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Background/Aims : It is well recognized that all aerobic cells have the protective mechanisms in order to mini-
mize the tissue damage induced by various reactive oxygen species(ROS). Thioredoxin peroxidase(TPX)
which has been recently identified and characterized functions to convert peroxide to water. The protein is also
found in various subtypes(TPX-A & B, MER5, HS22 and HORF-06) and is known to be ubiquitous in most
human cells. Especially, ischemic brain injuries, partial hepatectomy and radiation induced DNA damages.

In treating lung cancer, radiation therapy has a major place in the local control and the relief of symptoms,
but radiation induced free radical injury and resulting pulmonary fibrosis has been the majr drawback of the
therapy. However, little is known about the protective mechanisms and biologic modulations against radiation~
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— Thioredoxin peroxidase manifestation in radiation-induced white rat lung tissues —

induced tissue damages.

Methods : Eighteen mice were divided into six groups, 3 in each group, and fifteen had received 900cGy of ra-
diation. The mice were sacrificed according o the pre determined time schedule; immediate, 1, 2, 3 and 6
weeks after irradiation. Extracts were made from the lungs of each mice, Western blot analysis of various sub-
types of TPX were done after SDS-PAGE. Examination of H & E stained slides from the same irradiated
specimens and the control specimens were also performed.

Results : No difference in the intensity of the immunoreactive bands in the irradiated lung samples of the mice
compared to the unirradiated control was observed regardless of the time intervals, although H & E examina-
tion of the sample specimens demonstrated progressive fibrotic changes of the irradiated lung samples.
Conclusion : In conclusion, according to our data, it is suggested that various thioredoxin peroxidase subtypes
and catalase which are known to be increased in many repair processes may not be involved in the repair of

the radiation injury to the lung and subsequent fibrosis. { Tubercuiosis and Respiratory Diseases 1999, 47 : 650~
659)
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M B (NADPH, thioredoxin reductase, thioredoxin) .
2RE AAES Dol 311315 (peroxide) & EE ¥4
A 7= AsstE Adde 714 thioredoxin peroxi-
dase(TPX) 2 t}A] 9 slgo*>

AAE o]&3l= BEE A EEL reactive oxygen
species(ROS : O, « \H,O;, OH - )d} 93 AzE&

Ao 2BE e HEElr] 95te ROSE A A
A% 71Ae A3 9irk. ROSw Alxe TE7A
(cell respiration)Folvt ¥, WA, Ast-84 of
A R GATe) st For ) AN By 9
2ol 4k3}, DNA Y W& (modification) 2 ®o]
(mutation) & zefste] AT &4l o FadH
gy,

&79 glutamine synthetase: thiol-oxidation
system(dithiotreitol, Fe¥", oxygen)o. 23¥ &2
5= ROSI ofste] EE43} =, o]izto] B84
3} =& Ao W] WolAs-ow sl 26kDae] g
ol axol EATEE A HIUL, ol& ¥l FAstA
TSA(thiol specific antioxidant, F:X protector
protein) 2 HBEE oM, oljgt Wolad= non-
thiol reductantse]] 2j$t glutamine synthetase?]
usde Fag Aoz BT Lol v Y. =9
ascorbate oxidation systemoAe] TSA+ £g5
+ ROS¢ z8-g ol w] thioredoxin system

TPX & £2% ohuz}l T &7 MEAME FES]
A BAHEE WAMoM A3 2B 2] ofsf B
A EoA A2y MSP23%(murine stress-in-
ducible protein23), erythroleukemic Aol
2 4¥ 5= MER5S(antioxidant protein 1)% €14
o} AuEdA 22zl PAG(proliferation as-
sociation gene), T4 44 WP AJE(K-562)
9] natural killer cell enhancing factor A & B
(TPX-A & B)’, T-#ZFdA 4= AOE372
(anti oxidant enzyme)s} F4 F5A WEY AE
(KG-1)2l HORF-06(human open frame)%o| 11
Zelct.

Foe Ao EAshs TPX-A & B MER54
Az3 8 (recombinant protein) A} thiore-
doxin dependent peroxidaseZAEE RS0l
AEGHo 2= 28l AEY A Fof o FEHE
A Ze guoz delx Qo £3]

2102 ROS9E aAkst wolzldel #gh A= ROS
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o] DAZ7Ie} $atsl Holy| Ao vt 2% A
#7) (cancer promotion) % &oka#e] Fo|(me-
tastasis) ol Z-8-3ch= 20!} 9l

sere] Agel Qoin WAHARE sk} F47
A% % 34 A2 A 288 AAE Axsa 3
o} &kt Fo) WA A& oM I Faw
Flale AeF s A4 HastazA
AR 2ZAMZ9] f8l Atdrl(free radical )&y S
o8t Aow i glon, PDGF(platelet drived
growth factor), TGF-g(transforming growth
factor)Zo] #ojsh= Aoz deiA glou), YA
FAE BAER= free radical £40¢] ti§ HAE o
o] ojzldel gk A vl Ed Aol

olo] M Ao HAMAE FARBIAL, I o]F A

7de W3 Z2uie] thioredoxin peroxidase z}z}
o} o}&i) catalaseo] W&HS SDS-PAGE #7j3
%, Western blotting 2 H&E @402 A #@3
243} v AF sk

chet 3¢ Uy
1 hdd o =52 &

15ut2}e] WA Ao 900cGy o] WAMIE RAEIL
A%, 135, 25%, 35% 4 655 4AME 34
AA HA2AE 3T, T Y3HLE o431y
-70CE RSN, YRz e y2Ugdos 14
8lu Helgle 2 ¥l (embedding) &) H & E(he-
matoxylin & eosin) @4& 391, A EEREL
Zrzt 1g¥og 1Pyo] 10mM Tris(pH 7.4), 1%
Trito X-100, ImM EGTA, ImM phenylme-
thylsulfonyl fluoride(PMSF), 1mM dithiothreitol
(DTT), 2pg/ml leupeptin, 2ug/ml aprotinin,
calpain inhibitor Iand O(ZZ 4ug/ml)7} o
RN 2948 95N (homogenization buffer).e.
2 B4%, glass homogenizer 2] motor-driven tef-
lon pestle3& o83t Z&38] FHsidn, Ax

€ Hol7] 943t 5 (homogenate)& 4ColA
2AIESE 50 Fo] G EE F&3193L, 10,000
rpmo g 3087 YiRE s FeAE Hsdoh
%239 ¥Ee BCA(Bicinchoninic Acid)gh# 3
Alokg o831 ol Ak akrt.

2. HYES M (Immunoblot analysis)

Ap7aigio s oo ZhgE Pgiidg 2 X Laemmli’s
sample bufferst E§ste] 90°ColN 387+ EA
g % Z} lane B 70mgS ¥ 10% SDS-PAGE
(sodium dodecyl sulfate-poly acrylamide gel
electrophoresis) & A&t #7]19%F F nitro-
cellulose membraned] o|%-A]# 2% BSA (bovine
serum albumin) 2 308 A% I3 £ 13 A2
r7ve) obgo) tigr &4 (polyclonal antibody)&
olg, ¥k Agd % 339 o]y TTBS(Tween
tris buffer solution) 840 2 MH3ly 2, alkaline
phosphatase conjugated goat anti-rabbit . IgG
(Kirkegaard and Perty Laboratories, Inc.,
Gaithersburg, MD) & 22} A= sl AJubgry
(immunoreactive band) ¢] ‘¢8-&¢ A&}

3. =3Ye|

yawglog pA3}n sSelgozm  ¥uf(embed-
ding) ¥ &2 H & E(hematoxylin & eosin) ¥
g sto] TAM 2AME A7E 2 322 A3t
AEE A& (x30) 8 FESA.

d 7

ALK 2AE Al71E2 H & E 48 E319 94
of dzHA Hi3 #A3 & L + N2 (Fig.
1), A% dzxAdMs TPX-A, TPX-B, MERS,
HORF-06 & HS22 % o}3l¢] thioredoxin peroxi-
dase 2 catalaset 8FS & 4 AK(Fig. 2).
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Fig. 1. Control (A) and radiation induced fibrosis in white rat lung tissues (B-immediata, C-
after 1 week, D-after 2 week, E-after 3 week, F-after 6 week) (H & E staining x 30)

a3y TPX-A, TPX-B, MER5, HORF-06 2 Holx] gkith(Fig. 2).
HS22 % o}dle] thioredoxin peroxidaseo| whdle

WA ZAR R AR 24 42} 4, 2, 3, 6339 %
AzHA 18- ol Yot Holsk gilen,
catalase] Wd A AR ZALAF 9] o2 Reactive oxygen species(ROS) & Al X o] Atz
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A __
‘ < 25kDa
B
<4 25kDa
C wowe woeogwe= 4 22kDa
D
W e e aslbiibabee & 17kDa
E 4 26kDa

Fig. 2. Western blotting analysis of Control ana
after radiation Theoredoxin peroxidase
(TPX) subtype (A : TPX-A, B : TPX-
B, C:MERS5, D: HS22, E: HORF-06,
F . Catalase) in White Rat Lung tissues.
(lane 1-3 Control, lane 4-6 immediate,
lane 7-9 after 1 week, lane 10-12 after
2 week, lane 13-15 after 3 week, lane 16
-18 after 6 week)

oA dAsl= A4E B2 B85 A B
A gl o8 gag). &, "B‘J} shte] HAlE
B3t 2849
superoxide aniono¢} superoxxde dismutase o] 214
o o3 H,0.& 3431 oA 34€ 2849 H,
0, & catalased] £J3F dismutation & glutathi-
oned} T EFZRE AXNE ¥

wro} superoxide anion{O;™

£ peroxidaseo]

o8 HO0z ¢d g AW &Aske nM
WMol Fe,*# W27 ¥h&3le hydroxyl radical
(OH - )& #A3it}(Fenton reaction). 1 2%
Aol 24151 gluathione & cysteineda 2

£ thiol 3EE-2 -9 7AA] thiyl radical(RS
-)3}, disulfide radical anions(RSSR™-),
peroxysulfenyl radicals(RSOO « )3}  sulphinyl
radical(RSO + ) %9 reactive sulfure radical &
A gt

hydroxyl radical(OH - )%5¢] ROSE Al
o3 g9 Atz d8 A3 BAEAY 2xEHeR
A9 ROS| A&l glo] AEulolr Haf=o]
(activation) A4 ==d], ¢] hydroxyl radicalst
A F 74 71del Qs AAE 2 shie
ascorbate, a-tocopherol%-¢} vjEolz i3}l oyl
o o3 Ak felrle HAstoln, T e Cuy,
Zn~-SOD(SuperOxide Dismutase), Mn-SOD, cat-
alase, glutathione peroxidase, cytochrome C per-
oxidase, NADPH peroxidase @ non-specific per-
oxidase 59 F4utst Dla o] o3t Aow olE
BE AEy ROS? ¥EE B350 NEEYE £l
£ 2ge arpn

Chae £'%& # 29| thioredoxin peroxidase$} o}

njxAb g fAME Hole= TPX-A & B ¥
MERS59] §-42 AT (E. coli system Yol Y&
F AAE 9 }A) thioredoxin dependent peroxi-
dase BAEE 7X9] catalase®] H,0, o i3k
Km %] 25mMd) v)8] o]&9] H0,d gt Km A=
10uMo]s} o]gl.ed thioredoxindl] Wd AKm A g
A 10pMelske TPX-A & B ¢ MERS ¥&
thioredoxin .2 2E] o}F FFHZom AHAAE o}
catalases] ]8] TlAIE H0.9) Walel a3k 2
oz uysgd.

TPX~-A & BE Cu, Zn-SOD& o] AxAe,
MER5E Mn-SOD$} 2o mitochondriad] 2 &
As oz 2z Bysed, ded ZHRF9
TPXE SOD¢} e oz 48 239 A=y
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B3 4718 2k HO.& AASY] 98t B
Aol e} 2 FF DL 715
H' ROSEF HLO.2 53] AXuz I,
g3ta] transition metal ions® ¥hg&led OH
PAse weE &5z DNAS ¥hesiel DNA
strand 9] Ak, DNA €719 ¥sl 2 DNASH o
2] cross linkage & T8 DNA &AM 82438}
™ (OH - mediated damage) #|&2] Alsle} wiulo]
EESE xEte] AEE dd Fe5H &4
b FEA ABAAMRE o] sbA] F% Ao B
A7 -l Agske Aoz deA vk

53] DNA 9] &3} 408 DNA<] B Aoff &
A&l Akl xE#ad 2§ NF-kBe} &
transcription factor9] 2= 8 c-fos, c-jun % c-
myc & protooncogene] Wd {5 ¥o] 24 4
2] urelalA (cancer initiation)d] & rj@os
gk Aoz A dor Ruxd webA
DNA 47] 23le] 8% 22 ¢4 e 8-
hydroxy-2-deoxy-guanosine(8-OH-dG) o] Al
B fels O gE w2 Aog Hudy
= 32

198433 Oberley %'%¢] &9k A ¥fM Cu, Zn-
SOD ¥ Mn-SOD #A4x A& 27e& #aks)o
ROS o] A Z7te} ahiatsl who] 71del st £
A7 7 (cancer promotion)ol #dgicin 213}
gom, 7I4aA] catalase gened] Fo| Zasla
ZF F8|A gluathione perxidase®} glutathione
reductase?] BAEE tloRsl AL HolE Fom
A QU

TPX el gAA} 4ol $1X& human cDNAol A
PCR{polymerase chain reaction) #hY @ FISH

o
30
I
o M
L%
b
o

(fluorescence in situ hybridization) &
obZ A} 13ql20] HAzhY, o3 fFHed
A1 BRCA2 € 9155 9] fAdxie} #d 7]
= pafele] A48 e Beag, 29539
2y % e Ayl Rlol 2% Aoz AR
'[:}20.

2, 3% AR ASHe e 2E20) 5
¥ 229 A% (invasion) 2 Y2 Ho](metastasis)
o] shie 7der 4A Jom, 53] ¥ A%
ol A&2 Q) 4kst AEH AV G4A] WA shte
71Aeg &R GHE F9E AR Bofshe
o g ey ADF(adult T-cell derived
factor), GST-p(glutathione-S-transferase~-p) @
59 FEE sy B8 K9
oA Frd = Ao deiA Uk TPXE 94
Z2 Fof akas} Bol Hike A A EEH
= AES Holedl erythroid cell, renal tubular
cell, myocardial cell, FAZAE 2 543 £79
AAM EAA A FRAEM, GV S48 A
Hated ArkaF 2 - o 22 e B
T A AEFEE g2

19953 Iwahara5?-& 239 Aol A it
3} thile] gl&-& WEo] ¢}2 HBP23(heme-
binding protein23) ¢ WY I=H ol FE &
AE ] A Boshe Aoz Agstgon,
TPX el o}8¢l SP-22+ bovine adrenal cortexoj]
4 tryptophan hydroxylase, glutamin synthetase,
hemoglobins-2] 4}3}& AAsH= ALRE H1EY]
o®, AMF (mycobacterium  tuberculosis) ]
ahpC(alkyl hydroperoxide reductase) 842471 &
g-=ko] INH(isoniazid)oll tisted ghaksh 2h8-& &
o g A INHo9 SHAEE 7HIAl Ha*,
Bacillus subtilis 168 G2 RE 4F7F<] open
2gstgoen], Enta-
moeba histolyticas= TSA-like proteing AArs}od
&ipol AslgA o 2 RE AN HEsH "o #
ok oleh, d@ahgel ¢l 9A] metal-catalyzed
oxidation systemol] ¢J3fl 75 Ao Arkshi
glutamin synthetase®] B84l W dahye)

H,0,9 #& ROSE A|AZH™.

olAtellA] =3t nje} Zo] AAA YoM TPXe| 4y
d #g dTE F2 Y 28 S8k A7 HA
Ale] Ak oA 22k E

glutathione

reading frame subtype&

K
o
rir
ol
X
>
o 4
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ofske 71doz dsd b o oY% QS
U2 255l Aol FysistA £¥sin gl
atsl Hoi7lde Hole TPXd| thste WAl &
oz Qs HAsEE= ROSH 4¢3k wojzhge
uel A7t wlulg Aol

£ 79 AFoA Bo] HA| HA Al o3
WAE fE]akaoldl g3l thioredoxin peroxi-
dase system©¢] Z§& b4 & = glo, o
T A7EIAE Aol WAoA E7h) paraquat
Fo & JMA3E & d¥dM= TPX-A & B,
MER5 9] kel W3/} giie-& s A(vLE =2
8)3 X3k ARz, 3e &3¢ 2dgsk= 3
Aol ti3te] Hojride] dzA FEd & UL Ao
2 Aledrh & dc 99 g dgdiglens
A 1A} (inhibitor) 7} glolAThEx] HALEe] WY
(post translational modification)el] 2}3 A=)
Aol $4=A gttt A AA A BALAEAtS
Yo7l whge] FEE PAdo] AN A goke 7}
AR diAlEl] Y=9, TPX7E 8433 5 Hizkx]
o B2 ARk Fa 2 3l ARslapgde dojgAit
TPX¢] a0l A1A=A] gtg 7FeAd%E Utk o
A levelo] od RNA Z.2 DNA levelore] 4%
olghd 9Ju|gl= Z#(positive data)E ¥& F&
P Ao= AlnHoh

Faz WA HAA BAE 2ARE 2B Wl
superoxide dismutase(SOD)$} glutathion peroxi-
dase’} Z7}8lL catalase@A T ZadlgoY o
tocopheol §¢] 434l 282 WIAIN} AUt
T B1¥7} glon MAX g YAS Hole A4
ZA HY AEFoA SODe B3 gald) g3 7il&
& mu¥x oy = IA 3 FIHEF(IB-3)
9 X WA (athymic nude mouse : Nu/J)ol} <1
# MnSOD, Cu/Zn SODE& adenovirus vector &
olg3le FAH XA A9 Hel HAR &4 o
g BR3aart vke Ean®¥) ok aga
MnSOD fAAXEE Foan vAMEA HYe]
AN 88 Bt 283e2 @ £ Ug Aojgk=

A = AUt

AR A HE Fe Y Ax fEY
(ROS) 9] FHol doiA FLAE o3 2E=HE
ROS¢} AMAE o] oJ3te] Eds= ROSY o]
Az aisor slen, 49 sampled TPX
I/ BHEE SHA Givhs Aol BA= A3
= 4 931, ook homogenization¥ lysateue]
TPX activity £74o] "e¥ Ao Algdc}. =3
2] FHe ARy il et &
£3}+= scavenger protein©] ThE 5 s AL
o} gk

tEo], ¥rgA Ak Relle % AXdd oA
¥ 7t ohet A 24 (Paraquat or Diquat), = $15
Z, WA 24 B9 9 v7k o] XA 23
3z godivkn gAAE vl Gog o] Wike]
A7}t of Jdsfolol & Ao Almdrt.

2 o

2

B

AAE ol AXEE WA Adr](reactive
oxygen species, ROS) 2 3¢ 1L B Esh= 714
£ 7HA3 =d|, thioredoxin system 0 25E] A
A8 ol I EE B YA A3EE 43
& 7HX B 99Ag dste] ol thioredoxin
peroxidase(TPX) 2 Wg3lgdr). ol 5% B o
g A o F7ldl T £XH doH, I F
FAENA felde W AxrE AATLEH
2N £9] LA (initiation), 4% (promotion) %
Aol (metastasis) & A3t 98¢ ¢ AoE ¥#
A o, Jg, I T FRATYA e LE
o] Z7tEE Aog HuEHrh

@9, Fge] Xzl oA WA s Hge
Z2H A8 R 4 A0S A8 24 Y4 E AR
3o glont, #Heo ALY Xz o M3 Fa#
A gle A8F DA Hdde destzA 3
AV ZAVE9] Abaf-E]7] (free radical) &4 Sl
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o Aoz dEiA glow, ojd Af3l Fosl=
Az} B o7 de) gk At v FE Aol
ol A} F-& AN ZA} Fofl WA 9] HzH |
A] thioredoxin peroxidase®] o}d  catalaseS-0|
AR ZALR Qg H&Ate) wholr) R oW J3e
sheA] goky] fjgle] g 2 ITE AlgEks
o
CHah o uhy
Wi 18vtelE Z4Z 3uiEly 670 ToE relal,
2 F 15719 900cGY of HAE 2ALSY ) W
AV ZARE B WM E AR, 135, 23F, 3
F3F 2 657%0) YA H22e AU, olF A
Z243% Az 3uigle] HxAe H & E 94819
HAdstel AxE FaP FA TPX o o
catalaseo| 3 A2 Western blot analysis&
A& st Z42ke] gl A o] HHATE vw i)
3 It
e} vasle] £ o 2o H & E g84
WAR] ZAME A7 E A REY) A=) 3z A
PEL 2 4 ¢2lor}, thioredoxin peroxidase 5
744 o} (TPX-A & B, HS22, MER5, HORF-
06) 25 WA 2AME AN, AR oa
Heuhetl (immunoreactive band)$] ze]& x.0)
A K3tk Catalase 4] AAWHgTle] 2jolg B
o7} Ut
2 E:
AN 237, 53] dgel] gl £¥sln, AR
o oJg wrg-A] 24 7| (reactive oxygen species) o
oJ3te] o] F7tEE Aog g#A thioredoxin
peroxidase7} AR ZARES] DA WA 9 HAH
slellMe o wde] vt Wl g Aew nF
ol Aoz Q% weatel EAntols Hajalx)
¥ Aoz 4zdn.
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