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HEE] a4« FRPHETEER 1| (PD-L1) ERFEAEEH 25 A A b ik X Hoige. & RH
e A A AR JE it 25 AT 4H bk ( Hep3B-SR Hil HepG2-SR ) , i CCK-8 EAailE Al & (1C,, ) IF
MR ZG4E %0, 5 A FRENE ] qPCR A0 P-WEEE 1 (P-gp) . ZZMHZGMCEH 1 (MRPL) Fl PD-L1 B3k, #
Yt siRNA YLERTH 2541 PD-L1 AYFEAFHAMUTERACR . UIEk PD-L1 #ikJ5, CCK-8 LAl ICs, . Hormfzhdas, 7t
HOr NS 24 6 PRI A s , PR 200 ST A 0 AT O S B 0, SR S A A A AL 1 0, ST A T T S S 0 A0 240
Mo v R s L, VRS AN AR A A T 0, 42 % Hep3B-SR #l HepG2-SR YT 245485k 51 K 5.4 F1 5.2, Tif
2540 rh P-gp. MRP1 il PD-L1 FABEARLNNE EIH (P ¥)<<0.01) . JLER PD-L1 3ikJ5, Hep3B-SR £l HepG2-SR
BTN 25385005 TR 1.8 Al 1.5, P-gp Al MRP1 BIZEIE R (P 39<0.01) ; ULER PD-L1 2k n] 31 il i 24 20 i Ay 33
B, TR REIEROHE# T (P 1#<<0.01) , GHRNAENIEMAE M R% . 44 PD-LI fERHAEETTZ
NI R 22ih s P PD-L1 ek nls oot Rpr AR Je i 25 A A i 251, $em R P e TEsior ;
PO PD-L1 3k il A 5l =Pl e it 25 Al i A=, A FHRPEEE HP U scr o5
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Expression and role of programmed cell death ligand-1 in sorafenib-resistant hepatocellular carcinoma cells
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[Abstract] Objective To explore the expression and role of programmed cell death ligand-1 (PD-L1) in sorafenib-
resistant human hepatocellular carcinoma cells. Methods Sorafenib-resistant human hepatocellular carcinoma cell lines
(Hep3B-SR, HepG2-SR) were established by the procedure of stepwise increase in sorafenib concentrations. CCK-8 assay was used
to detect half inhibition concentration (ICs). The expressions of P-glycoprotein (P-gp), multidrug resistance-associated protein 1 (MRP1)
and PD-L1 were examined by Western blotting and qPCR. The expression of PD-L1 was silenced by transfecting siRNA into
the drug-resistant cells, and the silencing efficiency was tested. After silencing the expression of PD-L1 in the drug-resistant
cells, CCK-8 assay was used to detect ICs,, the drug-resistance index was calculated, and the expressions of P-gp and MRP1
were examined. Then cell proliferation assay, wound healing assay, colony formation assay and flow cytometry were applied
to examine cell proliferation, migration, clone formation and apoptosis, respectively. Results The drug-resistance indexes
of Hep3B-SR and HepG2-SR were 5.4 and 5.2, respectively. The expressions of P-gp, MRP1 and PD-L1 in the drug-resistant
cells were significantly up-regulated in comparison with the parental cells (all P<<0.01). After inhibiting the expression of PD-
L1, the drug-resistance indexes of Hep3B-SR and HepG2-SR decreased to 1.8 and 1.5, respectively, and the expressions of P-gp
and MRP1 were down-regulated (all P<<0.01). Silencing the PD-L1 expression could significantly inhibit the proliferation,

migration and colony formation of drug-resistant cells, and could significantly promote the apoptosis (all #<<0.01); and
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these effects were strengthened by combining sorafenib. Conclusion PD-L1 is highly expressed in sorafenib-resistant

hepatocellular carcinoma cells. Inhibition of PD-L1 expression can partially reverse the drug-resistance of the cells and

significantly enhance the anticancer effect of sorafenib. Inhibiting the expression of PD-L1 can effectively repress the growth

of sorafenib-resistant hepatocellular carcinoma cells, which is more if combining with sorafenib.

[Key words] liver cell carcinoma; programmed cell death ligand-1; sorafenib; drug resistance; gene silencing
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] R bk ot ey, 2 i PR PN R P A 7 s L T
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Rtk B iEHERT I IS 252

HErHFEMGET FREFEQREFR . HE
L Sk SE AL 2A IR YT 4 B R G EIRYT D,
INGY TP R R PR R R 1 MR —
I TAE S TR B S E 28 RE0h
Jr g R ALARJE R LA g 2 i i) 34 i A
i afi 4 A B AE 2 TG e R A BEAIL T
Bm RIS, R PR e S U R L
AW 2.8 S AR 23 N . XRIRIL
e Je it K s B AR ER T AR, B
I Ay o e DR Ak 2 R 245, RS R
TR I R = AR JE M 245 5 PI3KY/Akt {55 6 |
AmgE ., bR i 4k (epithelial-mesenchymal
transition, EMT ) . JJ iR 58 AR 18t 4% 8 4
ST, R, R AN REE JE I 2L
BT

PP PESE TR 1 (programmed cell death
ligand-1, PD-L1) J& B7 S+ F &GP — P EHE AL
B, TR T BRANM . B RE A . Aok
MOFNF SR A T kT4 3R R P PESET 1

( programmed death-1, PD-1) 254G J5 40 i 6
N 25T B, PD-L1 {E T 24 s 40 i o
Tk, B R 25 A RTAIRES  IAN 2
NG A VR 3 R T R 2 A A/ N A
X PD-L1 25 Z 80 g i i w2541 .

ARG B AEBRTT PD-L1 72K A AR e it 24 9
) D NN S S N - = By Wl Va & | S A T
LI NP, JFRHAT gPCR HIEE H o B vk
Kl 255 A PD-L1 (935, #42% siRNA JUEK
KPR JE T 25 ) dr i b PD-L1 Rk, MR
FELNMIETE . 1285 . BRI R TR A PER

[Acad J Sec Mil Med Univ, 2018, 39(2): 152-158]

1 #FRFFE

1.1 #H#5&A AR AR Hep3B. HepG2
(rhEBEBEAIEE ) ;3 RhidE)E (sorafenib,
F[E Selleck A ) ; DMEM 5589 . 0.25% Bt
(%% EDTA) | HER-HEERRAW (penicillin-
streptomycin liquid, X$t; FE HyClone /A1) ) ;
TRIzol. PrimeScript® RT Reagent Kit with gDNA
Eraser ( HAS TaKaRa A& ) ;3 4l (universal
Probe Library Set) . Master mix ( i1 Roche 2
Al ) ;5 P-BEEE (P-glycoprotein, P-gp) FEHZZY
2 1 ( multidrug resistance 1, MDRI) 5|¥). %
A5 H 1 (multidrug resistance-associated
protein 1, MRPI1) 5|¥). PD-LI1 51%. GAPDH
SIAETAY TR (L) REARAA];
Lipofectamine™ 2000 ( 3¢[® Invitrogen 27 ) ;
PD-L1 siRNA. Control siRNA ( 3 il 255 R
ARRAT) 5 % marker, BCA HHAEE (%
Thermo A F] ) ; F1iGFHEH (albumin from
bovine serum, BSA; FE[FE MP AF ) ; Rt A
PD-L1 —#i. LA P-gp —¥i. RILA MRP1 —
. FPie=dt. FR 9t (%EE Abcam A
Al ) 5 BPTA GAPDH —¥it (I =AY+ R
HBRAF ) 5 Annexin V-APC, PI JHT-KiA7]
% (3EH Biolegend /A ) 5 ECMS550 il & .
PDVF [, ECL &6k (3¢ Millipore 2AF] ) ;

CCK-8 % ( HZS Dojindo A F])

1.2 @fe¥Edc  Hep3B. HepG2 AMI T & 10% 4
M3 (fetal bovine serum, FBS) | %5 2 AR = 45
100 U/L ) DMEM 5380 h 15 9%, 16 37 C. 5% CO,
RS FRA I T, TR S RIS 80%~90% Tk
AR ORI AR T35 00

1.3 CCK-8 il & 424 a9 F- 2k 2 (half
inhibition concentration, 1Cs,)  HUW 4k KA 41
JELL 4 000/fLIY % EEHEAN T 96 Lk, SEgdlix
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AR ZEAARE (1.25, 2.5, 5, 10, 20,
40 pmol/L) , BMWER 3 MNESL, HAM
RHARJE X B RN S A i 25 A1 4. 29 P1E
fH 24 h 5, #FLINA 10 puL f9 CCK-8 k7], BT
37 'C. 5% CO, W¥EFATIFE 4 h, AR
Kl 450 nm JERAAEERE (D) E, T 1C.
1.4 #ZikpERahmiotk RHALGYFEL
T fioh e 5 3o 14 03 SR P AR S TR 20 A Ak . e B
XA K4, A Hep3B. HepG2 4ilfii4s H 1Y
ICs, 25V B IG5V B, JFLL 0.25 pmol/L
P EEB 3, DIt 6 AN, IRAFRPIARJEm 251
Hep3B-SR. HepG2-SR 4iifify.,

1.5 Aarghaes IR 13T RO, A
25411l Hep3B-SR Al HepG2-SR 1Y 1C,, i, i 24545
B=TH 25400 1Cso/ EA LM 1C, -

1.6 qPCR #alatzh kB (MDRI, MRPI) %=
PD-LI1&y %k BB KB4, H PBS
Ve 3 VO TR WK, A 1 mL TRIzol 2
BUE RNA R, £ DNA & R sk
cDNA, HZSGER PCR {X-CFX96 #1T qPCR.
10 uL WA Z : Master mix 5 uL. 59 0.3 L.
#REF 0.15 L. cDNA Bitl 2.5 uL. KRFZEMEK
2.05 L. S Z%A%: 95 °C 10 min, 1 PMEH; 95 C
105,60 C 30 s, 45 MMEH; 40 'C 30s, 1 M§
. PD-L1 Fii#5|%) 5-TGG ATC CAG TCA CCT
CTG AAT-3', FiE514¥) 5'-TGC TTG TCC AGA
TGA CTT CG-3'. MDRI Fii51% 5-GGA GGA
AGA CAT GAC CAG GTA-3', FiiF5|# 5'-CAC
CAA TTC CAC TGT AAT AAT AGG C-3', MRP1
F#E5I® 5'-CTG GTG CCC TGA GAC AGA
C-3', T34 5'- ACC AGG AAA CCA CTT
GCA TT-3'. WZHIN GAPDH LFi51¥ 5'-TCC
ACT GGC GTC TTC ACC-3', Fiifs1¥ 5-GGC
AGA GAT GAT GAC CCT TTT-3",

1.7 &G R¥PiEE#m P-gp. MRPI 4= PD-L1 #9
Fik BOSECAERIAAI, A PBS ¥E 3 RIFR T
FREWAR, INAGE B R A R R, il
i BCA & e il &0 8 AR b T 1
HEEM S SX ERRE MR A, 97 'C A 5 min
AR, BAAUKEE N A 20 uL, 90 V HE
FLYK 20 min, 110 V fE/RHEJK 70 min, 200 mA fHIE
HEIEE 60 min, BSA #EF4] 3 h, fil P-gp. MRP1,

PD-L1 #1 GAPDH —#1 4 'C $ERIFE 4%, TBST
HRE M PR REIRIE 2h, L. .
1.8 #:3 siRNA #LE PD-L1 &35 BOWEE K
25 240 il E 4T siRNA #%4%. PD-L1 siRNA J¥51 k4
GCC GAA GUC AUC UGG ACA ATT UUG UCC
AGA UGA CUU CGG CTT-3, Control siRNA %41
“Jy 5-UUC UCC GAA CGU GUC ACG UTT-3' 1 5"
ACG UGA CAC GUU CGG AGA ATT-3', H#aii
FI71E, ¥ PD-L1 siRNA Fil Control siRNA #£ 4L
YiffL, 48 h JEHEHURES,, @it qPCR FIER I BTER I
AT BRAL R
1.9 fmiagsi s N4t 2540M0534 PD-L1 siRNA
ZH 0 Control siRNA 4, 42Fh T 96 fLik, & 3 1E
fL, G SR 24, 48,72, 96 h, TEREFREE AT 4 h
fLINA CCK-8 i#) 10 uL, FHEEFAMUNE 450 nm
b D . 30 D A SVIGE AL, B mErEt
A AR AT
1.10 @mpits, aBBabs AT EE LK
B 54 DMSO 41, KfidE/edl. Control siRNA
44 . PD-L1 siRNA 41, &R$idEJé+PD-L1 siRNA
o RIIR S5 SR FH X B K S0 24 4 ff 1 T
6 fLAk, fEH 200 pL A& k#4709, ] PBS ¥
2 K, 1E 37 C. 5% CO, 325535 24 h, 47
AT 0. 24 h FAFEIE T XFEE 0. 24 h BFRYRIIR
T DA BN A iR R B T o TR ERETE A S
R FHXTECAE RN 25 A T 6 LAk, REfL 200
AN, 1E37 C. 5% CO, i3aftihiEge 14d, &
i 4% ZRHFEEFERM 0.1% 45 MmEEmget, it
BRI R wEIERR (%) =R 8/HH
X 100%, InCHIMARR I A0 T, SR X4
A KT 25 AN LR T 6 FLARIEAT L, AR
JE 1X10°/4L, 24 h J5 e BEUERH 5 J5 sk b A7 45
1, Co im Al R Gkl .
L1 it 542 KRITA 1Cs, FMEIFRRH
Graphpad Prism 5.0 AT AGIE . Ird 5L
WIERE 3R, LWBIEFRR N s, (I SPSS
14.0 AT G 22500, 24 0] LR LA
RIr &b, AP EECR A ¢ A KK ifE
(a) 4 0.05,

2 & R

2.1 KA AT 4n et 2542 Hep3B
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MIEY IC,, A (2.88+£0.07 ) umol/L, kT Hep3B-
SR #ififinYy (15.51£0.26 ) umol/L (t=46.79,

P<<0.01) ; HepG2 #i}fury 1Cs, 2 (2.9840.05)

umol/L, ik HepG2-SR #ifitif¥ (15.58+0.13)

pumol/L (t=89.32, P<<0.01) . Hep3B-SR #l
HepG2-SR 40N 254850351 5.4 F1 5.2, 4N
K1 i, SEABRENESSH B8 Hep3B-SR Al
HepG2-SR 4iifigf P-gp Al MRP1 Fikym T H
FARM . qPCR S5 R K45 7R Hep3B-SR
1 HepG2-SR 4iifitiHh MDRI k¥ THIEA
A (6.534+0.38 vs 1.00£0.08, 11.9540.69 vs
1.00+0.02, t=14.21, 1591, P ¥<0.01) ,

MRP1 Fih ¥y THIEARGM (8.77£0.40 vs
1.00£0.07, 6.99+0.66 vs 1.00£0.16, t=19.24,

8.80, P #<0.01) . LI E&EHFRM R RPL
E| A e PN R [0k 7

22 ki RATHAMEmAL T PD-L1 6 &k
LA MR PD-L1 78 3 A 4i M A 24 20 At
H k25, Hep3B. Hep3B-SR. HepG2 Al

(DMSO ) S84 (45T &HAEE 10 pmol/L)
W 2 s, 25 AT ENIRSE R i 24 40 i S 596 40
PD-L1 ik 55X R4 LB TCI] W 25 57, Tiif 24 40 fifg 5
Y AN IR ZH PD-L1 A9k & T HEA YN,
SEARYNAESLEG A PD-L1 FIAH B4 . qPCR
M mRNA 7KFEUES H R ERags 5, DA &5
Aot rm L (PH<0.01) o PLEZ5EEH PD-L1
FER PR 25 A A0 b s ek

Hep3B Hep3B-SR HepG2 HepG2-SR Mr (X 10%)

‘ M‘ﬁwo

- e P
MRP 1| — -— — é_—wo
GAPDHJP-~ O . - 36

B 1 Z|ARENEEEN RN AR AFEAEmZ S

Fig1 Drug resistance of sorafenib-resistant human

P-gp—

GAPDH

hepatocellular carcinoma cells by Western blotting

P-gp: P-glycoprotein; GAPDH: Glyceraldehyde-3-phosphate

HepG2-SR 4 Fp4iffl /5w &l 2 41, BPXFHaZ] dehydrogenase; MRP1: Multidrug resistance-associated protein 1
Hep3B Hep3B-SR HepG2 HepG2-SR
DMSO Sor DMSO Sor DMSO Sor DMSO Sor Mr (X10%)
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1
1
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FhiIE B Z5 AFFE4R PD-L1 Rk LA

Fig2 Upregulated expression of PD-L1 in sorafenib-resistant human hepatocellular carcinoma cells
Expression of PD-L1 examined by Western blotting and gPCR. DMSO: Dimethyl sulphoxide; Sor: Sorafenib (10 pmol/L); PD-L1:
Programmed cell death ligand-1; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.” P<<0.01. n=3,X+s

2.3 % PD-L1 KRGy kindE Rath
AR m e eg w25 it — L 5E PD-L1 5
NN 20 M R R AR JE i 25 (A G 1, % 4% PD-L1
siRNA Uik PD-L1 3&ik, LI%% Y% Control siRNA
YEJgx$ I8, PD-L1 siRNA 41 Hep3B-SR #l HepG2-

SR 4iififg PD-LI mRNA FEik¥J#¢ Control siRNA
ZHF (1.0020.09 vs 4.01+0.12, 1.00+0.10 vs
3.584+0.25, t=20.24. 9.63, PJ<0.01) , 2 Fhifi}
2 AT ERRCR AT K 80% H1 78%., E ik
UERAT 2540 MR PD-L1 #RIhiiER (& 3A ) .
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WKl 3B, 3C s, 2540l PD-L1 siRNA
ZH 1C,, %% Control siRNA ZH{ ( P<<0.01) .
siRNA #H Hep3B-SR F1 HepG2-SR 4l ifd Fit i 2445 %k
439k 5.4 1 5.3, PD-L1 siRNA 4] Hep3B-SR il
HepG2-SR 4Hi LTt 2546 %5053 3 T REh 1.8 Fl 1.5,
UEEATTER PD-L1 355 i 25 4 i i i 250 T B4

i 3A i, £ Hep3B-SR Al HepG2-
SR Ziifii, PD-L1 siRNA 4] P-gp HIEIAE

Control

Control siRNA 20 (1.00+0.05 vs 7.36+0.51,
1.00£0.06 vs 3.54+0.09, r=12.48, 23.34,
P ¥<0.01) , MRP1 FRikth% Control siRNA
T (1.00£0.07 vs 2.24+0.19, 1.00+0.07 vs
44240.64, 1=6.06. 529, P 1<0.01) . A%
ENIl 7L AN qPCR 45 SRR BIUTER PD-L1 J5 P-gp #0I
MRP1 A3 Rl A LS5 R UERUTER PD-L1 3
Gy AR JE N 25 AN R AR A 2

#k

Hep3B-SR HepG2-SR 20 " "
Ctrl-siRNA PD-L1-siRNA Ctrl-siRNA PD-L1-siRNA Mr (X 10%) 15 —_
PD-L1 40 _
o 10
GAPDH - 36
5
Hep3B-SR HepG2-SR B
Ctrl-siRNA PD-L1- s1RNA Ctrl-siRNA PD-L1-siRNA Mr (X 10°) Hep3B Ctrl-siRNA PD-L1-siRNA
z Hep3B-SR
P-gp - 170 20 wok
. k3 kg
LI | |
GAPDH 36 15
J 10
MRP1 190 =
5
GAPDH 36 C
A HepG2 Ctrl-siRNA PD-L1-siRNA
HepG2-SR
B3 E PD-L1 RiAFARS EHE R R AE R M 25 AT SR RE B i 24t

Fig 3 Silencing PD-L1 expression can partly reverse the drug resistance of hepatocellular carcinoma cells

A: Western blotting; B, C: CCK-8 assay. Ctrl: Control; PD-L1:

Programmed cell death ligand-1; GAPDH: Glyceraldehyde-3-

phosphate dehydrogenase; P-gp: P-glycoprotein; MRP1: Multidrug resistance-associated protein 1; ICs,: Half inhibition concentration.

"P<0.01.n=3,x*s

2.4 WE PD-L1 ik 7T4p4) % 35 3k Rt 25 AT 5
mpn ey Ih | A RSP LA WA
4A. 4B Fi7R, CCK-8 LA &3 PD-L1 siRNA 41
Hep3B-SR F1 HepG2-SR 4HHUfIEFERE JITE 24, 48
72. 96 h B IIET Control siRNA 41 (P #1<<0.01) , %
HHUTER PD-L1 23k )5 A5 ae 1 F .

WE 4C. 4D iR, WRSEEE55 R Hep3B-
SR Fll HepG2-SR 4R fEF B B /X % 2 4 Control
siRNA 20 >PD-L1 siRNA £ >% i k8 +PD-L1
siRNA 41 (F=299.2, 78.8, P 1J<0.01) , £H
il PD-L1 3R3A 5 T 25 A MRS R 0 T %

WK 4E. 4F Jf75, Hep3B-SR Hl HepG2-SR
LAY ST TRl Control siRNA 4{>PD-LI
siRNA #H>%$idF/8 +PD-L1 siRNA 4 (F=155.8
283.2, P 1J<<0.01) , RHAUTER PD-L1 FKik/5Mifzh

YA s R TR T

WK 4G. 4H Jff7n, Hep3B-SR #l HepG2-
SR A T el Control siRNA 41 <PD-
L1 siRNA Z <Z#idEJe +PD-L1 siRNA 4] (F=
202.8, 164.2, P 1J<<0.01) , LU PD-L1 %
I8 T 25 AU R Tk

it

3 it

JTFE H AR A BRE F NAT5AR e T BRSBTS
1 EEp " IR R R e R
W T A AT R R B IR T 2, AR
RAB EH LG ILA H e i B 25 4 . Wt
FER VI T & A R PR e i 25 2 — i Z2 b
PLRIA S it fe, A S s e ki i) PD-L1 =
L5 Z2 i AR A o 24 1 P
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B4 Bk PD-L1 JiAWHIHI RN IER T AT EAMAEsE. TRMEERERHEHEAT

Fig4 Silencing PD-L1 expression can repress the proliferation, migration and cloning formation of

sorafenib-resistant human hepatocellular carcinoma cell and promote its apoptosis

A, B: Cell proliferation by CCK-8 assay; C, D: Cell migration by wound healing assay; E, F: Cell cloning formation by colony
formation assay; G, H: Cell apoptosis by flow cytometry. A, C, E, G: Hep3B-SR; B, D, F, H: HepG2-SR. Ctrl: Control; PD-L1:
Programmed cell death ligand-1; DMSO: Dimethyl sulphoxide. “P<<0.01. n=3,X+s

A PR T SEAT TR B B S (25
BEAY K 2.5, 5, 10, 15, 20 umol/L) , 455% 5
MR REAR YR 10 umol/L I PR 4R PD-
L1 B35 ol H A n A RS R A, Rt
2.2 g FyRe e s rh R P AR JE A EE
10 pmol/L. ZZ4TH 245 LB UEM S ATP 456 &
( ATP-binding cassette, ABC ) MZE KAz 1L
FkA K, U4k P-gp/ABCB1, MRPI/ABCCI 4™,
IR M TR 25 3L R MDR1 1 MRP1 AR i 24 PRGN
[ EZHER

AW E e R B AR e T 25 i 4 i
Hep3B-SR #l HepG2-SR, #f] qPCR FlE H 5

S vE IR SE 25 400 PD-L1 B30k 8 R A 40 |
P8, FW PD-L1 7 RHAEE Tt 24 o 40 i vp s 2
ik, UTERM 25400 PD-L1 #3A5)5, PD-LI siRNA
1Y 1Cs, #¢ Control siRNA 4 R, (A& T H
AN, I Hif 2540l PD-L1 siRNA ZHp P-gp
1 MRP1 fJFRiA5%¢ Control siRNA 4 i, FHHVL
BR PD-L1 {23k il & 4330 5 I dn i i = hi ke
it 2454

IS IRESL I & B, VIER PD-L1 Bk T LA
A RANE R PR e 25 AR e . 125
SEREIE AR T, JUHGE S R PR R IR
HFoNEE, R PD-L1 SRR 25 A 40
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LA T R AF AR G

Liu ZM 55 &30, PD-L1 fEZHiAEJE iz A
JHREARMh i, AR NELE] PD-L1 fE&K
PR R A A b s ek, it —Em it
®K PD-L1 2355 Al sk e i 245 s 4t i)
[ R I NE e - N 7 AN 5| 4 i B
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