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Angiogenesis is crucial for tumour growth and metastasis. Vascular endothelial growth factor (VEGF) and Notch ligand
Delta-like 4 (DII4) play a critical role in vessel formation and angiogenesis. This study aimed to determine anti-angiogenesis
effects of Sini Decoction serum on human umbilical vein endothelial cells (HUVECSs). We prepared Sini Decoction serum in
doses of 0.925, 1.85, 3.7 g/mL, and administered to HUVECs. HUVECs migration was evaluated using a wound healing
assay. Formation of tube-like structures in HUVECs was observed using a tube-formation assay. Gene transcriptions of
Dll4, Notchl, VEGF receptor 2 (VEGFR-2) and VEGF were examined using a PCR assay. Protein expressions of Janus
kinase-2/signal transducer and activator of transcription 3 (JAK2/STAT3) molecules and signal molecules downstream of
VEGF/VEGFR related to angiogenesis (including mitogen-activated protein kinase (p38MAPK), extracellular signal-
regulated kinase-1/2 (ERK1/2), focal adhesion kinase (FAK) and phosphorylated protein kinase B (p-Akt)) were detected by
western blot. Sini Decoction serum significantly inhibited cell migration and the formation of tube-shaped structures in
HUVECs compared to Control group (P<0.05). Sini Decoction serum markedly decreased DII4, Notchl, VEGF, and
increased VEGFR-2 gene transcriptions, compared to those of Control group (P<0.05). Sini Decoction serum significantly
reduced expression of p-Akt, p38MAPK and ERK1/2, compared to Control group (P<0.05). Although a reduction in FAK
and STAT3 expression was discovered in HUVECs administered by Sini Decoction serum, without statistical significance
compared to Control group (P>0.05). In conclusion, Sini Decoction serum modulated the expression of angiogenesis-
associated molecules in HUVECs by activating VEGF-DII4/Notchl and p38MAPK/ERK1/2/p-AKT signalling pathways.
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Angiogenesis, which exists in the tumour
microenvironment, is the basis of tumour growth,
invasion and metastasis™. Since the prevalence of
lung cancer still ranks first and mortality was the
leading cause of cancer-associated death®, more and
more scientists are paying attention to lung cancer for
breakthroughs. Previous research® showed that
vascular  endothelial growth factor (VEGF)
overexpresses in tumour tissues of patients with non-
small cell lung cancer (NSCLC) and patients with
small cell lung cancer (SCLC)*. Meanwhile, some
studies>® demonstrated that VEGF and its cognate
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receptor, VEGF receptor 2 (VEGFR-2), illustrating
the essential relevance to angiogenesis and tumour
metastasis. Therefore, scientists inferred that VEGF
was a potential target in lung cancer. With in-depth
research, more experimental evidence showed that the
Notch signalling pathway was related to angiogenesis
processes, while the Notch ligands Delta-like 4 (DI14)
plays a key role in tumour angiogenesis’. In fact,
VEGF induced the expression of the Notch ligand
DIl4, which further activated Notch in the adjacent
cell by inhibiting the expression of VEGF receptors®.
Traditional Chinese Medicine (TCM) has
antitumour activity to some extent, albeit with an
indecisive mechanism. In the theoretical system of
Traditional Chinese Medicine, we review cancer as a
pathogenic toxin that Yin prevails over Yang. To
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reinforce body immunity and then eliminate pathogenic
toxins, we have applied Wen-yang therapy for cancers
in recent years. The natural agents of medicinal plants
have been used to treat cancers because of their
bioactivities related to oxidative stress in other
countries in the world®™. As the representative
prescription for Wen-yang therapy, Sini Decoction may
be helpful for treating advanced lung cancer.

In our prophase studies, we found that Sini
Decoction demonstrated an antitumour effect in
Lewis lung cancer and inhibited the expression of
serum VEGF"™. Furthermore, Sini  Decoction
repressed the growth of the human lung
adenocarcinoma cell line A549 (A549) by inducing
cell apoptosis, which could be mediated by regulation
of Bcl-2 family proteins™. In this study, we
subsequently conducted a lot of research to explore
whether the inhibitory effect of Sini Decoction is
related to the DIl4/Notch signalling pathway and how
Sini Decoction influences the DII4/Notch and
VEGF/VEGFR signalling pathways.

Materials and Methods
Animals

Twelve healthy  male-specific  pathogen-free
Sprague-Dawley rats were purchased from Shanghai
SLAC Laboratory Animal Limited Company (license
No. SCXK 2019-0003). Rats aging from 4 weeks to 6
weeks and weighing 200 g to 250 g were used in this
research. The rats were housed in cages under constant
temperature and humidity with a 12 h-light/12 h-dark
cycle and specific pathogen-free conditions.

Animal experiments have been approved by
Animal Ethical Committee of Shuguang Hospital in
Shanghai University of Traditional Chinese Medicine
(Approval No. PZSHUTCM190308013). The animal
experiments were also performed in accordance with
the National Institutes of Health Guidelines for Care
and Use of Laboratory Animals.

Preparation of Sini Decoction freeze-dried power

The Sini Decoction freeze-dried powder was first
prepared. Sini Decoction contains Fuzi (Aconitum
carmichaelii, produced in Sichuan province of
China), Ganjiang (Zingiberi officinale, produced in
Sichuan province of China) and ZhiGancao
(Glycyrrhiza uralensis, produced in inner Mongolia of
China) with a mixing ratio of 1.5:1:1. These herbs
were purchased from  Suzhou  Shunhuitang
Pharmaceutical Company (Suzhou, China). The
preparation of Sini Decoction mainly includes two

steps. Firstly, the mixture of herbs, including 225 g
Fuzi, 150 g Ganjiang, 150 g ZhiGancao, were soaked
in 1575 mL of water for 30 min. A total of 1050 mL
of water was then added to the slag juice through
heating reflux for 1 h. Second, herb residues were
added 1575 mL of water and refluxed again for slag
juice. The above two parts of the slag juice were
combined, evaporated to dryness, and dissolved into
liquid extract of volume less than 525 mL, namely
about 1 g of crude drug/mL. The extraction was then
weighed, cooled, overnight at -20°C and powdered by
freeze drying. Finally, we weighed the powder and
calculated the yield. The Sini Decoction freeze dried
powder weighed 131 g and adjusted the contents of
Sini Decoction at a concentration of 24.95 g/100 mL
of 0.9% sodium chloride solution (0.2495 g/mL).

Preparation of Sini Decoction serums

We randomly divided 12 rats into four groups
including one Control rats group and three
experimental rats groups. Sini Decoctioncontaining
serums were obtained as described in a previous
study®®, with a few modifications. For rats in
experimental groups, which were administered
intragastricly with 0.2 mL of Sini Decoction serum
(with a concentration of 0.2495 g/mL) twice daily for
5 days. For rats in the Control group, which were
administered intragastricly with 0.2 mL 0.9% sodium
chloride solution. After the last free administration
with water for 2 h and fasted for 12 h, blood samples
were collected from the abdominal artery by
abdominal anaesthesia by intragastric administration
of 0.3% pentobarbital at a dose of 1.5 mL/kg. The
serum was then isolated by centrifuging and
inactivated in a water bath at 56°C for 30 min.
Finally, serum was filter sterilized using 0.22 pm pore
diameter of membrane filter and packed/placed in a -
80°C refrigerator in reserve. In our preliminary
experiments, the biological activity (or chemical
composition) of the Sini Decoction power and the
Sini Decoction serum were analyzed and compared
using HPLC analysis of the mass spectrometer as
previously described™®. The preliminary experiments
showed that the main components, including cinnamic
acid, ferulic acid, and puerarin, are the same in the
Sini Decoction serum as the Sini Decoction power.

Cell culture and trial grouping

Human umbilical vein endothelial cells (HUVECS)
were purchased from the Shanghai Institute of
Biochemistry and Cell Biology of CAS (Shang,
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China). HUVECs were cultured in M199 medium
(Gibco BRL. Co. Ltd., Grand Island, New York,
USA) containing 20% fetal bovine serum (FBS,
Gibco BRL. Co. Ltd.) and supplemented with 1%
gelatin (Sigma-Aldrich, St. Louis, Missouri, USA).
The HUVECs were cultured at 37°C with 5% CO, in
air and passed every 2-3 days.

In this research, the HUVECs were divided into
four groups, including a Control group and three
experimental groups. For the experimental groups,
HUVECSs were administered Sini Decoction serum at
a dose of 0.925 g/mL, 1.85 g/mL, 3.7 g/mL and
assigned as low Sini Decoction serum group (L-SN),
medium Sini Decoction serum group (M-SN), high
Sini Decoction serum group (H-SN), respectively.

Wound healing assay

We used a marker pen to draw at least five lines
with uniform space (0.5-1.0 cm) on the back of 6-well
plates. Next, on the super-clean worktable, we
collected and then inoculated HUVECs under
logarithmic phase in the 6-well plates, making it
covered with HUVECs in 24 h. The next day, we used
10 pL pipette tip vertically scratch along the lines on
the front of 6-well plates, gently washing HUVECs
three times with phosphate buffer saline (PBS,
Beyotime Biotech., Shanghai, China) and adding
serum-free medium. According to the settings of the
model groups, we added the Sini Decoction serums,
respectively into the mediums with the routine
cultural method in the CO, incubator and took photos
under the microscope after 48 h compared to the
initial state. Then, the cell migration rate in HUVECs
was calculated.

Tube formation assay

The liquid matrigel was mixed with serum-free
extracellular matrix (ECM) in a ratio of 1:1. A total of
100 pL commixture was then added per well of the
48-well plates. We avoided bubbles during the
process at room temperature and took 30 min for the
solidification time. The content of the prepared
single-cell HUVECs suspension made by serum-free
ECM was 1x10°/mL. The suspension, approximately
200 uL, was continued to inoculate in each well of
48-well plates as described above. Next, the HUVECs
were cultured in an incubator at 37°C and 5% CO,.
After the HUVECs adhered to the wall, the old
culture medium of each well was replaced with 200
uL different culture medium containing various doses
of Sini Decoction serum, keeping the culture of

HUVECs. About 6-8 h later, we observed the
formation of tube-like structures in HUVECS using an
inverted microscope and captured the images with
3 visual fields in each well.

Western blot assay
The HUVECs were treated with RIPA buffer

(Beyotime Biotech.), Phenyl-methane-sulfonyl
fluoride (PMSF, Beyotime Biotech.), protease
inhibitor, phosphatase inhibitor (100:1:2:2) and

centrifuged under the condition of 1200 r/min at 4°C,
after sufficiently splitting decomposition. The
supernatant was assigned as the protein extract. After
adding standard solutions of bovine serum albumin
(BSA, Beyotime Biotech.), a total of 2 pL extracted
protein samples were added to 96-well plates
(Corning-Costar, Corning, NY, USA) and
complemented with 18 uL. PBS (Beyotime Biotech.).
The protein concentration was measured using a
bicinchoninic acid (BCA) detection kit (Merck & Co.
Inc., Kenilworth, NJ, USA) as described by the
manufacturer’s instructions. A total of 10 puL protein
sample was loaded onto 10% separation gel
(Beyotime Biotech.) and 5% stacking gel. Then
sodium  dodecyl  sulphate-polyacrylamide  gel
electrophoresis (SDS-PAGE, Beyotime Biotech.) was
performed and the separated proteins were
electrotransferred onto  polyvinylidene  fluoride
membrane (PVDF, Beyotime Biotech.) for 2 h under
low temperature conditions with constant current (200
mA). The PVDF membrane was then soaked in 5%
bovine serum albumin solution (Beyotime Biotech.)
for blocking. The PVDF membrane was slowly
shaken for 2 h at room temperature and then
incubated with rabbit anti- Janus kinase-2 (JAK2, Cat.
No. 3230), rabbit anti-signal transducer and activator
of transcription 3 (STAT3, Cat. No. 12640), rabbit
anti-mitogen-activated protein kinase (p38MAPK,
Cat. No. 8690), rabbit anti-extracellular signal-
regulated kinase-1/2 (ERK1/2, Cat. No. 4695), rabbit
antifocal adhesion kinase (FAK, Cat. No. 13009),
rabbit anti-phosphorylated protein kinase B (p-Akt,
Cat. No. 4060) and rabbit anti-GAPDH (Cat. No.
5174) antibodies at 4°C overnight. The PVDF
membrane was incubated using goat anti-rabbit 1gG
labelled with horseradish peroxidase (HRP) (Cat. No.
7074) at 37°C for 1 h. Both of the above primary and
secondary antibodies were obtained from Cell
Signalling Technology (Beverly, MA, USA). After
the above incubation, the PVDF membrane was
washed with Tris buffered saline Tween-20 (TBST,
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Table 1 — Primers for the real-time PCR assay.

Genes Forward sequence
VEGF 5-AGGCCAGCACATAGGAGAGA-3'
VEGF4-2 5'AACCATTGGTGAGACCATCGA-3'

Dll4 5-GCCCTTCAATTTCACCTGGC-3'
Notchl 5-GCGACAACGCCTACCTCT-3'
GAPDH 5-GCATGGCCTTCCGTGTCCCC-3'

Reverse sequence
5-ACGCGAGTCTGTGTTTTTGC-3'
5-GGTTCCGGTTCCCGTCTT-3'
5'-CAATAACCAGTTCTGACCCACAG-3'
5-CTGCTGGCACAGTCATCC-3
5'-GAGGGCAATGCCAGCCCCAG-3

Beyotime Biotech.) for 10 min and 3 times. Western
blot bands were soaked in electrochemiluminescence
(ECL, Beyotime Biotech.) to develop images.
Eventually, western blot images were analyzed with a
UVP gel image scanning system (version: Labworks
4.6, Bio-Rad Laboratories, Hercules, CA, USA).

Real-time PCR assay

RNA was extracted from HUVECs with Trizol
reagent (Beyotime Biotech.) and the concentration of
which was measured using an enzyme-linked
immunosorbent assay (ELISA). Next, by reverse
transcription-polymerase chain reaction,
complementary DNA (cDNA) was obtained from
total RNA under the following conditions: 25 °C 10
min, 50°C 30 min and 85°C 5 min. An equal amount
of cDNA was used to determine the gene
transcriptions of DII4, Notchl, VEGF, VEGFR-2
under the following conditions of three stages: First:
Initiation at 95°C for 30 s, 95°C for 10 s, extension at
60°C for 30 s, with 40 cycles. Second: 95°C for 15 s,
annealing at 60°C for 60 s. Finally, extension at 95°C
for 15 s. The real-time PCR assay was performed
under an ABI 7300 real-time PCR equipment (ABI,
Foster City, CA, USA). The premiers for the above
PCR assay were listed in Table 1. The 2 °°“
method"” was used to analyze the real-time PCR
findings.

Statistical analysis

All data were represented as meanzstandard
deviation (SD) and analyzed using SPSS software
20.0 (IBM Corp., Armonk, NY, USA). Tukey's post
hoc test validated one-way analysis of variance
(ANOVA) was used to analyze significance among
multiple groups. Student’s t test was used to analyze
the difference between the two groups. The P<0.05
was considered the significant difference.

Results

Sini Decoction serum inhibited HUVECs migration
Cell migration was evaluated using a wound
healing assay (Fig. 1A). The results showed that the

HUVECSs migration was markedly suppressed by the
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Fig. 1 — Evaluation of cell migration using a wound healing
assay. (A) Images of the wound healing assay in each group at
48 h of culture. (B) Statistical analysis for HUVECs migration
rate. [L-SN: HUVECs administered with 0.925 g/mL of Sini
decoction serum. M-SN: HUVECs administered with 1.85 g/mL
of Sini Decoction serum. H-SN: HUVECs administered with
3.7 g/mL of Sini Decoction serum. "P<0.05, “P<0.01 and
"P<0.001 vs. Control group. Magnification, 200 x]

treatment of Sini Decoction serum at different
dosages (L-SN, M-SN and H-SN group), compared to
the Control group (Fig. 1B, P<0.05). Especially for
administration with a high dose of Sini Decoction
serum (H-SN group), in which the migration rate of
HUVECs reached the lowest level compared to
Control group (Fig. 1B, P<0.001). Meanwhile, the
effects of Sini Decoction serum exhibited a dose-
dependent manner.

Sini Decoction serum suppressed the formation of tube-like
structures in VEGF-induced HUVECs

The tube-like structure could provide blood for
angiogenesis, which was examined in this study
(Fig. 2A). The results illustrated that the Sini
Decoction serums (L-SN, M-SN and H-SN group)
significantly suppressed tube-like structures compared
to the Control group (Fig. 2B, P<0.05). Among the
Sini Decoction serum doses (L-SN, M-SN and H-SN
group), the high dosage (H-SN group) illustrated the
lowest level of tube-like structures, compared to the
Control group (Fig. 2B, P<0.001). Therefore, Sini
Decoction serums demonstrated a notable anti-
angiogenesis effect on HUVECs.
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Fig. 2 — Formation of tube-like structures in VEGF-induced HUVECs. (A) Images of the formed tube-like structures in each group. (B)
Statistical analysis for tube-like structures. [L-SN: HUVECs administered with 0.925 g/mL of Sini Decoction serum. M-SN: HUVECs
administered with 1.85 g/mL of Sini Decoction serum. H-SN: HUVECs administered with 3.7 g/mL of Sini Decoction serum. “P<0.05,

“P<0.01 and ""P<0.001 vs. Control group. Magpnification, 400 x]

Sini Decoction serum attenuated transcription of tumour
angiogenesis-associated genes

Due to the VEGF signalling pathway (key
biomarker: VEGF and VEGFR-2) and the
Dll4/Notchl signalling pathway (key biomarker DIl4
and Notchl) are crucial to development of tumour
angiogenesis, all of which were measured using a
real-time PCR assay. Our findings indicated that Sini
Decoction serums (L-SN, M-SN and H-SN group)
significantly reduced gene transcription of DIl4
(Fig. 3A), Notchl (Fig. 3B), VEGF1 (Fig. 3D) and
increased VEGFR2 gene transcription (Fig. 3C) in
HUVECs, compared to the Control group (Fig. 3, all
P<0.05). Importantly, the effects of Sini Decoction
serums on the above gene transcriptions were
demonstrated in a dose-dependent manner, with a
peak for HUVECs treated with Sini Decoction serum
(3.7 g/mL, H-SN group) (Fig. 3). Therefore, 3.7 g/mL
of Sini Decoction serum was applied in the following
experiments.

Sini Decoction serum reduced JAK2 expression

In this study, the upstream signalling pathways,
including the VEGF/VEGFR and the JAK2/STAT3
pathway, were examined using a western blot assay
(Fig. 4A). Our findings showed that Sini Decoction
serum remarkably decreased the expression of JAK2
in HUVECSs when culturing for 12 h and 24 h (but not
for 2 h and 6 h), compared with the Control group
(Fig. 4B, P<0.05). However, there were no significant
differences in STAT3 expression between the Control
group and three groups of HUVECs administered by
Sini Decoction serum (Fig. 4B, P>0.05). Therefore,
Sini Decoction serum significantly modulated the
JAK2/STATS signalling pathway.

Sini Decoction serum activated the p38 MAPK/ERK1/2
signalling pathway

VEGFR2 could promote tumour invasion and
metastasis by activating downstream  signal
molecules, p38MAPK and ERK1/2,*® therefore, both
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Fig. 3 — Effects of Sini Decoction serum treatment on the

transcription of the DII4, Notch-1, VEGFR2, VEGF gene in
HUVECs, using a real-time PCR assay. (A) Effects of Sini
Decoction serum on DII4 gene transcription. (B) Effects of Sini
Decoction serum on Notch-1 gene transcription. (C) Effects of
Sini Decoction serum on VEGFR2 gene transcription. (D) Effects
of Sini Decoction serum on VEGF gene transcription. [L-SN:
HUVECs administerted with 0.925 g/mL of Sini Decoction
serum. M-SN: HUVECs administered with 1.85 g/mL of Sini
Decoction serum. H-SN: HUVECSs administered with 3.7 g/mL of
Sini Decoction serum. “P<0.05, “P<0.01 and “P<0.001 vs.
Control group]
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Fig. 4 — Measurement of JAK2 and STAT3 expression in
HUVECs undergoing Sini Decoction serum treatments.
(A) Western blot images for both JAK2 and STAT3 expression.
(B) Statistical analysis for JAK2 expression in HUVECs.
(C) Statistical analysis for STAT3 expression in HUVECs. [SN-
2h, SN-6h, SN-12h and SN-24h represented the HUVECs
administered with 3.7 g/mL of Sini Decoction serum for 2 h, 6 h,
12 h and 24 h, respectively. “P<0.05, “P<0.01 and “"P<0.001 vs.
Control group]

were determined using a western blot assay (Fig. 5A).
The present data showed that both the p38 MAPK
molecule (Fig. 5B) and the ERK1/2 molecule (Fig.
5C) were markedly down-regulated in HUVECs at all
the culture points (3.7 g/mL of Sini Decoction serum
treated for 2 h, 6 h, 12 h and 24 h), compared to that
of the Control group (P<0.05). Therefore, Sini
Decoction serum remarkably activated the p38
MAPK/ERKZ1/2 signalling pathway.

Sini Decoction serum down-regulated the p-Akt molecule
expression

Due to the existence of the FAK-VEGF-p-Akt axis,
both FAK and p-Akt molecules were also examined
using a western blot assay (Fig. 6A). Data showed
that Sini Decoction serum did not demonstrate
significant effects on FAK expression (Fig. 6B,
P>0.05). However, Sini  Decoction  serum
administration  significantly ~ decreased p-Akt
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Fig. 5 — Effects of Sini Decoction serum administration on the
expression of p38 MAPK and ERK1/2 molecules. (A) Western
blot images for the expression of p38 MAPK and ERK1/2.
(B) Western blot assay for p38 MAPK expression in HUVECs
treated with Sini Decoction serum. (C) Statistical analysis for
ERK1/2 expression in HUVECs treated with Sini Decoction
serum. [SN-2h, SN-6h, SN-12h and SN-24h represented the
HUVECSs administered with 3.7 g/mL of Sini Decoction serum for
2 h, 6 h, 12 h and 24 h, respectively. "P<0.05, “P<0.01 and
“P<0.001 vs. Control group]

expression (Fig. 6C) in HUVECs at 6 h, 12 hand 24 h
culture points, compared to that of the Control group
(P<0.05). Although the Sini Decoction serum had the
strongest effect on the expression of p-Akt, no time-
dependent manner was observed (Fig. 6).

Discussion

Cancer patients who fail
intolerance to chemotherapy, usually prefer the
treatment of Traditional Chinese Medicine.”
According to the theory of Chinese Medicine, patients
with advanced lung cancer have weakened the
resistance of the body to diseases.? In this case, Sini
Decoction, as the representative prescription of Wen-
yang therapy, would play a critical role in treating
lung cancer. However, due to the complicated
ingredients of traditional Chinese Medicine, such as
the multiple anti-tumour effects, the mechanism for

chemotherapy or
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Fig. 6 — Evaluation of the expression of FAK and p-Akt
molecules in HUVECs using a western blot assay. (A) Western
blot images for both FAK and p-Akt expression. (B) Effects of
Sini Decoction serum on FAK expression in HUVECs. (C)
Effects of Sini Decoction serum on p-Akt expression in HUVECs.
[SN-2h, SN-6h, SN-12h and SN-24h represented the HUVECs
administered with 3.7 g/mL of Sini Decoction serum for 2 h, 6 h,
12 h and 24 h, respectively. ““P<0.01 and ““P<0.001 vs. Control

group]

compound prescription has also been unknown until
now.

According to the use of human umbilical vein
endothelial cells (HUVECS) vascular endothelial cells
experiments elsewhere, as well as the indefinite passage
of cells, therefore, HUVECs were applied in this study.
Due to the roles of HUVECs in lung cancer pathological
processes, in this study, the migration of HUVECs and
the formation of tube-shaped structures in HUVECs
were evaluated. Our findings showed that Sini
Decoction serum significantly inhibited HUVECs
migration and obviously suppressed the tube-like
structure formation in VEGF-induced HUVECs. These
results are consistent with the effects of other Traditional
Chinese Medicines on the proliferation and formation of
HUVECs as reported by a previous study.?

Lung cancer always overexpresses the VEGF
molecule, however, the DII4 molecule plays more
critical roles than the VEGF molecule in the tumour
angiogenesis process in recent years>>. Furthermore,
there is a common connection between the DIl14/Notch
signalling pathway and the VEGF/VEGFR signalling
pathway. In stages of tumour angiogenesis, VEGF
could activate VEGFR2 and simultaneously induce
the expression of the DII4 molecule. Interaction
between DII4 and its Notchl receptor could promote
the release of the Notch intracellular domain (NICD),
which further inhibits the expression of the VEGFR2
molecule by regulating transcriptions of targeting
genes of Notch signalling pathways?***. VEGFR2 is
related to the sprouting of new blood vessels, while
DII4 represses tumour angiogenesis?*?*. In summary,
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Fig. 7 — Sini Decoction modulates expression of angiogenesis-associated molecules in HUVECSs via regulating VEGF-DII4/Notchl and

p38MAPK/ERK1/2/p-AKT signalling pathway.
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VEGF could induce DII4 expression and is usually
negatively regulated by DIl4/Notch signalling. Our
results indicated that Sini Decoction serum attenuated
the expression of genes associated with tumour
angiogenesis, including VEGF, VEGFR2, DIl4 and
Notchl, in a dose-dependent manner. Therefore, Sini
Decoction serum reduced HUVECs migration and
suppressed tube-like structure formation in HUVECs
by down-regulating VEGF expression and activating
the DII4/Notch1 signalling pathway.

The JAK2/STAT3 signalling pathway, downstream
of the VEGF/VEGFR signalling pathway, involves
VEGF expression and angiogenesis in the
pathological process of lung cancer”. Furthermore,
the VEGFR2 molecule could promote tumour cell
invasion and metastasis by activating downstream
signalling molecules, such as p38MAPK and
ERK1/2'®. Therefore, signalling molecules, including
JAK2, STAT3, p38MAPK, and ERKL1/2, were
verified in HUVECs. Our results demonstrated that
Sini Decoction serum significantly decreased the
expression of JAK-2, p-AKT, p38MAPK, and
ERK1/2, suggesting that Sini Decoction serum
administration activates the signalling pathway of
JAK2/p-Akt and p38 MAPK/ERK1/2. However, in
this study, no effects of Sini Decoction serum on
STAT3 and FAK expression were discovered.
Therefore, we consider that Sini Decoction serum
does not target STAT3, however, it targets the VEGF
molecule. Additionally, Sini Decoction serum may
exhibit the inhibitory effect on the expression of
AKT, p38MAPK, and ERK1/2 by activating the other
ways rather than modulating VEGFR2 expression.

Currently, more and more patients with advanced
stage lung cancer are willing to accept Traditional
Chinese Medicine (TCM) treatment, however,
mechanisms that undergo TCM and associated
compound prescriptions with significant clinical
effects have not been fully clarified. Our study is
precisely designed to explore whether Sini Decoction
serum inhibits angiogenesis by activating the VEGF-
Dll4/Notch signalling pathways, the above hypothesis
being confirmed by our findings. However, in this
study, it has not been evaluated whether Sini
Decoction plays crucial roles in the effect of lung
cancer angiogenesis (using lung cancer cell lines),
which is a limitation of our study. DIl4 may show
different effects on tumour angiogenesis in different
histological types of lung cancer, while the biological
effects of the Notchl molecule in lung cancer are
determined by oxygen concentration®®**’. The lung

cancer mainly includes squamous carcinoma,
adenocarcinoma, and small cell lung cancer, however,
the object of our study is limited and the experimental
environment is also single. More samples are needed
to be collected to verify the inhibitory effect of Sini
Decoction on different types of lung cancer.
Meanwhile, his study has not verified whether Sini
Decoction generates changes in the molecular
evaluation of lung cancer cells by activating or
inhibiting specific molecular pathways, as well as in
HUVECs. We have not determined the role of Sini
Decoction in modulation of angiogenesis and
identified molecular alterations of cytokines in other
tumour cell lines, which will be clarified in a further
study. Furthermore, the bioactive agents of medicinal
plants could attenuate oxidative injury or oxidative
stress in lung, kidney or other organs®*. In the
following studies, we would also investigate the
effects of Sini Decoction on the oxidative stress in
tumour cells or animal cancer model.

Conclusion

The present study based on the VEGF-DII4/Notch
signalling pathways was attempted to study the
inhibitory effects of Sini Decoction serum on the
expression of molecules with angiogenesis (Fig. 7).
Meanwhile, this study was also expected to complement
a close-blank domain in the mechanisms of Chinese
herbal compound prescription in anti-tumour and
provided the guideline for Sini Decoction in clinical
application. Additionally, Sini Decoction serum also
affected the expression of angiogenesis-associated
molecules by activating the p38MAPK/ERK1/2/p-AKT
signalling pathway. Follow-up experiments would have
made further efforts to discover the effects of Sini
Decaoction on different types of lung cancers.
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