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Abstract

Cuscuta chinensis Lam. is a traditional medicinal herb used to treat female sterility and male reproductive system disorders. However, the anti-
lung cancer properties of Cuscuta chinensis Lam. and possible molecular mechanisms have yet to be explored. Thus, the study’s main purpose
was to evaluate in vitro and in vivo anti-lung cancer properties of C. chinensis water extract (CLW) in human lung adenocarcinomas and the
underlying molecular mechanism involved. Our results demonstrated that CLW caused a significant inhibition of cell viability and induced G1
cycle arrest in lung cancer cells. Furthermore, RNA-seq transcriptome analysis revealed 602 common genes with a significant expression in A549
and H1650 cells under CLW treatment. Functional enrichment analysis suggested that these common genes regulated by CLW mainly involve
lung cancer cell proliferation, metastases and apoptosis processes. In addition, forty-six common genes (> 2-fold change) regulated by CLW in
A549 and H1650 cells were selected for further validation. In vitro quantitative real-time PCR results confirmed that twelve genes were up-regu-
lated, and four genes were down-regulated in A549 and H1650 cells. The in vivo experiment demonstrated CLW could significantly decrease
tumour volume and tumour weight of mice compared with the control group. Moreover, inz vivo quantitative real-time PCR results revealed that
C1101f96, FGFBP1, FOSB and NPTX1 genes were up-regulated and EGR1, GBP4 and MAP2K6 genes were down-regulated in tumour tissues
compared with the control group. These data strongly suggest that CLW could be developed as an efficacious drug for lung cancer treatment.
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Globally, an estimated 2-1 million cases of lung cancer and 1-8
million related deaths are recorded annually. Hence, lung cancer
has been among the foremost causes of morbidity and mortal-
ity Two types of lung cancer were characterised based on his-
tological analysis, including small-cell lung cancer and non-
small-cell lung cancer (NSCLC). More than 85 % of lung cancer
cases fall into the NSCLC category. Moreover, most patients
reached the advanced stage of the disease prior to diagnosis®.
Tyrosine kinase inhibitors and immunotherapy are promising
interventions currently in use for NSCLC, and unprecedented
survival benefits been recorded in treated patients. Despite these
results, the overall cure and survival rates remained insignificant,
as the 5-year based survival rate is currently below 20 %. Thus,
more efficient therapeutic agents are urgently needed®.
Moreover, an exhaustive understanding of the developed thera-
peutic agents’ action mechanism is significant from the clinical
standpoint.

In this regard, a promising alternative could be Traditional
Chinese Medicine. This is because Traditional Chinese
Medicine has extensively been used in clinical practice, and
its significant anti-cancer effects were highlighted in Chinese
medicine formula PHY906”. Traditional Chinese Medicine
had received growing attention for its immune system-boosting
property, improving patients’ quality of life and decreasing che-
motherapy’s adverse effects®.

Cuscuta chinensis Lam. (Convolvulaceae) is a typical
Traditional Chinese Medicine used for a wide range of diseases
and disorders, including female sterility, dysfunction of male
reproductive system, chyluria and chloasma faciei. Further, it
has been used as a liver and kidney tonic®. Pharmological
studies have shown that it possesses anti-cancer activity in differ-
ent cancer cell lines. For example, whole plant water extract of
Cuscuta chinensis (CLW) showed cytotoxic effects on human
lymphoblastic leukaemia, and human

Caucasian acute

Abbreviations: CLW, C. chinensis water extract; KEGG, Kyoto Encyclopaedia of Genes and Genomes; MTT, 3-(4, 5-dimethyl-2-thiazolyD)-2,5-diphenyl-2-tetra-
zoliumbromide; NSCLC, non-small-cell lung cancer; qRT-PCR, quantitative real-time PCR.
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lymphocyte cells were observed”. Also, stimulation of Cuscuta
chinensis seed extracts on the proliferation of MCF-7 and T47D
human breast cancer cell has been reported®. Similarly, the
viability of Hela, HT-29 and MDA-MB-468 cells was significantly
reduced with the chloroform extracts of C. chinensis® . Besides,
CLW can inhibit DMBA-induced tumour tissue growth in Swiss
albino tumour mice'”. Despite these studies, the anti-lung
cancer activity and its detailed mechanistic pathways have yet
to be described. Furthermore, advancements have been made
in genomics which makes it prevalent for cancer research; how-
ever, its utilisation for understanding CLW effect on human lung
cancer cells has yet to be explored. Thus, the current study aimed
to investigate the anti-lung cancer activity of CLW by assessing its
cell viability inhibition and cell cycle arrest on the A549 and
H1650 human lung adenocarcinoma cell line compared with
the normal lung epithelial cells and tumour tissue growth inhib-
ition in A549 xenografts. Moreover, the profiles of global gene
expression for lung cancer treated with CLW were explored in
addition to the determination of the possible mechanism
involved.

Materials and methods
Materials

Methanol, acetonitrile, water and 0-05 % formic acid of HPLC
grade were obtained from TEDIA. Gefitinib and other chemicals
were bought from Sigma Chemical Co.. The F-12K medium,
RPMI 1640 medium, DMEM medium, fetal bovine serum, colla-
genase I, 3-(4, 5-dimethyl-2-thiazolyD-2,5-diphenyl-2-tetrazo-
liumbromide (MTT), penicillin and streptomycin, plantium®
SYBR® green qPCR superMix-UDG with ROX, dynabeads®
mRNA purification kit, qubit®ssDNA Assay kit, qubit®dsDNA
HSAssay kit and lipofectamine-RNAiIMAX were procured from
Invitrogen. The RNA Extraction kit was purchased from
Takara Bio. The cell cycle detection kit was obtained from
Keygen Biotech. Dimethyl sulfoxide and TRIzol reagents were
bought from Life Technologies. RNase Zap hybrid solvent and
nuclease-free water were purchased from Ambion. Agencourt
RNAClean XP40 ml kit was purchased from Agencourt.
Maxima H Minus Reverse Transcriptase reagent kit was pur-
chased from Thermo Scientific. DNA analysis kit and Agilent
high-sensitivity DNA kit were purchased from Agilent
Technologies (GBSF). MGIEasy RNA LabChip kit, MGIEasy
DNA Adapters-96 (plate) kit, MGIEasy magnetic beads,
MGIEasy cyclisation module kit were purchased from Huada
Manufacturer.

Cuscuta chinensis samples

Dried C. chinensis identified by Professor Linsen Shi of Zhejiang
Chinese Medical University with a voucher specimen number
TSC-YP-190223 was graciously donated by Xinjiang Ansaer
Uyghur Medicine Pharmaceutical Co., Ltd.

Preparation of Cuscuta chinensis extracts

Preparation of C. chinensis extracts was carried out according to
Maimaiti et al'P. ‘A 20-kg sample was appropriately weighted

and milled to a fine powder. Samples were extracted with 200
1 of distilled water (80°C) for 2 h in a multifunctional extraction
and concentration unit (Shanghai Dacheng DC-NSG-130). After
extraction, samples were filtered with eight layers of medical
gauze, and then the extracts were combined and concentrated
at 80°C and 0-08 Mpa for 2 h using a rotary evaporator. The con-
densed sample extract was finally vacuum-dried at 80°C and
smashed into powder. The extraction yield was 6-:17 %. The deep
brown powder was then passed over 50 mesh sifter and stored at
room temperature until subsequent experiments’.

Liquid chromatograph-mass spectrometer (LC/MS) was
conducted for the finger printing of phytochemicals in CLW.
100 mg/mL extracts were prepared using distilled water with
the same extraction condition and were initially filtered through
0-22 pm membrane and submitted for analysis.

Cell culture

Human lung cancer cell lines (A549 and H1650) and human bron-
chial epithelial cells (BEAS-2B) were obtained from Shanghai
Mingjin Biotechnology. All the cell culture media were procured
from Invitrogen. A549 and H1650 cells were cultured in F-12K and
RPMI 1640 media, while BEAS-2B cells were cultured in DMEM
medium with 10% heat-inactivated fetal bovine serum and
100 pg/mL of penicillin—streptomycin, respectively. All cultured
cells were maintained in a humidified atmosphere with 5%
CO, at 37 °C. CLW was dissolved in sterile distilled water, and
all treatments were adjusted to different water proportions.

Cell viability assay

The different cells were initially plated in ninety-six well plates at
5000 cells/well (200 pl/well) density. The next day, the medium
was changed, and subsequently, the cells were treated with CLW
at different concentrations (0-195-3-125 mg/ml). Cell viability
was measured by MTT colorimetric assay according to manufac-
turer’s instructions. ‘Briefly, after incubation for 24 h, 48 h and
72 h, the cells were further incubated with 0-5 mg/ml MTT at
37°C for 4 h, Thereafter, the media was carefully removed,
and dimethyl sulfoxide (100 ml) was added to dissolve the
formed formazan product following the procedure by
Maimaiti et al'?. The optical density was measured using a
microplate reader (Thermo Fisher Scientific Inc) at a 570-nm
wavelength and a reference wavelength of 655 nm to determine
the amount of MTT formazan product’.

Apoptosis assay

This assay was carried out following the procedure by Maimaiti
et al'™® ‘Annexin V binding was identified by flow cytometry
using an annexin V-FITC staining kit, following the manufac-
turer’s instructions (Biomiga). The A549, H1650 and BEAS-2B
cells were exposed to CLW for 24 h. Thereafter, 1x 10° cells
were collected by centrifugation. Cells were washed twice in
PBS and resuspended cells in 500 pl solution using an annexin
V binding buffer. A 5 pl each of annexin V-FITC and propidium
iodide was added and incubated for 10 min at room temper-
ature in the dark. Then, samples were analysed using a BD
LSRFortessa flow cytometer’.
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Cell cycle analysis

The cells at 2-5 X 10° cells/plate density were plated in the appro-
priate culture medium in 10 cm dishes. The following day the
medium was changed, and the cells were treated with different
CLW concentrations (0-78-3-125 mg/ml). The cells were washed
with PBS and fixed overnight in 70 % ethanol at —20°C. The fixed
cells were washed twice with cold PBS and stained for 30 min
with propidium iodide /Triton X-100 staining solution (0-1 %
Triton X-100, 2 mg/ml propidium iodide and 0-2 mg/ml
DNase-free RNase). After that, flow cytometry analysis was
conducted using a FC500 flow cytometer (Beckman Coulter).

RNA preparation and RNA-seq

TRIzol reagent was used for extracting the total RNA according to
the manufacturer’s recommendations. Agilent 2100 Bioanalyzer
(GBSF) with the Agilent High Sensitivity DNA kit was used to
evaluate the quality of total RNA. Libraries for RNA-seq were pre-
pared in MGIEasy RNA LabChip kit, MGIEasy DNA adapters-96
(plate) kit. MGIEasy magnetic beads and MGIEasy cyclisation
module kit were sequenced using MGI-SEQ-2000RS High-
throughput sequencing reagent kit to obtain 2 X 150-bp
paired-end reads. The reads were compared with the reference
genome and obtained alignments by Hisat software. Reference-
based assembly of transcripts and prediction of expression were
performed using StringTie. Bioconductor edgeR was used to
conduct the ranking of genes based on the differential expres-
sion degree. Arbitrary identification of significant genes was
made using P<1X 107> cut-off values and fold change > |2|
in the mean expression?,

Functional and pathway enrichment analyses

To future analysis of biological properties and related signalling
pathways of the above significantly regulated genes, Gen
Ontology  Biological (GOBP) and Kyoto
Encyclopaedia of Genes and Genomes (KEGG) pathway enrich-
ment analysis were performed using DAVID online platform
(https://david.ncifcrf.gov). Both GOBP terms and KEGG path-
ways with P-values < 0-05 were considered significant enrich-

Process

ment, and visualisation was achieved by Srplot server (http://
bioinformatics.c-om.cn).

Quantitative real-time PCR

The total RNA of different cell lines was extracted using TRIzol
reagent (Invitrogen). Using Maxima H Minus
Transcriptase reagent kit (Thermo Scientific), mRNA was reverse-
transcribed to ¢cDNA. The PCR reaction was carried out using
ViiATM quantitative real-time PCR (qRT-PCR) Analyzer (Life
Technologies) and Plantium® SYBR® GreenqPCR SuperMix-
UDG with ROX and PCR primer (Table 1). The GAPDH was nor-
malised to determine each sample’s relative level of target genes.
The analysis was carried out in triplicates.

Reverse

Tumour xenograft and tissue quantitative real-time PCR
studies

In this study, the Ethical Committee for Animal Experimentation of
Zhejiang Chinese Medical University approved animal handling

and procedures. Male and female BALB/c nude mice (5-7 weeks
of age) were purchased from Shanghai SLAC Laboratory Animal
Co., Ltd (License number: SCXK, 2017-0005). The basic feed for
the animals was provided by the Zhejiang Chinese Medical
University. Animals were kept at room temperature, and other
favourable conditions were provided. Each mouse was subcuta-
neously inoculated in its right flank with A549 cells (1 x 107).
Thereafter, the mice were randomly assigned to five treatment
groups (n 6 for each group). The tumour-bearing mice received
vehicle control (distilled water), Gefitinib (100 mg/kg), CLW (300
mg/kg), CLW (600 mg/kg) and CLW (1200 mg/kg) when tumours
reached 80-100 mm?. The mice’s tumour volume and body
weight for each group were monitored every 3 days. The tumour
volume (mm?) was measured using the formula: volume = (short-
est diameter)/2 X (longest diameter)/2. After 17 d of CLW treat-
ment, the animals were killed. Then, tumour samples were
harvested and weighed. Samples were divided into two parts.
One part was frozen at —80°C, and the other was subjected to lysis
buffer for RNA extract. qPCR was performed as described above.
Briefly, Takara MiniBEST Universal RNA Extraction kit was used
for extracting the total RNA. Then, mRNA was reverse-transcribed
to cDNA using the Maxima H Minus Reverse Transcriptase reagent
kit. The PCR reaction was carried out using ViiA™ qRT-PCR
Analyzer and Plantium® SYBR® GreenqPCR SuperMix-UDG with
ROX and PCR primer (Table 2). The GAPDH was normalised to
determine each sample’s relative level of target genes.

Statistical analysis

Obtained results were presented as the mean of the replicate
samples = se. ANOVA, the Newman-Keuls test and Dunnett’s
test were employed for further statistical analysis, with statistical
significance obtained at P < 0-05.

Results

C. chinensis water extract effects on inhibition of human
lung cancer cells viability

CLW effects on the cell viability of human lung adenocarcinoma
A549 and H1650 cells were determined. A suitable growth medium
was used to incubate the cells and then the cells were supple-
mented with increasing concentrations of CLW (0-195 mg/ml—
3-125 mg/mD. Then, MTT assay was used to determine the cell
viability following treatment with CLW for 24 h, 48 h and 72 h.
The result obtained (Fig. 1(a) and (b)) showed a significant time
and dose-dependent reduction in the proportion of viable cells
of both A549 and H1650 cells. Also, BEAS-2B cells were treated with
CLW under the same condition for comparison. Interestingly, less
decrease in the percentage of viable cells was observed in the
BEAS-2B cells than lung cancer cell lines after treatment of CLW
(Fig. 1(c) and (d)). Overall, these results suggested that the CLW
inhibitory effect is specific to lung cancer cells.

C. chinensis water extract induces cell cycle arrest but not
apoptosis in lung cancer cells

To discover the possible intrinsic mechanism for the decreasing
number of viable cells treated with CLW, we measured the
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Table 1. Primer sequences
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Gene Sense Anti-sense

TOMM6 GCGAAGCTTTCCACTATGGC CTCCCACGTTGTCCGGTATT
TIPARP CTTTCTGCGTTCGCGGC CTCAGAGTCTAAAAATCCTGAACGG
FOSL1 TGGTTCAGCCCGAGAACTTT TCCCCGAAGTCTCGGAACAT
FOSB GCTGCAAGATCCCCTACGAA CATCTTCCTTAGCCGGTGCT
HMOX1 CTCCTCTCGAGCGTCCTCAG AAATCCTGGGGCATGCTGTC
IL24 GTGGACTTTAGCCAGACCCTT AAGCAGGGTAAAACCCAGGC
EGR1 ACCTGACCGCAGAGTCTTTT GCGGCCAGTATAGGTGATGG
TM4SF19-TCTEX1D2 CCTGGTGGTCGTTCATGTCA CTTTAACCACAGAGGGCCTGA
FCMR ACTTCCTGCCAGTATCGGGG AGGAAGTGGGCACTTGATGG
UBALD2 ACCACCACCAGATGATGTGC TGAAGTTTGCAGGTGGGGAG
MARCH4 ACGTGGTGTGCATAGGTCTC GCCTCCTGCCTTTTGATCCT
ALOXE3 GGAACAGATCTTGGGGGACAT AGGGATCAGATGCTGAGATGGA
DUSP6 CTGGAACGAGAATACGGGCG CTTACTGAAGCCACCTTCCAGG
SPRY2 CCGATTGCTCGGAAGTTGGT CACATCTGAACTCCGTGATCG
C110rf96 ATGCCCTTGTCCGATGGTTT ACGGCCACGCCTAACAATTA
FGFBP1 CCAAAGACCAAGCCAACTGC TGCCAGCAAAGACACAGGAA
NPTX1 CGAGCTCGAGAAAGGTCAGA AGCCACATGCAGACAGTGAA
LINC00707 CCTTCGGCCCATTTCTCACT ATCACGGTGGCAGTATGGTG
AC124798 ATAGGGTGTGGGTAGCACCT GCCAGAAGTGCCTTTCGTTG
ZNF295-AS1 ACCATCGTCGTCTTGGACTC TCACAGCCAAAACCCGACAA
HES7 CGGCCCCAAGATGCTCAA TTTCTCCAGCTTCGGGTTCC
HRH1 ATGTGCTGGGAAACTGACCA CGGACAACTTCTCTACGGCT
TNFSF10 AAGAGGTCCTCAGAGAGTAGCA GCCTTTTCATTCTTGGAGTTTGGA
RIMBP3B AAAGCCCTGCTCCAGGATTC TTGGGCATCTTGCTTTTGCC
GBP4 TTGAAGCTGATTCCAGGCAAG ACAAAGCACTTCCGTTTTCGG
AXIN2 GGCGGGATCACTGGCTC GCTCTCGGGCTGTTACTGAG
MAP2K6 TGCATGAAGATTGCACGCCT TTTCGCTTCTTGCCTTTCGAC
ENO1P4 CTCGTAATGACCCAGGAGGC ACACACCAGAAACACCAGGG
STARD4-ASH AGTGTGACTACTGATCCGCC TGTGCTTCTGCTGTCTGGTT
MLEC GTCAACGCGGGTGGAGAG ATGCCATAGTCTGAGGCTCG
C3 GATAAAAAGCCAGCTCCAGCA GGTTAGTAGCAGGAGCAGCA
METTL7A GGTGCAGGGTGACCTGTATT AGCTACCACAAAGCGCTCAA
NKD1 AGGGGGAATAGGTGAGACCC GGAATCCCATTGGCTGGTCA
DIXDC1 ACGCTGTCTGCTGGAAATCA TCCAGATAGGTTCCAGGGCT
SAMD11 AGACCACAGCTGGGCAGAAAG GGAAGCTGGCCACGTAGAAAAC
TJP3 CCTGTTGCCACCACAAGAGA CTCCATGTCAGCCACCTGTC
ITGA4 GTGATGCTGTTGCTGTGCC CCCACTAGGAGCCATCGGTT
SLC2A12 ACCTTCTTCACAGAGCAGCC AATAAAGCTGCGACTGGCCT
AKAP5 CGACGCCCTACGTTGATCT TGCCCAGTTTCTCTATGGCTT
IKZF2 GGCAAGGGAGGGAAAGAGAG GAGGAGGTGACAATGTCGGG
NGF GGAGCGCAGCGAGTTTT CTCAGTGTGGCCAGGATAGA
AC125257 GCAAGTTGTAGGTCTTGGGC GACTTGCAGTTTCTCACGCC
GALNT9 TTTCTCTGACCTGCGATGGG AGCCGTTGAAGGAAGTACCC
AL358334 TAGATGCCCAATCCGCAAGG GTGGGCCTCACTCAGAATGT
NCALD TAGGAACTTCTGGCAGGGTTG CGCCTCCAAATGGGAAAGGT
ARHGEF6 AGGGAATGCAGGCCAGTTAC CAGGTACAGGAAAGCCCTGG
GAPDH TGTTGCCATCAATGACCCCTT CTCCACGACGTACTCAGCG

Primer sequences of differentially expressed common genes (consistently regulated and greater than two-fold) by CLW treatment in A549 and
H1650 cells. The primer sequences were obtained using primer BLAST and Primer Premier5. CLW, Cuscuta chinensis water extract.

apoptosis and cell cycle phase distribution by flow cytometry
analysis. The results showed that CLW had no significant effect
on the number of annexin V stained cells in either of or both
A549 and H1650 lung cancer cells or BEAS-2B cells at 24 h
(online Supplementary Fig. S1). Interestingly, we found that
CLW treatment dose-dependently induced G1 phase accumu-
lation in both H1650 and A549 cells at 24 h when compared
with the control group (Fig. 2(a) and (b)). In contrast, the G1
phase accumulation was not observed in the BEAS-2B cells
treated with CLW under the same condition, suggesting that
CLW specifically induced G1 arrest in lung cancer cells
(Fig. 2(c)).

RNA-seq transcriptome analysis

The effect of CLW treatment (3-125 mg/ml, 24 h) on H1650 and
A549 cells gene expression was also determined. RNA-seq analy-
sis was used to profile the gene expression, and the result was
presented in Fig. 3(a)-(d) and Supplementary Tables S1-S4.

The results showed that 2795 and 2568 genes were differen-
tially expressed in CLW-treated A549 and H1650 cells, respec-
tively, compared with the control (P < 0-05). Among them, 602
genes were significantly (P < 0-05) altered in both A549 and
H1650 cells under the CLW treatment (Fig. 4(a) and online
Supplementary Table S5).
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Table 2. Primer sequences
Gene Sense Anti-sense
FOSB GCTGCAAGATCCCCTACGAA CATCTTCCTTAGCCGGTGCT
HMOX1 CTCCTCTCGAGCGTCCTCAG AAATCCTGGGGCATGCTGTC
EGR1 ACCTGACCGCAGAGTCTTTT GCGGCCAGTATAGGTGATGG
TM4SF19-TCTEX1D2 CCTGGTGGTCGTTCATGTCA CTTTAACCACAGAGGGCCTGA
MARCH4 TCCCTCTTCCTCATCGCCAG TGCACACCACGTCCATGAAG
DUSP6 CTGGAACGAGAATACGGGCG CTTACTGAAGCCACCTTCCAGG
SPRY2 CCGATTGCTCGGAAGTTGGT CACATCTGAACTCCGTGATCG
C110rf96 ATGCCCTTGTCCGATGGTTT ACGGCCACGCCTAACAATTA
FGFBP1 CCAAAGACCAAGCCAACTGC TGCCAGCAAAGACACAGGAA
NPTX1 CGAGCTCGAGAAAGGTCAGA AGCCACATGCAGACAGTGAA
LINC00707 CCTTCGGCCCATTTCTCACT ATCACGGTGGCAGTATGGTG
HES7 CATCAACCGCAGCCTGGAAGAG CCACGGCGAACTCCAATATCTCC
TNFSF10 AAGAGGTCCTCAGAGAGTAGCA GCCTTTTCATTCTTGGAGTTTGGA
GBP4 CACCCTGGTCCTTCTGGACA CCTGGTGGTTGATGGTGCTC
MAP2K6 TGCATGAAGATTGCACGCCT TTTCGCTTCTTGCCTTTCGAC
STARD4-AS1 AGTGTGACTACTGATCCGCC TGTGCTTCTGCTGTCTGGTT
GAPDH CATGAGAAGTATGACAACAGCCT AGTCCTTCCACGATACCAAAGT

Primer sequences of differentially expressed common genes (consistently regulated in vitro) by CLW treatment in tumour tissue. The primer sequences were obtained using primer

BLAST and Primer Premier5. CLW, Cuscuta chinensis water extract.
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Fig. 1. Inhibition of cell viability of CLW in lung cancer cell lines. (a) Cell viability of A549 cells treated with 0-195-3-125 mg/ml CLW for 24 h, 48 h and 72 h. (b) Cell viability
of H1650 cells treated with 0-195-3-125 mg/ml CLW for 24 h, 48 h and 72 h. (c) Cell viability of BEAS-2B cells treated with 0-195-3:-125 mg/ml CLW for24 h, 48 hand 72 h.
(d) The comparison of cell viability in A549, H1650 and BEAS-2B cells following treatment with CLW at 0-195-3-125 mg/ml concentration for 48 h. After 24 h, 48 hand 72
h, cell viability was determined and expressed as a percent of control cells using one-way ANOVA. Representative experiments, n 3, mean + sp. *P < 0-05, **P < 0-01.

CLW, Cuscuta chinensis water extract.

Biological significance and pathway analysis of the
common genes

To obtain a better understanding of the biological function of
CLW significantly altered genes in both A549 and H1650 cells,
GOBP analysis of the 602 common genes was carried out using
DAVID online platform (https://david.ncifcrf.gov). As a result,
thirty-five Gene Ontology categories were found to be signifi-
cantly enriched by common genes (P<0-05). Among them,

common genes were mainly involved in angiogenesis, response
to drug, cell migration, negative regulation of apoptotic process,
regulation of cell shape, positive regulation of cell migration, epi-
thelial cell differentiation, positive regulation of MAPK cascade,
small GTPase mediated signal transduction and positive regula-
tion of apoptotic process (Fig. 4(b) and online Supplementary
Table S6). Besides, the enrichment of KEGG pathways in the
common genes was also assessed with DAVID online platform.
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Fig. 2. Inducement of cell cycle arrest by CLW in lung cancer cell lines. (a) Flow cytometric analysis of the cell cycle phase fractions of A549 cells treated with 0-78-3-125
mg/ml CLW for 24 h. (b) Flow cytometric analysis of the cell cycle phase fractions of H1650 cells treated with 0-78—3-125 mg/ml CLW for 24 h. (c) Flow cytometric analysis
of the cell cycle phase fractions of BEAS-2B cells treated with 0-78-3-125 mg/ml CLW for 24 h. The percentage of cell cycle fractions was obtained using one-way
ANOVA. Representative experiments, n 3, mean + sp. *P < 0-05, **P < 0-01. CLW, Cuscuta chinensis water extract.

Twenty-four signalling pathways were significantly enriched in
the KEGG analysis (P <0-05). According to p value less than
0-01, MAPK signalling pathway, Cortisol synthesis and secretion
and ECM-receptor interaction were mainly involved (Fig. 4(c)
and online Supplementary Table S7).

Quantitative real-time PCR analysis validates the RNA-
seq data

Next, identification was carried out on the number of signifi-
cantly expressed genes in A549 and H1650 cells that were
CLW-treated. The Venn diagrams analysis results showed that
fifty-five genes (> 2-fold change) were commonly altered in both
A549 and H1650 lung cancer cells. Among them, twenty-five
genes were consistently up-regulated, and twenty-one genes
were consistently down-regulated in both lung cancer cells
under CLW treatment. However, seven genes were inconsis-
tently expressed in A549 and H1650 cells under CLW treatment.
Interestingly, different Gene ID of down-regulated AC093668
and AC00-6213 were observed in A549 and H1650 cells after
CLW treatment (Fig. 5(a) and Table 3). Therefore, gRT-PCR
analysis was conducted on all the common genes (forty-six con-
sistently regulated genes, > 2-fold change) employing the same
RNA samples used in RNA-seq. The purpose was to allow for fur-
ther validation of the RNA-seq results. A total (forty-six consis-
tently regulated genes, > 2-fold change) of 16 RNA-seq
samples were confirmed by qRT-PCR in A549 and H1650 cells.
Twelve genes (FOSB, HMOX1, EGR1, TM4SF19-TCTEX1D2,
MARCH4, DUSP6, SPRY2, Cllorf96, FGFBP1, NPTXI,
LINC00707 and HES7) were up-regulated, and four genes
(TNFSF10, GBP4, MAP2K6 and STARD4-AS1) were down-regu-
lated in both adenocarcinoma cell lines (Fig. 5(b) and (c)).

C. chinensis water extract inhibited tumour growth in vivo

Based on MTT results showing significant inhibitory activities of
CLW on A549 and H1650 lung cancer cell viability, a nude mouse

xenograft model was used to evaluate the iz vivo antitumour
activities of CLW. As shown in Fig. 6(a) and (b), the tumour vol-
ume of A549 cell xenografts in nude mice was significantly sup-
pressed by CLW compared with the control group for 17 d
following three-level doses of drug exposure. CLW at different
doses also showed a significant tumour weight reduction than
control (Fig. 6(c)). In addition, the results depicted in Fig. 6(d)
suggested that CLW treatment does not affect the body weights
of mice. However, a slight decrease in body weight was
observed with Gefitinib treatment group.

In vivo quantitative real-time PCR analysis

Since RNA-seq and qRT-PCR analysis indicates sixteen genes
were regulated in A549 and H1650 cells under CLW treatment,
we, therefore, investigated in vivo effect of CLW on the expres-
sion of the above genes. The qRT-PCR results showed four genes
(C1101f96, FGFBP1, FOSB and NPTX1) were up-regulated
(Fig. 7(a), (d), (e), (D) and three genes (EGR1, GBP4 and
MAP2K6) were down-regulated in tumour tissues compared
with the control group (Fig. 7(0), (), (). Interestingly, up-regu-
lation of NPTX1, TNFSF10 and TM4SF19-TCTEX1D2 and the
down-regulation of EGR1 were observed in Gefitinib group
treated with 100 mg/kg compared with control (Fig. 7(c), (D,
(o), (p)).

Discussion

In China and many other Asian countries, C. chinensis is a
common traditional medicine. Several diseases, including chylu-
ria, chloasma faciei, female sterility and male reproductive sys-
tem dysfunction are treated with CLW. Furthermore, it is used
as a tonic for the liver and kidney®. Despite these myriad ben-
efits, its efficacy in NSCLC has yet to be explored. In the present
study, we demonstrated CLW could significantly inhibit NSCLC
growth both in vitro and in vivo, and we showcased the possible
mechanism involved for the first time.

ssaud Ais1anun abpriquie) Ag auljuo paystignd $98€0022S L LL000S/LL0L 0L/Blo 10p//:sd1ny


https://doi.org/10.1017/S0007114522003865
https://doi.org/10.1017/S0007114522003865

British Journal of Nutrition

Cuscuta chinensis Lam inhibited lung cancer activity in vitro and in vivo 743
(a) (b)
EnhancedVolcano AS49 A549
) NotSig ( Log2FC Pvalue (1 Pvalue and Log2FC

40-

—LOQ10 P

201

10 20 CLW1 CLW2 CONI CON2 CON3
Log, fold change
total = 48868 variables

) H1650 (d) HI1650
EnhancedVolcano

) Not Sig Log2FC Pvalue (' Pvalue and Log2FC

250 +

200 1

150 4

—LOg1o P

100 4

504

10 20 CLW1 CLW2 CLW3 CONI CON2 CON3
Logs fold change
total = 48868 variables

Fig. 3. The global gene expression of lung cancer cell lines after CLW treatment. (a) The differentially expressed genes between CLW and control in A549 cells after
treatment for 24 h. The blue dots represented genes without different expressions between the two groups, and the red dots represented different expressions between
the two groups. (b) Hierarchical cluster analysis of significant differential expression genes in A549 cells after CLW treatment for 24 h. Red represented increasing in
expression, and blue represented decreasing in expression. (c) The differentially expressed genes between CLW and control in H1650 cells after treatment for 24 h. The
blue dots represented genes without different expressions between two groups, and the red dots represented different expressions between two groups. (d) Hierarchical
cluster analysis of significant differential expression genes in H1650 cells after CLW treatment for 24 h. Red represented increasing in expression, and blue represented
decreasing in expression. Representative experiments, n 3, mean + sp. *P < 0-05, **P<0-01, ***P < 0-001, ****P < 0-0001. CLW, Cuscuta chinensis water extract.

Cell viability assay indicated that the CLW significantly inhib- CLW is found to induce a dose-dependent G1 cycle arrest in
ited the viability of lung adenocarcinoma cancer cells (A549 and A549 and H1650 cells. However, the apoptosis inducement in
H1650) in time- and dose-dependent manner. Furthermore, the lung cancer cells (A549 and H1650) was not observed under
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Fig. 4. GO terms and KEGG pathways enriched by differentially expressed common genes. (a) Venn diagram analysis of global gene expression from lung cancer cells
identified by RNA-seq. Genes having a significant change in expression were collected and classified. The number of significant differential expression genes from A549
and H1650 cells after CLW treatment for 24 h was 2795 and 2568, respectively. In two cell lines, 602 genes were commonly altered. (b) The ten top category terms of GO
analysis. The y-axes correspond to the GO terms, and the x-axes show the enrichment factor. (c) The ten top signalling pathways of KEGG analysis. The y-axes cor-
respond to the pathways, and the x-axes show the enrichment factor. The colour of the dot represents the P-value, and the size of the dot represents the number of
common genes mapped to the reference. CLW, Cuscuta chinensis water extract, KEGG, Kyoto Encyclopaedia of Genes and Genomes; GO, Gene Ontology.

the CLW treatment, suggesting CLW induces cell cycle arrest but
notapoptosis in both A549 and H1650 cell lines, leading to inhib-
ition of cell viability.

With the development of a high-throughput technique,
RNA-Seq has become widely used in cancer research. This
allows for early detection of the disease and determining the
pathological origin, defining the aberrant genes and molecular
pathway dysregulation’®'®. Thus, to explore further the
mechanism of CLW in regulating the cell viability of lung cancer
cells, we used RNA-seq to analyse the gene expression profiles

of CLW in A549 and H1650 lung adenocarcinoma cancer cells.
Approximately 602 genes significantly regulated by CLW in
A549 and H1650 cells were found. Moreover, Gene Ontology
and KEGG pathways analysis"'® demonstrated that these genes
are significantly associated with cell proliferation, cell migra-
tion and apoptosis. In addition, MAPK signalling pathway, cor-
tisol synthesis and secretion and ECM-receptor interaction
were mainly enriched in KEGG. Growing evidence proved that
apart from cortisol synthesis and secretion, the MAPK signalling
pathway and ECM-receptor interaction play important role in
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Fig. 5. The gRT-PCR validation. (a) Venn diagram analysis of global gene expression from lung cancer cells identified by RNA-seq. Genes having a significant (greater

than two-fold) change in expression were collected and classified. The number of

significant differential expression genes from A549 and H1650 cells after CLW treat-

ment for 24 h was 574 and 558 (greater than two-fold), respectively. In two cell lines, 55 genes (greater than two-fold) were commonly altered. (b) A549 cells were
incubated with or without CLW 3-125 mg/ml for 24 h. The expressions of common genes (46 consistently regulated genes) were determined by qRT-PCR. (c)
H1650 cells were incubated with or without CLW 3:125 mg/ml for 24 h. The expressions of common genes (46 consistently regulated genes) were determined by
gRT-PCR. The average relative gene expression changes compared with the control, calculated using GAPDH. The mRNA expression differences between the treated
and control samples were determined using one-way ANOVA. Representative experiments, n 3, mean + sp. *P < 0-05, **P < 0-01, ***P < 0-001, ****P < 0-0001. CLW,

Cuscuta chinensis water extract; gqRT-PCR, quantitative real-time PCR.

the regulation of lung cancer cell proliferation, migration and
apoptosis"’'®_ Furthermore, forty-six common genes (> 2-fold
change) regulated by CLW in A549 and H1650 cells were
selected for further validation. Among them, we confirmed
using the gRT-PCR test, the up-regulation of twelve genes
(TM4SF19-TCTEX1D2, MARCH4, FOSB, HMO-X1, DUSPG6,

SPRY2, EGR1, Cllorfo6, FGFBP1, NPTX1, LINC00707 and
HES7) and down-regulation of four genes (TNFSF10, GBP4,
MAP2K6 and STARD4-AS1) in both cell lines. Thus, we next
investigated lung cancer suppression and gene expression
regulatory effect of CLW in vivo. CLW significantly reduced
tumour volume and weight at all tested doses without affecting
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Table 3. Differentially expressed common genes after Cuscuta chinensis Lam. treatment by A549 and H1650 cells (log, ratio)

A. Maimaiti et al.

Genes ID A549 H1650
IL24 ENSG00000162892 8.07 11.95
TM4SF19-TCTEX1D2 ENSG00000273331 5.76 2.04
FOSB ENSG00000125740 5.08 2.04
C11orf96 ENSG00000187479 4.85 3-46
TOMM6 ENSG00000214736 4.80 4.07
ALOXE3 ENSG00000179148 3-65 4.42
FCMR ENSG00000162894 358 2.06
EGR1 ENSG00000120738 344 3-87
NGF ENSGO00000134259 314 2.78
FOSLA1 ENSG00000175592 2.97 3-89
TIPARP ENSG00000163659 2.93 3-38
FGFBP1 ENSG00000137440 291 213
MARCH4 ENSG00000144583 2.88 5.01
ZNF295-AS1 ENSG00000237232 2.87 2.97
HMOX1 ENSG00000100292 2.41 336
LINC00707 ENSG00000238266 241 323
UBALD2 ENSGO00000185262 2.36 2.38
AC125257 ENSG00000259623 2-35 2:20
DUSP6 ENSG00000139318 2.32 2.66
SPRY2 ENSG00000136158 2-31 219
AC124798 ENSG00000260196 2.23 2.75
HES7 ENSG00000179111 213 279
GALNT9 ENSG00000182870 2.07 2.05
NPTX1 ENSG00000171246 2.06 3-29
HRHA1 ENSG00000196639 2.03 320
METTL7A ENSG00000185432 -11.27 —2:84
RIMBP3B ENSG00000274600 -10-32 -10-28
DIXDC1 ENSG00000150764 -3.87 —2:62
SAMD11 ENSG00000187634 -3.76 -2.61
ENO1P4 ENSG00000241790 -3.70 —4-02
TNFSF10 ENSG00000121858 -3-66 -14.03
AXIN2 ENSG00000168646 -3-58 —4.97
NKD1 ENSG00000140807 -3-54 —2.72
AL358334 ENSG00000258711 -3-34 —-3-26
AKAP5 ENSGO00000179841 -2-88 —2-26
ITGA4 ENSG00000115232 —2.72 —2-14
MAP2K6 ENSG00000108984 —2:56 —4.34
TJP3 ENSG00000105289 —2-52 —2:58
GBP4 ENSGO00000162654 —2.34 -5.36
STARD4-AS1 ENSG00000246859 —-2:25 -3-67
NCALD ENSG00000104490 -2:25 —2-70
IKZF2 ENSG00000030419 —2-11 —2:27
MLEC ENSG00000110917 —2-09 -3-56
SLC2A12 ENSG00000146411 —2-:04 —2.22
ARHGEF6 ENSG00000129675 —2.04 -2.06
C3 ENSG00000125730 —2-02 -3:00
TMEM265 ENSG00000281991 2.02 -2.03
TGIF2-RAB5IF ENSG00000259399 -15-66 283
ID4 ENSG00000172201 -5.24 2:21
AC008622 ENSG00000275719 -3-30 322
AC022400 ENSG00000242288 —2.55 2.34
LHX9 ENSG00000143355 —2-45 298
ANKRD1 ENSG00000148677 -2-35 2:21
AC093668 ENSG00000272949 —-12.29

AC093668 ENSG00000284981 -2.34
AC006213 ENSG00000159905 —2:53

AC006213 ENSG00000267058 -2.21

Differentially expressed common genes by CLW treatment in A549 and H1650 cells. Identification of significant genes was done using P < 1 x 10~° cut-off values

and fold change (log2 ratio) > |2l in the mean expression. CLW, Cuscuta chinensis water extract.

body weight. However, we did observe slight body weight loss
after Gefitinib treatment. These results suggested that CLW
might have strong anti-lung cancer activity and is relatively
safer than Gefitinib. Furthermore, in vivo qRT-PCR results
strongly confirmed that CLW up-regulated Cllor-fo6,

FGFBP1, FOSB and NPTXI1 genes expression and down-regu-
lated GBP4 and MAP2KG6 genes expression. Therefore, this
study hypothesises that these genes may be potential targets
for tumour suppressor activity of CLW on the NSCLC.
Previous reports demonstrated that FGFBP1 is one of the
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Fig. 6. CLW suppresses xenograft tumour growth in mice. (a) Efficacy of CLW on tumour growth in nude mice injected with A549 cells. A549 cells were trypsinised and
resuspended in F-12K media for subcutaneous inoculation into the right flank of nude mice, which were treated with the indicated concentrations of CLW. Relative
inhibition rates of treatment groups compared to control mice (b) Images of xenograft tumours obtained from the mice (n 6 for each group). (c) The tumour weight
of mice was recorded at the end of the experiments. (d) The body weight of mice was recorded on the last day. Data represent mean + sb (one-way ANOVA),
**P<0-01, **P<0-001, ****P < 0-0001. v. control mice. CLW, Cuscuta chinensis water extract.

FGFBP family members, an essential regulator in cancer*??,
FOSB, a FOS family member, plays an important role in lung
cancer cells’ growth and survival®??. Another important gene
NPTX1 may also be involved in cancer progression proc-
ess?32Y GBP4 belongs to the GBP family found to express
in various cancers®. MAP2K6 belongs to the dual-specificity
protein kinase family and its involvement in specific cellular
processes, including carcinogenesis, stress-induced cell cycle
arrest, transcription activation and apoptosis has been
reported®®, As there is no scientific evidence indicating the cel-
lular regulation and function of C110rf96, further studies are
required to understand the specific role of this gene.
Interestingly, down-regulation of EGR1 gene expression was
observed following CLW and Gefitinib treatment in wvivo.
These results were inconsistent with RNA-seq and qRT-PCR
data that CLW up-regulated EGR1 gene expression in the
A549 and H1650 cells. EGR1 is an early response gene that is
involved in growth, differentiation and apoptosis in various
cancer®”. However, the controversial role of EGR1 in cancer
progression was reported in several articles®®. Our in vitro
and in vivo results also contradict each other regarding the
regulation of EGR1 gene expression. Hence, we suggest further
elucidation of the potential regulatory mechanisms.

Conclusion

This study demonstrated that the water extract of C. chinensis
exhibited strong anti-lung cancer activity in vitro and in vivo
by inducing G1 cell cycle arrest, up-regulation of C110rf90,

FGFBP1, FOSB and NPTX1 and down-regulation of EGRI,
GBP4 and MAP2K6 gene expression. Additionally, compared
with the first-line anti-lung cancer drug tyrosine kinase inhibitor
Gefitinib, C. chinensis showed no effect on experimental nude
mice’s body weight. Our findings supported that C. chinensis
could help treat lung cancer and is a valuable resource for iso-
lating novel active compounds for cancer treatment.

Acknowledgements

The Postdoctoral Project of Zhejiang Province (Grant number
zj2019159) supported this study. Aikebaier Maimaiti: conceptu-
alisation, methodology, visualisation, investigation, software,
data curation, writing—original draft preparation, reviewing
and editing. Juewen Xu: visualisation, investigation. Linsen
Shi: supervision.

There has been no significant financial support for this work
that could have influenced its outcome.

All authors agree to be accountable for all aspects of work,
ensuring integrity and accuracy.

We wish to confirm that there are no known conflicts of inter-
est associated with this publication.

Supplementary material

For supplementary material/s referred to in this article, please
visit https://doi.org/10.1017/S0007114522003865

ssaud Aussanun abpuquied Ag auljuo paysiignd 598600225t L LL000S/Z L0 L 01/B10"10p//:sdny


https://doi.org/10.1017/S0007114522003865
https://doi.org/10.1017/S0007114522003865

British Journal of Nutrition

748

D
k)

Relative mRNA expression

3

Relative mRNA expression

@

IS
Relative mRNA expression

A. Maimaiti et al.

—
O
-
—
2
-~

FOSB HMOX1 EGR1

&
N
=]

*kk

&

S
pression
=)

[S)
&
Relative mRNA ex|
= =
a

o
5
=)
=)
=)

O,

Relative mRNA expression

=)

o

o, »
Zg, ﬂ;o)
@4&)
Zg, ﬂ;o)

< 000]
b
“,
7. K2
l’/f
&,
li/(/?
00%

Gy,
iy,

—
=

SPRY2 4 Cllorf96 FGFBP1

=)

P

w
®

>

IS
*

N

Relative mRNA expression
N
Relative mRNA expression

=)

7 004/
“,
%6’
%)
r:%%”
0%%
7,
00,,]&4&)
Cy
%(/00 &
Ly g,
3,
b 00"'4@
,<,0;&4@
%6“)
Cy
“,
o,

4.
li/G
2y,
4
‘g,
oy

(0,-6
“y

%,

=]
=
&

TNFSF10 GBP4 MAP2K6

w

N
-
o o

= &

4

a
e
&

Relative mRNA expression
=)
Relative mRNA expression

‘?
=)
Q
=

2
&
s &

S‘é\
vOX g

<= D
& $§°
N

&

N
'o.$
N

)

*hkk

—
o
=

Relative mRNA expression
N

w

(e) ®
TM4SF19-TCTEX1D2 25 MARCH4 2:0 DUSP6
w% £
2
$2:0

Relative mRNA expre
S o
Relative mRNA expression
S &

1 05 05
0 = S D) S S 00 = S D) S ) 0o = S D) S )
FFFFy eFFFy sy y
SIS SIS SIS
NN NN NI N
S F S s S &S s S &S s
§ v 5y § v 5y § v 5y
< & &
0] (k) 0]
15: NPTX1 25 LINC00707 2-5: HES7
g g 8
g frrk g20 gz»o
g g
510 815 515
< < z
z Z10 1.0
£ 5 * E £
2 2 £
2 30-5 £05
& & &
o i 0-0 yy 00
2 & & & S @ & & S & & &
FFFFY 08 FFy 0555 S
S &S
&S & &S NS
N S o 9 NN N
N S SRS
SN S J ¥ i § v ¥
& ¥ & ¥ & ¥
(P)
2.0 STARD4-AS1
g
415
3
5
210
Z
£
205
£
o}
00
SELELLS
§ &
S&EES
o g & N
S & a s
&Y

Fig.7. InvivoqRT-PCR validation. (a), (b), (c), (d), (e), (f), (), (h), (i), (i), (k), (1), (M), (n), (0), (p) The expressions of common genes (sixteen consistently regulated genes
in vitro) in A549 xenograft tumour tissues were determined by qRT-PCR. The average relative gene expression changes compared with the control mice were calculated
using GAPDH. The mRNA expression differences between the treated and control samples were determined using one-way ANOVA. Representative experiments, n6,
mean + sp. *P< 0-05, **P<0-01, ***P < 0-001, ****P < 0-0001. gRT-PCR, quantitative real-time PCR.
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