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Chlorogenic acid down-regulates the expression of PD-L1 in esophageal
squamous cell carcinoma via IFN-y signaling pathway

ZHAN Yun, LI Rui, LI Xiao-lin, HAN Yan-xing, JIANG Jian-dong”

(State Key Laboratory of Bioactive Substances and Function of Natural Medicine, Institute of Materia Medica,
Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100050, China)

Abstract: In this study, the regulatory effects of chlorogenic acid (CGA) on the expression of programmed
cell death ligand 1 (PD-L1) in esophageal squamous cell carcinoma (ESCC), as well as the role of interferon y
(IFN-y), has been discussed using both in vitro and in vivo animal models. ESCC murine model was established
according to the standard operating procedures (SOP) of Animal Experiment Center of Institute of Materia Medica,
Chinese Academy of Medical Sciences. The expression of PD-L1 in esophageal tissues of murine models was
analyzed using the microarray assay. Then, the results were verified by qRT-PCR, Western blot and immunohisto-
chemistry (IHC) staining, the molecular mechanism was explored in KYSE180 and KYSE510 ESCC cells in vitro.
The results showed that CGA could suppress the expression of PD-L1 in tumor tissues in murine models signifi-
cantly, rather than the expression in KYSE180 and KYSES510 ESCC cells in vitro. However, after the pretreatment
of IFN-y, the expression of PD-L1 was significantly increased, then it was down-regulated by CGA in both dose-
and time-dependent manner. Meanwhile, the expression of interferon regulatory factor 1 (IRF1), an upstream regu-
latory factor of PD-L1, was suppressed by CGA in both KYSE180 and KYSE510 pretreated with IFN-y, which was
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consistent with the expression of PD-L1. These results indicate that CGA down-regulates the expression of PD-L1

in ESCC via IFN-y-IRF1 signaling pathway, providing the molecular theoretical basis for exploration of new treat-

ment of ESCC.
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Figure 1 Down-regulation of programmed cell death ligand 1 (PD-L1) expression in 4-nitroquinoline-N-oxide (4-NQO) induced esopha-

geal squamous cell carcinoma (ESCC) murine model. A: Microarray analysis of the expression of PD-L1 in esophageal tissues of 4-NQO

induced ESCC murine model; B: Expression of PD-L1 at mRNA level detected by qRT-PCR; C: Quantitative analysis of Western blot for

detection of PD-L1 expression at protein level; D and E: Representative photos of acquired at 20x (left, scale bar = 100 um) and 50x (right,

scale bar = 50 um), respectively (D) and quantitative analysis (E) of PD-L1 in esophagi by immunohistochemistry (IHC) staining. Normal:

Healthy mice with no treatment; Control: 4-NQO induced ESCC mice, receiving normal saline (NS) daily by intraperitoneal injection; CGA:
4-NQO induced ESCC mice, receiving 50 mg-kg'-day' CGA by intraperitoneal injection. n = 20, x £ 5. P < 0.05, P < 0.01, “*P < 0.001
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Figure 2  Detection of PD-L1 expression in KYSEI180 and

KYSE150 cells treated with different dose of CGA (0-200 pmol-L™)
using Western blot assay. A: Expression of PD-L1 was confirmed

by Western blot; B: The density scanning of Western blot
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Figure 3 The expression of PD-L1 in transplanted tumor tissues
by IHC staining. A: Representative photos of IHC staining acquired
at 20x (left, scale bar = 100 pm) and 50x (right, scale bar = 50 pum),
respectively; B: Quantitative analysis. KYSES510 cells was injected
into NOD/SCID mice subcutaneously, after tumor formation, the
mice received NS (control) or 50 mg-kg'-day' CGA (CGA) by
intraperitoneal injection for 6 weeks, then tumor tissues were
extracted for the detection of PD-L1 expression. n =20, x 5. P <

0.05
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Figure4 Protein expression levels of PD-L1 analyzed by Western blot. KYSE180 and KYSES510 cells were pretreated with IFN-y (10 ngmL™")
for 12 h, then accepted with different concentrations of CGA (0-200 umol-L™") for 48 h, or with 50 umol-L"' CGA for different treating time.
A, B: Western blot analysis of PD-L1 expression in KYSE180 and KYSES510 cells with different concentration of CGA (A) as well as the
density scanning (B); C, D: Detection of PD-L1 expression in KYSE180 and KYSES10 cells treated with CGA for different days (C) and

quantitative analysis (D)
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Figure 5  Effects of different concentration of CGA (0-
200 umol-L") on protein expression levels of both interferon

regulatory factor 1 (IRF1) and PD-L1 in KYSE180 and KYSES510
cells pretreated with IFN-y (10 ng-mL™") for 12 h. A: Western
blot analysis of both the expression of IRFI and PD-LI; B, C:
Quantitative analysis of Western blot of the expression PD-L1 (B)
and IRF1 (C)
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IFN-y O ) 77 20N I & 8 48 i b PD-L1 )R8, 1X
W CGA BEMEHMH] KYSES10 40 i 7 B 19 52 R Bk Jgg 28
i PD-L1 (3R 1K, HXMA 4185 77 1) KYSES 10 4 fig
PD-L1 [ 1A TG B B4/ A (9 S A

W 7L 22, IFN-y ] L@ Rk 2 #1757 50 E i PD-L1 /1)
Fik. 7EPD-L1 A 3 F X IAFTE 2 S IFN-y &5 &
JGAE, AT LB A A PD-L1 A #4520, [ i TIFN-y A DA
i i JAK/STAT Al PI3K/AKT %5 £ 45 5 38 B S 1
I % 5% Rl F ——IRF, [A] 4% I i PD-L1 [ 5 ak821.220,
AT 5Tk B IRF F R R 2 2 — IRF1AE N SO0 %, $8
¥ CGA J IFN-y Xf & &% & PD-L1 f R & #EEH .
55 SRR IE 1 45 52K, TFN-y i 1% 15 5 KYSE180 Al
KYSES10 4 g I i IRF1 1R IE, X —1EH %3 T
CGA KM, B CGA ¥R BE (1 3 0, 490 ) 25 SR bk v

. IRF1TE & &AM 1B L% 5 PD-L1 — 3,
Ui B CGA fig 1% 38 i K iffl IRF1 41 1] IFN-y i 5 ) PD-
L1 3RIE, HE ARSI R — P R R

PA$t PD-1/41 PD-L1 #4504 T 1) PD-1/PD-L1 % %%
2 AU VR T A2 B AT MR R TR —,
TE W PR I8 6 7 A0 R L H AN T 2%, B FH A 532,
SR, PD-1/PD-L1 #| FNG 7 A B B F e — B
B 18] B VE T i, KR 43 346 S 2 AN T i 4 b A T 24
AR, TEFTA =318 PD-L1 MR B, 60%
BRI T IR IT I 250, PR 7 B A AU s —
ZiWI LA S S T8 AT S 2 B TT TS RAEAE L, A
T AN BT B i B8 PR YR T 8CR2 TE IR R B e VR IT
1, PD-1/PD-L1 #1512 5 — 4 2097 B il B s
IT ARIA PR IT S5 H 2 DU T e, H Sk
7 TBOT UL A2 BB IT MG VR T 2 B T T2 %
ERYS AHEFUE SE, CGA B BL IFN-p 4 i 77 20T
&% PD-L1 Rk, NIRR G ERIGIT+ PD-1/
PD-L1 # il 71 A 45 FH, DA K 5 FE A 24 4 O B P $ 1t 17
o> T BB A .

e B 25 9 S W SRR BRI i S W
BRSO AN 95 s e 5 T 1 A S
BRI TT )48 T B AR 1 TR T A O M AR

FHA,
FI M fT A EE AR 28 7R 58
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