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Abstract

Obijective

Puerarin is a form of isoflavones obtained from Pueraria lobata. It stimulates hepatic metabolic function and lowers
serum ALT, AST, and total-bilirubin level. The purpose of this study was to examine the effect of puerarin on
nasopharyngeal carcinoma (NPC) CNEL1 cells and preliminarily explore its possible mechanism.

Materials and Methods

CCK8 method was used to detect the proliferation activity of puerarin on NPC CNEL cells and 1C50 was calculated.
CNEI cells were treated with 0 pmol/L puerarin (containing equal volume of DMSO solution) as control group and
1000 umol/L puerarin (IC50 concentration) as experimental group. Colony formation assay, Scratch-wound test and
Transwell invasion assay were used to detect the clone formation ability, migration and invasion ability of puerarin
on CNEL1 cells. Then, RNA Sequencing was used to detect the changes of differentially expressed genes (DEGs) and
signaling pathways after puerarin was applied to CNEL1 cells.

Results

The inhibitory effect of puerarin on the proliferation activity of CNE1 cells was enhanced with the increase of
concentration, and IC50 was calculated as 1000 pmol/L. Compared with the control group, the treatment of CNE1
cells with 1000 pmol/L puerarin could inhibit the clone formation, migration and invasion of CNEL1 cells (P<0.05).
A total of 379 DEGs were found by RNA sequencing, including 295 down-regulated genes and 84 up-regulated
genes (padj<0.05). The significant differences in biological functions of differentially expressed genes were mainly

CLIY3 CLINT3

distributed in “negative regulation of growth”, “angiogenesis”, “regulation of peptidase activity”, “positive
regulation of vasculature development”, “digestion”, “positive regulation of angiogenesis”, “negative regulation of
peptidase activity”, “extracellular matrix” and “Golgi lumen” (padj<0.05).

Conclusion

Puerarin could inhibit the proliferation, migration and invasion of NPC CNE1 cells, and its mechanism might be

related to the inhibition of angiogenesis and cell growth.

Keywords: cnel cells; puerarin; cell proliferation; rna sequencing

Introduction anatomy and radiotherapy sensitivity, intensity-modulated radiotherapy
(IMRT) has become an important treatment for NPC. NPC patients are
difficult to be found in the early stage, and 75 % of the patients are
diagnosed in the late stage [5]. Distant metastasis in locally advanced
NPC patients is the main reason for treatment failure, and the 5-year
survival rate is still only 50-60% in metastatic patients [6, 7].

Nasopharyngeal Carcinoma (NPC) is an epithelial cancer that occurs in
the nasopharyngeal mucosa. It is one of the common malignant tumors of
head and neck. It has obvious geographical distribution characteristics and
high incidence in Southeast Asia and southern China [1,2]. In southern
China, the incidence rate is as high as 25/100,000-50/100,000 [3], and
non-keratinizing NPC accounts for more than 95%, mainly related to

. : ; . . . The role of traditional Chinese medicine in tumor treatment has become
Epstein-barr Virus (EBV) infection [4]. Due to the particularity of NPC

increasingly prominent. Traditional Chinese medicine can alleviate
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adverse reactions such as nausea and vomiting caused by chemotherapy
[8]. In addition, some traditional Chinese medicine components can play
an anti-tumor role by improving the immunity of the body [9]. Flavonoids
are one of the active components of traditional Chinese medicine, which
can play a role in anti-tumor. Puerarin is an isoflavone compound
extracted from Puerariae Lobatae Radix. Its molecular formula is
C21H2009 and its relative molecular mass is 416, which can be dissolved
in organic solvents such as dimethyl sulfoxide (DMSO). It has been
reported that puerarin has the effects of protecting myocardial cells,
lowering blood pressure, anti-oxidation and reducing inflammatory
response [10-12]. Studies have found that puerarin can lead to cancer cell
death by regulating different mechanisms, including oxidative stress, cell
cycle, Phosphatidylinositol 3-Kinase/ Pmtein Kinase B (PI3K / AKT)
pathway, Mitogen- activated Protein Kinases/ Extracellular Signal-
regulated Kinases (MAPK/ERK) pathway, Nuclear Factor kB (NF-«B)
pathway, etc. [13]. The role of puerarin in non- small cell lung cancer
showed that puerarin inhibited the proliferation of NCI-H441 and NCI-
H460 cells, and induced autophagy through PI3K/Akt and MAPK/Erk
signaling pathways [14]. Puerarin can inhibit the proliferation and
promote apoptosis of bladder cancer T24 cells, and can inactivate NF-xB
signaling pathway [15]. Puerarin can also act on liver cancer [16], ovarian
cancer [17], cervical cancer [18], esophageal cancer [19], and gastric
cancer [20] through different mechanisms. However, there are few studies
on puerarin in NPC. In this study, the effects of puerarin on the
proliferation, migration and invasion of NPC CNEL1 cells were observed
in vitro, and RNA sequencing (RNA-seq) was used to detect the changes
of differentially expressed genes and possible pathways after puerarin was
applied to CNEL cells, providing a theoretical basis for the clinical
application of puerarin in NPC.

Materials and Methods
Cell Culture

Nasopharyngeal carcinoma CNEL cells obtained from Cell Institute of
Shanghai Academy of Life Sciences were cultured in RPMI Medium
1640 containing 10% fetal bovine serum in a 5% CO: incubator at 37°C
for routine culture. Opumol/L puerarin treated CNE1 cells as control group,
and IC50 concentration of puerarin treated CNE1 cells as experimental

group.
Cell proliferation assay

CCKS8 assay was used to examine the proliferation of the cells. CNE1
cells in logarithmic growth phase were seeded into 96-well plates
(5x10%/well). After 12 h of cell culture, the proliferation of CNE1 cells
was assessed. The medium containing 0 pmol/L, 100 pmol/L, 200
umol/L, 500 umol/L and 1000 umol/L puerarin was added to each group,
and the cells were cultured for 48 h. CCKS8 reagent 10 pL was added to
each hole, and the absorbance of each hole was measured at 450 nm. The
experiment was repeated three times. Calculate Half maximal inhibitory
concentration (IC50).

Colony formation assay

About 200 CNEL1 cells were inoculated in each well of the 6 -well plate,
cultured for 12 h, and added with the medium containing 0 pmol/L and
1000 umol/L puerarin, respectively. After 48 hours, cells were cultured
in fresh 1640 complete medium at a constant temperature of 37°C with
5% CO2 for 10-14 days.Then, medium were discarded, and cells were
fixed with methanol for 30 minutes at room temperature, dyed with
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crystal violet for 15 minutes at room temperature. Under a light
microscope, the number of colonies in each well (more than 50 constituent
cells, 1-2 mm in diameter) was manually counted under an x10
magnification.

Scratch-wound test

Approximately 1 x 105 CNE1 cells were seeded in 6-well plates. When
the cell growth density was close to 100 %, 200 pL guns were used to
close the line and PBS was used to gently wash off the exfoliated cells
near the scratch. The serum-free 1640 medium containing 0 pmol/L and
1000 pmol/L puerarin was added respectively. The 6-well plates were
observed under the microscope, and the sampling points were found and
photographed at 100 x. At this time, the image was recorded as 0 h. The
6- well plates were put back into the cell incubator for further culture.
After 24 h, 48 h and 72 h, the images were collected once each time, and
the scratch area was calculated by Image J software.

Transwell invasion assay

100l of Matrigel diluted with serum-free 1640 medium was added to the
transwell chamber, and placed in a 37°C, 5% CO:2 cell culture box before
solidification. The cells treated with 0 umol/L and 1000 pmol/L puerarin
were collected and resuspended with serum-free 1640 medium. 200 pL
cell suspension was added into the invasive chamber, with about 1x10%
cells in each chamber. The lower chamber was supplemented with 600
uL 1640 medium containing 10% FBS. the cells were incubated for 24 h
in 37°C, 5% CO:2 incubator. The medium in the chamber was discarded,
fixed with methanol at room temperature for 30 minutes, stained with
crystal violet for 20 minutes, and wiped with cotton swab to remove the
cells invading the chamber. Cell invasion was observed under an inverted
microscope. Photographs were taken under x100, and the number of cells
penetrated into each well was calculated from 10 random fields.

RNA sequencing

CNE1 cells treated with Oumol/L and 1000umol/L puerarin were
collected. A total RNA extraction kit was used to extract RNA according
to the instructions, Then, RNA degradation and contamination was
monitored on 1% agarose gels. RNA purity was checked using the Nano
Photometer spectrophotometer. Library preparation, Illumina sequencing,
and data analysis for transcriptome sequencing were performed by
Shanghai Gene Chem.

Statistical analysis

Each experiment in this study was repeated three times independently,
represented by mean+sd. GraphPad Prism 9.0 software was used to count
and draw pictures. The mean of the two samples (control vs treated) was
compared by unpaired Student's ttest, P<0.05 was considered statistically
significant.

Results

Puerarin inhibits the proliferation of NPC CNEL1 cells.

CCKa8 assay showed that puerarin decreased the proliferation activity of
CNEZ1 cells (Figure. 1A), and IC50 was calculated as 1000 umol/L. The
colony formation assay demonstrated that puerarin reduced(P<0.05) the
colony numbers of CNEL1 cells compared with the control group (Figure.
1B and 1C). These two assays confirmed that puerarin impeded the
proliferation of NPC cells.
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Figure 1: Puerarin inhibits proliferation of NPC CNEL1 cells. (A) The proliferation of puerarin on CNE1 cells was detected by CCK8 assay. (B and C)
Colony formation rate of CNEL1 cells transfected with puerarin was detected using colony formation assay. Unpaired Student's t-test was used for
statistical analysis. *P<0.05, **P<0.01, ***P<0.001. OD, opticaldensity.

Puerarin inhibits migration and invasion of NPC CNEL1 cells invasion assay demonstrated that the cell invasion of the 1000 umol/L
Scratch-wound test results showed that compared with the control group,  puerarin group was less(P<0.05) invasive, and the invasion ability of the
1000pmol/L puerarin group had no significant difference in healingat24h 1000 umol/L puerarin group was lower than that of the control group
and 48h, but decreased (P<0.05) at 72h (Fig. 2C and 2D). Transwell  (Figure. 2A and 2B).
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Figure 2: Puerarin inhibits migration and invasion of NPC CNEL1 cells. (A and B) Transwell invasion assay to detect the number of invasive cells. (C
and D) Scratch-wound test to detect cells healing rate. Unpaired Student's t-test was used forstatistical analysis. *P<0.05, **P<0.01, ***P<0.001.

Analysis of the DEGs.

The hierarchical clustering heat map of DEGs is shown in Fig. 3A.  with puerarin(padj<0.05) (Figs. 3B and 3C). Among the DEGs, the top 20
Compared with the control group, a total of 379 DEGs, 295  were annotated (Table I).

downregulated and 84 upregulated were detected in CNEL1 cells treated
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Figure 3: Analysis of the DEGs. (A) Heatmap of hierarchical clustering for DEGs. Red scale represented upregulated DEGs and green scale was for
downregulated DEGs. (B) Volcano plot of DEGs. Red dots indicated upregulated DEGs and greendots indicated downregulated DEGs. (C) Statistical

histogram of DEGs number.

ID Padj Name Strand Biotype
ENSG00000204616 6.23x10°130 TRIM31 - protein_coding
ENSG00000198758 1.36x10°52 EPSSL3 . protein_coding
ENSG00000127831 4.58x104 VIL1 + protein_coding
ENSG00000173702 1.09x10-38 MUC13 - protein_coding
ENSG00000155465 3.02x1032 SLC7A7 . protein_coding
ENSG00000163295 1.60x1028 ALPI + protein_coding
ENSG00000060566 7.08x10-26 CREB3L3 + protein_coding
ENSG00000137491 5.53x102 SLCO,B1 + Lol el
ENSG00000101204 8.72x10% CHRNA4 ) protein_coding
ENSG00000266714 -20 protein_coding
8.72x10 MYO15B * transcribed_unitary_ps
ENSG00000168405 1.46x1019 CMAHP - eudogene
ENSG00000187288 4.37x10%9 CIDEC ; protein_coding
ENSG00000101076 6.54x107 HNF4A + RIRIERCei
ENSG00000254166 1.22x1016 CASC19 - processed_transcript
lincRNA
ENSG00000255774 9.79x10°16 AP00043.2 -
protein_coding
ENSG00000173237 2.20x10°15 Cllorfg6 + ) ]
protein_coding
ENSG00000176092 2.23x104 CRYBG2 - . :
protein_coding
ENSG00000108576 2.23x104 SLC6A4 - . :
protein_coding
-14
ENSG00000180316 2.23x10 PNPLA1 + SRR iR
ENSG00000107159 2.43x104 CA9 +

Table I: Top 20 significantly DEGs between control and 1000umol/L puerarin group.
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Enrichment Analysis of DEGs. “negative regulation of peptidase activity”. The top 7 entries of BP were
GO enrichment analysis was performed on DEGs of control group and  annotated (Table II).

puerarin group (Figure. 4A). It indicates that DEGs are mainly enriched

in BP, such as “negative regulation of growth”, “angiogenesis”, About CC, DEGS enriched in “extracellular matrix” and “Golgi lumen”.

“regulation of peptidase activity”, “positive regulation of vasculature ~KEGG analysis showed DEGs enriched in “Complement and coagulation

development”, “digestion”, “positive regulation of angiogenesis”, cascades” (padj<0.05) (Figure.4B)
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Figure 4: GO and KEGG Analysis of DEGs. (A) GO analysis and of the DEGs. (B)KEGG pathway analysis of the DEGs. GO, Gene Ontology;
KEGG, Kyoto Encyclopedia of Genes and Genomes.

Category Description padj GeneName Count Up Down
e
BP reg;r'g\t,'vct’rr]‘ of 0033 1AJHSPALB/ALOX15B/IGFBP5/S | 10 N
TC2/PLAC8/MT2A/WNT11/NOV
VIL1/SERPINE2/FN1/C3/F3/AQP1
regulation of /SERPINE1/SSPO/CD44/MAP3K5/
BP peptidase activity 0.033 PPARG/SPOCK1/SERPINB1/HGF/ | 21 3 18
HIP1/TFPI/PI116/TP63/LXN/IFI6/P
SMB9
reg"ﬁ;‘;‘(‘)’s of C3/F3/AQPL/CTH/SERPINEL/SEM
BP vasculature 0.033 A5A/BRCA1/SRPX2/HK2/XBP1/H | 13 1 12
GF/ADM2/PLK2
development
VIL1/MUC13/ALPI/GCNT3/SGK1
BP digestion 0.033 /AQP1/AKR1C1/CAPNS/INAVA/ 10 0 10
ADM?2
FN1/C3/F3/AQP1/SERPINE1/SEM
A5A/BRCAL/E2F2/PPARG/SRPX?2
BP angiogenesis 0.033 ITGFBI/HK2/XBP1/HGF/KLF5/CS | 23 3 20
PG4/ADM2/RNF213/NRP2/PARV
A/NOV/ADGRG1/PLK2
positive C3/F3/AQP1/SERPINE1/SEMASA/
BP regulation of 0.033 BRCA1/SRPX2/HK2/XBP1/HGF/A | 12 1 11
angiogenesis DM2/PLK2
negative VIL1/SERPINE2/C3/AQP1/SERPI
BP regulation of 0.033 NE1/SSPO/CD44/SPOCK1/SERPI 14 2 12
peptidase activity NB1/HGF/TFPI/PI16/LXN/IFI6
Table 2: Top 7 entries of BP in GO enrichment analysis of DEGs.
Discussion The results showed that puerarin could inhibit the proliferation, migration
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and invasion of CNEL1 cells. Studies have found that when puerarin acts
on bladder cancer T24 and EJ cells, puerarin can block the GO/G1 phase
cell cycle and reduce the proliferation activity of bladder cancer cells [21].
Puerarin can also inhibit the proliferation of chronic myeloid leukemia
K562 cells and promote apoptosis by inducing autophagy in K562 cells
[22]. Uncontrolled cell proliferation is the basic feature of cancer. The
main mechanism is that the disorder of cell cycle leads to excessive
proliferation and less apoptosis. Whether puerarin can inhibit the
proliferation of CNE1 cells by blocking cell cycle remains
unknown.Migration and invasion of tumor cells play an important role in
tumor metastasis [23]. Studies have shown that puerarin can inhibit the
migration and invasion of lipopolysaccharide--stimulated breast cancer
cells by acting on the NF-kB pathway and Erk phosphorylation [24].
Puerarin can also inhibit the invasion and migration of ovarian cancer
HO-8910 cells [25]. The incidence of NPC lymph node metastasis is high,
and the cervical lymph node metastasis is found to be 70%-80% or more.
Distant metastasis remains the leading cause of death in NPC patients
[26]. Therefore, effective inhibition of tumor metastasis is an important
part of treatment. Can puerarin control NPC metastasis by inhibiting cell
migration and invasion? And the mechanism by which puerarin inhibits
the migration and invasion of CNEL1 cells needs further verification.

It was found by RNA-seq that the effect of puerarin on NPC may be
related to the inhibition of angiogenesis and the inhibition of proliferation.
It is well known that the growth of tumors requires blood vessels to
provide nutrition, and blood vessels provide pathways for tumor
metastasis and invasion. Vascular dysplasia exists in various types of
tumors [27]. Excessive angiogenesis promotes the rapid growth of
tumors, which is one of the main causes of tumor death [28]. Hypoxia is
the main driver of tumor angiogenesis [29]. Radiotherapy, chemotherapy
and immunotherapy can reduce the efficacy of hypoxia [30-32].
Angiogenesis and the production of vascular endothelial growth factor
(VEGF) can also promote tumor growth, leading to increased expression
of oncogenes or loss of tumor suppressor genes [33]. VEGF induces the
expression of matrix metalloproteinases (MMPs) in NPC, which not only
participates in the formation of new blood vessels by degrading the
extracellular matrix of endothelial cells, but also regulates the invasion
and metastasis of cancer, leading to the progress of NPC [34]. In addition,
VEGF was overexpressed in nearly 70% of EBV-positive NPC patients
and was associated with lymph node metastasis, recurrence and overall
survival [35]. Studies have shown that Chinese herbal medicine can
reduce the expression level of VEGF by inhibiting the expression of
Hypoxia-inducible factor-1a (HIF-1a), and ultimately inhibit tumor
angiogenesis [36,37]. NPCO1 is an ancient Chinese herbal medicine
prescription modified by Liang Gesang. NPCO1 has the effect of
inhibiting the growth of NPC cells. By inhibiting the PI3K/Akt signaling
pathway, NPCO1 reduces the expression of angiogenesis-related factors,
including HIF-1a and VEGF [38]. Puerarin is also a kind of Chinese
herbal medicine. This study found that puerarin acting on CNEL1 cells may
be related to inhibiting angiogenesis. Therefore, whether puerarin can
play a role in NPC by inhibiting angiogenesis deserves further study.
Current cancer research efforts focus on epigenetic alterations that may
be related to Sirtuin (SIRT) 1-7 [39]. In recent years, SIRT1 is considered
to be the most characteristic sirtuin in seven members. And SIRT1 can be
widely involved in cell processes, such as cell division, autophagy and
senescence [40]. SIRT1 plays an important role in aging, metabolism and
cancer [41]. SIRT1 is related to tumor cell proliferation, migration,
invasion and angiogenesis [42,43]. A study found that after puerarin
treatment of ovarian cancer cells, the expression of SIRT1 decreased and
inhibited Wnt/B-catenin signaling pathway, thereby increasing the
apoptosis of platinum-resistant ovarian cancer cells [44]. At present,
many SIRT1 inhibitors have been reported, and whether puerarin can be
used as a SIRT1 inhibitor related to the inhibition of NPC cells remains
to be studied.
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Conclusion

In summary, the results of this study showed that puerarin could inhibit
the proliferation, migration and invasion of CNEL1 cells in vitro, which
might be related to the inhibition of angiogenesis and cell growth. The
inhibitory mechanism of puerarin on NPC still needs further verification.
In addition, in vivo investigation is highly recommended. This study
provides a theoretical basis for the study of puerarin in nasopharyngeal
carcinoma.

Acknowledgements
Not applicable.
Funding

The present work was supported by Doctorate Awarding Unit Funding of
the Affiliated Hospital of Youjiang Medical University for Nationalities
[grant no. (2021)29]. The funders had no role in the design of the study,
the collection, analyses or interpretation of data, the writing of the
manuscript or the decision to publish the results.

Availability of data and materials

The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate: Not
applicable.

Patient consent for publication

Not applicable.

Competing interests

The authors declare that they have no competing interests.
References

1. Chen Y P, Chan A, Le QT, et al. (2019). Nasopharyngeal
carcinoma(J). Lancet. 394(10192):64-80.

2. Bray F, Ferlay J, Soerjomataram I, et al. (2018). Global cancer
statistics 2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries(J). CA
Cancer J Clin. 68(6):394-424.

3. Chen Y P, Chan A, Le QT, et al. (2019). Nasopharyngeal
carcinoma(J). Lancet. 394(10192):64-80.

4. WangHY,Chang YL, ToKF,etal. (2016). A new prognostic
histopathologic classification of nasopharyngeal carcinoma(J).
Chin J Cancer. 35:41.

5. Yang Q, Cao S, Guo L, et al. (2019). Induction chemotherapy
followed by concurrent chemoradiotherapy versus concurrent
chemoradio-therapy alone in locoregionally advanced
nasopharyngealcarcinoma long-term results of a phase Il
multicentre rand(J). Eur J Cancer. 119-187.

6. BaolL, YouB, ShiS, et al. (2018). Metastasis-associated miR-
23a from nasopharyngeal carcinoma- derived exosomes
mediates angiogenesis by repressing a novel target gene
TSGA10(J). Oncogene. 37(21):2873-2889.

7. Hong X, Liu N, Liang Y, et al. (2020). Circular RNA CRIM1
functions as a ceRNA to promote nasopharyngeal carcinoma
metastasis and docetaxel chemoresistance through upregulating
FOXQ1(J). Mol Cancer. 19(1):33.

8. Taixiang W, Munro A J, Guanjian L. (2005). Chinese medical
herbs for chemotherapy side effects in colorectal cancer
patients(J). Cochrane Database Syst Rev. (1):4540.

9. Cho W C, Leung K N. (2007). In vitro and in vivo
immunomodulating and immunorestorative effects of
Astragalus membranaceus(J). J Ethnopharmacol. 113(1):132-

Page 6 of 8


https://www.sciencedirect.com/science/article/pii/S0140673619309560
https://www.sciencedirect.com/science/article/pii/S0140673619309560
https://acsjournals.onlinelibrary.wiley.com/doi/abs/10.3322/caac.21492
https://acsjournals.onlinelibrary.wiley.com/doi/abs/10.3322/caac.21492
https://acsjournals.onlinelibrary.wiley.com/doi/abs/10.3322/caac.21492
https://acsjournals.onlinelibrary.wiley.com/doi/abs/10.3322/caac.21492
https://www.sciencedirect.com/science/article/pii/S0140673619309560
https://www.sciencedirect.com/science/article/pii/S0140673619309560
https://onlinelibrary.wiley.com/doi/abs/10.1186/s40880-016-0103-5
https://onlinelibrary.wiley.com/doi/abs/10.1186/s40880-016-0103-5
https://onlinelibrary.wiley.com/doi/abs/10.1186/s40880-016-0103-5
https://www.sciencedirect.com/science/article/pii/S0959804919304071
https://www.sciencedirect.com/science/article/pii/S0959804919304071
https://www.sciencedirect.com/science/article/pii/S0959804919304071
https://www.sciencedirect.com/science/article/pii/S0959804919304071
https://www.sciencedirect.com/science/article/pii/S0959804919304071
https://www.nature.com/articles/s41388-018-0183-6
https://www.nature.com/articles/s41388-018-0183-6
https://www.nature.com/articles/s41388-018-0183-6
https://www.nature.com/articles/s41388-018-0183-6
https://link.springer.com/article/10.1186/s12943-020-01149-x
https://link.springer.com/article/10.1186/s12943-020-01149-x
https://link.springer.com/article/10.1186/s12943-020-01149-x
https://link.springer.com/article/10.1186/s12943-020-01149-x
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD004540.pub2/abstract
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD004540.pub2/abstract
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD004540.pub2/abstract
https://www.sciencedirect.com/science/article/pii/S0378874107002668
https://www.sciencedirect.com/science/article/pii/S0378874107002668
https://www.sciencedirect.com/science/article/pii/S0378874107002668

J. Cancer Research and Cellular Therapeutics

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

141.

Xu B, Wang H, Chen Z. (2021). Puerarin Inhibits Ferroptosis
and Inflammation of Lung Injury Caused by Sepsis in LPS
Induced Lung Epithelial Cells(J). Front Pediatr. 9:706327.
Ahmad B, Khan S, Liu Y, etal. (2020). Molecular Mechanisms
of Anticancer Activities of Puerarin(J). Cancer Manag Res.
12:79-90.

Bui T T, Nguyen T H. (2017). Natural product for the treatment
of Alzheimer's disease(J). J Basic Clin Physiol Pharmacol.
28(5):413-423.

Ahmad B, Khan S, Liu Y, et al. (2020). Molecular Mechanisms
of Anticancer Activities of Puerarin(J). Cancer Manag Res.
12:79-90.

Hu Y, Li X, Lin L, et al. (2018). Puerarin inhibits non-small
cell lung cancer cell growth via the induction of apoptosis(J).
Oncol Rep. 39(4):1731-1738.

Liu X, Li S, Li Y, et al. (2018). Puerarin Inhibits Proliferation
and Induces Apoptosis by Upregulation of miR-16 in Bladder
Cancer Cell Line T24(J). Oncol Res. 26(8):1227-1234.

Zhang W G, Yin X C, Liu X F, et al. (2017). Puerarin Induces
Hepatocellular Carcinoma Cell Apoptosis Modulated by
MAPK Signaling Pathways in a Dose-dependent Manner(J).
Anticancer Res. 37(8):4425-4431.

Duan J, Yin M, Shao Y, et al. (2021). Puerarin induces
platinum-resistant epithelial ovarian cancer cell apoptosis by
targeting SIRT1(J). J Int Med Res. 49(9):675865606.

Jia L, Hu Y, Yang G, et al. (2019). Puerarin suppresses cell
growth and migration in HPV-positive cervical cancer cells by
inhibiting the PISK/mTOR signaling pathway(J). Exp Ther
Med. 18(1):543-549.

Wang J, Yang Z R, Guo X F, et al. (2014). Synergistic effects
of puerarin combined with 5-fluorouracil on esophageal
cancer(J). Mol Med Rep. 10(5):2535-2541.

Guo X F, Yang Z R, Wang J, et al. (2015). Synergistic
antitumor effect of puerarin combined with 5- fluorouracil on
gastric carcinoma(J). Mol Med Rep. 11(4):2562-2568.

Jiang K, Chen H, Tang K, et al. (2018). Puerarin inhibits
bladder cancer cell proliferation through the mTOR/p70S6K
signaling pathway(J). Oncol Lett. 15(1):167-174.

Gao D, Xiao Z, Li H P. (2017). Puerarin leads to K562 cell
apoptosis of chronic myelogenous leukemia via induction of
autophagy(J). J BUON. 22(6):1554-1562.

Gupta G P, Massague J. (2006). Cancer metastasis: building a
framework(J). Cell. 127(4):679-695.

Liu X, Zhao W, Wang W, et al. (2017). Puerarin suppresses
LPS-induced breast cancer cell migration, invasion and
adhesion by blockage NF-kappaB and Erk pathway(J). Biomed
Pharmacother. 92:429-436.

Han J, Yu C Q, Shen W. (2009). (Inhibitory effects of puerarin
on invasion and metastasis of oophoroma cells HO-8910) (J).
Zhongguo Zhong Xi Yi Jie He Za Zhi. 29(7):632-635.

Li A C, Xiao W W, Shen G Z, et al. (2015). Distant metastasis
risk and patterns of nasopharyngeal carcinoma in the era of
IMRT: long-term results and benefits of chemotherapy(J).
Oncotarget. 6(27):24511-24521.

Carmeliet P, Jain RK. (2000). Angiogenesis in cancer and other
diseases. [J]. Nature. 407(6801):249-57

Weis S M, Cheresh D A. (2011). Tumor angiogenesis:
molecular pathways and therapeutic targets(J). Nat Med.
17(11):1359-1370.

Jain R K, Martin J D, Stylianopoulos T. (2014). The role of

Auctores Publishing LLC — Volume 6(2)-114 www.auctoresonline.org
ISSN: 2640-1053

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Copy rights@ Yepeng Li, et al.

mechanical forces in tumor growth and therapy(J). Annu Rev
Biomed Eng. 16:321-346.

Busk M, Horsman M R. (2013). Relevance of hypoxia in
radiation oncology: pathophysiology, tumor biology and
implications for treatment(J). Q J Nucl Med Mol Imaging.
57(3):219-234.

Huang Y, Goel S, Duda D G, et al. (2013). Vascular
normalization as an emerging strategy to enhance cancer
immunotherapy(J). Cancer Res. 73(10):2943-2948.

Cosse J P, Michiels C. (2008). Tumour hypoxia affects the
responsiveness of cancer cells to chemotherapy and promotes
cancer progression(J). Anticancer Agents Med Chem. 8(7):790-
797.

Larcher F, Franco M, Bolontrade M, et al. (2003). Modulation
of the angiogenesis response through Ha- ras control, placenta
growth factor, and angiopoietin expression in mouse skin
carcinogenesis(J). Mol Carcinog. 37(2):83-90.

Li X VY, LinY C, Huang W L, et al. (2012). Zoledronic acid
inhibits proliferation and impairs migration and invasion
through downregulating VEGF and MMPs expression in
human nasopharyngeal carcinoma cells (J). Med Oncol.
29(2):714-720.

Krishna S M, James S, Balaram P. (2006). Expression of VEGF
as prognosticator in primary nasopharyngeal cancer and its
relation to EBV status(J). Virus Res. 115(1):85-90.

Kim K M, Heo D R, Lee J, et al. (2015). 5,3'-Dihydroxy-6,7,4'-
trimethoxyflavanone exerts its anticancer and antiangiogenesis
effects through regulation of the Akt/mTOR signaling pathway
in human lung cancer cells(J). Chem Biol Interact. 225:32-39.
Liu Z, XiR, Zhang Z, et al. (2014). 4-hydroxyphenylacetic acid
attenuated inflammation and edema via suppressing HIF-1alpha
in seawater aspiration-induced lung injury in rats(J). Int J Mol
Sci. 15(7):12861-12884.

Yanwei L, Yinli Y, Pan Z. (2018). Traditional Herbal Formula
NPCO1 Exerts Antiangiogenic Effects through Inhibiting the
PI3K/Akt/mTOR Signaling Pathway in Nasopharyngeal
Carcinoma Cells(J). Evid Based Complement Alternat Med.
2018:5291517.

Beyer S, Chen F, Meister S, et al. (2020). Sirtuinl expression
and survival in endometrial and clear-cell uterine cancer. [J].
Histochem Cell Biol. 154(2):189-195.

Bartosch C, Monteiro-Reis S, Almeida-Rios D, et al. (2016).
Assessing sirtuin expression in endometrial carcinoma and non-
neoplastic endometrium. [J]. Oncotarget. 7(2):1144-54.
Herranz D, Mu?0z-Martin M, Ca?amero M, et al. (2010). Sirtl
improves healthy ageing and protects from metabolic
syndrome-associated cancer. [J]. Nat Commun. 1:3.

Jiang W, Jiang P, Yang R, et al. (2018). Functional role of
SIRT1-induced HMGB1 expression and acetylation in
migration, invasion and angiogenesis of ovarian cancer. [J]. Eur
Rev Med Pharmacol Sci. 22(14):4431-4439.

Huang S, Li Y, Sheng G, et al. (2021). Sirtuin 1 promotes
autophagy and proliferation of endometrial cancer cells by
reducing acetylation level of LC3. [J]. Cell Biol Int.
45(5):1050-1059.

Duan J, Yin M, Shao Y, et al. (2021). Puerarin induces
platinum-resistant epithelial ovarian cancer cell apoptosis by
targeting SIRTL. [J]. J Int Med Res. 49(9):3000605211040762.

Page 7 of 8


https://www.sciencedirect.com/science/article/pii/S0378874107002668
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc8371381/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc8371381/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc8371381/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6956866/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6956866/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6956866/
https://www.degruyter.com/document/doi/10.1515/jbcpp-2016-0147/html
https://www.degruyter.com/document/doi/10.1515/jbcpp-2016-0147/html
https://www.degruyter.com/document/doi/10.1515/jbcpp-2016-0147/html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6956866/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6956866/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6956866/
https://www.spandidos-publications.com/10.3892/or.2018.6234?text=fulltext
https://www.spandidos-publications.com/10.3892/or.2018.6234?text=fulltext
https://www.spandidos-publications.com/10.3892/or.2018.6234?text=fulltext
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc7844627/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc7844627/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc7844627/
https://ar.iiarjournals.org/content/37/8/4425.short
https://ar.iiarjournals.org/content/37/8/4425.short
https://ar.iiarjournals.org/content/37/8/4425.short
https://ar.iiarjournals.org/content/37/8/4425.short
https://journals.sagepub.com/doi/abs/10.1177/03000605211040762
https://journals.sagepub.com/doi/abs/10.1177/03000605211040762
https://journals.sagepub.com/doi/abs/10.1177/03000605211040762
https://www.spandidos-publications.com/10.3892/etm.2019.7589
https://www.spandidos-publications.com/10.3892/etm.2019.7589
https://www.spandidos-publications.com/10.3892/etm.2019.7589
https://www.spandidos-publications.com/10.3892/etm.2019.7589
https://www.spandidos-publications.com/10.3892/mmr.2014.2539?text=fulltext
https://www.spandidos-publications.com/10.3892/mmr.2014.2539?text=fulltext
https://www.spandidos-publications.com/10.3892/mmr.2014.2539?text=fulltext
https://www.spandidos-publications.com/10.3892/mmr.2014.3016?text=abstract
https://www.spandidos-publications.com/10.3892/mmr.2014.3016?text=abstract
https://www.spandidos-publications.com/10.3892/mmr.2014.3016?text=abstract
https://www.spandidos-publications.com/10.3892/ol.2017.7298
https://www.spandidos-publications.com/10.3892/ol.2017.7298
https://www.spandidos-publications.com/10.3892/ol.2017.7298
https://jbuon.com/archive/22-6-1554.pdf
https://jbuon.com/archive/22-6-1554.pdf
https://jbuon.com/archive/22-6-1554.pdf
https://jbuon.com/archive/22-6-1554.pdf
https://jbuon.com/archive/22-6-1554.pdf
https://www.sciencedirect.com/science/article/pii/S0753332217309381
https://www.sciencedirect.com/science/article/pii/S0753332217309381
https://www.sciencedirect.com/science/article/pii/S0753332217309381
https://www.sciencedirect.com/science/article/pii/S0753332217309381
https://europepmc.org/article/med/19852298
https://europepmc.org/article/med/19852298
https://europepmc.org/article/med/19852298
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc4695202/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc4695202/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc4695202/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc4695202/
https://www.nature.com/articles/35025220
https://www.nature.com/articles/35025220
https://www.nature.com/articles/nm.2537.
https://www.nature.com/articles/nm.2537.
https://www.nature.com/articles/nm.2537.
https://www.annualreviews.org/doi/abs/10.1146/annurev-bioeng-071813-105259
https://www.annualreviews.org/doi/abs/10.1146/annurev-bioeng-071813-105259
https://www.annualreviews.org/doi/abs/10.1146/annurev-bioeng-071813-105259
https://europepmc.org/article/med/24045619
https://europepmc.org/article/med/24045619
https://europepmc.org/article/med/24045619
https://europepmc.org/article/med/24045619
https://cancerres.aacrjournals.org/content/73/10/2943.short
https://cancerres.aacrjournals.org/content/73/10/2943.short
https://cancerres.aacrjournals.org/content/73/10/2943.short
https://www.ingentaconnect.com/content/ben/acamc/2008/00000008/00000007/art00010
https://www.ingentaconnect.com/content/ben/acamc/2008/00000008/00000007/art00010
https://www.ingentaconnect.com/content/ben/acamc/2008/00000008/00000007/art00010
https://www.ingentaconnect.com/content/ben/acamc/2008/00000008/00000007/art00010
https://onlinelibrary.wiley.com/doi/abs/10.1002/mc.10126
https://onlinelibrary.wiley.com/doi/abs/10.1002/mc.10126
https://onlinelibrary.wiley.com/doi/abs/10.1002/mc.10126
https://onlinelibrary.wiley.com/doi/abs/10.1002/mc.10126
https://link.springer.com/article/10.1007/s12032-011-9904-1
https://link.springer.com/article/10.1007/s12032-011-9904-1
https://link.springer.com/article/10.1007/s12032-011-9904-1
https://link.springer.com/article/10.1007/s12032-011-9904-1
https://link.springer.com/article/10.1007/s12032-011-9904-1
https://www.sciencedirect.com/science/article/pii/S0168170205002327
https://www.sciencedirect.com/science/article/pii/S0168170205002327
https://www.sciencedirect.com/science/article/pii/S0168170205002327
https://www.sciencedirect.com/science/article/pii/S000927971400338X
https://www.sciencedirect.com/science/article/pii/S000927971400338X
https://www.sciencedirect.com/science/article/pii/S000927971400338X
https://www.sciencedirect.com/science/article/pii/S000927971400338X
https://www.mdpi.com/1422-0067/15/7/12861
https://www.mdpi.com/1422-0067/15/7/12861
https://www.mdpi.com/1422-0067/15/7/12861
https://www.mdpi.com/1422-0067/15/7/12861
https://www.hindawi.com/journals/ecam/2018/5291517/
https://www.hindawi.com/journals/ecam/2018/5291517/
https://www.hindawi.com/journals/ecam/2018/5291517/
https://www.hindawi.com/journals/ecam/2018/5291517/
https://www.hindawi.com/journals/ecam/2018/5291517/
https://link.springer.com/article/10.1007/s00418-020-01873-x
https://link.springer.com/article/10.1007/s00418-020-01873-x
https://link.springer.com/article/10.1007/s00418-020-01873-x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4811449/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4811449/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4811449/
https://www.nature.com/articles/ncomms1001
https://www.nature.com/articles/ncomms1001
https://www.nature.com/articles/ncomms1001
https://www.europeanreview.org/wp/wp-content/uploads/4431-4439.pdf
https://www.europeanreview.org/wp/wp-content/uploads/4431-4439.pdf
https://www.europeanreview.org/wp/wp-content/uploads/4431-4439.pdf
https://www.europeanreview.org/wp/wp-content/uploads/4431-4439.pdf
https://onlinelibrary.wiley.com/doi/abs/10.1002/cbin.11549
https://onlinelibrary.wiley.com/doi/abs/10.1002/cbin.11549
https://onlinelibrary.wiley.com/doi/abs/10.1002/cbin.11549
https://onlinelibrary.wiley.com/doi/abs/10.1002/cbin.11549
https://journals.sagepub.com/doi/abs/10.1177/03000605211040762
https://journals.sagepub.com/doi/abs/10.1177/03000605211040762
https://journals.sagepub.com/doi/abs/10.1177/03000605211040762

J. Cancer Research and Cellular Therapeutics Copy rights@ Yepeng Li, et al.

Ready to submit your research? Choose Auctores and benefit from:

fast, convenient online submission

rigorous peer review by experienced research in your field
rapid publication on acceptance

authors retain copyrights

unique DOI for all articles

immediate, unrestricted online access

This work is licensed under Creative
BY Commons Attribution 4.0 License
To Submit Your Article Click Here: Submit Manuscript

YVVVYVYVYYVY

At Auctores, research is always in progress.
DOI: 10.31579/2640-1053/114
Learn more https://auctoresonline.org/journals/cancer-research-and-cellular-
therapeutics

Auctores Publishing LLC — Volume 6(2)-114 www.auctoresonline.org
ISSN: 2640-1053 Page 8 of 8


file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://auctoresonline.org/submit-manuscript?e=77

