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Melatonin® 12} %2} (pineal gland)sll 4 HE1AE A
2RO AYE 497 HaA5% o A%
& BYRAIE 5ol dekn BuHol® PAAzA
A A A A 2EALE FEAA Aol st
$AAEY B Augozn 4454 e o
% 9% Ao JYE, PARLE A% = £3el
sastel] gyl obs AT v glek webd £ AF
 gAdeR §ED vhes 9 4R34 B
melatonin AHAZ A% WALZA BT 4TI
TGE-A1 WRARRS) WS Z43ie] F44F FERY
AEI A S GotunA st

io rO KU it o

55 2 dodle vhis FoE ¢ER 4R C57
BL/6 vh$-2E tidhubol 2 A(F)ANA FYhstod A3t
e vl 8FF oI FAIE oF 20 golslwh ARF
o] whet A=, HAAZRA G5, 123 melatonin
ARA & WAdzATog R d e AVEE
Aol wet A2z 7abel o b2 E wlgsle)

2. YAFME XAl & Melatonin 50§

uh-9 A2 150 me/kg?] ketamine (AlEFE}®, 50 mg/ml, G
Fef)e BFAste] vpHAIZ 3 1 em FAY ot
% 919 olzgAdl 1ART 6 MV AG7E7](Sie-
mens, PA, USA)E A-&3lod 3 Gymin®] AFEE 4& F
Zoll 12 GyE SSD 100 em©. 2 Foj|A vty sdzke g =
A3}l el Melatonin (Sigma, MO, USA)S 70% DMSOE &
w2 Agsle] 40 mgmlE %A L3AZ F WAL=
A 1A Aol 300 mgkge] o2 BEFFAsle] AA
A3kt
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2 52 Aaglid 4% F4 $95S Toul RNA
222 913 12 ml®) RNAzolB (Tel-Test, TX, USA)&-oH
of] &2 % 2 ml tissue grinder (Wheaton Science Products,
NJ, USA) WellA & zZho} T 433t ¥ 1.5 ml tubeol] o}
~T0Cel BB, APEL AAZHHAGAE )
% ZA] 10% neutral buffered formalinol] 7} 4°Col] A 32
A% ¥ o8 Ange gl
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4. RNA & % RT-PCR

RNAzol-B £8-g o]gsto] AzA7t Aste Yl wt
2} Toal RNAZ FZelgich &, —70°Coll Hislgidd
RNAzol-B & o] 23 #ZAE 4°CollA] 5 F chlo-
roformg A7lsta AR s} AH-2] aqueous phased
Bolsln u}lZ tubeol] Yol isopropanol-& d7}s] RNAE
HAAAT ¥ 75% ethanolZ A|Hs}5r ¢1o]Z] RNA pellet-s-
7¥gbks] 71 2A17 DEPC-dH;00 531t} 91o]3] Total RNA
= BEsiu] A A (Spectrophototeter) & 260 nm$} 280 nmei|A]
o FE5 Altsle] Al

o]% TGF-f1 mRNA ¥¥4FL AccuPower® RT/PCR
Premix (0.2 ml tube, 50 u1 reaction, Bioneer, Daejeon, Korea)
%} Thermal cycler (GeneAmp 9600, Perkin-Elmer, MA, USA)
2 A83}e] semiquantitive RT-PCRE Z43}9it}h. 7 Pre-
mix tubeol] Total RNA sample 1 xg¥} upstream, downstréam
primerZ Z+7} 40 pmoled 3. DEPC-dH0& #7}sted 50
(I STk 42°C, 6089 2ZelA QRS AA
ste} TGF- 81 CDNA% 33ek Al PCR 2718 94°C, 30%&
— 55°C, 30 — 72°C, 30x9] £AE A Eed A4
W2 FH YA ZAF samples] ZEF7| ol HE band
density®] xto]& Agsto] o] HolF Helk 26 cycle
S A9l on, RNA loading %& EAs7 Sl A-&9
B-actinol] chalA] 2 271 stoll A 18 eycled A&Hstgict
PCR products 10 £1& 2% agarose gelollA] A7 FE A4
33 %5 DNA bandg #Fe]4d FAE &3 ¥ HHsh
o] Z+7+e] band density-E Gel analysis software (SigmaGel,
Jandel Scientific, CA, USA)E %4}l c). RT-PCR 7ol
A AL specific primere] 37]49-& TGF- 12 upst-
ream primer 5-TTGACGTCACTGGAGTTGTA-3’$} down-
stream primer 5°-CCACGTGGAGTTTGTTATCT-3’§ 483}
AR, B-actin® 5-GGACCTGACAGACTACCTCA-3'8} 5-
AATGTAGTTTCATGGATGCC-3>S Z+7} upstream¥} down-
stream primerZ A}-&3} ).

F4EE 4N 55

EEL LT

el Eof 24 4um FAZ wAse] Feko] ol
29l % xyleneol] gvlelHstel ¥ dAER FFALE
AX I WA At aL GAE AAB A 3% I
ra 1587 Held F PBSE AXegict. o] %2 3
-2 HistoMouse-SP kit (Zymed Laboratories, CA, USA)E
Agstg e, vl 5ol Hel wWAANE =] Al kit Wl
blocking solutiong 3087+ Aelslx 1:5008 343
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TGF- A1 primary antibody (rabbit polyclonal 1gG to carboxy
terminus of human TGF- 81, Santa Cruz Biotechnology, CA,
USA)Z A-ZollA] 2417k 3t WH-S-A Z el PBSE A4 sla
biotinylated secondary antibody® 2027} ¥1-2X)A o) x1-8)A)
E B&4 X PBSE AH ) aL streptavidine-peroxidase con-
jugate$} 2087 HEZA)FHY. ©o]¥  substrate-chromogen
(DAB) mixtureE #7}ste] WAMA 7] 3 A|H o] hemato-
wine 2 gz s A 9 e53AE AR F 29
At SA = d 42 TGF- 41 primary antibodythAlol|
normal rtabbit IgG (Santa Cruz Biotechnology, CA, USA)E
Aelste] ARsS )
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WA ZA 573} melatonin X)X FollA 27 2%
o} 4% %9 TGF-j31 mRNA 23532 7 sampleE 9
band density& ZAslo] A4zl g wisZ7H(fold
increase) 2 TAIG =] 728 sampleol A 2] B-actin mRNA
W49 244 RNA loading 9] Xo]E Bgslod).
TGF-41 protein®] W& 200089 3F&3u| 7oA
sampled A Z XA ke 5702 3ol TGF-51 %A
AEES] H WEE2Z Aekssglo

olgA A" IA Avie} Aol wE TGFE-41
mRNA$} protein ¥l el Xjo]¥= Mann-Whitney U-test®
SPSS programg- Ab-g-slod FAIE-AE A8 =d pgkel
0.05 o}3Ql -5 #AslA BAs

M A BC A B C

<— B-actin (288 bp)
< TGF-B1 (111 bp)

2 weeks

HM=-FUE : Melatoninlll 218t TGF-A41 &89 Big}

Z

TAR2A 257 F9) 5 #HellA TGF- 51 mRNA 2d
< BAd2A DETI melatonin A X Foll A 22 A
Aozl uisl 1924, 22la 18uf F7tE WAL EE
Hglo} 7 F ol F% Hol= @il L(p=0.064), 45
Folle WA ZA STl A 25 Wi Bd Y FI1E

o] & vl AA A=Y 238 F7iE HS Hole
™ melatonin AX XAl 25 wiErhE FrbsRovt
1.94ul] Z715 WbE& Hol 7 7 Zholl R28E Aol & 1}
E} ) th(p=0.004)(Fig. 1, Table 1).

o 22 3hsted Mg B3 43 TGF-B1 protein®] 4
L o] AFAEE] Hasle] dEHo] v FEI =)
Z7ko] AL Uehlle 2o g A E4E

S Aoy FE HFERew #HEH AIA e}
HAZ AAEEA 2 LEs] et YAAzA F A
73 3ol whel 25 woll= 2AGET-7 melatonin 3] %]
TollA oF 15% FEE w@ $Fe] wHE EAL(p-
0.565), 4= woll& 43 WY FEst AR FSobsto]
24 GEFol| A 25 uf et 28l o] 49 AEEoA W
#xo] 36.1% =9 LE-S 29 21} melatonin %] 2]
N A= 257%2] el 1 F 7 Zhll §-23k Ao &
€b ) th(p=0.009)(Fig. 2, Table 1).

= bk

M A B C A B C

k.8 < p-actin (288 bp)
< TGF-81 (111 bp)

4 weeks

Fig. 1. TGF- 81 mRNA expression in right lung 2 and 4 weeks after 12 Gy irradiation. The expression of TGF- 81 was almost the same
in the irradiation-only and the melatonin pretreatment group at 2 weeks, but decreased more in the melatonin pretreatment group
at 4 weeks. M: molecular weight marker, A: control group, B: irradiation-only group, C: melatonin pretreatment group.

Table 1. Measurement of Transforming Growth Factor 81 Expression in Lung 2 and 4 Weeks after 12 Gy Whole Lung Irradiation

mRNA (fold increase, mean=+SD)

Protein (%, mean+SD)

R* M and R’ ct R M and R
2 weeks 1.92+0.12 1.80+0.15 546+2.27 15.80+2.48 16.86+4.71
4 weeks 238+017 1.94+0.18 556+1.61 36.14+3.95 25.69+6.17

*irradiation-only group, Tmelatonin pretreatment group, feontrol group
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2 weeks

4 weeks

Fig. 2. Immunohistochemical staining of TGF- 81 in left lung 2 and 4 weeks after 12 Gy irradiation. The expression of TGF- 81 protein
was detected prominently in regions of histopathologic radiation injury, and alveolar macrophages and septal epithelial cells served
as important sources of TGF- 1 expression. At 4 weeks, the TGF- 81 immunoreactivity was stronger and wider in the irradiation-only
group than in the melatonin pretreatment group. (A) Control group, (B) Irradiation-only group, (C) Melatonin pretreatment group.

(A to C, x200).
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TAAR] Zokol] 3t melatonine] ZH& A& oI ob
& 2Fe o & AYD N 227 $RARS £
Y=x FokA) A (oncostatic), = FYAE EAX ] 9
=] 3l (regression) LI}-& nlelo 2 slo] AA ofE] ¢Abod

=% T3 BRaFYc AFEL HdE ¢ oA F
oo} 23 APA, wi Aol A3LASo)A melatoning
UokEz Hea) BAUAEY BUsetens) o
o BAG ¥EAYE, P2 FHAY KAE B
o8 U AFES T AN HYEHE Kzt
ek 2915 fF) A FE 2ol HeA
AR Agela TFAE KR 9 "oz 3
A gl W FTAAE 7:1'5‘—‘133\9—‘31, WAAX 59}

BALSoll A o] Bgsl
o] PAAXE 5ol ]3] lld AEEAA ] 19
5 kK &9 &y} Ras gl
au AA JAFeE ALK EY FAl ALl
S13AE melatonin®] FAAE vigt BEET 8 Fok
ol 3t A, =& HPaA) i FEAE oA
sz e-g 2o AAX R AHE FEAIAE &
Aol gk 7] g At Ee] Had Aol

AAl B Ao o dadgFe] Ao ulgk I
Eo DMN (dimethylnitrosamine)©. 2 $E3 7H4d-8Z3}
bleomycin® & F =¥ = d-f-Foll I3t FEAHANA Zo}
£ 5 9l Tahan 592 DMNE HUFA ¥ 149 5
¢l melatoning- 100 mg/kg/day o 2 E7FF A8 Holl4 7h2
2 Wil A ZEhAl WAAHEQ] hydroxyproline %] 9} ¥ oY
7} ZrzA oA A4 #Had3hago] 3 AHEQ] MDA (malon-
dialdehyde) <=%]7} DMNuF e Holl w3 74591,

N Y T

N
XN
L
N
bty
feu
L o
£
—H
2

w3 ez} k= o) GSHeE SOD A& Frhelgld
< B3319lc). Arslan 7€ 3% EoF & 234 10 mg/kg

9] bleomycing E7}FA 31912 w] Z+ bleomycin FA} 30
2 Al 10 mgkge melatoning FAE FHollA 27 W
hydroxyproline %% 7| RAHNEALY ] ADHAHE
9l TBARS (thiobarbituric acid reactive substances) =X]7}
A% A FERAT SBAHN LA
W GSH 4205 27h4918- Bakstod A3hy 43 &
A% 23 A2 Af3 tto] AR FAUNAEE A
d melatonin®] E¥EHE W us}lvr}. Drobnik £V
w3 SR EEel AW A A4 AR 442
ofl4] hydroxyproline 2|7} Z7}€-2 #4191, melato-
nin Aol 98] 417} £hA) 729 € BeIsho] melatonin
ol 274 U] Z2hl el oA 247 BaATl Yg A
oletn Hualgdeh ¥ i AEAeld 4929 HE

bleomycin®F

Aolgta & 4 9% hydroxyproline X5 274 F4 3}
of AR GEH Vé%i‘oﬂ W HEEIE v

SR L okglon) dHASZe] J|Ao g AAEE AolEFL
9 AHa D}%ﬂlﬂi w4 27RAlRA A F
24 HE Jo|Eslele g delA TGF-F1 F42) whs g
Aolg Fidow wimEAsgrh. Anscher 579} 84

TGF- 51 +X1& FHslo] wAA A Hgxele] #a
AL Y3 AT AAY B AFellA] FET]of T 2
ZF9} 4%l 738 melatoninol] 2% TGF- A1 W oke] ¥
B 3ol 9lg WA HE, e RSl gt Eia
#E2 A5d F Ide FLE u|E A Fold. A
A AR ZA F 2304 432 R3] whel TGF-41
mRNAS} protein®) Z7}Z-2 melatonin 2] X} Fol| A 74
2e s, HALARA dET vl 25 Folle
ol & RolA| ¢kokor} 45 wjollE o3 o] & Hojn
Zaslol s Aoz AZdEE J4F AR 2] A
3ol gt melatonine] BRI EFHE 7Ivhe] & 4 Uk
wd AAEA HEFol| A2 melatonin HH o]
A12] mRNA$} protein 9+l RE7L A]7]of whe} §-o4 9
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it 3 PAQ e A7 BYALELEE A
Hog AAsAY, e o8] dAtaLEes A
HRH o7 AAToZHN TGF-A1 LEe] FYo] =AW
AE AAEY AL FAAEES A3 2EdS
2XE] H33lo] TGE- 419 AAAAE 4R AP-1 ZA
35 wokda A4 F g Aok el F F Tl
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ol TGF-p1 ¥&e o] H& Fd AZEY F77t
WAz 3 A7]9] el whel HlE A A FEof A A2
Y HAZAER, 283 ARotAEE FA o]l FTE K
Rube 59 e 4a B AFAE TGF- 81 ¥4 Al
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Fol| vl3l] 25 wioll ¥ ¥ AgE WFslte] o] A7l
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—— Abstract

The Change of Transforming Growth Factor A1 (TGF-41)
Expression by Melatonin in Irradiated Lung

Seong Soon Jang, M.D. and Ihl Bohng Choi, M.D.

Department of Radiation Oncology, Coliege of Medicine, The Catholic University of Korea, Seoul, Korea

Purpose: The changed expressions of TGF-51, as a key cytokine in the fibrotic process, due to melatonin
with potent antioxidative effects, were investigated in the irradiated lung using fibrosis-sensitive C57BL/6 mice.
Materials and Methods: Female C57BL/6 mice were divided into control irradiation-only, and melatonin (300
mg/kg i.p. 1 hr before irradiation) pretreatment groups. The thoraces of the mice were irradiated with a single
dose of 12 Gy. The mRNA expressions of TGF-81 in the lung tissue 2 and 4 weeks after irradiation were
quantified using semiquantitive RT-PCR, and the cellular origin and expression levels of TGF- A1 protein were
identified using immunohistochemical staining.

Results: The relative mRNA expression levels in the irradiation-only and melatonin pretreatment groups 2 and
4 weeks after irradiation were 1.92- and 1.80-fold (p=0.064) and 2.38~ and 1.94-fold (p=0.004) increased,
respectively compared to those in the control group. Increased expressions of TGF-A1 protein were pro-
minently detected in regions of histopathological radiation injury, with alveolar macrophages and septal epithelial
cells serving as important sources of TGF- /51 expression. At 2 and 4 weeks after irradiation, the expression
levels of protein were 15.8% vs. 16.9% (p=0.565) and 36.1% vs. 25.7% (p=0.009), respectively.

Conclusion: The mRNA and protein expressions of TGF-41 in the lung tissue following thoracic irradiation
with 12 Gy were significantly decreased by melatonin pretreatment at 4 weeks. These results indicate that
melatonin may have a possible application as an antifibrotic agent in radiation~induced tung injury.
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