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Research progress on resistance to tumor immune checkpoint blockade

LI Canrong, XIE Xiaoduo™
(School of Medicine, Sun Yat-Sen University, Shenzhen 518107, China)

Abstract: As research progressed in the fields of tumor immunology, cell biology and molecular biology,
tumor immunotherapy have evolved fast in both basic research and clinical application, which has become a
major way for cancer treatments. Tumor immunotherapy is the method that can promote tumor-specific
immune responses in the human body, either actively or passively, enabling the suppression of tumors. Immune
checkpoint block inhibitors, adoptive cell therapy, tumor-specific vaccines, and small-molecule immune drugs
are currently the most common types of tumor immunotherapy methods. Immune checkpoint block inhibitors
such as PD-1/PD-L1 antibodies can inactivate tumor cell checkpoint, unleash the anti-tumor immune responses
of cytotoxic T cells. The biggest advantage of immunotherapy over traditional therapies is the durability and
broad spectrum anticancer capability. Despite that tumor immunotherapy has been applied unprecedentedly for
the treatment of various cancer, tumor immunotherapy drugs, like other cancer drugs, are inevitably become
resistant in tumor due to intrinsic genetic and extrinsic environmental factors. Here we focus on recent
progresses of the drug resistance mechanisms in immune checkpoint therapy, promoting our understanding of
the immunotherapy theory and technique to overcome the drug resistance of checkpoint block inhibitors.
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CTL)H />, HLINK-AR] DARIFH —Fhiz Z=EBeme fo
2% IR TG C 2 10 40 I i, AT 00 1) ek 983 B 0 S 1)
%ﬁ[ll]o
1.3 PTENHIE % 5PI3K/AKTIER

PTEN & i i VLB 3 4l (phosphatidylinositol-3-
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K19) )i JE Rk 3G 9 1 N 5P 5198 40 i o 5 Wnt/B-
cateninfis 5 i % AH X [ImRNA [ R IA K, $#R
K190 LI i #4375 Wnt/B-catenin{s S8 %, {1k L
B ORI I R A R B F A, Zhang®ERT R
L, IHI Wnt/B-cateninid 1% w] 4 {1 51 B J 410 B %)
enzalutamide 5T U . ZE I, #[7 Wnt/B-catenin
5% ] el v IR S Va7 B JEUR 3 S
3R A5 VTR 2 0 78 AE Hh o35 e ORE R I R
e
1.5 IFNS S8 &

IFN-y 15 5 38 2% 15 8 G 28 V6 77 i 24 1) % 1 b
RAERBEMAER, EPUMIE % I B BEE A H
FISZ M A AR 52 . IFN-y7ETME H 3R 18 3
i 1 Janusi i (Janus kinase, JAK)(E 5 # S5
W% R ¥ (signal  transducer and activator of
transcription, STAT){&*5, M T T PD-L1[1J#%
T o TR 4 RN P 2 AE T 20 R A AN AR X
ICBsRYT B S5 R R 25 WL, 58732 (1 72 Xt fib
Je S I SRR BT LA o



NN, S R o BEAGL EE R T I 2 AL AR R T - 869 -

20174F, MangusoZ: ™ RIL, YMIGIFN-y3Z 44k
15 5 10 B AH 5C B B 119 6 DR A2 458 F HUPD- LA g %
BRI I B AR B PR vh e R B . AT
ORI T —ASF iR T ——PTPN2, E7]
PLIE 3 g B — b 2 1 5T R B X TEN-y 2 A5 5 1)
BURNE . 20194F, 1ZPBIBA St — 2RI, ¥
HIADARI(RNA-specific adenosine deaminase RNA
specific) & K mifk J5, ITFN/E 5 18 B 0m M K
I 28 58 7 R Xt G 2 VR TT 25 ) I U E R . B A
KW, ADARIZEHFHBIFNSG S, (L fk
WEEC . TEADAR IR I iR v SR S IR 9T
Ja, BRI A K 2 BRI 51 R AR NP Gao
SRS, IFN-yf5 588 16k S HCTLA-4I6TT
BB R AT 256 55 . 5340, e 4 i K A7 AE
FITFN-y 32 7445 5 7] LA S X ICBs IR T HI T 24
Mo BRIEAF R, IFN-y[) 29 B 7
A SR RO, B 8 AR Gt ] DA A R A7 i R
i
1.6 MERINE S RERT T2

Tregs & — Bf AT G 72 41 Tl e 10 T 410 i 3
T, 30 400 1 470 ek e B 5 S I AV 2k e e ) o e
SawantZPV R L, Tregs ] LAF#ZEIL-108KIL-35, &
BT AR ELAE R A2 T CD8 it 8 12 i vk B 4 A
(RFEE , AT BR ] 1 0 98 g8 B L R RN o A7
WEFCRIL, 98 A Tregs #6352 HCD8™  TeffAH 5C4H
JH PR §- TF N -y #1 i 988 PR JE R F--a(tumor  necrosis
factor-a, TNF-o)/MF 1, HiXFhIeE N Tregktis
ANJe T FRIA RS, T2 G 5E AR
T2 B P R B RS RKDY. fiE, Wang
SEETRIL, CD361E Ny —FhE E QU0 B4 T
A LLikTregs4f M id B FLIER K P I TME, {2 it
TregsfETMEH (4715 FIEE 4R

BERMMZ 5 T % R 1 PR %
o SR AE K 22 B0 G Ve b g i v, BB R4
i e 4% 2 Ak SR BE AT A8 0 1) 14 41 Bl (myeloid-derived
suppressor cells, MDSCs) M T i 21| G 2 $ il (1) F
e TMEHMDSCs 4775t 5 i 8 G 6 97 197
HHKY,

FAE20164F, EilSE IR I, mvk e
T ANHI TR RS, T eI ML 2 — 72 ik
B BB B TR T 4 B X E IR R U . AR
M, BRKMAVBRSEH TR, (H25T4

FRL 4D E e R S ) 30 B 0 o B 7 Y. Yamamoto
LUURF R, BRI AT K Z EMHC- T 254)
T E W NARRE M, PR IX R 6 AT LR R MHC-
[ KR mKL, Nimsgsg 7 HyUREE.
FAN, AT, BRI R A k34
(Vps34), L “WAMg” ANy “#Hig” , M
M8 3 PD- 1/PD-L 1 BT % 22
1.7 PR S EREY

i 3 T R AE R TR B U AR . 2015
E, WIS, AR A 3 B A W ) 2H R T
REVRSE , JERE Sl IT VR0 ROE ), VétizousH
WEB, HLCTLA-4369T Ja TR N & 5 2 TR AT
B A IESATE A 5, SivanZEPHIER, fziE o X
AT B B A T PD-L 1061 575 1 470 ik 98 25 51
RoutyZ:* VR B, AR I AR 3R AOJREAE BB 35 ) e A AR
AW4E T T im45% , 38l il A B e BB 1 e
BEEHEATEURE 8T, RIS PTPD- 17 RGN
REHFE RN =g R E AR 5w 2 W . Matson
SEVSUR L, LE 6 IR 9T W S B B A B 3 i T B R
W KOOSR B P SR PR TR R BR W EK B IX L
B S R E R . RoutyZ IR HL, Xt
PR IT A W N R E R N R B R O
W, MRS %EI15 PN R IR . 2019
4, Tanoue5™ Ml HE N F&08 b4 B9t T 11 AP 4 8
WS, RIWENIREBEmE PR ES S
A CD8 T A 51 2 4 i . MoritaZe PO B 7t %
B, i B R AR ) LR AT R R 1 I § g
CXCR 121 Jifd 5 5 S T 48 5 e T2 7 25

2 B REIRTTRIIRFIETTZHLH

SchachterZ PR 72 R B, 1/4~1/3 (R
O IR AEREZ T PiPD-18FTCTLA-4367 )5, Rl
X R IR T A IR IR BRE, (AR 2R S IR YT
Joa, WAE—E M (A N 5k . T 24 1) AT R AL ]
FEAREB2ME N KA SHLAZ: G . &
ARG ARG A 0 _E . TEH B FEE A K s ik itk
S o IX B AR F AL AT B8 A7 7E T A S iR T B
FE 2 AT, IF 5 R MRS N G R T T 25 HL
HlEE,

2.1 B2MEFRT SHLAZ S HRIERE

B2MZ 5 TMHC- 1 [ACD8" 41 il 2 i 41 5



- 870 - CERRLE) 20224423551

96 e e e

PR B0 T4 B R AN SR A5 i R 40 B B
P2 B2MAE R BRI 22 S IAMHC- T 14 1E 5 47 8 A1
iz, MR AEXICBs K 25, Sade-Feldman
SEPYSF 1761 R FHICBsR T 1036 M SA 60 3008 iR 3
BT JE RS A AR AR BEAT 0 A K, 9.4% 1 /3 H
BB2MI 2 & T B AR RAR, $R7NB2ME R AT
REAZ ¥ M CTLA-4BPD- 13697 1R 8 WL 241 .
22 ERUERERESHN L

TEG R RURIT G, BT AMER, A
ek A AU IR B RIS 2 Th i, #Em )R SRS
M 24 1R 77 A

T4 4 9% 3R 55 H-3(T-cell immunoglobulin and
mucin-domain containing-3, TIM-3)&—4~ 14 G
PERAT . ABFFUKIL, TIM-37EFHPD- 1R Y7 7=
AT 2 VE ) S T ik, IESE T HIPD-14
PR T R AR 245 1) 2 SN 2 308 15 1 O T 1 4
PR U TIM-3 T Bl e b ™. Rk, ok
822 (URIE FC T 4R 5% 7 PD- LRI TIM-3 93 ot 235 1) 36
o BXCRI7 I BE W] DUER B2 PD- 1 BRAT0AE b 8 4 2 VR
S SRR R, SORT DAFT A8 AT T 24 14 R4
HITERITME, & —fh 20 A /0 5003 Y e G 7
UE T

FRTIM-3224k, B0 AR S e e A i A itk
B 40 B v 6 3 [K]-3 49 F-(lymphocyte  activating-3,
LAG-3). TS Bk B AT TIMES #3808 H (T
cell immunoreceptor with Ig and ITIM domains,
TIGIT) THH MV S A4 42k 4 % 2R 2 1 400 ) 77
(V-Set immunoregulatory receptor, VISTA)%,
CTLA-4 .51 8(PD- 1 477 /) B I 5L AR v ] &
HCD8" THMIHLAG-3/ %L LiFPY. —HL
K, BEEFATIAAMHEC- T2 % 40 i Ok 45 &
LAG-37r 1 MM FEAR T A% PR ) 32 Rk . -
MM, WangZ5P R iE gz, MHC- I SZBr/2 @it 47 4k
RAFERER AR FLAG-31E G5 il o (178 H
1. SR CTLA-48(PD- 140, XA FH I
CTLA-4HMILAG-35PD-1fLAG-3 54 F 41
I7 R

VISTAR] LA 1] TEH i 7% 2 7T LA B fih g 24
JE AR FLPD- 1 A MICTLA-440 K 10369705, G
H, AHFUIESE, VISTAR) w2 IA =2 e i
AITCBs AR ) 1= B2 R K, JohnstonZE ™V R 1L,

P-3d 5 20 2 T AA- 12 VISTAYE BR T 264 T 1%k
PeMERZ AR, T ARRE T VISTA & Wi 75 FR Y TME
N ADE T H M E M S B e R R . BRI TR
L, VISTATEFE i T4H ML 0E ok 72 b K 4% 17 AR
TPD-1/PD-L11E 5 @M KIMEH, 3L [E A
VISTAMPD- 115 5 i@ # K16 97w iE 42 1t 1 3
((EN

TIGITH AW L5 T4 E¥ICD2265% 5+, JF
5DCs EICD112FCD155E AR 45 &, M 4l
TeffHIHOE MR 40 i 22 111 =y R I I CD 155 5 NK
Y1 i AT AR R T O TIGIT 45 A Rl AR 1 T4 A %o e
AR ARG E RS IR ATRF LR, BT TIGIT
5 CD155M145 G 0] LU % iogg o 2% 199 14 T4 i 1) #6
e FE AN R A AR KT, Rk, SR TIGIT R AR N
i Treg Dh Be A/ T B e S I B i) — P& AR TA
JT ORI SPTIGITRGLEIMIGIT AL, PD-140
TIGITBE & B W7 456 980 /s R A A7 R KLY,
ZhangZE“HIEB, PHBITIGITAE S35 HiPD-1 5174
I7 AT IR /N BRIKIT AL, FRORTIGITR A LR AT 6E
JE X PR TT e AR T A ME I AL 2 —

2.3 THRERIFELS

FE 35 T2 i 1 2 WA A% AR AIE 5 280 S T 240 i A
TCTHMAFAE % 2 5, MPHEPD-1 R ge 6T
21 FfL 1) 3R WL 3 A 22 R AE R AE NI AR AL . 2017
4, Ghoneim257HIESE T I HIDNA H 34 1677 24
Y decitabine A% 4% 15 2 WL AL A OC 1) T4H il #8
ey, UF B 45 G 3R OWL I A% B 2 AR A G % K 2T it BELIBT
A B m PR IR IT T A

BMARIN, RZHRTREIAHK G
(nuclear receptor subfamily 4 group a member 1,
NRAA ) TE Y 575 5 T 4H M FE vl i R 7 5% 4 1 1
FASON, Lin VR I, Gyt 52 TA0 A L & TMEft
A B FE T 20 40 = R 18 ¥ 5k [ F'NR4A1; Chen
SIS T, NRAATFINRAA27E N BB 0 R ICD8"
TILsH 3Rk B, HHEG A5 E SNRIAZ G
By, IEWINRAAFK RIS 5 T Tregs I FE0 .

i HA BRI T g TR i T i ) — A 4
FHSRIETO o AZ A TR B T R R A7 AR AT AR
CTLs{IT-4HAukECDS" T4, 4Rk, #FFEA R
HEM, THH M 1) 55 A RAR T e Z BT
IR AN AL A A R TR 2, T



NN, S R o BEAGL EE R T I 2 AL AR R T - 871 -

T T4 FEICDS” T4 A,
2.4 EMERIETHESERRT

DU THH A X 32 025 [R50 1) A A R 5
PRI, DA 4 A R R T R ) R I kb 5%
RATG A AR 25, MFREMW, @Rz
Y SVATT A AP R T4 M 2 R e 4 R AR
PEAEREPURS . Rk, FERBK . KA RN
AR SR T e FECHPUR R K, MM T 5L
TG ET R VAT I SRTG R 24

TakedaZs W8 5], WA YTME {7 EIFN-y
i, PR R PECTLA 2 5 85t 24 Y 40 o o B 1) H
Wl BbAk, R 5 T IEN-y I 22 28 B 3 5 A
PECTL 2 S EU S5 DNAT ) [ B FIDN A% 4 /15 55 5
DRI 2 T 1R 5 AH OC 15 LA, H 7R A T 3 5 11
WAL ANK SE 1 T i & CTLATIEN -y % Ji 83 F 492 2
HHLHZ —,

3 BRESRE

bt % HCTLA-4FHLPD- 197 - AE IR 16 7 BIF 5%
PR IEUR R, IR SURIT IR T M RR T
M—Fdr. & KENERIRE, ks
BT OAE Z R AL M MR R TR R BT R4
TS, AT AR iR ITIT AL, KR E 1A
ERFIE], BT DAk B AR TR IR, IRmiE
ARG B, B Bk B K B A A7 B E AR
BRI H AR

JUE R S G A IR 9T E R N T 2 R
KA RE , (0 R /B0 I I A ) A T
DA IR R o IR S 8 6 7 5 VR T 1Y) e 28 B ) 4
03 I T 5 R A B P e R AR A IS S I A A (1
BRAETERE X, PASEEL VR RUEET X
2t S bR Hedge 5 5% 1 i e 7 v
A5 TH 5 P M TS BAE 9 380 15 R R A O 1 - A S
PPk, fhae . EEHESD IR G R o ATk
MIRT S, DB s RIX Rk . 7 o — Tk
T BT i A BRI IR A % 0 1 B A AT A B A
TR B 20T A4 SR B R

IR G B8 VA T A2 H AT B T B SR A VR
MR IT 7 3. B GBI T o T HLE B A
J&, i TR EIRIR BRI T T NIRRT
BT R0 TR, AR T AR G % VR T A i 24 3

5 L N 52 3 I FE S AT TR N X SR

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

2 F Xk

Klopfleisch R, Kohn B, Gruber AD. Mechanisms of
tumour resistance against chemotherapeutic agents in
veterinary oncology. Vet J, 2016, 207: 63-72

Sharma P, Allison JP. Immune checkpoint targeting in
cancer therapy: toward combination strategies with
curative potential. Cell, 2015, 161(2): 205-214

Barrueto L, Caminero F, Cash L, et al. Resistance to
checkpoint inhibition in cancer immunotherapy. Transl
Oncol, 2020, 13(3): 100738

O'Donnell JS, Long GV, Scolyer RA, et al. Resistance to
PD1/PDL1 checkpoint inhibition. Cancer Treatment Rev,
2017, 52: 71-81

Sharma P, Hu-Lieskovan S, Wargo JA, et al. Primary,
adaptive, and acquired resistance to cancer immunother-
apy. Cell, 2017, 168(4): 707-723

Gubin MM, Zhang X, Schuster H, et al. Checkpoint
blockade cancer immunotherapy targets tumour-specific
mutant antigens. Nature, 2014, 515(7528): 577-581
Sucker A, Zhao F, Real B, et al. Genetic evolution of T-
cell resistance in the course of melanoma progression.
Clin Cancer Res, 2014, 20(24): 6593-6604

Schumacher TN, Schreiber RD. Neoantigens in cancer
immunotherapy. Science, 2015, 348(6230): 69-74

Jia H, Truica CI, Wang B, et al. Immunotherapy for triple-
negative breast cancer: existing challenges and exciting
prospects. Drug Resist Updat, 2017, 32: 1-15

Lin A, Hu Q, Li C, et al. The LINK-A IncRNA interacts
with PtdIns(3,4,5)P3 to hyperactivate AKT and confer
resistance to AKT inhibitors. Nat Cell Biol, 2017, 19(3):
238-251

Hu Q, Ye Y, Chan LC, et al. Oncogenic IncRNA
downregulates cancer cell antigen presentation and
intrinsic tumor suppression. Nat Immunol, 2019, 20(7):
835-851

Peng W, Chen JQ, Liu C, et al. Loss of PTEN promotes
resistance to T cell-mediated immunotherapy. Cancer
Discov, 2016, 6(2): 202-216

George S, Miao D, Demetri GD, et al. Loss of PTEN is
associated with resistance to anti-PD-1 checkpoint block-
ade therapy in metastatic uterine leiomyosarcoma.
Immunity, 2017, 46(2): 197-204

Kalbasi A, Ribas A. Tumour-intrinsic resistance to
immune checkpoint blockade. Nat Rev Immunol, 2020,
20(1): 25-39

Ali K, Soond DR, Pineiro R, et al. Inactivation of PI(3)K
pl103 breaks regulatory T-cell-mediated immune toler-
ance to cancer. Nature, 2014, 510(7505): 407-411


https://doi.org/10.1016/j.tvjl.2015.06.015
https://doi.org/10.1016/j.cell.2015.03.030
https://doi.org/10.1016/j.tranon.2019.12.010
https://doi.org/10.1016/j.tranon.2019.12.010
https://doi.org/10.1016/j.ctrv.2016.11.007
https://doi.org/10.1016/j.cell.2017.01.017
https://doi.org/10.1038/nature13988
https://doi.org/10.1158/1078-0432.CCR-14-0567
https://doi.org/10.1126/science.aaa4971
https://doi.org/10.1016/j.drup.2017.07.002
https://doi.org/10.1038/ncb3473
https://doi.org/10.1038/s41590-019-0400-7
https://doi.org/10.1158/2159-8290.CD-15-0283
https://doi.org/10.1158/2159-8290.CD-15-0283
https://doi.org/10.1016/j.immuni.2017.02.001
https://doi.org/10.1038/s41577-019-0218-4
https://doi.org/10.1038/nature13444

- 872 - CEMBILEY 20224423551 iR e o
[16] Sai J, Owens P, Novitskiy SV, et al. PI3K inhibition shutdown. Cell, 2018, 172(4): 811-824

(17]

[18

[

[22]

(23]

(24]

[25

—_

(28]

[29]

(30]

reduces mammary tumor growth and facilitates antitumor
immunity and anti-PD1 responses. Clin Cancer Res,
2017, 23(13): 3371-3384

Kandoth C, McLellan MD, Vandin F, et al. Mutational
landscape and significance across 12 major cancer types.
Nature, 2013, 502(7471): 333-339

Steinhart Z, Pavlovic Z, Chandrashekhar M, et al.
Genome-wide CRISPR screens reveal a Wnt-FZD5
signaling circuit as a druggable vulnerability of RNF43-
mutant pancreatic tumors. Nat Med, 2017, 23(1): 60-68
Wang B, Tian T, Kalland KH, et al. Targeting Wnt/p-
catenin signaling for cancer immunotherapy. Trends
Pharmacol Sci, 2018, 39(7): 648-658

Anastas JN, Moon RT. WNT signalling pathways as
therapeutic targets in cancer. Nat Rev Cancer, 2013, 13(1):
11-26

Spranger S, Bao R, Gajewski TF. Melanoma-intrinsic f3-
catenin signalling prevents anti-tumour immunity. Nature,
2015, 523(7559): 231-235

Spranger S, Dai D, Horton B, et al. tumor-residing batf3
dendritic cells are required for effector T cell trafficking
and adoptive T cell therapy. Cancer Cell, 2017, 31(5):
711-723

Fu C, Liang X, Cui W, et al. B-Catenin in dendritic cells
exerts opposite functions in cross-priming and mainte-
nance of CD8" T cells through regulation of IL-10. Proc
Natl Acad Sci USA, 2015, 112(9): 2823-2828

Hong Y, Manoharan I, Suryawanshi A, et al. -catenin
promotes regulatory T-cell responses in tumors by
inducing vitamin a metabolism in dendritic cells. Cancer
Res, 2015, 75(4): 656-665

Goldsberry WN, Meza-Perez S, Londofio Al, et al.
Inhibiting wnt ligand production for improved immune
recognition in the ovarian tumor microenvironment.
Cancers, 2020, 12(3): 766

LuQ, QuH, Lou T, et al. CK19 promotes ovarian cancer
development by impacting on Wnt/B-catenin pathway.
OTT, 2020, Volume 13: 2421-2431

Zhang Z, Cheng L, Li J, et al. Inhibition of the Wnt/B-
Catenin pathway overcomes resistance to enzalutamide in
castration-resistant prostate cancer. Cancer Res, 2018,
78(12): 3147-3162

Manguso RT, Pope HW, Zimmer MD, et al. In vivo
CRISPR screening identifies Ptpn2 as a cancer immu-
notherapy target. Nature, 2017, 547(7664): 413-418
Ishizuka JJ, Manguso RT, Cheruiyot CK, et al. Loss of
ADARI1 in tumours overcomes resistance to immune
checkpoint blockade. Nature, 2019, 565(7737): 43-48
Chung H, Calis JJA, Wu X, et al. Human ADARI
prevents endogenous rna from triggering translational

[31]

[32]

[33]

[34]

[33]

[36]

[37]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Schneider WM, Chevillotte MD, Rice CM. Interferon-
stimulated genes: a complex web of host defenses. Annu
Rev Immunol, 2014, 32(1): 513-545

Gao J, Shi LZ, Zhao H, et al. Loss of IFN-y pathway genes
in tumor cells as a mechanism of resistance to anti-CTLA-
4 therapy. Cell, 2016, 167(2): 397-404.¢9

Thibaut R, Bost P, Milo 1, et al. Bystander IFN-y activity
promotes widespread and sustained cytokine signaling
altering the tumor microenvironment. Nat Cancer, 2020,
1(3): 302-314

Sawant DV, Yano H, Chikina M, et al. Adaptive plasticity
of IL-10" and IL-35" Treg cells cooperatively promotes
tumor T cell exhaustion. Nat Immunol, 2019, 20(6): 724-
735

Sharma M, Khong H, Fa'ak F, et al. Bempegaldesleukin
selectively depletes intratumoral Tregs and potentiates T
cell-mediated cancer therapy. Nat Commun, 2020, 11(1):
661

Wang H, Franco F, Tsui YC, et al. CD36-mediated
metabolic adaptation supports regulatory T cell survival and
function in tumors. Nat Immunol, 2020, 21(3): 298-308
Meyer C, Cagnon L, Costa-Nunes CM, et al. Frequencies
of circulating MDSC correlate with clinical outcome of
melanoma patients treated with ipilimumab. Cancer
Immunol Immunother, 2014, 63(3): 247-257

Kodumudi KN, Weber A, Sarnaik AA, et al. Blockade of
myeloid-derived suppressor cells after induction of
lymphopenia improves adoptive T cell therapy in a murine
model of melanoma. J Immunol, 2012, 189(11): 5147-5154
Eil R, Vodnala SK, Clever D, et al. Ionic immune
suppression within the tumour microenvironment limits T
cell effector function. Nature, 2016, 537(7621): 539-543
Vodnala SK, Eil R, Kishton RJ, et al. T cell stemness and
dysfunction in tumors are triggered by a common
mechanism. Science, 2019, 363(6434): eaau0135
Yamamoto K, Venida A, Yano J, et al. Autophagy
promotes immune evasion of pancreatic cancer by
degrading MHC-I. Nature, 2020, 581(7806): 100-105
Noman MZ, Parpal S, Van Moer K, et al. Inhibition of
Vps34 reprograms cold into hot inflamed tumors and
improves anti-PD-1/PD-L1 immunotherapy. Sci Adv,
2020, 6(18): eaax7881

Zitvogel L, Ma Y, Raoult D, et al. The microbiome in
cancer immunotherapy: diagnostic tools and therapeutic
strategies. Science, 2018, 359(6382): 1366-1370
Hekmatshoar Y, Rahbar Saadat Y, Hosseiniyan Khatibi
SM, et al. The impact of tumor and gut microbiotas on
cancer therapy: beneficial or detrimental? Life Sci, 2019,
233: 116680

Sivan A, Corrales L, Hubert N, et al. Commensal


https://doi.org/10.1158/1078-0432.CCR-16-2142
https://doi.org/10.1038/nature12634
https://doi.org/10.1038/nm.4219
https://doi.org/10.1016/j.tips.2018.03.008
https://doi.org/10.1016/j.tips.2018.03.008
https://doi.org/10.1038/nrc3419
https://doi.org/10.1038/nature14404
https://doi.org/10.1016/j.ccell.2017.04.003
https://doi.org/10.1073/pnas.1414167112
https://doi.org/10.1073/pnas.1414167112
https://doi.org/10.1158/0008-5472.CAN-14-2377
https://doi.org/10.1158/0008-5472.CAN-14-2377
https://doi.org/10.3390/cancers12030766
https://doi.org/10.2147/OTT.S242778
https://doi.org/10.1158/0008-5472.CAN-17-3006
https://doi.org/10.1038/nature23270
https://doi.org/10.1038/s41586-018-0768-9
https://doi.org/10.1016/j.cell.2017.12.038
https://doi.org/10.1146/annurev-immunol-032713-120231
https://doi.org/10.1146/annurev-immunol-032713-120231
https://doi.org/10.1016/j.cell.2016.08.069
https://doi.org/10.1038/s43018-020-0038-2
https://doi.org/10.1038/s41590-019-0346-9
https://doi.org/10.1038/s41467-020-14471-1
https://doi.org/10.1038/s41590-019-0589-5
https://doi.org/10.1007/s00262-013-1508-5
https://doi.org/10.1007/s00262-013-1508-5
https://doi.org/10.4049/jimmunol.1200274
https://doi.org/10.1038/nature19364
https://doi.org/10.1126/science.aau0135
https://doi.org/10.1038/s41586-020-2229-5
https://doi.org/10.1126/sciadv.aax7881
https://doi.org/10.1126/science.aar6918
https://doi.org/10.1016/j.lfs.2019.116680

NN, S R o BEAGL EE R T I 2 AL AR R T

- 873 -

[46]

[47]

(50]

[51]

[52]

[53]

[54]

[57]

[58]

Bifidobacterium promotes antitumor immunity and facil-
itates anti-PD-L1 efficacy. Science, 2015, 350(6264):
1084-1089

Vétizou M, Pitt JM, Daillére R, et al. Anticancer
immunotherapy by CTLA-4 blockade relies on the gut
microbiota. Science, 2015, 350(6264): 1079-1084

Routy B, Le Chatelier E, Derosa L, et al. Gut microbiome
influences efficacy of PD-1-based immunotherapy against
epithelial tumors. Science, 2018, 359(6371): 91-97
Matson V, Fessler J, Bao R, et al. The commensal
microbiome is associated with anti-PD-1 efficacy in
metastatic melanoma patients. Science, 2018, 359(6371):
104-108

Tanoue T, Morita S, Plichta DR, et al. A defined
commensal consortium elicits CD8" T cells and anti-
cancer immunity. Nature, 2019, 565(7741): 600-605
Morita N, Umemoto E, Fujita S, et al. GPR31-dependent
dendrite protrusion of intestinal CX3CR1' cells by
bacterial metabolites. Nature, 2019, 566(7742): 110-114
Schachter J, Ribas A, Long GV, et al. Pembrolizumab
versus ipilimumab for advanced melanoma: final overall
survival results of a multicentre, randomised, open-label
phase 3 study (KEYNOTE-006). Lancet, 2017, 390(10105):
1853-1862

Yaguchi T, Kobayashi A, Inozume T, et al. Human
PBMC-transferred murine MHC class I/II-deficient NOG
mice enable long-term evaluation of human immune
responses. Cell Mol Immunol, 2018, 15(11): 953-962
Zaretsky JM, Garcia-Diaz A, Shin DS, et al. Mutations
associated with acquired resistance to PD-1 blockade in
melanoma. N Engl J Med, 2016, 375(9): 819-829
Sade-Feldman M, Jiao YJ, Chen JH, et al. Resistance to
checkpoint blockade therapy through inactivation of
antigen presentation. Nat Commun, 2017, 8(1): 1136
Koyama S, Akbay EA, Li YY, et al. Adaptive resistance to
therapeutic PD-1 blockade is associated with upregulation
of alternative immune checkpoints. Nat Commun, 2016,
7(1): 10501

Huang RY, Francois A, McGray AR, et al. Compensatory
upregulation of PD-1, LAG-3, and CTLA-4 limits the
efficacy of single-agent checkpoint blockade in metastatic
ovarian cancer. Oncolmmunology, 2017, 6(1): €1249561
Wang J, Sanmamed MF, Datar I, et al. Fibrinogen-like
protein 1 is a major immune inhibitory ligand of LAG-3.
Cell, 2019, 176(1-2): 334-347

Blando J, Sharma A, Higa MG, et al. Comparison of
immune infiltrates in melanoma and pancreatic cancer
highlights VISTA as a potential target in pancreatic cancer.
Proc Natl Acad Sci USA, 2019, 116(5): 1692-1697

[59]

[60]

(61]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(71]

[72]

(73]

Gao J, Ward JF, Pettaway CA, et al. VISTA is an
inhibitory immune checkpoint that is increased after
ipilimumab therapy in patients with prostate cancer. Nat
Med, 2017, 23(5): 551-555

Johnston RJ, Su LJ, Pinckney J, et al. VISTA is an acidic
pH-selective ligand for PSGL-1. Nature, 2019, 574(7779):
565-570

ElTanbouly MA, Zhao Y, Nowak E, et al. VISTA is a
checkpoint regulator for naive T cell quiescence and
peripheral tolerance. Science, 2020, 367(6475): eaay0524
Bi J, Zhang Q, Liang D, et al. T-cell Ig and ITIM domain
regulates natural killer cell activation in murine acute viral
hepatitis. Hepatology, 2014, 59(5): 1715-1725

Johnston RJ, Comps-Agrar L, Hackney J, et al. The
immunoreceptor TIGIT regulates antitumor and antiviral
CD" T cell effector function. Cancer Cell, 2014, 26(6):
923-937

Saleh R, Elkord E. Treg-mediated acquired resistance to
immune checkpoint inhibitors. Cancer Lett, 2019, 457:
168-179

Hung AL, Maxwell R, Theodros D, et al. TIGIT and PD-1
dual checkpoint blockade enhances antitumor immunity
and survival in GBM. Oncoimmunology, 2018, 7:
e1466769

Zhang Q, Bi J, Zheng X, et al. Blockade of the checkpoint
receptor TIGIT prevents NK cell exhaustion and elicits
potent anti-tumor immunity. Nat Immunol, 2018, 19(7):
723-732

Ghoneim HE, Fan Y, Moustaki A, et al. De Novo
epigenetic programs inhibit PD-1 blockade-mediated
Tcell rejuvenation. Cell, 2017, 170(1): 142-157

Chen J, Loépez-Moyado IF, Seo H, et al. NR4A
transcription factors limit CAR T cell function in solid
tumours. Nature, 2019, 567(7749): 530-534

Liu X, Wang Y, Lu H, et al. Genome-wide analysis
identifies NR4A1 as a key mediator of T cell dysfunction.
Nature, 2019, 567(7749): 525-529

Jansen CS, Prokhnevska N, Master VA, et al. An intra-
tumoral niche maintains and differentiates stem-like CD8
T cells. Nature, 2019, 576(7787): 465-470

van Rooij N, van Buuren MM, Philips D, et al. Tumor
exome analysis reveals neoantigen-specific T-cell reactiv-
ity in an ipilimumab-responsive melanoma. J Clin Oncol,
2013, 31(32): e439-e442

Takeda K, Nakayama M, Hayakawa Y, et al. IFN-y is
required for cytotoxic T cell-dependent cancer genome
immunoediting. Nat Commun, 2017, 8(1): 14607

Hegde PS, Chen DS. Top 10 challenges in cancer
immunotherapy. Immunity, 2020, 52(1): 17-35


https://doi.org/10.1126/science.aac4255
https://doi.org/10.1126/science.aan3706
https://doi.org/10.1126/science.aao3290
https://doi.org/10.1038/s41586-019-0878-z
https://doi.org/10.1038/s41586-019-0884-1
https://doi.org/10.1016/S0140-6736(17)31601-X
https://doi.org/10.1038/cmi.2017.106
https://doi.org/10.1056/NEJMoa1604958
https://doi.org/10.1038/s41467-017-01062-w
https://doi.org/10.1038/ncomms10501
https://doi.org/10.1080/2162402X.2016.1249561
https://doi.org/10.1016/j.cell.2018.11.010
https://doi.org/10.1073/pnas.1811067116
https://doi.org/10.1038/nm.4308
https://doi.org/10.1038/nm.4308
https://doi.org/10.1038/s41586-019-1674-5
https://doi.org/10.1126/science.aay0524
https://doi.org/10.1002/hep.26968
https://doi.org/10.1016/j.ccell.2014.10.018
https://doi.org/10.1016/j.canlet.2019.05.003
https://doi.org/10.1080/2162402X.2018.1466769
https://doi.org/10.1038/s41590-018-0132-0
https://doi.org/10.1016/j.cell.2017.06.007
https://doi.org/10.1038/s41586-019-0985-x
https://doi.org/10.1038/s41586-019-0979-8
https://doi.org/10.1038/s41586-019-1836-5
https://doi.org/10.1200/JCO.2012.47.7521
https://doi.org/10.1038/ncomms14607
https://doi.org/10.1016/j.immuni.2019.12.011

	肿瘤免疫检查点疗法耐药机制的研究进展
	1 ICBs的原发性耐药和适应性耐药
	1.1 肿瘤抗原性的丧失
	1.2 肿瘤新抗原的缺失
	1.3 PTEN的丢失与PI3K/AKT途径
	1.4 Wnt/β-catenin信号通路
	1.5 IFN信号通路
	1.6 肿瘤微环境与免疫治疗耐药性
	1.7 肿瘤免疫与肠道微生物

	2 肿瘤免疫治疗的获得性耐药机制
	2.1 B2M基因突变与HLA杂合性的缺失
	2.2 替代性免疫检查点的上调
	2.3 T细胞的耗竭
	2.4 肿瘤抗原表达下降与逃逸突变

	3 总结与展望


