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Effect and mechanism of quercetin on EBV-LMP] H101R-mutated nasopharyngeal carcinoma
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of Traditional Chinese Medicine, Shanghai 200437, China

[ Abstract | Objective To investigate the effect and mechanism of quercetin on Epstein Barr virus (EBV)-latent
membrane protein 1 (LMPI) H101R-mutated nasopharyngeal carcinoma (NPC). Methods Network pharmacology
was employed to identify potential targets of quercetin in EBV-LMP/-H101R-mutated NPC. Gene ontology and Kyoto
Encyclopedia of Genes and Genomes enrichment analyses were conducted to explore the enriched pathways of potential
targets. Molecular docking was performed to evaluate the binding affinity between quercetin and potential targets. A mutant
cell model was established via lentiviral transduction, and quantitative polymerase chain reaction (qQPCR) was used to detect
transfection efficiency. The transfected cells were treated with 0, 20, 40, 60, 80, and 100 pmol/L quercetin for 24 h and 48 h,
followed by cell counting kit 8 (CCK-8) assay to assess cell proliferation. After treatment with 0, 25, 50, and 100 pmol/L
quercetin for 48 h, Transwell assay and flow cytometry were performed to evaluate cell migration and apoptosis, respectively.
Western blotting was used to detect the expression of microtubule-associated protein light chain 3 (LC3) and p62 proteins after
treatment with 0 and 100 umol/L quercetin for 48 h. Furthermore, cells were treated with 0, 25, 50, and 100 umol/L quercetin,
with or without the autophagy inhibitor chloroquine (2 umol/L) for 48 h, and cell proliferation was again measured using the
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CCK-8 assay. Results Ten potential targets of quercetin were identified, mainly enriched in autophagy-related pathways,
and they demonstrated strong binding affinity in molecular docking analysis. qPCR results demonstrated that, compared with
the human NPC line HNEI transfected with the empty vector, the expression of LMPI mRNA was significantly upregulated
in both the HNE1-wild type (WT) and HI01R - HNEI cell lines (both £<<0.05). Compared with HNE1-WT cells, quercetin
significantly inhibited proliferation and migration and promoted apoptosis in HNE1-H101R cells (all P<<0.05). Western
blotting analysis showed no significant differences in LC3-1I/LC3-1 ratios or p62 protein levels between HNE1-WT and
HNEI-H101R cells in the absence of quercetin (both >0.05). However, treatment with 100 umol/L quercetin for 48 h
significantly increased the LC3-I[/LC3-1 ratio and decreased p62 levels in HNE1-H101R cells (both P<<0.05). After HNE1-
HI101R cells were treated with 50 or 100 pmol/L quercetin together with the autophagy inhibitor chloroquine (2 pmol/L), the
quercetin-induced inhibition of proliferation was reversed (both £<<0.05). Conclusion Quercetin may induce cell death in
HNE1-H101R cells by promoting excessive autophagy.
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) ; PrimeScript™ RT i & 1 TB Green™ Premix
Ex Tag™ W H R4 TR (KiE) ARAF; BECL
A H RN FE S AE MR A BR A ]
AH 8 4 8 3 ( microtubule-associated protein
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Count B Fold enrichment C

1 #WERIERT EBV-LMPI X BB LM GO K KEGG EEN
Fig1 GO and KEGG enrichment analyses of potential targets of quercetin in EBV-LMPI-associated nasopharyngeal carcinoma
A: Potential target number of quercetin in EBV-LMP-associated nasopharyngeal carcinoma; B: Bar chart of GO enrichment analysis
of potential targets; C: Bubble chart of KEGG enrichment analysis of potential targets. EBV: Epstein-Barr virus; LMP1: Latent
membrane protein 1; GO: Gene Ontology; KEEG: Kyoto Encyclopedia of Genes and Genomes; cGAS: Cyclic GMP-AMP synthase;
STING: Stimulator of interferon genes; PI3K: Phosphoinositide 3-kinase; Akt: Protein kinase B.
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Fig2 Schematic diagram of molecular docking between quercetin and potential targets
1 kcal=4.184 kJ. SYK: Spleen associated tyrosine kinase; TERT: Telomerase reverse transcriptase; MMP2: Matrix metallopeptidase
2; ABCB1: ATP binding cassette subfamily B member 1; PIK3CG: Phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit
gamma; Akt: Protein kinase B; DAPK1: Death associated protein kinase 1; MMP9: Matrix metallopeptidase 9; IGF1R: Insulin like
growth factor 1 receptor; PARP1: Poly ADP-ribose polymerase 1.

HNEI-NC HNEI-WT HNEI-H101R

B3 HNE1-WT #1 HNE1-H101R fAHZIGIE (200 X)
Fig3 Transfection validation of HNE1-WT and HNE1-H101R cells (200 X)
HNET] is a human nasopharyngeal carcinoma cell line. WT: Wild type; HNE1-H101R: The HNE1 cells transfected with Epstein-Barr

virus latent membrane protein 1 HI01R mutation; NC: Normal control.
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2.5 #EAATHNEI-H101R e384 69%m CCK-8
(Rl ESE TV N e Y B S S R R o
4 HNE1-WT #1 HNE1-HI101R 43, H.X} HNEI-
HIO0IR 4 i Ay 4 il /E FHEE A B & (P<<0.05) o DL

150 B HNE1-WT
B HNEI-H101IR
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W
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Cell viability/%

0 20 40 60 80 100
Quercetin/(umol * L ")

4. T 48 s, Hit 2% HNEI-H101R [ 1Cs,
H (90.63+1.14) pmol/L, HETFiZ45R, JFLLLL
BEFE 25 umol/L /F M W FE 4L, 50 pmol/L £f: g Hh
WeREA . 100 pmol/L VE e BE4H

150
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4
(=3
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Cell viability/%
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4 HiEE3t HNE1-H101R 4858 K %00
Fig 4 Effect of quercetin on proliferation of HNE1-H101R cells

The cell proliferation rates in HNE1-WT and HNE1-H101R cells were detected using CCK-8 after intervening with different
concentrations of quercetin for 24 h (A) or 48 h (B). P<<0.05 vs HNE1-WT cells with the same concentration intervention. n=3,
x=+s. HNEI1 is a human nasopharyngeal carcinoma cell line. HNE1-H101R: The HNE1 cells transfected with Epstein-Barr virus latent
membrane protein 1 HIO1R mutation; WT: Wild type; CCK-8: Cell counting kit 8.

I HNE1-HI01R 40 iE R/, HAf R Z X HNE1-
H101R 4 RS H /R H B8 ( P<<0.05) . VLI 5

2.6 #bEZEATHNEI-HI01R 4afiit #5097 Transwell
PRI S5 A, BEA R F R E T, HNEL-WT

Quercetin/(umol * L") 0 25

B HNEI1-WT
B HNEI-HI01R

HNEI-WT [

HNEI-HI0IR |}

0 25 50 100
Quercetin/(umol * L ')

5 iR &Y HNE1-H101R AT R 2200
Fig5 Effect of quercetin on migration of HNE1-H101R cells
The migration of HNE1-WT and HNE1-H101R cells were detected using Transwell assay after 48 h of intervention with different
concentrations of quercetin (100X). "P<<0.05 vs HNE1-WT cells with the same concentration intervention. n=3, x+s. HNEI is

a human nasopharyngeal carcinoma cell line. HNE1-HI101R: The HNE1 cells transfected with Epstein-Barr virus latent membrane

protein 1 HI01R mutation; WT: Wild type.
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(¥ P<0.05) . WK 7,

29 MK F IS A 7w A A HNE1-HIOIR 48
e 3% 38 6 %k CCK-8 A il 4% S /R, 7E 50,
100 pmol/L ##t 2 %5 2 pmol/L CQ k& THU, Hil
FZ 2% HNEL-HTOTR 2 Jfd (1) 33 e 410 1 250 10 i 6 2
(¥ P<0.05) . WA S,
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Fig 6 Effect of quercetin on apoptosis of HNE1-H101R cells
Apoptosis in HNE1-WT and HNE1-H101R cells were detected using flow cytometry after 48 h of intervention with different

concentrations of quercetin. "P<<0.05 vs HNE1-WT cells with the same concentration intervention. n=3, x+s. HNEI is a human

nasopharyngeal carcinoma cell line. HNE1-H101R: The HNE1 cells transfected with Epstein-Barr virus latent membrane protein 1
H101R mutation; 7-AAD: 7-amino-actinomycin D; WT: Wild type; APC: Allophycocyanin.

HNE1-WT HNEI1-HIOIR
0 100 0 100 Mr(X10)

... |16
-~

o

Quercetin/(umol * L")

LC3I

LC3I 14

p62 62

-
L LE

GAPDH

2.0r = HNE1-WT o 20r = HNE1-WT
W HNEI-H101R & W HNEI-H101R

* 3]

—~ 1.5} S 15}

o

= Lop 2 1.0t
o »
S o

=05 2 0.5f
=
Q

0 =0

0 100
Quercetin/(pmol * L™")

0
Quercetin/(umol * L™")

100

7 #E%=3 HNE1-H101R 4850 B &4E X | B RIEH#0
Fig7 Effect of quercetin on autophagy-related protein expression in HNE1-H101R cells
The expression of LC3 and p62 proteins were detected using Western blotting. "P<<0.05 vs HNE1-WT cells with the same

concentration intervention. n=3, x*s. HNEI is a human nasopharyngeal carcinoma cell line. HNE1-H101R: The HNEI1 cells

transfected with Epstein-Barr virus latent membrane protein 1 HI01R mutation; WT: Wild type; LC3: Microtubule-associated protein
light chain 3; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.
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Fig 8 Effect of quercetin combined with CQ on
proliferation of HNE1-H101R cells
Cell proliferation rate of HNE1-H101R cells was detected by
CCK-8 after 48 h of quercetin intervention with or without
autophagy inhibitor CQ. "P<C0.05 vs quercetin intervention
alone. n=3, x*s. HNEI is a human nasopharyngeal carcinoma
cell line. CQ: Chloroquine; HNE1-H101R: The HNE1 cells
transfected with Epstein-Barr virus latent membrane protein 1

H101R mutation; CCK-8: Cell counting kit 8.
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