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Al w5 212 Z-g- Holl A thioredoxin 2
thioredoxin binding protein-2 mRNA 23 o] &

md 2 Aol AdumzE  Bxe  Aguwzgel
thioredoxin (TRX) % thioredoxin binding protein-2 (TBP-2)
mRNA Zd % vEo] oz 5FRA TRX9 TBP-29] v5%&
2wy vjaste] AguebEi ksl AEd A (oxidative stress) <t
o AAE dolr At gk

A7 Wy ¢ AGARGade ATl Gy ¥3 Agow
FEe WS B4 3 WIRAGE A 4 AFUTFoR SAw
307 APFoE §3, AFURF olge] BE P Foli A9

A AFHegzFo) A o #7F TRXO L&l zol7t glglert
(19.69 * 47.03-fold vs 20.16 = 20.09-fold, P=0.058), TBP-2¢] &
& Al ErE ol A folEtAl wekem (469 + 4.14-fold vs 16.80 +
22.16-fold, P=0.000), TRX/TBP-22] W& AFWetzols] 9
A =k (563 £ 9.16 vs 201 £ 310, P=0.017). AHF71E Ur
o] £4% A AFlHrFwelA 27 F47]d TRX$ TBP-29]
o] folak A weka (TRX: 371 = 1.85-fold vs 2600 =
17.10—fold, P=0.010, TBP-2: 2.89 + 2.69-fold vs 10.33 + 4.42-fold,
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P=0.019), TRX/TBP-22] n]&L& F7] #ul7|o FIAL e
=7 UElsten (428 = 7.03 vs 1.07 + 064, P=0.074), B2 7]l=
FrolshA =kl (14.36 + 14.33 vs 0.74 + 0.28, P=0.029). &z}
ol A= 9k 7k TRX9 TBP-29] ¥ Exfoli= Holx 9Fglt),
z79 AFggr Ao TRX9F TBP-2 mRNA @& §23 A

L

= e

S A
BAE BIAT (1=0.737, P=0.000), AFHHZ2] gl w2 o
A AERAZE 9T (1=0.319, P=0.086). thxwol A ApaduetzA
o] TRX mRNA &3 dof g 57 fo| A e TRX ¥ wAtold&
o3 FUAAE HolA FUTh

AT ATHET Bae) Aol 48 mud s ¥
o & TRX$ TBP-24}o]e] &3tdo] whsh=d], TRX9 Wdo] %
7hetAl = @A WE TBP-29] & o] 3Faste] TRX7E Aid oz #2
A EE YERY, of# g Wt Agulge] wAd o] =
Aoz QAT webAd s 2EH AT AFguubse] whae] Fg

F A T Aoz Arh

AE= E 0 AU HS, A8t AE# A thioredoxin, thioredoxin
binding protein—2
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AU EE  (endometriosis)> Apg o] & o] Aol ApFuEre] A
(gland)3} 712 (stroma) 2 o] EA8= M=, AEE, Aus, 9
a3 EYs ek v S3 At R AL oA
oAl EAFEe] 7EQl7] g 9] 5%-15% AE LA ES HolE Ao=
dH A olar, 2o 50%7HA % Hastar glow, ¢yl A x
Aggokael Aqstel] el #a W Eol Frbske FAel k'

E3], 299949 20-50%7F Az EFel o3 &<ddo] 2HEHE A
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oA Yol e, AR AFUTFe] WS AsAE =
F W ARE AFNHAL A o AA, FrEA @
oo} 51, ALIAL (apoptosis)E 3| aok Shei, i} B Fo) 2
oA AELA Ageha APPRE TSk H2 ol @
e Qo BRAQ o

%o wgel nAbe] Feg wAA Ak o]
sEdAE FAFRRE, FYER, ARG AR, BAEYo @
matoln] e NAHAY 4B, wd 5L dosE Fo gde

= oA I St

Thioredoxin (TRX) 2 2R 7Z# LB = (ribonucleotide)] Z
A ToAAE Ao -89 wkgol] o3 A AFAY
AA AN TAAQ Jee st WelAd Fabstaw Az A 4hE &4
Al o]l FUIgto 2 Abs AEdH 2 A AAuole} At

So Aask dwiAz Ay ¢)t). Thioredoxin binding protein—2

o

(TBP-2)+= thioredoxin interaction protein H:+ vitamin Ds-
upregulated protein-12 <A Jovw, TRXe M3 2&8 E319
1% S vedek” TBP-27F o} 2d s A fels TRXS &%
ol Zrawo] AEe] Aol Fawa, A7 =AM upe)A
TRX$ TBP-2i& 4hs} 2E# 29 #
S, A7 B atAbel] defgivtar & 4 gl
AguietEa Abs ~EG 2] #agde] #ate] Bad ATEe] A
T, FUSA @ AHE B AglHEd Abs AEY A
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2 A7l = Aelise @Ake] Al TRX 9 TBP-2
mRNA Zd % vEo] oz 5FRA TRX9 TBP-29] v5%&
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2. A Wy

b Az s 2ol 23

At iz AgUHEde & FA ATz s
alo] AAHAT. AP 4G o]ad AFUmaAe Wz
Aoz AUy Feseth Baele] A9 £ A mye
Fdo] H7 W EsoiA AnE: FduwA HIHs

'S

(cul-de-sac)ol Al =5 3} At}
. AA e A

T FA dojH z2AEL AgAdAF5ed AAA  (phosphate
A

buffered saline, PBS)o. & Z}Z} A& &le] dAS A A3 & 23 o]

o] 4 WW}X] -70TCeA 2 FAvk AT H4HL2 3000 rpm
oA 1083 dAEE 6}04 AZLE FYAI7L FEAnts v &
Zlel "ol A A7k 70T WsaLe]l wskivt

re
2
rﬂ‘.
oo

4. RNA 34 2 AAZ dAxsgas

A% FHE AT EA S RNeasy Mini kit (Qiagen, Valencia,
CA, USA)E ol &ste] RNAE F=aaivh Agller x4 54
% RNA 2 ngoe.= SuperScropt™ TII First-Strand Synthesis System
(Invitrogen, Carlsbad, CA, USA)E °]&3}le] cDNAE 3+t

7y o] Agultx Ao A TRX2 TBP-2 mRNAS] od AHE=
ABI 7300 Sequence Detection System (Applied Biosystems, Foster,
CA, USA)S o] &3te] A=slsldivt. AlZ%E 2 uL cDNA°| power
SYBR green PCR master mix (Applied Biosystems)2} 7z A A}
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g primerg E33% the £ 20 uLE A A TR ELAAH
we-S A3y 22k primers e 2vk TRX  (forward
primer 5'-AGC AGA TCG AGA GCA AGA CT-3’, reverse primer
5-CTC TGA AGC AAC ATC CTG AC-3'), TBP-2 (forward
primer 5'-ATA GCG CAG GTA CTC CGA AG-3', reverse primer
5-GGT GAT AGT GGA GGT GTG TG-3'). 7} 429 ¢d A
=& %7tsl7] 9138l Delta-Delta Ctabs o] 83te] i Ax 4

& Agstart
2. 3ol 2 ¥7ole] TRXS TPB-29 %% 574

o @ E7FBo]l TRX (Panpacific Tech, Missouri, TX, USA)<}
TBP-2(Panpacific Tech, Missouri, TX, USA)?] FE¥ A3d &
A2HAIZAINE (enzyme-linked immunosorbent assay kit)E AF&3}f

AT,

TRX/TBP-2 H]
w7 dely HAele]q  TRX9F TBP-29] w&Xx w3
Mann-Whitney U-test® ©|&3st¥th 7 Fulel A AgF7]d w&
TRX® TBP-2 mRNA® @A 2ol Kruskal-Wallis testE
AbEE T Aglieraed], Ao, H ool TRX$H TBP-29| d##
Al Pearson’s correlation coefficient® ©| &3ttt A3k Haf

+ FEUAR A, P05 A5 FAAE Fedo] A= Ao

il
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L AZAeETs daie) 949 5

ox

0] AguieE Fxkeh 287 o) e Ao Hat A" A

FHoR foF Aot gAow, AAFAFE ATHAFTAA
gl viskel EAStAoR felsh Wtk P YA A5t
By 95t AgdgEEe] gaid vise BA%ACR fo

N
rir
of
)

o
qoz2 Fo3tA F7tetd oy, d5Xwel WE S92 neutrophil
lymphocyte ratio (NLR)= 5 7+ #}o]
Ag g A AT 1-2717F 678 o]9low, 3-47]= 24
Follth e A f3dE 9F, FAGAE 21, FAGAE 1
B, AgAFAOWES 109, 7HEE 19,
]

s

b

Table 1. Clinical and laboratory characteristics of study

groups
Endometriosis Control

(n = 30) (n = 28) P value
Age (years) 3220 £ 7772 3478 £ 6.72 0.181
BMI (m®/kg) 1976 £ 218 2124 + 1.96 0.010
Gravidarum (n) 1.03 + 1.03 239 + 1.93 0.002
Parity (n) 0.60 £ 0.81 1.03 + 0.79 0.044
Dysmenorrhea (0-3) 1.90 £ 1.06 0.75 = 0.70 0.000
Serum CA-125 (IU/mL) 47.73 £ 34.10 25.38 + 27.60° 0.029
WBC count (10°/uL) 6.52 £ 2.70 6.19 £ 2.26 0.638
NLR 242 + 1.40 204 + 0.82 0.239

BMI, body mass index; WBC, white blood cell; NLR, neutrophil to
lymphocyte ratio.
‘n=14



2. AU utzA oA TRXS TBP-2 mRNAS 2@ u|lw

EE AYFr|E @t 43 A3 & i TRX mRNAY &

Holl= o]zl gislen (1969 + 47.03-fold vs 20.16 + 20.09-flod,
uk

P-0.058), TBP-2 mRNA®| @@e Aguuzds EAsdon

frolshAl vrke™ (4.69 + 4.14-fold vs 16.80 + 22.16-fold, P=0.000),

N AN —

TRX/TBP-29] H]&2 F93A =k (563 + 9.16 vs 2.01 + 3.10,

+

P=0.017)(Fig. 1).

80
HE Fudometriosis
T [ Control
60
P=0.000
2
g
5
= 40 A
=
= P=0.017
20 A
: = ;,%
TRX TBP-2 TRX/TBP-2

Fig. 1. Comparison of TRX and TBP-2 mRNA expression in

the endometrium between endometriosis and control groups
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Fig. 2. TRX and TBP-2 mRNA expression in endometrium at
different stage of the menstrual cycle. (a) Endometriosis
group. (b) Control group. EP, early proliferative phase; LP, late
proliferative phase; ES, early secretory phase; LS, late secretory

phase; M, menstrual phase.
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A F71E o] £48 Ay 7] 247, 7] #47], $7] &
v 7], ] 7)eli= < #7F TRXS TBP-29] wde] #oli= glolon
7] F2 710 AFeEael A TRX9 TBP-2 mRNAS #do] o

of FAtH o Z o3 Wﬂﬂr. TRX/TBP-29] v] &<
o]

AFW S 2= WolA TRX<9 TBP-2 m 2l
YF7E ol B4t wHetou F o B SAH R {93
zol& HolAl FUuth AglETTe A FA7IETE FuH]7]elA
TRX?] @&o] F7}ste] TRX/TBP-29] W] go| F713h= AFS
etllon iz A-$ TBP-27F $47]o&= TRXe| H|gle] w&
HES Holov #u7let Aol TRXSF Mg Wds Kol

23]y TRX®T} F718te] TRX/TBP-29] w|&o] #AAads A
S BT E3 TRXS TBP-27F FAEAQl 9482 sldA =

Has
]
171 S7FeheE A28 BEAY (Fig. 2 and Table 2).

i

~
ri
jus}

3. @3 K7 A TRX¢ TBP-29 % vl

gt

o)

Zoel el TRXS TBP-2¢] s&e tiy &2 & i
FE AFHE FAE Yo SAgAoH, ATHHEST
195 thztol A 179 o] el

Zhel oA ¥ It TRXS TBP-29] 5% 0] W
o] x] kgktl. doo| A= TRX7} TBP-2¢ H|3le] A el oy
LR A= TBP-27F &2 A4S H3t) (Table 3).

9
>
—_
[@))

i °§“ o
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Table 2. Comparison of TRX and TBP-2 mRNA expression in endometrium of endometriosis

and control groups

EP LP ES LS M P _value”
TRX (fold) EMS 371 + 1.85 1491 + 1611 1233 £ 503 3592 + 8489 2482 + 19.72 0.066
Control 26.00 = 1710 2052 + 1299 31.64 + 3948 1635 + 1258 696 + 441 0.208

P value” 0.010 0.315 0.268 0.370 0.200
TBP-2 (fold) EMS 2.89 + 2.69 3.07 + 3.67 6.21 + 3.98 6.36 £ 5.96 218 + 1.37 0.939
Control 1032 £ 442 1104 £ 884 2721 + 4252 2154 + 2387 1087 + 9.16 0.957

P value” 0.019 0.164 0.530 0.083 0.057
TRX/TBP-2 EMS 176 £ 103 996 + 1651 321 + 3.36 428 £ 7.04 1436 + 1434 0.221
Control 244 + 1.19 3.76 + 5.93 171 £ 101 1.08 = 0.64 0.75 = 0.29 0.087

P value” 0.914 0.927 0.432 0.074 0.029

TRX, thioredoxin; TBP-2, thioredoxin binding protein-2; EMS, endometriosis; EP, early proliferative
phase; LP, late proliferative phase; ES, early secretory phase; LS, late secretory phase; M, menstrual
phase.

*Kruskal-Wallis test was used to analyze differences of TRX and TBP-2 mRNA expression in
endometrium through menstrual phase within each group

PMann-Whitney U-test was used to analyze differences of TRX and TBP-2 mRNA expression in

endometrium between two groups

_13_



A, AFU x4 o Hgoo A TRX9 TBP-29 Z#37|

el AFar A oAl TRX2F TBP-2 mRNA W& Aol =
At o2 fodh ko] AAdAF Ao, ALHHESTAAE
|

A)
A B o Fo% ARAAE HolA &ttt (Table 4).

Table 3. Comparison of serum TRX and TBP-2 levels

between endometriosis and control groups

Endometriosis Control
(n = 16) (n = 17) P value
TRX in S (ng/mL) 667.0 £ 109.1 7164 + 150.0 0.191
TBP-2 in S (ng/mL) 2136 £ 636 213.3 £ 73.1 0.958
TRX in PF (ng/mL) 349.7 £ 2605 390.2 £ 189.1 0.488
TBP-2 in PF (ng/mL) 4615 + 77.3 459.3 + 1045 0.260

S, serum; PF, peritoneal fluid.

Table 4. Pearson’s correlation coefficients between TRX and

TBP-2 of endometriosis and control groups

r P value

Endometriosis TRX and TBP-2 in EM 0.319 0.086
TRX and TBP-2 in S 0.095 0.725

TRX and TBP-2 in PF 0.527 0.036

Control TRX and TBP-2 in EM 0.737 0.000
TRX and TBP-2 in S 0.637 0.006

TRX and TBP-2 in PF 0.707 0.002

TRX in EM and TRX in S 0.489 0.127

TRX in EM and TRX in PF 0.482 0.133

TRX in S and TRX in PF 0.351 0.290

EM, endometrium; S, serum; PF, peritoneal fluid.
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B =FoAE st A Ao A T3 93-S 3= TRXS TBP-2
2EY A9 AgutE Alo]o] AdAdES A ML
ozt 7)ol of A 2]

—"I ! O:I = b
wgoEs A3 sEdAL ATUHS B w=

TE ¥
LS dAH oz o] sty =233

Aguet g 2Tt AW el 49 TRX mRNA #Ha & 3o
7F 9lgletd TBP-2 mRNAS L& AFetZola] o847 s
koH, TRX/TBP-29] vl&& AgWdSLelA Foatr Ea5& o
Ik = Addu |, dxa Y A AgdliEtel Al TRX2 TBP-29
mRAN LdL2 A2 Fod JRABAE Boy AFueZate] 4
ot HAAAE HolA kvt old Adm E W, ATt
o M= Ats} 2E#H A9 ooz TRXS TBP-29] #43% 51y
TGS o & ow, TRXS Wdo| F7hst7] Hruke TRXS
x4 Qxk (negatlve regulator)§l TBP-29] @do] 7FA3dle] Ao
o7

T 7 AYFE7) e w2 TRXSF TBP-2 mRNA9| wH& ks v
W B, giERe] Fr)dA FTATgAHoR {28 ol HolA
Forar, 7] F2 7)o AFerEaol A TRX9 TBP mRNA¢ 3
o] featA & AL AT F UAJAW TRX/TBP-29] H] &

_—

Fogk ol & oA Fokvh F w3k TRX/TBP-2¢] Hl&& %
7l fosh A= FkAINE AR 2ol E Hlal (P=0.068) A
2] g Bt} (P=0.028). webA] oz
s ovlas] B oo, AglHFTel e vhE e F7lel uste] £7]
2719} A 7)ol AA TRXY ST 258 & & Aok
o |
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=5 9
|'s% (functional layer)®] =3td AXE A AToZH Axo I
A Al 71T, AsliEers #AY] R AT A E A
EaA Aol AAA AR ARVAE (glandular
epithelium)oll A Al E3LAF A4 (apoptotic index)®= FAEvial H il
i gk o)y @A AFuwre AEFy] Tl F7] Huly,
A7) B x7] SA7]d AA yeuted, AAAd AEaAL A
of dojupA FFo =N AR AT WAL BESFe] Aol
obd & F-glo AMEA Hia AgHHSTE dovls AR A
i ok TRX7F Mxe s F7HA 7 AFd 714 ¢HA
2] ¢k9r o1} nuclear factor-kB (NF-kB),* p53,% activator protein 1
(AP-1)*9} o] 28l-3tY (redox)oll W78k AAFQIA} (transcription
factor)5& @A 7I=d #AL Aoz AZHM, apoptosis
signal-regulating kinase 1 (ASK-1)*¢} 7& 3AIE7 @Az
phosphatase and tensin homolog (PTEN)®3 72 &9k Xﬂ ohal 2
o] WAL ASIAA AEIAAE AASH = Sk wEA $7)

N

iy

4

1]

ri

7lsh el7le] AgdHad v TRX $49 F7Hs AgugAze
g FANI D ALIAE FEAA, B U2 dFd g

AEEo] 72 S22 3AFste] AdlHEe] HHE Fested 58
3 dgks g Aor F=3 4 g

Maruyama < A8 E Aol A de57]d & TRXS
s Bkl £ £8]7]d TRX @3] 7o Ad+&
st on A wEs B3t odirEZZ TRXS TdS
7EN 7 AL A A~EZA ZAA ¢ tamoxifene] TRXQ W3S 7FAA]7)

UL o 2R Fref WY Aol dom, Zu| (blastocyst)

o] ZAto| Fo3 AaS & Aoz FAIFAT Stavreus-Evers =
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& A Aol A #u1]7] s¢rel= TRX @d el Aot gl
p_ﬂo}oﬂﬂ“} 2] 7] nsle] Ew]7)e] TRXS &de] A~
2 =93" Clarke & TRX7} 94 z7]d] #oIsl= AA=Z 1
AL e ttl Matsui <& TRX FdAE AAZ AF A 23A7]
of wjo} (embryo) o] JAETE AFAnE wausgo” vl
Al TRXE Xwje] 243 wjoe] Wy BiFe] #Fofsial glE o=
Azte = 9tk 2 AFelA R SASA R on] e
AR el A vE AelFrlel wiste] x7] Eu]7]el TRX
TBP-2¢] #o] vt Frtste AS o 2.
d-e TRX9F #238 JaAaAS B o8yd A= TRX ¥4
olyz} TBP-29] WAL o229 J&S W Aoz A74d F
qow, Aga wjole] wdke] & WA= AOoR FFHT F QU
31 Ota 52 234 A9} superoxide dismutase”} @ F7]e] wps
Wl E Holal Fuj7le] =2 WHEeS yehulH, Agues Al
© olglgk W7t glojAE Ao® HastHA Ele Fa%k o
2z AP B AR Aguuts @] A AT
e TRXSF TBP-2¢] Hdel ZAZE &S & & AddaL o)# 3
Hte Aelerse] B B ol g AF s SAtol e Bl
T Aol A& TheAol AL F ASES AAFE o g AMEE

Mol B ol ZAsAE AFUTHRAAN FeiFo)el wet 2@ o)

rO
o

WMEsa 1 W diEzdeY ZRAAHES S B A
oz Azel = glow, offd Worjdel AV e AF A

-~
B gFe] ol8d sl FHE BURE dme] 9 A

A dojn HFoelae] TRX9 TBP-29 v X & o)A Ao
g wolA ekokil AguihelAle] mRNASl WA E FdAA7E ¢l
Atk ol#l g Atz vFo] B uf ZFulwtelA el TRX9F TBP-2¢]

Wal deist Mgelels WEE Qo)A srou aeix Hejd
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Abstract

The role of thioredoxin and thioredoxin binding protein-2
mRNA expression in eutopic endometrium
of patients with endometriosis

Seok Kyo Seo

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Byung Seok Lee)

Objective : The aim of this study was to evaluate the association
between endometriosis and oxidative stress through thioredoxin
(TRX) and thioredoxin binding protein-2 (TBP-2) mRNA
expression in endometrium. We also measured TRX and TBP-2
levels in serum and peritoneal fluid to compare the levels of

oxidative stress among endometrium, serum and peritoneal fluid.

Methods : A total of 30 patients with histologically confirmed
endometriosis and 28 patients without endometriosis participated in
this study. Real-time polymerase chain reaction was used to
quantify TRX and TBP-2 mRNA expression in endometrium.
Serum levels of TRX and TBP-2 were measured using a specific

commercial enzyme-linked immunosorbent assay.

Results : There was no signifiant difference in TRX mRNA
expression of endometrium between endometriosis and control
groups (19.69 = 47.03-fold vs 20.16 £ 20.09-fold, P=0.058). TBP-2

mRNA expression of endometrium was significantly lower in
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endometriosis group than in control group (469 + 4.14-fold vs
16,80 + 22.16-fold, P=0.000) and TRX to TBP-2 ratio is
significantly higher in endometriosis group than in control group
(5.63 + 916 vs 201 £ 3.10, P=0.017). TRX and TBP-2 mRNA
expression is significantly lower in endometriosis group than in
control group during early proliferative phase (TRX: 371 +
1.85-fold vs 26.00 + 17.10-fold, P=0.010, TBP-2: 2.89 = 2.69-fold
vs 10.33 + 4.42-fold, P=0.019). TRX to TBP-2 ratio is significantly
higher in endometriosis group than in control group during
menstrual phase (14.36 + 14.33 vs 0.74 + 0.28, P=0.029). There
was no signifiant difference in TRX and TBP-2 levels of serum
and peritoneal fluid between two groups. There was significant
correlation between TRX and TBP-2 mRNA expression of
endometrium in control group (r=0.737, P=0.000), but not in
endometriosis group (r=0.319, P=0.086). TRX mRNA expression of
endometrium was not associated with TRX levels of serum and

peritoneal fluid in control group.

Conclusion : The expression of TBP-2 mRNA of endometrium is
significantly lower and TRX to TBP-2 ratio is significantly higher
in endometriosis group than in control group. These results mean
that TRX activity is relatively higher in endometriosis patients,
which may be associated with development of endometriosis.
These results suggest that increased oxidative stress is associated

with the development of endometriosis.

Key Words : endometriosis, oxidative stress, thioredoxin,
thioredoxin binding protein—2
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