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BEEEOR Y fe7] A7 o dakstas
ES B T Yuka Hugo” Az}
2 Qs AA Fo As 2EHAE AaAA Ao EF}
 FAAEY HHe AddoEn Arsa A8S
S T AS ASE TgEY, IAPd R Qg #H &4l
Hogde] s o Agtw vb gick wepA 2 A
v AR FEH b~ Heo ARSA gl
melatonin AXAZ Qe WA AL Sgatel] gl

RS R

TGF-BI AP WsE FYsto] F
AHg7bs 4 e ekn A A s

2. WA Z=AL 2 Melatonin 04

n}$- 22 150 mg/kg?] ketamine (AE}EF®, 50 mg/ml, F
) S BATFANS] mpEHAIZ] 1 em A ol ™
7 9o ofa Pt AL 6 MV A8 7147](Sie-

mens, PA, USA)E AHE-3l9 3 Gy/ming] JHFER 45 &
Ztoll 12 GyZ SSD 100 cm o2 FHo A grdszgo s z
AFs3Ath. Melatonin (Sigma, MO, USA)S 70% DMSOE &
v 2 AFE-Eke] 40 mg/mlZ A3 A7 F AR
AR 1AIZE el 300 mg/kge] &F o ® HEFAFsto] A

ekt

=3 H&

w

=

AR AL T 22y 299} 4509 wf-2E E3 H
A& A&t AF 54 952 Total RNA
S 9131 1.2 mle] RNAzol-B (Tel-Test, TX, USA)&-¢
| G % 2 ml tissue grinder (Wheaton Science Products,
NJ, USA) HellA] & Zo} wtdstel & 1.5 ml tubedl] Hol
=70°Ce BRI, APEL "z st s 23
HZE ZA 10% neutral buffered formalinoll E7} 4°Coll A 1L
!

& F 0e g Guunse A4asd

4. RNA =& 3! RT-PCR
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RNAzol-B &9& o]&3sto] A7 Astk= Wl o
2} Total RNAS FE33ith =, -70°Cell Bsiald
RNAzol-B &9 o] 224 45 4°CollA %2 $ chlo-
roforme 7}t A8 st 449 aqueous phases
28 sla & tubeo] ©o} isopropanolg 7}l RNAZ
HAAZ & 75% ethanol® A2 3}ar €ojz RNA pellet
©3] A2AA DEPC-dH000 =3ith A%l Total RNA
F-30] A A (Spectrophotometer) & 260 nm®}t 280 nmol| 4]
FEE SAY sxo TEE Atste gZeglt
°]F TGF-Bl mRNA H#857& AccuPower™ RT/PCR
Premix (0.2 ml tube, 501l reaction, Bioneer, Daejeon, Korea)
9} Thermal cycler (GeneAmp 9600, Perkin—Elmer, MA, USA)
E ARE3F] semiquantitive RT-PCRZ =438+ th. Zt Pre-
mix tube®l] Total RNA sample 1pg®} upstream, downstream
primerZ Z+z}F 40 pmole® ¥ 11 DEPC-dH,0S A7}l 50
= grEUTh 42°C, 60 Zoll A o A& A A
3Fe] TGF-B1 cDNAZ &Al3t3l a1 PCR 242 94°C, 30x
— 55°C, 30% — 72°C, 30x9] A= A= B4
)27 AL ZARE sampled] 2ZF 7159 W& band
density®] x}ol& A33te] H|] Aol & Hol= 26 cycle
= A9t o™, RNA loading 4= E783t7] 913 AME-H
Bactindl] el & Z7A slollA 18 cycles A&
PCR products 101E 2% agarose geldlA] A7]95S A4
&til 5%% DNA bandE A& FAIZ 113k & &Ys}
o] Z}7}+e] bhand density= Gel analysis software (SigmaGel,
Jandel Scientific, CA, USA)Z =43} th RT-PCR Al
A AR&3) specific primer?] 97]14 €& TGF-B1S upst-
ream primer 5 -TTGACGTCACTGGAGTTGTA-3'¢} down-
stream primer 5 -CCACGTGGAGTTTGTTATCT-3'& A}-8-5
831, B-actin® 5’ -GGACCTGACAGACTACCTCA-3'9} 5'-
AATGTAGTTTCATGGATGCC-3"% 7}t upstream} down~—

stream primer® AM&-3}5ITH
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oty Enf 24& 4um FAE dHEste] Sefol=o
% xylene°] E3&}#313 & 322 IS

welg drtstas @48 AAG ] A8 3% Ak
22 1583 223 3 PBSE A A8t} o] %9 3}
A2 HistoMouse-SP kit (Zymed Laboratories, CA, USA)E
AREsE =, 5ol Al s d M-S w7 flal kit W
blocking solutiong 30%3F A slal 1: 5002 343t
TGF-B1 primary antibody (rabbit polyclonal IgG to carboxy
terminus of human TGF-£1, Santa Cruz Biotechnology, CA,
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USA)Z 2ol A 2413t E<F ¥ A7tk PBSE Al 5}
biotinylated secondary antibody® 20%-7F HHSA]A o] x}3H]

£ F3kel & PBSZ A3 8lal streptavidine-peroxidase con-
jugate9} 2083+ BHSAIH T o] substrate—chromogen
(DAB) mixtureE H7Fsto] A7 & AlH o hemato-
xylin®. 2 zgAsta Az 2 2434 Azl & 59
stk S IS TGF-BL primary antibodytAl ol
normal rabbit IgG (Santa Cruz Biotechnology, CA, USA)E
A glato] AAlaklt.

= Ao A zkzE 25
9} 45 2] TGF-B1 mRNA ‘ﬂ"ﬁ_—r & 7} sampleE 9
band densitys F7d3sto] gzl gk w5 Hfold
increase)® #4359 =] 22 sampleo] 2] B-actin mRNA
e =S =45 RNA loading %2 2to]& B AT
TGF-B1 protein® 3L 2008 &2 338taln] 7 Abof A
sampled M2 HA#| ¢ki= 5719 GgolA TGF-BL 44
A5 ot NE&=2 AFssglh
olFA FHE A A7k Aol wE TGF-B1
mRNA$} protein @& 2] Z}o]= Mann-Whitney U-test®
SPSS program$ AHE-8le] FAIEA S AAISH = pako]
0.05 o]3lQl A& o)A #4g3elch

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

2E  Melatonin0il 218t TGF-B1 &<

%
ton

WA A 25 $-9] 9 F o4l TGF-B1 mRN
& AP ZAF S 3 melatonin 3] X] ol A
g zarel wis 1.92wH, 1e]ar 1.8 S7kE wE A
Hou o gkl ol 2ko]= /11 aL(p=0.064), 4
Bof| = AP AL dETol A 25 wlRT g Fr1E
o] F ¢ AA AARETY 2.388] S7tE HHS B o
o melatonin AA Ao 25 wjE e
1.949) S7he HdS B F oo 7o {28 o
EFTH(p=0.004)(Fig. 1, Table 1).

Erqodlej,;]_z‘ﬂ—oi FARCS Egﬁ ZX—] 3} TGF-B1 proteiniﬂ L}
= e dFAESC] H&ste] FHEEo] HSEIL H
ol NS Yehle AW o2 MA &S
& Aol F2 #AFEJoH HxHe FIAE
A3 AAZEAAN FE2 EFHET WA AL F A
Ao whel 25 wlol= FZAVSETI melatonin A A
oA o 15% AE®E Hg F59 H3e Bal(p=
0.565), 4% o= Ak} Wil Aws} Aa Z7hato]
ZAb Tl = 2 wjE T 20) o]/de] AlEEeA W
5o 36.1% 9 TdHE B o1} melatonin A X
M= 25.7%2] Wl 1A F o bl Fog 2ol &
EFTH(p=0.009)(Fig. 2, Table 1).
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Fig. 1. TGF-81 mRNA expression in right lung 2 and 4 weeks after 12 Gy irradiation. The expression of TGF-1 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 1 Expression in Lung 2 and 4 Weeks after 12 Gy Whole Lung Irradiation

mRNA (fold increase, meanSD)

Protein (%, mean£SD)

R+ M and R ct R M and R
2 weeks 1.9240.12 1.8040.15 5.46+2.27 15.80+2.48 16.86+4.71
4 weeks 2.38+0.17 1.9440.18 5.56+1.61 36.14+3.95 25.69+6.17

xirradiation—only group, "melatonin pretreatment group, *control group

Z2 =
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Fig. 2. Immunohistochemical staining of TGF-£1 in left lung 2 and 4 weeks after 12 Gy irradiation. The expression of TGF-1 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-1 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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SEEELS ¢ Melatoninil 28t TGF-B1 Z& Q| B3t

of WYL S A7, agla Mg wet AjolE

2 FEIAdME F(strain)ol W2t AH5 7+
AH 5o varn oy egs Y R Ay
Els C57BL/6 ok Wmoﬂ ofs Azhe w4
S A ppe2aFo R Uy
Aol gl o] &
. TGF-Bl ZAA7] 2 A=k} #-Askd
C57BL/6 W22 AHEgd A75S B9 Rubin 57
GdFo R 5 Gy F=XAMIFR 125 Gyl A M FS
FAE w 12,5 Gy § 1547 = djzxael| Hl&) 2as
TGF-Bl mRNA &S ®olurt Haf S7fsto] 25 -0

il

F

£ dzee) 18 Lo 2ust A% 27 85 ol
o 20 ool WAL nelw HuAR WA W ol F
165717 vze 702 43k a8t} 265 dole
b S71EE e BRANUL 5 Gyl A FHel %
Jolvf JE7) Hlzdto] AEF-gAATE il o=
Mgt 54 A7) A Aolgkar Aweteitt. $HH Rube
=920 12 Gy & TGF-BL mRNA7} o]u] 1A 7kl 4] 124]7F
Abolol| thxTS 7)) “L?ﬂl’nlo% 27} 45 Atelel Hj
o WAHF woli o|F 8FlA 24FAAE FA Bz
FEo2 Pasle] b= dAYYE 1o} 6 Gyl A
A%Hoz A Yrist vEe Bd $2S Bl F3
g AFuke Al E Barskgli=dl, Rubin 5o Ake} vl
e ul o]2g ol E Bl AE mRNA FX & %Xéé}ﬂ
g A7) Apo] wFelgta 345Gt o] F
TEAAN TEAE AU YHS Hole A7+ ﬂ%%*
AdH g2 HH 7L AZE 7] AL 25004 85 Alelell
Aers GGt 2 AFoA = WA AR A H T
o ME S B FoF oIy YA FET] &
g 259} 455 melatonin AA X -3e] LS B 03]
et Al71 2 Aeste] A=, 12 Gyel XA ol
A tzato] At 9l mRNA @& RFEo] 919 F AFE
I v]52e 23S ey 250 472 3sto) wet
mRNA 3 E &

e & 9 S7keke d@de B9t TGR-B1
& = Rube 57 o x45}18+4

e Fa) 12 Gy F 259} 4% 7 FAE SHE 1ol
g g

= TGF-Bl YA ELES s Hd o] o] H+=
AEES] EF/7F 27] 45774 A2 A Az} A 23
HEA T LI 85 FHE 24574 A28 HFEA L}
Aol 250l T2 THES Btk &2 A A
T FE zAYYegHor WaAMEo] FEF 9o
2 giAAE 9 HEE o] AUAEEdA TdES @
Zato] WALAEA o] A H = Joo] TGF-Blo] #H#x
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of AeS A, 254 452 Xgdd uet
mRNA & o] Wzlel 7o) protein HHE HA} F71shH
A4 4 AL dss HEET

Me

—

atonin (N—-acetyl-5—methoxytryptamine)<

LS Zl= ANFsERORE FE XLAo|a ke
AE AP RE 223 A X9 ZF FA L AS I
A 2= 5 glo] Ao 7 Jg5elA 9] &4

]
mln rir N T
e %0, HE
o
=

oA 937 melatonin®] FH 75ERE

]ﬂ#«] 24, WA7s9] s, TFFe] 9A, 1
vitamin E, ascorbic acid, GSH (glutathione) & &7}3}
A kst sol glrh i ATtellA 7
AbsbAbg 3 gdate] 1 7S AE e v S Ad
AbsH2] 71 COH)ell A Abg-of 2| 2 283l melatonin®] H4
3}# thAE2l 3-hydroxymelatonine @A sho =4 Hk-&-A]
S AAst 1 we oy A E Ho
2 283 AAsIY, £ 744 2 2= melatonin®] £9|
FgAol] A3kl SOD, GSH, CAT (catalase), G6PD (glu-
cose—6-phosphate dehydrogenase) 52 dAislaitsS &4
A A FHNLBAES AAGTY ol daA e
ofg] T2 F=EolA 800 mg/kg7tA 8] &FlME &
A H A S HaEA ggon Algel Ak mfjY 1
g9 %0 % 3097 HE&YS W FAES HasA &
g oFE R A kS ol Az

Mk —lN r& o oo Ho op X
41 o

=
o
odk

c

A5dE 47

2 9 Ao it FatstAEd) gEe] o A5y Sl
T TAARD Foll 3 melatonin®] 2t &3 o8 v
&3t TGS R g AFES U 28 sEAEE T
& J=H ZFA A (oncostatic), T FUANE ZAl0] 9
¢t E & (regression) & 7H5 v O.® 3o AA] ofe] 91l
TES &8 Rt A5 AdS 2383 o F
Yol F2 AYA, e HolA A=A melatoning
GdokE R B8t AP AX sy dkstet ey o
ol Al HE&alet, FE TEBAY a9 B
stom AN AFES TS AAY HYanE His)
Ak 2 ar ofy Febsist RS o] HEElS
o FsHoR Agetal x5AE B 2 WYdst av
2 A5 wE F5gAE AaAZoH, WA A 5 9}
HHstAA = Ao P aolE SApEol A o] H&-a)
Re W PAPAAE whmate] HlE) 1d AEEo A9 o]
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DMN (dimethylnitrosamine) .2 =% M5
bleomycin® 2 ¥ A FFol #3 s=AdPelA 3
2 4= 91, Tahan 59 DMNS ©aFA} 3 149 &
ot melatonin® 100 mg/kg/day .2 B73FALSE HoA] 7%
2l Yol A 2kl dA Sl hydroxyproline =] <} &<
I 2z ol| A A d Haksbakg-o] gk AHEl MDA (malon-
dialdehyde) %7} DMN%F FAFek Fof w]al] 7% 91,
w3 dola) 7kx2 e GSHe SOD A& S7138H3 &
S Bt Arslan 57 35 59k F 234 10 mg/ke
9] bleomycing 57454 893S W 2+ bleomycin FA} 30
B Aol 10 mg/kg®] melatoning FAME Aol A #Hx2 Y
hydroxyproline <=2 &} 7| TA| g £ A2 o ] =] & A8}
o] TBARS (thiobarbituric acid reactive substances) $=*]7}
bleomycin%+ AR FH Boh 7FAkl AL 7] whA] H| A A o
Ul GSH 4= 7t &S #d&sto] Absid &47 &
dE 1 Ho Aol deto] ek ks ES A
Y melatonin® ®3 & 72 B 1549t} Drobnik 5204V
Egk FHAAEEe]l AlSE Fo A e FAxRA
oA hydroxyproline 27} S7Hg & #2313
nin AR o3 =27} thA] ZHAE-E g1 melatonin
o] 22 U FehAl 49 A4 xd3 #AAEo] s A

%31, melato-

olglz Rttt B A= Hz2Aoo dise HA=E
AHEolg}kar g 4= 9+ hydroxyproline +3X|& A =43}

of Mo r frd HAFZF Ui Raays v
A= oyt HAREY 7R AAEHE
o] A&HAQ v ARES Ao xT|dANA T F
QA HE Aol Egkel o2 47l TGR-Bl 44 3 <)
Aol 2 A o7 HlwRA It} Anscher 579 8%
Ho]'/\]‘}ﬂ HHe] Awote] v
B Aol A ZH57100 sEE 2
melatonin®ll ]38k TGF-B1 W3 eke] ¥
S WA HE, B ARl Ug REa
g de Ta% ou|E A Flojth. A
2AF - 2500 452 Al wet TGF-BI
mRNA <} protem-% Z7}1EL melatonin A 2o A 7
8o sholabl i, WAL 2AF ‘?.r%i%ﬂ Hgf 25 o=
2fo] & Kol % Kot 45 o= {28k Aol & Kol
AaEo] Z S Aoz A4HE %“‘0”4 HAH7 2] A
glol 3t melatonin® EIZEHE 7|d& 2 = AAo
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2191 melatonin ] ] w0l
F7F Al71el whe} o)A <]
S B9 melatonin®] TGF-

EGE AR ZA} Tt A
9] mRNA$} protein Wd =
A& Ho|m H|=g sy ek

Bl AL ojE HAldAY #E3ta JSE 5
A=, F AP 9] A SAANLEAES A
Ho g AASAY, B o7 ditslasreEs BAHIAA
Ao " AATGOZN TGF-pL 3o =Y Hu
HE AMEY Hx8 e FIAELES 4 ~EH A
2HE B3] TGF-B19 AAleIAZ Lz AP-1 &4
ﬂ-g_ 219 lj—"r }\371-61-)‘ o1 740]1*4_ 13]1_‘]:_%71_}01]
ol frejido] Al7]dl wel 25:9F 45700 Gk,

ol TGF-B1 w&e] 4ol H&= Fd AXES] F/7t
*}f 171«1 kol wheh A A A A A2

ARAALE 4 5T

L

HA Fo= -’JFD}E] 3 fﬂ/‘uﬂﬁ? 3 } 13}{‘ H]
Fo| vl 25 W o w& AggS AAste] o] Ay
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Abstract

The Change of Transforming Growth Factor 1 (TGF-31)
Expression by Melatonin in Irradiated Lung

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

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

Purpose: The changed expressions of TGF-(31, 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—31 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—{31 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—31 protein were pro—
minently detected in regions of histopathological radiation injury, with alveolar macrophages and septal epithelial
cells serving as important sources of TGF—31 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-31 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 lung injury.

Key Words: Melatonin, TGF-81, Radiation, Fibrosis

- 169 -

9

st



