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Relationship between PD-L1 expression and the STAT3/PRKDC/
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Abstract

Background and Aims: Currently, the treatment of hepatocellular carcinoma (HCC) faces significant
challenges due to recurrence and metastasis, with tumor immune evasion being one of the key
mechanisms underlying these issues. Signal transducer and activator of transcription 3 (STAT3), an
important transcription factor, is overactivated in many malignancies and is involved in both
tumorigenesis and progression, closely associated with immune evasion. Programmed cell death ligand 1
(PD-L1), a key immune checkpoint, helps tumor cells evade immune surveillance when its expression is
upregulated, thereby suppressing anti-tumor immunity. Studies have shown that STAT3 may activate the
MYC signaling pathway through interaction with DNA-activated protein kinase (PRKDC), thereby
promoting PD-L1 expression and inducing immune evasion. However, the specific mechanism of the
STAT3/PRKDC/MYC axis in HCC remains unclear. This study aims to elucidate the molecular
mechanism by which STAT3 regulates PD-L1 expression through the PRKDC/MYC signaling pathway,
potentially inducing immune evasion in HCC, with the goal of providing potential targets for HCC
immunotherapy.

Methods: The expressions of STAT3 in human normal liver cells (HL-7702) and human HCC cells
(HuH-7, HepG2) were detected by qRT-PCR and Western blot. Plasmids with STAT3 knockdown (si-
STAT3) and PRKDC overexpression (oe-PRKDC), along with their respective negative controls (si-NC,
0e-NC), were constructed and transfected into HCC cells (HuH-7) according to the experimental design,
with untreated HuH-7 cells as the blank control. Western blot was used to analyze the expression of
STAT3, PRKDC, PD-L1, and MYC pathway-related proteins. Cell proliferation, invasion, migration, and
apoptosis of HCC cells were assessed by CCK-8, Transwell, wound healing assay, and flow cytometry.
After co-culturing HuH-7 cells with human peripheral blood mononuclear cells (hPBMCs), ELISA was
used to detect the secretion of the immune regulatory factor interferon y (IFN- y). Co-
immunoprecipitation and immunofluorescence co-localization were performed to verify the interaction
between STAT3 and PRKDC proteins.

Results: Results of qRT-PCR and Western blot showed that the mRNA and protein levels of STAT3
were significantly elevated in HCC cells (both P<0.05). Functional experiments demonstrated that in the
si-STAT3 group, HCC cell proliferation, migration, and invasion were significantly weakened, and cell
apoptosis was notably increased; the expression of PD-L1 and MYC pathway-related proteins was
significantly downregulated; the secretion of IFN-y was significantly increased after co-culturing with
hPBMC:s (all P<0.05). After co-culturing with oe-PRKDC plasmids, the effects of STAT3 knockdown on
HCC cells were significantly reversed (all P<0.05). Scansite 4.0 database analysis revealed that STAT3
and PRKDC have binding sites, and co-immunoprecipitation and immunofluorescence co-localization
experiments confirmed the interaction between STAT3 and PRKDC proteins.

Conclusion: STAT3 is highly expressed in HCC cells and can promote HCC cell proliferation,
migration, invasion, and immune evasion through interaction with PRKDC, suppress cell apoptosis,
activate the MYC pathway, and increase PD-L1 expression. The STAT3/PRKDC/MYC axis may serve as
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a potential target for HCC immunotherapy.
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RIEVERT, WO STAT3 ReA i 148 N & A4 - 1Y
ik, oA NI A A R e BT
B DNA 3005 1k 2 Ik (protein kinase DNA-
activated catalytic polypeptide, PRKDC) fE & — Fh
DNA {811 26 (St , 72 FR I R b B
KHEVEUY, PRKDC 5 DNAHIGIEE MG, 25
Z iR E 1YW Tk R RN RS L N A BRI
i IR 240 M R Y A . FEFL IR T K B, PRKDC = 3R
k38 i p38 MAPK {5 5 1% £ #F FL o 4 M 2B K,
IF 5 BAR A7 1% 2R AH CP SR T STAT3 Fl PRKDC
£ HCC 2 39 3% v i/ i oA B B . A F 59 3 3k
Western blot 43 #T STAT3 . PRKDC . PD-L1 Fl MYC il
PEAH A B A K, CCK-8. Transwell . %IlJE
2 56 09 2 40 MR PE A HCC 4 s g . RZE L iT
R T, B e I YT TE B 28 9 6 K IE STAT3 5
PRKDC # [ Z [H] 19 #H B AEH , iF — 2 15 STAT3
5 PRKDC il 33 # 1% MYC i % . 341 PD-L1 %35 &
755 HCC s 86 3% 1 /E AL, 4 HCC M iR
7 F B B A AR EY -

1 MREFE

1.1 AfSiEsE

NIE % K40 HL-7702 (CL-0111) . A HCC 4f
M HuH-7 (CL-0120) #l HepG2 (CL-0103) 1 F
RO v FEAE R R A R E, S E I A
40 9 (hPBMC) SNP-H287 I F 7% i B AR 9+ K
AR, 4005 558 i & 10% FBS (Gibeo, 3
) F1 1% W HT (Sigma-Aldrich, 32 [E ) # RPMI-
1640 F1 DMEM 4 il 35 5% W (Sigma-Aldrich, 3% &)
AT SR . PRI E T8 5% CO,. 37 CHli i fe il
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B SRR N R, YAl K B R IR LAY 90% B E1 1%
IEFR
1.2 fHpaEEL

B 85 37 47 09 HuH-7 4008, % 18 1 x 10741 1%
W R ) 24 FLARC . A9 HE STAT3 47 5 14 siRNA JiT
#i (si-STAT3) 5 PRKDC i % i5 (0e-PRKDC) Jit
B, DL RAS A B BAPEXT B (si-NC . o0e-NC) i Hi
(GenePharma, #HE), K H Lipofectamine 3000 it 7
(Invitrogen , K B HEH BRI, S
A R UL S AR O A N SR AT A A g, JF
W HE T 5 5% CO, A iR faili (37 C) HEFRMN
57 48 h, K qRT-PCR A 55 Y SUR
1.3 qRT-PCR#&ill STAT3.PRKDC.GAPDH %%

WA A A, R TRIzol i 5] (Invitrogen )
$2& BU M RNA. F% M One Step Prime Script miRNA
cDNA Synthesis Kit (Takara, H A&) &7 & #1E £
BEHE RNA 2 5% 5% & BB 55 B #h DNA (¢DNA), R
Ff] SYBR Green PCR Master Mix (Life Technologies,
ZE) RHE VAT qRT-PCR Y714, FEA I mRNA 7K
Vo LGAPDHAE R BN S, R 2740 7 kit
# STAT3. PRKDC. GAPDH ik /K, A SZE fF
R ETA S F 50 03 1,

&1 PCR3I¥FFI
Table 1 PCR primer sequences

A JFHI(5—3")
STAT3

na! 5'-CTT GGG TGG AGA AGG ACA-3’

S 1] 5'-ATC GGC AGG TCA ATG GTA-3'
PRKDC

E ] 5'-CCC CTC ATC AGT GGT TTC-3'

S Ji] 5'-TTC CCA GTT ATT CTT GGT CTCA-3'
GAPDH

E[7] 5'-TGA CCA CAG TCC ATG CCA TCA C-3'

! 5'-CGC CTG CTT CAC CAC CTT CTT-3'

1.4 Western blot #: 2R ke E B

W A 25 21 40 B B R B 1, R AT 109% SDS-
PAGE % Ig #4747 88 J5 , i i 1 7% 3 3R i 90 & W
(PVDF) J I (Millipore, JEE)., BETHIET, N
A 5% Wi Rg 28 Wy i F 4R R b2 h gE AT BB, W Uk
FIA—40, KHE T4 CckiEhmEdR, T
%52 KELH N A HRP conjugated — 4% (1:2 000, cat.
n0.ab205718, Abcam, FEl[E), B FH U 1 ho i
ECL fk 22 % Y6 .5 (BD Biosciences ) , 1b2% % 6

ST S A%<, i F Image J 43 M7 25 1 45717
PLanti-GAPDHF{fA (1:1000, cat.no.ab181602, Abcam,
YolE ) AXF M. —HIE G anti-STAT3 (1: 1 000,
ab68153, Abcam, FE[H), anti-p-STAT3 (1:20 000,
ab76315, Abcam, & [E ), anti-PRKDC (1:1 000,
ah32566, Abcam, & [H ), anti-PD-L1 (1:1 000,
ah213524, Abcam, FE[E ), anti-c-MYC (1:1 000,
ah32072, Abcam, ¥&[F ), anti-CCT2 (1:10 000,
ah92746, Abcam, P& [E ), anti-CBX3 (1:1 000,
ah213167, Abcam, FE[H ).
1.5 ELISAMIZEF#MEZy(IFN-y)EE

¥ hPBMC 549 1%t % (PHA) (MERCK, 3%
) HMEH AN PHA 41, K5 PHA L F M
hPBMC fE 2l 25 A X R 41 o si-NC Fil si-STAT3 LA J
0e-PRKDC #% 44 2 HuH-7 M il f5 , 5 hPBMC L35 5%,
BE 5 5 PHA L% 7, 4 i ic /F hPBMC+si-NC 4 ,
hPBMC+si-STAT3 £ Fl hPBMC+si-STAT3+0e-PRKDC
A, B EUCH M b MR N IEN-y ELISA i 7 &
(ml077386, iFEEIHCA= 9, " E) Kl IFN-vy (1)
T, R T A e R R U A PAT .
1.6 STAT35PRKDC EZBHEERTN

. FH Scansite 4.0 2 ¥ & (https://scansite4. mit.
edu/#scanProtein ) i STAT3 5 PRKDC 194 M A H.
EH .
1.7 GEHiTiEER

WK 4 M FH TP R A 27 vl S, BS A0 R L
W . AR 1 JE 4 )R % Protein A/G G PR
(Santa Cruz Biotechnology ) 15 %5 — i {4 anti-STAT3 I
anti-PRKDC £ 4 C T & FHR IR L ZEB R G IHE
60 min, Bl J5INIATE VW PPE3 K. B0 E T
BREE AT VR, AR VR W, B SR
Western blot #1745 , L5 iE STAT3 Fil PRKDC (%)
FHHEAEH .
1.8 RN FEMKI

WA A0 M TR L S 2 24 FLMR (2 x 10* 2 it /AL)
iR, 24 hE BERREL Gz vh Kk (PBS) BEH 21K,
A 4% Z2 5 W [ 7 248 B2 30 min, 0.5% Triton X-
100 2 i% 10 min, A MW AHEAEF A1 h, B
J5 o, 405 $0 4R STAT3 (1:200, ab68153) il
PRKDC (1:200, ab32566) #EF7XHe, H T4 CiK
FBEE R 2K, IEVE—PUE AR B
A Lh, DAPLH €A, 7ESGR G (400857, NiKon,
HA) WG o g i s KL
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1.9 CCK-83:1%

KA CCK-8 3 il il & (bt 8 = KA+
ARoswl) SEAT 20 M 38 58 AR D, e BRG] 5 1
MIIEATSC 00 . IR A AL AL B S A A, TR 4% 3 x
10° 4~ /FL B e 2 43 S A 96 fLA Y, B4 3B 6 4>
HEAL ., FRIFEFRMW, HEHMA 100 wL 41555
FEW, HMA 10 WL CCK-8 IE W, T 37 “C G
B 1~3 he il FBEFRXAE 450 nm LI BT A 6
1.10 Transwell &N 4A a2 22

B X BUE KR AN, 12 28 250 7F Transwell
/NZE (Corning, SEE) hifffy, #4140k H X
I {5 DMEM %5 7 6 8 % Wk o 1x 10° ~/mL. 4%
Transwell /N % [ 2 oh 35 5] Uk 1l Matrigel , 28 J5 % HX
200 pL 4 A BV B B rp . 600 L & 10% FBS
) DMEM 4 fg 55 F2 i 2] 24 fLAl F =, KigR24 h,
W 45 2 e (W (Solarbio, ) NAF % 40 MY
AT, THEE BT (CKX53, OLYMPUS,
HA) WL RE A SL N [ 5 O B0 40 i A i, T3k
IS AW B HEAT AR R, TR
1.11  BRERIRIXIGH N 4R IERS

Wi 4 45 2H b RS 40 B, DL 2.5 x 10° > 4 i/ £L
14 e 5 X /) T B B 24 LA L R R T AN
fEH (37 C) B M a . W5 40 i Ak K 2
90% LA I %% BERE, SR 1 mlL (%) TG B+ Sk R A7 R
G, IMAPBSZEIGIEUE L A0 ML, AR FBS

P<0.01

() DMEM 40 ifg 35 752 W, >R FH ) & o BB 4 Fd 5k
B 24 FLAR PR E T A0 M E R R 240, 24 h R EE 740
W0 5%, K Image J #E47T 0047 o
1.12 A4 BE AR A6 U 2 AeE =

Wi B A% 4 A B S AR, R R R T Ae Y
AL AN . I R 20 RV B A 1 % 107 S 4 iR/ SR L
i 2 | TR Y PBS BE 2 ¥k, % JH Annexin-V-
FITC/PT P8 T2 % & (Absin, ") KW 396 1
R i F FlowJo-V 10 54 b B Sz 86 45 51
1.13 SitF4IE

K H Graphpad Prism 8 if 17 £ 4l 73 Hr Fil 22 il 52
TPE, IR R « frifE2E (+s) FIR,
P 2EL 18] B SR e R G, 2L 1D G A SR LT T 22 4
n (two-way ANOVA), P<0.05 NEREGIT#E X,

2 & R

2.1 STAT3#HCCHE R RRIXER

qRT-PCR il Western blot £l 25 3 7~ , 5 AIE
WO 41 M8 HL-7702 H %, A HCC 40 Jiid h STAT3
mRNA B % b 9% , STAT3 B & 3% 1k (p-STAT3/
STAT3) (3 P<0.05) (&l 1), 48 fb7E HuH-7 4
Ji 85 HepG2 B0 BH &, PRI I I 2652 52 56 16 ] HuH-7
HATHESE

8 T P<0.001 2.0 005
1 P<0.01 —

B 6 @Kﬂ 1.5+ I
B ®
K HI-7702 HuH-7 HepG2 2 1
% 4+ T == = 1.0+
5 p-STAT3 (55 kD 2 —
=2 £ 0.5
2 . STAT3| W S s [s5kD £

0 T T T 0-0 T T T

HL-7702  HuH-7  HepG2 GAPDH| wimes e e (37 kD HL-7702 HuH-7  HepG2

E1 STAT3 FRiE#M

Figure 1 STATS3 expression determination

2.2 STAT3H LN

¥ si-NC H si-STAT3 43 5 %% Y+ 2 HuH-7 40 i )5
5525 (4 B 41 HuH-7 400 %2, si-NC 41 HuH-7 41
i STAT3 mRNA 5 H R E R B LFE I E X
( ¥ P>0.05) , i si-STAT3 41 HuH-7 41 Jifi STAT3
mRNA 5 & AR BPB M (3 P>0.05) (K2).
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A: gqRT-PCR; B: Western blot

A: gqRT-PCR; B: Western blot

2.3 STAT3XtHCC £ #1=Thae B2

2.3.1 ma¥M 2L EBRATHEL SEAX
MR LL AL, si-NC ZH 40 Mo 3G 58 RE J7 . 41 i 4= 28 T
B, WodkE58L5it¥82 X (¥ P
0.05) , 1M si-STAT3 2H 4 A 34 58 g 77 B W pa 55 . 4f
Ml R MIT BB RFEE. W EAds
(¥ P<0.05) (E3).
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P<0.001

SHMIE si-NC  si-STAT3

B2 FREYERN  A: qRT-PCRAGN STAT3 mRNA %Kik; B: Western blot Kiilll STAT3 2 1121k
Figure 2 Transfection efficiency detection A: Detection of STAT3 mRNA expression by qRT-PCR; B: Detection of STAT3
protein expression by Western blot

SIS ROpi - si-NC si-STAT3

Oh

25 XTI si-NC i-STAT3 25 AN RS si-NC. si-STAT3

Qi1 Qi Qi Qi
0.16% preey 0.19% 1.74% 0.12% 1.92%

1092
°
3

1092

1052

PECYT-H
02 100 10t
PECYT-H
02 100 10t
PECYT-H
02 100 10t

Qs
ey

S Sow Fow Soor

1004
1004
1004

T2 g0t 10 105 107 108 00 1073 0t 108 108 107 108 10! 1027 10t 10% 108 107 108 10

FITCH FITCH FITCH
- P<0001

B3 STAT3X HCC HiEigsE. &, IBMATHY A: CCK-84H7; B: RIRAG/MHT; C: Transwell WAl {228
715 Dy YA MARACI 4 A U
Figure 3 Effect of STAT3 on HCC cell proliferation, invasion, migration, and apoptosis A: CCK-8 analysis; B: Wound

healing assay; C: Transwell assay to evaluate invasion ability; D: Flow cytometry analysis of cell apoptosis
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2.3.2 PD-L1 A MYC i % 48 % & & # & & 1§ 0L
Western blot £l 25 S W/x , 525 (1 X BB 4] e #,
SENCH A HEARKKFEFEFH LRI AE X

P<0.001

(¥ P>0.05) , T si-STAT3 41 PD-L1 Ll % e-MYC .
CCT2 F1 CBX3 Ay 4 H ik K F 27 B W B AR (3 P<
0.05) (Kl4),

El4 PD-L1F1MYCi#EEXERFRAEN
Figure 4 Detection of expressions of PD-L1 and MYC pathway-related proteins

2.3.3 Z4IFN-y 4  5ARA4 P A hPBMC 41 il
F 5, PHA 41 hPBMC 40 Jifid /) TFN-y 43 36 B & 7 &
(P<0.05) , hPBMC+si-NC 21 hPBMC 4ff g (1Y) IFN-~y 43
WK 2RI g i B X (P>0.05), hPBMC+si-
STAT3 £ hPBMC 4 Jifd ¥ TFN-~y 43 34 7K F B 4 7
(P<0.05) (K5),

5 KLAIFN-y b7k FEE IR

Comparison of IFN-y secretion levels among

Figure S
different groups

2.4 STAT35PRKDCEBHHEEH

Scansite 4.0 $UH& )& 70 Hr & B8, STAT3 5 PRKDC
EHZRATES SO (B 6A) . Ll vE Rk
45 L %, STAT3 5 PRKDC 7 78 & H A T A o5&
F ([ 6B) o SR g2 2¢O 3 i A 5 30 A6 ) 240 ik Py
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STAT3 5 PRKDC Rk H 0L, 45K WIR, STAT3 Fl
PRKDC ¥ 7E HuH-7 40 ifi 6 ik, H 3@ 7 T 40 Mo A%
i, AE si-STAT3 £+ STAT3 il PRKDC fY 5 ik 1
W (15 6C) o
2.5 STAT3 5 PRKDC ## 43t HCC £ ¥ 8E
gl
2.5.1 PRKDC #t 2t & f 1 i — L W] i STAT3
5 PRKDC £ HCC #y #F J& v i /R AL, A BF 52 6%
0e-PRKDC 3t %; 7t % HuH-7 40 Jfi tf , RT-PCR 5
Western blot £ ] 2% W B on, 525 H 6 IR 4H %5,
0e-NC 2 PRKDC mRNA 5 1 Rk 2 R ¥ LG it 2%
=X (¥ P>0.05), i oe-PRKDC 41 PRKDC mRNA 5
EERIXVE TS (3 P<0.05) (E7),
2.5.2 mppIgsA BE EARATEL KGR
7%, 0e-PRKDC 5% L J5 | STAT3 g 1% % 48 fitd 3%
B . 1228 5 R RE 1 0 DL B X 2 MR T AR
HEE B I e 1 5 (3 P<0.05) (518)
2.5.3 PD-L1 fe MYC i@ %48 % & & &k oL K
5 WK, 0e-PRKDC HL 55 YL J5 , STAT3 @ fIK fr
B PD-L1, ¢-MYC, CCT2 fl CBX3 fY & [ % ik /K F
TR R (34 P<0.05) (19),
2.5.4 IFN-vy &5 5 st 2L I 45 R B /R, oe-
PRKDC 354 YL J5 , STAT3 Rl 1% BT 25 A9 TFN-y 3 36 384
T B i (P<0.05) (FE10).
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