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Induction of Thioredoxin by Oxidative Stress and Overexpression of
Thioredoxin in Lung Cancer Tissue
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Sung Kyu Kim, M.D. and Won Young Lee, M.D.

Department of Internal Medicine, Yonsel University College of Medicine.

Background : Reactive oxygen species are involved in multi-stage process of carcinogenesis. The moast of can-
cer cell lines and cancer-cells in tumor tissue produce reactive oxygen species and on the other hand, the
activities of catalase, Mn- and CuZn-superoxide dismutase in tumor cells are usually low. These persistent oxi-
dative stress in tumor tissue facilitates tumor invasion and metastasis. 12-kDa thioredoxin, which regulates the
intracellular redox potential with glutathione and glutaredoxin is involved in cell activation, proliferation,
differentiation and redox-mediated apoptosis. It is also purified as 14-kDa and 10-kDa eosinophilic cytotoxic
enhancing factor(ECEF) from human histiocytic cell(U937) and 10-kDa ECEF has more than 20 times eosino-
philic stimulation activity than 14-kDa BECEF. It has been reported that adult T-cell leukemia, squamous cell
carcinoma of uterine cervix, and hepatocellular carcinoma show increased amounts of human thioredoxin and
thioredoxin mRNA is increased in lung cancer. In this study, we investigated the expression of conventional an-
tioxidant enzymes such as catalase, CuZn-SOD, and glutathione peroxidase and thioredoxin in lung cancer tis-
sue compared to adjacent normal lung tissue and the induction of thioredoxin in macrophage cells after treat-
ment of oxidative stress and endotoxin.

Methods : We measured the amount of conventional antioxidant enzymes such as catalase, CuZn-SOD, and
glutathione peroxidase and thioredoxin in lung cancer tissue compared to adjacent normal lung tissue by
immunoblot analysis and the induction of thioredoxin in mouse monocyte-macrophage cells(RAW 264.7) by
treatment. of 5 4M menadione and 1 4g /ml endotoxin.

Results : On immunoblot analysis, the expression of 12-kDa thicredoxin was increased in lung cancer tissue
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compared to paired normal lung tissue. but the expression of catalase and CuZn-SOD were decreased in lung
cancer tissue compared to paired normal tissue and the expression of glutathione peroxidase in lung cancer
was variable. The expression of truncated thioredoxin was also increased in lung cancer. When mouse mono-
cyte-macrophage cells were treated with 5 4M menadione and 1 ug/ml endotoxin, the expression of
thioredoxin was peaked at 12 hrs and sustained to 48 hrs.

Conclusion : In contrast with other conventional antioxidants, the expression of 12-kDa and truncated
thioredoxin in lung cancer were increased and it is closely associated with persistent oxidative stress in tumor
microenvironment. Considering especially the biclogical functions of truncated thioredoxin, the increased
amount of truncated thioredoxin has significant role in tumor growth through cell proliferation. { Tuberculosis

and Respiratory Diseases 1999, 46 : 327-337)
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=9 gl 94F APAMRE FF AFe] DA
7A Agshe Aoeg dA . FH YA o
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9= Trp-Cys-Gly-Pro-Cys(amino acids 30-34)
o2 NFRE A8 ¥ IHFINA F BEHA U
©m? 917} thioredoxin® HTLV-1(+) T-H=Z+F
A xe] vjorlo) A interleukin-2 receptor(IL-2R)
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g sl Aoz ¢A ok'®. ¥ eosinophil
cytotoxic enhancing factorE 10-kDa(truncated
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gie Aoz geix Y. ol ECEFE A= te
NAoz YA 4L #P3h= AL ARG
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e & ARl AEAE W9t s)He oe
Ao #9sks Aoz dBA Utk W A T-
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thioredoxin L& o] F7§t= Bur 9o
2 gl M= catalase 9 superoxide dismu-
taseo] =7} 448317 thioredoxin mRNA
Wol F7keke Aoz A Y. |

ol & A7 st gl o] A 27
£ YlaLd}te catalase, CuZn- SOD ¥ glutathione
peroxidases 7|&9] 3Hik3} gulo] W e Ba3ln
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o 12-kDa % dd¥ thioredoxine] W3 & m7}s}
A3l 2E# 2o 9]§ thioredoxin®] W g B
s} ST,
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Catalase ¥ CuZn-SOD ¥4l Calbiochem 0.2 1
H 73t glutathione peroxidase A=
E9] 7toA] HAE glutathione peroxidase Wdj
e 2 EYAE WEUT. Thioredoxin g4 &
E9] ZtlA AE thioredoxin ol ¥ s
A& THEAT ¥ thioredoxin THEE P& af-
finity chromatography?l Affi-Gel 10 gel(Bio-
rad, Inc.) & o]8-3lo] A3}

2 =3 &g

o, 2 A%, A, v 9 2N 2 gEceR
B B3N &2 AL WY 2Y(FuNEg
5qf, Mg 5l)oA A} 2o He WY 2w}
B 2 & FAO Al FA) A B2 Yol F&
WEFE -70C e YF o nEsct. AYA 23e
2172 phosphate buffered saline(PBS)o.2 3¥
MAE ¥ 2 mM phenylmethylsulfonyl fluoride

(PMSF), 5 ug /ml aprotinin ® 1 g /ml leupe-
pting $#-¥ 20 mM Hepes-NaOH ¢34 (pH 7.
0)ll ¥ol #d23 % 10,000 rpmog 3087 ¢
A Eeat] 434& Hslo] BCA reagent(Pierce,
Inc)o 2 Sl AT syr}.

3. MIZ e W uigk =

HTB-56( Anaplastic carcinoma), HTB-58(Squa-
mous carcinoma), HTB-119(Small cell carcino-
ma) 9 HTB-174(Papillary adenocarcinoma) 5
H+ A ¥FE American Type Culture Collection
(Rockville, MD, USA) o 22¥ #9J5lgct. HTB
-56 M¥e} HTB-58 A|¥:& 10% fetal bovine
serum, non-essential amino acids, 1 mM sodium
pyruvate 3 Earle’s BSS& ##3% MEM uj=o)
g3t o™ HTB-119 2 HTB-174 M %= 10%
fetal bovine serum-& ¥#% RPMI 1640 uj=oj
HiF3dct. Mk 37°CoAM 5% CO,9 4eje] in-
cubatordll wjFEITh. FEG Yo METE wiPE
¥4 gejsie] AT AHWEE deF AAE PBSz
3-4 A MA{F YAFe 20 mM Hepes ooy
(pH 7.0)9 ¥ &9 Hejsle] 94 2eld 42
& #3te BCA reagent(Pierce, Inc) o2 gulg
A5k

4. M8} AEHA g Li&Aofl of#t thioredoxing)
=

Mouse monocyte-macrophage cell line(RAW
264.7)€ American Type Culture Collection
(Rockville, MD, USA)ozZRE 2qsld 10%
fetal bovine serum, 50 units/m} penicillin & 50
ug /ml streptomycin€ 8% Dulbecco’s modi-
fied Eagle’s medium(DMEM) ¢ 5% CO,, 37°C9
Al ujekEtgcl.  Mouse monocyte-macrophage
cells& 9.2cm dishdl] 1.0 x105/mle.2 4 A7} vk
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Fo] B4 A EE AAYF serum free DMEMOog2
2A)7F woFslTh. vl AEFHAE K317 A8l 5
uM menadione(2-methyl-1,4-naphthoquinone so-
dium bisulfite)& ##3 DMEM % 1 ug/ml
lipopolysaccharide(Serotype 055 : B5)& ¥H3t
DMEMo| wieFstsio 0, 3, 6, 12, 24 2 48 hrej
AEE $88a 3000 rpmoE 1087 94 £elst
o 24¢ PBSos A33FE 2 mM phenylme-
thylsulfonyl fluoride(PMSF), 5 ug/ml apro-
tinin @ 1 ug/ml leupepting &% 20 mM
Hepes-NaOH €3 (pH 7.0)¢l] 9o} 223 A
ste] 10,000 rpm o2 3087 94 Fejstd 4Edy
o z3le] BCA reagent(Pierce, Inc)o.2 ilg
A3t

5. Immunoblot &4

2

Al718} o] ZFH|E F2E 40 ug & catalase
glutathione peroxidase= 12%, CuZn-SOD %

thioredoxine 16% SDS-polyacrylamide gell A
7] 9%3% nitrocellulose membraned] o]FAlA 2
% BSAE 344 TTBS §9o= 1583 Aldst
% catalase g (1 :200), CuZn-SOD &AI(1:
200), glutathione peroxidase (1 : 2000), T+
28 thioredoxin & (1 : 2000) 2 affinity-puri-
fied thioredoxin (1 : 200)2 A Halste 3
a1 o)A TTBS Loz AMHE % catalase,
CuZn-SOD, glutathione peroxidase®] immunore-
active band: alkaline phosphatase Wo.2 &<l
3tgc}. Thioredoxin® immunoreactive band+<
affinity-purified thioredoxin #H4& *2l§ A<
alkaline phosphatase ¥hj oz gelslges Fe
thioredoxin &A1& A3 H$E=  enhanced
chemiluminescence(ECL) Wi o g #¢& ).
H A3 thioredoxing #<¢lstiiz} antibody com-
petition test& A|gslded ol BAE @¥s &
AE 44 AR WA FHE 2B F
immunoblot £4& A|38&4c}.

20.4 kDa

7.2 kDa o

20.4 kDa
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Truncated Trx
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Fig. 1. The characterization of polyclonal antibody against rat thioredoxin and its affinity puri-
fied antibody. On sensitive ECL. method( Top panel), polyclonal antibody reacts with 12
-kDa and truncated thioredoxin in all tissues which we examined and purified
thioredoxin. On alkaline phosphatase method( Botfom panel), affinity-purified antibody
reacts only with 12-kDa thioredoxin in all ussues which we examined. (1) : brain, (2) :
liver, (3) : pancrease, (4) ! kidney, (5) : spleen and (6) : adrenal gland of rat(S) : 10

ng of purified thioredoxin from rat liver.
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Fig. 2. The expression of catalase, CuZn-SOD, glutathione peroxidase(GGPx) and thioredoxin

(Trx) in lung cancer tissue(C) and adjacent normal lung tissue(N ).

On immunoblot analysis, the amount of catalase and CuZn-SOD in lung cancer tissue

were decreased compared to that in adjacent normal lung tissue. the amount of Gpx in
lung cancer tissue was variable compared to that in adjacent normal lung tissue. and the
amount of thioredexin in lung cancer tissue was obviously increased compared to that in
adjacent normal lung tissue. SCC : squamous cell carcinoma. ACC : adenocarcinoma.

# T

1. AEOIM FHE ofe] =3oM thioredoxine] &
E 3 c}g# thioredoxin &#l 9 affinity-pur-
ified thioredoxin &2 M :

Thioredoxin U-&& 48 ]88l ECL Wgom

immunoblot-& Al¥F 23} oz 2F wEo) 12-

kDa % Y thioredoxino| &Exj3tgiew AR

thioredoxin® H9HE e EJH(Fig. 1, Top

panel) Affinity-purified thioredoxin A& o]&

81| alkaline phosphatase ¥'§¢2 immunoblot

£ A% da= RE Z3FA 12-kDa thiore-
doxin & <IA8c}(Fig. 1, Bottom panel).

-~ ® 2

2. Higt =Zjof|M catalase, CuZn-SOD, glutathi-
one peroxidase 9 thioredoxin2| &3 :
AN 2t} Ade] 22} BojlelA A Yo
¥4 glo] immunoblot £44 st Z&A cata-
laserx 583 74#HYT CuZn-SODE ZAsk=
A% Byon glutathione peroxidase:= t}oFsh
Z9E BQH(Fig. 2). 22} affinity-purified
thioredoxin #A|& ©]£-5lo] alkaline phosphatase
WHoZ immunoblot ¥4& ARE dst 1099
¢t =3 F 9oflof|A] 12-kDa thioredoxino] E=gio]
Z7Vsh= F3& B (Fig. 2). Thioredoxin t&
& ZAE o83l ECL ¥WHo 2 immunoblot&
Al 23 399 oY 23 wFofA] 12-kDa 9
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Fig. 3. The expression of 12-kDa and truncated thioredoxin in lung cancer tissue(C) and
adjacent normal lung tissue(N). On sensitive ECL method, the amount of 12-kDa and
truncated thioredoxin in lung cancer tissue were increased compared to that in adjacent
normal lung tissue. The antibody competition test confirmed two immunoreactive bands
as thioredoxin.(S) ! Zng of purified thioredoxin.

2% thioredoxino] F719H& %+ Ut T
12-kDa ¥ A& gdwlo. antibody competition
test2 4|85} immunoreactivity?} 248l 25
thiordoxin & 4= 212t} (Fig. 3).

3. o4 HY M=ol EX5H= thioredoxin 22|
&5

Anaplastic carcinoma(HTB-56), squamous car-
cinoma(HTB-58), small cell carcinoma(HTB-
119) ¥ papillary adenocarcinoma{HTB-174)%
et M ¥ 3o EA)5H= thioredoxin k& wjmst 2
= AE FAlo] @AF AAHE Aol 71 He] &
Astdk(Fig. 4).

S S R

Fig. 4. The amount of thioredoxin in various lung
cancer cells. The small cell carcinoma cell
has larger amount of thioredoxin than
other lung cancer cells.(1) : anaplastic
carcinoma cell, (2) squamous carcinoma
cell (3) small cell carcinoma cell and(4)
adeno-carcinoma cell.

4. Mouse monocyte-macrophage cells(RAW
264.7)0llAM M5l AEA 8 iS40 oS
thioredoxin2] w#d B4}

Menadione2 quinone 3}§E2 redox cycling2

Foke R|&AHLo 8 reactive oxygen species(Q,,

H,0.) & AAsh= ez ¢34 k. 5 uM men-

adione % 1 pg/ml UY54E FA395 4

thioredoxin®] & e] 1247k Hael| =dsle] 4

A7) A &= A (Fig. 5).

Moeradmie

Fovdotovin

Limes () (03) (06} (12) (24) (45)

Fig. 5. The expression for thioredoxin in mouse mon-
ocyte-macrophage cells(RaW 264.7) after
treatment of menadione and endotoxin.
After dose dependent study, we tireated
RAW 264.7 cells with 5uM menadione and
1 ug/ml endotoxin. The expression of
thioredoxin was increased and peaked at 12
hrs. Menadione : 2-methyl-1, 4-naphthoqui-
none sodium bisulfite, Endotoxin : lipopoly-
saccharide Serotype 055 : B5.
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Thioredoxin& NADPH, thioredoxin reductase®.
2ZRE AAE ol A3elroz dithiol-disulfide
oxidoreductase?] A= E 717 12-kDag] gulo
2 thioredoxin system& NADPH, thioredoxin re-
ductase ¥ thioredoxin .2 FA5 o] )2,

Thioredoxing glutathione ¥ glutaredoxin®3}
A AEY Asl-89 AYE fAsE 2aT 9%
& 3= Aoz 48 flen? & d7d A (Fig.
1)s} o] BE 2o EAsh= Ao i Urh
o] dule] ¥4 =zele Trp-Cys-Gly-Pro-Cys
(amino acids 30-34) 0.8 AlFdA A& ¢ X &H
dl7tz] & REEo] glom % cysteine Fviv} A3}
-8Y B4 #weRitn geEix AR, w9
Silberstein®5-0] histiocytic lymphoma A} XofA]
Al 3T AE B4 23 7158 B4 eosino-
phil cytotoxic enhancing factor(ECEF) A
thioredoxino]glom o] gl 14-kDa® 10-kDa
o2 AU}

BQakiF e DNA9 vkgsled DNA strande]
Att, DNA baseo] w2} 9 DNAS}H ©@ile] cross
linkages& X335 DNA &4 (OH.-mediated
damage) & f'¢8}i! - NF-,Bs} 2 A} Iz}
9] AF® 9 ¢-fos, c-jun R c-myc T LF}
Az AEE Arslus ™, $9%o 4 AF 2
HolT Eet 71Ae] o3 SAld FoE gL W}
ol ¥duAFol 23 MU DNA base A1z}l
Z8% 22 ¢8iA 8-hydroxy-2’ -deoxy-guano-
sine(8-OH-dG) & A%, f4<, 0 2 sigdelA
A% ARG g Aoz GRA YW, FPd
A B DA DN 29 3% ¥ Holx A
Aol B4 RgzspA ALY Ad IgE]) 4-
hydroxy-2-nonenal-modified ©@¥o] £ NxA
W ¥ 429 Hoz U ok, ¥E ¥ I
oAl g3 el 79k MIEoA catalase A}
o] wHdo] Aol u'Y B T T Y ZF o

4y catalase, Mn- & CuZn-SOD¢] BAE7} oj
# A3l Hof glom!™'e®  glutathione peroxidase
9 glutathione reductaseg] YA = YAs}A] Yo
Aoz LA AT, HgelM 2% =43} 4 =
2]9] catalase ¥ superoxide dismutased] BAE
€ Hlag 2y FF 2HA ojEY FA%I Hol
A e Aoz 4HA Urh. & AT Hgos
AAeg T ¥ FF 237 PY 2&
immunoblot ¥%] o2 catalase, CuZn-SOD, gluta-
thione peroxidase @ thioredoxine] T <& ¥]al
3lglen catalase, CuZn-SODE9] e 7431y
THFig. 2). o] @ o] 74 oln] Uizl gy
o] B 7ol Yxsh= Ao}

ol #¥ Huel £ A7 ANES nasid &
9 FF 23 FF ATE ASHA A3 2EHX
A =25HA He g Jon M 2% AEE A
slxEY 2 9% ME L8] (oxidative cytolysis)
o tig o] 714 "Wag 34 HY thioredoxin,
glutathione 2 glutathione~-S-transferase #(GST
-P)So] o]d 7)de) Bozieleghe B} Qops,
Thioredoxing 23} 2E#A, $AHRRAEA 9z},
dlelgj~ 7ZHg (HTLV-1, EBV ¥ HPV), yE4
2 PMA 3l o8] f=51 32 Hgd AEdA
LY FHe A2 gA den? A4l T-HMzEy
Y, ATARAUAEY L M EYA  thiore-
doxin ¢ko] &7l FHo] ¢u® ™ g¢telals thiore-
doxin mRNA7} F715le] ¢l Aoz Buge] gl
o9, & ATE 1099 g 23 FoA 9edA
12-kDa thioredoxin®] ¥o] Z7}§ A2 (Fig. 2)&
o gAen 39 mFojM 12-kDa B HYY
thioredoxine] $7}3l¢ich. 8 12-kDa ¥ AUy
T2 antibody competition test® Al3sle] BE
thiordoxin & ¥4 At} (Fig. 3). Bl 2
7} thioredoxine] WEEA 2vjg masld Fok
AL 34& 53 F% 4% B Asd
. $4 thioredoxing 17t B A ¥ = A] protein
kinase C oJ& 722 X F4d Bdsl= oz
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otg)A 9la') leader sequencedl] TAIglo] AE vt
o2 WZEY? MEge)] EA8ke thiore-doxing
NIH3T3 A|xo)A platelet derived growth factor
(PDGF)$} H|=8 A E Z4] 848 BT, of
d 4% &7 thioredoxing] $4 84 ¥holyzt
FZ7} F8 ke Bk 9low® Cys730] 413}
o] o2 2xle} Cys737 disulfide 23e 343}
W o] 743 o|# 4ks} ¥-g-& thioredoxing]
A7 zlz A 7%e 2Ask= 71dy shveke B
2% Y. oked ECEF AE3H 28-& 473}
o B o AGyL 54 F4o] glovt I AF
#37} 14-kDa thioredoxinoll v]&] 208] o]3}e =
giA Uoto. webA #gtellA Z7HE thioredoxin
& 2% AR Z8% AT 3 B A7l &4
X #goA thioredoxin Fo] 7FE Wol A 3=
A% thioredoxino] AE F43} YHT ATo] Utk
= ARE ouigit). T B AP g 8¢
3 A8 thioredoxin® 10-kDa ECEF2| 4&3%
A BEAL 1T 1 % A tS F8E 48
8 Aoz Algdrh. 12y 0 ME(Hep G2)&
A9 7EA o) vl B %ol thioredoxing Al
¥ o g vj23in] w2 ¥ thioredoxin® AE =Y
o] ¥WislE ke A oA ANE Hole Feg &
A Yok, Y g 2Eg2ot FAAG WAL 2
OILEA|AE ZAFIWB T glutathione- & AT
A2 L (thiol)& fARLe] AL 9 o}EE Ajx
B zA¥E= BIE® 2% AT FvHE
thioredoxino] olXEA|29] A& B3 ¥ A%
o #d & ez Alud)

Mouse monocyte-macrophage cellsejA 5 uM
menadione @ 1 ug/ml WSAd] <& 12-kDa
thioredoxin W@ 37} 24 (Fig. 5)& E& ¥ 47
oA MXF A=) Fgo viA BAY st 2EH
29} o= AL YAFH=R] G glom A o
£3 AT BAZ} glol @A) ARAT A%
AZA thioredoxin ¥d F7h= #¢ 23 A5}
2E# A9 AT dPo] A& Ao AlRE

AEHoz AU i3 Gwel thioredoxind
A3k 22 A 9 WS o3 W] Frlsta ¥
o} zA)A] catalase, CuZn-SOD ¥ glutathione
peroxidase 71& &Atsl @ k& radhs WA
12-kDa % AW thioredoxing Z7gH}. sl
A Z7}4 thioredoxing A% FEEAZA AX F
e B3 F¢F ARE Fdsln 5 HLH
thioredoxing] AEE3 7|52 nejd W HYdlA
o] vhile] WE Frh= U A% df o] AUe
A jejztn gt

2 o

Pl P2 I

A4 F (reactive oxygen species)S WY 7jH
o] o2} @A HAe g}, e FF AEF
g FoF 2 9] FF AXE BANLFE B
HhH FEok A E9] catalase, Mn- @ CuZn-SOD%
71& a3} gie] BYEE A2 AstEol o
ol2 Q% FF 2 LA A3} 2EH2E
o] & HAF ¢ Holg FHrh 12-kDa
thioredoxin& glutathione @ glutaredoxin3} §7|
AT Aks-g9 A9E ds AlX 84, 34,
B3 9 Aksl- gl 9% olXEAIA -] 3}
= Aoz ¢4 gtk ¥ histiocytic lymphoma
A E (U937, human)olA 14-kDa ¥ 10-kDa9]
eosinophilic cytotoxic enhancing factor(ECEF)
2 FAF e FAF Ao AEYRH 715 10-
kDadlA} 204) ol && Aoz <A ch 4
T-Az9Ey, AFARZAANES & A ELAA
thioredoxin o] 27} o gz HYgMAe=
thioredoxin mRNA7} Z7}50] Qe RHog guiA
ek, ool #H =Ha F FA =HL v}
catalase, CuZn-SOD ¥ glutathione peroxidase
Z 71& 343} @i} thioredoxin W W3E v
o BT YAAEANA A3} 2L B US4
9|%} thioredoxin W@ ¥3lE w3t 4.
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TR
AT VA AL 23} e A4 o 23

immunoblot #4202 catalase, CuZn-SOD, gluta-

thione peroxidase ¥ thioredoxin 4&¢& v|x &%
sl9en  thAH)¥Q mouse monocyte-macro-
phage HIX(RAW 264.7)9] 5 M menadione &
1 ug/ml endotoxing #X]3}e] thioredoxin W¥
& B39

# 1

Immunoblot ¥4J4 12-kDa2} thioredoxin W&
et 23N Fd A=A vty oniflE 371
& B9 oV} catalase ¥ CuZn-SOD<9] WH & g
ZFoA 4 o] =29 v|mele] FA4sA3 gluta-
thione peroxidases] W& YA A e W=
B}t A3 (truncated) thioredoxin 9A] ¢t
o4 Z7}3ldrl. Mouse monocyte-macrophage
cellse] 5 uM menadione ¥ 1 ug/ml endotoxin
£ AA8Y e thioredoxin Y#L 12471 H3
2 37131 48AIAR] A|&E UL

# E:

vdelA &) ksl diai= ge] 12-kDa 9
A9 thioredoxin ¥#o] FVstY ol 2% =%
el A& A8 2EF A0l YHE ddo] Ut
53] M2¥ thioredoxine] AE%3 7158 1Y
] A9y thioredoxin W F7h= F% AE 34
€ 58 FU A d= gnide gEsiziztn A
7} g}
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