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Abstract
In this study, we aimed to �nd the targets of resveratrol in nasopharyngeal carcinoma (NPC) by network
target prediction and investigate the possible mechanisms through experimental veri�cation. Firstly,
resveratrol and NPC-speci�c targets were combined with protein-protein interactions to construct a
systematical resveratrol targets-NPC network. Consistently, molecular docking was performed
to predict the molecular determinants of resveratrol against NPC. In order to clarify this point, the anti-
cancer effects of resveratrol were investigated in the CNE2 cell lines in vitro and NPC cases in vivo.
Functional enrichment results suggested that resveratrol played anti-NPC role mainly through MAPK
pathway and the potential targets were MAPK1, MAPK3, STAT3, TP53, PIK3CA, PIK3R1, SRC, MAPK8,
RELA and VEGFA. In vitro, resveratrol inhibited proliferation, invasion, migration and eventually induced
apoptosis in CNE2 cells on time-and dose-dependent manner. Meanwhile, western blot con�rmed that
resveratrol exerted apoptotic activity of NPC cells by inhibiting MAPK cell signaling activation. Clinically,
Immuno-histochemical staining showed signi�cant differential p-ERK1/2, p-JNK and p-P38 activation
between tumor-surrounding and NPC cases. Altogether, our �ndings identi�ed resveratrol could play
potent inhibition and apoptosis on human NPC cells possibly by targeting MAPK pathways and
suggested that resveratrol had the potential to be an effective bioactive compound in NPC patients.

Introduction
As an epithelial disease occurring in the nasopharyngeal mucosal1,2, nasopharyngeal carcinoma (NPC) is
one of the most widely recognized malignancies of the head and neck, which is distributed in surprisingly
different geographic regions covering a wide variety of races3. It is highly prevalent in southern China,
where the incidence is 20 to 50 cases per 100,000 males4. The cause of NPC is multifactorial5 and
closely associated with host genetics, EBV infection6, active and passive tobacco smoking, consumption
of preserved foods and alcohol7. Nowadays, the most common treatment of NPC is the use of
combination of surgical resection, radiotherapy, and chemotherapy, which greatly increase the survival
rate of NPC patients8. Be that as it may, on account of counteractive chemotherapy drug effect, authentic
side effect can be delivered by consolidated treatment, which will be the bringer of the inappropriate
treatment9. Similarly, distant metastasis is an important cause of treatment failure10,11. For these
reasons, the search for the NPC drugs with high e�ciency and low side effect has gradually turned into a
research area clinically.

Resveratrol (trans-3,4',5-trihydroxystilbene, Res) has been existing in many kinds of plants, and among
these plants, Polygonum cuspidatum Siebold & Zucc is the richest source for resveratrol production. Its
root is widely used as a traditional medicine cultivated in Asian countries to treat hyperlipidemia, trauma,
and in�ammatory diseases12,13. Such miscellaneous pharmacological properties as antioxidant, anti-
aging, anti-in�ammatory, anti-cancer, anti-diabetes, cardiac safety and neuro insurance does resveratrol
have14,15. Recently, resveratrol has been reported to anti-proliferation and anti-apoptosis induction of
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nasopharyngeal carcinoma cells16–18. Nevertheless, the molecular mechanism of its function has a long
way to go in terms of methodological study.

With the principles of system biology, network pharmacology is used for the explanation of the
development of diseases from the holistic perspective of network equilibrium. This approach helps to
understand the link between drugs and disease and is characterized by "multi-quality, multi-target"
approached19–21. In that light, this is a potential direction for research that could systematically look at
NPC targets of resveratrol by means of various database resources22. In our case, the pharmacokinetic
(PK) parameters of resveratrol were gathered in the �rst place from TCMSP server. After that, a Potential
Candidate Target for Resveratrol and a Therapeutic Target Gene for NPC were acquired from extensive
databases respectively. In addition, the predication and construction for the potential candidate target
genes were made using online pharmacology databases. Furthermore, enrichment of the Gene Ontology
(GO) function analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway were assessed
using STRING and Metascape online database. Molecular docking was then used to determine the
mutual effect happened between resveratrol and key targets. Finally, the essential targets and pathways
of resveratrol against NPC were validated by in vitro and in vivo experiments such as NPC cells sensitivity
detection, proliferation analysis, apoptotic �uorescence staining, western blot, and immunochemistry
staining. Graphical abstract was in Fig. 1.

Materials And Methods

1. Network Pharmacology Analysis
1.1 Collection of PK Parameters

PK parameters of resveratrol were procured from TCMSP data set rendition (http://tcmspw.com/ tcmsp.
php)23, which included 499 Chinese spices enrolled in the Chinese Pharmacopeia and 29,384
ingredients24. In addition, data on its absorption, distribution, metabolism and excretion properties can be
obtained.

1.2 Resveratrol Targets

Resveratrol targets were acquired from databases and literature. Firstly, its three-dimensional structure
was obtained from PubChem as shown in Fig. 2A (https: //pubchem.ncbi.nlm.nih.gov/)25. Then, the
targets of resveratrol were collected from the SwissTargetPrediction (http://www. swisstargetprediction.
ch)26, DrugBank (http://www.drugbank.ca)27, Traditional Chinese Medicine Systems Pharmacology
Database and Analysis Platform, Pharmmapper (http://www.lilabecust.cn/ pharmmapper/)28,29. Acquired
targets were then mapped to the UniProt database (http://www. uniprot.org/) 30 for normalization.

1.3 Identi�cation of NPC Targets
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The DisGeNET platform (http://www.disgenet.org)31, GeneCards (https://www.genecards. org) 32, TTD
(http://bidd.nus.edu.sg/group/cjttd)33, OMIM (http://www.omim.org)34 and the Comparative
Toxicogenomics Database (http://ctdbase.org/)35 were selected to collect NPC genes by searching words
“nasopharyngeal carcinoma” and reproducible targets were removed.

1.4 Construction of Protein-Protein Interaction (PPI) Data

Intersecting targets for nasopharyngeal carcinoma and resveratrol were obtained using Venny 2.1.0
(http://bioinfogp.cnb.csic.es/tools/venny/index.html) and the overlapping targets were then uploaded to
the STRING 11.0 (https://string-db.org/). The pharmacology network that made up the hubs of the
networks were resveratrol, NPC, and their connected target genes.

1.5 Analysis of GO Function Enrichment and KEGG Pathway

Useful pathways of resveratrol connected with NPC were dissected with GO enrichment and KEGG
pathways analysis. The GO incorporated a biological process (BP), molecular function (MF), and cellular
component (CC). The Component-target-disease-pathway interaction network was constructed by
Cytoscape version 3.8.2, which was a java based open-source software36. The enrichment degree of P-
value < 0.05 was considered statistically signi�cant.

2. Application of Ligand-protein Molecular Docking
Receptor ligand atomic docking was utilized to survey the cooperation among resveratrol and its protein
targets including MAPK1(6slg), MAPK3(4qtb), STAT3(2xa4), TP53(5mhc), PIK3CA(4jps), PIK3R1(5gji),
SRC(4mxo), MAPK8(4ux9), RELA(3qxy) and VEGFA(3qtk). The key structures were gotten from Protein
Data Bank (http://www.rcsb.org/)37. The resveratrol MOL2 design document was downloaded from the
TCMSP database. The molecular docking results were generated by running autogrid4 and autodock4. A
partial plot of the molecular docking was obtained using PyMol software.

3. Experiments Veri�cation
3.1 Reagents

Resveratrol purchased from Solarbio (Solarbio, Beijing) was dissolved at a stock concentration of 50
mmol/L in dimethyl sulfoxide (DMSO) and the �nal DMSO concentration was not exceeding 0.1%.

3.2 Cell Culture and Treatment

A poorly differentiated human NPC cell line (American Type Culture Collection, ATCC)38,39 was cultured in
RPMI-1640 medium (Gibco, USA) supplemented with 10% fetal bovine serum (FBS; Gibco). All cells were
incubated at the temperature of 37˚C with 5% CO2.

3.3 Cell Proliferation Assay
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The effect of resveratrol on the cell growth of CNE2 cells was examined using the Cell Counting Kit-8
(CCK-8) assay (Abbkine, USA). NPC cells were plated in 96-well plates at 5,000 cells/well. Cells incubated
in 96-well plates were treated as indicated and cell proliferation was assessed by CCK-8 assay at 0, 24, 48
and 72-hour resveratrol treatment following the manufacturer’s instruction. Viable counts were
determined with absorbance readings at 450 nm by a SpectraMax M5 plate-reader (Molecular Devices,
Sunnyvale, CA, USA) and IC50 were calculated on GraphPad Prism 8.

3.4 Hematoxylin-eosin (H&E) Staining

CNE2 cells were treated with 50 and 100 µM resveratrol and washed with PBS. Then, the cells were
immobilized over night with 4% paraformaldehyde and stained with H&E. The stained sections were
imaged under an inverted phase contrast microscope (Nikon, Japan).

3.5 Terminal Deoxynucleotidyl Transferase dUTP Nick-End Labeling (TUNEL) staining

The Apoptosis of NPC was detected by TUNEL staining. According to the manufacturer’s instructions, the
apoptosis cells were detected by TUNEL assay Kit (Alexa Fluor 640, Yeasen, China). Nuclei counterstained
with DAPI staining and viewed 400x under inverted microscope (Leica DM400DB microscope, Germany).
The rate of apoptosis was measured by the number of normal positive cells (red spot) in the �uorescent
picture.

3.6 Wound Scratch Assay

NPC cells were cultured in 24-well plates with 5x104 cells/well and incubated at 37˚C with a 5% CO2

incubator. The cell monolayer was scraped in a straight line to create a scratch with a 1mL pipette tip,
and the debris was removed by washing the cells with PBS. Scratches were observed under a microscope
(Nikon, Japan) at 24 and 48-hour. The results of the scratches represented the mean of the three
experiments.

3.7 Transwell Migration Assay

In the migration assay, the cells were digested and suspended in serum-free medium. A total of 100 µL of
cell suspension (5 x 10 4) was added to the upper chamber of the transwell plate and 500 µL of medium
containing 10% FBS was added to the bottom chamber. After incubation at 37˚C and 5% CO2 for 48
hours, the cells were gently removed from the upper surface of the polycarbonate �lm with a damp cotton
swab. The polycarbonate �lm was carefully removed from the upper chamber and the cells were
immobilized in precooled methanol for 30 minutes. After staining with 0.1% crystal violet for 20 minutes,
the specimens were observed under microscope (Nikon, Japan) and photographed.

3.8 Western Blot Analysis

After treating NPC cells with resveratrol, whole Lysis were harvested, and Western blotting was performed
to detect target proteins. MAPK Family Antibody Sampler Kit ERK1/2, JNK, P38 (1:1000; 9926; CST; USA)



Page 6/24

and Phospho-MAPK Family Antibody Sampler Kit p-ERK1/2, p-JNK, p-P38 (1:1000; 9910; CST; USA) were
used. β-actin antibody was purchased from Abclonal (1:50000, a00702, Abclonal, MA, USA). The total
protein was obtained by tissue lysis and its concentration was measured. The protein separated by PAGE
was moved to PVDF �lm and added with primary and secondary antibodies. Then, the protein was
exposed, developed and �xed on x-ray �lm with ECL chemiluminescent reagent.

3.9 Immunohistochemical (IHC) staining of NPC Human Tissues

IHC staining was conducted with 36 NPC surgical specimens and, where possible, their noncancerous
counterparts. The p-ERK1/2 (1:500), p-JNK (1:50), and p-P38 antibodies (1:200) were selected because of
the network target prediction. The sections without �rst antibody incubation were used as background
control. IHC staining was observed and shot with magnifying lens. Spot staining power was examined
utilizing Image Pro Plus 6.0 programming (Rockville, USA) and addressed by the mean optical density
value.

3.10 Statistical Analysis

Measurement data were expressed by mean ± standard deviation (SD). Statistical signi�cance between
different groups was determined by one-way-ANOVA analysis using GraphPad Prism 8.3.0 (GraphPad
Software Inc., San Diego, CA, USA), and P < 0.05 (two tails) was considered statistically signi�cant.

3.11 Ethics approval and consent to participate

In accordance with approval from the ethics committee of First A�liated Hospital of Dalian Medical
University (NO. PJ-KS-KY-2022-26), all participants signed an informed consent before enrolled in this
research. The stages of this study were performed based on the ethical principles in the Helsinki
Declaration.

3.12 Consent for publication

The authors appreciate all the patients in this work for their cooperation and permission for the
publication of the article.

Results

4.1 Network Pharmacology Analysis
4.1.1 PK Parameters

The data of resveratrol on 12 primary characteristics like Caco-2 and BBB for drug screening were
assessed (Table 1). It is noteworthy that OB is a key feature of orally administered drugs, as it plays a
crucial role in assessing the effectiveness of drug distribution in the body cycle. Despite the low
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bioavailability of resveratrol, resveratrol has a therapeutic effect on NPC. It is also worth noting that the
relatively small molecular weight of resveratrol allows it to cross the blood-brain barrier.

Table 1
Pharmacological and molecular properties of resveratrol

MW Alog
P

Hdon Hacc OB
(%)

Caco-
2

BBB DL FASA- TPSA RBN HL

228.26 3.01 3 3 19.07 0.80 -0.01 0.11 60.69 0.49 2 0.00

4.1.2 Potential Target Genes and Network Analysis

2817 NPC-related genes (Supplementary Table 1) and 402 drug target genes (Supplementary Table 2)
were screened through Venny 2.1.0 mapping to screen out 223 overlapping targets (Fig. 2B).

4.1.3 PPI Networks

The 223 targets were input into the STRING platform to obtain PPI network maps (Fig. 2C). High degree,
betweenness, and closeness target genes were selected as hub genes in NPC (Supplementary Table 3).
Then, the predicted mode of 10 hub genes included MAPK1, MAPK3, STAT3, TP53, PIK3CA, PIK3R1, SRC,
MAPK8, RELA and VEGFA. In the above 10 hub proteins, MAPK1, MAPK3 and MAPK8 were involved in
apoptotic pathways (Fig. 2D).

4.1.4 GO Enrichment and Pathway Analysis

To clarify the capacity and pharmacological instrument of resveratrol, we conducted GO enrichment and
KEGG pathway analysis (Supplementary Table 4) of the 223 targets. GO analysis focuses on biological
process (BP), cell component (CC), and molecular function (MF) items. GO enriched the top ten entries in
BP, CC and MF (Fig. 3A). Particularly, the enriched BP ontologies were overwhelmed by response to
inorganic substance, response to wounding and positive regulation of cell death, etc. The enriched MF
ontologies were overwhelmed by kinase activity, kinase binding and so on. Among them, CC analysis
accounted for the largest proportion of membrane rafts (30 target genes). Then, a sum of 20 critical
pathways were obtained (P < 0.05) and were showed in Fig. 3B. A network diagram of "Component-target-
disease-pathway" interaction was made by Cytoscape software (Fig. 3C). Therefore, the MAPK signaling
pathway may be the pathway for its role in the treatment of NPC (Fig. 3D).
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Table 2
Binding energy and related sites of resveratrol to key proteins

Target (PDB ID) Drug Binding sites Docking score

MAPK1 (6slg)   LEU-294, ASN-297, ASP-251, LYS-272, -6.12

MAPK3 (4qtb)   ASN-271, SER-246 -5.63

STAT3 (2xa4)   ASP-123, VAL-100, HIS-97, ARG-370 -5.21

TP53 (5mhc)   HIS-907, VAL-911, LYS-912 -6.54

PIK3CA (4jps) Resveratrol GLU-86, GLU-91 -5.55

PIK3R1 (5gji)   CYS-844, ILE-633, GLY-842, HIS-676 -6.54

SRC (4mxo)   ASP-367, ALA-360, LYS-363 -5.43

MAPK8 (4ux9)   ARG-500, GLU-504, GLU-505 -5.38

RELA(3qxy)   LYS-222, ILE-223, GLN-240 -5.38

VEGFA (3qtk)   GLU-132, ARG-139, ASP-201, SER-399, ASN-404 -5.17

 
4.1.5 Molecular Docking Analysis

The results uncovered that docking scores of resveratrol with hub target went from − 5.17 to -6.54.
Particularly, the docking results of resveratrol with MAPK1, MAPK3 and MAPK8 revealed that resveratrol
was situated in the limiting site of the hub target. As shown in Fig. 4 and Table 2, other central proteins
also showed better a�nity for resveratrol.

4.3 Experimental Veri�cation
4.3.1 Resveratrol Reduced the Viability of CNE2 Cells

CNE2 cells were treated with increasing concentrations of resveratrol for 24, 48, 72-hour, followed by Cell
Counting Kit-8 (CCK-8) assay. Compared to that of control groups, the cell viability was signi�cantly
decreased by resveratrol treatment in a dose-dependent manner and the IC50 of resveratrol on CNE2 at
24h, 48 h and 72h was 99.13, 77.78 and 79.34 µmol/L, respectively (Fig. 5A). Then, the resveratrol-
sensitivity of NPC cells was tested by HE staining. As shown in Fig. 5B, CNE2 cells presented spindle-
shaped and segments of cell bodies after 50 and 100 µM resveratrol treatment for 24-hour and 48-hour.
In brief, resveratrol treatment reduced the cellular activity of NPC cells at different time and dosage
points.

4.3.2 Resveratrol Induced Apoptosis in CNE2 Cells
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TUNEL staining was performed to estimate the effect of resveratrol on apoptosis in CNE2 cells. After
being treated with Resveratrol (50 and 100µmol/L) for 48 hours, the apoptotic cells signi�cantly
increased under different resveratrol concentration compared with control groups (Fig. 5C, D).

4.3.3 Resveratrol Inhibits Invasion and Migration of CNE2 Cells

Considering the correlation between resveratrol and metastasis of NPC, the migration and invasiveness
of resveratrol in NPC cells were tested by cell migration and invasiveness assay. Firstly, CNE2 cells were
treated with resveratrol for 24-hour and 48-hour. Through the experiment of wound healing, the migration
index of CNE2 cells was higher in the control group (Fig. 6A, B). Meanwhile, we also studied the
invasiveness ability of CNE2 cells (Fig. 6C). The invasiveness of CNE2 cells decreased with the increase
of time and drug concentration (Fig. 6D). These data suggested that resveratrol resulted in repressed
migration and invasiveness of NPC cells.

4.3.4 Regulation of MAPK Pathway in Resveratrol Treated CNE2 Cells

To test the speculation of resveratrol target mitogen-activated protein kinase (MAPK) family members in
CNE2 cells, we examined the expression of three MAPK pathway-related proteins ERK1/2, P38 and JNK
and their phosphorylated proteins by Western blot. As shown in Fig. 7, the ratio of p-ERK1/2 to ERK1/2
had no signi�cant difference between the control group and the 50µM treated group, but there was
signi�cant difference between the 100µM treated group (P < 0.001). Moreover, the ratio of p-P38/P38 and
p-JNK/JNK was signi�cantly decreased after 24-hour resveratrol treatment, and the effect was more
signi�cant after 48-hour treatment. These results suggested that resveratrol mediated the inactivated role
of MAPK signaling pathway in NPC cells.

4.3.5 Differential MAPK Expression Patterns of NPC

To analyze the clinical signi�cance of MAPK pathway, we studied the expression in NPC tissues using
immunohistochemical staining. The expression pattern of p-ERK1/2, p-P38 and p-JNK were analyzed,
and the results demonstrated that the NPC group had signi�cantly higher p-ERK1/2, p-P38 and p-JNK
expression than that in the surrounding noncancerous counterparts (Fig. 8). IHC staining results indicated
that MAPK signaling pathway was speci�cally activated in NPC patients.

Discussion And Conclusion
Nasopharyngeal carcinoma (NPC) is a highly invasive epithelial malignancy arising from nasopharynx-
geal mucosal lining40 Adjuvant therapies such as Radiotherapy (RT) and chemotherapy are often used to
decrease the risk of recurrence in patients with NPC, however, the survival outcomes remain poor41,42. Our
previous study found that resveratrol, a natural product from medicinal herbs had less side effect and
can cross blood brain barrier43. It has also been con�rmed to exert potential effects against head and
neck cancer such as NPC44. However, no systematic study of its pharmacological action has been
undertaken yet45. Recent developments in networks have provided new sight to treat the complex
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diseases with bioactive compounds 46. In order to clarify this issue further, it is necessary to conduct
network prediction analysis to explore possible mechanisms underlying resveratrol pharmacological
effects on NPC.

In this study, we �rst evaluated the PK properties and toxicity of resveratrol in human beings to identify
guidelines on its application. According to Lipinski's “rule of 5”47, the main drug properties were
determined with the compounds ranging from 180 to 500 Dalton. In addition, numbers of possible
hydrogen-bond donors and acceptors were less than 5 and 10 coupled with a log P value was less than
548. As a result, resveratrol can be satis�ed with these standards, which means it could be chosen as an
optional compound. As a result, network pharmacological showed that resveratrol was a multitarget drug
for NPC treatment. 223 effective NPC targets of resveratrol were presented from the “drug-disease”
category through the network pharmacology method for further enrichment analysis. The GO and KEGG
results showed that resveratrol generally exerted anti-NPC effects mainly on the factor of kinase binding,
transcription factor binding and cytokine receptor binding. The primary pharmacological pathways
included PI3K-Akt signaling pathway, apoptosis, MAPK signaling pathway and P53 signaling pathway,
etc. The key target of MAPK pathway such as MAPK1, MAPK3, and MAPK8 were mainly re�ected in the
functions of hub nodes in the network and was further determined in the apoptotic mechanism. Here,
network pharmacology and molecular docking provided a theoretical basis for the further veri�cation
experiments in NPC pharmacological target and discussion of the mechanisms of resveratrol in the
treatment of this disease.

To further clarify the anti-NPC targets of resveratrol, the sensitivity of CNE2 cells was identi�ed after
resveratrol treatment. According to our observations, CNE2 cells showed growth arrest and cell shrinkage
under 50µM and 100µM resveratrol treatment for 24 and 48-hour. More than that, TUNEL staining showed
that resveratrol exerted the inhibitory effects on apoptosis in CNE2 cells. The wound scratch test and
transwell experiments revealed that the capacity of migration and invasion in CNE2 cells was also
inhibited with the resveratrol treatment. The above results suggested that CNE cells were sensitive to
resveratrol via cellar inhibition and apoptosis induction.

MAPK signaling pathway, which consists of ERK1/2, P38 and JNK was critically involved in many
important cellular processes49,50. Its dysregulation led to uncontrolled cellular proliferation, survival,
dedifferentiation and anti-apoptotic consequences51. Several lines of evidence indicated that mutations
of MAPK affected development and progression of head and neck squamous cell carcinoma52,53. This
further implied that MAPK signaling pathway could be a valuable target for tumor therapy. Here, Western
Blot results con�rmed that the ratio of phosphorylated ERK1/2 (p-ERK1/2) to total extracellular signal-
regulated kinases (ERK1/2) was signi�cantly decreased after 100 µM resveratrol treatment for 48 hours
compared to the control group. Moreover, the expression of p-JNK/JNK and p-P38/P38 in the MAPK
pathway was down-regulated simultaneously after resveratrol in time and dose treatment. These �ndings
indicated that resveratrol promoted apoptosis of CNE2 cells through inhibition of the activation of MAPK
pathway. To determine whether the activation of MAPK pathway observed in CNE2 cells was also present
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in vivo, tissue-based IHC staining was evaluated to pro�le the expression of the phosphorylation targets
in NPC as well as their noncancerous counterparts. As tumor surrounding tissues expressed low levels of
p-ERK1/2, p-JNK and p-P38, they were used as the baseline control to evaluate the activation of MAPK
pathway in tumor tissues. It was observed that the frequencies of p-ERK1/2 were increased signi�cantly
in NPC tissues. Similar trends were also found for p-JNK and p-P38. According to the above notions,
MAPK pathway activation implicated that resveratrol might be regarded as a favorable factor of cancer
therapy in clinic.

In conclusion, based on network pharmacological analysis, molecular docking and experiment
veri�cation in vitro, we believed that the underlying reasons of resveratrol sensitive to NPC cells were
associated with MAPK regulated apoptosis signaling pathways. Differential MAPK phosphorylation in
NPC patients may indicate sensitive responses of that type of tumor to resveratrol therapy. In the
following context, the manipulation of CNE2 cells with suitable MAPK pathway inhibitor might further
strengthen this statement.
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Figure 1

Graphical abstract
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Figure 2

(A) Chemical structure of resveratrol. (B) Venn diagram of intersecting targets. (C) PPI network in NPC
with resveratrol treatment. (D) Predictive patterns of 10 hub genes.
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Figure 3

(A) GO enrichment analysis. (B) The enrichment of top 20 pathways on target genes. (C) Component-
target-disease-pathway interaction network. (D) Resveratrol inhibited the development of NPC by
regulating the MAPK signal pathway.
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Figure 4

Theoretical studies on the structural interactions of key targeting receptors for resveratrol.
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Figure 5

Effects of 50 and 100 mM resveratrol treatment on NPC CNE2 cell line. (A CCK8 assay was used to
detect the proliferation of CNE2 cells with resveratrol treatment for 24, 48 and 72 hours. B HE staining
method was utilized to notice the morphological and quantitative changes of CNE2 cells treated with
resveratrol. (C) The apoptosis-positive cells of CNE2 cells were detected after resveratrol treatment at 50
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and 100 mM for 48 hours by TUNEL staining (×100 magni�cation). (D) Quanti�cation of CNE2 cell
apoptosis. Statistical signi�cance was determined by *P<0.05; **P<0.01; ***P<0.001.

Figure 6

(A) The changes of migration capacity in CNE2 cells treated with Resveratrol at 0, 24 and 48 hours by the
wound-healing assay. (B) Migration index analysis of CNE2 cells treated with Resveratrol. (C)
Representative images of the CNE2 cells treated with Resveratrol by transwell. (D) Histograms showed
the percentage of migrating cells. Data were shown as mean ± SD. Statistical signi�cance was noted by
*P<0.05; **P<0.01.
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Figure 7

Resveratrol inhibited the activation of MAPK signaling pathway. (A) Effects of Resveratrol on ERK1/2, p-
ERK1/2, JNK, p-JNK, P38 and p-P38 protein levels in CNE2 cells in view of the Western Blotting measure;
(B) Statistical analysis affecting the ratio of phosphorylated protein to total protein. Data were shown as
mean ± SD. Statistical signi�cance was determined by *P<0.05, **P<0.01 and ***P<0.001.
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Figure 8

Immunohistochemistry images of p-ERK1/2, p-P38 and p-JNK in NPC tissues and noncancerous tissues
of patients in different cases. Micrographs of IHC staining (segments in �rst line were counterstained
with hematoxylin eosin; ×400 magni�cation), and their investigations showed the declaration expression
of p-ERK1/2, p-P38 and p-JNK. MOD signi�ed the mean optical density of the areas. *P < 0.05 or **P<
0.01 versus the control group.
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