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Abstract
mRNA-miRNA transcriptome sequencing technology was used to screen miRNA in Sune-1 cells treated with quercetin. [ Results] Statistical

[ Objectives | To further explore the mechanism of quercetin regulating the activity of Sune-1 cells. [ Methods] High-throughput

analysis showed that 1 264 miRNAs were differentially expressed in Sune-1 cells treated with quercetin, of which 716 were significantly up-reg-
ulated and 548 were significantly down-regulated; 191 miRNAs were differentially expressed in Sune-1 cells treated with quercetin, of which
129 were significantly up-regulated and 62 were significantly down-regulated. By comparing the expression differences of these mRNAs and
miRNAs in different samples, six different expression patterns were clustered. The expression of the above miRNAs was verified by real-time
quantitative PCR (qPCR), and the results were highly consistent with the transcriptome sequencing data. In addition, Gene Ontology annota-
tion and functional enrichment analysis of miRNA target genes showed that CTGF, VHL and H19, which are related to the regulation of cell
proliferation signal transduction, were predicted to be new targets of differential miRNAs such as miR494-3p and miR675-3p and may play an
important regulatory role in the process of Quercetin inhibiting the proliferation of Sune-1 cells. [ Conclusions ] This study provides a basis for
the rational use of anti-tumor functional components of traditional Chinese medicine, and also provides a theoretical basis for the targeted thera-

py of nasopharyngeal carcinoma.
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1 Introduction
Nasopharyngeal carcinoma ( NPC) is a unique head and neck
cancer. It is common in Southeast Asia and South China, and
brings huge economic pressure and health burden to patients'' .
Radiotherapy is the most commonly used method in routine clinical
treatment , followed by chemotherapy. As a flavonoid, quercetin is
ubiquitous in a variety of vegetables, fruits and Chinese herbal
medicines >’ . Some studies have shown that quercetin can inhibit
growth, induce apoptosis, interfere with cell cycle and signal
transduction pathways, and reverse multidrug resistance in tumor
cells”’. However, most of the studies have focused on the associ-
ation of quercetin with single cellular proteins or global signaling
pathways, and there are still many uncertainties about the role of
quercetin in the regulation of intracellular small molecules.
Among the non-coding RNAs, there is a class of regulatory
non-coding small RNAs (microRNAs, miRNAs) with a length of
about 20 bases, which are highly conserved and endogenous™ ™’
miRNA plays an important role in the regulation of gene expression
after transcription in cells, which can specifically bind to the 3’
untranslated region of mRNA | thereby degrading or translationally
inhibiting mRNA'®’. In a variety of tumor cells, miRNA plays an
important regulatory role in the occurrence, development and ap-
optosis of tumors. These miRNAs have been reported to act as pro-
to-oncogenes or tumor suppressors in regulatory processes. For ex-
ample, miR-137 down-regulates the expression of PAK2 protein,

thereby inhibiting the proliferation of malignant melanoma cells”’ ;
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miR-494 targets the expression of CDC2, thereby inducing apopto-
sis of glioma cells"™ ; miR-125b shows distinct roles in hematolog-
ic malignancies and solid tumors, acting as a proto-oncogene and a

=107 - A present, a variety of miR-

tumor suppressor, respectively
NA regulatory effects have been found in lung cancer, such as
miRNA-148a, miR-21 and miR-17-92""""* however, the miR-
NA involved in quercetin’s inhibition of nasopharyngeal cancer and
its regulatory mechanism are not yet clear, and related studies are
relatively rare.

The present study was conducted in the Sune-1 cell line of
nasopharyngeal cancer treated with quercetin, using the combined
mRNA-miRNA transcriptomics method to conduct in-depth analy-
sis of potential differential miRNAs and target genes to further re-
veal the important regulatory mechanism of quercetin on Sune-1
cells, so as to provide a theoretical basis for the future develop-

ment and utilization of the potential functions of quercetin.

2 Materials and methods
2.1 Materials and reagents Human nasopharyngeal carcino-
ma cell line Sune-1 was purchased from ATCC ( American type
culture collection) and preserved by the Central Laboratory of Xia-
men Medical College. Quercetin was purchased from Sigma Com-
pany (the USA); CCK-8 reagent was from Biosharp Company
(China) ; DMEM cell culture medium was from Hyclone Company
(the USA); fetal bovine serum was from Capricon Company
(Germany ) ; RevertAid RT Reverse Transcription Kit was from
Thermo Fisher Scientific (the USA); TRIzol Reagent was from
Beyotime Biotechnology Company ( China) ; Tripure Isolation Re-
agent, FastStart Universal SYBR Green Master) was from Roche
(Switzerland ) .

2.2 Instruments and equipment

Japan) ; multifunctional microplate reader ( Thermo Fisher Scien-

Inverted microscope (Nikon,
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tific, the USA); cell incubator and biosafety cabinet ( ESCO,
Singapore ) ; real-time fluorescence quantitative PCR instrument
(BIO-RAD, the USA) ; centrifuge (Beckman, the USA).
2.3 Methods
2.3.1 Cell culture. Penicillin (final concentration 100 U/mL)
and streptomycin ( final concentration 100 U/mL) were added to
DMEM medium containing 10% fetal bovine serum to culture
Sune-1 cells at 37 °C and 5% carbon dioxide. The cells were pas-
saged every 3 —4 d, and the cells in the logarithmic growth phase
were taken during the experiment.
2.3.2 Quercetin treatment of Sune-1 cells. Sune-1 cells in loga-
rithmic growth phase were inoculated with 5 x 10° cells in a 96-
well culture plate. When the cell confluence reached 50% to
60% , different concentrations of quercetin were added to 8 groups
(WT and each concentration group) , and each group was repeat-
ed three times. According to the peak plasma concentration
(PPC) reported in the literature and the results of the preliminary
experiment, the concentration gradient of quercetin in the bench-
mark experiment was determined as 0, 1, 2.5, 6.25, 15.63,
39.06 and 97.66 pM'*'.
2.3.3 CCK-8 experiment. After treated with quercetin for 48 h,
10 wL CCK-8 reagent was added to each well, and the absorbance
at OD,, .. of cells in each group was measured by a multifunction-
al microplate reader within 1 h. Cell inhibition rate and ICy, value
were calculated. The calculation formula of cell inhibition rate is:
Cell inhibition rate = [ ( Cell control group — Drug group )/
(Cell control group — Blank group) ] x 100% .

2.3.4 Library construction and sequencing. Untreated and quer-

cetin-treated Sune-1 cells were sequenced in 3 replicates. Total
RNA was isolated using the Trizol protocol"”’. To obtain sufficient
transcriptome sequences from 6 samples of each family, total RNA
families were pooled and sequenced on Illumina’s HiSeq platform
(Tllumina Inc, CA, the USA).

2.3.5 Data processing and analysis. Transcriptome sequencing
and miRNA sequencing data were processed separately under the

guidance of literature' ™7

In the transcriptome data screening
study, the original data came from the BGISEQ-500 sequencing
platform, and were preprocessed by SoAPnuke software to filter
out reads containing adaptors, reads with unknown base N content
greater than 5% , and low-quality reads. HISAT was used to align
the selected clean reads with the human genome sequence, and
the alignment results were assembled by Cuf-links program to con-
struct transcripts. In the miRNA sequencing data processing, blast
or bowtie was used to compare the sSRNA obtained by sequencing
with the miRBase database, and the known miRNA was screened
out.

2.3.6 Fluorescence quantitative PCR verification of microRNA
and its targets. RNA-Seq differential expression was verified from
the two sets of RNA samples used for sequencing. The ¢cDNA was
synthesized using the RevertAid RT Reverse Transcription Kit and
the microRNA reverse transcription primers ( Table 1), and the
fluorescent quantitative PCR was performed using the SYBR Green
quantitative PCR reaction mixture. The amplification primer se-
quences are shown in Table 1. Non-coding RNA U6 or GAPDH
was used as an endogenous control for normalization, and fold
changes were calculated by the AACt method.

Table 1 Sequences of microRNA reverse transcription primers, microRNA and its target PCR primers

Primer Name

Sequence (5'-3")

microRNA reverse transcription primer

PCR primer for microRNA and its target

Homo-miR377 RT primer
Homo-miR494 RT primer
Homo-miR675 RT primer
Homo-U6 RT primer
Homo-miR377-3p F
Homo-miR377-3p R
Homo-miR494-3p F
Homo-miR494-3p R
Homo-miR675-3p F
Homo-miR675-3p R
Homo-H19 F

Homo-H19 R
Homo-CTGF F
Homo-CTGF R
Homo-VHL F
Homo-VHL R

Homo-U6 F

Homo-U6 R
Homo-GAPDH-F
Homo-GAPDH-R

GTCGTATCCAGTCGAGGGTCCGAGGTATTCCGACTGGATACGACACAAAA
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGAGGTT
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTGAGCG
GTCGTATCCAGTGCAGGGTCCGAGGTGCACTGGATACGACAAAATATGG
GGGCATCACACAAAGGCAA

CCAGTCGAGGGTCCGAGGT

CGGCACTTGAAACATACACGGG

CCAGTCGAGGGTCCGAGGT

CGGCACTCTGTATGCCCTCAC

CCAGTCGAGGGTCCGAGGT

TGGACGTGCCCACCAG

CTCTGTCCTCGCCGTCA

GCCTCTTCTGTGACTTCGGC

TGCTCTGGAAGGACTCTCCG

GAAGAGTACGGCCCTGAAGAAG

GCGATTGCAGAAGATGACCTG

TGCGGGTGCTCGCTTCGGCAGC

GTGCAGGGTCCGAGGT

CGGAGTCAACGGATTTGGTCGTAT

AGCCTTCTCCATGGTGGTGAAGA

2.3.7 Statistical analysis of data. The experimental data were
presented in the form of mean * standard deviation, and statistical

analysis such as one-way ANOVA was performed with the help of

GraphPad Prism 5 software. When P <0. 05, the difference

was
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significant, and when P <0.01, the difference was extremely sig-

nificant.

3 Results and analysis
3.1 Effects of quercetin on the proliferation of Sune-1 cells
in vitro Sune-1 cells were first treated with different concentra-

tions of quercetin (0, 1, 2.5, 6.25, 15.63, 39.06, and 97.66 uM)

L5
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o

Cell viability

e
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0 1. 00 2.50 6.25

Quercetin concentration /I uM/48 h

15.63  39.06 97.66

to evaluate the effect on cell growth. The results showed (Fig. 1)
that the higher the concentration of quercetin, the lower the activi-
ty of Sune-1 cells, showing a significant dose-dependent effect, in-
dicating that quercetin has a significant inhibitory effect on the
growth of Sune-1 cells. Further calculation resulted in an IC,value
of 65.86 wM for quercetin in Sune-1 cells.

Cell inhibition I %

0.5 1.0 1.5 2.0 2.5

lg Quercetin concentration)

NOTE A. Sune-1 cell actuvities of the quercetin treated with the different concentrations; B. The lg drug concentration-inhibition rate curve of quercetin for

Sune-1 cells.

Fig.1 Effects of quercetin on the proliferation of Sune-1 cells in vitro

3.2 Gene expression level The number of genes in different

expression amount (FPKM) intervals of each sample was counted
(Table 2). There were 9 773, 9 819, 9 788 and 9 469 genes with
FPKM<1 in Hul, Hu2, DMSO1 and DMSO2, respectively, and
11 011, 10 929, 10 763 and 10 985 genes with FPKM between 1
and 10, respectively; There were 4 793, 4 826, 5 023 and 5 123

genes with expression level =10, respectively.

Table 2 Statistics of gene transcript coverage depth of samples

Coverage Hul Hu2 DMSO1 DMS02
0-1 9 773 9 819 9 788 9 469
1-10 11 011 10 929 10 763 10 985
=10 4793 4 826 5023 5123

3.3 Statistical analysis of differentially expressed genes
3.3.1 Variations between samples. According to the expression
level of each sample gene, the significantly differentially expressed
genes were selected under the condition of Fold Change =2 and the
corrected value of P-value (FDR) <0.001. The results showed
that 716 differentially expressed genes were up-regulated and 548
differentially expressed genes were down-regulated.

3.3.2  Go enrichment of differential genes. In the three compari-
son groups, the top 20 GO Terms with the smallest q-value were
mapped, and the 20 GO enrichment functions (Fig.3) of the dif-
ferentially expressed genes were analyzed. The results showed that
the differentially expressed genes involved in biological processes
accounted for the largest proportion, followed by molecular func-
tions, and cellular components. Among them, the map kinase
tyrosine and the endoderm cell differentiation pathway are two par-
ticularly prominent enrichment pathways.

3.4 Differentially expressed miRNA

3.4.1 Screening of differentially expressed miRNAs. As shown

in Fig. 4, 191 differentially expressed miRNAs were screened in
the comparison group of Hu and DMSO, including 129 up-regula-
ted miRNAs and 62 down-regulated miRNAs. Among the differen-
tially up-regulated miRNAs, there were 11 miRNAs with P <
0.01, 71 miRNAs with P <0.05, and 129 miRNAs with P <0.1;
among the differentially down-regulated miRNAs, there were 3
miRNAs with P <0.01, 26 miRNAs with P <0.05, and 62 miR-
NAs with P <0. 1. In the down-regulated differential miRNAs,
miR675-3p was the most significant, while in the up-regulated dif-
ferential miRNAs, miR-494-3p was the most significant.

3.4.2 KEGG enrichment of differentially expressed miRNA tar-
get genes. In general, the target genes of differentially expressed
miRNAs in the three comparison groups were classified in biologi-
cal processes (Fig.5), with the largest number being Human dis-
eases, followed by Organismal systems. In the classification of hu-
man diseases, the largest number was Cancer, in which the differ-
ential expression of CTGF, VHL and H19 was the most signifi-
cant. Endocrine system and Immune system had the largest number
in the classification of organic systems.

3.5 Verification of tumor-associated differential miRNAs and
their target genes In the differential miRNA and target genes,
several representative genes were screened and verified by qPCR
technology. The results showed (Fig.6) that the expression levels
of miR675-3p, CTGF and H19 were significantly down-regulated,
while the expression levels of miR-494-3p and VHL were signifi-
cantly up-regulated in the Sune-1 cells treated with quercetin com-
pared with the control group. This result was further verified by the
sequencing results of RNA-seq and miRNA-seq, which confirmed
that quercetin affected these differential miRNAs, and then affect-
ed the regulation of quercetin in the process of inhibiting nasopha-

ryngeal carcinoma.



52 Medicinal Plant 2025
Differentially expressed genes in different groups HuVsDMSO
W Up M Down - Up No * Down
A B
750 - 60 -
g
& 500 - ERTE
Gy =
5] g
: -
250 :QD 20 - i
| -
VR ] .
- -
Ty ° =
0 - 0 -
HuVSDMSO =20 =10 0 10

log2 (Fold of change)

NOTE A. frequency of down regulation of significantly differentially expressed gene; B. volcano plot of differential gene expression levels.

Fig.2 Statistics of differentially expressed genes

4 Discussion
It is reported that the five-year overall survival rate of NPC patients
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Fig.5 Schematic diagram of correlation analysis

== DMSO == Quercetin == DMSO == Quercetin

== DMSO == Quercetin

apoptosis by inhibiting MAPK and TRPM7 channels in gastric
cancer cells, suggesting that a similar mechanism may operate in
NPC cells'’. In addition, quercetin has been reported to activate
MAPK/ERK-mediated pathways leading to apoptosis in lung
cancer cells, and this activation leads to the down-regulation of
survivin, a protein that inhibits apoptosis, thereby promoting canc-

er cell death™’.
quercetin with the MAPK pathway may be a key mechanism for its an-

These findings suggest that the interaction of

ticancer effect in NPC. The effect of quercetin on the differentia-
tion pathway of endodermal cells in nasopharyngeal carcinoma is
not clear. However, quercetin has been shown to induce differenti-
ation of various cancer cell types, resulting in a less aggressive
phenotype. For example, quercetin treatment leads to differentia-
tion of leukemic cells, reducing their proliferative capacity >’ .
However, direct evidence is limited in NPC, suggesting that quer-
cetin may promote differentiation pathways that may inhibit tumor
progression.
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Fig.6 Verification of tumor-associated differential miRNAs and their target genes

miRNAs can negatively regulate target genes at the post-tran-
1!, Studies have shown that miR-494 and
miR675-3p are involved in the regulation of a variety of tumor bio-

scriptional leve

logical behavior. Down-regulation of miR-494 in different cancer
cells is considered to play an important role as a tumor suppressor
gene. For example, miR-494 affects the proliferation and apopto-
sis of lung cancer cells by targeting downstream genes'™ . Shen
Pengfei ™' confirmed that in prostate cancer, CXCR4 is the target
of miR-494. After MIR-494 is down-regulated, it acts on CXCR4,
which is negatively correlated with the proliferation, metastasis
and invasion of prostate cancer cells. In this study, through miR-
NA sequencing and qRT-PCR, it was found that the expression of
miR-494-3p in quercetin-treated Sune-1 cells was significantly in-
creased relative to the DMSO group, indicating that quercetin may
affect the proliferation ability of Sune-1 cells by up-regulating
miR-494-3p.

HI9 (LncRNA HI19), as a member of long non-coding
RNA, located on chromosome 11, has been proved to play an im-
portant biological role in the occurrence, development, prolifera-
tion and migration of a variety of tumor cells and tumor tissues,
especially in the process of tumor metastasis . miR-675 is the
cleavage product of precursor LncRNA H19. It is located in the
first exon of LncRNA H19. It is a new miRNA related to the bio-

logical behavior of tumors, playing the role of both pro-tumor
genes and tumor suppressor genes. In recent years, studies have
found that miR-675 is up-regulated in human colorectal canc-

[27] [28-29] [30 [31] , and

er ", breast cancer , stomach cancer™’ glioma
liver cancer ™. Tsang et al. ™" pointed out through experiments
that the high expression of miR-675 mediated by H19 in colorectal
cancer tissues and cells is mainly due to the inhibition of the ex-
pression of RB and the promotion of the division and proliferation
of colorectal cancer in an RB-dependent manner. Constance
et al. ™' pointed out that IncRNA HI19 can encode miR-675 in
breast cancer cells, miR-675 reduces the expression of ¢c-Cbl and
Cbl-b in the E3 family by targeting, thereby increasing EGFR and
c-Met, activating Akt and Erk, thereby promoting the occurrence
of breast cancer, promoting its division and proliferation, and en-
hancing metastatic ability. It also found that HI9/miR-675-3p in
Sune-1 cells was significantly down-regulated by quercetin, which
may be related to the inhibitory effect of quercetin on the prolifera-
tion of Sune-1 cells.

In addition, this study also found that the expression of CTGF
in Sune-1 was significantly down-regulated and the expression of
VHL was significantly up-regulated under quercetin treatment.
Studies have reported that CTGF plays a regulatory role in the ex-

pression of ANGPT2, which is a key factor in tumor angiogenesis,
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and CTGF down-regulation can significantly affect tumor prolifera-
¥ VHL has the function of tumor
suppressor gene and can play an anti-tumor role through a variety
of signaling pathways'® ' This study found that CTGF and VHL
were the potential target genes of miR-494-3p and miR-675-3p

tion and angiogenesis in vivo"

through the prediction of miRNA target genes, suggesting that
quercetin may regulate CTGF and VHL by acting on miR-494-3p
and miR-675-3p, thereby inhibiting the proliferation of Sune-1
cells.

However, there are still some shortcomings in this study. Al-
though the target genes of miRNAs have been predicted, the direct
regulatory relationship between key miRNAs and mRNAs has not
been experimentally verified. In addition, normal cells and other
nasopharyngeal carcinoma cells were not designed as controls be-
cause of the previous focus on the effect of quercetin on the Sune-1
cell line. These shortcomings will be improved in the follow-up
study.
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