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The thioredoxin reductase (TrxR) system is essential for cell survival and function by playing a pivotal
role in maintaining homeostasis of cellular redox and regulating signal transduction pathways. The
TrxR system comprises thioredoxin (Trx), TrxR, and nicotinamide adenine dinucleotide phosphate. Trx
reduced by the catalytic reaction of the TrxR enzyme reduces downstream proteins, resulting in pro-
tection against oxidative stress and regulation of cell differentiation, growth, and death. Cancer cells
survive by improving their intracellular antioxidant capacity to eliminate excessively generated re-
active oxygen species (ROS) due to infinite cell proliferation and a high metabolic rate. Therefore, can-
cer cells have high dependence and sensitivity to antioxidant systems, suggesting that focusing on
TrxR, a representative antioxidant system, is a potential strategy for cancer therapy. Several studies
have revealed that TrxR is expressed at high levels in various types of cancers, and research on anti-
cancer activity targeting the TrxR system is increasing. In this review, we discuss the feasibility and
value of the TrxR system as a strategy for anticancer activity research by examining the relationship
between the function of the intracellular TrxR system and the development and progression of cancer,
considering the anticancer activity and mechanism of TrxR inhibitors.
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wo} gtk RuEa 9ITH28, 31, 57].

Thioredoxin reductase (TrxR) Al 282 M X W At} 39
FHE fFASHE Fo F08 A2gos ROSE &AL
At 2t Z(free radical)d] £} 02 HE AEZE HIstE b
A0 tH10, 19, 30]. TrxR A &2 thioredoxin (Trx), TrxR
nicotinamide adenine dinucleotide phosphate (NADPH)
Egetn, Az Wel X A3sa g S E Fof B4
AE3HA 7150 #algti[l, 21, 32]. o] 23 TrxR A 2H
oko] WtAl I} Hido] o] F A9l Oﬂiﬂ—% g 4tk AA AlE
oA Trx ARl A2 f 2hsh 9o HYS fAetal T
EAZ 3 A0 ZHE NEE RIS, 43]. 18

flo rol m %

AMEA & F29 TR A2ES A8 248 Fitss
% 57+9 DNA &4 $52 A2 4 L% 7HEEsk L Al
At (apoptosis)oll & A& F7HALLZA G2 &

1241\0}/\1] o]]

Y s frAsted =S F0[1, 17, 20]. =
Bl QPM 7} kst d 2EF 2o B o 9 TrxR Al
2ol B o EF T2, 64, 67]. A7 T ToxRE %
o AFAES, A, Y 2 H°h+ 2 ge A TS

A=A “‘o%ﬁlﬂrp 21, 33, 37,
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TrxR TrxR
Subunit 1

Subunit 2

N-terminal

Fig. 1. 3D structures of thioredoxin reductase (TrxR). The car-
toon view of the head-to-tail homodimer of human
TrxR1 (PDB: 2ZZ0). Single subunits were shown in or-
ange and green. The NADPH binding sites (C59/C64)
were highlighted in blue and a redox active site (C497/
C498) located in C-terminal arm for electron transport
to Trx was shown in red. The TrxR structure was down-
loaded from the PDB (http://www.rcsb.org) and modi-
fied using PyMOL (http://pymol.org).

A d RG] dTE ZAFOEHN, TrxR A2 £4
o2 ¢ g A A7 U FEHE AAIA S

Mo

=

TrxR AlAH

TrxR &4+ NADPH ¥ Trxo 2 FAH Trx A28 &
T T4 840 s}, Ax 2w 24, A8 F(selenium)
g s A4 gA 2ES HRE A Y 34 FA5
g At g AE HE ARE 2dste O $349U 9
SHTH19, 21, 30]. =& Al # = Al 28 2l (selenocysteine) & &
& TR &ae 2709 29 e =R HEojd +
ol g wudolm NADPH ZE+ 9 (Cys59/Cys6d) L El
/1331 & (thil/disulfide) R Z & Z3H3 A3} ghg &4

fio o o o o

NADPH

NADP*
~—— SeH

— /S
S

TrxR < |

N se X

SH

“TrxR )

S
Trx< |
S

791 (Cys497/SeCysd98) & 2t &2t H & & (flavoenzyme)©]
(Fig. 1) [21, 40, 68]. Trx/TrxR Al 2% 9] Zv] 4 Fig,
20] YeRg 0], 48kE Trxe TrxRoll 93 Sojs & vh§
o 4] NADPHEZ #8 & dztel ofe =9, 68]. ol
23 B &/01g3= whgol o) SdE Trxe BHAT ok
22 vl Ay 452438 4 901, peroxiredoxing ¢
AZo] e} ROSE AAE & ATH19, 67]. WekA TrxR Al &
e A g AsAG F2o #osta sty ~E
g2ol g FofrjHoe g 28310, 37, 60].

gk Aol A Az 44, £43% DNA 4, 43} &
Ao FHA T Az e BAT oY FAH A TrxR
A zElo] FR38HA FAdTE A& AABHTH17, 20]. 53
Trx EAHO] vp-29] wope] £2 XJAHEE Hol TR Al
g 7949 E2A7F A AEY 75 2FAYES A4
SHeh26, 38]. TrxRE& AA A Fx2& FAS L gy g
g s34 AA7 BE A A FE7E EATT TRl Al
TANA F2 LAY, TixR2E W EZ =g olol] EA4)311
Al EZEe]o} ROSY F44 S Alofsta, = ug 22
S0l 3 Ql TrxR3E Trx ®7F ok el = FEFE] 2 (glutathione)
o|g3 =& FAANZ T Yol Hed A SFEEHL SR
4 (thioredoxin glutathione reductase)2t 1% §HT}H12, 32, 42,
58]. oA TrxR @ Ao)A N-Z&9 Zufieel Cys-
Val-Asn-Val-Gly-Cys-+ flavin adenine dinucleotide 2% %=
mRlel $A8kH, o] HdE 2 FEE L ¥ &2 (glutathione
reductase, GR)I M & #7A A TH40, 68]. TrxR¥} GRY 7%
Z Aol TrxRY C-Z T (-Gly-Cys-SeCys-Gly-)oll SeCys
W78 7= Ao, 16, 62]. ©] SeCys= UAHF e Cys
o} A Bl g/l g5t E w S B E O E At
4 25 AT F Jornz g FY wgo Yo
Zu) BHEA, TrxRY 7150l BFHolt}7, 58] IHER
Trx @ TrxRE 3= Trx/TrxR Al 28 -& 2tg) 39 wh-g
G448 2 FAsE 23 AT AETH AAH FoA T
Folong o AF AE, 9548 A% ¢ dxsto|H Y
R 2 AREHPAN A8 o g AH 4 W
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Fig. 2. Catalytic cycles and functions of the thioredoxin system. TrxR catalyzes the transfer of electrons from NADPH to the active
site disulfide and then to the oxidized Trx to convert to the reduced Trx form. Trx reduced by TrxR interacts with a wide
range of target proteins and scavenge reactive oxygen species (ROS) by reducing peroxiredoxin. Oxi, oxidized; Red, reduced.
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Fig. 3. Schematic diagram of TrxR system targeting for cancer
therapy. Role of TrxR in normal cell were expressed. In
cancer cells, enhancement of TrxR function contributes
to cell survival as the redox balance is altered, making
it a target for cancer therapy.
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AL 4% 2, MEAE S g A4 3 23
214 (angiogenesis) T7HE QI3 ¢ TE 9 Mol &
2 2 9T, 56, 66]. BAAHOZ AT Trx THL
A7IE Aqtag kg FAAe] g AhEolat E A9
F9% AR &7 dF WA E A% A (vascular en-
dothelial growth factor)®] #'¢d & frdste Ao E e
oH65]. T TrxR19] 5t} (knockdown) ] EZE o} 7]
o) g DNA €45 539 selenazolidines A €] g
T HG AEY SAS U FPAL F Yon[45], TrxR2
AA & H4AH ZH Y (non-small cell lung cancer) Al %9
A& A, MEAE FE9F A2 %]%(invasion) 2 7o
metastasis) S % 4l 0}%13]'[6] H£o] TrxR10| ¥ & $£&02
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TrxR MEAZ| SAF|H|
TrxRE G4 89 oM FLd= o] gloy, 4 =

AE TrxRS AX U] ROS, 23 AlZ 52 9 AZAE
3t AgAdat o] GAlE A& A 248 FE4
AZ 4 ATH20, 21, 33]. WA TR A 28-S FH 07 g

Ao 3t #4lo] S7keta Jom, TrxRe| A= 3 A
A= A FRE AAAZ Rus Yo

HAZE w7 AMH

HAAE F39 TrxR & A A curcumine 73 3} (#
#, turmeric) Fe]o F2 FF5 ] = £ 3= (polyphe-
nol)ol], of 2] A7 Ao A A2 FUAZA 7S
A3t 2, 50]. Crucumin TrxRe] C-Tth 4438k &4
919l Cys497/SeCysd987} 9] 3 4-&& F3f Hl7hY
2 TrxRe A& A8t AZ Ul ROS A4 % DNA &
< frEste] 5222 AZAE S £X1IT7]. Fang S[14]
of Ao W2H A3 AT MEFS HeLa A Z A cur-
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cumin®] F&E YEHOE TrxRY Ao A AT =&

] 2D 9 3D Wi Al2" A curcumin B E= 3
g oy g A 9 Z2A A curcumind Trx ¥ TrxR
B8 FEE LAAIEA AE F24 DA 9 AZAES f
oA, ole e FAAA FEA, 121 setay
2 oAb @O MRS ST CEN AEA Y FS
ol do AHLE F e £F ZEAAZAM 985 T &

AT BRI P E *’E’-EE]OM] Mg o ARt

4HA curcumin FE4 ¢ mitocurcuming F YA Z o A ]
EZc g o} ROSE Z7HA417)1 | E2E g o} DNAS 7hg &
&S FE5te] B-29F 2 AZAPE A A | thEt Baxst
22 AEAE 2049 Y vl &F7t, v EZEF ol A
MEA WE cytochrome ¢ &, VEZEgo o A

(mitochondrial membrane potential) <4 9 caspase-3 &4
S7HE B3 AZAEE FE3=d, ol mitocurcumin®]
TrxR2 &4 z4E& wiAstE A2 veyd7]. At
quercetln 2 myricetin? 22 e} k0] E(flavonoid) 3+

5 HAAZAA TrxRY C-2E &4 FHE 2402 1
g4 AT ROSS A S ST T, M EF7 S
BAANZCEN g EHE YEle ZAoR P_J_E] =
[35].

o

M sEtE Fell AMA
AE F TrxR AAA el = =
TrxR £49 AE4 7152 A 0}04 TrxR ]é A& 24
& g Ut I FAAME 53] 5 2 g e 253%E
TrxR HAAE o] &3 oAl Mol hat A7 S7hskaL
Atk EHQA 7 T TrxR A A auranofin (S-triethyl-
phosphine gold(I)-2,3,4,6-tetra-O-acetyl-1-thio-3-D-glucopyz-
anoside)& FUHEl 2~ #HEE A 50 JFHoE AEHIL
H, o8 F389 dolA FEEH S vdeitE 2o Bt
Z7Fsk ITH39, 51]. Auranofine thiol ¥ selenol 1 9]
F2 Aggor Qs TrxRY HAEAES g FF4<
SeCys #t7]19ke] 45244& 53 ToRY 4L AT
I g AZTH4Y, 53]. Pessetto 5 [44]2 auranofin®] $1733& 7t
A4 % (gastrointestinal stromal tumor) Al ] TrxR €4
< AAA7IL ROS B = A S7HIdE A B
9t Attt o] 2 caspase-3/79] €4 F71<} phosphati-
dylinositol 3-kinase (PI3K)/Akt % extracellular signal-regu-
lated kinase A5 H G A2 E JAE B3 NEAE S F5
g 93t dEo TGAEFS Hep3B MlZA aur-
anofin® ¥ &% YEA0Z TrxR &4 o] ZH4slgon, 19|
met ROS 0] FA 5 o] AZAES 2N Zhet
A auranofmA gk ZAo] AAHNTD25]. olE2% aur-
anofin® ek &4 o] AAEE 7hul, F H o] FE
a7t S 449 238 v AR ¥ 5L 23S

2

Uetle 4sad, 5 AUAERE T3] A8 aur-
anofing 2 &% AE = F7ksta glon, o AR AE
%:3: wWal=d 9n7F 9tk Habermann 5[18]9] Ao w2

H glutathione T2 A 7} auranofin® 4% Z &5 Uehof 3
&% % (rthabdomyosarcoma cells)®] A ZAIEE F531%
th. 59| auranofine HAE &l phytochemical?! sulfor-
aphane® §7 ZHYAE A TrxR 84 A 9 M EZEE
of 715 o wWE ROS %33 PI3K/Akt AZHE HZ
AS WA AZAE FEAAAM a7t debdte 2o
B 5 TH24]. Auranofine ¢t &4 ®9k ofut FHF,
g3 9 Fuolg 2 EAE BuE T Qo[22 36 59], WA
9% 283 v g4 A1 non-alcoholic fatty liver dis-
ease, NAFLD)9 in vivo % in vitro =¥ A auranofin
NLR family pyrin domain containing 3 inflammasome & 4|
€ 53 NAFLD 34 7 =3 88 % th23]. o] auranofin
of 7HAE Tk A SR o ARRY ol v
& 289 AAAA ABAZAMY TS AART 3,
Was FFd TrxR AAAQ cisplatin [cis-diamminedi-
chloridoplatinum ()] DNAS} 43 2&3ta] ME F4&
AGA71 DNA E3AZ o =H B & 24& vet
Wt}[54, 69]. Cisplatin®] TrxR A 7142 auranofin¥} v}t
HAE TrxR E20A w8 o] 21 A28 4 c-2t
9 SeCys 2718 HA 02 dfo] TRY| &4 & W7t Ao
| A g Th47]. Eriksson & [13]9] WEH TrxR19| TFdo| H&
FHZAA = cisplatine] & NZF=7} FobA AEZE
Z7bshel, ToxR £ 3 shetanle) 7z 4L A9
SAth.

r.._ oZ:I-

o]
3t

24 %

TrxR A28l Gabsl, A 22, AEAES 22 A
s #EE NZAG YEYIA F23d 9T 1
ATk TrxR 8489 HAYZEE 5501 FA 9 TrxRAIA ©
FA o] N-2©3} NADPHY} 435445 53 o2 939
C-odo] AAE A, o] El&/0|33E wdel 9d Trx
g AN o] ¢ TrxR Al2H)

Nxze] Az ddw AAH o

REIE e = A |

Ae 22 £E9 ROSH tisst7] e d4kst AJ2He 7
Tol FYH JloH, 58] e 3 oA TrxRe| 2
ol F7tE ol o] A AlZell Hlg) FAEAAM TrxRE 7]
T A O% st mebA TexR A28 gl i
A £H4Y S }\]/\]_GLJ,]. Z Ao TrxR Al 2Elo] HAA Q]
At GAE BFoA B olr] Wzl g AL mA
= 9% 44 5};}# Azl g T4 dA aHE A
st A% F7F 477 L7
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