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Abstract

Ligustrazine is a Chinese herb (Chuanxiong) approved for use as a medical drug in China. Recent evidence suggests that ligustrazine has prom-
ising antitumor properties. Our preliminary results showed that ligustrazine could inhibit the growth of human renal cell carcinoma (RCC) cell
lines. However, the complicated molecular mechanism has not been fully revealed. Therefore, the purpose of this study to investigate the mech-
anism of ligustrazine resistance in human RCC cells. Cell proliferation, migration, invasion, and colony-formation ability of RCC cells A498
were detected by MTT assay, clonal formation rates, and transwell chamber assay in vitro. The expression of epithelial-mesenchymal transition
(EMT)-related proteins were analyzed using western blot test. The effect of ligustrazine on the growth of A498 cells in nude mice was investi-
gated in vivo. Our results showed that ligustrazine could significantly inhibit the proliferation, migration, and invasion of A498 both in vivo and
vitro. Western blot analysis showed that the expressions of EMT-related, N-cadherin, snail, and slug proteins were significantly decreased in
A498 in the ligustrazine treatment group. This study indicated that ligustrazine could significantly inhibit the malignant biological behaviors of
RCC cell lines, possibly by inhibiting the EMT process.
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urological cancers, 20-30% of patients present with met-

Intr ion S . .
troductio astatic disease. Surgery remains the primary treatment

Renal cell carcinoma (RCC) is one of the most malignant modality. Small tumors are increasingly managed with
tumors of the urogenital system, the global incidence of biopsy, minimally invasive interventions, and surveillance.
this disease is continuously increasing. Despite diagnos- Increasingly, data reveal the molecular disease background;
tic advances, RCC is still the most lethal of the common however, in-depth study is necessary (3, 4), including
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multimodal, integrated, personalized care to help further
understand the disease and lead to new treatments. Tumor
invasion and metastasis are complex mechanisms; the mul-
tistep basement membrane damage process is an early event
(5). Epithelial-mesenchymal transition (EMT) plays a vital
role in kidney cancer development, invasion, and migration
(6, 7). The degree of EMT in tumors directly determines
the malignant degree of tumors. The most prominent fea-
ture of EMT is the downregulated expression of epithelial
marker E-cadherin, while it upregulated the expression of
N-cadherin interstitial cell marker protein and related tran-
scription factors. EMT can be activated by different signal-
ing pathways, such as Notch and Wnt, which are regulated
by intracellular transcription factors Snail and Slug to
induce EMT. Therefore, we predict that regulating transcrip-
tion factors involved in EMT can prevent or inhibit cancer
cell invasion and metastasis (8, 9).

Ligustrazine is a bioactive alkaloid extracted from the tra-
ditional Chinese herbal medicine Ligusticum Chuanxiong
Hort, which has long been used to treat neurovascular, car-
diovascular, and liver diseases in China (10-13). Ligustrazine
is also an approved drug in China for rheumatoid arthri-
tis, ranked first according to the synergistic score (14). In
recent years, ligustrazine and chalcones have been reported
to be used for various biological activities, including anti-
cancer effects (15), such as colorectal cancer, ovarian can-
cer, and hepatocellular carcinoma (16-18). In our previous
study (19), we found that ligustrazine possesses the activity
of antiproliferation and apoptosis induction in RCC cell
lines. However, the mechanisms have not been clearly elu-
cidated as yet. Therefore, this study explores the molecular
mechanism of ligustrazine on RCC invasion and metastasis,
and provides valuable new targets for clinical research of
antirenal cell cancer drugs.

Materials and Methods

Cells proliferation, migration, and invasion
analysis

MTT method was used to test the proliferation of ligustra-
zine on A498 cells. Five groups of ligustrazine concentration
were set up: 1.5, 3, 6 and 8 mM. They were incubated with
A498 cells for 24, 48, and 72 h, respectively. Fluorescence
flow cytometry (FCM) was applied to analyze the effect of
ligustrazine on cell cycle arrest of A498 cells. Four groups
of ligustrazine concentration were set up, and after incuba-
tion with A498 cells for 24, 48, and 72 h the cells were col-
lected. Transwell assays were conducted using a transwell
chamber coated with or without Matrigel. Cell migration
and invasion experiments were carried out. Basal membrane
was laid in the cell invasion chamber. The migratory func-
tion of A498 cells was evaluated using a modified Boyden

chamber (Transwell; Corning Life Sciences, Inc., Tewksbury,
MA, USA) assay with a polycarbonate filter with 8-um pores
placed between the upper and lower chambers. In brief, at
0 and 12 h of incubation with different concentrations of
ligustrazine, cells were treated with or without 2 pg/ml cispla-
tin containing 1% FBS and added (1x10° cells/100 pl) to the
upper chamber. The lower chamber was filled with complete
medium in the presence of 10% FBS. After a 48-h incuba-
tion at 37°C under 5% CO,, cells that had not migrated were
removed, whereas migrated cells were fixed in 4% parafor-
maldehyde for 10 min at room temperature and stained with
the Crystal Violet Staining Solution kit (Solarbio, Beijing
Solarbio Science & Technology Co., Ltd., Beijing, China).
The number of migrated cells was counted using a Nikon
Eclipse 90i microscope.

Colony-forming assay

As previously described, the cell colonies were fixed with
70% ethanol and then stained with a crystal violet solution.
Briefly, cells were untreated or treated with ligustrazine at a
dose of 0, 1.5, 3, 6 and 8 mM. for 48 h. cells were seeded
into 6-well plates at a density of 1000 cells in 2 ml of com-
plete medium per well 300 cells per well. Following another
14 days in drug-free culture, cells were fixed and stained with
crystal violet to visualize colonies. Experiments were per-
formed in triplicate and more than 50 cells were counted.

Growth of tumors analysis in nude mice

16 six-week-old nude mice were randomly divided into con-
trol group and treatment group (n=5). Two groups of nude
mice were inoculated with A498 cells in logarithmic growth
phase. Ligustrazine drug treatment group was given 5 mg/kg
once every 3 days. Tumor size was measured twice a week
after subcutaneous tumorigenesis. Nude mice were executed
27 days later. Tumor growth curves of two groups of nude
mice were drawn.

Western blotting

One part of each tumour tissue were pulverized in liquid
nitrogen and cytosolic, and nuclear proteins were extracted
using NE-PER nuclear and cytosolic extraction reagents
(Pierce). Protein extraction buffer and equal amounts of
protein were denatured and separated by sodium dodecyl
sulfatepolyacryl-amide gel electrophoresis (SDS-PAGE).
Protein concentrations were assessed using the BCA Protein
Assay kit (Santa Cruz Biotechnology). 10 ug of total protein
were electrophoresed on 4-20% gradient SDSPAGE gels and
transferred to a nitrocellulose membrane. The expression of
EMT related proteins were analyzed by western blot analy-
sis. Primary antibodies of N-cadherin, Snail and Slug used in
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this study, goat anti-Rabbit IgG (H&L) HRP conjugated was
used as the second antibody.

Statistical analysis

Data were presented as means + standard deviation. ANOVA
and paired or unpaired t-tests were performed for statistical
analysis as appropriate. Statistical analysis was carried out
using the SPSS software. P < 0.05 was considered statisti-
cally significant.

Results

Effect of ligustrazine on proliferation, migration,
and invasion of renal cell carcinoma

MTT assay results showed that ligustrazine effectively
inhibited the viability of human clear cell renal cell carci-
noma (ccRCC) A498 cells and has a dose-dependent inhi-
bition rate (P < 0.05, Figure 1). The cell cycle was detected
by flow cytometr, the results showed that ligustrazine signif-
icant prolong A498 cells GO/G1 phase. With the increasing
of drug concentration. the prolongation was more obvious
(P < 0.05, Figure 2). Transwell assays were performed to
determine the effects of ligustrazine on the migration and
invasion of RCC cells; our results showed that the migra-
tory ability of the A498 was inhibited with different con-
centrations of ligustrazine through a Transwell insert filter
at 48 h (P < 0.05, Figures 3 and 4). The above results indi-
cated that ligustrazine could inhibit the proliferation and

Ligustrazine and renal cell carcinoma

migration of A498 cells in a time- and dose-dependent
manner.

The effect of ligustrazine on the growth of tumors
in nude mice

Animals were sacrificed, tumors were excised, and the tumor
weight was recorded. Nude mouse tumor formation experi-
ment results showed that the growth of tumors was inhibited
in animals given 5 mg/kg of acceptor subcutaneously. There
was no significant difference in terms of mental status and
body weight between the two groups. It is concluded that
ligustrazine could effectively inhibit the growth rate of A498
cells in nude mice subcutaneously, and it has lower toxicity
and better safety (Figure 5).

Effect of ligustrazine on EMT

The western blot results showed that the protein expres-
sion levels of N-cadherin, Snail, and Slug were significantly
downregulated when the cells were treated with different
concentrations of ligustrazine for (P < 0.05, Figure 6). These
results revealed that the effect and mechanism of ligustrazine
on A498 cells was related to suppress the process of EMT.

Discussion

This study showed that ligustrazine could significantly
inhibit growth, invasion, and migration in RCC cell lines
A498. Moreover, ligustrazine suppressed the EMT pathway
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Figure 1: The growth inhibition effect of ligustrazine on A498 cells by MTT assay. The cells were treatment with ligustrazine at

each concentration for 24, 48 and 72 h.
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Figure 2: The effects of ligustrazine on cell cycle by flow cytometric analysis. ligustrazine significantly extend the cycle of GO/G1.
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Figure 3: Tumor cell clone formation assays. ligustrazine significantly reduced colony-forming efficiency in a dose-dependent

manner.

through downregulation of the protein expression levels of
the epithelial marker in the A498 cells line.

Ligustrazine has been widely used in the clinical treatment
of neurovascular, cardiovascular, and liver diseases in China
(20, 21). In addition to the application of ligustrazine in the
traditional field, some new pharmacological activities have
been found, such as free radicals, improved microcirculation,
and antitumor effects (10-14).

Studies have shown that ligustrazine has definite clini-
cal efficacy for cerebral infarction, however, the statistical

analysis of safety evaluation is still lacking. Therefore, it is
necessary to carry out multicenter, large sample, high-quality
double-blinded, randomized controlled trials in future
researches (22, 23).

RCC is the sixth most frequently diagnosed cancer in men
and tenth in women worldwide, accounting for 5 and 3% of
all oncological diagnoses, respectively, and about 140,000
RCC patients deaths yearly. RCC comprises a diverse group
of malignancies arising from the nephron, and is character-
ized by genetic mutations in factors governing the hypoxia
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Figure 4: Cell migration analysis by transwell assays. ligustrazine significantly reduced the ability of A498 cells migration in a

dose-dependent manner.
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Figure S: Effect of ligustrazine on growth of tumors. 5 mg/kg
of ligustrazine subcutaneously in nude mice.

signaling pathway, resulting in metabolic dysregulation,
heightened angiogenesis, intratumoral heterogeneity, and
deleterious tumor microenvironmental cross talk. ccRCC
is the most prevalent type. Identifying specific genetic vari-
ances has led to therapeutic innovations and improved sur-
vival for patients with ccRCC. Current barriers to effective
long-term therapeutic success highlight the need for contin-
ued drug development using improved modeling systems.
Yet, the breadth of important unanswered questions in
ccRCC research far exceeds the accessibility of model sys-
tems capable of carrying them out (24, 25). Although RCC
is often treated by chemotherapy, the side effects of this
treatment are not well tolerated by several patients. There-
fore, novel drugs with low toxicity and high efficiency are
urgently required for RCC. Our previous study demonstrated

that ligustrazine inhibited growth and induction of apopto-
sis in clear cell RCC in a concentration- and time-dependent
manner (26). However, the potential mechanism is still not
clear. A498 cells, an RCC cell line, were used to assess the
inhibitory growth effects of ligustrazine using the MTT
assay and Transwell cell migration and invasion in vitro. In
the prsent study, MTT results showed that compared with
control group, the concentration of every other group of
ligustrazine can inhibit A498 cell proliferation, and with the
increase of drug concentration and longer duration of inhi-
bition, the more obvious, whic confirmed that ligustrazine
can effectively inhibit A498 cell proliferation.

Cell migration and invasion ability of tumor cells in the
body is transferred to the distal form the main cause of
new lesions, especially the strength of the invasive ability of
tumor cells, the strength of its infiltration ability of normal
tissue, patients with tumor in most of the cause of death is in
the body diffusion transfer form eventually led to the death
of many of the lesions (27, 28). Transwell cell migration and
invasion experiment results showed that ligustrazine has
inhibitory effect on A498 cell migration and invasion. The
inhibition are present time dose dependent. The experimen-
tal results showed that when compared with control group,
the different concentrations of ligustrazine could signifi-
cantly inhibit A498 cells proliferation, migration and inva-
sion in a time-and dose-dependent manner.

Cell growth cycle is divided into two stage, interphase and
including the early stage of the DNA synthesis (Gl phase),
DNA synthesis of late stage (S) and DNA synthesis (G2).
Certain conditions, the cells can stop temporarily out of the
cell cycle divided, into the GO. In this experiment, the flow
cytometry results showed that ligustrazine could multiply
GO0/G1 phase cells, cells were slower in entering the S-phase
of the cell cycle, these results suggested that reduction of
cell growth of ligustrazine perhaps related to apoptosis or
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Figure 6: Western blot analysis the protein expression of epithelial-mesenchymal transition marker Snail, Slug and N-cadher in

A498 cell.

necrosis. The cell cycle detection experiment in this study
is not perfect, and it is not clear yet, and will be further
observed and studied in the futures. Taken together, the pres-
ent study showed that ligustrazine could significant inhibi-
tion the proliferation of A498 cells.

A lot of research confirmed that EMT is associated with
clear cell renal cell carcinoma a invasion and metastasis, the
extent of the tumor cells occur EMT directly determines the
degree of malignant tumor. EMT occurs with significant
morphological changes, show the epithelioid cells and stro-
mal cells increased less. The salient characteristics of EMT
is epithelial markers E-cadherin expression quantity, at the
same time N-cadherin interstitial cell marker protein expres-
sion and transcription factors related to the rise. EMT can
through different signaling pathways such as Notch and
Wnt pathways activated, these molecular pathways within
cells by transcription factor q and Slug control to induce the
occurrence of EMT (29, 30). The results showed that ligus-
trazine could significantly decrease the protein expression of
N-cadherin, snail and Slug.

In summary, the present study confirmed that ligustrazine
could significantly inhibition of the RCC cells line prolifer-
ation, migration and invasion in vitro and vivo by inhibiting
the EMT progression. As we all know, subcutaneous admin-
istration is not optimal research, those can not be clarified
in the present study and would need further investigations.
Collectively, ligustrazine, a traditional Chinese medicine,

has been proved to inhibit EMT in many kinds of tumors,
but it has not been fully studied in renal cell carcinoma, this
study confirmed the effect and mechanism of ligustrazine on
human renal cell carcinoma, which will be of great signifi-
cance for the future clinical application of anti-tumor of uri-
nary system.
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