cighababad ZoFE]R] 2000:18(4): 321 ~328

Fel HolM 2AFMO] Nitric Oxide (NO),
Nitric Oxide Synthase (NOS) ¥ TGF-2 2|

Wl ojxl= e
OFFCHSIT o\ DTSt x| 2 AN DSt AL

* = =
Qe - gkt - 2

=, ol FE &2l Nitric Oxide Synthase 2
Joz 224X ct o] NOS29| M =HEX2 TGF-B7t &

Z7tstn ol w2t NOS27F X =lo] NOSl MAo| x|
Aol Al AR AL Foll NOS2 st 2 NO 4

S A gAH M NOZF ¥BHtE g ofilshs
(NOS2) 7} &2 Nitric Oxide (NO) A4Mof zofstes
A Ao, = Zole NOZ &7t =
== 7H47|M(feedback mechanism)Ol
Mol ¥atE £MstD, Dol w2t TGF-B7F ol €A Hates
CHAF 9l B : Sprague-Dawley #| 6001212 oOtF % 5 Gy L
A AlSSIQiCh YAMMZEAL F 3 72 149, 28 5620 BIARM Z=A

9|

_?_

o
Hu
HI
|__|
n
f
)

fr <
Tz
g
rE 1o
n H
o i
=

Rl

rhr

njo re
D Ho -

Iy
:
0

o
N
S
(©)
<
|0
o
>
rx

kA

ey

i
lo]

r|0H:|‘<
= o
P
mlog
>
2 ¥
o g
[
-
E 10
Hoo
= M
Y
A 12 n do

[m]
-_—

2l 3dAI7|D, BYA7|7] Holl *F et AF
bz AEdofM cHiZD Az =5 ZHE 2
Jteteee HE MM EZEE TGF- B2t NOS2 mRNA2| RT-PCR2
DEAMMZEAL 2 5 GyTol M= NOS2 mRNAZE 14 #foll 2Z ol A
ol = == #oflAl Z7tstict TGF-B mRNAS A% 2E=[foLt 2 l
o= == HollM S7totch HZMH ALl NOE 282 W S7totd, TGF-beta EHafol 20
Ch 20 Gy oAM= NOS2 mRNAE 5 Gyot ORIHX|Z 1424 F mof & HofAM e
M 2stn 56 Hof 2F mollM ZShA el
HoA E7tstoict HE MHY Lol NO2| &2 289 Mol % HollM F7tstlL, TGF-B ¢
mofAl 28 M HEE OlF, 56 Mol == mol| dlof ol St LS 2o{FUCt
Mol SE2Eo|M NO, NOS2 o TGF-B= M2kl et okzkel xto|7h AUXITH 14 W 2Z 5|
2 MRNAS| 2ol AlRo2 dlux ApEl 23 ofAg 2o FUU Jof waf HEZAXHY Lo
tafo] ero| WsiiCh 2Lt of Mit= B2l 562 Molls NOS2et TGF-R/7t 25 waistod, & o &
oaet oMol Aen, of HFE HIEHCZ NOS2 HHHE
ob (i77t ostot HIt=|Qfch

" M
Ol

2

q

o M
> N
=

Ral

=2

Rl

N

N

ne
9
r

0% mlo
_qk
rir
fin}

_l__|_00>

WE ol Ofy
oY
2
Hu
>
0k

= o
22

iggE

QmOmO

512

x )
2 oz

N

ol

=
0
32

F 2 5%

0 2 =2
(o}

M = 1&g oM
E

=
10
4o o
s

rlo »g % ny J
1o M
=
O
n

0 o
ol
§ 1

S
mO
- 02 E o

0

s
-+~
>
Rl

>
o]
27

-4 4=

M = o3 4% F3 g

tlEo] WAse oJehHQl o felehs FelA A Fe

durdo g Foko] X gell AgEe wlwd mAdZe] B sldn & $ gk
Aol ok A=Al vkg 2 WA whe} o] 7HA QA=A o] WAl wZF o] =L o] wAsA HH
B AT st EAY 2000d% APy dpnle] A9 v AAEY SR gl dag So] S48 Ea, FAISH
f’]}%;r_ o000 59 3091 55101 200040 1151 30 414 olf AERRE ofd] 71X AEZAEA (cytokine)olLt A%
oo, CO0R B SO O 00N TR SE AR qlgrowth facton o] Bulsle] FAAQl AFME HE
A A o FE, ol Frjsta Yl X AR skaL, QAN EHlE AEEAEE 3 ARG
Tel:031)219-5338, Fax:031)219-5894 A GOl FEE A}ZLsl Aol ESo] A s} (recruitment),

E-mail : ohyoung @ madang.ajou.ac.kr

- 321 -



fo
of
g

2] 791 : ¥kaldof 2]3F No, NOS2 T TGF- B2] &

t

1

oN
o

Fod (proliferation) A E2] 7|2 (extra-cellular matrix)e] AY
22080 Hv] BAo AT 78] R degradation
xtra-cellular matrix)&= ZHAslA =] o]#3 #Ao] &
o2y 249 ARSE dolva & 5 vk o|HH
Pl o BazAel 9% 9 4% 35S 2 H)
3 0]
g

T ol S ox oX
2 o o
>y

2

]

el 29l Welshdel 2, 44He As ol oA
2% 92 QA glo, olsh e 4% 1 4

QR ojFe] FaAsleld fAR

AR3E Bkl Qe e
Qe g Poln| e FEA A
Uiehiieh Y md obazkA wek s1Rsel o
84 AL AT 1 BANEIA AHE 2Ehes
tooEA 9% Ao 34%m ek QA Bzl

PAAZA Fol 9F U AR WSS B GPH

N

Jot H rlo = oo
£
-
1
ox
ofN

R
@ ol

o,

i)

. t
fri o
(At

r

v o 1w

EHTEE A o] ZrRel wel Azl u
Aok, ol BAREE ol AZukgo] AR Fle)
Q) Aol wledde Agae Ak A & &
£ A% A

ek Ao ol WAL EE ¥k
24 3 o UNEellA o7l Aolol] WbARAHH o] kel a,

Foll AFellA o] A3t AgEe Aew duA
ek oA #Hlo] A3t Kegsl= el Bosl= T
ZFo3F AEZAEA o] TGF-golm, WAl opyd b <l
Qloll 23t =] Af3tellA] ut opvel, 7} opdd ke A
Z1lA s ARSHE EHble S ITAAE
o] Has]s 9lo], AAMH oz A3k FAHol Hofst
£ b F2d AR A ek

AT Aol Bt B7129EA0l ¥R NO
Nitie Oxide7h <14 Well Al ofe] /A Aee ghdeln )
£ Ao A g, 2 ol WA G420ee o
Ak Flsoleh! idog Aol 2AsH Novk %
TRl Bv] ARAHAAE o] NOTF HZUSS ol
e BAE 2T BauEdek’ o] NOE AAele a4vt
NOS (Nitric Oxide Synthase)® 37}4] E9|H 47} gidl GE
#(inducible form)¢] iNOS = NOS27} %z Thojgich o
NOS2¢] thEHQl A=A E4 o] TGF- S oln, Zoll= NO
7t F7VslH wl@A ¥ (atent form)e] TGE-BoflA] 2433
(active form)e] TGF-g&9] w3lo] ZFrlslar 1o ula}
NOS27} jAlElo] NOL| AJAlo] A== o A7H] (negative
feedback) 7] o] Has]o] 9lr}?

TGF-B3 & APt siEe o 59579 AEF3R
S Aol A HIHAY Aoz AZEA, TGE 47 94t

Tt 15e Foleln g B ok, FokelAlgAA

H

O

o AUE Geln 9SS WY ), AUHOE ob=riA]
E Whseta & 4 dlek webd wef o] HAYE NO
& A%k 227k Al in vivo olAE g3k, TGF- 8
W] 240 Fe8 4YL Gk, NOS29t NOg4Sl 4
25 285 o] ARSE Alels AEUHY Tk

o] ¥t wehd in vivo SEEUGA uAAZA ol
NOS2 Bl NO o] il ul Aol wslE Hgskn, o w
2} TGE- 47} o]uA] WsheA S Bsto] o] 7HAdo] Adlz
A83H=A2 ek Aol Aesi.

Wb B QAL in vivo EREAeA WAL 22
NOS2¢] uHlEl NO9| S s, NO el st
WE TGF-49| el WslE Wakslol, whAAe] NOS2sH
NO, TGF-8 9] whl 1 Axablel w2 oabe st
A B QTS Aelgick

1. AESS Y YAKMZEAL

AYEE-LS Sprague-Dawley rats 60u}2]E pentotal sodium
@0 mgkeyS 87 W2 Feto] walelsich vk % 5 Gy
9} 20 Gy o] WA 55 ol 2489, ofulf HivlH
FAZ d= 3 mme] go g IS Aol At ot
WA ZAE Abslar, WAde] 2AEE 5 e A%
o FEW A% N 2A5EAE EUg o
HEFE §) ZAE ARtk BAAZA F 39, 79
o, 289, 560l WA ZAES Gy, 20 Gy)dt thz
7822 pentotal sodium .2 3] AYA|Z] on], o] ulf wPARA
2 247 sukg], iz 2ufelollA] AlggElg]ch

:IL
2. HZE M|&(Bronchoalveolar Lavage : BAL) 2! ZiX| =H|

IN e
= X2

N o o

> 8 E D

K
o
T

Azt ANE F9 713 9 HAE dEEla HE A%
= ol &sle] £ ¢} FAZH| o FI|IAE WFoE 47
HE A Algslolel. JlE AL 2 cc] PBSE 53] vE

Aleslodar, Aol digk AEAY I 5l kA ok

ZAslo] HE A o] AR o]Fo AR % HAE=

TollA Aefsigict. HZ A A U4 Felste] 45
NO ¥ TGF-p1 ©hulo] o5 ZHAsh=u] A-&39L, 7}
ek #HE U] AEE PBSE AlFE 3 TGF-A1 3 NOS2
mRNA2] RT-PCRS 9J3) -70%0)] WEAZt}

fo 2 mo

3. HE MHAY0|M TGF-p1 EHO| £H

HE RS A Fel3t 3 vpE 22 ASAe] IA
2% 4o & TGF-A1 ELISA kit (R&D System, Minneopolis,

- 322 -



MNE ARAdA Ak e AE Ay TGF-419)
S ]

4. Nitrite/Nitrate SEZH

Nitrite/Nitrate E-53= Griess Ho& ZAsct” A=Y
doll Sol gl Sidel ke AU F AEN EEE
(standard solution: 1M sodium nitrite 69,000 g/ml in water)S
50~100 djwell® Yo F¢lv). E8k2] sulfanilamide solution
(1% sulfanilamide solution in 5% phosphoric acid)& Z+72te] &
o] @i 587F ukx|3l % Zeko] NED solution (0.1%
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AE), 2.5 M oligo dT (16 mern)E, B 2L 42T 147},
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10 mM dATP, dTTP, dCTP, dGTP Z} 1 4, 18] 30 M
sense 3 antisense primerE 27 1 (5 Y& g5 1
o] ¥FSAIZl cDNA W3- &3t} 25 ©k9]e] Taq Fota 4t
(Perkin-Elmerdl$5)E 9 & SHTE 50 2 S35 43
3L 30 (d2] mineral oil& 33+ & DNA thermal cycler
(Perkin-ElmerAl55) & AH83lod PCRe Aldsiolch. S¥%H
PCR A& 10 @& 1% agarose gelol] A 7]|ed5sto] shelslsd
t}. NOS22] RT-PCRol] A8 primere] <37]44-S upstream
primerZ 5‘-AGA TGG ATC AAG TGG ACA TC-3’E down
stream primerZ 5’-CAT GTT CTC CGG TIT CCA T-3'& At
£3}9331, TGF- 8+ 5-TGG ACC GCA ACA ACG CCA TCT
ATG AGA AAA CC-3'#} 5-TGG AGC TGA AGC AAT AGT
TGG TAT CCA GGG CT-3’-& A&}t

6. SAHANE

Ao gHE] odojA 2EE FHFZk(meant1 standard de-
viation) 2. 2 JERHIL EA1AQ 324 7= Student’s t-test
oF x2 testE &0 pgko] 0.050]8Ql A5 oAl &
Aiolet.
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Fig. 1. Measurement of total protein in BAL fluid after irradiation. A) 5 Gy of irradiation on right

lung, B) 20 Gy of irradiation on right lung
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ST A NS ke 289 Al 5 Gyst 20 Gy Gyl 289 ¥l BEL olFe FRIE e B

o 2% 3 BFolA 4F Aol AAE olFvl fbl 3 glovl, 569 Al 1 FAEL gaslglont 92 =l 3

7}s}dch(Fig. 3, Table 1). 717} #Z Hol] vl EAIF o f2olslichFig. 4, Table 2).
kA el TGR-A1 whije] oS 5 GyFolli 56 Al vl AlEolAe] NOS2 mRNAS] wale wAHzA
1000 2500
B g 2000
3 3
3 § 1500
< 500 <
c =
§ § 1000
3 3 500
0 o

3 7 14 28 56 3 7 14 28 56
Days after irradiation Days after irradiation

Fig. 2. Measurement of total cell count in BAL fluid after irradiation. A) 5 Gy of irradiation on
right lung, B) 20 Gy of irradiation on right lung
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Fig. 3. Measurement of NO in BAL fluid after irradiation. A) 5 Gy of irradiation on right lung,
B) 20 Gy of irradiation on right lung

Table 1. Measurement of Nitric Oxide in BAL (Broncho-Alveolar lavage) Fluid

5 Gy of Radiation 20 Gy of Radiation
Right Lung (Mean*SD)  Left Lung (Mean+SD) Right Lung (Mean+SD) Left Lung (Mean=+SD)
3 days after 0.095+0.025 0.110+0.022 0.103+0.075 0.086+0.024
7 days after 0.090+0.011 0.089+0.018 0.098+0.020 0.104+0.028
14 days after 0.117+0.026 0.134+0.014 0.091+0.017 0.110+0.029
28 days after 0.150+0.030 0.176+0.031 0.201+0.077 0.224+0.074
56 days after 0.137+0.051 0.128+0.051 0.108+0.008 0.085+0.010

The right lung is irradiated side
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Table 2. Measurement of TGF-81 Protein in BAL (Broncho- Alveolr Lavage) Fluid

5 Gy of radiation

20 Gy of radiation

Right Lung (Mean +5D)

Left Lung (Mean+SD)

Right Lung (Mean+SD) Left Lung (Mean+SD)

3 days after 16.8+1.8 16.5+0.6 16.9+43 153+21
7 days after 18.2+6.0 14.8+2.0 14.7+1.2 13.8+0.0
14 days after 15.2+3.1 175+5.1 15.8+27 14.8+2.0
28 days after 189+27 18.7+27 47.1+47.1 203+53
56 days after 16.8+27 31.61+24.6 30.4+6.7 16.8+3.5
The right lung is irradiated side
35 50
A
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Fig. 4. Measurement of TGF-J31 protein in BAL fluid after irradiation. A) 5 Gy of irradiation on

right lung, B) 20 Gy of irradiation on right lung
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w3l TGF-A1 mRNAS] WS Y=g Fobslo] Az
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9 25 el 20 Gyve] &5 A Bio] Frlsle=
4o HSlthFg. 5).
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Facton)gt o2 ZelojA& olf= TGF-B7t ALALE
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.__.‘,] u7-° Aﬂ‘j‘al-z-lo] ;_(_}_9.94 L]_E].q.]l:_ 740; Ol—g:];(;] glo
o, Kﬂi’kzﬂw“ a2 Ago] FAAMES Fipoll v} 29
*01 drbd o g el dalixe 1 A=
e whH, AfobAlEe] tiafiAle
Ao 7t} o]9} 7ro] 3}ekFEA
2z QIAAg oA ot
‘é%@rﬂ W gellA =, TGF-£7F A1kl 2
AoA olmd ARE shu YEAE AR & Uk wF
WALAlel 13 ARt NS Abbel g3k Bt v
A TG goll 213 k54l $23 %g ¥ Zlow
A 5 Qo AAZ TGE-ASH WAL g% 49t
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NOS2

TGF-#

B -actin

Fig. 5. NOS2 and TGF-81 mRNA expression in alveolar cells. lanel : Molecular weight marker, lane2 :righ
lung of control, lane3:left lung of control, lane4: right lung of 5 Gy group, laneb:left lung of 5Gy group,
lane 6: right lung of 20Gy group, lane 7: left lung of 20Gy group. A) 3 days after irradiation, B) 7 days after
irradiation, C) 14 days after irradiation D) 28 days after irradiation, E) 56 days after irradiation
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A W WA A EAse] INOSE vl EH] S x(endotoxin),
AFHHEA, WAE 9 ol AT, AR FPIE 5

o] A=l o3 thokgl A E-S(hepatocyte, chondrocyte, adeno
carcinoma cell, keratinocyte, respiratory epithelium, macrophage)
o4 Wdsch NOO| AL Laarginine®] 24 FAHAl
(structural analogs)?l L-NMMA, L-NNA, L-NAME$} NO9| &
A 743 Sl g8l A=’
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7b Aol =AE HollA F7hslal, NOS2 Wi: FHbE
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AR ope AR WG] Slgh H E4e] WAl
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AQAHAAE 489 5 942 Aoz A=
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20 Gyo] WAl 24 sl Wl WA 24 ¥ 14
o) %8 PAAel 248 sl 47E] NOS2 mRNAZH 9
fol k% soll4] wasle] 289lel] NOS| ofo] B ol

o e
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X = AzE PAAERHY FEEEAA e AU
th. et o] wfl o]24o 2 56Ul TGF- <] whalo]
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— Abstract

Radiation Effect on NO, NOS and TGF-8 Expressions In Rat Lung

Young-Taek Oh, M.D.", Kwang-Joo Park, M.D. T, Hoon-Jong Kil, M.D.",
Mahn Joon Ha, Ph.D.T, Mison Chun, M.D.", Seung-Hee Kang, M.D.,
Seong-Eun Park, M.D.T and Sei-Kyung Chang, M.D.*

"Department of Radiation Oncology, 1'Depar‘tment of Pulmonary Medicine,
TInstitute for Medical Sciences, School of Medicine, Ajou University, Suwon, Korea
§Department of Radiation Oncology, Eulji Medical College, Daejon, Korea

Purpose : NOS2 induce NO production and NO activate TGF-8. The TGF-8 is a inhibitor of NOS2. If
this negative feedback mechanism operating in radiation pneumonitis model, NOS2 inhibitor may play a
role in TGF-B suppression. We planned this study to evaluate the expression patterns of NO, NOS2

and TGF-8 in vivo radiation pneumonitis model.

Materials and Methods : Sixty sprague-Dawley rat were irradiated 5 Gy or 20 Gy. They were sacrificed
3, 7, 14, 28 and 56 days after irradiation. During sacrifice, we performed broncho-alveolar lavage (BAL).
The BAL fluids were centrifuged and supernatents were used for measure NO and TGF-8, and the cells

were used for RT-PCR.

Results : After 5 Gy of radiation, NO in BAL fluid increased at 28 days in both lung and TGF-8 in left
lung at 56 days. NO increased in BAL fluid at 28 days in both lung after irradiation and TGF-£ in right
lung at 28-56 days after 20 Gy of radiation. After 5 Gy of radiation, NOS2 expression was increased in
right lung at 14 days, in both lung at 28 days and in left lung at 56 days. TGF-f expression was
reduced in both lung at 28 days and increased in left lung at 56 days.

Conclusions : The proposed feedback mechanism of NO, NOS2 and TGF-f£ was operated in vivo
radiation pneumonitis model. At 56 days, however, NOS2 and TGF-8 expressed concurrently in left lung

after 5 Gy and in both lung after 20 Gy of radiation

Key Words : Radiation pneumonitis, NO, NOS2, TGF- £, Radiation
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