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Abstract: After decades of unremitting efforts, tumor immunotherapy has made significant progress. For
patients with advanced cancer, significant clinical benefit has been achieved by blocking the T-cell immune
checkpoint PD-1 or CTLA-4 receptor, significantly extending patients’ survival. However, in the unselected
population, the overall efficiency is still less than 20%, so it is necessary to explore new immunotherapeutics
and treatment models. Small molecule-based immunotherapeutic methods have significant advantages in
pharmacokinetics and drug utility, showing potential in early studies. This article will review the current status
of small-molecule immunotherapy for tumors, in order to find more precise targets for immunotherapy.

Key words: Tumor immunotherapy; Small-molecule inhibitor; Immunoregulation

W OE: 23)UTEORME A, RS T CRET TSR, A TR E S, @ T
S it B SPD-1RCTLA-4% 4k, SRATERGIEARS, RHEKRTEHFOAEN. Am,
ERBRBGATEP | BIRHEENTRR20%, HLERIREHB N RIEET HMWAEAEX, AT
DT IRk, EARDAFFRGEHEARTOELAZERY, ETHHATRETHET —E

=
'-Q-/T\

g .

B KSHE TG DT I IRIAT SRR, B FRI A R0 I BT 5

KB MBI ST DT ArRIA A
FESZES . R730.3
XEkFRIREL: A

0 3|

B REIRIT IR 28 T I G o7 ey Bk, 95
T R e T A AN IR S IR YT 762013
AERE (RH ) Ze B PR M AR EE R e R
B A IR & wos ME KB 1, IFH
H20114E LIk, 2R e i & S il 7 2 #FDA
L F MG Y, PD-144i] I Nivolumab Fl
Pembrolizumab, CTLA-44Ji{i|7|Ipilimumab, PD-L1
JkIF DurvalumabZ5® . i FPD-1/PD-LIHi A TE £ fi
Jibsg R EE B Y 7R H S CTLA-4BT AR AR L ey
FHIAS KL B AAR, DRI 92 e b i aE
AWHRA, /N3 T RIEIRTT B0 s R LS

ML ZT, /Ny Sz s il il 2 DL LA
s (1) BIRAEYRIMES; (2) AEH5E
Ba B aE PR Ly, Al EE R AR, AR T R
Ko (3) /N TR AR . Ik, /hrr

im B

TR AL
B A

fEE R
F I AR

2019-01-22; {&EHEA: 2019-05-14
050000 & %5, TIEHKFEwWE T

A (1992-) , %, ME, B, ERA

FERLFH S (IR BR 55)#RIRFZ(OSID) ;

255 RAW o T2 Z M HAT BN R E B AR
F, IF ELIESZM A S hy T St £ 55

1 NorF B =7
1.1 CA-170

CA-1702 Hij il R A 2 — At 2 i ——
Rl LA T i A= 0 T 04 708 3 B 92 A6 DN s 41 11
R, T e ] SR A A SRR P M SE T
f&-1 (PD-L1) FIT4HALIE L S BRE F il v
Iz, ( V-domain immunoglobulin suppressor of
T-cell activation, VISTA ) , Sk XCHE & #1151
CA-170 R 5@ i M PD-L 18 VISTAA X5 S e T
Y 3G5E, DA FIFN-y (y ) /9=
S CA-170% H — WK H & 2571 2 25 8/ B 16/
F1078 8 R il L A6 8 0 e, 4l /N RS i i
TR A KT, CA-17038 2/ H HUASHT Y I
IRE4AE, MK TFIETT R 1006507 nl it 52,

PLEBFFRERRT, CA-170 A7 5PD-1HUAH Y
T, 20164F, CA-1T0BUN S — i AU SR
AR IR I RIS B S i6 7/ N . SR
MM, KT CA-1T0MI AL A EE5 A i A DLAH A .



AYEBRG 38 ZY2019F 55464525887 Cancer Res Prev Treat,2019,Vol.46,No.8 * 747 -

1.2 KGR B 55

BEWTAG 22 o it Rl A gl oy e — i e
(R 1G5 IR PR BT T e T RE Y I . KEAR-1, &
— PP Al K A 2R A 8 2 R PR 28 1) s I il
A] A BEIR IR A0 ( myeloid-derived suppressor
cells, MDSCs ) i fifvJed AH 5 5 1 24 25 S 2 41 o)
PR 20 LR BT 2R 5K o A SR 2 T4 i e Jie A2 44

(T cell receptor, TCR ) H1CD3zE AT 1

PRI, e A B 5 v ok 2 R - 1A T B 55 1 i
AT AN RS D RE™ S A 2R B 1570 AT L3 i 15
S & A (inducible nitric oxide synthase,
INOS ) fih & I e 4, B 1 40 RN L o 1Y) 7
AL RN . UL, KA RREE 1 FIINOS AU
AT f 2 A A A IR SR VAT B e iR
NCX-4016Z—FhBi] ] VCARIEAUY), 8k ] [A]
B PRS2 R- L FNINOS,, S AT et 1A N e 1 g
R JE A BRI B A AL A K
WIRERAT-38, %A A WAE R It St H B g 0
PEU L (E R T L SRR IR, Y24 R 1kiA
WAT B TR X A P 52 7 vk B I R I A&
X, AT e S ORI S R R
1.3 TP E LR sl

TR ILH A FE T ( stimulator of interferon
genes, STING ) J&—F e R/ N> T#80R, &
SO TE R A OC LA, anrE MR . g
SR L A bR Rk . AR BT N DN AT 5
HH 522 S FE R 4 S B0 5 IR AT R A i ( Cyclic-
GMP-AMP synthase, cGAS ) 454 J5TE icGAMP,
2 e 2 e 2 AE SR BERT, cGAMPH] 455 -0 Y
JR M P EISTING ., STING AL S 308 3+ 1 11 #%
Hfi, S TR (interferon, INF ) Fl40fif [ 1
PRIk, IR TAIMLRRERTEAL, SEm A g
At STINGE E ] ARE A R AT IR

(CDN) i, a4k, &tk T XL

Sl R IR AT PO i CONBR ACBE B R 117 AE
YIRBAUSTINGHY N IR PERC A cGAMP, T
STINGH# K, WP, Har, 20F
PR STING# 3h57] ADU-S100/MIW815FIMK 1454
Ak F IR R g . [ IRAT STING 8 751 1 i
PR F B PR NS, XS TITER

FAE R N R ST B SRR AT PR MR
THEXLSTINGH SN =BG R Hm L, N
Pix —[n) i, i, Haagf5'" W& H— R0
STINGHII ], AR STINGE B 4 &
) AL R MR 57K, S LASTING g $E AR 1 i

IR R OB LK
1.4 TLREBhF

TollFE~Z14& ( Toll like receptor, TLR ) &—#f |
RIPSREAE T, R R IR P S I B B A2 4
HAPUR R AN 3R, T30 K& A A 5
PRAE A F I, PRGN LIAR I S e N 2,
R T AR T S TR I T AR

WE, TLRIGNIEMEBCRZ R A TR EE . 4
WA R Z A2 1, R EERNA
MR : BITM (poly I:C) (TLR3), fF
Z B (TLR4) F1&H 5 AL A9 Cp G SE I A% 1T IR
(TLR9) . HAETHSCIm K E 2 2440 7 TLR
(TLR3. TLR7. TLRSMITLRY) fyikzh, 3 H1E
IR A DG 92 AR R B B — 7 s . TLR7TAITLRSHE SN
7] T SR 3 LA R A AN B SR A AR TS
Ak, INHIFETTPETAMY (regulator t cell, Treg) [FEAL
e RAFIHATIPIEVE . WKnsnds by —Fi /N4 58
&Y, BVETLRTAITLRSHIFLSH ., s s ]
FENTLR7ANITLR8E S, T 1997441200444 FDA
M FH TR B PRI AN s A Sy s

SR, TR SN A AAAE—E iR BR 1, 7E4>
S HITLR7/8¥sh I, Al fgss P ™ dE A R 2
N, AT 5| kB R A R R, R R R BR
TEMTIRRI A [, R FTLRSH A A
Wtk . FETEATHI T . KRS e P 22 S5, B
WA AR AT AL PRI 09 1IR3 TLRIE 5
BRI, A2 AT 1 IR/ IN - TLRISN -3 b
1.5 NKG2DFg A5 55

NKG2D 2 —Ff [T B BB 1, 80
TR R IR — SRR B A8 F A Rim, JLT-Pr
HIE A (natural killer, NK ) 431 (2
FEAEMEZ ) ¥EIANKG2DP, NKG2DH L
RELEA UL L A 1 R HCE N A/B
( major histocompatibility complex class | chain-
related protein A/B, MICA/B) Al A E 4l il £:UL16
45 4 % 11 (HCMV ULI6-binding protein, ULBP) ",
JUT-AE AR BT AT A1 280K U5 0% o Jgg 4 A A [
FERIZRR, X ERS L RNKG2DE AT b5 21 it
LT AR, AT LA SR NK A ik g 248 i 1) A5 40
YER o — 2T Mg w8 FIET7 A 254 (40 800K s
WE R . ZH AR 2 ST AR T R TN R A
WA K45 ) fiEfg I IRINK G2 DD ATE i 2 i
TR IRH, BuAh, SRR R IR
Zhgt ] FJANKG2DEA R L. Hi24 Rk,
NKG2DAC A7 551 i A A AR . NKG2DRAL



« 748 o ADYBBRG 38372019 F 2546455588 Cancer Res Prev Treat,2019,Vol.46,No.8

WRBWREOLRE S, 25 MKRMEY], 52
XTNKAH L K NKG2Dis 35 #6178 2 i SERiit 5%,
PE— PR R ENZ N R , Xl R & &
XA S NKG2DEAR I 258 LK
1.6 IDO1HI5

ng|Wef-2,3- XU 4§ 1 ( indoleamine 2,3-dioxy-
genase 1, IDO1 ) Jf&—FiJi-4h k45 kDaf I 2154
ARG, ©le A mR- KR AR ) —
ol S SR 00N 420, L E I S R 1 e ik
WM B2 Treg vl X TAI ML B9 76 1k |
S HE 20 B DR A AR AT SR RT DT S 3
T A DTER . IHIDO 14 1 Trp /3 A G S
AR T ( Tregs ) M6, a3
TGEIDOL,  Jifygs 200 i vl LA 25l b st 1 2 1 f g2 i
Mo I, BN TIDO MG 2w % &
HGRE IR B ARG R B

H20034E IR & BIDO1 2 5 I ke A= LA,
CAECT RN R s, (Hae Sk,
HAASHE & IEE TR IR, Wik, H
., DIMTEZH FIRIT BRIk it . 2k
BEVE LG | TR S i AR L A
N AN SN e A C e D NE | VAN i )
Jii9 , IEAENewLink 5 KA w #6471/ 10 #IG IR
5%, INCB024360 ( epacadostat ) 7EIncyte 23 )
PEAT I T/ TG R 5, T — Ik DL S
BAPUARLE SR M S RS R . R, B
T 04 TR IE R E ECHO30145 5 i /s Epacadostat
5 Pembrolizumab k&5 A Jr B 508 5 A
PembrolizumabAf Fb 3 JC B 0, HIZFHZA
A A2 E T EpacadostatiGy 7 IR I bRz o . SkBi
i 0 4T A 5 Al D T  A  LA R 1%
25 Y FIPD- 1] FINivolumablk A 167 I /N A i
a7 RISk 2508 f bR 40 9 0 98 0 TIT 39 e AR 3 6,2
GDC-0919 %' [& 28 w3 HAUSCW (1 71N 43§ ID O il
R, PLFDAHLMES Z A wlHEH I PD-L14 A 2,
Y Atezolizumab £ FHEFXT SEAARSE & HEA T T Bl
PRIRE: (NCT02471846 ) , %l KRB A 7L AT
H, BTEPRA A TR S . R, PN AR
/55 =ARIDO 14157 PF-0684003 ( EOS-200271 ) il
BMS-986205 (ONO-7701) Lk A T il AR By
Bt. PF-0684003 EFE#AT | Wl KIS, F2H]
FIRYT IV G ST 44 i v ki T 2% ) 25 e o
# . BMS-9862051F fEBristol-Myers SquibbZ\ ] f
HEAT T/ 1 SRR E R TR T A

ID O 14 4l FUATS Ak F il PRI 50 B B, B4R

=1 AFlaAR T EAIIDOHNFIF
Tablel IDOI inhibitors used in clinical trials

Clinical trials

Drugs IDOL ICs, ICs

phage
DIMT >100pmol/L 1.5mmol/L in HeLa /1
INCB024360 72nmol/L 7.1nmol/L in HeLa /1
GDC-0919  13nmol/L 750nmol/L in F-REX-293 I
PF-0684003 410nmol/L 70nmol/L in SKOV3 I
BMS-886205 1.7nmol/L 3.4nmol/L in SKOV3 I/1

Note: Data were sourced from ClinicalTrials.gov (www.clinicaltrials.gov)

ECHO-30 13058 (1) BT 285 S 4 A BTk 2, (HiR T
IDO 57 W] GBS0 5 S e D Ak, BUAE TR
WG T B i e FERPEIRTT O, i — P IRE
IDO L il 3] 15 AL ek 8 245 4 1) e PRI B B =
T AR Bl ) A= W2 R, 3% 3500 A M A2 i
TR BRI IR T A K J FE O
1.7 IREE RS 57
CBP/EP3007R 25 f 3 il & /Ny T iR 7
() — BT i o TRES AR T (5 A 5 AL R i A s
K MR A PR S A B b & 1,
AR LR YL T AT et i, /IVorF-CBP/EP300
TRLE FA SR 70 L el s R R S e )
WL LA AN BRI T, SR NK 4 AT 4 A
FENIRE A R ) g N 2% . (1) CBP/EP3007R 45
Fa A 0 E 8 UE B AT REAIRFOXP3R L e AL, M
WM R, $E TregMBTIEER"; (2) CBP/
EP3007R 40157 7] FEINKG2D B AMICATE & i
e AN b Rk, AR fo R R A G M
T NK 2 L F1CDS T4 i %o Jie g 208 b 77 £ 5 A5 1 1)
B g B R, CBP/EP300TE 4 b 5 10 1l 7
AT 453 I SR 55 rp Treg 4N S BE, [RIEHA RT
PLIE R F JANK G2DJEC A7 iR 240 i 2 i 2= 55
SR NK A A AN C DS T 40 g X b8 40 it i) % 405 1
FH o 36T IR fasie /Ny TR T R — T E ki

2 BESRE

A SCRIE T — S /Ny F 2RI A, AT
BoR T E RGBT R, E R —IT
B, K2 AE X I 28 TR e BB AR
L, PREEZEAEN /N T 25 R AR
J7 R WS AR IAE Gy TR Bk 3

RIR TP BT I8 250 (W BT 4,
FHAE W HA ZR A R RO A Fd b 3
Tif 2450, AR AR 7= W i B I g 16 1k ) e A T
T ZWAEGE, B R YA MR e is 16y 7 i
WER LT BA, PRI AT 2 B0 G 45 i P A 7
B2 I SR A R E



AYEBRH 38 HZY2019F 55464525887 Cancer Res Prev Treat,2019,Vol.46,No.8

- 749

HEETEYANI 7k R, XN TR 7
TEHE bl LU SR GTAR e e i, JF Bt T
T LEY R LA SR ENTRATZm
Oy THEEAR, AT LAGEA SR A N B B R o
NG TS AR RIAR B R A R
A7 B F b A W2 Eia 7 v B SR A AN R
Wo P, FRATABEMAG, s rikf e
JECh v LR R BAR AR YT, AR R R MR
SN I R, S ARG A A A i 551 £ 10
Flws e — 29 Ko T IR S s 16 )7 1) /Ny 1
SR RRE 2 NI e Bl i Xy R )

Sk

[1] Shekarian T, Valsesia-Wittmann S, Caux C, et al. Paradigm shift in
oncology: targeting the immune system rather than cancer cells[J].
Mutagenesis, 2015, 30(2): 205-211.

[2] Ascierto PA, Munn DH, Palucka AK, ef al. Highlights and summary
of the 28th annual meeting of the Society for Immunotherapy of
Cancer[J]. J Immunother Cancer, 2014, 2: 15.

[3] Jardim DL, De MG, Giles FJ, et al. Analysis of Drug Development
Paradigms for Immune Checkpoint inhibitors[J]. Clin Cancer Res,
2018, 24(8): 1785-1794.

[4] Lafleur MW, Muroyama Y, Drake CG, et al. Inhibitors of the PD-1
Pathway in Tumor Therapy[J]. J Immunol, 2018, 200(2): 375-383.

[5] Zhu HE Li Y. Small-Molecule Targets in Tumor Immunotherapy[J].
Nat Prod Bioprospect, 2018, 8(4): 297-301.

[6] Sasikumar P, Sudarshan NS, Gowda N, et al. Abstract 4861: Oral
immune checkpoint antagonists targeting PD-L1/VISTA or PD-L1/
Tim3 for cancer therapy[J]. Cancer Res, 2016, 76(14 Suppl): 4861.

[7] LiK, Tian H. Development of small-molecule immune checkpoint
inhibitors of PD-1/PD-L1 as a new therapeutic strategy for tumour
immunotherapy[J]. J Drug Target, 2018, 27(3): 244-256.

[8] Fallarino F, Grohmann U, You S, ef al. The Combined Effects of
Tryptophan Starvation and Tryptophan Catabolites Down-Regulate
T Cell Receptor {-Chain and Induce a Regulatory Phenotype in
Naive T Cells[J]. ] Immunol, 2006, 176(11): 6752-6761.

[91 Adams JL, Smothers J, Srinivasan R, et al. Big opportunities for
small molecules in immuno-oncology[J]. Nat Rev Drug Discov,
2015, 14(9): 603-622.

[10] De Santo C, Serafini P, Marigo I, et al. Nitroaspirin corrects
immune dysfunction in tumor-bearing hosts and promotes tumor
eradication by cancer vaccination[J]. Proc Natl Acad Sci U S A,
2005, 102(11): 4185-4190.

[11] Molon B, Ugel S, Pozzo FD, et al. Chemokine nitration prevents
intratumoral infiltration of antigen-specific T cells[J]. J Exp Med,
2011, 208(10): 1949-1962.

[12] Li T, Chen ZJ. The cGAS-cGAMP-STING pathway connects
DNA damage to inflammation, senescence, and cancer[J]. J Exp
Med, 2018, 215(5): 1287-1299.

[13] Woo SR, Corrales L, Gajewski TF. Innate immune recognition of
cancer[J]. Annu Rev Immunol, 2015, 33: 445-474.

[14] Dubensky TW, Kanne DB, Leong ML. Rationale, progress and
development of vaccines utilizing STING-activating cyclic
dinucleotide adjuvants[J]. Ther Adv Vaccines, 2013, 1(4): 131-143.

[15] Fu J, Kanne DB, Leong M, et al. STING agonist formulated
cancer vaccines can cure established tumors resistant to PD-1
blockade[J]. Sci Transl Med, 2015, 7(283): 283ra52.

[16] Huck BR, Kotzner L, Urbahns K. Small Molecules Drive Big

Improvements in Immuno-oncology Therapies[J]. Angew Chem
Int Ed Engl, 2018, 57(16): 4412-4428.

[17] Haag SM, Gulen MF, Reymond L, ef al. Targeting STING with
covalent small-molecule inhibitors[J]. Nature, 2018, 559(7713):
269-273.

[18] Hennessy EJ, Parker AE, O’Neill LA. Targeting Toll-like
receptors: emerging therapeutics?[J]. Nat Rev Drug Discov, 2010,
9(4): 293-307.

[19] Weinmann H. Cancer Immunotherapy: Selected Targets and Small-
Molecule Modulators[J]. Chem Med Chem, 2016, 11(14): 1576.

[20] Ruck T, Bittner S, Afzali AM, et al. The NKG2D-IL-15 signaling
pathway contributes to T-cell mediated pathology in inflammatory
myopathies[J]. Oncotarget, 2015, 6(41): 43230-43243.

[21] Bahram S, Inoko H, Shiina T, et al. MIC and other NKG2D
ligands: from none to too many[J]. Curr Opin Immunol, 2005,
17(5): 505-509.

[22] Porter DL, Levine BL, Kalos M, et al. Chimeric Antigen Receptor-
Modified T Cells in Chronic Lymphoid Leukemia[J]. New Engl J
Med, 2011, 365(8): 725-733.

[23] D3 lf, RAEM, FEEE, 55 WS HATKS6241 fINKG2D
BEAR B 1 S HALRI BT [T]. AR i~ 225, 2014,
35(5): 438-442. [Ma LD, Zhu ZC, Lu XZ, et al. Up-regulation
of NKG2D ligand ULBP2 by matrine in K562 cells and the
underlying molecular mechanisms[J]. Zhonghua Xue Ye Xue Za
Zhi, 2014, 35(5): 438-442.]

[24] Muller AJ, DuHadaway JB, Donover PS, ef al. Inhibition of
indoleamine 2,3-dioxygenase, an immunoregulatory target of the
cancer suppression gene Binl, potentiates cancer chemotherapy[J].
Nat Med, 2005, 11(3): 312-319.

[25] Uyttenhove C, Pilotte L, Théate I, et al. Evidence for a tumoral
immune resistance mechanism based on tryptophan degradation by
indoleamine 2,3-dioxygenase[J]. Nat Med, 2003, 9(10): 1269-1274.

[26] Selvan SR, Dowling JP, Kelly WK, et al. Indoleamine 2,3-dioxygenase
(IDO): Biology and Target in Cancer Immunotherapies[J]. Curr
Cancer Drug Targets, 2016, 16(9): 755-764.

[27] Austin CJ, Rendina LM. Targeting key dioxygenases in tryptophan-
kynurenine metabolism for immunomodulation and cancer
chemotherapy[J]. Drug Discov Today, 2015, 20(5): 609-617.

[28] Anon. Companies Scaling Back IDO1 Inhibitor Trials[J]. Cancer
Discov, 2018, 8(7): OFS5.

[29] Ghosh S, Taylor A, Chin M, et al. Regulatory T Cell Modulation
by CBP/EP300 Bromodomain Inhibition[J]. J Biol Chem, 2016,
291(25): 13014-13027.

[30] Conery AR, Centore RC, Adrianne N, et a/. Bromodomain
inhibition of the transcriptional coactivators CBP/EP300 as
a therapeutic strategy to target the IRF4 network in multiple
myelomal[J]. ELife, 2016, 5.pii: e19432.

[31] Romero FA, Murray JM, Lai KW, et al. GNE-781, A Highly
Advanced Potent and Selective Bromodomain Inhibitor of Cyclic
Adenosine Monophosphate Response Element Binding Protein,
Binding Protein (CBP)[J]. ] Med Chem, 2017, 60(22): 9162-9183.

[32]Abruzzese MP, Bilotta MT, Fionda C, et al. Inhibition of
bromodomain and extra-terminal (BET) proteins increases
NKG2D ligand MICA expression and sensitivity to NK cell-
mediated cytotoxicity in multiple myeloma cells: role of cMYC-
IRF4-miR-125b interplay[J]. ] Hematol Oncol, 2016, 9(1): 134.

[9REE: 455 Bxt. il

{E& Tk

SR PR & - 20 S
= T, IBEE
SO KSR



