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Abstract

The endoplasmic reticulum oxidoreductase 1 (ERO1) family represents a class of flavoprotein oxidore-
ductases localized primarily in the endoplasmic reticulum (ER). These enzymes function as critical
electron acceptors during disulfide bond formation in protein folding, thereby maintaining ER redox
homeostasis and playing essential roles in oxidative protein folding and calcium ion homeostasis
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regulation. Emerging studies have demonstrated significant upregulation of ERO1 expression across
multiple tumor types compared to normal tissues. Mechanistically, ERO1 enhances tumor cell stress
resistance and promotes malignant progression through modulation of ER stress responses, cell death,
and tumor microenvironment. Consequently, ERO1 has emerged as a promising therapeutic target for
inhibitor development. This article comprehensively reviews recent advances in the structural-func-
tional characteristics of ERO1 family members, their multifaceted roles in tumor progression, and
mechanistic insights into ERO1-targeted antitumor strategies.
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1. 5|8

R A AR T IR i TR A B IR = . TR RS IRIEIE 7, I E Y B o e 22 DR B AN RE
ZEIETA, IR LG DR E A T B 4H N S 5 B SR S N 1], T s AR R 5T A7 A R e R i
HATRE 2 MEEARRS, FERTEEE RS0 E O PE N MR R, &R A R
(Endoplasmic Reticulum Stress, ERS), ANHF|T-AHMAAF[2]. JUslss P Joa I SE R 520, - iR 4 A i o 5 4
FIEA T B R AR FRIEKETT I, TR RIS R A AR (3], NN AL IE R B 1 (Endoplas-
mic Reticulum Oxidoreductin 1, ERO1ZFJEAE NE A FUAI & A i 14 7 A4 B (Protein Disulfide Isomerase,
PDDF R T4k, HESSREEORAAMTEEE, RERTEEONM 4], FibHzE
TEZ PP A R 3 225 B [5]. BRIE 2 41, EROL Wit 2 25 % 2 5 4 i W (Endoplasmic Reticulum,
ER)E5FaAS[6], MR AMIE SR AR AR TR B S AR M S0 FE (7] (8], 38 9 e A s 245 Pk RS AL R
ASCRE XTI AR EROT AH G IR A= 22 AL A BT L B e AT R, I 28 e 0t 0 e 245 W it
BURIER = A B s 8.

2. ERO1 & FThsEH#E A
2.1. ERO1 &SR

EAEN, ERO1 KEA EROla Al ERO1A WM AN AL R g LAY, A milfr TN 14 54 ffk
q22.1 RN 1 S Yefifk q42.3 4b, FERALUELI A 65.4%[9]. H AT EROla 4 VELN 45 0 20 70 (W
K1), #4k F, N EROla MGA—ANE S o-IB IR, a8 5 A7 R misd, HEmH Ol 44
RN A, N S A — NS I IR [ F AT B R REERI[10]. R ERO1 1E 2 B v s BEOR ST
[11], (H5EEEER) Erolp #HEL, A EROla BIIAIX H K, MEIERZFREE Asp90 F Cys131. Cys166 £ Gln172
A GIn212 2| Glu238 M =ANIRX G = %2, X nf e ff A AR S 1 REEPE[10]

EROla [ 55— A% O B KA 2 T 45 6 3 R MRS AL H IR (FAD) W i Oy, H 5 A LA EFE Trp200
A His255 [k BEE M HER T FAD I R BR 5 RIS IR 2 [A][10]0 R A% O i Cys397 ik 3
R THRBEE WM Ca)&Y), MfE Cys394 SR BUINEYH) C-S 4, ARk Cys394-Cys397 7
TN AR FE A FAD [10]. HHULT] UL FAD /& EROla HLF-1%38 1 E .
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Figure 1. Crystal structure of human ERO1 « and its FAD reaction center (from PDB public database: 3AQH, resolution: 2.8
A)
B 1. A% EROla @FLEMFIE FAD R (O(GRE PDB AFFHIREE: 3AQH, S¥iE: 28 A)

2.2. ERO1 HEXEMZETHEE

ERO1 fEFTA RN Rk, & s s 7 1ss o0, EEH B PDI 7682 2 o T Rk
ik . ERO1 MR R NG ol HERG A B 5, AALAL PDI ALEE AN L IR R R T s it fe, N
E R PDL; ERO1 [ 5 42 2F  &U R BB A A 45 &7 55 1) PDI, PRIk A: 44078 PDI; ERO1 it FAD ¥
BRI PR N T FRLES 0) AR HaOo JEE H & [ BIWIGHIRA[S], X — R S N 4ERF
R 2R A i Fa A BRI, PDI S, H500)4E PDIAL /59 EROla (B BB 12], = IhAE Nt
I H AR AR, I 30% 108 T AR PDLSKRAERE EREEIVTE A, B R B S R
EATE B A T W 2 /T Ab T IER T BRES, W B 4 B AR BT EE[13]. PDI WA{E N—Fi o FIEE, 5
Bz ZEiR AR 2 E AL G, DR AT RE14], XRWENIE ER HAUE R i teny
RAFVEH .

ERO1 7E%{t PDI { [FIf 224 K& H0,, #4kIE, EROla 52 Ho0, [ FERIF 2 —, {fE—LE4H
HL A A HoO, P2 25% [15], HaO00 MEAZE A5 S SRS S9N, I B A n) DUl fi 8 LG
RS, WAL EA SR E R O, A HoO, AT 15 40 i 9 AL L SR Fa A5 [16].

PR — N2 ThREMI4T M 28, HIhREIR ARG Ca HIRE AR . 7F N R I SR, ERO 1o AT
BOEILEE 1,4,5- =R Z R (IP3R), 5T IP3 BN, ST T[6]. EROL &V LLEHETH
Ji M 5 ZeRi AR B IR Al A7 r(MAM), 5 88 E 0 R FE A 0T X (PERK) JE M 25 &, (Rt el F&E e
MBS, B ER-ZRRIRIAI Ca2tid@iiE, VA4ERFPIAN AN as i RE 2R =[17],

T4, EROla 1 EROLA [WTRER] LAFE—E R L H AN, (HPEAEH LI A A fE .
EROlo TEALFE R 7E N I BT A 4R B p i R0k, 1 ERO1S RIA /KK T EROla, HIEFEMEHL7E
JRAN B AR RIE, X R BRI S R AR A AR AR i s EEEI[18]. M4k, EROla HISRIAK
P ZEEIE S - 1o (HIF-1a) & A7 8 & A S (UPR)HIEE[19], 1 ERO1S HIEiA KV E %5 UPR
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LRE, RA

BIRE[9]. 25 b, A TR V24 EROLS, EROla /&40 P & =2 PDI 4L, ERO1 AHH)
Ji IR 20 5Tt IK B E 7 ERO e Lo

3. ERO1 FEREHRRER
3.1. ERO1 ZEME B oAk F

EROla [ZRIEZKT1E BRI S e s 2 Hom M, B84 B[5]. 48 55—k B Oncomine ¥
FE 2 9 RNA RIA M1 R7R, EROla fEJFEME, i, B, BSRmMMES 10 ME R ad ks
O, MR kIR A A MR R A R E[8]. I H EROla MK PRI S B, FUiME, B
JHF 44 M e S5 B RS AN R T 6 9 [20]-[23 ] 45 AR FERTF S o, EROLa FI /K F-3RIE -5 Mg &2 48(P =
0.003). JHyEE % EE 4 HA(P = 0.009) A8 TNM 43 #A(P = 0.034) B E M55, 5 EROla [KFKIEM BEE ML,
EROla &AM HCC BEH 5 AL HIOS) FFEP = 0.009), HIEE KAABIRFS)4H (P = 0.005)
[23]o DA E3#ESCHF EROLa fEMR AP RIETSEEAE A, IR 4l i X EROLa & FEMKHS, i EROla
R R VA T ) B R

3.2. ERO1 1Rt B 4Hpa 75 iE 51458

A, BRVIRERZ, 2990077 SRS R 25 2 15 5 g 40 i = A 3 I RS B PE OB, 38
i 96 A PRI TR A BOAE T o R U, PN I BT I I = 2% 32 BEd % PERK, IREla Al ATF6 LA S
EROla HI5RIE, LM EROla —J5TH P 4EFRFEAGEE AT AT 2 S PE, DOBSRAN A& EE /1, BARD
KEHFITEEA, H—M0, HEIF=Y HaOo (e 3k 5 4 i i SR AR DR E AR =, 1 iR 240 fwsd i
A H IR(GSH AR, T HoOo (R A T-/E A, SEI UPR FORERAMR IO RRIR, fS740 M PRI IS TE[24]. 4
f# ] Erastin ZERAE T2 300 SR AR AL A0 TN, FNHERLEAZ AR 1 (mTORC)AT#
i ERO1a/IL-6/STAT3/SLC7A11 i, J N5 it AT RS, M 3G s 4l B2k At T HitE Al A K B 1(25]
A, EROle B HTY Wnt2 72 &4k, FH0E Wnt2/B-catenin 155 538 B Sl AL 1 fii e 40 A 1 B [ 26]
TESE T, EROla Rl HUE PI3K/AKT I8k, SRARIESS e 40 i 0 B s S -0 FLPE T2[27]. (E1E
B2, 7 EROla iR LI AN o, A IR b A2 52 5 i 2 3 IR R R 2 — (28], KW EROla 7]
REJE I s AL BERR A 2 5 IR AR B A, AT B et R PR A2 28 SR A . R, 1Fh UPR S8R A7 1% I8
PRI R RN, ERO1 R 22 A i1 328 e g 40 b Py 48 4 5 A7

3.3. ERO1 & 5 EBMERIFE

MEARBGEMRE ALK, HRMEHENCEE R, Er MR SO A s FR AR, i A ez
ZREOE R T, e A A K T-A (VEGE-A)RIH 7 15 [29]. EROTA W] i 2 35 i 4 185 4=
L2 igtt, SEMRMEAEERLE 2). EIE4MF, EROLla R MIE] 502 M 4 KT SIPRI1
JEfr, EHIE EROla 1] R EHE S SIPR1 HFRIA/KY-, FFEI S SIPRI/STAT3/VEGF-A %, {Eik
IR TR, RZBANIMAE AR [23]. EROla & A] LB NFIB-EROla 4, {2t HIFla A%, MifdEin
VEGF-A [5KT, (et AL AE AN B i & A2 [30]. Bh4h, EROla H & RIEKT- 5L K
I % B 5 IEAH G [31]. EROLa MR IILE AR KA B AT RE AL 25 i 3= N, L —, i I bR SR 56 A 30,
ERO1 {222 B IRZE VEGF-A oGk s ML M [32]. MAEERE AT, @bk EROla £:F 2 55
VEGF-A 752/, RFTESME &M, EROla 4k PDI &4 ([ —Hist A LB ThRE 2 2028, ikt
WI7E EROla SRRHIEHLT VEGF-A HIIE#E AT SO T8 [32]. Bl B EROla Rk siiig
EROla, KIH VEGF-A AT EXE, &/ VEGF-A FEAKT. K=, ERRFEKF L, EROL
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53 ¥ UPR AT PERK Fl ATF4 2 [B] 1 s 15t 0] #% BP AT i 3F VEGF-A [f3RIA[33]. 53— 51, HIF-la 1B
e AWK VEGF I/ 5, EROla £ P i W AT Zid A2 i = AR 1 HoO, 7T H T B B Al o, SR )5
T A i SR R AL B (PHD s K A2 5€ HIF-1a, MIMEE VEGE-A (215K F[30] [34].

G I8 TR B A2 IR A S5 1 B LA R 7, RSN . A . A A AN R (ECM), S8
TP o d% S S 2 i MR PEFI ) 40 M (MDSC), 1% T 4HM(Tregs)F 2 HY B M4 M (M2) 45 b y% 3l 40
P PELAS, BRI R 4 2 A i S B A0 o e AR 5351, HRT ORI FE R M, EROla B mRNA /K- 54
TSN CDS + T 40, B ZH AN R0 (NK) 4H L K S ORI 56, 111 -5 S 25 0 1) 4 o, 2 R A
RERAT AN HI(CAFs). MDSCs HfieiAH o< ELESH il (TAMS) S IEAHSS, A B TR B B A A B4 36 -
T BE R UR A M, Tt 2R R 40 i 1¥) ERO o M 368 3t 38 5 b 40 R 4R 75 0 A +(G-CSF) Al CXC kR 1
Bifa 172 (CXCL12)WAfb &, (et ik, MMifEit MDSCs #5371, UTBRIENE (PDAC)ZH i 1)
EROla A1 IDO1 A] i@ RGN PDAC A, TR Sosiees, (kB - B 40 f iR
F AR TOIRA0A(DC) 1 74 [38]. X T EREgHf, A 7 B MR 4l EROla HIFRIAE M2 B4
M S IEARDS, 5 M1 BV S U 95[8]. EROLa MR/ BBEHY ) scRNA-seq 2> HT % 8] EROla 12
i TAMs M M1 [a] M2 B3R BEAR[36]. MM BRI S 4 T 4T, T 4t 2™ 4 A i R, 3
PERK Flius AL R iiFHE 5L EROla 36k 1, I BEI o — it S8 (b BAHOCIAERE T 7, #63 T 4R
&, S ROS FFHLRAAEE, &R T 4P R BUR FRE39]. (HARERMZ, EROla MY
REJE T 1Y 5 iR 4 i PD-L1 AT & B (R R0k, ICReIBIE HIF-1o AR HRIE, i T
IR L [40]. [FIRE, FEER IR 4EM Y EROla L AT{E3E CD8 + T 40 IR, JF145R T PD-1 ¥4
ST IR [41].
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Figure 2. Regulatory effect of EROla on tumors and their microenvironment

[# 2. ERO1a 3F e & i E R AT IER

4. ¥0[E ERO1 R EHPEI A0t R

EROla fEWEH 1 s 4R N i th, @ e MR aiiste-. Ml b, mkk EROla 2 id FE % PERK,
R IRE1a Al PERK {55 [A)[K)°F 4, 38 BRECGENE I 5t IR, 3833 3% CHOP A1 Caspase-12 JH #1753
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LRE, RA

E

YRR AT, [FIE, TEARP EROla MRS AT LUE i 35 b8 40 i e g2 JR PEAH A AE T (ICD), 385 3
YU %361 T4, — I et ORI, M EROla MBS miR-101, #0H] EZH2, 1875 Wnt/p-
catenin JE L3RRI To[42]. /£ BT, 1T shRNAs #fik ERO1a 7] 45 S0 5 i 40 H R i A= K A1
BE, HH > EROla #EUTER G 2 {5 e AT 5-960 R B BE (5-FU) RIS AZ I S IR0 [22]. ERO e gt 1]
A elF2a #0157 ISRIB P=A W [FAE A, 8 G0 P ot X 2 1 A fr, BRGS0 i g I 7 38 A=
b = B SLRE (AR K, RIS T UPR [N, V8055 JiJRg 4 P vt 4 2 B (A it 24 12k [ 281

R FIRIFYE QA REIER] ERO Lo 75 MR AE ) EEE A, 48T B i K BN EROT 2 [ 4] 551
HAE T 2B B . EN460 & —Fhil i sl & A A0 743 2 ERO e #1155, mlilid 514 )54 EROla 45
Gy Bk R EA[43]. T151742 2 —M IR EATAR EROLa #1157, 5 EN460 AL, WoR
H B RS, T H X ERO1S A EROla PiF R LEg, T151742 % EROlo B A e 3 14
[44].

5. B4

i =

EROla 1EJyWN TN EALHT B RGTHIAL LB, 7R LR IR 200 0 S8 S R G 3 6 36 rh R 3 S B A T
HERiE 5 ZMERE A RIUGHE, HELR EROLa Al 2Rt g . SR1M, EROla 7E/ME 40
H U A O IS L AACATL ) AR T T ) e A A RN A e e — 2D e B A BT R R A 1 P A
HAEAN R, BRARIT RIS IR R I TR B, T/ BR R R

SE

[1] Urra, H., Dufey, E., Avril, T., Chevet, E. and Hetz, C. (2016) Endoplasmic Reticulum Stress and the Hallmarks of Cancer.
Trends in Cancer, 2, 252-262. https://doi.org/10.1016/j.trecan.2016.03.007

[2] Wang, W., Groenendyk, J. and Michalak, M. (2014) Endoplasmic Reticulum Stress Associated Responses in Cancer.
Biochimica et Biophysica Acta (BBA)-Molecular Cell Research, 1843, 2143-2149.
https://doi.org/10.1016/j.bbamcr.2014.01.012

[3]1 Zito, E., Guarrera, L. and Janssen-Heininger, Y.M.W. (2024) Fingerprint of the Oxido-Reductase ERO1: A Protein Di-
sulfide Bond Producer and Supporter of Cancer. Biochimica et Biophysica Acta (BBA)-Reviews on Cancer, 1879, Article
189027. https://doi.org/10.1016/j.bbcan.2023.189027

[4] Sevier, C.S. and Kaiser, C.A. (2008) Erol and Redox Homeostasis in the Endoplasmic Reticulum. Biochimica et Bio-
physica Acta (BBA)-Molecular Cell Research, 1783, 549-556. https://doi.org/10.1016/j.bbamcr.2007.12.011

[5] Chen, P., Sharma, A., Weiher, H. and Schmidt-Wolf, I.G.H. (2024) Biological Mechanisms and Clinical Significance of
Endoplasmic Reticulum Oxidoreductase 1 Alpha (ERO1a) in Human Cancer. Journal of Experimental & Clinical Can-
cer Research, 43, Article No. 71. https://doi.org/10.1186/s13046-024-02990-4

[6] Li, G., Mongillo, M., Chin, K., Harding, H., Ron, D., Marks, A.R., ef al. (2009) Role of ERO1-A-Mediated Stimulation
of Inositol 1,4,5-Triphosphate Receptor Activity in Endoplasmic Reticulum Stress-Induced Apoptosis. Journal of Cell
Biology, 186, 783-792. https://doi.org/10.1083/jcb.200904060

[7] Spina, A., Guidarelli, A., Fiorani, M., Varone, E., Catalani, A., Zito, E., et al. (2022) Crosstalk between EROla and
Ryanodine Receptor in Arsenite-Dependent Mitochondrial ROS Formation. Biochemical Pharmacology, 198, Article
114973, https://doi.org/10.1016/j.bcp.2022.114973

[8] Liu, L., Wang, C., Li, S., Qu, Y., Xue, P., Ma, Z., et al. (2021) EROIL Is a Novel and Potential Biomarker in Lung
Adenocarcinoma and Shapes the Immune-Suppressive Tumor Microenvironment. Frontiers in Immunology, 12, Article
677169. https://doi.org/10.3389/fimmu.2021.677169

[9] Pagani, M., Fabbri, M., Benedetti, C., Fassio, A., Pilati, S., Bulleid, N.J., ef al. (2000) Endoplasmic Reticulum Oxidore-
ductin 1-LB (EROI-Lp), a Human Gene Induced in the Course of the Unfolded Protein Response. Journal of Biological
Chemistry, 275, 23685-23692. https://doi.org/10.1074/jbc.m003061200

[10] Inaba, K., Masui, S., lida, H., Vavassori, S., Sitia, R. and Suzuki, M. (2010) Crystal Structures of Human Erola Reveal
the Mechanisms of Regulated and Targeted Oxidation of PDI. The EMBO Journal, 29, 3330-3343.
https://doi.org/10.1038/emboj.2010.222

[11] Araki, K. and Inaba, K. (2012) Structure, Mechanism, and Evolution of Erol Family Enzymes. Antioxidants & Redox

DOI: 10.12677/wjcr.2025.153017 137 [ S B JRg wt 7E


https://doi.org/10.12677/wjcr.2025.153017
https://doi.org/10.1016/j.trecan.2016.03.007
https://doi.org/10.1016/j.bbamcr.2014.01.012
https://doi.org/10.1016/j.bbcan.2023.189027
https://doi.org/10.1016/j.bbamcr.2007.12.011
https://doi.org/10.1186/s13046-024-02990-4
https://doi.org/10.1083/jcb.200904060
https://doi.org/10.1016/j.bcp.2022.114973
https://doi.org/10.3389/fimmu.2021.677169
https://doi.org/10.1074/jbc.m003061200
https://doi.org/10.1038/emboj.2010.222

ot

[12]

[13]

[14]

[29]

[30]

Signaling, 16, 790-799. https://doi.org/10.1089/ars.2011.4418

Benham, A.M. (2000) The CXXCXXC Motif Determines the Folding, Structure and Stability of Human Erol-la. The
EMBO Journal, 19, 4493-4502. https://doi.org/10.1093/emboj/19.17.4493

Shergalis, A.G., Hu, S., Bankhead, A. and Neamati, N. (2020) Role of the ERO1-PDI Interaction in Oxidative Protein
Folding and Disease. Pharmacology & Therapeutics, 210, Article 107525.
https://doi.org/10.1016/j.pharmthera.2020.107525

Puig, A. and Gilbert, H.F. (1994) Protein Disulfide Isomerase Exhibits Chaperone and Anti-Chaperone Activity in the
Oxidative Refolding of Lysozyme. Journal of Biological Chemistry, 269, 7764-7771.
https://doi.org/10.1016/s0021-9258(17)37352-0

Malhotra, J.D. and Kaufman, R.J. (2007) Endoplasmic Reticulum Stress and Oxidative Stress: A Vicious Cycle or a
Double-Edged Sword? Antioxidants & Redox Signaling, 9, 2277-2294. https://doi.org/10.1089/ars.2007.1782

Reth, M. (2002) Hydrogen Peroxide as Second Messenger in Lymphocyte Activation. Nature Immunology, 3, 1129-1134.
https://doi.org/10.1038/ni1202-1129

Bassot, A., Chen, J., Takahashi-Yamashiro, K., Yap, M.C., Gibhardt, C.S., Le, G.N.T., et al. (2023) The Endoplasmic
Reticulum Kinase PERK Interacts with the Oxidoreductase ERO1 to Metabolically Adapt Mitochondria. Cell Reports,
42, Article 111899. https://doi.org/10.1016/j.celrep.2022.111899

Dias-Gunasekara, S., Gubbens, J., van Lith, M., Dunne, C., Williams, J.A.G., Kataky, R., et al. (2005) Tissue-Specific
Expression and Dimerization of the Endoplasmic Reticulum Oxidoreductase Erolf. Journal of Biological Chemistry,
280, 33066-33075. https://doi.org/10.1074/jbc.m505023200

May, D., Itin, A., Gal, O., Kalinski, H., Feinstein, E. and Keshet, E. (2004) Ero1-la Plays a Key Role in a HIF-1-Mediated
Pathway to Improve Disulfide Bond Formation and VEGF Secretion under Hypoxia: Implication for Cancer. Oncogene,
24, 1011-1020. https://doi.org/10.1038/sj.onc.1208325

Zhang, Y., Li, T., Zhang, L., Shangguan, F., Shi, G., Wu, X., et al. (2019) Targeting the Functional Interplay between
Endoplasmic Reticulum Oxidoreductin-1a and Protein Disulfide Isomerase Suppresses the Progression of Cervical Can-
cer. EBioMedicine, 41, 408-419. https://doi.org/10.1016/j.ebiom.2019.02.041

Kutomi, G., Tamura, Y., Tanaka, T., Kajiwara, T., Kukita, K., Ohmura, T., ef al. (2013) Human Endoplasmic Reticulum
Oxidoreductin 1-a Is a Novel Predictor for Poor Prognosis of Breast Cancer. Cancer Science, 104, 1091-1096.
https://doi.org/10.1111/cas.12177

Seol, S., Kim, C., Lim, J.Y., Yoon, S.O., Hong, S W., Kim, J.W., et al. (2016) Overexpression of Endoplasmic Reticulum
Oxidoreductin 1-a (ERO1L) Is Associated with Poor Prognosis of Gastric Cancer. Cancer Research and Treatment, 48,
1196-1209. https://doi.org/10.4143/crt.2015.189

Yang, S., Yang, C., Yu, F., Ding, W., Hu, Y., Cheng, F., ef al. (2018) Endoplasmic Reticulum Resident Oxidase ERO1-
Lalpha Promotes Hepatocellular Carcinoma Metastasis and Angiogenesis through the SIPR1/STAT3/VEGF-A Pathway.
Cell Death & Disease, 9, Article No. 1105. https://doi.org/10.1038/s41419-018-1134-4

Zhang, J., Yang, J., Lin, C., Liu, W., Huo, Y., Yang, M., et al. (2020) Endoplasmic Reticulum Stress-Dependent Expres-

sion of ERO1L Promotes Aerobic Glycolysis in Pancreatic Cancer. Theranostics, 10, 8400-8414.
https://doi.org/10.7150/thno.45124

Wang, Z., Zong, H., Liu, W., Lin, W., Sun, A., Ding, Z., et al. (2024) Augmented ERO1la Upon mTORC1 Activation
Induces Ferroptosis Resistance and Tumor Progression via Upregulation of SLC7A11. Journal of Experimental & Clin-
ical Cancer Research, 43, Article No. 112. https://doi.org/10.1186/s13046-024-03039-2

Xie, J., Liao, G., Feng, Z., Liu, B., Li, X. and Qiu, M. (2022) ERO1L Promotes the Proliferation and Metastasis of Lung
Adenocarcinoma via the Wnt2/B-Catenin Signaling Pathway. Molecular Carcinogenesis, 61, 897-909.
https://doi.org/10.1002/mc.23441

Wu, M., Li, R., Qin, J., Wang, Z., Guo, J., Lv, F., et al. (2023) ERO1a Promotes the Proliferation and Inhibits Apoptosis
of Colorectal Cancer Cells by Regulating the PI3K/AKT Pathway. Journal of Molecular Histology, 54, 621-631.
https://doi.org/10.1007/s10735-023-10149-2

Varone, E., Decio, A., Barbera, M.C., Bolis, M., Di Rito, L., Pisati, F., et al. (2022) Endoplasmic Reticulum Oxidore-
ductin 1-Alpha Deficiency and Activation of Protein Translation Synergistically Impair Breast Tumour Resilience. Brit-
ish Journal of Pharmacology, 179, 5180-5195. https://doi.org/10.1111/bph.15927

Nishida, N., Yano, H., Nishida, T., Kamura, T. and Kojiro, M. (2006) Angiogenesis in Cancer. Vascular Health and Risk
Management, 2,213-219. https://doi.org/10.2147/vhrm.2006.2.3.213

Zilli, F., Marques Ramos, P., Auf der Maur, P., Jehanno, C., Sethi, A., Coissieux, M., et al. (2021) The NFIB-ERO1A
Axis Promotes Breast Cancer Metastatic Colonization of Disseminated Tumour Cells. EMBO Molecular Medicine, 13,

e13162. https://doi.org/10.15252/emmm.202013162

DOI: 10.12677/wjcr.2025.153017 138 [ S B JRg wt 7E


https://doi.org/10.12677/wjcr.2025.153017
https://doi.org/10.1089/ars.2011.4418
https://doi.org/10.1093/emboj/19.17.4493
https://doi.org/10.1016/j.pharmthera.2020.107525
https://doi.org/10.1016/s0021-9258(17)37352-0
https://doi.org/10.1089/ars.2007.1782
https://doi.org/10.1038/ni1202-1129
https://doi.org/10.1016/j.celrep.2022.111899
https://doi.org/10.1074/jbc.m505023200
https://doi.org/10.1038/sj.onc.1208325
https://doi.org/10.1016/j.ebiom.2019.02.041
https://doi.org/10.1111/cas.12177
https://doi.org/10.4143/crt.2015.189
https://doi.org/10.1038/s41419-018-1134-4
https://doi.org/10.7150/thno.45124
https://doi.org/10.1186/s13046-024-03039-2
https://doi.org/10.1002/mc.23441
https://doi.org/10.1007/s10735-023-10149-2
https://doi.org/10.1111/bph.15927
https://doi.org/10.2147/vhrm.2006.2.3.213
https://doi.org/10.15252/emmm.202013162

LRE, RA

E

[36]

[37]

Tanaka, T., Kutomi, G., Kajiwara, T., Kukita, K., Kochin, V., Kanaseki, T., et al. (2016) Cancer-Associated Oxidore-
ductase ERO1-a Drives the Production of VEGF via Oxidative Protein Folding and Regulating the mRNA Level. British
Journal of Cancer, 114, 1227-1234. https://doi.org/10.1038/bjc.2016.105

Varone, E., Decio, A., Chernorudskiy, A., Minoli, L., Brunelli, L., Ioli, F., ez al. (2021) The ER Stress Response Mediator
ERO1 Triggers Cancer Metastasis by Favoring the Angiogenic Switch in Hypoxic Conditions. Oncogene, 40, 1721-1736.
https://doi.org/10.1038/s41388-021-01659-y

Wang, Y., Alam, G.N., Ning, Y., Visioli, F., Dong, Z., Nor, J.E., et al. (2012) The Unfolded Protein Response Induces
the Angiogenic Switch in Human Tumor Cells through the PERK/ATF4 Pathway. Cancer Research, 72, 5396-5406.
https://doi.org/10.1158/0008-5472.can-12-0474

Waypa, G.B., Marks, J.D., Guzy, R., Mungai, P.T., Schriewer, J., Dokic, D., et al. (2010) Hypoxia Triggers Subcellular
Compartmental Redox Signaling in Vascular Smooth Muscle Cells. Circulation Research, 106, 526-535.
https://doi.org/10.1161/circresaha.109.206334

Pitt, J.M., Marabelle, A., Eggermont, A., Soria, J.-., Kroemer, G. and Zitvogel, L. (2016) Targeting the Tumor Microen-
vironment: Removing Obstruction to Anticancer Immune Responses and Immunotherapy. Annals of Oncology, 27, 1482-
1492. https://doi.org/10.1093/annonc/mdw168

Liu, L., Li, S., Qu, Y., Bai, H., Pan, X., Wang, J., et al. (2023) Ablation of ERO1A Induces Lethal Endoplasmic Reticu-
lum Stress Responses and Immunogenic Cell Death to Activate Anti-Tumor Immunity. Cell Reports Medicine, 4, Article
101206. https://doi.org/10.1016/j.xcrm.2023.101206

Tanaka, T., Kajiwara, T., Torigoe, T., Okamoto, Y., Sato, N. and Tamura, Y. (2015) Cancer-Associated Oxidoreductase
Erol-a Drives the Production of Tumor-Promoting Myeloid-Derived Suppressor Cells via Oxidative Protein Folding.
The Journal of Immunology, 194, 2004-2010. https://doi.org/10.4049/jimmunol.1402538

Tay, A.H.M., Cinotti, R., Sze, N.S.K. and Lundqvist, A. (2023) Inhibition of Erola and IDO1 Improves Dendritic Cell
Infiltration into Pancreatic Ductal Adenocarcinoma. Frontiers in Immunology, 14, Article 1264012.
https://doi.org/10.3389/fimmu.2023.1264012

Hurst, K.E., Lawrence, K.A., Essman, M.T., Walton, Z.J., Leddy, L.R. and Thaxton, J.E. (2019) Endoplasmic Reticulum
Stress Contributes to Mitochondrial Exhaustion of CD8* T Cells. Cancer Immunology Research, T, 476-486.
https://doi.org/10.1158/2326-6066.cir-18-0182

Tanaka, T., Kutomi, G., Kajiwara, T., Kukita, K., Kochin, V., Kanaseki, T., et al. (2017) Cancer-Associated Oxidore-
ductase ERO1-a Promotes Immune Escape through Up-Regulation of PD-L1 in Human Breast Cancer. Oncotarget, 8,
24706-24718. https://doi.org/10.18632/oncotarget. 14960

Liu, L., Li, S,, Qu, Y., Wang, J., Fei, K., Wang, C., et al. (2022) Tumour ERO1A Instigates T Cell Dysfunction by
Transmission of Endoplasmic Reticulum Stress. Journal of Clinical Oncology, 40, ¢14533-¢14533.
https://doi.org/10.1200/j¢0.2022.40.16_suppl.c14533

Wang, G., Han, J., Wang, G., Wu, X., Huang, Y., Wu, M., et al. (2021) ERO1a Mediates Endoplasmic Reticulum Stress-
Induced Apoptosis via microRNA-101/EZH2 Axis in Colon Cancer RKO and HT-29 Cells. Human Cell, 34, 932-944.
https://doi.org/10.1007/s13577-021-00494-3

Blais, J.D., Chin, K., Zito, E., Zhang, Y., Heldman, N., Harding, H.P., et al. (2010) A Small Molecule Inhibitor of
Endoplasmic Reticulum Oxidation 1 (ERO1) with Selectively Reversible Thiol Reactivity. Journal of Biological Chem-
istry, 285, 20993-21003. https://doi.org/10.1074/jbc.m110.126599

Johnson, B.D., Kaulagari, S.R., Chen, W., Hayes, K., Geldenhuys, W.J. and Hazlehurst, L.A. (2022) Identification of

Natural Product Sulfuretin Derivatives as Inhibitors for the Endoplasmic Reticulum Redox Protein Erola. ACS Bio &
Med Chem Au, 2, 161-170. https://doi.org/10.1021/acsbiomedchemau.1c00062

DOI: 10.12677/wjcr.2025.153017 139 [ S B JRg wt 7E


https://doi.org/10.12677/wjcr.2025.153017
https://doi.org/10.1038/bjc.2016.105
https://doi.org/10.1038/s41388-021-01659-y
https://doi.org/10.1158/0008-5472.can-12-0474
https://doi.org/10.1161/circresaha.109.206334
https://doi.org/10.1093/annonc/mdw168
https://doi.org/10.1016/j.xcrm.2023.101206
https://doi.org/10.4049/jimmunol.1402538
https://doi.org/10.3389/fimmu.2023.1264012
https://doi.org/10.1158/2326-6066.cir-18-0182
https://doi.org/10.18632/oncotarget.14960
https://doi.org/10.1200/jco.2022.40.16_suppl.e14533
https://doi.org/10.1007/s13577-021-00494-3
https://doi.org/10.1074/jbc.m110.126599
https://doi.org/10.1021/acsbiomedchemau.1c00062

	ERO1在肿瘤生物学机制和治疗中的研究进展
	摘  要
	关键词
	Research Advances of ERO1 in Tumor Biology: Mechanisms and Therapeutic Target
	Abstract
	Keywords
	1. 引言
	2. ERO1结构和功能概述
	2.1. ERO1家族的结构
	2.2. ERO1的基本生物学功能

	3. ERO1在肿瘤中的作用
	3.1. ERO1在肿瘤中的表达水平
	3.2. ERO1促进肿瘤细胞存活与增殖
	3.3. ERO1参与重塑肿瘤微环境

	4. 靶向ERO1可有效抑制肿瘤的进展
	5. 总结
	参考文献

