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Advances in research on inhibitors based on targets: IDO1 and TDO
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Abstract: Indoleamine 2,3-dioxygenase 1 (IDO1) and tryptophan 2,3-dioxygenase (TDO) catalyze the initial
and rate limiting step in the catabolism of tryptophan, which is related to tumor immune tolerance and poor prognosis
in patients. In this regard, two enzymes have become important therapeutic targets for tumor immunotherapy. So
far, nine IDO1 inhibitors and three IDO1/TDO dual inhibitors have entered clinical trials. This review summarizes
the research progress of IDOL1 inhibitors, TDO inhibitors and IDO1/TDO dual inhibitors from the perspective of
medicinal chemistry.
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Figure 1 Indoleamine 2,3-dioxygenase 1 (IDO1), tryptophan 2,3-dioxygenase (TDO) signaling effect or pathways

Figure 2 The crystal structure of IDO1 and hTDO. A: IDO1-4P1 complex (PDB code: 2D0T); B: hTDO (PDB code: 5TIA) monomer; C:

hTDO (PDB code: 5TIA) tetramer
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Table 1 IDOL1 inhibitors in clinical trial

Phase Compound Identifier Disease (s) Organization

Phase Il Indoximod (D-1-MT) NCT00739609 Melanoma NewLink Genetics
INCB024360 (Epacadostat) NCTO03374488/  Urogenital cancer, non-small cell lung cancer, renal  Incyte

NCT03361865 cell carcinoma, head and neckcancer, melanoma
BMS-986205 (Linrodostat) NCT03661320 Bladder cancer, head and neck cancer Bristol-Myers Squibb
Co.

Phase I PF-06840003 (EOS-200271) NCT02764151 Grade 1V glioblastoma or grade 111 anaplastic glioma Pfizer, iTeos
GDC-0919 (NLG-919) NCT02048709  Solid tumor NewLink Genetics
LY-3381916 NCT03343613  Solid tumor Lilly
KHK-2455 (structure undisclosed)  NCT04321694 Urogenital cancer Kyowa Hakko Kirin
NLG-802 (structure undisclosed) NCT03164603 Solid tumor NewLink Genetics
RiMO-301 (structure undisclosed) ~ NCT03444714 Solid tumor UChicago,

RiMO Therapeutics
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Figure 3 The structures of IDO1 inhibitors in clinical trials
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Table 2 IDO1/TDO dual inhibitors in clinical trials
Phase Compound Identifier Disease (s) Organization
Phase I  LPM-3480226 (structure undisclosed) = NCT03844438/CTR20182328 Solid tumor Luye Pharma Group
Phase |  DN-1406131 (structure undisclosed) NCT03641794/CTR20181583 Solid tumor Shanghai De Novo Pharmatech Jiangxi
Qingfeng Pharmaceutical
Phase | ~ SHR-9146 (structure undisclosed) NCT03208959/CTR20180342 Solid tumor Hengrui Medicine
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Figure 4 IDO inhibitors with imidazole scaffold
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Figure 5 IDO inhibitors with benzimidazole scaffold
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Figure 6 IDO inhibitors with imidazothiazole scaffold
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Figure 8 IDOL1 inhibitors with biphenyl carboxylic acid scaffold
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Figure 9 IDOL1 inhibitors with quinone scaffold
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Figure 10 IDO1 inhibitors with indole scaffold

W48 A, 5 Tyr126 2 pl o-o A0 BLAE F; Bt 1 ) NH
15 Serl67 J AU B 5 CURE A S i 152 2k A1 4w A
] — AN B B K M 148 kR 5 Phe270 JE i - A
HAEF; v R T 5 Arg343 T R A BN, X b
SEARLE, I BT R TR A LR

BEAR, JERIRFWIRIRI AW (46~48, & 11)15052),
ICy, %3 1 42 36 nmol-L1.0.22 umol-L*.151 nmol-L*, Ky
IDOL MfIFRIHL AL T 2 B 1 45 4, 767k PY S 56 g
FFIR AR . 20194F, Xu £S5 F R S0 0 425 Fr) S S,
SEA AR RN 2y R T VR R BT R L A
AW, o F X H i Mg BA w1 i 2 T 5 Bk it 21
RAG, WAL O AT, BN R4S B
o, Hb 4k &9 49 (1C,, = 84 nmol- LY 3% M e iif o
4.2 TDO H&IF

5 IDO1 #H Ek, TDO H 4R TE 1930s 4F 5t #i & I, (H
BLF 2011 4, — UG R AT 78 A 1E 20K TDO 5 hE Bk
FERO, LR O A MR 2B bR . H ATE XY
TDO HIZEBIH FATI AL T-HILERY B, RG> & TDO )
IR TE . SO AT ARG IR 45 84 AT 87 A .
421 WMREEH) HTDO KILLLK, D53t T e
B A Yk Ak BB TDO 01135 EB557, 1995 4E,
Salter ZB8IJF 7 — ZR A 3-(2- (ML IE L) 245 5%) gl
WA YIE RN TDO/S-F4 (i fik B4 B ZH & 40 il 77 F TR 97
AR AE, H A 680C91 (50, K 12, IC,, = 0.28 pmol-L™Y),



<1272 - 254 Acta Pharmaceutica Sinica 2021, 56(5): 1265 -1278

0 o0
= IN H\N,\\S/’
Cl o = /Ej/ H
H Br NH
N
H H
46 y
3 BMS-986205 IC5p = 36 nmol-L"!

IC5p = 1.7 nmol-L"!
SKOV3 ICs3 =70 nmol-L"'

Hela ECsy= 68 nmol-L"'

/4
N N
47 N N
1C50=0.22 pmol-L"' H H
HeLa ICs5= 0.1 pmol-L"! 48
IC55 =151 nmol-L!
- CN MDA-MB-231 ECs,= 48 nmol-L"!
| H
Aoyt
9 F
49

ICsp = 84 nmol-L"!
Figure 11 Other IDO1 inhibitors

B FRESRELE TDO B H 4 B AR S vE P (K4
930 nmol-LY). AR FEAR, LA BE 22, REAT T
RIS . 2011 4F, Dolusic 25590 680C91 5 XcTDO
(BT 3 =% 35 PR M B TDO) HEAT 70 F X 2, S W] R 11
NH J 4] 5 7% B His55 T Rl H 4 A2 e 15 W BE, 3- i ng &
)36 AL AN S8, I 45 5% 2 Thr254 (1) NH % 1%
Hit, JET IR Dolusic & T 70 2428104, 764
HL 7K 52 TDO M filiE v . HROE R g R
Wl SR AR FFTEVE AT L 75 450, NH 2 5 T2 BUaUE, A
AR AR BEAZ 547 51 6 1 B F HUAR B A BB B 7%
P 5 £ 3% ey e 2XOBU R Bl b g T DLOR B2 V5 34
W 51 N B E A P ik A, T 5 ke i e ek S A FH
IS AR E . R3] 1A 78 B 1
BORF, ABATS o 3 2 =% R AL A P 1 TDO 4
W . A DML ) LM10 (51, 1C4, = 0.62 umol-L) Al
ERIEML AW 52 (1ICs, = 3 umol-LY), 35 1 42 50 A4 53,
HEA S8 I B S 40, RIS AE T (logD, 4 435
50.2 F10.6) - = i fife B AN i A 1, il 2 LM10, B
AR O RAEYREE. LM10 HHLmid i =i
P A B B 70 IR g8 254, T2 I PR AT 52 56 ik BoR
H A R B 8 i T
2016 4F Abdel-Magid Z5£E945 (% T — & 71 3-M5| Wk AT
W), DAL 153 (A172 IC,,= 27 nmol-LY) F154 (A172
1Cso= 26 nmol- L) 40 7K1 3% 1V e i o (BB R 4
TR L AR R FE B AN IR s PR R 25 R AR A T

__COOH
2
N
H
50 680C91 51 LMI10
ICs5o=0.28 pmol-L"  ICso=0.62 pmol-L'  [C5p= 3|.1molL'
0 o
§=0 O =0
NH
i }NHZ

[
¥ H

53 54
A172 ICs= 27 nmol-L" A172 ICsp=26 nmol-L"

Figure 12 TDO inhibitors with indole scaffold
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Figure 13 TDO inhibitors with naphthotriazoledione scaffold
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Figure 14 TDO inhibitors with aminoisoxazole scaffold
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