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Abstract: The application of immunotherapy has become a hot spot in tumor research currently. In particular,
immune checkpoint inhibitors have played an important role in the treatment of advanced unresectable
primary liver cancer. However, the efficacy of immune checkpoint inhibitors varies greatly in the treatment of
different patients, which has aroused people’s attention to the regulatory mechanism of PD-L1 in the immune
escape of liver tumors. PD-L1 is regulated by multiple levels and multiple signaling pathways in liver cancer,
including gene mutation, epigenetic mechanisms, transcriptional regulation, post-transcriptional regulation
and post-translational modification. Studies have also found that the high expression of PD-L1 may be the
main factor affecting the immunotherapy of primary liver cancer. Therefore, it can provide more evidence
for immunotherapy and immune combination therapy strategies of primary liver cancer by clarifying the
regulatory mechanism of PD-L1.
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o SEIR T W5 N I 2 I R S . de it
W5 & LR ] B2 7 1k Al ML BB T 52 AR LA -1 ( pro-
grammed cell death ligand 1, PD-L1) /F2/ 741
BET-3ZAK-1 ( programmed cell death 1, PD-1) [
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HCCHR A 55, PD-L1 = BEAE i ye 20 H A 75
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TR RS | 1 G R0 2 1 43 I g 4 o
I, BIEHPD-L AR e b 08 BIL i Xk T S ik

1 PD-L1EREEREMM EAIRIX
1.1 ERERIEM S0 ( myeloid-derived suppres-
sor cells, MDSCs )

- HhE A 5L P 00 ) 200 R B 9 v e T AR
FH ., [AMDSCsTE 4t i 285 b 1 Sz 3 i ) e
WA BT R IA TR F1 (colony stimu-
lating factor 1, M-CSF ) FIIMLE N KA K KEFA
( vascular endothelial growth factor A, VEGFA ) {]
JIFE 20 ML 22 18 % S MDSCs PD-L1fYFRIL" .
— W9 BEMDS Cs A7 ) T g S i 41 il fwi o B
e, HCCHEE MR IIEHECD11b"CD33 " HLA-
DR-MDSCs A LAAT M il CDS T M i3 5 . ik
— PRI 2R B S S0 6 R I 9 ( eyelin
dependent kinase, CCRK ) i i #1G EZH2/4% ¥4 5%
[A-f-xB (nuclear transcription factor-kB, NF-kB ) /
IL-64¢ 56 )2 )i S HMDSCsF A7, M, {HiFHEE
(2, B PECCRKAE E iR T PD-L1ZAFFH
TR CDS T4, Mg T PD-L1FLIKIATT
JHE VE R
1.2 JH A S g2 i

LWk 241 -1 5 JH A 8 1 i A B DD AR OG
B g0 43 Ak A S 3L ] ( macrophage differentia-
tion-associated genes, MDGs ) H1f)CDC425M2E
Wt 240 JL A 25 0 R B A A U S TE AR DG, CDC4211
Tk HWntF 5 HUIFC . B RIICDCA2)E
g EEMDGs, Jf e s e B
W 200 6 43 Ak B TR 2R I SR AL 4 (lysyl
oxidase like 4, LOXL4 ) &—F iz AL, %
Z 54N R E, e AL b E R
ik, ABHAEN SRR TP DIBER R . LOXL4
XoF 5% 240 A P B 92 0 o 2 R 2 SO T TFNA Y 1Y
STATsHHSi 1 PD-L 1G4k, AT — 4 i CD8'T
ML RES

5T 2 B9 A1 T i BR A2 440 A v 7 o g 922 i
PETAH ML B ORI 1 Bk A R W RR W52 A& ( protein ty-
rosine phosphatase receptor type o, PTPRO ) i &%
ik, - HPTPRO5 i A1 &) il B A% 4 A A i 8 A
KEWRANMI P PD-L1RIR I 5. Mg IL-6:8
3G STAT3/c-MY C/miR-25-3pfll, F&{IKPTPRO
eIk, 5EPD-L1E S0 e il R £ 2 i gg A=
KU HCCHM % A P9 5 9 R 8, 5 AR IO M ik

TR T8 AL D G P 9 TE B, AR AR 3E 3 miR-
23a-PTEN-AK T 1% b W40 i PD-L 1% &
ik, EREAMEE— AR T g X SemgT
STRAT ik I 98 240 L ) e 93 B 5 kAL il 4 1t 1
IS/
1.3 HiZ A

15 A0 A A AR B i B 43 W R IR BE R -«
( tumor necrosis factor-a, TNF-a ) FIIL-10575 A%
AL A B PD-L1AYIk, PD-L1FHERAZANE A
R I R S PE TA AR SR, ALk AR A i
ARG o R DA R A T s vk TR 3 B 5 R e B
T T IR R S P B 20 G SO I i PFKF B3
B R, I O A R I NF -k BAE 52
PD-L1Zk", ML R 1 4 Qi mT LAY
Jib R O Hh FRAZ A I P 2 IR Dy RE

TEMIR RO b, Sayse kst () OB Bk B PR %
ofeg 4 N U B M 8 ) (osteopontin, OPN)
HAZU@EN:, 20 OPNHIPD-L1K kL
Fz e #H e B4 i ( tumor-associated macro-
phage, TAM ) 2 Z [ /£ 1€ IEAH G . OPNAZ i
T E WA A T R R AR, I RS
B0 41 ffg P (9 CSF 1-CSF 1R g A2 A1 1 g 210 e v
PD-L1f2ik", BHLIBHZ A2 7T B 1E TAM#%iZ
AT 4 i 2 4G 2 s S0 R B S F HC CRY TR

M 1Y B g 4 Mgl o BA R g /E AT, 3
—SERFR A T IR A e E ] . CD68 HLA-
DR M1 & WAL 3= S HCCA i HhPD-L13 A
KA IE, MIEE WAL/ WAIL- 1B AT 755 s 20
JEINF-xB p65Fil%E %1777 K +-1 (interferon regula-
tory factor-1, IRF-1) 551k, {EFPD-L1&k",

PD-L 17K By T A 1 i 6 200 e e iz 1 9058
PR PR T A T A 3 0 B R HBT AL,
S A L PD-L 1A _F A 32 B iy o BRI P AR 7
G AL CDS TN Y5 3/, & ZHCCH F iy Hil 5
R A BTN A PD-L RS T I iR Sl o 45
HTZH TG AR AR DG E . R 3RIAPD-L LR/ U
I 40 L ZBNL-MEA 5 CD8 T4 fifg 3t 35 7% v] FAIRT
24 L H4 5 L) K% 2 L R TEN-y I TNF -y 26551,
HARRIKPD-L LK R 7 X HTPD- 1R ¥ 4
RN, (HAECDS™ TN FER THER T HIPD-1#Y
UM

2 PD-LIMRMEEIRE
Ll zeste L (R 1455 1) A ZE[E] U542 ( enhanc-
er of zeste homolog 2, EZH2 ) PLIFN-yfii4: )y =
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R B 40 i R PD-L 1 253k . EZH20] DL 3
IACD274)5 2hF b 2 R FTH3 [ N 55 2 740 4 2
R = ALK (4if4PD-L1) FITH R+
1 (IRF1) PIPD-L1iA"", EZH2 R ik
IBITHCCHITEAEIRT S

3 PD-L1#RiFE
3.1 STAT3{E 5

R &G 57 S 55 306N F3 (signal
transducer and activator of transcription 3, STAT3 )
YPD-LURsh T256, #atiisPD-L1g&k™,

STAT3VEVEREAK, I FEARIFN-yif S A PD-L1
ik, IHRE TG At ae™ . 4k,
STAT3 I it 4338 fi% X STAT 3 1) i iz Ak A 3 1k
&M, W mPD-L1AYRIA . DI 2 R i
4K ( protein tyrosine phosphatase receptor type D,
PTPRD ) J&—Fh & 2 py b g #0 l JE R, w32k
HISTAT3H R AL, #MHIPD-L1AyFIAE", w/R Ik
JREE 11 ( Golgi membrane protein 1, GOLM1 ) 1
R RS, e PR PR S EGFRZ5 A i
R AR EE RS . ik, PR A ILGOLMI
i R EGFR /K- R AL HESTAT3 [ Wi Ak, i
ifi_EJAPD-L1 #5538, TollfEsZ2 4k 9 ( Toll-
like receptors 9, TLR9 ) 11Ty PARP1 ik, MMM
- FSTAT3IZ K ADPZ AL (Poly ( ADP-
ribosyl ) ation, PARylation ) [JJ#/>FISTAT3 Tyr705
BERRALH I, SEEPD-L 1L ™,

32 MAPK{Z 2%

A 2257 2505 EE 1R ( mitogen-activated
protein kinase, MAPK ) {55 % 5 ITJ& HH PD-L1
HEEFREIARK, REAEKKEF (epidermal
growth factor, EGF ) m{IFN-y /il nl 34 hinPD-L1
SRR AACEMRIL . REARKBE 24K, 2
S8 )51 b B8 IO O | N 22 545005 10 2R PR
PAE2 BT, PP EGF MITFN-yi75 3 i PD-L 154
SRR IR IA/K- B, TEN-y3 i 1 PD-L1AY %
S E, MMAPKAS 54 $3 i TPD-L1 mRNA
fkaEPER . B ANMAPKIL 37 3 HoAl (5 538 85 )
W, ZIRE AR EEC-MET 5 iFgi e A= K R -+

( hepatocyte growth factor, HGF ) Z5& i — &
&, FHC-METRILAK b AR R L, i S
HMAPKFIPI3K G k. HGFif5#HC-METI& 1k &
AEAEPD-1/PD-LIFE 538 # i iG Akt B vpr, RLt7E
HCCHC-METiE5PD-L 1132352,

3.3 IFN-yf5 =i

iR T M TN R AIFN -y i75 3 PD-L1 365,
IFN-yid it EIR/NRRCHCCAI A FPIRF-1 5 515
SPD-LUEE SRR FKP-RB WFd R
SR AN ZR TP IFN-y F 2B TAK/STAT 1/IRF 1i& 42175
SPD-L1KIE™, 5 5 H T IRF-1FIIRF-2{5 53 %
IR THCCA ML PD-L1f K35 . IRF-200 KA
A DA RIIFN-yif5 S i PD-L 1 816 PE R A 11K
-, TIRF- 15 HIRF-25PD-L 1 BIRE S 5 4%
4, AHCCHPER A s il 53657 1 PD-1/PD-L1
AR AR TR AR . BFSE R L TNF -0
if FJRTFN-y3Z /R 3R ARG IR IFN -y (55 5% .
AN, BT A BLIFN 3L R 12a ( IFN stimulates
gene 12a, ISG12a ) il AxiniZ 2 1k Ak K
e it B-catenin®g [ BHAREfF, MM T 2 0Ly
Wnt/B-cateninf 5% ik 4£%, B-cateninbli %€ N
PD-L1AY%s A+, ISG12a#l il Wnt/p-catenin{Z &
B SR R A A S PD-L1F 3k, MM ENK
2 L X g A0 B A P U, XIS R R T IFNSE
YERIRYIEAENLA
3.4 MEEZEZIK (androgen receptor, AR ) {55

e 2 32 AR VE R PD-L 11 % S il 5 67 3
FEPD-L1P, (R A1 5256 % B9 4 i R AR 5L
FIRME T CD8” THYMIfE, ARMKIRIE MY R X}
PD-L 50 9 S i 4ty BRI, AR PD-L1
HFRIN AR SHCCH A PER 2 A 6. S dha it
R, FRAREEELT-BIAR6 (hydroxysteroid
17-B dehydrogenase 6, HSD17B6 ) &2 56—
AR KHE N, EHCCH KA A
RARE AN . HSD17B6 A 3 3o 7= A WU 22 il

( dihydrotestosterone, DHT ) #ii] TGF-B1fIPD-L1
R
3.5 HAbRR Sk s A%

EA AN B 1 (oxidative stress response
1, OXSRI1 ) 5 &R43 I Jed 1 0 1 i i 285 DI AH OC
OXSRIFENFEALZ A FR, i i o Jg 20 i () 384
WL B RIRZE. 1A, OXSRIMRIKAKFY
HCCH g 12 11 S i 4 i 1) 32 11 7K - FPD-L 1 3R 58
AR, MY CJs 5 D iR EL 8 P PD-L
ik, HCCAh kMY C, 34 7 PD-L1
mRNAFIE K- 223K MY CHlil {5 55
S G S5 -1 (signal transducer and activator
of transcription 1, STAT1) fJ$ik, STAT1/ZIFN-y
{5 5 3l s ) F BB 4) , IFN-y I HCCAN i
fIEFEPD-L13ik . Hippofi 51l H7E 2 Rl hE S 1Y
HRTE, S BOE N TE AT S Y Yes TAHOCHE 5
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P F ( Yes-associated transcriptional regulator,
YAPL ) #EAZNMEIAZ, 45T A SRR IR 5% 5%
IR B, YAP AT AREAR - 2H 2 PD-L 1
MK, MR IR Ay S I GO g, DA T B
HCCIYIARTF AR,

4 HFRFIAEPD-LIFERIE
4.1  MicroRNAsX}PD-L1AJ 17

MicroRNA-1 (miR-1) J&—Fp I3t mi-
croRNA, B #A#PD-L1RiA. miR-16 AL
Xt &R SR 2 B e 4 PD-L 1A 2235 9
FER#G 55 4% I FE24H < K72 ( Nuclear factor,
erythroid 2 like 2, NRF-2 ) A[fl{ilmiR-11)F ik,
NRF-2/miR-1/PD-L 1§47 B TR iR e i 25 1
T A M 25 PR B e RN R R, A SO IRHCCH R
PrAR e 25 P TR TE AT R S . O MR
K IRmiR-155-5pHImiR-194-5p AT 38 118 X 2 1 A 45
PEFE A (X inactive specific transcript, XIST ) I+
JEPD-L1fy A",
4.2 LncRNAsX{PD-L1AYJE Y

EHCCH, KEEIE4ISRNA PCEDIB-AS]
( PCEDI1B antisense RNA 1, PCED1B-AS1 ) #flhsa-
miR-194-5p#ik ., PCEDIB-AS15PD-LsiEA
X%, i 5hsa-miR-194-5pfitH %, PCEDIB-ASI
I PD-Ls ik [ hsa-mir-194-5pA B AE, 4
SRPD-Lsfy#3A0%, JaiiE 5 B 11 ( cancer
susceptibility 11, CASC11 ) ZE4E B Bl E 15 I
F4A3 ( eukaryotic translation initiation factor 4A3,
EIF4A3) , JHMSRE2F] mRNARFAE N, 12
NF-«kB{& 5 FIPI3K/AKT/mTOR:H B H0E , T
PD-L1f#A" . WFFTiR R, i oh K B s
RNA MIAT{ 515 5PD-1, PD-L1FICTLA4%: iy
62 5 T BGA S IE AR,

LINCO006577EHCCZL 2L FI A i 2 ik ik,
S5MWEARA K, LINC0065738 1+ [k miR-421H
PD-L1AYZE5A, PD-L1fJ3'UTR S5 miR-424 5 i
5F, miR-4247] i E I PD-L 1 mRNAFIE (%
KAERT, KAEIEIDRNA KONQ1 & 44 5k A0
( KCNQI overlapping transcript 1, KCNQ1OTI )
8% UE B 55 38 4 Mo 98 40 B i) T 24 A G . KC-
NQIOT17EYYmiR 50635 M IERNA, FFAER
P SR 24 0 e i {2 EPD-L 1 A st

5 EiFEEIEPD-L1EEAEER
EGFHI B2 i THCCHI S HPD-L1 mRNA

MEMMERIL, EGFLLIFEPD-L1J3 3 F4b iy
H3-Thr 1 1BFERALIG5R , #0012 B AR K A 732 44k w]
DL EGFif5 3 PD-L1 mRNAFIE A AYFRIA .
FO0 A PN 7 B[R] T AYM2 ( pyruvate kinase M2,
PKM2 ) Wil i 2 BH 1 EGFi75 S Y PD-L 13K ik FilH3-
Thrll FBEERILY . o £ A0 b 4l BURE AR o
WG B IR IR — WM W 55 2 1-1 (poly(ADP-
ribose)polymerase-1, PARP-1) Flfz 1k a4 5
& R 3B ( p-glycogen synthase kinase 3 beta,
p-GSK3B ) S(PD-LI1RkZ M 2 M AHIE, i
PARPI1{E 0] LA S GSK3BHERR 1L, FIRPD-L13%
ik, FEEAIIHI T4 E

6  RIEHES S0 HIF B IR R N A

JWEE B T8 VA T A AR R T IO R e M g S
AN E5 Wil N il 1 B R K R B o D R e
J7, BMEME14.7%, 6 AE1FFRT4.4%, 124
HA73R55.9%, POEAF13.8 AW, BEFIER
BABT IR M) T R T AN i g R B ORR T ik
18.8%, DCRiA56.3%, 1E[RIZE254HhAb T4 5K
SEES G4, PD-L1SgTAE AR R 15T
& TARZIm RIS o — WG T 2 A 2R B p L 15
DT BT — 2R3 7 16 300 JH 200 B 9 R0 3 10 F 9 4
BER, ZAAER4mOSH13.2H, BeAdnl{f
FET R AR 42% ;. BG4I mPFS 6.8, &AL
EJedi 4.3, B ik e XU FEAIR41%, 4,
TEPE A AR R AR, FEAK T 56%M%ET
RS BB AN CCONTS B 99 A
FH ) —RIGIT, WHEFDAHME L FE R
PEBCA I —ZRIATT T3 . 2020 CSCOFE e H b 5 F1)
PREPUIS DU B HT A & 8 A M0 — AT
SN %] c

7 BRESRE

i BTk, R R OAE H PD-L1fE 2 Fh
YN s, C0FE S MEANAE . R A0 AR RN R 20
W55 o PD-L1 R 1K AT B I 4100 ] 280 07 T 44 i fg 47
FIVER . HATEr X PD-L1 5% 5 i vh 7E G s
BIT I, UG5 LB, PD-L14L Al A
PD-1/PD-L1ig#%, RAAEHEMIE A KMIER . 7
HFPD-L1Z IR Z 2 ZFp R R s, afefs
S BRI E B BR S B S 2 2 T PR
M H S [A))23 R R = i 2 ) 52 SO F, HLl &
Z%, W1, PD-L1FHYER B ] 78 G2 A2 a5 i
TR IR 7 3R, (HEPD-L1 YAy 35 IF R
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Table 1 Regulatory mechanism of PD-L1 in liver cancer

Types of Key
regulation molecule

Regulatory mechanism

Change of
PD-L1

Type of cells

Regulation M-CSF,
of signaling ~ VEGFA

pathways
CCRK

LOXL4
PTPRO

miR-23a
PFKFB3
OPN
IL-1B

Epigenetic EZH2
regulation

Transcriptional STAT3
regulation
PTPRD
GOLMI1

TLRY9

EGF, IFN-y

C-MET

IFN-y

TNF-a

ISG12a
AR
HSD17B6

YAP1

NRF-2

M-CSF and VEGFA were expressed in tumor cells'!

The depletion of CCRK upregulated PD-L1 expression”
It relied on STATs-dependent PD-L1 activation mediated by IFN™’

IL-6 activated the STAT3/c-MYC /miR-25-3paxis'”!
Exosomes upregulated the expression of PD-L1 in
macrophages through miR-23a-PTEN-AKT pathway!

PFKFB3 mediated PD-L1 expression by activating NF-xB
signals in cells!"”

11]

Promoting PD-L1 expression in tumor cells via
activating CSF1-CSF1R pathway in macrophages'

13]

M1-type cells secreting IL-1f induced the expression of
NF-kB p65 and IRF-1 in tumor cells""

EZH2 inhibited PD-L1 expression by upregulating the
N-terminal lysine 27 trimethylation level of histone H3

on CD274 promoter and IRF1 expression”

STAT3 bound to the PD-L1 promoter and transcriptionally
regulated PD-L1 expression'*"”!

PTPRD inhibited the expression of PD-L1 by inhibiting
STAT3 phosphorylation™”

GOLM1 promoted STAT3 phosphorylation by enhancing the level
of EGFR, and up-regulated the transcription level of PD-L1""!
TLRY mediated a reduction in ribosylation of STAT3 poly
ADP and an increase in phosphorylation of STAT3 Tyr705,
promoting PD-L1 transcription”

EGF and IFN-y up-regulated the transcription and protein levels of
PD-L1. IFN-y increased the transcriptional activity of PD-L1, while
MAPK signal transduction increased the stability of PD-L1 mRNAP!

Up-regulated

Down-regulated
Up-regulated
Down-
regulated

Up-regulated

Up-regulated
Up-regulated
Up-regulated

Down-
regulated

Up-regulated

Down-
regulated
Up-regulated

Up-regulated

Up-regulated

C-MET bound to hepatocyte growth factor (HGF) to form a dimer that Up-regulated

led to phosphorylation of the carboxy-terminal tyrosine of C-MET,

which led to the activation of MAPK and PI3K™"

IFN-y mainly induced PD-L1 expression through the
JAK/STAT1/IRF1 pathway""
TNF-o enhanced IFN-y signal transduction by upregulating

IFN-y receptor expression. The expression of PD-L1 cooperatively

induced by TNF-a and IFN-y promoted tumor growth in vivo®"

ISG12a suppressed immune checkpoint PD-L1 expression by
inhibiting Wnt/B-catenin signal transduction™

Androgen receptors negatively regulated PD-L1 by acting

as a transcriptional inhibiting factor of PD-L1%”

HSD17B6 inhibited the expression of TGF-p1 and PD-L1 by
producing DHT™”

Studies found that YAP1 inhibitors reduced PD-L1 expression
in liver cancer”™”

NRF-2 inhibited miR-1 expression and promoted PD-L1
expression through the NRF-2/miR-1/PD-L1 regulatory

axis in sorafenib-resistant HCC cells"™"!

miR-155-5p MiR-194-5p up-regulated PD-L1 expression through XIST™"!

PCEDI1B-
AS1

CASC11

PCED1B-ASI1 interacted with hsa-miR-194-5p, which inhibited
PD-Ls expression, and enhanced PD-Ls expression™”

CASCI11 recruited EIF4A3, enhanced the stability of E2F1
mRNA, promoted the activation of NF-kB signaling and
PI3K/Akt/mTOR pathway, and regulated PD-L1 expression””

LINC00657 LINC00657 regulated PD-L1 expression by decreasing

miR-42, and miR-424 significantly inhibited the mRNA
and protein levels of PD-L1%”

KCNQ10T1KCNQIOT1 acted as a competitive endogenous RNA of miR-506

Posttranslational PK M2
modification

and promoted PD-L1 expression in sorafenib-resistant HCC cells'

Inhibition of PKM2 significantly inhibited EGF-induced
PD-L1 expression and H3-Thr11 phosphorylation™"
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