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Research progress of indoleamine
2,3-dioxygenase 1 in gastric cancer

Pei Xiaxia, Zhao Jun, Tian Kun, Luo Yaoting, Qi Yali,
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[ Abstract] Gastric cancer is the fifth most common malignant tumor and fourth leading cause of cancer-
related deaths worldwide. Gastric cancer has obvious heterogeneity and complex tumor microenvironment.
Although immune checkpoint inhibitors have shown certain anti-tumor efficacy in advanced gastric cancer, the
beneficiaries are still a few. Indoleamine 2,3-dioxygenase 1 (IDO1) is a key metabolic enzyme which catalyzes the
degradation of tryptophan along the kynurenine pathway and plays an important role in tumor immune escape. At
present, many studies have shown that IDO1 plays an important role in the development of gastric cancer,
Helicobacter pylori infection and EB virus infection. Therefore, targeting IDO1 is expected to become a new
strategy for immunotherapy of gastric cancer. This paper reviews the mechanism of IDO1, the research progress
of IDOI in gastric cancer and related diseases and the application prospect of IDO1 inhibitors in gastric cancer.
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5 G PR AT S AT (Immune Checkpoint Inhibi-
tors, ICIs) 7R I6 7 U AN B G AAIE 58 F1 0
L HAE B it i iU 1 Rtk . (3
X T B RAERYT, A RERBGERHRR, H
FaeBrEsR , MR R S A, e v AR 20 i
HEEEAILAR B S M A5 A3 1 A AR i B IR S e IR T Y
IPRL, R R AR 6 ARE, AR B R EIh
JTHEIE A PEAL . (A% R (Tryptophan, Trp) & AK
Wit BAEIR , MR R G R SEE IR SRR Rk
P, TS MR 2, 3- XU 4 1 (Indoleamine 2, 3—
Dioxygenase 1, IDO1) JEOEFRYT R IR E R AR
P OB EE,  HAE AL (0 2R T B A TR AR [R] I
7R B A 00k i 8 e A A g2 b it e A R A
e Bk, $Em DO A B, B S IR T BT
W

1 IDO1ES

IDOT J&— B 7 i e A0 g 4= T 4 . (B e 2
J . BESRAMIAN B ANAE) HhAE R R &R AT R
Ot , o (8 TR T R R 2 R ke A A v ) S e

ML ORI RS — L. IEWAEBRET,
IDO1AE AR Z R 4L iz ek, il . il |
JE#E. B MRS, CERE NMRLTHEIER ,
ZHZRAEMERE, EMAEIRE. S MmE
A, HACHETRL S M ARS plsis . 1805
DTG e e G A 10k 88 A5 ) B A AL A
AR EE (KT 95%) it KIRZER (Kynurenine
Pathery, KP) &4 0l (WLIEI 1), AR R 2 R
(Kynurenine, KYN) 2 F#{Cif4% . 1DO1, 1DO2
Fl €8 24 1R -2, 3— AU % B 2 (Tryptophan—2, 3-
Dioxygenase 2, TDO2) J& A I FE A4 S b ity A1 R
HOCHERE . IDO1FEIE# RS TARER X, (HYHLA
32 B 98 E R G S5 RPN IDOT 2 2% ) I 25 194
FURTATFE & B IDO Al ATE 2 Bl 25 45 1 S i fe
N7, ARG . B . A B R MR e
BESE . IDO2 /& IDOT Y —Fh ] TR, 1EATFRE . A
. PR S REAME VR RE, HREZT
PR -y, IL-10 FAETHIIR R £2 55 2 5 R AE A 5
T, AH HBETHAE LS A BT,

( Tryptophan(Trp) )

IDO1/1DO2/TDO2

Anthranili Acid _KYNU Kynurenine KAT , Kynurenic Acid
(AA) h (KYN) (KYNA)
KMO
y
3-Hydroxykynurenine
(3-HK)

y

KYNU

3-Hydroxyanthranilic Acid
(3-HAA)

3-HAO
y

Quinolinic Acid
(QA)

a-amino-B-carboxybutyric acid-
e-semialdehyde >
(ACMS)

Picolinic Acid
(PA)

QPRT

Nicotinamide Adenine
Dinucleotide
(NAD+)

KYNU: Kynureninase; KAT: Kynurenine aminotransferase; KMO: Kynurenine=3—monoox—ygenase; 3—HAO: 3-hydroxyan-

thranilate 3,4-dioxygenase; QPRT: quinolinate phosphoribosyltransferase.
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2 IDO1 1@t phEE & R BRI BEHL &I

Z IR IDOL 15 Z Rl b ik, &
FGIERORRE . EoUE . S . FURE.
TIEE . B SBDR A . B SES Y, IDO1 7R
JifrIeE 200 A bR A DG 40 Y e ik BE BAR R MR R
JEE AR B 22 I PR 45 SR RS K TS AH DT
i 9 - 40 INF—y . IL-1., IL-6. TGF-B/PGE2.
TNF-o 45 A3 2 JAK %2R 25 30/ 5 1 S
PSR (Janus Kinase—Signal Transducers and
Activators of Transcription, JAK/STAT) . NF-«kB,
W MR L B 3— ¥ B  (Phosphoinositide 3-Kinase,
PI3K) FIIFN##55HF 1 (Interferon Regulatory Fac-
tor 1, IRF1) SRR IDO1 A AT FE" 7,

IDO1 i} GE i ik LA R JLA A FHBIL I A A 5
HERkiR: Ek, BERNRERG R E
RS, T IDOT 2 Az MR AR A A v 1 2R il
RE I 32 R IR A ) (B R AR, B (LR ™
HAEW , T 40 55 00 % 40 i PR AR B sk = i T
Hik, ARzl izl sh P R R EEA
(m=TOR), % CD8T 41 il JCig MU 5 =,
¥ im VTR Y (RNAs A T BRS84S i
2 (General Control Nonderepressible—2, GCN2)
B AR T W R R A0 R sk R IR T 2«
(Eukaryotic Translation Initiation Factor—2a, elF-
200) BERRALSSACHIL D BE T 0] T 40 b 2 Fh
RNA (S FE (A B Bt /2, IR IR e T

T effectors
Apoptosis

0 (Regulatory Cells, Tregs). %500 T Kk EL 40
IO %) 384 B R AT D R S A M g I RE e BRI,
U R PR R Kyn i 1f 5 05 &R Z AR (Aryl
hydrocarbon Receptor, AhR) A H.{EH 4 IE Tregs,
I HJ0E 6 D5 YL 48 ML (Myeloid—Derived Sup-
pressor Cells, MDSC), #2500 T 244 L F1 KR A 1
(Natural Killing, NK) ZHHd, AT 4T 8 fe e
Bt [ I BIEE UE S e s R AU 3 Ak -
L-RJRZMR (3-Hydroxykynurenine, 3-HK), 3-F%
LR FL K W iR (3—-Hydroxyanthranilic Acid, 3-
HAA) . MMKER (Quinolinic Acid, QA) Flnf iz H
2 (Picolinic Acid, PA) SFJEfEifilh 2 5 4
PR A5 SR, A e 18 50 T 1 LA
HE I EE, 3-HK F1 3—HAA 38 3 08 T AL 40 ) T 40
JdE5E , (E Th1/Th2 -4 2 5 1) Th2 ARZFe AL A
T FEAIR Th 40K 5 QA FTPA ATAE o Gl R GE A
ST WL, BRI B IDOT S Kk
S AL A Binl BEGOC, ImIK BRI EE
Jif . I V98 45 iR Hh Bin X 26 AN IDOT 3 3R
B, H S T Binl SR FECIDOL R IK, MM
TEIEAM g A KO T MR e 52 o DL ik st
PSR I S B S e i 52, A S IR 20 i A
Rekik (WLE2),

3 IDO1EBERBRERFHFRER
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FE o3 NN  7F 8 fe i Lauren 73 BYAR 4fg i
(LRl K B R i B R gRig 7 . 2014
e, EIERLA K E 1T R] (The Cancer Genome Atlas,
TCGA) /8 BIEA WA 7> IR . EB i B A Y
(Epstein—Barr Virus, EBV), M T & ~AfaE M
(Microsatellite Instability, MSI) , & K 21 2 & &
(Genomic Stability, GS) F1 4t o f& A~ fa & #l
(Chromosomal Instability, CIN) ', SV M J& hE B 5%
/N (Asian Cancer Research Group, ACRG) & H
T —MardE0r ik o %7 SN 18 IR 43 MST Y i
N B o A 1 R T QN ER Y = 9 il R
(Microsatellite—Stable/Epithelial-Mesenchymal Transi-
tion, MSS/EMT) . TP53 Jj i 5¢ % 9 MSS A1 it 7
(MSS/TP53+ ) Fll TP53 M fE Bk 2% () MSS # fitr /57
(MSS/TP53+) . XLLIP2R RGN B LY ~2 Rk
Ayl AR AR A MMERE B . 0 B
AREERL, SRR T30, SRy r ik
N BERIT BRI, HES) TR AR IR ST
) K Je™

At 988 4 #4538 (Tumor Microenvironment, TME)
RSB AR R, TS g
BT S, AH 32 T AL A ) T e 98 S8 B ) B g
SR L0 A P BB e 0 i e LT Ak
LIRS AN T 43, 1 98 5 H R A7 A ] X
i, R S SRR, TR IR KA R kL 2 ] AT
ARE 3 FEY) SRR . TME X e (42 2856 % |
i 245 A S e A ] 5 R ¥ R O BEVE R, J2sgm
IR R . KRE . FERSR BN R, W] A
T AT RBOR I3 U H R S e 107 J7 T HAT B
PRI

MW RARE, REELINHE TME 724
PERETT ISR A ZHERY, TME B[R 5 T 2 28 1E
B0 T ARSI 9T 7 RO BB e AR
Wy —TRE S, BT R TCCA Bdla o b 1 33
FERE S ALY I 1 T AR REAS X AT A
T, e e T 6 PR o Ay . 45 11 7
G IFN—y £ AL RAEAL, R 4 pR /A
GURERER AN TGF-B 2 3. 1 B 4 T H i M1/
M2 20 i 38 Ak . 5 CD8 {5 5 M T 41 i 32 1K 2 kE
PR 730 TEN=y i U3 A LA™, 2019 4F B RE %2
P BN T 1 524 451 15 988 R85 1% i e T8 55 28
R R SR AR = 2R RE MR O A B . %
I3 RURTA R X AN R AR B i R, X

oy BT A Y B R 355 1 43 TMEscore 7] R 1 &= 1L
15 B R N ) 22 Fh SRR SR S BE RO IR A, E
T 0300 ek g 6 25 X e BETR YT B IT AL . i TMEscore
SV ) 4 R S 7 N P 2 A G R BT R S
Ik TMEscore MV 78 Hh ILE 21 T 41 fg 406 B9 2 B8, Mif
ST BRI B,
3.2 IDO155E

H il E A 2055 2 W IDO1 78 8 & h i R ik
5 EBHE R RIS A O, 3R [ 2 3 ff b 25 AR
WF5E & B 98 S5 AR I DO mRNA ik Ay B MR
WL TR E . HIDO mRNA BE k5 H
) e e SR AR 56 . ZERGF AR 9% kB0 R A1 4
H IDO IR PR 0 3 5 T s A4 H 5 B
ZUH TMN ZM R A RS B UIAE OC . 2R AR
AP IDO & IK REAE I N5 |0 bk B 285 9 TRN— 1) 36
IRIKAF-LA B CD8” T 4 Jifd 1) 550 e A T Toll K22 4 7
WEhHE S0 Th RG22, MATTH &5 Toll #:3Z
A7 s 0 B kR AE . 8 Kim 850 58 A
IDO1 & B A FIHUS AR5 . IDO1 Rk 3
TG B4 B2 i Rl e S R F I E A G, EBV
AHIEH MSTASERE B B 8 A A BU At 2R (e hE H
T 22 (1% Jp R IS T 6k £ 40 AR, % IDO E
8 R VR TS 1 FH RT RE HRH  IE A8 2 E)R TR] )
PP o Lu SE P4, T IDO1 7E 5 Fh 5 96 W7 5
) R IR O TS B 520, & B EBV R MSI-H i
JEIDO1 335, HIDO1 & ik K5 i f A B
TR TS A R . Xiang 25 HE— 40 BF 58 &k BRAE
B T IDO1 23538 hinsd i AR ™ P K R A R 5
FUEHEA MRS, IF 5 RS R C, T H
IDO1 Dy HE-5 AN M A 3L 5 L M S AR 3 R it AR g
B YIAOG, IDO1 ML & LA COL12A1 38
it MAPK SRR BIE R, BhIRl e it B a5 .
3.3 IDO15EB#*H

MR, EBV YL B 5 14 in B 968 & A= 1 X
B, i E O E A EOR Y. EB N EE BT E
AL JE TCGA DU A 73 B v 85 9 — U EB g 8 AH G
P E 9 (EBV-associated Gastric Cancer, EBVaGC)
TE4BR B 9 (5 3T 109%™, EBVaGC 5 EBV [
LeR=E] (EBV—negative Gastric Carcinoma, EBVnGC)
I EA TR 20 FHRAE, 045 PIK3CA WA 248 |
DNA & & H AL PD-L1/2 354, [Ntk EBV
FH 14 22 2 A7 7] BE AN PD—1/PD-L1 41 R 51 V4 77 3k
%5 REFEWFIE & BLEBV AH G B8 1DO1 £k K
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TR, EBV B RGO SO 5 R ) DO
AKF-, 103 25087 T 98k L 200 i 1 Ty e A o g 1)
A Liu 59 5E & PREB % B 2L 5 1T i p3s/
MAPK Il NF-kB & 12175 5 A\ A% 4 M 5 Y 1 w3 24
Hg H IDO 4 22 3K T 45 TS DI 6E o Burassakarn
e — DRI R B, #5H EB YR BSR4/ RNA-
1B A AR nT 38 i 48 W R 15 S5 3£ - T (Retinoic
Acid=Inducible Gene I , RIG-1) {E5HI%AES A
BARZ A R R Y B2 L P IDO Rk, DAITTTE A
S RE AN PRI, R T 40 M S e N A . PR L
IDO1 Ry §E S IF R G S e K A s il 0], AA nl R
$E15 EBVaGC (B H M RIEIRTTITAL
3.4 IDO1 56T 42 e AT B B

e [ THREFTE  (Helicobacter Pylori, HP) A'H
A —RBURY, SEEEERREYIMET, B
AR K BE HP YL 1 TDO B 338 7K 450 A B e
HIHE, TR TIRAE B R N BRI, 1IDO &
I B S R BE A E Y Th1/Th2 FITh17 8%, XA HLEI
BEAR T B RN, FTREAT BY T 1 T THEAT B4 () 4p 2k
FEAE, $2HHR ) IDO 2R A2 v] RE A VA1 A T TR AT B 175
S PR A Y5 7 25 T SR Y. Fateme S5 BIF 53 411
K IAE HP YL id #Erp, Thi, Th17 F1Th22 4011
o BT, IDO B E S T Thl, Th17. Th22
IR T M T 48 M A G 0 28 B g o AR HP Sl 3 |
P IDO1 Feak kb g EWMALH , ML T8 E R
() HEJE . 11 AHE T SECOE O A I B HP SRR (1) S 9
B, HE B L IDO1 235K P8 R R YL HP
Him, [ IDO1 F AR50 B 5 5 25 MG R 70 1 . ik
ELZEFERE I ARG . #EI HP n] BBl i EIH IDO1 3
IR IR CEOR R, MR LAR G, DA 2
KIER,

4 IDO1MIFHFIEB RN A=

254 IDOVEHMLE], FRATHIEMIE IDOT H 3
T DA 00 T 400 A0 NK 40 20 BE I8 8
PET AR, DT 2F i e e ki . PRI IDOT 417
HlFA AT RE T AR 52, WOGE S TR EE, 4
IR TG BOR o IDOL IR AN AT 1 Sy S g2 7y
N, AT 5 R A S T RIS SR YT R
WE IR

WIFFE 2 B0 BV ) R S B BRI AR 7 2454 N
VIR A T, T DA S R S R v A
HIZET (Immunogenic Cell Death, ICD), MIfiiHEss

PO e 1 PE, (A2 1CD VE S 4H i B T ik
M40 g (Cytotoxic T Lymphoeyte, CTL) 43 i 11
IFN—y 2x 84 1 IDO1 Y 335, AT Fie AR 5 98 1o %5
JIT LAREAR IDOT 235 AT LA 58 b g 1) B 28 i 2%, OF
AT 2SR ICD 1™

Andrea 25 7E NSCLC B F PR FPEPE T [H 1
1 (Programmed Death 1, PD-1) J&J7 A M7 T trp
A kyn ¥R B, DA 3 FUAH kyn/tep SV IDO 364, BF
FERIIDO T ML 5 PRI 7 R A G, Rl 28
B kyn/trp FGAEL AT DA TR PD-1 3897 BT 250, %
WL PD-115c5 1DO 4 il 50 7] BEJH T kyn/urp HUAE
My .

HAi, A —#4r 1IDO1 | 5 41 Epacadostat F1
BMS-986205 55 CL 2 AR BL (W 1), H i
ARA I BT e 25 . fERT e —28 1710 i R
UG E 2R T IDO S50 i Rt A2 2k, (B
T W 30 P R 5 3R 1 I PR g v, DO
i 51 epacadostat 1 PD—1 il Bal pembrolizumab B4
16T 5 pembrolizomab L2567 AH L, I A BoR
R AR, T0T7 4 R IR B FU =,

SN, REIFARILFTXT IDOT 411 il 575 ) F
g8, TR E 2R F RS AE TR 1 AOK 25 A R DO
FHGA A BRI AL, K IDOL IR R 9k 259 5
5 00 IO MR A0 LA T 3R T RN T Al T 24
Yy, Jesh Jiady . OERIRYT RO SRR A A B
PR RBEIRYTRCR o W IDOT 341 550 99 K 25 ik
A GG A s TR ) O [R1 S R . A
REESEIT T — A A K AR TT LATR] i 32 26 1DO 1)
M (NLG919) HfbS7 254, i NLGI19 a4
SRR, A IDO 375 14 30 5 Sy 41 1 e g A A
B I LD R R AR B AT 25 e
i Ted BB A AR, il R S IR AR T R
JHIed e, O aE A TS IR A R A T T AT A
(PNITETE 3 Sepie V€ -7 XA WZil Ny
T A AL B 5 BT ) NBS—1MT 2 56 85550 F IDO
TR R E5 G, REE A b R B A A B A
FERCAAE AP 5, DA 1 iR 0 g SR i 1 255

F35b, TDO [ AEAL (5 IR 1T R IR AR i
SRFRARIE I B, AR IDO 1] 77 BELIET T IDO1
ik, (HTDO i B A ] 58 A& # i e AR EEE ]
| AR i g A g I A KON R, R
IDO1/ TDO I 75),  Al LA v AR e #64 IDOT 410 il 551
T RIE H A AL, 7 RIEEAE IR YT 103 VS
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F1 IDOTHIHIF R I AR iX 3

Compound Phase Tumor type Status
Epacadostat I Rectal Cancer Recruiting
I Glioblastoma Terminated
Fallopian Tube Cancer; Ovarian Cancer ;
I . Active, not recruiting
Primary Peritoneal Cancer
I Solid Tumors Terminated
Fallopian Tube Carcinoma; Ovarian Carcinoma
/1 ) ) ) Completed
Primary Peritoneal Carcinoma

/1 Solid Tumors Terminated
I Sarcoma Active, not recruiting

I Melanoma Completed

| Lung Cancer Completed

I Gastrointestinal Stromal Tumors Completed

Metastatic or Unresectable Gastroesophageal Junction or Gastric
Completed
Cancer

I Head and Neck Cancer Terminated

I Urothelial Cancer Completed

I Melanoma Completed

BMS-986205 I Glioblastoma Recruiting

I Healthy Volunteers Completed
/1 Stage Il Hepatocellular Active, not recruiting

/1 Advanced Cancer Completed

/1 Melanoma; Non—Small Cell Lung Cancer Completed
| Head and Neck Cancer Active, not recruiting

I Melanoma Completed

Il Urinary Bladder Neoplasms Completed
I Advanced Gastric Cancer Active, not recruiting

SHR9146/ HTI-1090 Tumor, Solid Cancer,
I Active, not recruiting
IDO1/TDO dual inhibitor Metastatic Neoplasm Malignant
1 Advanced Solid Tumors Completed
Solid Tumor; Non Small Cell Lung Cancer;
LY3381916 I Terminated
Renal Cell Carcinoma; Triple Negative Breast Cancer
NLGS802 I Solid Tumor Completed

B A PR T 5% G RIS 4548 2 (hutpe//clinicaltrials.gov)

] A GRS T I AR R I AN, R AR
SEA T HA I JE B B A2 R (Paclitaxel
PTX) Ti24 PEG-SS-PTX, 3 LA A #4228 1DO

I CY-1-4 H145 PEG-SS-PTX/CY-1-4NPs, 7F
A PN S 255 R 2 W R S AR s 2k K, FRAIR
IDO 7ERRE L AU Y =ik, 7EIR 3 KAt e 2R
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(14 [ B RIS T L7 25 B 25 2 79

[l 5t 55 9 (46T T L SR VD IR 28 A2 B2 i 1
B FE AT, kA AR 24
—£, M HWRIEE AR IR, e s
AT B AL A IDOT 4 5] A B ARy it
AR AR

5 BRESRE

B R, MR S, HETRA R
REIRIT ARk T —E B AEfAE, 1
JEAR2E ANFEAAE A H, Q] 5 IR A 96 200 4 92 06
P KAPEIRTT 52 45 NI [ N AR B AR N %%
TR, IDOT AT LA 00 T 240 1 NK 4 i
AE U0 IR 19 M T 200 B DA T AR b g S e ik i . B
AR KRV IDOLFE B RiL, HS ARG
&, 1 H IDO17E EBV A2 B i K HP Ji e 45 H
A S K I B B R B AR . TR
IDO1 & — A% B 98 & 2 & i 24 B Be i v 7
(I REIRTT RS o RIS RIS | SRe A e 5 31 it 551
B sh 14T R A AR A T ek R AR
FVRTTROR . BUAR HET IDOL 0 70 I R 9T 25 SR
AN GINE, (HREE AT — 2% IDOT A4 FHL
il B G B A B TR RV E IR A SE , AR
N B AR EZE Awsi DA d Dl e 4 Y=g K|
R ZRaT I XBG, MESS T 20 B R HE
RAAFH AR

& & X Wk
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