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Hyperoside exerts its anti-tumor activity by reducing the PD-L1
level in non-small cell lung cancer

DONG Jing-wen, KUANG Ze-an, YIN Ming-xiao, LIU Xiao-jia, LIU Yang, DENG Hong-bin"

(Institute of Medicinal Biotechnology, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing
100050, China)

Abstract: Blocking the binding of programmed death 1 (PD-1) on the T cells and programmed death ligand 1
(PD-L1) on the tumor cells has become a hotspot in the field of tumor immunotherapy. Small-molecule checkpoint
inhibitor targeting PD-1/PD-L1 axis is the new direction of tumor immunotherapy. In the present study, we investi-
gated the anti-tumor role of hyperoside by regulating the PD-L1 level in non-small cell lung cancer (NSCLC).
Changes of total PD-L1 and membrane PD-L1 levels were determined by Western blot, flow cytometry, and PD-1/
PD-L1 interaction assays. The expression of mMRNA level of PD-L1 was detected by real-time PCR. The cytotoxicity
of activated human T cells toward co-cultured tumor cells was measured by cell impedance assay and crystal violet
experiment. The antitumor effect of hyperoside in vivo was examined by C57BL/6 mice bearing Lewis xenograft
tumor. Western blot and flow cytometry assay showed that hyperoside significantly downregulated the abundance
of PD-L1 in H1975 and HCC827 cells in dose- and time-dependent manner. PD-1/PD-L1 binding assay revealed
that hyperoside reduced the binding of tumor cells to recombinant PD-1 protein. In addition, hyperoside decreased

Wk H 9 2021-07-26; &1l H #¥: 2021-08-16.

HEEWH: WK AREER S BT H (81973366, 81773782).
*WI/E# Tel / Fax: 86-10-63169876, E-mail: hdeng@imb.pumc.edu.cn
DOI: 10.16438/j.0513-4870.2021-1092



- 2818 - 2% %3 Acta Pharmaceutica Sinica 2021, 56(10): 2817 —2824

the abundance of c-Myc, a key transcriptional regulator of PD-L1, in H1975 and HCC827 cells. Cell impedance
and crystal violet staining indicated that hyperoside enhanced the killing activity of co-cultured T cells toward
tumor cells. Animal experiments (all animal experiments were conducted in accordance with the Animal Ethics
Committee of the Institute of Medicinal Biotechnology, Chinese Academy of Medical Sciences) revealed that hype-
roside treatment displayed significant suppression in the growth of Lewis tumor xenografts in C57BL/6 mice with
an inhibition rate of 48.3% at 25 mg-kg™. Our results demonstrate that hyperoside exerts its anti-NSCLC activity
by reducing the PD-L1 level. Our study provides an important material basis and scientific basis for developing
hyperoside into a new small molecule drug for tumor immunotherapy.
Key words: programmed death ligand 1; c-Myc; immune checkpoint inhibitor; hyperoside
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Figure 1 Hyperoside decreases programmed death ligand 1 (PD-L1) expression in non-small cell lung cancer (NSCLC) cells. A, B: H1975

and HCC827 cells were treated with different concentrations of hyperoside for 24 h (A), or treated with 10 pmol-L™* hyperoside for the

indicated time (B), expression levels of PD-L1 were detected by Western blot; C: H1975 cells were pre-treated with indicated concentrations

of hyperoside, leukocyte surface antigen CD47 and indoleamine 2,3 dioxygenase 1 (IDO1) expression levels were detected by Western blot;

D: H1975 and HCC827 cells were treated with different concentrations of hyperoside for 24 h, cell viability was measured by MTT assay.

n =3, x+s. ns: No significant difference



HOE G S e kAT IR T A PD-L1 R IA KA BT AR /N g 1 P A 5L - 2821 -

O ST 0 E SRS R LR NSCLC 41
JRJE S 1 PD-L1 2k, ANt 9t F 4 22 bk 1 Ab ¥ H1975
21 i 24 h, 3t 22 L AAS I I8 2 T PD-L (9 A8 A0 A% 0L
g5 LR B, 58110 pmol- L™ 4 22 Bk 1 H Ji5 o] 2 3% BRI
A R T 1) PD-L1 7K P, Herfr 10 pmol- L 4 22 Bk rf
SR 1] PD-L1 39 5 FE PRI 50% 7o 47 (1 2A) .

U Ah, AW 038 ¥ 4 22 B T AL L 24 h s
H1975 4H il 5 = 41 () A\ PD-1-Fc & (4 (PD-1 il 1gG 7]
g5 i v Bl G B ) AH TR, R S 5 e bR g 1
I9G FcHifa, 7E 50 W Ass B % PD-1/PD-L1 £ [ 11
SEANEIL . SRR, &> H1975 41 i 5
PD-1-Fc ()45 4 - 5M110 pumol-L™ 4= 22 Bk # 1 | K 43
1 £9°5 30.6% F1.36.1% (/& 2B). DA F 45 RAESL, &4
e AT L 2 BRI NSCLC 4 a5 2 1 PD-LL [ /KF o
3 SZHEIFES NSCLC A c-Myc F&1#

RN & 22 WE TR I PD-LL i Y 7E HL I, A
FUH Y6 H qRT-PCR (1) 77 v Ml 1 4 22 Bk 1 % PD-L1
MRNA K IR . 45 B8R, 5 IRAM L, £ 28k
# (10 pmol-L™) fF F H1975 1 HCC827 41 g 12 h =,
A B4 B PD-L1 mRNA KT (B 3A), #7422 Hk
i i # ik 42 8 NSCLC 41 fifg v PD-L1 ik . B
HHE LR M, # 5% HF NF-xB p65.c-Jun. STAT3 Al

A

&
I
\q

c-Myc 35 1] 78 % 5% 7K P £ 3 PD-L1 mRNA [#] R 1481,
AW T4 RAUESE, 4 2 M E/EFH H1975 4 i f5, A2 m
NF-xB p65.c-Jun. STAT3 1 fiR 1. /K *F (K 3B), #7R
G2 T HE PD-L1 mRNA R IA AR iR 5 R 7
FIBOE . TSR T c-Myc i 5 PD-L1 B3 7454
M AE % 3 7K F E 8 NSCLC 1 PD-L1 f) 6381041, 32
NORAF FCAS I T 4 22 Bk FE X NSCLC 4H g ' c-Myc [
2 . Western blot 45 S 38 BH, 4 22 bk 7 ] 771 & 4t 14
FRITIS 1] 44 6 1 B A% H1975 AT HCC827 41 fitd 1 c-Myc 1)
WKL E (K3C.D). LL g Rui0, &2 pkirimit
B AR A SR Rl 7 c-Myc ¥ 8 (1 3Rk &, 78 5% KP4 i)
NSCLC 4 g H A 40 i I 3% 1 PD-L1 3R 1A .
4 S LSRR T RO AR AR S A M
ST 4 22 Bk T LA 8 iR 24 i P IR 2 T PD-
L1k /K, AHIE 58— 204 I <5 22 Bk 0 T 4 i 2
REMI R o 43 ) F DMSO Fl 4 22 B 1 Ab 3 1) H1975
45 PMA/PHA B 1 Jurkat T 40 i #2118 1:4 Lo 3%
[ 355 7%, ) F 240 Jf BEL T 2 AT ARG < 22 ko oxf L 855 7
{149 T &40 A %o fiek 96 400 PR 1 7% 0 0 R TR s e . 5 SRR
PD-1/PD-L1f¥jAH HAF FH 24 Jurkat T 28X H1975 44
MR AAGE R, T 422 Wk (5110 pmol-L™) 1 5l
58 Jurkat T 40 AT H1975 A0 () R s Pk (B14A). At

1200+
1000+
800+
600+
400+

MFI of PD-L1

200+

e
0 5 10

DMSO
Hyperoside i ¢
5 pmol-L-! )
Hyperoside
10 pmol-L-*
T T T T
1o 10! 107 10% [y
PD-L1-PE
B - Hoechst

DMSO

Hyperoside
5 pmol-L!

Hyperoside
10 pmel-L:

10° Hyperoside /pmol L =

Bound PD-1 protein
(fold ratio)

0 5 10
Hyperoside /umold. *

Figure 2 Hyperoside decreases the abundance of PD-L1 on surface of NSCLC cell. A: H1975 cells were treated with hyperoside (5 and
10 umol-L™) for 24 h, the plasma membrane PD-L1 was detected by flow cytometry. Statistic of PD-L1 mean fluorescence intensity (MFI)
is shown in right; B: PD-L1/PD-1 binding assay in H1975 cells treated with hyperoside (5 and 10 pmol-L™, 24 h). Bound PD-1 was calculated
according to the intensity of green fluorescence (scale bar, 200 pm). n =3, x +s. ‘P < 0.05, “P < 0.01, ™"P < 0.001 vs DMSO group



- 2822 - Zj22#4k  Acta Pharmaceutica Sinica 2021, 56(10): 2817 -2824

Hyperoside /h
A - DMSO B
S 1.5 B Hyperoside 10 pmol-L"! 0 14 12 1 2 6
]
E.—. p-p65 |-—--—-—|
<.8
ZE potn (S5 20 - ]
£3
e p-STAT3 |--—_-—|
g
GAPDH | —-----—l
HI1975 HCCR27
C Hyperoside /umol-L! D Hyperoside /h
0 2 5 10 0 1 3 6 12 M
] e ] o
HI1975 H1975
———r [ ————] o
] o E————] o
HCC327 HCCs27

EI GAPDH |-—-—-| GAPDH

Figure 3 Hyperoside attenuates the abundance of c-Myc. A: Quantitative RT-PCR analysis of the mRNA level of PD-L1 in H1975 and
HCC827 cells treated with hyperoside (10 umol-L™?, 12 h); B: H1975 cells were treated with 10 umol-L™ hyperoside for the indicated time,
the phosphorylation levels of nuclear factor kappa-B p65 (NF-«B p65), c-Jun, and phospho-signal transducer and activator of transcription 3
(STAT3) were measured by Western blot; C, D: H1975 and HCC827 cells were treated with different concentrations of hyperoside for 24 h
(C), or treated with 10 umol-L™ hyperoside for the indicated time (D), the expression levels of c-Myc were detected by Western blot. n = 3,
X 5. P <0.05 vs DMSO group
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Figure 4 Hyperoside recovers the cytotoxicity of T cells. A: Cell impedance assay analyzing Jurkat T cells-meditated tumor cell killing in
H1975 cells treated with hyperoside (5 or 10 umol-L™) for 24 h. Jurkat T cells were activated by 100 ng-mL™ phytohemagglutinin (PHA)
plus 50 ng-mL™ phorbol-12-myristate-13-acetate (PMA); B: Activated Jurkat T cell was co-cultured with H1975 cells in 12-well plates for 2
days in the presence of hyperoside, the surviving tumor cells were visualized by crystal violet staining. Relative fold ratios of surviving cell
intensity are shown. n = 3, x +s. "P < 0.01 vs H1975+Jurkat DMSO group
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Figure 5 Hyperoside suppresses tumor xenograft growth in vivo. C57BL/6 mice with subcutaneous Lewis tumor were i.p. treated with

PBS (Ctrl) or hyperoside (12.5 and 25 mg-kg™). A: Ex vivo observation of the tumors from the treated mice; B: The tumor volume of the

mice treatment with PBS or hyperoside was monitored; C: Comparison of the weight of the tumors from the mice treatment with PBS or

hyperoside; D: The body weight curves of the mice measured every two days; E: Representative immunohistochemistry (IHC) staining

results for PD-L1 and cleaved cysteine-requiring aspartate protease 3 (caspase 3) (scale bar, 200 pm). “"P < 0.001 vs PBS group
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