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(M R MR 51 N R BE W 5 s FERE 3560, 4394 225001)

HE 3E )~ 4m oL f 5 (non-small cell lung cancer, NSCLC) B 3 #Ait & 445 = R R T
&2 KiE, FPRA, 1A KB F -Bl(transforming growth factor-B1, TGF-B1) 48454 /& fm i, =
JX 18] 7LJR $54% (epithelial-mesenchymal transition, EMT)#t fa 38 3% I ) 4m i 6912 2 e bt A5 48 7). F
B, #4257 MSLTBRAR -1(programmed death ligand-1, PD-L1)# NSCLC 4269 EMTidA2 ¥ £ %5 %
HAER . K@, PD-L1#4= TGF-B1Z 8 69/ A MLl i R T 20 #. ZAFR § #4583 PD-L15 TGF-B1
Z 18] #9345 % A B LA NSCLCH# & F 4916 . 18 1T Western blot4= qQRT-PCRAZM T A549. H1299.
H21704=H1975%0 e, PD-L169 KA K-F T4 oA W15 8.5 047, #t—F 4K T PD-L1. TGF-B15
EMTA7& 4% F & & (vimentin, Vim)Fe L & 45 55% & (BE-Cadherin)Z 8] 6940 X 4. 4 T #F % PD-LI1
FETGF-BlH-FHEMTiEA2 F 6945 A, 18 id siRNAS KA ¥ it RAPD-LI1, #4015 A4 £, 4
oAz 2 23 A EAU 2 8, 3#46 7 PD-L13+ TGF-B1i5-5 49 NSCLC 28 i EMTAR % & @ vA B m i3 £ .
EBAIGIAEE N T, FRER I T, 2 TGF-BliFF/5 VimE & #) &2 K-F L4+, E-Cadherink
KIRF T, BB PD-L149 & A KP4 LA, AW1E & F o R R~TGF-I A 5PD-L14=2VimZ E
#8% , 5 E-CadherinZ i 48 %. 474|PD-L1& X5, TGF-Bl4 ikt K-F ik V" F= Vim& & & A K-F T,
# E-Cadherin#g £ A K-F 9+ &, 5 B394 TGE-P1i5-F49EMT. AR, it A A PD-L1/ETGE-Bl4-ik
K- _EF, E-Cadherin® & & A K-F F . Vimk A K-F EF, Mttt TGF-BliEF4EMT. Lk
4 R &R, TGF-B148#45 5 NSCLC 40 . EMTSHE 8t PD-L149 & 3& , 1 PD-L148#5 5 TGF-Bl1ég ik 5
KA, Fl B PD-L14L TR 3 TGF-B1i5-F 49 EMT, 38 5% ta i it B A2 268 7).

KH#iR  PD-LI; e/ ity 2m i, b 1A 5% 4k, TGF-B1

PD-L1 Influences Epithelial-Mesenchymal Transition Induced
by TGF-p1 in Non-Small Cell Lung Cancer Cells
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Abstract NSCLC (non-small cell lung cancer) has gained significant attention due to its early distant
metastasis and poor prognosis. Studies have shown that TGF-B1 (transforming growth factor-f1) can induce EMT

(epithelial-mesenchymal transition) in lung cancer cells, thereby enhancing the invasiveness and metastatic po-
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tential of tumor cells. Meanwhile, PD-L1 (programmed death ligand-1) plays a critical role in the EMT process
in NSCLC cells. However, the mechanism of interaction between PD-L1 and TGF-B1 remains unclear. This study
aims to explore the regulatory relationship between PD-L1 and TGF-B1 and their role in NSCLC progression. The
expression levels of PD-L1 in A549, H1299, H2170, and H1975 cells were examined by Western blot and qRT-
PCR, combined with bioinformatics analysis to further investigate the correlation among PD-L1, TGF-B1, and
EMT markers, including Vim (vimentin) and E-Cadherin. To explore the role of PD-L1 in TGF-B1-induced EMT
(epithelial-mesenchymal transition), PD-L1 was knocked down using siRNA and overexpressed via plasmid trans-
fection. Subsequently, wound healing assays, cell invasion assays, and EdU assays were performed to evaluate the
impact of PD-L1 on TGF-B1-induced changes in EMT-related proteins, as well as the migratory, invasive, and pro-
liferative capacities of NSCLC cells. The results showed that TGF-B1 induction led to an increase in Vim protein
expression, a decrease in E-Cadherin expression, and an upregulation of PD-L1 expression. Bioinformatics analysis
revealed that TGF-S1 gene expression was positively correlated with PD-L1 and Vim and negatively correlated
with E-Cadherin. After inhibiting PD-L1 expression, TGF-B1 secretion decreased, Vim expression decreased, and
E-Cadherin expression increased, which weakened TGF-B1-induced EMT. In contrast, overexpression of PD-L1
led to increased TGF-B1 secretion, a decrease in E-Cadherin protein expression, an increase in Vim expression, and
promoteion of TGF-B1-induced EMT. These findings suggest that TGF-B1 can induce EMT in NSCLC cells and

promote PD-L1 expression, while PD-L1 can induce TGF-1 secretion and expression. Furthermore, PD-L1 can

promote TGF-B1-induced EMT, enhancing cell migration and invasion capabilities.
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It i 72 A BR B i DL ) i S A MR, BB T
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Ji (non-small cell lung cancer, NSCLC)/& & N UL
B, BB SR RRRAGET RN, REFRYI%
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(epithelial-mesenchymal transition, EMT) & — {44
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SR IXANRRY K MEIE, A0 HE R A5 iR 22 0
P, EMTIE M. HRF g4k JiE R A
AL AN 2P 55 7 T R 59 HEAE AP,

VBN — i G 2 Ko A5 s A0 7, A P MR SR T
& -1(programmed death ligand-1, PD-L1) 2 5% N % F
S RE VAT B A e T8 O A A ) T
AR, A8 RR RS0 IR I R AR, AT R iR e e
PR PE SN o BFFE R B, EMT Ik 2 8 Ji 3 41 it H
Wod , S RAE PR 4H A I PD-L1#KIE, i PD-L1
IR B 3G A BT ek g 6 2RE G % 2R Gt 1Y) M A A
By, WIS (1) R R A 1), e fh AR KA
“F-B(transforming growth factor-B, TGF-B)&—F £ I
RE4IU A T, 05 TGE-B1. TGE-2AITGF-B3 =M1

PD-L1; non-small cell lung cancer cells; epithelial-mesenchymal transition; TGF-1

B, oy A AR PR R gD, 5F 2 RE TS
W SR I TGE-BEEE 7T LIS I EEMT | I8 A2 B,
DA K Jeg 2 A 5 I 4T 44 4 I8t 0 e O 58 7 11 4
FEFNHI AL BEZR R E Y, TGF-BIE N TGF-BF ik
R 2 — , TE IR SO 55 v R 3R R K T I R
TG 26 %, B Al i SAH K N P RIE,
WZEB1/2 M snail %, {£3EEMT, M2t e (11258
AR, HArfe 2 Mg R 8, TGF-p1A
I REfR 241 i EMTAE g 5 2040 i P9 PD-L1 1R IA &
S, AT PR TE A, (22 IR S IR0, SR,
BARZ 51X —d R FHLH ARG .

FEAT I, Fodl 18 i TGF-B1 A0 it e 40 i 4
HEMTHLAY, Western blotFlqRT-PCRW %2 TGF-B14k
5 EMTAH %20 T F1 PD-L1 £ ik AKF (R o 3g, ik %
RS PD-L1RIA J& , F Al TGE-B1Xf EMTLA
MO E . TR ZERE SR . ¥R PD-L1
5 TGF-B15 R EMTHIK &, Jilt—F# B PD-L17E
it A R H ) A T LR R A AR AR
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1.1 S EEXF
NSCLC4fe 2 H1299. H1975. A549F1H2170
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PLR B 9538 (RPMI 1640, F12K)FIAG 4 L% H06
R EREmB R ARAR . RTINS &
EL & SUEAREM I AT N g SN Pl
PLK TGF-B1¥YIE H MCEA ] . RNAFREL. St
Je ot 5E B PCRAH KA (£145 FreeZol Reagent
RNAREURFN £ . cDNA #5357 £ M 58 6 Jekl
PCRAAFIEL )0 H ma 5l i MER AR A IR A F .
EdU G &8 B POERHE AV A R A 7] . ELISA
RG-S HRPER G I 2EPT/N RbTik Sl 2Bt bt
A R A TREE R AR . PCREZK
FrH 5149 [PD-L1. #J% & H (vimentin, Vim). E-
Cadherin. GAPDH]H4E TAWY) T8 (L) A
FRA TS . 24FLIRIE 1 H Biosharp ZE 44 i
2wl 0.45 ym PVDFEIY H 3 EMillipore A 7] .
W45 5256 BT 75 B9 PD-L1/N T3 RNARI PD-L 13t %
BRI B M AR RAR . EE R
7 (Western blot, WB)f& Il FrH () PD-L1. Vim. E-
CadherinflGAPDH %47t . 22 5 FE i I 5 i =
[&EMEARFRAF .
1.2 ApEiEFFSCL 4r4R

H1975. H2170F1 H129940 Jfil 7£ & 10% A 2F
M35 % 1% % % /4 55 2 0L RPMI 164085 5%
Ferh B IR, M AS494H I INAE H FI2K 3 77 0k . iy
Y E T 37 °C. 5% COLMEFRA . 55—
4y, TGF-BIALEESZLS | K AS49OFI H197540 8 43 N
. S 10 ng/mL TGF-PIALFE48 h, XilHE
A KHEAT TGF-BLALEE . AbFEZE RS, A& EMTAH
KbrEW K PD-L1RIEREI . 5 —#4)>, PD-LI1
VAR BRI . ASA9H 4% 4 PD-L1 it R 8 kL,
SN, BN A FURLZH (Vector) Fl PD-L 13k 2812 i
K2 H197540 % 4« PD-L1 siRNA, 4~ H4, Rl
NC-siRNA. PD-L1 siRNA-141. PD-L1 siRNA-24H.
PD-L1 siRNA-341. PD-LI siRNA-44. =34y,
PD-L15 TGF-BIMFF A Z 500 . (1) siRNASZEGA,
NC-siRNA. NC-siRNA+TGF-Bl. PD-L1 siRNA.
PD-L1 siRNA+TGF-B1; (2) JFikis364H, Empty Vec-
tor. Empty Vector+TGF-f1. PD-L1 Vector. PD-LI
Vector+TGF-B1,
1.3 7%
131 BAFIEK  FASAOFMHI97540M LLIx105FLH
BEEANT 24Uk, B F37 °C. 5% COE5 7747 thid
W, VAR ORGH M 78 20 WG BE . ) 40 B s 3= F L I 10

ng/mL TGF-B1(%f #8410 ng/mL TGF-B1), 4b#48 h)5,
FEA B R N SR AN K TSR AL

132 AMEL&FHH AV GEPIA K
38 1 PD-LIZEH 5 TGF-ILE i) (lung adeno-
carcinoma, LUAD). fiiif@J# (lung squamous cell car-
cinoma, LUSC) LA S IEH# I ZHZAH K & .

1.3.3 RNA-Seq®l/5  RNAR@EENFMRS H L
o AR IR A R R A RO 7 1 B
18 H GenSeq® rRNA Removal Kit(GenSeq, Inc.)ist
FIE L BRFE L T IR BEA RNAGIRNA) . R rRNA
JEHIRE Y, 85T GenSeq® Low Input RNA Library
Prep Kit(GenSeq, Inc.)iifll &, #% M) Pt it
B AR A 0 7 SCFE . JE 3k BioAnalyzer 2100
system(Agilent Technologies, 3 [E )X 4 £ 4 (1) /7
SCE AT R A E &, 28 )5 K H Tllumina NovaSeq
60001X #5E1T 150 bp XU 7. 1E_FilF= P AEYFE
Hi A BR 2 73347 mRNA-Seq =y 38 & 7 A1 B 5 2R
YifE B 2081 434 llumina NovaSeq 60003l 7 43%
MFp, AT IR AGHHE . & S50 FH Q301 #EAT IR 1A it
5. 1 cutadapt! R AF(v1.9.3) L3k, FHLH &
7L DNA/RNA JBUFP 1, 3R 45 i o B A 155 51 o
£ FH hisat2U V34K va 5T B 0 P A e 41 v 21 2
IR, SRE, [ FHTSeq 1 1F(v0.9.1)3Rk1F S 4f
count®y, 1 F edgeR!MBEAT B AL I 71 5 0 4L RE A
(] (R A5 H A T P-value, 16 22 S ik FE M .
75 5t 2 1A mRNA BT GO(Gene Ontology) T 43 H1 Fl
KEGG(Kyoto Encyclopedia of Genes and Genomes)
I HT o

134 #mfedsde AR K4uiLiax10% L)
FEEFP T 6L, B 137 °C. 5% COB5 3= 41 it 77
MR, HEIAMIE R 60%~80%IL & . HRE AW
HlA R o ORI By fEJC EPE H A 200 pL Opti-
MEM; M2 pgliikr, 452 5); I A4 uL HighGene
Fe e ulan), BB S, FiREHE 15 min, L
DNA-# Yt R A4, siRNARLYL: 75 FH EPE
A 200 pL Opti-MEMBG MLif 35 7728 MG &
100 pmol siRNA, 25 2); IS5 uL HighGenef% 4%
B, BRI S, i E 15 min, R siRNA-
HHSHEaY . B HESWER Y SIMAA
MR R, RERAEINR, MIRGH5. KE
TR E T 37 °C. 5% CORE TR P 4k 85 7%
W EEIR: g6 hiG, E#y5e iR R gk s i 7
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#1 qRT-PCR3|#F%]
Table 1 qRT PCR primer sequence

e~ 30| P55 3" NS5 —3)

Genes Forward primer (5'—3") Reverse primer (5'—3")

PD-L1 TGG CAT TTG CTG AAC GCATTT TGC AGC CAG GTC TAATTG TTTT
Vimentin AGT CCA CTG AGT ACC GGA GAC CAT TTC ACG CAT CTG GCG TTC
E-Cadherin CGA GAG CTA CAC GTT CAC GG GGG TGT CGA GGG AAA AAT AGG
GAPDH CTC ACC GGATGC ACC AAT GTT CGC GTT GCT CAC AAT GTT CAT

48 h, HEATJE I . PD-L 13 %34 5k A1/ F 48
RNA(siRNA). PD-L1 siRNAFIF4IH . siRNAL:
5-CAU UUG CUG AAC GCA UUU ATT-3', siRNA2:
5-UGC ACU AAU UGU CUA UUG GTT-3’, siRNA3:
5-AUC CAG UCA CCU CUG AAC ATT-3', siRNA4:
5-CAC AUC CUC CAA AUG AAA GTT-3',

1.3.5 qRT-PCRI&MAE 49 KL B FR40H T
RNAJZHUf# ] FreeZol Reagentil 7l &, @it 73066
JE1t(Nano Drop 2000)#ll £ RNAJK FEMIAE L, HEHL )
RNA i i o M % 5 SR b AT S e 5%, SRl
BRI AR U B . SR R A i G A Y
e B PCRIAFA & 1 B B EC I , FF7E StepOnePlus3k
BfPCRAGHIEAT. RV &AF: 95 °CTRAE 30 s; §™
B B N95 °CAEE10 s, 60 °CCHEAH30 s, FL40/MEFF;
VM2 95 °CAEME 15 s, 60 °CE 60 s, 95 °Cli
M7 HeAE1S siFATPCRIR M. . LLGAPDHRE A%
HR, SR 2229 52 mRNA K ITE KT, A8 1 BTG 51
YRR A W21 .

1.3.6 Western blot#n 48 % & & K-F  {#HPBSIE
VednM s, N AR A AR IR 1, SR BCAVE
W E B FREE, IR I A RIS B
T8 4: 1 EL R A 5 206 10 minZB k. B S50 pgit 7R
FIMAE] SDS-PAGEZ 1, 120 VEIfZ 90 minHL ¥k 5
BEA. KB40 mABRE 1 REEAEBRE
PVDF/iE. =i T H 5%BAR Yk E A 1 h, B S5 —
Pu(1:2 000)7E4 °CHFF I B Uk HELH B, H Bk &
TR E &, I TBSTHEAR 15 min, 3775, 7F
SR NI E R RPJE I HRP 471 (1:10 000) 1 h, HX
SRR PV TBSTEEME 15 min, 3UKJ5 , H5HEELH i
BT HECLAHRM G TS s, BUR AT 2=l i
ChemiDoctt = Kt R4k ML 2 . Imagel A
X} E R (0 K BEARLEAT 70 A o

1.3.7 BdUAR  EJUERL AL E EA MG 5 . K
AL BRI (R 40 (R AL 2 10440 ) B R T 96 4L,

EdUARIC, FF8 FH 40 i 34 5l BEdU B k) & g £
FHR R JeoRl e i k%, bric LA B BT 4H .
fi O BB I A
1.3.8 ELISAE  fZBRELER 315, 144
ELISAR I & A I 40 i L35 W H TGF-BLII K.
139 Huofdxik EHAERRESRIFMASAF
H19754H o Fh -6 FLAR, 35577 RILA BE>90%, 37 °C
YT B FR A R R 24 hEYIMNGEEE . 4§ 200 pL
PR 2 E IR S AR AL R RIR B AR RS FLRIIR 5 —
M. FEEFRE, FFLINAL mL PBSIE T, LBRF
AP, FEHR1.258 =y o dHACER A B, 37 °CHlffuss
FRAAP AR SRS 92 48 ho 7E R TMELIRE &1
W, KA UG . 8 Imagel B4 & RR A A THIAR
THREATRE .
1.3.10 TranswellZ238  HU2x10°N4HfE Fh e T-244L
PR, TS A 600 nLIE s 775k . 48 hfm, RS
B TO02 5 R ) A A . K 3T 7% B4R 28 ) 40 R A = UL
N H4%%2 B8 W RS [ 72 30 min, 45 fb 5L gL, 175 5
e
1.4 Gt o

JIT A5 B 48 1 SPSS 23 .08 AT S8t 207 .
S0 25 B DA B ARl RN, BN L SRS B D
HE 3R IR LLBCR F 58 27 22 93 T (One-Way
ANOVA), PIE/NT0.058 /R 2 HA it e e

2 FR
2.1 7ENSCLCHff Hf FIPD-L15%1A K AS494H Bl
AIRNAF 537

BAVGHT T AR N Lt 4 L R (A 549 H1975.
H1299. H2170) PD-L1fI mRNARIEE &L KF,
Western blotfll qRT-PCR 45 H {2 7x NSCLCHH g &
H197540MIPD-L 1 {1215 /K45 55, T AS494H HIPD-L1
Tk KFEAR(BA~E 1C). Bl SE, %61 AS4978
3% GLPD-L 1t 23K ok, H197540 % YLPD-L1/N
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PERNAUTER PD-LISRE . Bfifa, AT AS4940 B fE:
A TGF-BURNEUS () BE K X B4 147 7 RN A
FEoy M. RNAMIFEE SR ER, A1 495 Z R |
W, 1052 E KB N (B 1D). AS4941 /i i mRNA
FIEAEA Jo TGF-B LRI Ol T i# i MiSeqill & .
{5 F§ CummeRbund 22 il 1 5= K R aA R Bl
K@ R 1 £ TGF-B 1IN J5 25 R R T8 7K 1) 224k
HEHIRAT T A FER R E Z S, FHFHTUE
LK 1 o) 0T A 25 TR R A () s (B LE) . X
JC TGF-BUAII ) IA 2 e He R 4T KEGG R &
0T, g5 BoR 2 R RIBEHEPIBK-AKTIE 51
% . TGF-BETAfE il 5l g & 4 (B 1F). flf
FISTRINGHE 0 #TTGF-B1. PD-L1(tBF% HCD274)
HEMTAHM G & A 2 8 BHARME H C R (E1G), KIPD-

L1(CD274) 7] Gl it TGF-B1iH 45 EMTAH 5 55 [ i %
(A) (B)
A549 HI1299 H2170 HI1975
DL [ - ', — 40-50 kDa
GAPDH | e S Sl SRS | 37 Da
(D) (E)
2 000
1495
& 1500- 12.5
2 10.0
e 1 052 &7.5 PI3K-AKT sign
5 1000 2 5o
—q'é e 25)
E
2 5004 of:
25
25 0 25 50 75100135 ¢
0 ontro Arthythmoge
Up Down

PD-L1 protein expression

Hypertrophic cardiomyopathy -
Focal adhesion-
ECM-receptor interaction~ .

Dilated cardiomyopathy~ .

15, i HPD-L1GE 45 TGF-B1iE S HEMT.
2.2 TGF-p14IEA549FIH197540 B ST EMTHE 5
IFIPD-L1 A FRIE RIS

AS549MTH197540 it 5 #L7 1) b e A e 2s , 48
M EHEY, 22 M, 210 ng/mL TGF-B14b#E
48 hfg, A BEIRIE . R KITES, X2
EMT) S RAEAE (K A) . FATiE I GEPTA %4 /7, U
££ 7 5k B TCGAFI GTEx[ 97941 it 2H 23 A1 685451
B AL, o34 T TGE-B13EN 5 Vim, E-Cadherin
VAN PD-L1ZER IR R RYE . S5 5R BoR, TGF-pI1
5 Vim M PD-LIF K 208 B B F W IR, B
Giit 2 E R (< ZH R>1, P<0.05), 1ii TGF-p15
E-Cadherin(tE# A CDH1) )R IE 2 B Ak, B
HGi it 2 5% (R=-0.27, P<0.05)(K2B). Western
blotfl qRT-PCR&E R 2.7, 576 TGF-B1ALEH 34T %

1.0 ©) 41
=
k)
0.8 z
8
o
0.6 5
<
0.4 2
g
0.2 3
S

P value

5107
4x10°
3x10°
210
1x10°

Selection counts|
« 20
030
040

.
4 6 10

EnrichmentScore —log, 7

A: A549. H1299. H2170. H19754Hi0 - PD-L 1%k [ #A KT B: JE@4H AL PD-L1 & (A FEAH 43 HT; C: A549. H1299. H2170. H1975%4HH
PD-L1 mRNAZKIEIKF; D: & E IR T control 4l 5 TGF-B14H 2 [ ) 22 S R IA L R &, Jod BiATIDEGs 5 R MDEGs /il /R 78 B H; B:
RNA-Seqt K 23& 7 B I B B, R T JETGF-BURNEEE K 28 /K1 (72 4; F: %46 JETGE-B LR 72 5 & 5 K K EGGIB % /3#T; G:
FHSTRINGFE 570 T TGE-p1. PD-L1(CD274) SEMTAH><E H 2 [8] HAHIE % & o

A: protein expression levels in non-small cell lung cancer A549, H1299, H2170, H1995 cells; B: protein grayscale value analysis; C: PD-LI mRNA
levels in non-small cell lung cancer A549, H1299, H2170, H1995 cells; D: this bar graph shows the number of DEGs (differentially expressed genes)
between the control group and the TGF-B1 group, with upregulated and downregulated DEGs displayed separately in the graph; E: scatter plot of RNA-
Seq gene expression analysis, showing changes in gene expression levels with or without TGF-B1 stimulation; F: KEGG pathway analysis of differen-
tially expressed genes with or without TGF-B1 stimulation; G: the interaction between TGF-p1, PD-L1 (CD274) and EMT-related proteins was analyzed

using STRING program.

Bl NSCLCZRAEHHIPD-L1#RIE R AS49MAEE T TGF-p1RIAIRNAM F 7347
Fig.1 PD-L1 expression in NSCLC cells and RNA sequencing analysis of A549 cells with or without TGF-p1 stimulation
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tt, 10 ng/mL TGF-B14b2E 5, 4 g H E-Cadheringk ik
KPR B, 1 Vim Al PD-L1 A 7K BT (B 2CH1
K2D)s,
2.3 PD-L1IRIAFRAIEE F AS4940 050 PD-L1
siRNA%E e H197540BE4% SR 30ZR I8 IE

FH PD-L13d 34 i R0 6T A5494 M3t 47 PD-L1
FIKRE TR, HiE I Western blotFl qRT-PCRES
EHOS RIE R . G AR AN L, F55
PD-L 13 32 3A R (1) 40 ffd -F PD-L 111 8 1 AT RNA
KT ZEB (B 3A~K30), ZR A4t %E
X (P<0.001). IPD-L1 siRNAX} H197540 g 47
PD-L1RIAMYIEL . it QRT-PCRA Western blot;

(A) (B)

TGF-B1 /ngmL™" 0 10

UEHE L siRNA M 2%, PUFEL % PD-L1 [ siRNA
5 PRI 4L (siRNA-NC) HL %, Hrb siPD-L1-11
PD-L 1R IEHNHI 2% i = (B 3D~ 3F). [Alitk, F8A1T
%P siPD-L1-13E47 )5 425256
2.4 TRIEHSTERPD-L1XTAS49FIH19752M A
TGF-p1 53 A RS TGF-1iE S HEMTHE X EH
A

A= DAE I8 AT S s 7 il 2H 2URN TF it 2
2 PD-LIBER S Vim 2 IEAH 5%, 115 E-Cadherin
FER L IL AL (K 4A). XS R ILEW PD-L1
5 EMTHr &) A7 AR R B . 11 T 38 43 & IF 52
TGF-B1£Ei5 -5 H1975F1 AS4940 s EMT, [, A1

QL P-value=3x10"» - - P-value=7.9x10%°. =1 P-value=7.4x10"¢
_| re0s8 w{ R=027 - ol k042
A549 s 7 ' s =
[ & v =
: - M
£ o Z+ &
<, ) 571
8l <4 = S
= g E N
o o =3
o 0 T IR
log (TGFB1 TPM) log,(TGFBI TPM) log,(TGFB1 TPM)
(©) (D)
?ég?ﬁl /ng-mL" 0 10 H1975 1 — 2.0 - A == Vimentin H1975
) . . TGF-ﬁl /l’lg'l’l’lL 0 10 E’ T E—Cadhcrinl‘s s o —Vimentin_
Vimentin 57kDa  Vimentin [ wew] S7kDa £ 'S . =i 2| G g e Cadherin
R 'z ~ 21 =PD-LI
E-Cadherin 135kDa  E-Cadherin |==== === |35kDa 210 g o
- . 5 e 2
PD-L1 40-50kDa  pp.LI 40-50 kDa £ 05 T £05
Prem——— 2 =
GAPDH _L__A—‘ 37 kDa GAPDH m 37kDa = 0 T é NSNS
SR R R £ AR ER SR
S SKE (K SR S SE
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A: 10 ng/mL TGF-B1XfAS49FIH197SAHIEZS IS B: AWME B %00 T /R TGF-p1 5 PD-LIFIEMTAz & 5 Rl (E-CadherinFll Vim) 315 2 18]
AHIHE; C: Western bloths I AS49FIH197541 fg 1 PD-L1FEMTAH ¢ 8 1 (E-Cadherinfl Vim) [\ A2 (61510, D: 85 K FEAE 730415 E: QRT-PCRAS I
AS49F1H197541 }fa of1 PD-L I FIEMTAH 5% 3£ Rl (E-Cadherin A1 Vim) AR AL L, *P<0.05, #%P<0.01, ***P<0.001, 5% FRZH LL %L

A: the effects of 10 ng/mL TGF-B1 on the morphology of A549 and H1975 cells; B: bioinformatic analysis identified a correlation between 7GF-f1 and
PD-L1I expression, as well as other EMT-related genes (E-Cadherin and Vim) expression; C: Western blot demonstrated changes in PD-L1 and EMT-
related proteins (E-Cadherin and Vim) in A549 and H1975 cells treated with 10 ng/mL TGF-B1 for 48 h; D: gray-value of protein level; E: qRT-PCR
analyses demonstrated changes in PD-L1 and EMT-related genes (E-Cadherin and Vim) in A549 and H1975 cells treated with 10 ng/mL TGF-B1 for 48 h;

*P<0.05, **P<0.01, ***P< 0.001 compared with control group.

E2 TGF-p1IEIFAS49FIH1975HABEMTHREIFIPD-L13RIEHI N
Fig.2 Effects of TGF-P1 treatment on expression of EMT markers and PD-L1 in A549 and H1975 cells
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Empty Vector4] EL#; D: Western blotAillH19754 Jiil % JesiRNAJGPD-L 14K ([ (R IE I, B 8 (A K EH 2 HrH1975%; YesiRNA JGPD-L1# [
FiLZA; F: QRT-PCREGIMHI 97540 B4 J4PD-L1 siRNAJG PD-L1 mRNARIZFIETENL; ns: T35 %R, *P<0.05, *¥P<0.01, ***P<0.001, 5NC-
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A: Western blot analysis of PD-L1 protein expression in A549 cells transfected with PD-L1 overexpression plasmid and empty plasmid; B: protein gray-
scale analysis of PD-L1 protein expression changes after plasmid transfection; ***P<0.001 compared with Empty Vector group; C: qRT-PCR analysis
of PD-L1 mRNA expression in A549 cells transfected with PD-L1 overexpression plasmid and empty plasmid; ***P<0.001 compared with Empty
Vector group; D: Western blot analysis of PD-L1 protein expression in H1975 cells transfected with siRNA; E: protein grayscale analysis of PD-L1 pro-
tein expression changes in H1975 cells transfected with siRNA; F: qRT-PCR analysis of PD-LI/ mRNA expression in H1975 cells transfected with PD-
L1 siRNA; ns: no significant difference; *P<0.05, **P<0.01, ***P<0.001 compared with NC-siRNA group.
B3 PD-L1EFREFKIEE FAS494RAIFNPD-L1 siRNASE S H1975 4045 R0 FR 16 1E
Fig.3 Validation of transfection efficiency of PD-L1 overexpression plasmid in A549 cells and PD-L1 siRNA in H1975 cells
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L1 overexpression plasmids, and H1975 cells were transfected with PD-L1 siRNA. After 48 h, the expression of TGF-B1 in the cell supernatant was
measured by ELISA. C,E: after transfection of A549 cells with PD-L1 overexpression plasmids and silencing of PD-L1 in H1975 cells using PD-L1
siRNA, cells were treated with or without 10 ng/mL TGF-B1 for 48 h. Western blot as performed to detect the expression of EMT markers (E-Cadherin
and Vim) and PD-L1. D,F: densitometric analysis of protein expression levels of PD-L1, Vim, and E-Cadherin. ***P<0.001.
El4 FRIATTEPD-L1XTAS49FIH197540 A8 TGF-B1 533 AR 3 TGF-B1iE S HEMTHE X & B Y20
Fig.4 Effects of PD-L1 overexpression or knockdown on TGF-B1 secretion and TGF-p1-induced EMT-related proteins
in A549 and H1975 cells
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After transfection of A549 cells with a PD-L1 overexpression plasmid and H1975 cells with PD-L1 siRNA to silence PD-L1 expression, cells were
treated with or without 10 ng/mL TGF-B1 for 48 h. A: cell proliferation was assessed using an EdU assay kit; B: cell migration and invasion were evalu-
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ated using Transwell assays; C: wound healing assays were performed to assess cell migration ability; ns: no significant difference; *P<0.05, **P<0.01,
***P<0.001.
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Fig.5 Effects of PD-L1 on the proliferation, migration, and invasion of TGF-$1-treated A549 and H1975 cells

WEFCNN PD-LIRIEACT B4 F PR e Fesk. B RRROA ST S2 . fER K0P 1,
RITRNBAHC W, Fh, FAR PD-L1RIA RIS MYCHI NF-xBA5# 5% K 7@ 5 PD-L1 5 3+
LHCAE R P ThREXT T HCE A ify T MR E. XIRES &, (2t R R R e 5% PO AER K -F |,
=, elF4F AR M HAZR 4R N T H 5P Re s i PD-L1

PD-LI/EMR h I #RIAZ B 2 Z 0%, B3 mRNAREIEERE, 5oL i 4 i 2 11 11 %k



F 7755 PD-L1X TGF-B1i% S5 HAE /N o it e b i — 18] 78 Jo A Ak B 44 1551

IKFo BEAL, TR A B A Y 2 Rl gl B R R R
R PD-L1FIERIE . Bl , iS4k 1) S B An i o A 1)
Y- B R JAK/STAT/E 53l % i PD-L1#)
FIE, H5 B yee 20 A bk G %% Z G R I A B 1
TGF-BUE N —Fh B B G e 40 K 7, Rk UE S g
538 1L Smad KA I & IE Smadi& 42155 5 PD-L11 3R
ik AR P G — AN TR ) S ik iR
871, AR IS 3E T EMTRISERE, M maHe Tt 1 s 2
Mo iR 2k GRS RE . T TGE-BIEE S EMT
FIZm I . RPN PEE BEN AR,
HFAT T EER BT T PD-L1X TGE-B1i5 5 () EMTAI
YHHuIGAE . RZBRER R, YIEAPD-L1RER] 2
4 TGF-1i S EMT AT B A2 28, i ik
PD-L1fg W B¢ TGF-B1i% S EMT AN il 7 M
1278, 46 UL B AL R, Uil PD-L1 AT i@ it 4%
TGF-B1 )73 sk 1 42 i 98 (1) EMT AN 41 i 3L 7% F42
28, (B IL BRI ILEE 73— B He 507, 1X
WARABMNEEMBT R T 1A .

TGF-B15 PD-L1[ K & M H AR RE IR ST T Y
I TGF-BAI PD-L 12 ] ) 58 &R AEJE SE VR J7
FOCHE L FRHIRTE BRI R AR T A E
. TGF-BLEI i S EMTHE 5 i 88 41 i () 3T 7
R 2808 77, AR 30 3 5 PD-L 1R A it 1 40 28 ik
. PD-L1dEI 5 T4 MR TH (1) PD-152 4445 & 0|
THUMI TR, {65 e 200 P 2 3 S 72 WA 2520, X — AL
I 22 Pl AT AE o 90, 7E TN e R, B
FL B, R ] PD-L1A TGF-B1 ] LAY & T 41
Hoxt 2R AR B I RURPE , BRI R BT R B,
FESAR R b, B HIPD-L13 A& 5 TGE-BHI ) B &
R LR R PR 2800 el [ B P e 3K 7
EREpiN S WO SENTH G FrRp LS S N 1l 2oy = AN 2
it 251, K B F A . xR IR,
TGF-B1 ] fE{F NNSCLCHITEE TG K &, HF H A8
TGF-B15 F il % 5 PD-L1BC AR TT nl g oA i dd .
BATWEFEE W, PD-L1E TGF-B1i5 S H EMT/E
HENSCLCHHEE, X 5 2 Bt 52 —3K.

W50 PRV S AT 5 BATHEA I — D R IR
PR RIRANIR S H A K 1) 7 F AL . FRATTRE,
320 B T R EER T 4 i Y PD-L 15 TGF-B1.2 [H]
AR Ry FiE s . SR AT 7T 2@ TGF-1
Py 7 EMTHRS JER] 7 PD-L1AgiE L TGF-B1i% &
FIEMT, {12338 fof 8 30t Jg AN RS, ok S 5ot e i 33F g 1)

DLAE ™ H T #E A PD-L 1R TGF-B14E A NSCLCIG T
TR TR 10 AR B 7 EAR R ¥E 17 TGF-B11{5
Tl AIPD-L1 VG T SRS A il R .

BT #k (References)

[1]  BRAY F, LAVERSANNE M, SUNG H, et al. Global cancer sta-
tistics 2022: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries[J]. CA Cancer J Clin,
2024, 74(3): 229-63.

[2] PASTUSHENKO I, BLANPAIN C. EMT transition states dur-
ing tumor progression and metastasis [J]. Trends Cell Biol, 2019,
29(3): 212-26.

[3] BAKIR B, CHIARELLA A M, PITARRESI J R, et al. EMT,
MET, plasticity, and tumor metastasis [J]. Trends Cell Biol, 2020,
30(10): 764-76.

[4] JEONG H, KOH J, KIM S, et al. Epithelial-mesenchymal transi-
tion induced by tumor cell-intrinsic PD-L1 signaling predicts a
poor response to immune checkpoint inhibitors in PD-L1-high
lung cancer [J]. Br J Cancer, 2024, 131(1): 23-36.

[5] CHENL, XIONGY, LI1J, et al. PD-L1 expression promotes epi-
thelial to mesenchymal transition in human esophageal cancer [J].
Cell Physiol Biochem, 2017, 42(6): 2267-80.

[6] ZAVADIL J, BOTTINGER E P. TGF-beta and epithelial-to-
mesenchymal transitions [J]. Oncogene, 2005, 24(37): 5764-74.

[77  MARUYAMA T, CHEN W, SHIBATA H. TGF-B and cancer im-
munotherapy [J]. Biol Pharm Bull, 2022, 45(2): 155-61.

[8]  WANG X, EICHHORN P J A, THIERY J P. TGF-B, EMT, and
resistance to anti-cancer treatment [J]. Semin Cancer Biol, 2023,
97: 1-11.

[9] KIM S, KOH J, KIM M Y, et al. PD-L1 expression is associated
with epithelial-to-mesenchymal transition in adenocarcinoma of
the lung [J]. Hum Pathol, 2016, 58: 7-14.

[10] PARK BV, FREEMAN Z T, GHASEMZADEH A, et al. TGFp1-
mediated SMAD3 enhances PD-1 expression on antigen-specific
T cells in cancer [J]. Cancer Discov, 2016, 6(12): 1366-81.

[11] MARTIN M. Cutadapt removes adapter sequences from high-
throughput sequencing reads [J]. 2011, 17(1): 3.

[12] KIM D, LANGMEAD B, SALZBERG S L. Hisat: a fast spliced
aligner with low memory requirements [J]. Nat Methods, 2015,
12(4): 357-60.

[13] ANDERS S, PYL P T, HUBER W. Htseq: a python framework to
work with high-throughput sequencing data [J]. Bioinformatics,
2015, 31(2): 166-9.

[14] ROBINSON M D, MCCARTHY D J, SMYTH G K. Edger: a
bioconductor package for differential expression analysis of
digital gene expression data [J]. Bioinformatics, 2010, 26(1):
139-40.

[15] BRAY F, FERLAY J, SOERJOMATARAM 1, et al. Global can-
cer statistics 2018: globocan estimates of incidence and mortality
worldwide for 36 cancers in 185 countries [J]. CA Cancer J Clin,
2018, 68(6): 394-424.

[16] ANTONIA S J, VILLEGAS A, DANIEL D, et al. Durvalumab
after chemoradiotherapy in stage III non-small-cell lung cancer
[J]. N Engl ] Med, 2017, 377(20): 1919-29.

[17] GANG X, YAN J, LI X, et al. Immune checkpoint inhibitors
rechallenge in non-small cell lung cancer: current evidence and



1552

)

BRI

[18]

[19]

[20]

(21]

[22]

(23]

future directions [J]. Cancer Lett, 2024, 604: 217241.

GARON E B, RIZVI N A, HUI R, et al. Pembrolizumab for the
treatment of non-small-cell lung cancer [J]. N Engl ] Med, 2015,
372(21): 2018-28.

O’DONNELL J S, LONG G V, SCOLYER R A, et al. Resistance
to PD1/PDLI checkpoint inhibition [J]. Cancer Treat Rev, 2017,
52:71-81.

XU D, LIJ,LIRY, et al. PD-L1 expression is regulated by nf-
kb during EMT signaling in gastric carcinoma [J]. Onco Targets
Ther, 2019, 12: 10099-105.

JIANG Y, ZHAN H. Communication between EMT and PD-L1
signaling: new insights into tumor immune evasion [J]. Cancer
Lett, 2020, 468: 72-81.

CHEN M J, WANG Y C, WANG L, et al. PD-L1 expressed from
tumor cells promotes tumor growth and invasion in lung cancer
via modulating TGF-B1/SMAD4 expression [J]. Thorac Cancer,
2022, 13(9): 1322-32.

CHEN J, FENG W, SUN M, et al. TGF-B1-induced SOX18
elevation promotes hepatocellular carcinoma progression and
metastasis through transcriptionally upregulating PD-L1 and

[24]

[25]

[26]

[27]

(28]

CXCLI12 [J]. Gastroenterology, 2024, 167(2): 264-80.

LI Z, WANG F, DANG J, et al. Bidirectional regulation between
tumor cell-intrinsic PD-L1 and TGF-B1 in epithelial-to-mesen-
chymal transition in melanoma [J]. Transl Cancer Res, 2022,
11(10): 3698-710.

YI M, LI T, NIU M, et al. TGF-: a novel predictor and target
for anti-PD-1/PD-L1 therapy [J]. Front Immunol, 2022, 13:
1061394.

LANY, YEUNG T L, HUANG H, et al. Colocalized targeting
of TGF-B and PD-L1 by bintrafusp alfa elicits distinct antitumor
responses [J]. J Immunother Cancer, 2022, 10(7): €004122.
SHRESTHA R, PRITHVIRAJ P, BRIDLE K R, et al. Combined
Inhibition of TGF-P1-induced EMT and PD-L1 silencing re-
sensitizes hepatocellular carcinoma to sorafenib treatment [J]. J
Clin Med, 2021, 10(9): 1889.

STRAUSS J, HEERY C R, SCHLOM J, et al. Phase I trial of
M7824 (MSB0011359C), a bifunctional fusion protein targeting
PD-L1 and TGFB, in advanced solid tumors [J]. Clin Cancer Res,
2018, 24(6): 1287-95.



