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Background/Aims : It is well recognized that all aerobic cells have the protective mechanisms in order to minj-
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, MERS, 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 major 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 to the pre determined time schedule; immediate, 1, 2, 3 and 6
weeks after rradiation. 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. (Tuberculosis and Respiratory Diseases 1999, 47 : 650-

659)
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AAE o]gdhs EE AEES reactive oxygen
species(ROS : Oz~ + ,H0,, OH - )l olg AELE
Ao zrE ANg B3] A5t ROSE A Az}
s 714 7Aa tk. ROSe Axe] EFAA
(cell respiration)Zolut ¥, WA, As-g9l of
A 9 gaTe] 43} Fo= U A= o 8l
A@e] Atsl, DNAe] ¥¥ (modification) 2 Hol
(mutation) & st AX &3l oFF Z a8
ES 14

F52¢] glutamine syhthetaset= thiol-oxidation
system(dithiotreitol, Fe*", oxygen) 2. 2%€ fel
5= ROS| oJste] B3t S, olejzto] B84
3 = Ao s Woldgos sl 25kDas] &
o] AR EATE A =T, °l8 £e] Ao
TSA(thiol specific antioxidant, HE protector
protein) 2 @Haen, ol¢ WolAI= non-
thiol reductantso] €3+ glutamine synthetase 2]
i 2Ed Aoz FF ¢l b Ak &3
ascorbate oxidation systemolAe] TSAE f2lE
= ROSY] Z4& Boig uf thioredoxin system

(NADPH, thioredoxin reductase, thioredoxin) ©.
suE AAE Wol FASHE (peroxide) & B2 ¥4
A= A Jde A thioredoxin peroxi-
dase(TPX) 2 thA] B9 "

TPX: ARE ohlel TAF AZAXE FH
&7 wAsiEE HAlA st 2E#H 20 o8] 57
QAN LA FEElE MSP23%(murine stress-in-
ducible protein23), erythroleukemic A EAA F
2 wgs= MERS (antioxidant protein )R A
o Ao g Relsie PAG(proliferation as-
sociation gene), WA FFA4 s M (K-562)
o] natural killer cell enhancing factor A & B
(TPX-A & B)%, T-y=7A ¢dsls AOE3T2
(anti oxidant enzyme)$} 4 74 Wy X
(KG-1)2] HORF-06(human open frame) %] 21
Hojct.

85 Aol EAsks TPX-A & B MER5¢]
AN 2§ @ (recombinant protein) %A} thiore-
doxin dependent peroxidase®@ =& 2yon’,
QEEH 2 At 2EH A ol o REHE f
Az o wwo gEA Uck. 53 % 28
9lolA ROSe} g4t} o7l A& A7 ROS
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o BAZTISE A3} ol e At 2 Habel
2 (cancer promotion) % F%AgY Ao)(me-
tastasis) ol &-g{ch= B1'%} Qr},

siere] X&) UoIN WAARE Hote] ZaA
AE 2 34 4742 A8 298 48 IRz g
o SRR He) WAL Xge] flolM A Zaw
e NaF Bgsl= Hade Aesley o
AH ZANES) f8] 427 (free radical) 24 Sof
g% Aoz 4HA glon], PDGF(platelet drived
growth factor), TGF -B(transforming growth
factor) 5ol Tejshe Aoz IHA o}, wapA
FARF WK free radical &4 g HAE U]
9] Boj71 7o) hg A= u]F3 AHolct.

ofell WA HAlo] WAL ZAVY D, T o]F 4]
7182 #2 229l thioredoxin peroxidase z}z}
9 o} catalases] W¥¢ SDS-PAGE 7|9
&, Western blotting ¥ H&E @402 &4 =3}
Z33} vla G syl

che S¢
1. thed 9l 30| apr

15vj2le] WA Ao 900cGy ] WAMIE ZA}sbm
AF, 135, 23F, 355 9 6330 QNS Sy
A HZAE 22897, T IHPLE o)L 3o
“0CE RAdct. dRzde yaugon 13y
3t1 vetgo 2 ¥of (embedding)3ted H & E(he-
matoxylin & eosin)gAL 3D, AP sz
4zt 1g¥og o] 10mM Tris(pH 7.4), 1%
Trito X-100, 1mM EGTA, ImM phenylme-
thylsulfonyl fluoride(PMSF), 1mM dithiothreitol
(DTT), 2ug/ml leupeptin, 2u4g/ml  aprotinin,
calpain inhibitor Iand (22} 4ug/ml)7} o
e 2048 23 (homogenization buffer) o
2 4%, glass homogenizer ¢ motor-driven tef-
lon pestle5& ol838la] 225 wysidm, Az

¥ %917] $j3lo] #%54 (homogenate) & 4CoAA
SATEL EEO] Fol YulAe 2as9T, 10,000
rpmo.2 3083 YARe sl Arde s
2% ¥Ee BCA(Bicinchoninic Acid) g9y
Aokg o] &-3le] T ¥ sioict.

2. HYES B (Immunoblot analysis)

A7 R de ZEE 9ude 2 X Laemmli's
sample buffere} Egslo] 90 ColA 387 Az
e ¥ 7z lane 3 7028 W3 10% SDS-PAGE
(sodium dodecyl sulfate-poly acrylamide gel
electrophoresis) & Algstdct. Ar9E ¥ nitro-
cellulose membranedl] o]FA|A 2% BSA (bovine
serum albumin) 2 308 A% Qs & 13} P
Zzte] obgel ¥ ¥4 (polyclonal antibody)&
18, WM Hej# F 38 ol TTBS(Tween
tris buffer solution)g&<jo 2 AYslg93, alkaline
phosphatase conjugated goat anti-rabbit IgG
(Kirkegaard and Perty Laboratories, Inc.,
Gaithersburg, MD) & 23} @2 5o dAdul-go
(immunoreactive band) 2] & #z3ac).

3. TEHa|

¥edow nysu weldbow ¥} (embed-
ding) & £ & H & E(hematoxylin & eosin) §
AL sto] PAM ZALE Al7]EE Hazae) a3t
BAEE A& (x30) 2 BaASIYC.

4 o

HAM ZAME A7d2 H & E 94e i
o AZAHAM M43 FPe BIY & AU (Fig.
1), A4 HzAgMx TPX-A, TPX-B, MERS,
HORF-06 3! HS22 % o}39] thioredoxin peroxi-
dase 3 catalase:= HHFL ¥ & Y2rH(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)

aeiv} TPX-A, TPX-B, MER5, HORF-06 % Hola] gtk (Fig. 2).
HS22 % o}8le] thioredoxin peroxidaseo] &# &
AR ZARAR} ubabd =A} Zhz} A, 2, 3, 659
g Z2ol A 1 wE ol gleiA atelr} gidiew,

catalase?] Wd ] WA zAbdn Fo] AlolF

¥

Reactive oxygen species(ROS) = A ¥ 2] tfA}z}
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<+ 25kDa

B apiis < 25kDa

D - S
-—.......m < 17kDa
E 4+ 26kDa
F
<4 45kDa

Fig. 2. Western blotting analysis of Cont.ro! 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)

Aol PR A8 B2 892 A et
A gglo 23 YW} &, 420t she] AR
who} superoxide anion(0,” + )& WA 28=}e)
superoxide anion®] superoxide dismutase2] =}§
ol 28 H0.& 343 o194 s4% 284 H;
0, & catalased]| 2]§ dismutation &2 glutathi-
oned} e BA=HE HAE W& peroxidased]

3 HOZ ¢d {LsA gy EA3h= nM
HF9] Fe, 3} W=7 vhg3e] hydroxyl radical
(OH - )& YA%¥r}(Fenton reaction). = o=
AN EA8h= gluathione & cysteineS3}
< thiol 3I}EEL BY FHo)A thiyl radical(RS
- )3}, disulfide radical anions(RSSR- . ),
peroxysulfenyl radicals(RSOO - )3} sulphinyl
radical(RSO + ) 9] reactive sulfure radical &
CEi=

hydroxyl radical(OH - )59¢] ROS= kAL of)
A B9 N2 g Y BAHAY 223 oz
A4€ ROSe| =43 gglo] A Zhol A P =]o]
(activation) AY4=d], o] hydroxyl radicals
A F 7HA 71del dlste} AAYY. 3 Shi=
ascorbate, a-tocopherol§-9] H|So]d Atz wuy
of 9% 2k4 f2l7]9] Asolz, the 3= Cu,
Zn-SOD(SuperOxide Dismutase), Mn-SOD, cat-
alase, glutathione peroxidase, cytochrome C per-
oxidase, NADPH peroxidase 3 non-specific per-
oxidase 5o 34k} DlF Lol 2§ How ol
EF MEY ROS9| $x8 Wio] Axaye &0l
= ZH-E dgran,

Chae $'°2 &% thioredoxin peroxidase2} o}
it AEe $AME Hol:= TPX-A & B g
MER59] #4218 A2 (E. coli system )o] ‘28
F AAF G "4 thioredoxin dependent peroxi-
dase HTE 7}A0 catalaseo] H,0, of gk
Km 2] 25mMe]l Hlg) o]E59] H0,9) tj& Km A&
10uMold} oj%jon thioredoxinol tj#t Km ) 9
Al 10u4Mojsl2 TPX-A & B 2 MERS 5
thioredoxin© 25 olF z7Ho= AHxlg uo}
catalased] Hj3| wME H,0,9 ¥sjo] 2gsh= 2
o2 Hadyc}.

TPX-A & Bt Cu, Zn-SOD$} o] HEAd,
MER5& Mn-SOD$} o] mitochondriad] 2 &
A of2] zFo] BE¥sh=ul, maty 4B
TPX= SODs$} e oz o 2o Axy
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24 Ar|ge dske HO.& AlAS 3t #
S0l et thE $F S e VAL E Aol Hol
o, ROSEZ HO.& &3 Axuz 34, ¥d =
Yalo] transition metal ions3} ¥Hg-3le] OH - &
ey mE &%z DNAS whgdld DNA
strand¢] ¢, DNA €7]e) ¥3 2 DNAgH oy
o] cross linkage & ¥3% DNA &4& {43t
o (OH - mediated damage) 32 Arzlel G o]
BgAse zistd AE&Y7Idd Fash e
3o G424 APAMREH o 7 FF 28] L
A7) Hel Fgahs Aoz deA AT

E3) DNAS] &4 &49 DNA 7 ol 3
=43¢l A8 2E# 2 9% NF-kBe} Z2
transcription factore] 2= % ¢-fos, c-jun R c-
myc Z& protooncogene?] ¥ {= Fol FF
gho] WelA (cancer initiation)oll F8 7]de
Rgal= Aoz duid o nIAd uwelbM
DNA 7] A3le] a8 AHEE 424 e 8-
hydroxy—Z-deoxy—guanosine(8-OH—dG)°] A1A},
¥ 9 gl O R & Ro2 B
T}

1984'd Oberley %'%0] &% M¥NAM Cu, Zn-
SOD ¥ Mn-SOD A% Ad 4274& TH3A
ROSS) 24 Z7ieh gakst ol 71de] art %
3% 27 (cancer promotion)d] #igck KBud}
Qon, 7etelA catalase gene] WHo| FAidtx
2ok Ao A gluathione perxidases} glutathione
reductase?] $AEE TFY I Holg AR
a2 A Ak

TPX ] g4 A2l ¢4 human cDNA/FoA
PCR(polymerase chain reaction) ' % FISH
(fluorescence in situ hybridization) #44oz 3
ohi A3} 13ql2e] $X&ts, o|FE FHEY A€
A9l BRCA2 2 9155 9] faQxe #d€ Mg
2 Akaselr)e] AEE Mrt Ay, 29534
W 9 g 24gd o 8T Aoz Asd
T,

H, % AN A& A3} 2EH 20 F
W =z e A% (invasion) ¥ YA A o] {metastasis)
o} dhtel 1dez @A ey, 5 F¢ A
A X&AHQ Ast 2E AT AR WAL Bt
7Aoo ¢eid GAE JHg ARkt Bodske
guwiow UeiA9E ADF(adult T-cell derived
factor), GST-p(glutathione-S-transferase-p) %
glutathione 59 §=& X#sp' o8 F3] A
oA Fry e Aoz diA Ut TPXE UA
27 o] Abast Wol ke A7IoA A LS
= 7%e Hol=d erythroid cell, renal tubular
cell, myocardial cell, ZHZANE ¥ 558 F79
AAREAA A LRHH, Fafeirle] 54& 3
Hale] AiraZ P HBo o3 2HSG d B
& g%e 33 AEFHE P2

1995\d Iwaharas?& 9] M ZuolA Ak
3 o] gleg WU ol& HBP23(heme-
binding protein23) 0.2 BW3lAEd ol F2 &
g AE] ANl Fodshs Aoz MG e,
TPX¢] o}8<Ql SP-22+ bovine adrenal cortexel
A] tryptophan hydroxylase, glutamin synthetase,
hemoglobin -9} Ats& AAIste Aoz EaE
12 ZAWF (mycobacterium  tuberculosis) ¢
ahpC(alkyl hydroperoxide reductase) LA} A
g3o] INH(isoniazid)ol tisle 333t 288 &
o2 Z"FL INHAY HUAE 7HAA H*,
Bacillus subtilis 168 SN ZXE 4%F7F< open
reading frame subtype& #&j3t¢ieni, Enta-
moeba histolytical: TSA-like proteing A4+t
&Zo] AslRAo2RE NS BIEH g9 B
gk oz}, VAU &Rl 9A] metal-catalyzed
oxidation systeme]] &j8] A5 x| ksl
glutamin synthetase2] E8A3}lell %A '@72}1}1-‘4
H,0.9} 22 ROSE AAFLS,

ojAtoll A =% upe} o] AAUelA TPXe Ed
o] B% AFE F2 2% 234 @A 47 =HA
o, B 22074 9] Aol s 2HAE
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ofghe 7ldeg difd ¥ gou” o)ygx Axe
HIRE E/F] Aol FEsA Bxsiy ookt
i3} o)A e Hol: TPXd| thate] MAH &
Foz Q8 WA= ROSH| AHgdHs wolztge
i S77} ojn)E Aol

2 79 AoA Ho] A WM 2Ale) o5
LAF freldarlol dislds thioredoxin peroxi-
dase systemo] AF-& 312 Y& $% 9lou}, o]y
& ATAI= APl WA By paraquat
Foq ¥ H4R/3E & 4YNE TPX-A & B,
MER5 9] &) ¥i37} 9ile-¢ Ba% A(u)iE 2}
B)3% dAghks 2z, 7)) 48 xdshs =
Aol i3l Woisldo] thEA AFE 4 YL Ao
2 AlRE. # 97 e g d¥sions
A (inhibitor) 7} glolxckEx] ARz Wy
(post translational modification)d)] Jgt A= 9}
Aol FASR) it AR AR A HAAEAFS
dorle whEe] 38 WAo] 2ALER) Yske 7}
T4 WAE7] =0, TPXI 843 5= g7z
o B AZhe e sl d43lage Yoltxut
TPX 9] 2tgo] 2= A%te 7FsAE Q. v
A levelo] obd RNA Z-& DNA levelojxje] A3
oletd ovigle Fak(positive data) & A& 4E
A& Aoz AsH

A2 YA AN WAL ZAME 7HE o)A
superoxide dismutase(SOD)$} glutathion peroxi-
dase7} 37}3}1L catalaseBA = Basigdon o
tocopheol §-9] #4314 Mgz Bsaws} 9y}
= Ba77} glow AR e WAL Rol: Ak
X4 gt MEFeA SODe] Mz ado] o v]a
 RA¥E ok 3 AN ¥ A9 E=(IB-3)
2 254 WA (athymic nude mouse ° Nu/J)dl] Q1
Al MnSOD, Cu/Zn SOD& adenovirus vector &
olgste] LA AL A we) WAL &b o)
g HEEIHI} uie Hi®3071 otk agm
MnSOD fHxA8E FozM w244 sjgte)
YA AEE M ag¥os & 4 qle Rojgk=

AP = ATk

AL Al HE FE v AL faly)
(ROS) 9] FR/oll YN ZRAE] o3 TYEE
ROSS} Batidato] ojste] wdsl= ROSe o]
A= m2isfol shgon], Zzte] sampledjA] TPX
Ao BHTE 28R Grhs Yo BAlz k]
2 £ dx, =gy homogenization¥ lysateuj<]
TPX activity $74o] o ¥ Aoz Alggc). T&
ZAEge] FRet ARalatge ngr)dd w7
€3h= scavenger proteino] o-& 4% o= 3e
aejsfol g

HEo], ¥4 AL fEr)= 29 A x| oA
¥ ¥ olje} AxA) (Paraquat or Diquat), = ¢
T, WAM 24 Foll 9% uile o) M) =7
E}= B JARE u), oz o ko)
77t of Zg=)ojol & Aoz Alggc).

2 o

> o
2

G2 ol&ehs MEELS ¥hgA] AbAT|(reactive
oxygen species, ROS) 2 H&] 218 H 38 7}A
€ 71X 9)=u), thioredoxin system O 2 HE A
AHE Lo} FIES B2 U= AaieE 4
€ /I AR @uAg wAsto o)& thioredoxin
peroxidase(TPX) 2 H3}3ic}. o) Fw B op)
g AW oA F7)o] 2% Bx=o] glon, B3 Z
FAEANAN Felse vy Basl8 AAGo M
F¥ME WA (initiation), AA}H( promotion) W
o] (metastasis) & A= A& & Aoz Uy
A gon, He, et o) ZRMTHgA Y B
ol F7kele Aog mmEc).

3, Hgke] X5 olA WA Xz B9te)
2% AE D 34 A7 A8 228 9NE 2%
31 lot, #e] WA A o) o] 4y 2o P
Flade NaF Y= AAA Hgse B
Abd ZARFQ] A2fre]7] (free radical) &4 ol
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o Hez ¢=A gled, old dfsd Bod=
Qla} ul wrol7)Hef ¥ A7 vlEH Aol
olofl AR} B-& WA A} Fof WA sjzFd|
A} thioredoxin peroxidase] o}3 Bl catalase°]
AN ZALZ Q8 sl&Ate) oyl ofF HEE
sh=A gopry] g8t o 2 A8 A3
o},
Chat 3 e -
WA 18viel@ 4 3ulgly 67] FoE Wi,
1 % 15u}2le] 900cGY 9] WA E ZAIEAG W
AP ZAHE e B g AR, 13F, 258, 3
% B 635 HYAA H2FE WAL, olF ¥
2%z gz 3vie] #H=Fe H & E 943
W4 A5 #APH FAld TPX ofy o
catalaseo] tH3t &M= Western blot analysis&
Algaie) Zbzte] gulde] YHAEE vRIHS.
# 3
Wz3s viasie & o Mz H & E g4%
AL ZANE A7 2 i Rse] ARs AXE A
P& ¥ 5 %Uley, thioredoxin peroxidase 5
744 o}8(TPX-A & B, HS22, MER5, HORF-
06) 25 HWAMA ZARET ZALE, A7z mhE
ejukgtl (immunoreactive band)2] lol§ 1ol
A o9ttt Catalase 4] ARRgThe] Aol B
olx] it
-
AU QR3] B sl Wol £¥3a, SIGAE
ol &]¥ whgA AbA7](reactive oxygen species) ol
olate) Wyo] F7tslE Ao2 U thioredoxin
peroxidaseZ} WARA ZALES] Y WA 9] K
SoAe 1 dae] Axv) WilA g ez vF
o] WA oz Q% siedel BUHAdE BoldA
e Aoz Azdd.
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