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Background: Esophageal squamous cell carcinoma (ESCC) is a common malignant tumor of
the digestive system. Studies have shown that pseudolaric acid B (PAB) has several pharmaco-
logical effects like anti-microtubule, anti-angiogenesis, and antitumor functions, while the effect
and mechanism of PAB on esophageal cancer are still unclear. This study was designed to
investigate the effects of PAB on ESCC.

Methods: To study the effects of PAB on the biological function through a series of in vitro
and in vivo experiments.

Results: The results revealed that PAB inhibited the proliferation, invasion, and migration,
but promoted the apoptosis of ESCC. Moreover, PAB restrained the growth of cancer cells
in vivo and inhibited the angiogenesis of HUVEC in mice with ESCC. CD147 expression
was increased in the esophageal squamous cell lines, and interference with CD147 hindered
the proliferation, invasion, and migration of ESCC cells, and inhibited the growth and
angiogenesis of the esophageal squamous cell line. PAB reduced the expression of CD147
in vivo and in vitro. The expression of MMP2, 3, and 9 was increased after overexpression of
CD147, which provided the opportunity to reverse the role of PAB in inhibiting proliferation,
invasion, migration, and angiogenesis of ESCC.

Discussion: The results revealed that PAB inhibited the proliferation, invasion, migration,
and angiogenesis of ESCC in vitro and in vivo by CD147. PAB is a promising monomer for
therapy of ESCC, providing references for future research on ESCC treatment.
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Introduction

Esophageal cancer is one of the most common malignant tumors that seriously
endanger human’s life and health." Esophageal cancer mainly includes esophageal
squamous cell carcinoma (ESCC) and esophageal adenocarcinoma exhibiting two
kinds of pathological types.” At present, the pathogenesis of ESCC is not fully
understood. Due to the insidious onset of ESCC, the patients are mostly diagnosed
in the progressive stage. Even through there are comprehensive treatment options
such as surgery, radiotherapy, and chemotherapy, the 5-year survival rate is only
15-25%.** In this process, the monomeric compounds of traditional Chinese
medicine (TCM) play an important role in the antitumor toxicity reduction and
synergism.’ Therefore, it is of great significance to searching for a new drug that
can block tumor metastasis with clear molecular targets, which has also become the
focus in ESCC research.
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Pseudolaric acid B (PAB), extracted from the golden
larch root and the trunk of diterpenoid acids, has a long
history and is a kind of clinically applied TCM extract,
with many biological activities, including antifungal, antifer-
tility, cytotoxicity, antibacterial microtubule protein, antitu-
mor, and anti-angiogenesis activities.®® Previous studies
have also shown that PAB induces growth inhibition in
different types of cancer via cell cycle arrest and apoptosis
induction, such as ovarian cancer, lung cancer, prostate can-
cer, and leukemia.”'® PAB has considerable cytotoxicity
against several cancer cell lines in the brain, colon, lung,
breast, and kidney.'"'? In the study of early pregnancy ter-
mination induced by artificial embryonic stem cells,
researchers found that artificial embryonic stem cells may
have anti-angiogenic effects.'® Other studies have demon-
strated that PAB can inhibit HUVEC proliferation and down-
regulate the expression of VEGF and HIF1a.'*'® Therefore,
the first part of this paper aims to explore the role of PAB in
ESCC and its effect on the angiogenesis.

Recent studies have elucidated that PAB can directly
target CD147, thus playing an anticancer role.'® CD147 is
found on the surface of lung cancer cell lines and can induce
the synthesis of MMP family proteins.!” A large number of
studies have shown that overexpression of CD147 can pro-
mote the development of colon cancer, liver cancer, and other
'%19 and CD147 can inhibit the angiogenesis of
lung cancer by inhibiting the expression of VEGF.?

cancer types,

Interestingly, previous studies have attested that expression
of CD147 is increased in patients with ESCC, and it is related
to the basic clinical characteristics.*' > However, the speci-
fic study of CD147 in ESCC is still unknown. Therefore, this
paper also aims to explore the expression of CD147, probe its
role in biological activity and angiogenesis, and investigate
whether it involves the modulation of the invasion, migra-
tion, and angiogenesis by PAB in ESCC cells.

Materials and Methods

Cell Culture and Reagents

Human TE-1, ECA-109, KYSE410, and KYSE520 cells of
ESCC were incubated in RPMI-1640 medium (Hyclone,
USA) with 10% fetal bovine serum (Gibco, USA) and 2 mL-
glutamine, 100 U/mL penicillin, and streptomycin at 37°C
within a humidified atmosphere of 5% CO,. PAB were pur-
chased from the National Institute for the Control of
Pharmaceutical and Biological Products (Beijing, China).
The ESCC cells of experimental groups were treated with
various concentrations of PAB (0.5, 2, 5, and 10 uM) for 24,

48, and 72 hours. The cells were incubated in the absence of
PAB as the control group.

Cell Transfection

Short hairpin RNA (shRNA) for CD147 gene (shRNA-CD147
-1 and shRNA-CD147-2), appropriate negative control (sh-
NC), Overexpression-CD147, and Overexpression-NC were
transfected into TE-1 cells when the cells reached 70-80%
confluence. Transfection was carried out using Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA), according to the man-
ufacturer’s instruction. The cells were cultured for 24—72 hours
at 37°C following transfection. The transfection efficiency of
shRNA- CD147-1/2 and Overexpression-CD147 was detected
by Western blot and RT-qgPCR.

Cell Counting Kit-8 (CCK-8) Assay

After human TE-1, ECA-109, KYSE410, and KYSE520
cells were treated with PAB at various concentrations, cells
were seeded in 96-well plates at a density of 1x10° cells/mL
and incubated at 24, 48, and 72 hours. Subsequently, 10 uL
CCK-8 reagent (Roche Diagnostics, Basel, Switzerland) was
added into each single well. Following 1 hour of incubation,
the absorbance of CCK-8 was measured by an automated
plate reader at 490 nm (Bio-Rad, Hercules, CA, USA).

Wound Healing and Transwell Assays

The TE-1 cells were plated in 6-well microplates and cul-
tured at 37°C until a single cell distribution formed. A sterile
plastic pipette tip was used to produce a double-sided wound
in cell monolayer. Then, cells were cultured in serum-free
RPMI-1640 for 24 hours. Cell gaps were observed under an
inverted microscope and images of the wound sites were
captured at specific time points. The migratory ability was
quantified by measuring the total number of cells in the
scratched regions. After 48 hours transfection, the upper
chamber was immersed with serum-free RPMI-1640, while
RPMI-1640 medium containing 10% FBS was added to the
lower chamber. After incubation for 24 hours, the non-
migrated cells in the upper inserts were removed by a cotton-
tipped swab. The migrated cells were stained with crystal
violet. Image-Pro Plus 6.0 was applied to count the number
of cell migration and invasion.

Flow Cytometry

The cell apoptosis was conducted using an Annexin
V-fluorescein isothiocyanate (FITC)/propidium iodide (PI)
cell apoptosis kit (KeyGen, Nanjing, Jiangsu, China). Briefly,
cells in each group were sorted onto 6-well plates at the density
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of 2x10° cells per well, after which they were stained with the
mixture of 5 uL Alexa Flour 488 AnnexinV-FITC and 1 pL PI
(100 mg/mL), followed by incubation at room temperature in
the dark for 15 minutes. Next, each well of cells were treated
with 400 pL 1xAnnexin binding buffer and then the cell
apoptosis was detected using a flow cytometer.
Approximately 1x10* cells were included and the percentage

of Annexin V+ (apoptotic) cells in each group was evaluated.

Animal Experiments

The animal experiments were performed in accordance with
China Animal Protection Law, and the protocols were
approved by the Animal Care and Use Committee of the
Chongqing University Cancer Hospital. Female BALB/c
mice (nu/nu; 4 weeks old, 18—22 g weight) were purchased
from the Shanghai SLAC Animal Center (Shanghai, China).
All animals were housed in temperature-controlled cages
(temperature 20-25°C, humidity 20-30%) with free access
to water and food. All animals received the human care and
experimental procedures. All experimental operations were
approved by the Ministry of Health of the People’s Republic
of China (documentation number 19890503). Measures were
taken to minimize animal suffering and the animal work took
place in the animal laboratory of Chonggqing University
Cancer Hospital. The mice were quickly asphyxiated to sacri-
fice after excess ingestion of isoflurane. Then 10, 20, or 30 mg/
kg of PAB was injected into thw abdominal cavity to establish
the subcutaneously transplanted tumor animal model.

Western Blot Analysis

ESCC cells were collected and total proteins were harvested
using RIPA lysis buffer (Beyotime Institute of Biotechnology).
The protein concentration was then determined using the BCA
method (Beyotime Institute of Biotechnology). The protein (30
grams/lane) was isolated by SDS-page gel at 10% and then
transferred to PVDF membrane. After being sealed with 5%
milk at room temperature for 2 hours, primary antibodies were
incubated overnight at 4°C. The membrane was then incubated
with the corresponding horseradish peroxidase (HRP)-labeled
secondary antibody at room temperature for 2 hours, and the
protein expression was detected using ECL detection reagent
(EDM Millipore).

Quantitative Reverse Transcription
Polymerase Chain Reaction (qQRT-PCR)

Total RNA samples were thawed on ice. Reverse tran-
scription was performed according to the instructions of

the PrimeScript RT reagent (TaKaRa, Otsu, Shiga, Japan).
The reverse transcription was conducted at 42°C for 30
minutes. qRT-PCR was performed using the SYBR Green
Master Mix I (TaKaRa) on the ABI 7900 Fast Real-Time
PCR System (ABI, Foster City, CA, USA). The reaction
conditions were set as follows: Initial denaturation at 95°C
for 5 minutes. Amplification of 45 cycle consists of three
steps: a denaturation step at 95°C for 30 seconds, an
annealing step at 60°C for 30 seconds, and a final exten-
sion of 10 minutes at 72°C. GAPDH was used as the
housekeeping gene and relative quantification was per-

formed using the 2 4T method.

Statistical Analysis

The experimental data were expressed as the meantstan-
dard and were analyzed with SPSS v11.5 (SPSS Inc.,
Chicago, IL, USA). A one-way ANOVA followed by
a Tukey’s or Dunnett’s test was performed using
GraphPad Prism 5 software (GraphPad Software, Inc.)
to determine statistical comparisons between groups.
A value of P less than 0.05 was considered to indicate
a statistically significant difference.

Results
PAB Inhibited the Proliferation and

Invasion Abilities of ESCC Cells in vitro
The inhibition ratio of ESCC cells (TE-1, ECA-109,
KYSE410, and KYSES520) was markedly enhanced with the
increasing of PAB dose and treatment time (Figure 1A-D),
demonstrating that PAB played a negative role in cell activity
of ESCC cells. Downregulation of the proliferation-related
protein (Ki67) and vascular endothelial growth factor
A (VEGFA) observed by Western blot also demonstrated
that PAB hindered cell proliferation (Figure 1I). Then, as
shown in Figure 1E-H, wound healing and transwell assays
assessed the migration and invasion of TE-1 cells. The PAB
group presented less migrative and invasive cells compared
with the control group, as evaluated by transwell assay and
wound healing assay. In addition, PAB reduced the expression
of matrix metalloproteinase-2, —3, and -9 (MMP2, MMP3,
and MMPY), indicating the potential mechanism of PAB by
modulating cell migration and invasion.

PAB Induced Cell Apoptosis in ESCC Cells
To analyze the mechanism under the significant inhibition
effect of PAB on ESCC cells, the apoptosis was analyzed by
flow cytometry with annexin V-FITC staining. The results
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Figure | PAB inhibited the proliferation and invasion ability of ESCC cells in vitro. The inhibition ratio of ESCC cells TE-1 (A), ECA-109 (B), KYSE410 (C), and KYSE520
(D) was markedly improved with the increasing of dose and treatment time of PAB. (E-H) Wound healing and transwell assays were used to assess the migration and
invasion in TE-| cells. (I) PAB reduced the expression of matrix metalloproteinase-2, —3, and -9 (MMP2, MMP3, and MMP9), proliferation-related protein (Kié7), and
vascular endothelial growth factor A (VEGF A). *P<0.05, **P<0.01, ***P<0.001 vs 0 uM.

showed that PAB could induce ESCC cell apoptosis
(Figure 2A). Furthermore, the results of Western blot showed
that PAB could significantly downregulate Bcl-2 protein
expression and upregulate Bax, Cleaved caspase-3, and —9
expression (Figure 2B). The results were consistent with
those of flow cytometry.

Efficacy of PAB in Xenograft Experiments
in vivo

To further determine the role of PAB in vivo, an ESCC-
bearing nude mice model was established and then treated
with PAB. In the PAB mice model, PAB injection inhibited
the tumor proliferation and resulted in smaller tumor size.
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Figure 2 PAB induced cell apoptosis in ESCC cells. (A) The percentages of cell apoptosis were analyzed by flow cytometry with annexin V-FITC staining. (B) Western
blotting analysis was performed to investigate the expression of apoptosis-related proteins. *P<0.05, **P<0.01, ***P<0.001 vs 0 uM.

Moreover, administration of PAB substantially hampered
tumor expansion at later time points, causing significant
reduction in final tumor volume (Figure 3A and B) and
weight (Figure 3C and D), compared with the control
group. The MMP2, MMP3, MMP9, Ki67, CD43, and
VEGFA protein expression was also down-regulated
(Figure 3E), which indicated that PAB repressed the
growth of ESCC-bearing mice.

PAB Suppressed the Angiogenesis of
HUVEC

We further investigated the effect of PAB on tumor angio-
genesis in  vivo, medium (CM) with various
concentrations of PABs (0.5, 2, 5, and 10 pM) was
added to HUVEC cells and cultured for 24 hours. The
results displayed that PAB inhibited HUVEC angiogenesis
(Figure 4A). Furthermore, a Transwell chamber was used
to observe the migration ability of HUVEC by PAB. The
analysis of the results showed that, compared with the
control group, HUVEC in the filtration membrane of the
experimental group was reduced, suggesting that PAB had
the ability to inhibit the migration of endothelial cells
(Figure 4C). VEGF plays a critical role in endothelial

cells. We next determined the effect of PAB on VEGFA
expression and found that PAB treatment markedly
decreased the protein expression of VEGF and VEGFR
in HUVEC cells in a dose-dependent manner (Figure 4B).

The Role of CD147 in ESCC

The latest study showed that PAB can directly target
CD147 to play its anticancer role by using chemical pro-
teomics. It was viewed that the protein and mRNA expres-
sion of CD147 was significantly increased in ESCC cells
relative to HEEC cells. And the highest levels of CD147
were observed in TE-1 cells (Figure 5A). Then, the inter-
fering plasmid of CD147 was constructed, and the inter-
fering effect was detected by qRT-PCR and Western blot
(Figure 5B). Knocking down CD147 in TE-1 cells sup-
pressed cell growth rate (Figure 5C). In addition, transwell
assays further confirmed that CD147 knockdown impeded
TE-1 cells migration and invasion (Figure 5D—G). Western
blot also indicated that Ki67, VEGFA, MMP2, MMP3,
and MMP9 in CD147
knockdown cells, hinting the potential mechanism of

expression was decreased

CD147 by modulation of cell migration and invasion
(Figure 5H).
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Interference with CD147 Inhibited the
Growth and Angiogenesis of ESCC Cells

To confirm the in vitro effects of CD147 in vivo, we applied
a ESCC xenograft model by subcutaneously transplanting
shRNA-CD147-1 or shRNA-CD147-2 cells into nude mice
randomly (shRNA-CD147-1 group and shRNA-CD147-2
group). Silencing of CD147 substantially repressed tumor
expansion, along with a significant decrease in final tumor
volume (Figure 6A and B) and weight (Figure 6C and D),
compared with the control group. The MMP2, MMP3,
MMP9, Ki67, CD43, and VEGFA protein expression was
accordingly down-regulated (Figure 6E), indicating that
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interference with CD17 inhibited the growth of esophageal
squamous cell cells. Furthermore, interference with CD17
could weaken the angiogenesis of ESCC cells (Figure 7A),
with marked decrement of the mRNA and protein expres-
sion of VEGF and VEGFR in HUVEC cells (Figure 7B).
Furthermore, compared with the control group, HUVEC
numbers in the filtration membrane of the experimental
group were lowered, and interference with CD147 had an
inhibitory effect of the migration of endothelial cells
(Figure 7C).

PAB exerted antitumor
overexpression.
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Figure 6 Interference with CD17 inhibited the growth of ESCC. CD 147 inhibition substantially repressed tumor expansion, with an obvious decrease in final tumor volume
(A-B) and weight (C-D) compared with the control group. (E) The relative MMP2, MMP3, MMP9, Ki67, CD43, and VEGFA protein expression was down-regulated.

#P<0.05, *P<0.01, **P<0.001 vs control.
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Subsequently, the CD147 overexpression vector was
transfected into TE-1 cells to determine whether CD147
served a role in the effects of PAB on cell proliferation,
migration, and angiogenesis. The transfection efficacy of
CD147 (Oe-CD147) in TE-1 cells was determined using RT-
gPCR and Western blot (Figure 8A). The expression level of
CD147 in vivo and in vitro was detected by Western blot
analysis, which showed obvious reduction under exposure to
increasing concentration of PAB (Figure 8C-D). The trans-
fection of Oe-CD147 reversed the suppressive effects of PAB
on cell proliferation (Figure 8B) and migration (Figure 8E—
I). Taken together, these results suggested that PAB exerted
antitumor effects following CD147 overexpression.

Discussion

Previous studies have shown that PAB has a strong cyto-
toxic effect on lung cancer, gastric cancer, liver cancer,
prostate cancer, cervical cancer, and many other tumor
cells,”*?” but the specific mechanism of its antitumor
effects on ESCC is unclear, which may include inhibition
of cell proliferation, cell cycle arrest, apoptosis induction,
as well as repression of cell invasion and metastasis, etc.
Recently, new progress about Hibiscus acid has been made
in the study of antitumor mechanism of peracetic acid, such
as induced autophagy of tumor cells, iron death, chemother-

apy, and radiosensitization. Previous researches have

reported that PAB is an anti-tubulin agent, which can induce
cell cycle arrest of tumor cells by inhibiting the aggregation
of tubulin.?® Yu et al***° found that PAB inhibits the growth
of SW579 cells by interfering with a-tubulin polymeriza-
tion and promoting cell cycle arrest. The results of Wen

I*" showed that Hibiscus acid could inhibit the prolifera-

eta
tion and mitosis of colorectal cancer cells. PAB can promote
the apoptosis of many tumor cells, including hepatocarci-
noma, lung cancer, breast cancer, melanoma, and rectal
cancer. Guan et al'® discovered that Hibiscus acid could
effectively inhibit Wnt signal and PAX2 expression,
increase Bcl-2-related X protein (Bax) expression level,
and induce HeLa cell apoptosis. In addition, Choi et al’
reported that Hibiscus acid promotes the apoptosis of hn22
cells by increasing the expression level of Caspase-8 and
activating the exogenous apoptosis pathway mediated by
death receptor 5 (DRY). In this study, we unveiled that PAB
inhibited cell proliferation, invasion, and migration, but
activated apoptosis of esophageal squamous carcinoma
cell line TE-1. We established in vivo? ESCC-bearing
mice and found out that PAB could restrict the tumor
growth in vivo. The antitumor effects of PAB were verified
by in vivo and in vitro experiments.

CD147 mainly exists in the genital tract, eyes, brain, and
muscles. In malignant tumors, the CD147 level is often
overexpressed. Overexpression of CD147 is related to
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Figure 8 PAB possessed antitumor effects following CD 147 overexpression. The transfection efficacy of CD 147 (Oe-CD147) in TE-| cells was determined using RT-qPCR
and Western blot (A). The expression levels of CD 147 in vivo and in vitro were detected by Western blot analysis. The expression of CD 47 decreased with the increasing
of PAB concentration (C-D). The transfection of Oe-CD 147 abolished the effects of PAB on cell proliferation (B) and migration (E-I). *P<0.05, **P<0.01, ***P<0.001 vs
control or 0 uM. #P<0.05, *#P<0.01, *#P<0.001 vs OE-CDI47 or 10 pM.
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tumor progression and prognosis. High expression of

CD147 usually indicates poor prognosis in patients. Tian

132

et al’ demonstrated that CD147 is highly expressed in

1*? proved that CD147 is a predictor
S

astrocytoma. Liu et a
of poor prognosis in breast cancer patients. Ju et al””" found
that CD147 is overexpressed in more than half of primary
cervical cancers. Besides, Nakamura et al*® reported that
CD147 is increased in endometrial cancer tissues. Similarly,
high expression of CD147 is a poor prognostic factor in
endometrial cancer patients. Zhao et al*® showed that the
CD147 mRNA and protein levels in ovarian borderline
tumors and epithelial cancer tissues were higher than
those in benign ovarian tumors and normal tissues, and
CD147 expression was positively correlated with tumor
stage, dedifferentiation, and Ki-67 expression. The cumu-
lative survival time and the relapse-free survival time of
patients with high CD147 expression is shorter. From the
above studies, we can see that CD147 is a molecule related
to the degree of malignancies. In this study, we uncovered
that CD147 expression in esophageal squamous cancer cells
was increased, and the interference of CD147 can repress
the proliferation and migration, restrain the growth of the
esophageal squamous cancer cells in the body, and also
inhibit angiogenesis of esophageal squamous cancer cells.
Using chemical proteomics technology, PAB was revealed
to directly target CD147, thus giving play to the role of anti-
cancer.'® Currently, it was discovered that PAB inhibited the
expression of CD147 in vivo and in vitro, and overexpres-
sion of CD147 restored the expression of MMP2, 3, and 9.
Additionally, overexpression of CD147 neutralized the sup-
pression of PAB on proliferation, invasion, migration, and
angiogenesis of ESCC cells. In this study, we found that the
expression of CD147 in ESCC cell lines was increased, and
interference with CD147 could hamper the proliferation,
invasion, and migration in vitro, inhibit the tumor growth
in vivo, and impede angiogenesis.

Angiogenesis during tumorigenesis leads to aggressive
and poor prognosis of ESCC. New blood vessels expand to
provide oxygen and nutrients to proliferating tumor cells
and also act as conduits for migration. Thus, understanding
the molecular mechanisms that contribute to angiogenesis
and anti-apoptosis may be beneficial for determining the
biological basis of ESCC and improving its treatment.
Angiogenesis refers to the process in which new capillaries
germinate or divide from the original vessels through the
activation, proliferation, migration, and channelization of
endothelial cells. Growth of blood vessels is necessary for
tumor growth and metastasis as blood vessels provide

nutrients to tumor cells and remove waste from tumor
cells.’” In this work, PAB repressed the angiogenesis of
HUVEC and interference with CD17 inhibited the growth
and angiogenesis of ESCC cells. VEGF and VEGFR2-
mediated signal transduction and angiogenesis play a vital
role in the pathogenesis of gastric cancer.*®*” PAB-induced
anti-metastasis effect can also be attributed to its inhibitory
effects on ECM processing and angiogenesis, which was
manifested through decreased expression of MMP9, HIF-1,
VEGF, and VEGFR2, and increased expression of
E-cadherin and Ezrin. In addition, VEGF has been reported
to induce the expression of anti-apoptotic protein Bcl-2 and
down-regulate the expression of pro-apoptotic proteins Bax
and caspase-3, consistent with this study.

Conclusion

In conclusion, PAB inhibited the proliferation and invasion
properties of ESCC cells in vitro and promoted cell apopto-
sis in ESCC cells. We observed that Ki67, VEGFA, MMP2,
MMP3, and MMP9 expression was dramatically decreased
in CD147 knockdown cells, indicating the potential mechan-
ism of CD147 to modulate the cell migration and invasion.
Besides, interference with CD147 inhibited the growth and
angiogenesis of ESCC cells. PAB exerted antitumor effects
following CD147 overexpression, indicating that the PAB
may be a novel therapeutic target for the treatment of ESCC.
These results can be used for further study of the application
of PAB as a pharmacological agent.
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