
fnut-09-1014414 October 21, 2022 Time: 17:36 # 1

TYPE Original Research
PUBLISHED 28 October 2022
DOI 10.3389/fnut.2022.1014414

OPEN ACCESS

EDITED BY

Gengjun Chen,
Kansas State University, United States

REVIEWED BY

Xiaolong Ji,
Zhengzhou University of Light
Industry, China
Jinyao Li,
Xinjiang University, China

*CORRESPONDENCE

Bisheng Huang
hbsh1963@163.com
Hongzhi Du
dhz3163@hbtcm.edu.cn

†These authors have contributed
equally to this work and share first
authorship

SPECIALTY SECTION

This article was submitted to
Nutrition and Food Science
Technology,
a section of the journal
Frontiers in Nutrition

RECEIVED 08 August 2022
ACCEPTED 29 September 2022
PUBLISHED 28 October 2022

CITATION

Wang Z, Hou X, Li M, Ji R, Li Z, Wang Y,
Guo Y, Liu D, Huang B and Du H (2022)
Active fractions of golden-flowered
tea (Camellia nitidissima Chi) inhibit
epidermal growth factor receptor
mutated non-small cell lung cancer via
multiple pathways and targets in vitro
and in vivo.
Front. Nutr. 9:1014414.
doi: 10.3389/fnut.2022.1014414

COPYRIGHT

© 2022 Wang, Hou, Li, Ji, Li, Wang,
Guo, Liu, Huang and Du. This is an
open-access article distributed under
the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution
or reproduction is permitted which
does not comply with these terms.

Active fractions of
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nitidissima Chi) inhibit epidermal
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non-small cell lung cancer via
multiple pathways and targets in
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Wuhan Institutes of Biomedical Sciences, Jianghan University, Wuhan, China, 3Shenzhen Luohu
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As a medicine-food homology (MFH) plant, golden-flowered tea (Camellia

nitidissima Chi, CNC) has many different pharmacologic activities and is

known as “the queen of the tea family” and "the Panda of the Plant world".

Several studies have revealed the pharmacologic effects of CNC crude extract,

including anti-tumor, anti-oxidative and hepatoprotective activity. However,

there are few studies on the anti-tumor active fractions and components

of CNC, yet the underlying mechanism has not been investigated. Thus,

we sought to verify the anti-non-small cell lung cancer (NSCLC) effects of

four active fractions of CNC. Firstly, we determined the pharmacodynamic

material basis of the four active fractions of CNC (Camellia. leave. saponins,

Camellia. leave. polyphenols, Camellia. flower. saponins, Camellia. flower.

polyphenols) by UPLC-Q-TOF-MS/MS and confirmed the differences in

their specific compound contents. Then, MTT, colony formation assay

and EdU incorporation assay confirmed that all fractions of CNC exhibit

significant inhibitory on NSCLC, especially the Camellia. leave. saponins

(CLS) fraction on EGFR mutated NSCLC cell lines. Moreover, transcriptome

analysis revealed that the inhibition of NSCLC cell growth by CLS may be via

three pathways, including “Cytokine-cytokine receptor interaction,” “PI3K-Akt

signaling pathway” and “MAPK signaling pathway.” Subsequently, quantitative

real-time PCR (RT-qPCR) and Western blot (WB) revealed TGFB2, INHBB,

PIK3R3, ITGB8, TrkB and CACNA1D as the critical targets for the anti-tumor

effects of CLS in vitro. Finally, the xenograft models confirmed that CLS

treatment effectively suppressed tumor growth, and the key targets were also
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verified in vivo. These observations suggest that golden-flowered tea could

be developed as a functional tea drink with anti-cancer ability, providing an

essential molecular mechanism foundation for MFH medicine treating NSCLC.

KEYWORDS

golden-flowered tea, Camellia nitidissima Chi (CNC), non-small cell lung cancer
(NSCLC), natural product, epidermal growth factor receptor (EGFR)

Introduction

Golden-flowered tea (Camellia nitidissima Chi—CNC) as
an edible and medicinal plant (EMP) is an evergreen shrub
belonging to the family Camellia (1). Golden-flowered tea has
been known as “the panda of the plant world” and “the queen
of the tea family” for its great ornamental and medicinal
value. According to the “Guangxi Zhuang Autonomous Region
Zhuang Medicine Quality Standard” (2), CNC has been used
to treat various diseases such as pharyngitis, dysentery, liver
cirrhosis and cancer for a long time. Most recently, CNC
has been introduced and cultivated in Australia, Japan, the
United States, and other countries (3). Moreover, a plethora of
researchers are interested in the anti-cancer effects of CNC as a
functional food.

Previous studies of CNC pharmacological effects had
emphasized anti-tumor, anti-obesity and hypolipidemic effects
(4, 5). In the last two decades, much of the research about CNC
has explored the pharmacological effects of flower fractions,
while the studies of leaf fractions are extremely rare. In fact,
the leaves of CNC have been used as tea for a long time (6).
Although, several studies have revealed the anti-cancer effects
of CNC leaves crude extract, there are few reports on the anti-
tumor active fractions and components of CNC (7). Thus, it
is necessary to explore the differences in the pharmacological
effects of different active fractions of CNC.

Previously, our research for the first time confirmed
that the four active fractions of CNC (Camellia. leave.
saponins, Camellia. leave. polyphenols, Camellia. flower.
saponins, Camellia. flower. polyphenols) effectively inhibited
the proliferation, metastasis and invasion of anti-NSCLC
in vitro (8), while the anti-cancer mechanism remains to be
revealed. Lung cancer is the leading type of cancer death
worldwide, with NSCLC being the most common sub-type
(9–12), accounting for approximately 85% (13). Among the
emerging oncology therapies, molecular targeted drugs have
become the first choice for treating NSCLC (14). Approximately
10–40% of NSCLC patients worldwide have tumor cells carrying
epidermal growth factor receptor (EGFR) activating mutations
(15). The epidermal growth factor receptor-tyrosine kinase
inhibits (EGFR-TKI) targeted therapy is a milestone in tumor
treatment with remarkable effects (16). However, NSCLC

frequently develops acquired resistance when treated with
NSCLC owing to factors such as tumor mutational burden
(17), immune evasion and tumor microenvironment (TME)
(18, 19). Therefore, the search for new therapeutic agents for
drug-resistant NSCLC and the analysis of medicinal treatment
mechanisms are frontier issues in oncology science, which
have scientific value and clinical guidance significance for the
treatment of NSCLC. Thus, we attempt to explore the molecular
mechanism to provide more scientific evidence for the
application of golden-flowered tea in the treatment of NSCLC.

In brief, the component difference between the four
fractions of CNC was first reported in this study. Then,
we evaluated the anti-tumor activity of four fractions of
CNC on three different NSCLC cell lines. To determine the
programmed cell death effect on non-small cell lung cancer
cells, we investigated whether CLS treatment induces the
apoptosis of NCI-H1975 cells by TdT-mediated dUTP Nick-
End Labeling (TUNEL) assay, Annexin V and propidine iodide
(PI) staining, reactive oxygen species (ROS) measurement,
superoxide dismutase (SOD) measurement, SEM examination
and lactate dehydrogenase (LDH) release. Transcriptomics
analysis was employed to probe the genetic changes after
treatment of NSCLC cells with CLS. Subsequently, RT-qPCR
and WB confirmation were performed for the candidate
pathways. Finally, Xenograft models assay also proved the
inhibitory effect of CLS in vivo. Taken together, our study
investigated the inhibitory effect of different fractions of CNC
on NSCLC (Figure 1). Importantly, our work will facilitate the
study of the anti-tumor effect and mechanism of CNC as a
functional tea.

Material and methods

Extraction of chemical constituents

The leaves and flowers of CNC were collected from
Fangchenggang, Guangxi Province, China. The extraction
method was based on the previous research of our team (7,
20). The leaves and flowers were air-dried and grinded into
powder. The powder of leaves (6.3 kg) and flowers (6.0 kg)
were separately refluxed with 95% ethanol for 3 times (3, 2 and
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FIGURE 1

Experimental design ideas.

1 h). The extracts were combined and evaporated in a rotary
evaporator to obtain ethanol extracts. Finally, four different
active fractions of CNC (Camellia. leave. polyphenols, Camellia.
flower. polyphenols, Camellia. leave. saponins, Camellia. flower.
saponins) were obtained by macroporous resin purification
process (21, 22).

Chemical characterization of active
fractions of Camellia nitidissima Chi

Determination of total polyphenols
Total polyphenols were determined by Follin-Ciocalteu

(FC) assay. The FC reagent (diluted 1:10 in water) and aqueous
Na2CO3 (10%) were added to the two fractions of CNC
(Camellia. leave. polyphenols, Camellia. flower. polyphenols) in

sequence. Gallic acid control solution was prepared to draw
the calibration curve. The absorbance value was measured at
765 nm after constant shaking at 37◦C for 30 min.

Determination of total saponins
Total saponins were determined by Vanillin-acetate method.

Firstly, 5.0 g of vanillin was weighed to configure a 5%
solution of vanillin acetate. Ginsenoside Re control solution
was prepared to draw the calibration curve. Prepared 1 mL of
1 mg/mL of the solution (Camellia. leave. saponins, Camellia.
flower. saponins) to be measured in the test tube in a water bath
to evaporate. The 5% vanillin-acetate solution and Perchloric
acid were added to the two fractions of CNC in sequence. After
heating the test tubes at 60 degrees for 10 min, the test tubes were
cooled with ice water and 5 mL of glacial acetic acid was added.
The absorbance value was measured at 560 nm.
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Qualitative and quantitative analysis of
active fractions of Camellia nitidissima
Chi

The four active fractions of CNC were identified by the
UPLC-Q-TOF-MS/MS. After being dissolved in methanol,
the sample was filtered through a 0.22 µm microfiltration
membrane for analysis. The UPLC-Q-TOF-MS/MS has
equipped with an Agilent SB-C18 (1.8 µm, 2.1 mm × 100 mm)
column. The mobile phase is composed of solvent A, 0.1%
formic acid in water and solvent B, 0.1% formic acid of
acetonitrile. The elation gradient procedure was performed:
0–9 min, 5–95% B; 9–10 min 95% B; 10–11.10 min 95–5%
B; 11.10–14 min 5% B. The flow rate was 0.35 mL/min and
the sample injection volume was 4 µL. The effluent was
alternatively connected to an ESI-triple quadrupole-linear ion
trap (QTRAP)-MS. The ESI source operation parameters were
as follows: an ion source, turbo spray; source temperature
550◦C; ion spray voltage (IS) 5,500 V (positive ion mode)/-
4,500 V (negative ion mode); ion source gas I (GSI), gas II
(GSII), curtain gas (CUR) was set at 50, 60, and 25.0 psi,
respectively; the collision-activated dissociation (CAD) was
high (23).

Cell culture

NCI-H1975 cells, A549 cells and HCC827 cells were grown
in RPMI Medium 1,640 basic (1×) supplemented with 10% fetal
bovine serum(GEMINI BIO-Products)in a humidified chamber
with 5% CO2 and 37◦C. The cell culture method is the same as
the previous culture method of our team (24).

Cell viability assay

NCI-H1975 cells, A549 cells and HCC827 cells were
seeded at 3,000, 5,000, and 3,000 cells per well of 96-well
plates in triplicate. Cell viability was measured at 72 h by
using a 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium
bromide (MTT) assay.

Colony formation assay

NCI-H1975 and HCC827 cells were seeded at 500 cells
per well of 6-well plates in a medium containing Penicillin-
Streptomycin-Gentamicin Solution (Solarbio, P1410). After
24 h of incubation, the cells were treated with different
concentrations of CNC every 5 days until colonies formed
in 10 days. The remaining colonies were stained with
crystal violet.

EdU incorporation assay

After NCI-H1975 and HCC827 cells were treated by
different fractions of CNC in 12-well plates for 24 h, the cells
were cultured with 10 µM EdU (KevGEN BioTECH, KGA331-
500) for 2 h, followed by incubation with 4% polychloraldehyde
for 15 min. Washed by 3% BSA in PBS twice, the cells were
incubated with 0.5% Triton X-100 (Solarbio, 9002-39-1) in PBS
for 20 min. The cell plates were washed twice with 3% BSA in
PBS and incubated with a 1 × Click-iT reactant mixture for
30 min. The cells treated with 1 × Click-iT reactant mixture
were incubated with 1 × Hochest 33342 for 30 min under dark
conditions. The proliferating cells (green) and the nuclei of all
cells were observed under a laser confocal microscope under
dark conditions. Different visual fields were randomly taken for
image collection and synthesis analysis. Finally, the proliferation
rate was calculated.

TdT-mediated dUTP Nick-End Labeling
staining

After NCI-H1975 were cultured in 12-well plates for
24 h, the cells were treated with different concentration of
CLS for 24 h. Cells were subsequently incubation with 4%
polychloraldehyde for 30 min. Washed by PBS twice, the cells
were incubated with 0.3% Triton X-100 (Solarbio, 9002-39-1)
in PBS for 10 min. The cell plates were washed twice with PBS
and incubated with a TUNEL reactant mixture for 60 min at
37◦C (Beyotime, C1086). Different visual fields were randomly
taken for image collection and synthesis analysis. And the
TUNEL positive rate was calculated and normalized to that of
the control group.

Annexin V and propidine iodide
staining

The apoptosis rate of NCI-H1975 cells using Annexinv-
fluorescein isothiocyanate (FITC) and PI double staining
technique (KevGEN BioTECH, KGA107). NCI-H1975 cells
were processed at different concentrations of CLS for 48 h. The
cells were collected by digestion with EDTA-free trypsin and
washed twice with PBS. After processing according to the steps
in the instructions, all groups were measured by flow cytometer.

Reactive oxygen species measurement

The effect of different concentrations on CLS-mediated ROS
production in NCI-H1975 cells was determined using the cell-
permeable fluorescent probe 2’,7’-dihydrofluorescein-diacetate
(DCFH2-DA). NCI-H1975 cells were incubated in different
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concentration of CLS for 24 h, the cells were cultured with 1
µM DCFH2-DA (Solarbio, D6470) for 30 min at 37◦C. And
the ROS positive rate was calculated and normalized to that of
the control group.

Superoxide dismutase measurement

The effect of different concentrations on CLS-mediated
SOD production in NCI-H1975 cells was determined using the
SOD reagent kit (Njjcbio, A001-3-2). After being processed
at different concentrations of CLS for 48 h, the proteins of
NCI-H1975 cells were extracted. The relative content of SOD
was determined by the reagent kit. The SOD positive rate was
calculated and normalized to the control group.

Scanning electron microscope
examination

After NCI-H1975 cells were treated in accordance with the
above-described experimental design, SEM was used to observe
the difference between the treated and control groups. After
cell crawling was washed with PBS, electron microscope fixative
(Servicebio, G1102) was added and placed in a four-degree
refrigerator for 1 h. Ethanol gradients were used to remove
water from the samples, with dehydrating agent concentrations
of 30, 50, 70, 80, 90, and 100% (twice) in order, with each
dehydration time of 5 min. Finally, the samples were dried
in the desiccator for 1.5 h and then sprayed with gold
and photographed.

Lactate dehydrogenase release

The release of IL-1β and LDH can be detected during the
onset of pyroptosis (25). After NCI-H1975 cells were treated in
accordance with the above-described experimental design, LDH
release was measured by LDH assay kit (Njjcbio, A020-2) to
observe the difference between the treated and control groups.
The absorbance was measured at a wavelength 450 nm using
microplate reader.

Ribonucleic acid sequencing analysis
and differential expression analysis

RNA degradation and contamination were monitored
on 1% agarose gels. The preparation of each RNA sample
requires 3 µg of RNA as input material (26). Sequencing
libraries were generated using the NEBNext R© UltraTM R©

RNA
Library Preparation Kit (NEB, USA), and index codes were

added to the attribute sequences of each sample. After the
library inspection is qualified, the different libraries are pooled
according to the requirements of effective concentration and
target data volume. And illumine sequencing is performed,
and the generated 150 bp paired-end reads. Differential
expression analysis was performed for two conditions/groups
(two biological replicates per condition) using the DESeq2 R
package (1.16.1). Genes identified by DESeq2 with adjusted
p-values < 0.05 were designated as differentially expressed
genes. Gene Ontology (GO) enrichment analysis and Kyoto
Encyclopedia of Genes and Genomes (KEGG) analysis of
differentially expressed genes was implemented by the cluster
profile R package (27, 28).

Reverse transcription and real
time-quantitative polymerase chain
reaction

Total RNA was extracted from cell culture samples using
the TRNzol Universal Reagent (Tiangen, W9712) according
to the manufacturer’s instructions. The cDNA was synthesized
from total RNA (1 µg) using reverse transcription (Vazyme,
R323-01). Primer sequences were as follows in Table 1. PCR
amplification was executed by the SYBR Green PCR master mix
(LightCycler 480, 30408), and the PCR-amplified gene products
were analyzed.

Western blot analysis

After the cells were treated with CLS for the indicated
time, cell lysates were lysed by RIPA buffer supplemented
with a complete protease and phosphatase inhibitor mixture
(Beyotime, 45482). Samples of mouse tumor tissues were
stored in a −80◦C refrigerator and homogenized with
RIPA (Solarbio, 676). Proteins were separated on a 6–10%
SDS-PAGE system and transferred to a polyvinylidene
fluoride (PVDF) membrane. WB was performed according
standard protocol with following primary antibodies: Anti-
ACTB (Abclonal, AC004; 1:10,000), Anti-INHBB (Abclonal,
A8553;1:1,000), Anti-TGFB2 (Abclonal, A3640; 1:1,000),
Anti-ITGB8 (Abclonal, A8433; 1:1,000), Anti-PIK3R3
(Abclonal, A17112; 1:1,000), Anti-TrkB (Abclonal, A2099;
1:1,000), Anti-CACNA1D (Abclonal, A16785; 1:1,000),
HPR Goat Anti-Mouse (Abclonal, AS003; 1:2,000) or HPR
Goat Anti-Rabbit (Abclonal, AS014; 1:2,000) secondary
antibodies were used. Protein bands were visualized by
chemiluminescence reagents (Meilunbio, MA0186-1)
and were performed using a luminescent image analyzer
(Proteinsimple, 601577). Raw data were analyzed by
using Fuji film v3.0.
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TABLE 1 Primer sequences.

Gene Forward sequence Reverse sequence

18S AGGTCTGTGATGCCCTTAGATG TCCTCGTTCATGGGGAATAATTG

INHBB GAAATCATCAGCTTCGCCGAGAC GGCAGGAGTTTCAGGTAAAGCC

TGFB2 AAGAAGCGTGCTTTGGATGCGG ATGCTCCAGCACAGAAGTTGGC

PIK3R3 CCACCTAAGCCAATGACTTCAGC GTTGAGGCATCTCGGACCAAGA

ITGB8 CTGTTTGCAGTGGTCGAGGAGT TGCCTGCTTCACACTCTCCATG

TNFRSF10C GGTGTGGATTACACCAACGCTTC CTGACACACTGTGTCTCTGGTC

MEF2C TCCACCAGGCAGCAAGAATACG GGAGTTGCTACGGAAACCACTG

EIF4E1B GACAAGATCGCTGTGTGGACGA GTTGCTCTTGGTGGCTGTGTCT

TrkB ACAGTCAGCTCAAGCCAGACAC GTCCTGCTCAGGACAGAGGTTA

CACNA1D CTTCGACAACGTCCTCTCTGCT GCCGATGTTCTCTCCATTCGAG

IL-1β TGCTCAAGTGTCTGAAGCAG TGGTGGTCGGAGATTCGTAG

Xenograft models

Thirty 5-week-old BALB/c-nude mice were obtained from
the Biont (Jiangsu, No.320727210100432325). All mice were
housed in a temperature-controlled environment (24 ± 2◦C)
with a 12/12 h dark/light cycle at the Animal Center of Hubei
university of Chinese medicine. The standard rat chow and
water used for animal feeding and all animal experiments
were conducted by the animal ethics-related regulations of
Hubei University of Traditional Chinese Medicine, permission
number: SYXK2017-0067-ZYZYZX2022-2. BALB/c-nude mice
were injected subcutaneously in the armpit with NCI-H1975
(5 × 106 cells/mice) in 150 µL PBS. After the mean
tumor volume reached 50 mm3, BALB/c-nude mice were
randomly divided into model control group (n = 6), tax
group (n = 6), low-dose group (n = 6), medium-dose group
(n = 6), high-dose group (n = 6). Low-dose orally took
100 mg/kg CLS every day, medium-dose orally took 200 mg/kg
CLS every day, and high-dose orally took 400 mg/kg CLS
every day. And taxol (anhydrous ethanol: castor oil = 1:1)
was injected at 20 mg/kg every 2 days in the tail vein.
Tumor volume was monitored by vernier calipers throughout
the experiment. All mice were executed and tumors were
removed on day 13.

RTV = Vt
V0 , where V0 represents the tumor volume of day

1 (the day of CLS first administration), Vt represents the tumor
volume of day 13 (29).

Immunohistochemistry

Samples from the tumor xenografts and liver were dissected,
formalin-fixed and paraffin-embedded. Paraffin blocks were
placed on the pre-cooling table and adjusted the knees to 4-
Mm thickness. Sections were incubated with citric acid (pH
6.0) antigen retrieval buffer (Beyotime, P0085) for antigen
retrieval in a microwave oven. After blocking endogenous

TABLE 2 Total polyphenols and saponins in different fractions of CNC
(n = 6).

Bio active substance Fraction of CNC mg/g dry mass

Total polyphenol content CLP 136.89±3.18

CFP 327.03±4.03

Total saponin content CLS 38.83±0.57

CFS 56.53±0.83

peroxidase with 3% hydrogen peroxide, and serum sealing
by 3% BSA (Beyotime, P0007), sections were then incubated
by Ki67 antibody (Abcam, Ab16667) and further processed
with secondary antibody (Abcam, Ab6721). The chromogenic
reaction was performed by DAB (Solarbio, DA1010). Sections
were counterstained with hematoxylin (Solarbio, H8070) and
observed under a microscope. The nucleus of hematoxylin
stained is blue, and the positive expression of DAB is
brownish yellow.

Data presentation and statistical
analysis

All graphs were generated using GraphPad Prism 8.0
(SanDiego, CA, USA). One-way ANOVA with Bonferroni
correction was used for statistical analyses. Statistical
significance was set at ∗p < 0.05, and ∗∗p < 0.01 compared to
control unless stated differently.

Results

Total polyphenols and total saponins
contents of Camellia nitidissima Chi

As is known, total polyphenols and total saponins are
important active ingredients in tea beverages. Therefore, we first
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FIGURE 2

Chemical composition analysis of CLS, CLP, CFS, and CFP by using UPLC-QTOF-MS. (A) Total Ion Chromatography (TIC) in the positive and
negative ion mode of CLS by UPLC-QTOF-MS. (B) Total Ion Chromatography (TIC) in the positive and negative ion mode of CLP by
UPLC-QTOF-MS. (C) Total Ion Chromatography (TIC) in the positive and negative ion mode of CFS by UPLC-QTOF-MS. (D) Total Ion
Chromatography (TIC) in the positive and negative ion mode of CFP by UPLC-QTOF-MS/MS.

determined the contents of total polyphenols and total saponins
in each of the four active fractions of CNC. The polyphenols
contents of Camellia. leave. polyphenols (CLP) and Camellia.
flower. Polyphenols (CFP) in terms of gallic acid equivalent

(standard curve equation: y = 4.2285x+0.0597, r2 = 0.999) were
from 20 to 100 µg/mL and listed in Table 2. The polyphenols
contents in CLP were 136.89 ± 3.18 mg/g and the phenolic
contents in CFP were 327.03 ± 4.03 mg/g. Table 2 also
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showed the content of total saponins reported as Ginsenoside
Re equivalent (standard curve equation: y = 1.4807x+0.0223,
r2 = 0.99), which were from 0.02 to 0.14 mg/mL. Saponin
contents were 38.83 ± 0.57 mg/g in CLS and 56.53 ± 0.83 mg/g
in CFS as shown in Table 2. The results indicated that total
saponins and total polyphenols might be important active
components in goldenrod tea.

Active compounds analysis in Camellia
nitidissima Chi by UPLC-QTOF-MS/MS

To confirm the material basis of CNC, the active chemical
components of the four active fractions of CNC were
detected separately by UPLC-QTOF-MS/MS. As is shown
in Figure 2A and Table 3, the three components with the
highest content in CLS are isoschaftoside, hyperin and vicenin-
2. In CLP, the three main effective compounds are 6-O-
Feruloyl-β-D-glucose, epicatechin glucoside and isoschaftoside
(Figure 2B and Table 3). However, astragalin, isoschaftoside
and brevifolin carboxylic acid are the most abundant substances
in CFS (Figure 2C and Table 4). And in CFP, 6-O-
Galloyl-β-D-glucose, 3-O-Galloyl-D-glucose and isoschaftoside
demonstrated extremely high content (Figure 2D and Table 4).
In conclusion, we initially revealed the specific chemical
composition of different fractions of CNC, which laid the
foundation for the subsequent activity study.

Camellia nitidissima Chi inhibited the
proliferation of multifarious non-small
cell lung cancer cell lines

To determine the anti-cancer effect on different non-small
cell lung cancer cells, we firstly investigated whether CNC
treatment inhibits the proliferation of NSCLC by MTT assay.
Treating with CNC significantly suppressed the proliferation
of NCI-H1975, A549 and HCC827 cells (Figures 3A,B). After
72 h of treatment, the results confirmed that CLS, CLP, CFS and
CFP could significantly inhibit the proliferation of NCI-H1975,
A549, and HCC827 cells. It was worth noting that the active
fractions of CNC exhibited high inhibitory effect on 3 NSCLC
cell lines, especially on EGFR mutant cells NCI-H1975.

Combining the information from the previous MTT assay,
we selected NCI-H1975 and HCC827 cells as the main research
object. Thus, we performed a colony formation assay by giving
CNC every 5 days for 10 days into NCI-H1975 and HCC827
cells. The results demonstrated that CNC treatment significantly
restrained anchorage-dependent colony formation of NCI-
H1975 and HCC827 cells (Figure 3C and Supplementary
Figure 1). At low doses, the NCI-H1975 cells eventually
all died as well, demonstrating the remarkable anti-tumor
activity of CNC.

Furthermore, the EdU assay is one of the most accurate
and direct methods for detecting cell proliferation. Observed by
laser confocal microscope, the proportion of proliferating NCI-
H1975 and HCC827 cells (green) was significantly lower than
the control group after 24 h of different concentrations of CNC
treatment (Figure 4 and Supplementary Figure 1). Expectedly,
CNC treatment led to the significantly decreasing proliferation
of NCI-H1975 cells. Simultaneously, we found that CLS had a
higher proliferating inhibitory effect on NCI-H1975 cells. These
collective data indicated that CNC inhibited the proliferation of
NSCLC, supporting that CNC is a new anti-cancer EMP with
promising research prospects.

Camellia. leave. saponins induced
programmed non-small cell lung
cancer death through pyroptosis

To determine the programmed cell death effect on non-
small cell lung cancer cells, we investigated whether CLS
treatment induces the apoptosis of NCI-H1975 cells by TUNEL
assay. Treating with CLS significantly induced the apoptosis of
NCI-H1975 cells (Figure 5A). Subsequently, we found that CLS
inhibited ROS production, suggesting that NCI-H1975 may not
induce programmed cell death through ferroptosis (Figure 5B).
These results might originate from the antioxidant effect of CNC
related (6). Annexin V-FITC/PI assay results showed that CLS
treatment significantly unregulated the appearance of labeled
cells in Q3 (from 1.98 ± 0.51 to 5.27 ± 2.87) suggesting that
there was an increased early apoptosis in NCI-H1975 cells
(Figure 5C). Moreover, scanning electron microscope (SEM)
showed that the cell in the control group were normal and
cell membranes were intact. By contrast, the cell in CLS group
showed the damaged cell membranes and evidently increased
number of scorched corpuscle (Figure 5D). To further confirm
whether the cells underwent pyroptosis, we examined the
levels of LDH in the cell supernatant and the relative mRNA
expression of IL-1β. These results showed LDH content and
IL-1β expression increased with increasing concentrations of
CLS administration, which gave the best agreement with CLS
induced programmed cell death through pyroptosis (Figure 5E).

Transcriptome analysis of Camellia.
leave. saponins -treated NCI-H1975
cells

The above studies confirmed the anti-tumor activity of CLS,
yet the mechanism of CLS treatment is unknown. Therefore, we
applied transcriptome analysis to initially study the mechanism
of CLS treatment. The global gene expression changes induced
by CLS treatment were determined by comparing the gene
profiled NCI-H1975 cells based on microarray data. We
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TABLE 3 Compounds of CLS and CLP.

Fractions
of CNC

Compound Rt(min) Molecular
formula

Ion Tentative
identification

Measured
m/z

MS/MS Relative
content (%)

CLS 1 2.94 C33H40O21 [M+H]+ Quercetin-3-O-
rutinoside-7-O-
glucoside

773.21 303.05 0.003

2 2.97 C15H14O6 [M+H]+ Catechin 291.09 139.04 0.09

3 3.11 C27H30O15 [M+H]+ Apigenin-6,8-di-C-
glucoside
(vicenin-2)*

595.17 457.20 2.36

4 3.28 C15H14O6 [M+H]+ Epicatechin 291.09 139.04 0.83

5 3.32 C17H24O10 [M+H]+ Geniposide 389.14 209.08 1.89

6 3.34 C26H28O14 [M+H]+ Schaftoside 565.16 529.13 0.02

7 3.35 C26H28O14 [M+H]+ Isoschaftoside* 565.16 409 4.39

8 3.38 C16H22O9 [M+H]+ Swerosideit 359.13 197 2.1

9 3.51 C22H18O11 [M+H]+ Gallocatechin gallate 459.09 139.04 0.006

10 3.52 C21H20O13 [M+H]+ Myricetin-3-O-
glucoside

481.10 319.04 0.008

11 3.66 C27H30O16 [M+H]+ Quercetin-3-O-
glucoside-7-O-
rhamnoside

611.16 303.05 1.01

12 3.77 C33H40O20 [M+H]+ Kaempferol-3-O-
(6”-Rhamnosyl-2”-
Glucosyl) Glucoside
(camelliaside A)

757.22 287.06 1.36

13 3.77 C21H20O10 [M+H]+ Apigenin-8-C-
Glucoside
(vitexin)

433.11 313.07 0.46

14 3.83 C21H20O12 [M+H]+ Quercetin-5-O-β-D-
glucoside

465.10 303 2.08

15 3.90 C27H30O15 [M+H]+ Kaempferol-3-O-
glucorhamnoside

595.17 287.06 0.29

16 4.00 C20H18O11 [M+H]+ Quercetin-3-O-
xyloside
(reynoutrin)

435.09 303.06 0.35

17 4.04 C30H26O12 [M+H]+ Apigenin-7-O-(6”-p-
Coumaryl)
glucoside

579.15 271 0.89

18 4.16 C21H20O10 [M+H]+ Apigenin-7-O-
glucoside
(cosmosiin)*

433.11 271 0.34

19 4.34 C21H20O11 [M+H]+ Quercetin-3-O-
rhamnoside
(quercitrin)

449.11 303.05 0.02

20 5.02 C15H10O7 [M+H]+ Quercetin 303.05 137 1.82

21 5.67 C15H10O6 [M+H]+ Kaempferol 287.06 153.02 0.14

22 6.12 C11H12O3 [M+H]+ p-Coumaric acid
ethyl ester

193.09 147 0.68

23 1.74 C7H6O5 [M-H]− Gallic acid 169.01 125 0.68

24 3.05 C7H6O3 [M-H]− Salicylic acid 137.03 108 0.26

25 3.08 C7H6O3 [M-H]− Protocatechualdehyde 137.02 93 0.45

26 3.40 C9H10O2 [M-H]− p-Coumaryl alcohol 149.06 131 0.002

(Continued)
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TABLE 3 (Continued)

Fractions
of CNC

Compound Rt(min) Molecular
formula

Ion Tentative
identification

Measured
m/z

MS/MS Relative
content (%)

27 3.75 C21H20O10 [M-H]− Apigenin-6-C-
glucoside
(isovitexin)

431.10 311 1.2

28 3.76 C36H36O18 [M-H]− Kaempferol-3-p-
coumaroyldiglucoside

755.19 285 0.1

29 3.81 C21H20O12 [M-H]− Quercetin-3-O-
glucoside
(isoquercitrin)

463.09 300 2.08

30 3.81 C21H20O12 [M-H]− Quercetin-3-O-
galactoside
(hyperin)*

463.09 300 2.45

31 3.84 C22H18O10 [M-H]− Epicatechin gallate* 441.08 169 0.03

32 3.84 C22H18O10 [M-H]− Catechin gallate* 441.08 169.02 0.03

33 4.21 C15H10O7 [M-H]− Morin 301.04 151 1.9

34 5.87 C30H46O4 [M-H]− Camaldulenic acid 469.33 425 1.92

CLP 1 1.86 C13H18O8 [M-H]− 4-O-Glucosyl-3,4-
dihydroxybenzyl
alcohol

301.09 139.05 1.36

2 1.94 C13H16O9 [M-H]− Protocatechuic
acid-4-O-glucoside

315.07 153.02 1.35

3 2.29 C14H20O9 [M-H]− 2-(3,4-
dihydroxyphenyl)
ethanediol 1-O-β-D-
glucopyranoside

333.1 153.02 2.21

4 2.44 C21H24O11 [M-H]− Epicatechin-4’-O-β-
D-glucopyranoside

451.13 289.0 0.96

5 2.47 C11H12N2O2 [M+H]+ 1-Methoxy-indole-3-
acetamide

205.1 146.06 1.01

6 2.63 C21H24O11 [M-H]− Epicatechin
glucoside*

451.12 289.07 3.43

7 2.97 C15H18O8 [M-H]− p-Coumaric acid-4-
O-glucosidep-
Coumaric
acid-4-O-glucoside

325.09 163.04 2.36

8 3.1 C7H6O3 [M-H]− Protocatechualdehyde 137.02 93.04 0.99

9 3.11 C7H6O3 [M-H]− 4-Hydroxybenzoic
acid

137.02 93 1.52

10 3.14 C27H30O15 [M+H]+ Apigenin-6,8-di-C-
glucoside
(vicenin-2)

595.17 457.2 1.01

11 3.18 C16H20O9 [M-H]− 1-O-Feruloyl-β-D-
glucose

355.1 193.05 2.42

12 3.32 C17H24O10 [M+H]+ Geniposide 389.14 209.08 1.68

13 3.35 C26H28O14 [M+H]+ Isoschaftoside* 565.16 409.09 2.89

14 3.38 C16H22O9 [M+H]+ Sweroside 359.13 197 1.36

15 3.38 C26H28O14 [M+H]+ Apigenin-6-C-(2”-
glucosyl)
arabinoside

565.16 427.1 1.83

16 3.44 C29H39N3O8 [M+H]+ N1, N8-Bis
(sinapoyl)
spermidine

558.28 207.07 1.95

17 3.57 C16H20O9 [M-H]− 6-O-Feruloyl-β-D-
glucose*

355.1 193.05 3.85

18 3.67 C27H30O14 [M+H]+ Isovitexin-2’-O-
rhamnoside

579.17 313.07 1.00

(Continued)
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TABLE 3 (Continued)

Fractions
of CNC

Compound Rt(min) Molecular
formula

Ion Tentative
identification

Measured
m/z

MS/MS Relative
content (%)

19 3.88 C9H10O5 [M-H]− Gallic acid ethyl ester 197.05 124.02 1.63

20 3.89 C27H30O15 [M-H]− Kaempferol-3-O-
robinobioside
(biorobin)

593.15 285 1.08

21 4.5 C15H8O8 [M-H]− 3-O-Methylellagic
acid

315.01 299.99 0.99

22 4.98 C15H10O7 [M+H]+ Quercetin 303.05 137.02 1.09

*Indicates the top three compounds from different fractions of CNC with the highest relative content.

found that 1,008 were significantly down-regulated after CLS
treatment, while 1,077 genes were significantly up-regulated
(Figure 6A), suggesting the global transcriptome changes after
CLS treatment.

The pathway-enrichment analysis was annotated based
on different databases (GO and KEGG) for homologous
alignment to classify the function of differentially expressed
genes (DEGs) between control and CLS-treated groups.
String-based GO pathway analysis revealed several enriched
pathways, including leukocyte migration, chemotaxis, taxis,
proteinaceous extracellular matrix, and cytokine activity
(Figure 6B). Moreover, “cytokine activity’’ was the most
abundant term for DEGs in the metabolic process which
indicated cytokine-mediated signaling pathway could be
in-depth investigate (30).

Based on the KEGG, we attempted to perform a standard
pathway enrichment analysis to identify the major active
pathways for the inhibitory effect of CLS on NCI-H1975
cells. According to the pathway-enrichment analyses of these
DEGs (Q-value<0.05), the most significantly enriched pathways
are “Cytokine-cytokine receptor interaction” and “PI3K-Akt
signaling pathway” (Figure 6C). Specifically, 22 DEGs were
relevant to “Cytokine-cytokine receptor interaction,” and 23
DEGs of the PI3K-Akt signaling pathway were involved in
the anti-tumor process (Figures 6D,E). Transform growth
factors (TGF), as an important class of cytokines, have been
identified as mediators of a large number of diseases and
can regulate the TME (31). TGF can also activate TGFB
receptors on the MAPK signaling pathway, thereby affecting
the MAPK signaling pathway. Besides, a large number of
papers confirmed the existence of multi-level crosstalk between
Ras/MAPK and PI3K/Akt signaling pathways (Figure 6H)
(32, 33). Moreover, CLS treatment regulated 16 DEGs in
the “MAPK signaling pathway” while suppressing NCI-H1975
cells growth (Figure 6F). These results indicated that CLS
inhibited NSCLC cells growth via multiple targets and pathways,
especially by inhibiting signal transduction of “Cytokine-
cytokine receptor interaction,” “PI3K-Akt signaling pathway”
and “MAPK signaling pathway,” while the involvement of
the above pathways needs further experimental verifications
(Figures 6H,I).

Camellia. leave. saponins inhibited
non-small cell lung cancer via multiple
pathways and targets

To verify the results of transcriptome analysis, we
used RT-qPCR to validate the key genes of these three
pathways separately. As shown in Figure 7A, the results
showed that CLS could concentration-dependently inhibit the
mRNA levels of TGFB2, INHBB (Cytokine-cytokine receptor
interaction), PIK3R3, ITGB8 (PI3K-Akt signaling pathway),
NTRK and CACNA1D (MAPK signaling pathway) were
relatively significant and concentration-dependent (p < 0.05)
compared to the control group. The transcriptomic data and RT-
qPCR validation unveiled that TGFB2, INHBB, PIK3R3, ITGB8,
NTRK (TrkB) and CACNA1D might be a critical targeted gene
for NSCLC inhibition by CLS.

To further verify the changes in NSCLC protein expression
after CLS treatment, we measured the expression of proteins
encoded by crucial genes in NSCLC using the Western Blot assay
(Figure 7B). Compared to the control group, the expression
of these six key genes was observably decreased. These results
were consistent with the result of RT-qPCR, indicating that CLS
inhibited Cytokine-cytokine receptor interaction, PIK-Akt and
MAPK signaling pathways.

Camellia. leave. saponins suppressed
tumor development in nude mice

To further explore the effect of CLS treatment on tumor
development in vivo, tumor-bearing mice were treated with
different CLS concentrations. NCI-H1975 cells were inoculated
subcutaneously into an underarm flank of athymic mice.
Intriguingly, the body weight of low-dose, medium-dose and
high-dose treated mice were slightly lower than the untreated
animals (Figure 8B), but all vital signs such as activity status
were normal. In addition, H&E results and physiological and
biochemical results of the liver and kidney showed no significant
hepatic or renal toxicity with CLS treatment (Supplementary
Figure 2). This result might be based on the ability of CNC
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TABLE 4 Compounds of CFS and CFP.

Fractions
of CNC

Compound Rt(min) Molecular
formula

Ion Tentative
identification

Measured
m/z

MS/MS Relative
content (%)

CFS 1 1.94 C14H20O9 [M-H]− Vanilloloside 315.11 153.02 1.33

2 1.94 C13H16O9 [M-H]− Protocatechuic
acid-4-O-glucoside

315.07 153.02 1.55

3 2.68 C15H8O9 [M-H]− Vanillic
Acid-4-O-Glucuronide

341.09 161.02 1.38

4 2.68 C15H8O9 [M-H]− 1-O-Caffeoyl-β-D-
glucose

341.09 161.02 1.32

5 2.75 C20H20O14 [M-H]− 1,4-Di-O-Galloyl-D-
glucose

483.08 169.01 1.73

6 2.83 C27H30O17 [M+H]+ Quercetin-3,7-Di-O-
glucoside

627.14 303.05 1.23

7 3.10 C7H6O3 [M-H]− Protocatechualdehyde 137.02 93.04 1.13

8 3.10 C30H26O12 [M-H]− Procyanidin B2 577.14 407.08 1.02

9 3.11 C13H8O8 [M-H]− Brevifolin carboxylic
acid*

291.01 247 2.15

10 3.11 C7H6O3 [M-H]− 4-Hydroxybenzoic acid 137.02 93 1.60

11 3.29 C14H10O7 [M-H]− 4-(3,4,5-
Trihydroxybenzoxy)
benzoic acid

289.04 137.02 1.21

12 3.35 C26H28O14 [M+H]+ Isoschaftoside* 565.16 409.09 2.55

13 3.35 C26H28O14 [M+H]+ Apigenin-8-C-(2”-
glucosyl)
arabinoside

565.16 457.11 1.53

14 3.79 C22H24O11 [M-H]− Hesperetin-5-O-
glucoside

463.12 301 1.13

15 3.89 C27H30O15 [M-H]− Kaempferol-3-O-
robinobioside
(Biorobin)

593.15 285 1.43

16 3.97 C24H22O15 [M+H]+ Quercetin-7-O-(6”-
malonyl)
glucoside

551.1 303.05 1.06

17 4.03 C27H30O14 [M+H]+ Apigenin-7-O-
neohesperidoside
(Rhoifolin)

579.17 271.07 1.48

18 4.04 C27H30O14 [M+H]+ Apigenin-7-O-rutinoside
(Isorhoifolin)

579.17 271.01 1.33

19 4.06 C21H20O11 [M+H]+ Kaempferol-3-O-
glucoside
(Astragalin)*

449.11 287.06 2.68

20 4.07 C21H20O11 [M+H]+ Kaempferol-4’-O-
glucoside

449.11 287.06 1.26

21 4.17 C21H20O12 [M-H]− Quercetin-7-O-
glucoside*

463.09 301.03 1.14

22 4.72 C9H10O4 [M-H]− 3,4-Dihydroxybenzoic
acid Ethyl Ester
(Protocatechuic acid
ethyl ester)

181.05 108 1.61

23 5.51 C9H10O4 [M-H]− Ethylparaben 165.06 92.03 1.11

CFP 1 1.19 C20H18O14 [M-H]− 4,6-(S)-
Hexahydroxydiphenoyl-
β-D-glucose

481.06 301 1.62

(Continued)
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TABLE 4 (Continued)

Fractions
of CNC

Compound Rt(min) Molecular
formula

Ion Tentative
identification

Measured
m/z

MS/MS Relative
content (%)

2 1.39 C20H18O14 [M-H]− 4,6-(S)-
Hexahydroxydiphenoyl-
D-glucose

481.06 275 2.85

3 1.51 C13H16O10 [M-H]− 6-O-Galloyl-β-D-
glucose*

311.07 169.01 3.88

4 1.51 C13H16O10 [M-H]− 3-O-Galloyl-D-glucose* 311.07 169.01 3.13

5 1.94 C14H20O8 [M-H]− Vanilloloside 315.11 153.02 1.61

6 1.95 C13H16O9 [M-H]− 1-O-Gentisoyl-β-D-
glucoside

315.07 153 2.07

7 2.18 C20H20O14 [M-H]− 2,3-Di-O-Galloyl-β-D-
Glucose

483.08 169.01 1.03

8 2.68 C15H18O9 [M-H]− 1-O-Caffeoyl-β-D-
glucose

341.09 161.02 1.22

9 2.68 C15H18O9 [M-H]− Vanillic
acid-4-O-Glucuronide

341.09 161.02 1.10

10 2.75 C20H20O14 [M-H]− 1,4-Di-O-Galloyl-D-
glucose

483.08 169.01 1.43

11 2.83 C27H30O17 [M+H]+ Quercetin-3,7-Di-O-
glucoside

627.14 303.05 1.18

12 3.10 C7H6O3 [M-H]− Protocatechualdehyde 137.02 93.04 1.23

13 3.10 C30H26O12 [M-H]− Procyanidin B2 577.14 407.08 0.98

14 3.11 C7H6O3 [M-H]− 4-Hydroxybenzoic acid 137.02 93 1.71

15 3.11 C13H8O8 [M-H]− Brevifolin carboxylic acid 291.01 247 1.67

16 3.35 C26H28O14 [M+H]+ Isoschaftoside* 565.16 409.09 3.05

17 3.38 C26H28O14 [M+H]+ Apigenin-6-C-(2”-
glucosyl)arabinoside

565.16 427.1 1.51

18 3.79 C22H24O11 [M-H]− Hesperetin-5-O-
glucoside

463.12 301 1.05

19 3.89 C27H30O15 [M-H]− Kaempferol-3-O-
robinobioside
(Biorobin)

593.15 285 1.23

20 3.97 C24H22O15 [M+H]+ Quercetin-7-O-(6”-
malonyl)
glucoside

551.1 303.05 0.98

21 4.04 C27H30O14 [M+H]+ Apigenin-7-O-rutinoside
(Isorhoifolin)

579.17 271.01 1.42

22 4.06 C21H20O11 [M+H]+ Kaempferol-3-O-
glucoside
(Astragalin)

449.11 287.06 2.15

23 4.72 C9H10O4 [M-H]− 3,4-Dihydroxybenzoic
acid Ethyl Ester

181.05 108 1.41

*Indicates the top three compounds from different fractions of CNC with the highest relative content.

to inhibit lipase activity (34, 35). Compared with untreated
mice in the control group, the CLS 100 mg/kg showed a
tumor inhibition effect since day 9 (Figure 8C) while CLS
200 mg/kg and 400 mg/kg treated group significantly suppressed
tumor growth starting at day 5 (Figures 8C,D). In addition,
the tumor weights of the mice were significantly different
in all the administered groups after execution compared
to the control group (Figure 8E). Suppression of Ki67 by
CLS was also confirmed in vivo by IHC analysis in CLS-
treated BALB/c-nude mice tumors (Figures 8F,G). Based

on the in vitro transcriptome analysis and validation of
“cytokine-cytokine receptor interaction,” “PI3K-Akt signaling
pathway” and “MAPK signaling pathway,” we measured the
relative protein expression of TGFB2, INHBB, PIK3R3, ITGB8,
NTRK, and CACNA1D in tumor tissue. Interestingly, we
found that the paramount targets previously validated by cell
samples in Western blot experiments were also corroborated
in tumor samples (Figures 8H,I). Taken together, these
results proved that CLS treatment could effectively inhibit the
growth of NCI-H1975 tumor xenografts in a dose-dependent
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FIGURE 3

Inhibition of proliferation and clonogenic ability of NSCLC cell lines by four active fractions of CNC. (A) Inhibitory effects of different
concentrations of CLP, CLS, CFP, and CFS (6.25, 12.5, 25, 50 µg·mL−1) on NCI-H1975, HCC827 and A549 cells, respectively. (B) IC50 of different
concentrations of CLP, CLS, CFP, and CFS (6.25, 8, 10, 12.5, 15, 20, 25, and 50 µg·mL−1) on NCI-H1975, HCC827, and A549 cells, respectively. (C)
Inhibitory effects of different concentrations of CLS, CLP, CFS, and CFP (1.5625, 3.125, 6.25 µg·mL−1) on colony formation of NCI-H1975 cells,
respectively. ∗Indicates p < 0.05, ∗∗ indicates p < 0.01 and ∗∗∗ indicates p < 0.001 relative to the control by ANOVA. The data are presented as
the mean ± standard deviation (n = 3).

manner through cytokine-cytokine receptor interaction, PIK-
Akt, MAPK signaling pathways.

Discussion

Although EGFR-TKI have become a first-line inhibitor of
EGFR mutation-positive NSCLC, nearly half of NSCLC patients
are resistant to EGFR-TKI-based chemotherapies. Thus, it is an
urgent need for development of drugs that could inhibit NSCLC
with EGFR mutations. In this study, we identified inhibitory

effects of different active fractions of CNC on NSCLC cell
lines. Four fractions of CNC demonstrated remarkable anti-
NSCLC effect. Intriguingly, upon treatment with CLS on NCI-
H1975 cells, CLS suppressed the cytokine-cytokine receptor
interaction, PIK-Akt and MAPK signaling pathways, leading to
growth inhibition of the tumor in vitro and in vivo. Briefly, this
study suggested that CNC, as a functional food, could provide a
more efficient treatment in EGFR mutated NSCLC.

As a plant with both medicinal and ornamental value,
the pharmacological effects of its flower fractions have been
thoroughly studied (34, 36, 37), while the research on leave
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FIGURE 4

Inhibition of proliferation rate of NCI-H1975 cells by four active fractions of CNC. (A–D) Representative field of view of immunofluorescence
assay with anti-EdU antibody is shown, where in NCI-H1975 cells, the signal of incorporating with EdU was green and the nucleus was stained
blue by Hoechst. Histograms showed the mean values of cell proliferation rates after administration of different concentrations of CLS, CLP,
CFS, and CFP (6.25, 12.5, 25 µg·mL−1). ∗Indicates p < 0.05, ∗∗ indicates p < 0.01 and ∗∗∗ indicates p < 0.001 relative to the control by ANOVA. The
data are presented as the mean ± standard deviation (n = 3).

fractions was rare. Furthermore, few studies have systematically
investigated the differences in the chemical composition of the
four active fractions of CNC. In this study, we firstly identified
the three main components of CLS are isoschaftoside, vicenin-
2 and hyperin (Table 3). And recently reported, Vicenin-2 and
Hyperin were identified as two novel nature medicine against
NSCLC, indicating that CLS possess anti-NSCLC properties
and play a crucial role in patients’ defense against tumor (38,
39). However, the pharmacology effects of isoschaftoside have
been rarely reported. Hence, further investigation is needed to
evaluate the effects of isoschaftoside on NSCLC cells. Besides,
the chemical composition of the four active fractions of CNC
was found to be various by UPLC-QTOF-MS/MS (Table 4). In
the two extracted fractions of the leaves of CNC, the content
of geniposide (CLS 1.89 %, CLP 1.68 %) was high, while the
content of the two extracted fractions of the flowers was almost
absent. Extensive experiments and analysis demonstrate that
geniposide possesses relatively strong anti-tumor activity (40,
41) and pulmonary protective effect (42). This suggests that
the variation in geniposide content could contribute to the
difference in anti-tumor activity between CNC leaf fractions and
flower fractions. It is reasonable to make assumptions that the
anti-tumor activity of different fractions of CNC also differed
based on the composition differences.

Nowadays, few studies have investigated the effect of
different active fractions of CNC on NSCLC. In this study,
we examined the inhibitory of four active CNC fractions on

three cell lines of NSCLC (NCI-H1975, HCC827, A549). These
results showed that the four active fractions of CNC possessed
remarkable inhibitory on NSCLC cell lines, especially on EGFR-
T790-mutated NCI-H1975 cells (Figure 3A). To further confirm
the inhibitory effect on EGFR-T790-mutated NCI-H1975 cells,
colony formation assay and EdU incorporation assay were
performed (Figures 3B, 4). Combining the above results, we
concluded that the active fractions of CNC could effectively
inhibit the proliferation of NSCLC, among which CLS had
the better inhibitory effect on NCI-H1975 (Supplementary
Figure 1). In addition, we found that CLS could induced
programmed NSCLC death through pyroptosis (Figure 5).

Altered levels of NSCLC-related genes have been inspected
by transcriptome analysis after CLS treatment. Interestingly,
CLS appears to suppress tumor cell growth via “Cytokine-
cytokine receptor interaction,” “PI3K-Akt signaling pathway”
and “MAPK signaling pathway”(Figure 6). According to
transcriptomic results, the expression of TNFRSF10C, INHBB,
TGFB1, TGFB2, and TGFB3 were down-regulated after CLS
stimulation (Figure 6D). Studies of cytokines suggested that
chemokines as a cytokine can promote anti-tumor immunity to
NSCLC (43). At present, anti-cytokine antibodies and cytokine
blockers have been extensively studied in tumor therapy (44).
Transform growth factors (TGF), as an important class of
cytokines, have been identified as mediators of a large number
of diseases and can regulate the TME (31). Consequently,
we choose TGF-β, Activin and TRAIL as the key cytokines
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FIGURE 5

CLS induced programmed NSCLC death through pyroptosis. (A) TdT-mediated dUTP Nick-End Labeling (TUNEL) positive rate of NCI-H1975
cells after administration of different concentrations of CLS (6.25, 12.5, 25 µg·mL−1). (B) Reactive oxygen species (ROS) positive rate of
NCI-H1975 cells after administration of different concentrations of CLS (6.25, 12.5, 25 µg·mL−1). (C) Annexin V-FITC/propidine iodide (PI)
staining of NCI-H1975 cells after 48 h was performed to identify early/late apoptosis, and the data were analyzed via flow cytometry. (D) SEM
was used to detect the morphological changes of NCI-H1975 cells. (E,F) Relative uperoxide dismutase (SOD) activity and relative lactate
dehydrogenase (LDH) activity of NCI-H1975 cells after administration of different concentrations of CLS (6.25, 12.5, 25 µg·mL−1). (G) Relative
IL-1β activity and relative LDH activity of NCI-H1975 cells after administration of different concentrations of CLS (6.25, 12.5, 25 µg·mL−1).
∗Indicates p < 0.05, ∗∗ indicates p < 0.01 and ∗∗∗ indicates p < 0.001 relative to the control by ANOVA. The data are presented as the
mean ± standard deviation (n = 3).
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FIGURE 6

Transcriptome analysis of NCI-H1975 cells between the control group and CLS-treated group. (A) Volcano plot with 1,077 DEGs up-regulated
and 1,008 DEGs down-regulated. (B) GO enrichment analysis of up-regulated and down-regulated DEGs. (C) KEGG enrichment analysis of
up-regulated and down-regulated DEGs. (D) The expression heatmap of 22 DEGs related to Cytokine-cytokine receptor interaction and
Rheumatoid arthritis signaling pathway in each sequencing sample. (E) The expression heatmap of 23 DEGs related to PIK-Akt signaling pathway
in each sequencing sample. (F) The expression heatmap of 16 DEGs related to MAPK signaling pathway in each sequencing sample. (H,I)
Interaction relationships of DEGs on four signaling pathways, including TGF-β signaling pathway, TNF signaling pathway, PIK-Akt signaling
pathway and MAPK signaling pathway.
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FIGURE 7

Comparative analysis of quantitative real-time PCR (RT-qPCR) data and Western Blot (WB) data. (A) Relative mRNA levels of nine genes including
TGFB2, INHBB, TNFRSF10C, PIK3R3, ITGB8, EIF4E1B, NTRK, CACN1D, MEF2C. (B) Protein levels of INHBB, PIK3R3, TGFB2, ITGB8, TrkB,
CACNA1D detected in CLS-treated NCI-H1975 cells were detected by Western blot with quantification of each protein, n = 3 biologically
independent embryos. ∗Indicates p < 0.05, ∗∗ indicates p < 0.01 and ∗∗∗ indicates p < 0.001 relative to the control by ANOVA. The data are
presented as the mean ± standard deviation (n = 3).

and cytokine receptors. In this research, CLS treatment might
promote T cell differentiation and tumor immune response by
inhibiting the expression of three TGF phenotypes (TGF-β1,

TGF-β2, and TGF-β3), thereby inhibiting tumor angiogenesis
and invasion. At the same time, by inhibiting TNFRSF10C
competitively binding with tumor necrosis factor-associated

Frontiers in Nutrition 18 frontiersin.org

https://doi.org/10.3389/fnut.2022.1014414
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-09-1014414 October 21, 2022 Time: 17:36 # 19

Wang et al. 10.3389/fnut.2022.1014414

FIGURE 8

CLS suppressed tumor growth in nude mice. (A,B) Signs and weight changes in nude mice, n = 6 biologically independent embryos. (C,D)
Variations in relative tumor volume (RTV) and tumor size in nude mice, n = 6 biologically independent embryos. (E) Tumor weight in nude mice,
n = 6 biologically independent embryos. (F,G) Morphological observation of tumor by H&E staining and Ki67 detected by DAB yellow staining.
(H,I) Protein levels of INHBB, PIK3R3, TGFB2, ITGB8, TrkB, CACNA1D detected in CLS-treated tumors were detected by Western blot with
quantification of each protein, n = 3 biologically independent embryos. ∗p < 0.05, ∗∗p < 0.01, and ∗∗∗p < 0.001 relative to the control by ANOVA.
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apoptosis-inducing ligand (TRAIL), TRAIL-induced tumor
cell apoptosis can be promoted, thus possibly inhibiting the
proliferation and metastasis of tumor cells (Figures 6D,H).
Alternatively, tumor cells promote the expression of cytokines
to escape the immune response. Overall, the inhibitory of CLS
on tumor growth might be exerted by affecting the interaction
of cytokines-cytokines receptors. Among them, TGF-β and
TNFRSF10C might be the two most critical targets for
suppressing NSCLC growth. Therefore, remodeling the immune
microenvironment of NSCLC through inhibiting Cytokine-
cytokine receptor interaction provides new perspectives for the
treatment of NSCLC. Besides, our RT-qPCR and WB results
also suggested that the down-regulation of the levels of TGFB2
and INHBB genes might be important targets that suppress the
proliferation of NCI-H1975 cells (Figures 7A,B).

TGF-β induces EMT in tumor cells through Smad and
non-Smad signaling pathways, whereas non-Smad includes
signaling pathways such as PI3K, MAPK (45). Based on
transcriptomic data, we found that ITGB8 down-regulation
cascades its downstream signal PIK3R3 expression to be
suppressed (Figures 6E,I). We hypothesized that the up-
regulation of PPP2R5B combined with the down-regulation of
PIK3R3 resulted in the inhibition of the Akt-mTOR signaling
pathway (Figures 6E,I). As a result, eukaryotic initiation factor
4E (elF4E) was down-regulated. Furthermore, numerous studies
have shown that ITGB8 and EIL4E proteins are associated with
cancer migration, invasion and metastasis and autophagy (46,
47). We speculate that CLS may induce autophagy-mediated cell
death by inhibiting the PIK3R3-Akt-mTOR axis through ITGB8
down-regulation. Mitogen-activated protein kinase (MAPK)
signaling pathway, as one of the key pathways to induce
tumor production, is involved in a series of cell physiological
activities such as cell growth, differentiation and apoptosis
(48). According to the transcriptomic analysis, CLS inhibited
both CACN receptors (CACNA1D, CACNG4, CACNA1I) and
RTK receptors (NTRK2, PDGFRB) and cascade RAS was
inhibited (Figures 6F,I). The loss of Ca2+ caused by CACN
receptors repression also resulted in the down-regulation of
RAS and MEF2C expression. It is worth mentioning that
intracellular Ca2+ can be considered a major regulator of
autophagy. Therefore, we selected six genes related to PIK-
Akt and MAPK signaling pathways for RT-qPCR validation
(PIK3R3, ITGB8, EIF4E1B, TrkB, CACNA1D, and MEF2C),
and the results indicated that PIK3R3, ITGB8, NTRK, and
CACNA1D could be used as new targets for NCI-H1975
(Figures 7A,B). This observation supports the hypothesis that
CLS could induce cell autophagy and inhibit tumor growth via
PI3K and MAPK signaling pathways. However, the mechanism
by which PIK3R3, ITGB8, TrkB, and CACNA1D induce cell
autophagy and inhibit tumor growth remains to be elucidated.
We speculate that suppression of TGFB2, CACNA1D, TrkB,
and ITGB8 could result in reduced PI3K expression, which
ultimately would inhibit the metastatic and invasive ability of

NCI-H1975 (Figure 6I). In this regard, it has been reported that
Vicenin-2 (the content in CLS is 2.36%) inhibited the expression
of key proteins of PI3K/Akt and TGF-β/Smad signaling pathway
in A549 and NCI-H1299 cells, resulting in reduced EMT (39).
These observations suggesting TGFB2, INHBB, PIK3R3, ITGB8,
NTRK, and CACNA1D as major mediators in CLS-induced
NCI-H1975 cell death. Importantly, these results indicated that
CNC as a functional food has the advantage of being multi-
channel and multi-target against NSCLC.

Based on the observed effects of CLS on NSCLC, we
also constructed the xenograft models assay in nude mice
to verify whether CLS is effective in vivo NSCLC models.
In this work, we found that CLS significantly inhibited the
growth of transplanted tumors in nude mice in a concentration-
dependent manner (Figure 8A). Interestingly, the slight change
in body weight of nude mice with increasing drug doses.
However, physiological and biochemical results and H&E
sections of the liver and kidney confirmed the absence of
significant drug toxicity, suggesting CLS may play a role
in lipid-lowering (Figure 8B and Supplementary Figure 2)
(35). Also, we performed WB validation in tissue samples
of the proteins screened in the previous experiments, with
results generally consistent with cell samples (Figures 8H,I).
Also, we verified the pathological patterns of tumors and the
expression level of Ki67 in tumors by H&E and IHC, which
indicating tumor proliferation rate was significantly suppressed
(Figures 8F,G). Collectively, our findings identified CLS as
a new EMP for NSCLC, providing an essential molecular
foundation for enhanced understanding of CNC treatment
for NSCLC.

In this work, we preliminarily elucidated the anti-tumor
effect by which the four active fractions of CNC against
NSCLC and the anti-tumor mechanism of CLS. However, this
investigation has several limitations. As an essential method to
evaluate pharmacological effects of Chinese medicine, Serum
Pharmacology is an important auxiliary analysis method
(49, 50). Despite the compositions of different fractions of
CNC having been identified, the compounds in serum after
oral administration of CLS in mice still require in-depth
research. In addition, the specific compounds that affect
these signaling pathways and targets still require further
corroboration. Although the details of effective compounds
and their mechanism in CNC remain unknown, our findings
revealed a basic mechanism for the anti-NSCLC effect of CLS,
providing scientific support for the application of CNC as a
functional food with anti-cancer activity.
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SUPPLEMENTARY FIGURE 1

Inhibition of proliferation and clonogenic ability of HCC827 cells by four
active fractions of CNC. (A,B) Inhibitory effects of different
concentrations of CLS, CLP, CFS, and CFP (6.25 µg·mL−1) on colony
formation and EdU assay of HCCC827 cells. (C,D) Inhibitory effects of
different concentrations of CLS (1.5625, 3.125, 6.25 µg·mL−1) on colony
formation and EdU assay of HCCC827 cells, respectively. ∗Indicates
p < 0.05, ∗∗ indicates p < 0.01 and ∗∗∗ indicates p < 0.001 relative to the
control by ANOVA. The data are presented as the mean ± standard
deviation (n = 3).

SUPPLEMENTARY FIGURE 2

CLS treatment without significant hepatic or renal toxicity. (A) H&E
pathological sections of liver and kidney tissues. (B) Aspartate
aminotransferase (AST/GOT) and Alanine aminotransferase (ALT/GTP) of
livers in nude mice, n = 6 biologically independent embryos. (C) Urea
nitrogen (BUN) and Sreatinine (Scr) of livers in nude mice, n = 6
biologically independent embryos.

References

1. Sun SG, Huang ZH, Chen ZB, Huang SQ. Nectar properties and the role of
sunbirds as pollinators of the golden-flowered tea (Camellia petelotii). Am J Bot.
(2017). 104:468–76. doi: 10.3732/ajb.1600428

2. Huang XC, Wei JF, Lu MY. Guangxi herbal medicine standard. (Vol. 2).
Guangxi: Zhuang Autonomous Region Health Department (1990).

3. Chen QR, Liu FYQ, Lin SC, Sin SQ. Key points on the introduction and
cultivation techniques of Golden Flower Tea. South Agric. (2018) 12:48–9.

4. Wang Z, Guan Y, Yang R, Li J, Wang J, Jia AQ. Anti-inflammatory activity
of 3-cinnamoyltribuloside and its metabolomic analysis in LPS-activated RAW
264.7 cells. BMC Complement Med Ther. (2020) 20:329. doi: 10.1186/s12906-020-0
3115-y

5. Yang R, Guan Y, Wang WX, Chen HJ, He ZC, Jia AQ. Antioxidant capacity
of phenolics in Camellia nitidissima Chi flowers and their identification by HPLC

Triple TOF MS/MS. PLoS One. (2018) 13:e0195508. doi: 10.1371/journal.pone.
0195508

6. An L, Zhang W, Ma G, Wang K, Ji Y, Ren H, et al. Neuroprotective effects
of Camellia nitidissima Chi leaf extract in hydrogen peroxide-treated human
neuroblastoma cells and its molecule mechanisms. Food Sci Nutr. (2020) 8:4782–93.
doi: 10.1002/fsn3.1742

7. Hou XY, Du HZ, Yang R, Qi J, Huang Y, Feng SY, et al. The antitumor activity
screening of chemical constituents from Camellia nitidissima Chi. Int J Mol Med.
(2018) 41:2793–801. doi: 10.3892/ijmm.2018.3502

8. Wang ZL, Guo YJ, Zhu YY, Le L, Wu T, Liu DH, et al. Active fractions of
Camellia nitidissima inhibit non-small cell lung cancer via suppressing epidermal
growth factor receptor. Chin J Tradit Chin Med. (2021) 46:5362–71. doi: 10.19540/
j.cnki.cjcmm.20210628.701

Frontiers in Nutrition 21 frontiersin.org

https://doi.org/10.3389/fnut.2022.1014414
https://www.frontiersin.org/articles/10.3389/fnut.2022.1014414/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2022.1014414/full#supplementary-material
https://doi.org/10.3732/ajb.1600428
https://doi.org/10.1186/s12906-020-03115-y
https://doi.org/10.1186/s12906-020-03115-y
https://doi.org/10.1371/journal.pone.0195508
https://doi.org/10.1371/journal.pone.0195508
https://doi.org/10.1002/fsn3.1742
https://doi.org/10.3892/ijmm.2018.3502
https://doi.org/10.19540/j.cnki.cjcmm.20210628.701
https://doi.org/10.19540/j.cnki.cjcmm.20210628.701
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-09-1014414 October 21, 2022 Time: 17:36 # 22

Wang et al. 10.3389/fnut.2022.1014414

9. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer J Clin. (2020)
70:7–30.

10. Li Y, Yu X, Wang Y, Zheng X, Chu Q. Kaempferol-3-O-rutinoside, a
flavone derived from Tetrastigma hemsleyanum, suppresses lung adenocarcinoma
via the calcium signaling pathway. Food Funct. (2021) 12:8351–65. doi: 10.1039/
d1fo00581b

11. Zhu H, Liu H, Zhu JH, Wang SY, Zhou SS, Kong M, et al. Efficacy of ginseng
and its ingredients as adjuvants to chemotherapy in non-small cell lung cancer.
Food Funct. (2021) 12:2225–41.

12. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer Statistics, 2021. CA Cancer
J Clin. (2021) 71:7–33.

13. Stevens D, Ingels J, Van Lint S, Vandekerckhove B, Vermaelen K. Dendritic
cell-based immunotherapy in lung cancer. Front Immunol. (2020) 11:620374. doi:
10.3389/fimmu.2020.620374

14. Imyanitov EN, Iyevleva AG, Levchenko EV. Molecular testing and targeted
therapy for non-small cell lung cancer: Current status and perspectives. Crit Rev
Oncol Hematol. (2021) 157:103194.

15. Zeng H, Castillo-Cabrera J, Manser M, Lu B, Yang Z, Strande V, et al.
Genome-wide CRISPR screening reveals genetic modifiers of mutant EGFR
dependence in human NSCLC. Elife. (2019) 8:e50223. doi: 10.7554/eLife.5
0223

16. Niu M, Xu J, Liu Y, Li Y, He T, Ding L, et al. FBXL2 counteracts Grp94 to
destabilize EGFR and inhibit EGFR-driven NSCLC growth. Nat Commun. (2021)
12:5919. doi: 10.1038/s41467-021-26222-x

17. Wang Z, Duan J, Cai S, Han M, Dong H, Zhao J, et al. of Blood tumor
mutational burden as a potential biomarker for immunotherapy in patients with
non-small cell lung cancer with use of a next-generation sequencing cancer gene
panel. JAMA Oncol. (2019) 5:696–702.

18. Marzio A, Kurz E, Sahni JM, Di Feo G, Puccini J, Jiang SW, et al. EMSY
inhibits homologous recombination repair and the interferon response, promoting
lung cancer immune evasion. Cell. (2022) 185:169–83. doi: 10.1016/j.cell.2021.12.
005

19. Herbst RS, Morgensztern D, Boshoff C. The biology and management of
non-small cell lung cancer. Nature. (2018) 553:446–54.

20. Yang R, Guan Y, Zhou J, Sun B, Wang Z, Chen H, et al. Phytochemicals from
Camellia nitidissima Chi flowers reduce the pyocyanin production and motility of
Pseudomonas aeruginosa PAO1. Front Microbiol. (2017) 8:2640. doi: 10.3389/fmicb.
2017.02640

21. Hou M, Hu W, Xiu Z, Shi Y, Hao K, Cao D, et al. Efficient enrichment of total
flavonoids from Pteris ensiformis Burm. extracts by macroporous adsorption resins
and in vitro evaluation of antioxidant and antiproliferative activities. J Chromatogr
B Analyt Technol Biomed Life Sci. (2020) 1138:121960. doi: 10.1016/j.jchromb.2019.
121960

22. Zhou YF, Wang LL, Chen LC, Liu TB, Sha RY, Mao JW. Enrichment and
separation of steroidal saponins from the fibrous roots of Ophiopogon japonicus
using macroporous adsorption resins. RSC Adv. (2019) 9:6689–98. doi: 10.1039/
c8ra09319a

23. Fraga CG, Clowers BH, Moore RJ, Zink EM. Signature-discovery approach
for sample matching of a nerve-agent precursor using liquid chromatography-
mass spectrometry, XCMS, and chemometrics. Anal Chem. (2010) 82:4165–73.
doi: 10.1021/ac1003568

24. Wang ZQ, Zhang ZB, Li Y, Sun L, Peng DZ, Du DY, et al. Preclinical
efficacy against acute myeloid leukaemia of SH1573, a novel mutant IDH2 inhibitor
approved for clinical trials in China. Acta Pharm Sin B. (2021) 11:1526–40. doi:
10.1016/j.apsb.2021.03.005

25. Kayagaki N, Kornfeld OS, Lee BL, Stowe IB, O’Rourke K, Li Q, et al.
NINJ1 mediates plasma membrane rupture during lytic cell death. Nature. (2021)
591:131–6.

26. Parkhomchuk D, Borodina T, Amstislavskiy V, Banaru M, Hallen L, Krobitsch
S, et al. Transcriptome analysis by strand-specific sequencing of complementary
DNA. Nucleic Acids Res. (2009) 37:e123.

27. Chen L, Li JX, Zhu YY, Zhao TT, Guo LJ, Kang LP, et al. Weed suppression
and molecular mechanisms of isochlorogenic acid a isolated from Artemisia argyi
extract via an activity-guided method. J Agr Food Chem. (2022) 70:1494–506. doi:
10.1021/acs.jafc.1c06417

28. Ji X, Hou C, Gao Y, Xue Y, Yan Y, Guo X. Metagenomic analysis of gut
microbiota modulatory effects of jujube (Ziziphus jujuba Mill.) polysaccharides
in a colorectal cancer mouse model. Food Funct (2020) 11:163–73. doi: 10.1039/
c9fo02171j

29. Hou XY, Zhang P, Du HZ, Chu WH, Sun RQ, Qin SY, et al.
Akkermansia muciniphila potentiates the antitumor efficacy of FOLFOX in
colon cancer. Front Pharmacol. (2021) 12:725583. doi: 10.3389/fphar.2021.72
5583

30. Mohsenzadegan M, Peng RW, Roudi R. Dendritic cell/cytokine-
induced killer cell-based immunotherapy in lung cancer: What we know
and future landscape. J Cell Physiol. (2020) 235:74–86. doi: 10.1002/jcp.2
8977

31. Colak S, Ten Dijke P. Targeting TGF-beta Signaling in Cancer. Trends Cancer.
(2017) 3:56–71.

32. Aksamitiene E, Kiyatkin A, Kholodenko BN. Cross-talk between mitogenic
Ras/MAPK and survival PI3K/Akt pathways: a fine balance. Biochem Soc Trans.
(2012) 40:139–46. doi: 10.1042/BST20110609

33. Steelman LS, Pohnert SC, Shelton JG, Franklin RA, Bertrand FE, McCubrey
JA. JAK/STAT, Raf/MEK/ERK, PI3K/Akt and BCR-ABL in cell cycle progression
and leukemogenesis. Leukemia. (2004) 18:189–218. doi: 10.1038/sj.leu.240
3241

34. Zhang HL, Wu QX, Qin XM. Camellia nitidissima Chi flower extract
alleviates obesity and related complications and modulates gut microbiota
composition in rats with high-fat-diet-induced obesity. J Sci Food Agric. (2020)
100:4378–89. doi: 10.1002/jsfa.10471

35. Chen J, Wu X, Zhou Y, He J. Camellia nitidissima Chi leaf as pancreatic lipase
inhibitors: Inhibition potentials and mechanism. J Food Biochem. (2021) 45:e13837.
doi: 10.1111/jfbc.13837

36. He X, Li H, Zhan M, Li H, Jia A, Lin S, et al. Camellia nitidissima chi extract
potentiates the sensitivity of gastric cancer cells to paclitaxel via the induction of
autophagy and apoptosis. Onco Targets Ther. (2019) 12:10811–25. doi: 10.2147/
OTT.S220453

37. Lin JN, Lin HY, Yang NS, Li YH, Lee MR, Chuang CH, et al. Chemical
constituents and anticancer activity of yellow camellias against MDA-MB-231
human breast cancer cells. J Agric Food Chem. (2013) 61:9638–44. doi: 10.1021/
jf4029877

38. Chen D, Wu YX, Qiu YB, Wan BB, Liu G, Chen JL, et al. Hyperoside
suppresses hypoxia-induced A549 survival and proliferation through ferrous
accumulation via AMPK/HO-1 axis. Phytomedicine. (2020) 67:153138. doi: 10.
1016/j.phymed.2019.153138

39. Luo Y, Ren Z, Du B, Xing S, Huang S, Li Y, et al. Structure
Identification of ViceninII Extracted from Dendrobium officinale and the
Reversal of TGF-beta1-Induced Epithelial(-)Mesenchymal Transition in
Lung Adenocarcinoma Cells through TGF-beta/Smad and PI3K/Akt/mTOR
Signaling Pathways. Molecules. (2019) 24:144. doi: 10.3390/molecules2401
0144

40. Lv K, Zhu J, Zheng S, Jiao Z, Nie Y, Song F, et al. Evaluation of inhibitory
effects of geniposide on a tumor model of human breast cancer based on 3D
printed Cs/Gel hybrid scaffold. Mater Sci Eng C Mater Biol Appl. (2021) 119:111509.
doi: 10.1016/j.msec.2020.111509

41. Zhang C, Wang N, Tan HY, Guo W, Chen F, Zhong Z, et al. Direct
inhibition of the TLR4/MyD88 pathway by geniposide suppresses HIF-
1alpha-independent VEGF expression and angiogenesis in hepatocellular
carcinoma. Br J Pharmacol. (2020) 177:3240–57. doi: 10.1111/bph.1
5046

42. Xiaofeng Y, Qinren C, Jingping H, Xiao C, Miaomiao W, Xiangru
F, et al. Geniposide, an iridoid glucoside derived from Gardenia
jasminoides, protects against lipopolysaccharide-induced acute lung
injury in mice. Planta Med. (2012) 78:557–64. doi: 10.1055/s-0031-129
8212

43. Zhang M, Yang W, Wang P, Deng Y, Dong YT, Liu FF, et al. CCL7 recruits
cDC1 to promote antitumor immunity and facilitate checkpoint immunotherapy
to non-small cell lung cancer. Nat Commun. (2020) 11:6119. doi: 10.1038/s41467-
020-19973-6

44. Sandler A, Gray R, Perry MC, Brahmer J, Schiller JH, Dowlati A, et al.
Paclitaxel-carboplatin alone or with bevacizumab for non-small-cell lung cancer.
N Engl J Med. (2006) 24:2542–50.

45. Hasan M, Neumann B, Haupeltshofer S, Stahlke S, Fantini MC, Angstwurm
K, et al. Activation of TGF-beta-induced non-Smad signaling pathways during
Th17 differentiation. Immunol Cell Biol. (2015) 93:662–72. doi: 10.1038/icb.2015.
21

46. Devis-Jauregui L, Eritja N, Davis ML, Matias-Guiu X, Llobet-Navas D.
Autophagy in the physiological endometrium and cancer. Autophagy. (2021)
17:1077–95.

Frontiers in Nutrition 22 frontiersin.org

https://doi.org/10.3389/fnut.2022.1014414
https://doi.org/10.1039/d1fo00581b
https://doi.org/10.1039/d1fo00581b
https://doi.org/10.3389/fimmu.2020.620374
https://doi.org/10.3389/fimmu.2020.620374
https://doi.org/10.7554/eLife.50223
https://doi.org/10.7554/eLife.50223
https://doi.org/10.1038/s41467-021-26222-x
https://doi.org/10.1016/j.cell.2021.12.005
https://doi.org/10.1016/j.cell.2021.12.005
https://doi.org/10.3389/fmicb.2017.02640
https://doi.org/10.3389/fmicb.2017.02640
https://doi.org/10.1016/j.jchromb.2019.121960
https://doi.org/10.1016/j.jchromb.2019.121960
https://doi.org/10.1039/c8ra09319a
https://doi.org/10.1039/c8ra09319a
https://doi.org/10.1021/ac1003568
https://doi.org/10.1016/j.apsb.2021.03.005
https://doi.org/10.1016/j.apsb.2021.03.005
https://doi.org/10.1021/acs.jafc.1c06417
https://doi.org/10.1021/acs.jafc.1c06417
https://doi.org/10.1039/c9fo02171j
https://doi.org/10.1039/c9fo02171j
https://doi.org/10.3389/fphar.2021.725583
https://doi.org/10.3389/fphar.2021.725583
https://doi.org/10.1002/jcp.28977
https://doi.org/10.1002/jcp.28977
https://doi.org/10.1042/BST20110609
https://doi.org/10.1038/sj.leu.2403241
https://doi.org/10.1038/sj.leu.2403241
https://doi.org/10.1002/jsfa.10471
https://doi.org/10.1111/jfbc.13837
https://doi.org/10.2147/OTT.S220453
https://doi.org/10.2147/OTT.S220453
https://doi.org/10.1021/jf4029877
https://doi.org/10.1021/jf4029877
https://doi.org/10.1016/j.phymed.2019.153138
https://doi.org/10.1016/j.phymed.2019.153138
https://doi.org/10.3390/molecules24010144
https://doi.org/10.3390/molecules24010144
https://doi.org/10.1016/j.msec.2020.111509
https://doi.org/10.1111/bph.15046
https://doi.org/10.1111/bph.15046
https://doi.org/10.1055/s-0031-1298212
https://doi.org/10.1055/s-0031-1298212
https://doi.org/10.1038/s41467-020-19973-6
https://doi.org/10.1038/s41467-020-19973-6
https://doi.org/10.1038/icb.2015.21
https://doi.org/10.1038/icb.2015.21
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-09-1014414 October 21, 2022 Time: 17:36 # 23

Wang et al. 10.3389/fnut.2022.1014414

47. Wu P, Wang Y, Wu Y, Jia Z, Song Y, Liang N. Expression
and prognostic analyses of ITGA11. ITGB4 and ITGB8 in human
non-small cell lung cancer. PeerJ. (2019) 7:e8299. doi: 10.7717/peerj.
8299

48. Lee S, Rauch J, Kolch W. Targeting MAPK signaling in cancer:
mechanisms of drug resistance and sensitivity. Int J Mol Sci. (2020) 21:
1102.

49. Bochu W, Liancai Z, Qi C. Primary study on the application of serum
pharmacology in chinese traditional medicine. Colloids Surf B Biointerfaces. (2005)
43:194–7. doi: 10.1016/j.colsurfb.2005.04.013

50. Chang Z, Jian P, Zhang Q, Liang W, Zhou K, Hu Q, et al. Tannins in
Terminalia bellirica inhibit hepatocellular carcinoma growth by regulating EGFR-
signaling and tumor immunity. Food Funct. (2021) 12:3720–39. doi: 10.1039/
d1fo00203a

Frontiers in Nutrition 23 frontiersin.org

https://doi.org/10.3389/fnut.2022.1014414
https://doi.org/10.7717/peerj.8299
https://doi.org/10.7717/peerj.8299
https://doi.org/10.1016/j.colsurfb.2005.04.013
https://doi.org/10.1039/d1fo00203a
https://doi.org/10.1039/d1fo00203a
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

	Active fractions of golden-flowered tea (Camellia nitidissima Chi) inhibit epidermal growth factor receptor mutated non-small cell lung cancer via multiple pathways and targets in vitro and in vivo
	Introduction
	Material and methods
	Extraction of chemical constituents
	Chemical characterization of active fractions of Camellia nitidissima Chi
	Determination of total polyphenols
	Determination of total saponins

	Qualitative and quantitative analysis of active fractions of Camellia nitidissima Chi
	Cell culture
	Cell viability assay
	Colony formation assay
	EdU incorporation assay
	TdT-mediated dUTP Nick-End Labeling staining
	Annexin V and propidine iodide staining
	Reactive oxygen species measurement
	Superoxide dismutase measurement
	Scanning electron microscope examination
	Lactate dehydrogenase release
	Ribonucleic acid sequencing analysis and differential expression analysis
	Reverse transcription and real time-quantitative polymerase chain reaction
	Western blot analysis
	Xenograft models
	Immunohistochemistry
	Data presentation and statistical analysis

	Results
	Total polyphenols and total saponins contents of Camellia nitidissima Chi
	Active compounds analysis in Camellia nitidissima Chi by UPLC-QTOF-MS/MS
	Camellia nitidissima Chi inhibited the proliferation of multifarious non-small cell lung cancer cell lines
	Camellia. leave. saponins induced programmed non-small cell lung cancer death through pyroptosis
	Transcriptome analysis of Camellia. leave. saponins -treated NCI-H1975 cells
	Camellia. leave. saponins inhibited non-small cell lung cancer via multiple pathways and targets
	Camellia. leave. saponins suppressed tumor development in nude mice

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


