z1x} A,

k=]
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=1 =1 = A
zl
i 3, s

7b e obnxal #AE A glem (Silber-
nagl 1979, Christensen 199@}s| A 22| 7]*| 2+
o A sk gAnel g

ZA o) Ake] Fel] FQ3F 7)%e 3w e
2] ¢Jo} (Christensen 1990): 3t °}U]L—_’:} A L
< FAetu A #RE ofdzl L-dopa, melphalan,
gabapentirFJ thyroid hormonez-& ojw| At Fx

E 7H EEE 5T S glonE oFE A
2 7}FE7| = 3t} (Goldenbergs- 1979, Christensen
1990, Lakshmana®& 1990, Blondeads- 1993, Sus-
1995, Gomeg} SoaresdaSilva 1999).

Kanai 5 (1998 o3 o}m|xAl 444 L A
WA o}3Jql L-type amino acid transporter 1 (LAT1)
o] rat C6 gliomas| Zo X ZA =) LAT1S 12
3] Azehe HESE o A Narw|)Es

=

=
z= =3
xg 53

=
1

© 2 leucine, isoleucine, valine, phenylalanine, tyro-

sine, methionine, tryptophah histidine 22 =7}
FAo A pEsE < 73 9
(Kanai% 1998, Yanagidg 2001, Uchinos- 2002).
LATl£ 4F2 heavy chain (4F2he)el= 13] A==+

< #E3}= w chlzlF) disulfide bonde Ad=

=
= A

heterodlmeﬁ chilAoln], LAT1e] 7]%e 435}
7] SJaiAlE B2zt 4F2he] A7} R4 o))

= ARo] ®H =gt} (Kanai 5 1998, Mannions-
1998, Mastroberarding 1998, Pfeiffers- 1998, Na-
kamuras 1999, Yanagidas- 2001). =3t LAT1S
T 2o A PR FHw, FFE] Al Fo
gk 98-S g B 1E ¢l o (Sangs 1995, Wolf5
1996, Kanais- 1998, Yanagidds- 2001).3t#, LAT1
o) #2454 Fo LATL® Fado= 3ol
U otmlxAl 544 Lol = A o}l Ltype
amino acid transporter 2 (LAT2) 5= %ic} (Pineda
1999, Rossies- 1999, Segawds- 1999, Verrey
2000). LATZ= LAT13} vjwsle] & o HAF =
0 sk Rk vl gom, T2t 2 3
Aobu) At ek ohel Fa7h e FAdolul Al
= BF 8

ofu] Al Fol 4] Agoln] Az Aprle]
A gskoe AE dene Ax Y2 5% 9
o}doful ghet. meb Mol A ek o] Wroln)

ot ol

2]

i

- ALS

i nha]

H 483 wdn Usd —

0Jok

A 22A4)7F Aodgickd Wholu] e Ale Az ut
oz NE AE Yz 45584 Raluz chza 3}
Aol B7Vs s Hol A Alze] FAlo] FRrd

Zolg}. olul Al $5A F, 54 LS I $47)
o] dfpotuals EFF dj Lo FAotnx
Atelm = v FoshA A= 3l (Silbernagl

1979, Christensen 1990).

Az ) At Felqoz A=A A%H
ZA)3h el BHH AE Bl obul it S
Ao 750 ArLEo] iz AL 28t ofm]|n
Aol Frel BarabA =, ol olF A M o}
wlAbe] TFE $1 olulmal 455 te)
Eoldow shid Fol a)A o] Folaltn e
2] 3)e}k(Sang% 1995, Wolf% 1996, Kanais- 1998,
Yanagidas- 2001). A X4 Ao = shAke] &7
W A& MEAAI 2] "EAolgln &
2~ glom, o3t Aol ofu|:Al SS9
g2 Aozt & 4 gloh 2y A& 2

<]
o]

QoA o2l YEATE ZFY oful Al 547
o] wrg 9 g@qrel] At A7 ik webA
B AT ARE FLAR AFE ol 83t A
2 el A ofm|cAl A Lo ekt o
g B3zt ssdet

M= S 2
1. Df 4XRE

TL2A BfellA A7 AREFE AlF oF 100gm
(¢F 4%3)¢] SpragueDawley 3l#]e] <Al ketamine
(90 mg/kg, Yuhan, Seoul, Kored) xylazine (10 mg/kg,
BayerKorea, Gyunggi, Kore® t & %o Z&FA}
sle] mlE A7) 2, FFaukx] BH o2 gentamicin (5
mg/kg, Daesung Microbiological Labs Co., Gyungdgi,
FHFASAA, 559 GE AL A

#1814 558 2E ol gkl
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Al o, ZF 79 3rlE]e] 3FHE AREERIH
Y 2Z (controlle 2= EAdzA dlolla AFS3E A

% o 100gnP] 4HE $UA71A] e AHEF ol

g3kt

i B | =
AAE SRE ANl $7 T, ALelA 12
Az AR, lRE BE A5 Fo2 Ghstel

Paraplast (Sherwood Medical Industries, USJA)=
wjsteict. Zof 14 7] (ReichertJung 820,
USA)E o]-43le] 6~7um %72 ddew Azt
o}g, 22 3le A2s)7) ¢5ke] hematoxylineosin
(H&E)o 2 o]ZFgMgt =&, AL 7] (AxioVision
3.1, Zeiss, Germany) #2% &u]7d (AxioSkop 2
plus, Zeissy| =l ox"d 7}4 g (AxioCam,
Zeissi Fods}o] WAST)

[
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3. ERNA F&11 ¥

(RT-PCR)

HA-SERELS

AAE Axz=2ozHE] TRI REAGENT kit
(Molecular Research Center, Inc., Cincinnati, Ohio,
USA)S o]43le] = RNAS &3 & 2194 &
F71%5 o]&3te] 260 vl A FR=E FA 3
cDNA 345 ¢J8te] 5ugel total RNAZS reverse
transcriptase (Invitrogen Life Technologies, Carlsbad,
CA, USA)¢} oligo (dT) primez- o] 8-3}o] 42°Col|A]
147 ek SAA g Agsteh $48
cDNA¢} Z+ primer (Table 1§ ©]£3}e] PCRYFS-
58 sgleh. PCRUFS-S 94°Coll 4] 123, WA
S 94°Cof| 4] 30%, 23S 60°CellA] 30%, =
ibg-o 72°Cel M 4527k 30771 WhEsidlw

FPg-2 72ColA 3087 Aste] S
A7t RT-PCRUMS- AE-2 1.5% agarose g&lA]
A7) 53} Felsieleh

o olo o

o)

\_

sodium citrate (0.1 M, pH
At PR AL

peroxidasegil & A8l7] )
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ale] 3% ALEHAT Helsideh BAle) vl S|4
uke-s 27387 ¢3ske] 5% normal goat serug
=23t &, dAsA = affinity-purified antiLAT1,
LAT2 9 4F2hcz 34 (1:100%}ed Atg-3tae). o
o] biotinylated goat antiabbit IgG (DAKO Co., USA)
A 3087k WSAZ) F PBSE S4lskeic) B
< 3, 3-diaminobenzidine tetrachlori¢k hydrogen
peroxides o] &3}e] WHAA|Z] &, Meyerr] hemato-
xylinos ejzgdsie] BejenAon HAsA
o} vhg-o] By A8 52 &4 F, Permount (Fisher,
USA)Z 2atT ed4huA7)7h 3ad #u) 7ol
229 G4 st Fedsle] A,

5. EAlstd HH

2E AgAALE meant SEMe 2 epl A, 7
AHZ 71 §-204 AAL ANOVA 3o Student's
t-tests- 3}t

Z

1. Mxx|f oEHe| ==|5t p&

AAFE F 4 AEE HE2E A xR 9
H&E M A7E Fig. 1o Jepigleh Axd= F
124]7} (Fig. laplx T2 AR R3)e] 2212 o

33T fAEen, 194 (Fig. byhA 7|
SH5leh 104 AARANE H44 249 o
e ¢z A7 A7} HA= ek A2 AA
= 34 (Fig. Lepha] AA3] =31, ol417)e]
A ZS) ool Belsglon A3 2| AT

g 2y AAR 594 (Fig. 1dp} 74
(Fig. Lepl= =Ae] 9ag Dete] Bawslow,
ol AFgate] AT ES ol Fom AR RIIE 9
3o} 98] Ak w3 A9E TR AA
297} AR 2719 AR GE 12475 1Al ]
she] whe] Fawgie.
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w2 ofu]xAl 47 Lo mRNA WS Axg LAT1 mRNAS] urge Abz]ent & 12X 7b5) o) o)
Ab - Blwsl7] 98kl Zb2+e] primer (Table 1§ o] Z7o H)3] EAAo=Z 995 _7}7} 9)gdar, 1

43te] RT-PCREA S 3lglom, 7 ZA3E video  dAlol= izl vl FAACR {2l A
based densitometrgl} o2 $Xx=2 W3 A Z o} sl om, Ax]gut & 3,59 2 7dx = A3}l

Fig. 1. The healing pattern of rat on the dorsal skin after artificial wounds. The skin samples were stained with hematoxylim& eosin.
12 hour; b, Day 1; c, Day 3; d, Day 5; e, Day 7. All scale bars indicater200
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A LATLmRNAS] o] dhzzat 43 fA10 & AR5 12407, 19 2 39744z
& BT 5 5iF(Fig. 2). LAT2 mRNAS 33 ujs) Z7heledon], 593t 792 AsbsiaiA oz

5 AR ablde FAT 4 ol (Fig. 3).
LAT13} LAT22] B =x9lzk¢l 4F2hc mRNAY] w3

Table 1.Primer sequences for PCR of LAT1, LAT2 and 4F2hc B d
d S S AR R 1203004 ok Sk A
Primer Sequence 5+3) product ot EAA 9o+ 9igler, 1,3, 58 ¥ 7Y
©R) Aol o) aste HFE nyont $AA
LAT1 (sense) ACAAAACAGGGTAGCAAAGA o] o) oJolc) (Fig. 4
LAT1 (antisense) CGTCCTCAAGACTGTTCTTC 496 S sl (Fig. 4).
LAT2 (sense) TCATTGGCTCCGGAATCTTC o
LAT2 (antisense) ATGCATTCTTTGGCTCCAGC 3. AXX|F ofHHo|AM HAXZE 5 SN oE
4F2hc (sense) AGACCTTCTACAAAGTGCCA oo i )
4F2hc (antisense) TAGAGTCGGAGAAACTGAGC 7 A & AR el W olm Al
A L9 Bxx 4F2hed] =i WA= ol

b

200- b
g 1801 ~®- LAT1 = 10 e LaT2
§ 1601 ox £ 120/ * :
%5 140+ 3
& 120 S 100,
> S
e *k < 4
T 60 g
g 401 £ 404
o | b=

28 O 20/

Control 12 hours 1day 3days 5days 7 0

Time Control 12 hours 1day 3days 5days 7
Time

Ei

g. 2. Detection of LAT1 mRNA during healing after artificial
wounds. (a) The first stand cDNA prepared from RNA of Fig. 3. Detection of LAT2 mRNA during healing after artificial
wound area tissue was used as template for PCR amp- wounds. (a) The first stand cDNA prepared from RNA of
lification. The PCR products were electrophoresed on a wound area tissue was used as template for PCR ampli-
1.5% agarose gel and visulaized with ethidium bromide. fication. The PCR products were electrophoresed on a

The LAT1-specific PCR product (496 bp) was obtained.
(b) The percentage of LAT1 mRNA expression was
calculated as a ratio of experimental wounded group and
untreated control group (Lane 1: control rat skin, Lane 2:
after 12 hours giving a wound, Lane 3: after 1 day giving
a wound, Lane 4: after 3 days giving a wound, Lane 5:
after 5 days giving a wound, Lane 6: after 7 days giving a
wound). **p<0.01 vs. control and ***g.0.001 vs. con-
trol.
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1.5% agarose gel and visulaized with ethidium bromide.
The LAT2-specific PCR product (509 bp) was obtained.

(b) The percentage of LAT2 mRNA expression was

calculated as a ratio of experimental wounded group and
untreated control group (Lane 1: control rat skin, Lane 2:
after 12 hours giving a wound, Lane 3: after 1 day giving

a wound, Lane 4: after 3 days giving a wound, Lane 5:
after 5 days giving a wound, Lane 6: after 7 days giving a
wound). *p< 0.05 vs. control.



WS A vlawsly] fJste] 74 FAE o8 A K 1A A" AzAedME niERg
ste] WA zAsstd AL skl S AT 50 AZEedA 7t woubge]

AAE FEehA] > A dxe] AuFelA %E]‘ii o (Fig. 5¢), o213 2 A F 394
t Aoz LAT1O Aol Wulge] vept  7AA A=A (Fig. 5¢,d). 44 8 3449 4
T A& AT 4 U (Fig. 5a). 44 8 5 A EFAME AHFER ofF st AlEelA
124714 2] Aol M= Aol A19]9] AdubHel - Adubroz wHeRkgo] AAF ¢l or (Fig. 5d), 44
el "gnk-go] I, 58] AdA e <l 13} 3dA L] A o A RRel e WY
Ay Au|zA e vpgRele 7S —‘?‘*E‘-/] 7&A) Hhg-ol Fel=A] dstet (Fig. 5¢, d). A i+ 54
Eo A Hhge] FHAE e, AxFH AdMs F A A vpgEe] MEsd A9 W 4
de] wert sy dFHYe] AxFdda g FeAE 9 AFEAESedAE dYikse] v

eiugo] A 9dek (Fig. 5b).4H 2 F 124]

;1

wort (Fig. 5e), RIA A= 4] 8l A9 =%

2] EAelA LATL shlde] e dazsh  ox) melubge] s ulekalsich (Fig. ).
Bl wsle] g4 71" oFAHS ®gd(Fig. 5a, b).Ad ol = AF A L FollA] T WA o}3el LAT2

o Wedzagae] Az, A4 P xTolAE
LAT29] shale] meiulgo] ubdoz mletal

sron: [ ——— Mo R A A, A 120

Aol A3 W AR elAME o] A EENA

ULLY s— a— — N —a—| wWedulo] aE Q] on] ArmA ZoA] n]eksl
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(=2
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)
PN

uk-g-skgtt (Fig. 6a). A+ 548 1932} 3Ux) 2] Abx
el 213292 224 NZ2ES AAE AT
°) 7| Zo] X3 A ESo|A] LAT29] megut
o] &= At (Fig. 6b, ). A4 4 F 5
Aol A= 193 3R A= vh2A] AHg]$5e]
Aol A] ozt W dnkg-o] FHE I} (Fig. 6d).
AR5 7)17F F, LAT13} LAT2¢] 244 B2z
Qlx}el 4F2hcskale] whadg Eheldt ZHz, A
o] AT F W dFHUAN Z| A L=
] A zA M e v|ekeA RS A L
Cor;trol 12 ﬁours 1'day '3days '5day? 7 z 194_7,4] ZA A o] FF9 AN Eol| A 4F2he)
Time wHelo] Zrhslgl or (Fig. 7a), Aol E A3
9] A3 2ol Y3 FZ=NAE Y AfRAE

B
—e— 4F2hc =
o
[}
o)
=

o

Fig. 4. Detection of 4F2hc mRNA during healing after artificial

wounds. (a) The first stand cDNA prepared from RNA of S°ll41¢] A& &<l3l3le (Fig. 7b). A4 2 5
\f/_voupd arTet? tlé?s Wasd used as terr:plate fﬁr PCRdampll Ase] Alm] F ulgZo|A] k3l ulLo] Felx gl
ication. The products were electrophoresed on a . - _ -

1.5% agarose gel and visulaized with ethidium bromide. on (Fig. 7c), RIA A= FE o] w$- v efsielet-
The 4F2hespecific PCR product (489 bp) was obtained.
(b) The percentage of 4F2hc mRNA expression was
calculated as a ratio of experimental wounded group and
untreated control group (Lane 1: control rat skin, Lane 2: al =
after 12 hours giving a wound, Lane 3: after 1 day giving
a wound, Lane 4: after 3 days giving a wound, Lane 5:
after 5 days giving a wound, Lane 6: after 7 days giving a
wound). dAsHA AA=

o Lenv} HEs
A4 Aol of

i)
L
o

o>,
R0
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Fig. 5.Immunoreaction of LAT1 during healing after artificial wounds. (a) normal (b) 12 hour (c) Day 1 (d) Day 3 (e) Day 5 (f) Day 7.
All scale bars indicate 3@m.

u)ieAl A Lo) ekt H g vla - 1A ol mlal] Zhasigen 3,59 % 7dR 2 AI)s}
SEs=8 wWA wele] Wz A fARIS(Fig. 2).

LAT1 mRNA®] &l A8 5 124714 o] LAT2 mRNAS] &2 Abx - 5, 124]7h 19 %
Hzzel vle g2 Z7) 3lda, 1Al s e 3U7A] dzgel vl Frlsle e, 5d3 7dA)|
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Fig. 6. Expression of LAT2 protein in wound area. (a) 12 hour (b) Day 1 (c) Day 3 (d) Day 5. All scale bars indicatex2@pt that

of ¢ (50um).

= ASdA Axist 44 fAA Fo. 3).
4F2hc MRNAY] a2 AL 91k & 124] 7 ol A] <k

7V Aee Bolen, 1,3, 8 3l 7dA=
/‘17J°] 73 2pshHAl W o] FAF ZHassledet (Fig. 4).
Clark (1996} Mutsaers (1997) AMAf= 3 &
are] gmsl WHe) YA BAT A B
A vjEzdE, JH ez 22 Shale] ke
o) Fhgo=A, W AxF TFYNATE) 59
< F2 M2 S 5 A EAES

oo

platelet derived growth factor (PDGF), transforming

growth factorbeta (TGFbeta), tumor necrotic factor
alpha (TNFalpha) 53} 252 AAlatse] wilel
7} geba sleh AR F709) 3719 718 AA
g AZAME A AR aael AAlwA

18] 372 metallomatrix proteinases (MMP&3} o] &
o] AAAL] W e] 7t e F¥HE o7 Hel
AR A g0l 71l Aolgt Busksich (Talhouk 5
1992, Kobayashis- 1994). o] 22 A3 TxE2]
By AR A7EE Fo3 AFS 3
WA S| Sachs 2 AA ateb ofnlw
$47) Le] T o}3dgl LAT1 LAT27} AFA] -
F Aol A7 EE wHPte] Az o
S AL Seld B A7ATs} AHAS A7
23 4¥e 3= wAEe] A= thag
% A AFEE A8 72152 B3 (Clark 1996
TR E o, Nz F ANAS FHol
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Fig. 7.Immunostaining of 4F2hc during wound healing. (a) Day 1 (b) Day 3 (c) Day 5. All scale bars indigate 20
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F, AR el w2 otvlxeAt 25A LY
A 4F2hee] whild WA w 9 R
7] fl3ke] 7+ A=

Sl

LATL =hijdde] a2 A #38 F
A M o] A1) e] AxbEQl el A
w2 wlmste] F7bd FdE Bola 53] 4
Hell g Av)zA o) npERgeh 7S e
oA EAA WEgo] FelEglen, AxFH 21T
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7% Weukgo] AU (Fig. 5). 2 A7o) 2
el LATL il ol 5oj A £ 5

F2 7 wEs
LAT1o] AFA=]82] =7]e
A ARSI Q).

ofuleAlk S Le] % i) obyel LAT2 ghyj
Ao A E 1247009 Als) B Ak Ze] A
Aurd o 2 wm)okalA w3l st (Fig. 6). A% St
193} 39718 AHRL el 25| 79)e] AFuS
AZ 3 AEAEES YYD A% )M
FET A ZECA LAT29] " ulg-o] F=sle
o, SLAAE Ee) dyela ok meus
ghe] AF= S (Fig. 6). obv| Al =54 L] 7)%
s3817] 913t P4 B xQ0%} 4F2herhy A o)
WE A FL & 1A 2A oA o5 Fd A

debelaead 4
2 BolPehe 7

o
=



— 27, U Hus "
SAEAA F7heked ord, 3UAeIHE A 32
Xli]&tﬂ] AT FEFHbSAE B AfEA EE

A e elstgdel (Fig. 7). A4 s 583} 7
AN Balol vl vlokaldet & A7 A
= LAT2

chill o] A2 f A Z7] o] Fef
F93 s & Aok AL AR,

ofu| At 574 F, Nat-vle]EH oz FJgeofn]
XARS 23 FA ol eAke] e Ee A W
A L G ol £ L 2 26
A1) Dol 1o ojns] FAotn)
pAte] B2 wl-g- A QA= 31 ¢)e} (Silbernagl
1979, Chrlstensen 1990335? ofu| At 24 LE

BaASE 297h AEEe] Qe o opulat 4
SAENE Do) QA N AY BE 24 Lxs

T Qome AT Y 2 W Fed Axe
BT Qi SEAeln ohulwAl A Lol
LATL3} LAT2eh= = 749 ofddo] AR el 4 =
Agetm delx] glom], Mze] EF, Az 7
2 z71e] we} wsepge] Mz sty okex
2l5} (Sang% 1995, Wolf 5 1996, Kanais- 1998,
Pinedas 1999, Rossiers- 1999, Segawds- 1999,
Verrey 5 2000, Yanagidgs- 2001).

Az W At Seldos FAHAY AL
ZH3 ol B4Hel ALBelE ofmlxAl %
AL Aol Aol T FAE 98 obvlw
Abe] FFol st o, ol olE AE M o
meAbe] FFE 3 ohulwab SpAlEe) wHae)
EolHoz sy gol M o] Folxlcka o]
1 9l (Sangs 1995, Wolf5- 1996, Kanais- 1998,
Yanagidas 2001). LAT1S AHALzA A= o, €
wh & 5 2 dEse B9t AlgkEe] s, F
2 oA FeAlzeA ILE FH, Tz A
Aol Z93 A9%S vy BuE g (Kanai 5
1998, Yanagidas- 2001). 121} LAT2= LAT13}
vlwate] £ wf A4 22 o 2E s 59071 vl
¢ it} (Pinedas 1999, Rossies 1999, Segawd&
1999, Verreys 2000).w2px 2 72 Z 3ol A
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Abstract

Differential Expression of System L Amino Acid Transporters
in Wound Healing Process of Rat Skin

Moon-Jin Jeong, Chang-Hyun Kim, Baik-Dong Choi, Soon-Jeong Jeong,
Joo-Cheol Park, Heung-Joong Kim, Kyung-Jin Park, Do-Kyung Kim

Oral Biology Research Institute, College of Dentistry Chosun University

The continuous growth and proliferation of cells are essential for the wound healing process, and the amino acid
transporters plays an important role in the continuous growing and proliferating cells. Among the amino acid transport
systems, the amino acid transport system L, which istaifdiependent neutral amino acid transport system, is a major
route for providing living cells including tumor cells with neutral amino acids including several essential amino acids.

In the present study, to elucidate the role of amino acid transport system L in the wound healing process, we
investigated the expression pattern of LAT1 and LAT2 in the healing process after inflicting the wound on skin of rat.

The expression of LAT1 was increased at 12 hours after inflicting the wound and was similar to the control group
getting closer to 7 days. The expression of LAT2 was increased at 1 day and 3 days after inflicting the wound and was
similar to the control group getting closer to 7 days.

These results suggest that the LAT1 and LAT2 play important roles at the early stage and at the middle stage getting
closer to normal skin in the wound healing process after inflicting the wound, respectively.

Key words : Wound healing, System L amino acid transporters, Nutrition to cells, Epithelial tissue
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