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Liguisticum wallichii inhibits renal carcinoma 
progression by downregulating UBE3A and 
through suppression of NF-κB signaling
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ABSTRACT. Renal carcinoma accounts for a fifth of the morbidity 
among malignant tumors in China. Ubiquitin-protein ligase E3A 
(UBE3A) plays an important role in the occurrence and development of 
gene mutation-induced diseases. This study was designed to investigate 
the mechanism of Liguistium wallichii in treating renal carcinoma. 
Hematoxylin and eosin staining was applied to detect the pathological 
changes in a rat renal carcinoma model. The experimental group 
received L. wallichii treatment at 100 mg/kg every 48 h for 4 weeks, 
while the control group only received normal saline. The proliferation 
index Ki67 was measured by immunohistochemistry. Primary renal 
carcinoma cells were isolated and UBE3A expression was measured by 
quantitative polymerase chain reaction. The related signaling pathway 
was screened by the Pathway Finder Array. pP65 nuclear import was 
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detected by immunofluorescence. A total of 60 rats were used for the 
renal carcinoma model, of which 58 rats were successfully established 
and equally divided into two groups: L. wallichii and normal saline. 
Ki67 expression decreased in the L. wallichii group and was upregulated 
in the normal saline group. Histological analysis showed significant 
renal cell nucleus division in the normal saline group. The UBE3A 
level decreased after L. wallichii treatment compared to the level in 
the normal saline group. The Pathway Finder Array revealed that the 
NF-κB signaling pathway was activated, and pP65 presented obvious 
nuclear import in the normal saline group. In conclusion, L. wallichii 
inhibits renal carcinoma progression by downregulating UBE3A and 
suppressing the NF-κB signaling pathway.
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INTRODUCTION

Renal carcinoma is a type of malignant disease in the urinary organ, and its survival 
rate is extremely low. One of the main reasons is that it can invade and migrate to peripheral 
tissues (Wieloch et al., 1996). The treatment of renal carcinoma has improved with advances 
in science and technology, but the overall survival rate is still low. Renal carcinoma treatment 
is a worldwide medical problem, and is difficult to be completely resected (Longa et al., 1989; 
Traina et al., 2011). Therefore, understanding the molecular mechanism of the invasion of 
renal carcinoma is quite important, especially for improved clinical treatment.

Ubiquitin-protein ligase E3A (UBE3A), also known as E6AP ubiquitin-protein ligase 
(E6AP) is an enzyme synthetized by the UBE3A gene, which is located on chromosome 15 
(Xiong et al., 2000; Chung et al., 2010) and its relationship with inflammation and cancer has 
been widely investigated. The maternal UBE3A gene can be normally expressed, while the 
paternal gene cannot be expressed because of antisense RNA interference produced by the 
adjacent SNRPN gene (Gyenes et al., 2010; Britschgi et al., 2012). Recent studies have revealed 
that UBE3A participated in liver fibrosis by regulating HSCff6 in hepatitis (Alessandrini et al., 
1999; Gonzalez-Zulueta et al., 2000). It was reported that UBE3A expression was reduced in 
breast cancer compared with mammary gland fibroma and further declined in severe breast 
cancer patients, suggesting that UBE3A plays an inhibitory role in breast cancer growth 
(Heiss, 1983). In addition, UBE3A has also been demonstrated to play an important role in the 
pathogenesis of prostate cancer and its higher expression was correlated with prostate cancer 
progression and specific death (Birch et al., 2014). However, the role of UBE3A in renal 
carcinoma remains poorly understood.

Ligusticum wallichii (ChuanXiong) is a Chinese medicinal herb that has been used 
orally with other herbs to treat heart and brain diseases. Previous studies have indicated the 
possible link between the plant and heart disease. L. wallichii could improve blood fluidity 
(Yan and Luo, 2002) and inhibit endothelial cell damage (Wang et al., 2013) and vascular 
smooth muscle cell proliferation (Liang et al., 2005). Several studies demonstrated that L. 
wallichii could be used to treat headache, pregnancy pain, post-natal bruising, new born pain, 
wind attack, migraines, schwindlig, pregnancy, postpartum abdominal pain and pediatric head 
pain (Ozawa et al., 1999; Sugino et al., 2000; Wu et al., 2000).
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Considering the role in regulating the expression of UBE3A (Horowitz and Ospina-
Giraldo, 2015), whether L. wallichii is involved in the development or pathogenesis of renal 
carcinoma remains to be elucidated. The aim of the present study was to explore the impact of 
L. wallichii on renal carcinoma and its related mechanism.

MATERIAL AND METHODS

Renal carcinoma model establishment

A total of 60 rats aged 8 weeks were purchased from Weifang Medical University. 
The 20-methylcholanthrene (0.1 g/mL) was from Sigma. The thread was immersed in 
20-methylcholanthrene and embedded into the kidney for 4 months to induce renal carcinoma. 
The experimental group received L. wallichii treatment at a dosage of 100 mg/kg every 48 h 
for 4 weeks, while the control group only received normal saline.

Rats were used for all experiments, and all procedures were approved by the Animal 
Ethics Committee of the Affiliated Hospital of Weifang Medical University.

Primary renal carcinoma cell extraction

The rats were dissected after anesthesia to extract renal tissue. Then, the tissue was 
collected in HBSS-2 fluid and grinded. Next, the cortical fragment was moved to HBSS-2 fluid 
containing 0.025% enzyme for digestion at 37°C for 15 min. After washing with HBSS-2 fluid 
containing 10% fetal bovine serum twice, the fragment was cultured in primary cell medium 
(0.5 mM l-glutamine, 25 µM l-glutamic acid, 2% B27, and 0.12 mg/mL gentamycin). The 
Petri dish was soaked in polylysine. The cells were seeded at 1 x 105 cells/cm2 and cultured at 
37°C and 5% CO2. The cells were used for experiments after 8 days cultivation.

Quantitative polymerase chain reaction (qPCR)

The cells were added to Trizol and centrifuged at 4°C and 12,000 rpm for 10 min. 
The supernatant was moved to a new Eppendorf tube with a 1/5 volume of chloroform. 
After vibration for 15 s, the liquid was centrifuged at 4°C and 12,000 rpm for 15 min. 
After adding an equal volume of isopropanol, the liquid was further centrifuged at 4°C 
and 12,000 rpm for 15 min. Then, the sediment was added with 75% ethanol [dissolved in 
diethylpyrocarbonate (DEPC) water] and centrifuged at 4°C and 12,000 rpm for 5 min. The 
RNA was dissolved in 20 µL DEPC water after air drying. Next, RNA was reverse transcribed 
to cDNA using the kit (TaKaRa) for PCR. The primers used were as follows: UBE3A, 
F-GCCGGUCAUGUCCAAAGUATT, R-UACUUUGGACAUGACCGGCTT and GAPDH, 
F-GCCCTGAGGGCCCGAACTGTTACT, R-CAGACGCACGGCTTTGACCTTCTT. The 
PCR consisted of 95°C for 10 min, followed by 40 cycles of 95°C for 30 s, 55°C for 30 s, and 
72°C for 30 s. The melting curve was analyzed.

Signaling pathway screening

The Mouse Signal Transduction Pathway FinderTM (PAMM-014Z) was used for 
signaling pathway screening. Total RNA was extracted and centrifuged on a 96-well plate. The 
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reaction system contained 2X RT2 SYBR Green Mastermix, 1 µL cDNA, and 2 µL ddH2O. 
The reaction was performed at 95°C for 10 min, followed by 40 cycles of 95°C for 30 s, 55°C 
for 30 s, and 72°C for 30 s. The melting curve was analyzed.

Hematoxylin and eosin (H&E) staining

The tissue was fixed in formalin and dehydrated. Next, the tissue was embedded and sliced 
at 4 mm. After baking at 65°C for 1 h, the tissue was dewaxed and stained with H&E. After sealing, 
the section was observed under a microscope and diagnosed by three different pathologists.

Immunofluorescence

The cells were fixed and blocked with 10% bovine serum albumin for 50 min. After 
incubation with anti-pP65 primary antibody (Sigma, 1:100) overnight and secondary antibody 
(Santa, 1:100), the cells were stained with DAPI for 10 min. Finally, the cells were washed 
with phosphate buffered saline and observed under a microscope.

Statistical analysis

The data was analyzed using the SPSS11.0 software. A chi-square test was used for 
data comparison. An unpaired two-tailed Student t-test was used for the comparison of UBE3A 
expression between control and experimental groups. P < 0.05 was considered statistical 
significance. Each experiment was repeated at least three times.

RESULTS

Ki67 expression in the renal carcinoma model

Of a total of 60 rats, renal carcinoma was successfully established in 58 (96.7%). 
Abdomen apophysis and H&E staining were used as criteria for evaluating the changes. 
H&E staining showed obvious nuclear division and large nuclei (Figure 1A). The 
experimental group received L. wallichii treatment at a dosage of 100 mg/kg every 48 h 
for 4 weeks, while the control group only received normal saline. As shown in Figure 1B, 
after L. wallichii treatment, Ki67 expression was reduced. However, it was upregulated in 
the normal saline group (Figure 1B).

L. wallichii suppressed UBE3A activity

A previous study showed that L. wallichii treatment can effectively suppress tumor 
activity. However, whether L. wallichii affects UBE3A expression remains poorly understood. 
qPCR was used to measure the expression of UBE3A after L. wallichii treatment, and it 
was revealed that the UBE3A level declined after treatment compared with the level in the 
normal saline group (Figure 2A). In addition, RNA was further used for Pathway Finder Array 
screening and it was found that NF-κB signaling pathway-related genes were upregulated 
in the normal saline group (Figure 2B). These data suggest that L. wallichii might regulate 
UBE3A expression or the NF-κB signaling pathway.
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Figure 1. A. Hematoxylin and eosin staining of renal carcinoma model. B. Ki67 expression in Liguistium wallichii 
treatment group.

Figure 2. A. Ubiquitin-protein ligase E3A (UBE3A) expression in two groups. B. Pathway Finder Array screening 
of NF-κB signaling pathway-related genes. ***P < 0.001.

L. wallichii inhibited NF-κB signaling pathway activity

To further evaluate the effect of L. wallichii on the NF-κB signaling pathway, an 
immunofluorescent assay was performed, and it was demonstrated that the pP65 nucleus 
import obviously declined in the L. wallichii treatment group, suggesting that the NF-κB 
signaling pathway was inhibited. On the contrary, pP65 presented obvious nuclear import in 
the normal saline group (Figure 3).
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Figure 3. Liguistium wallichii treatment inhibited NF-κB activity.

DISCUSSION

Renal carcinoma has stronger invasion and a lower 3-year survival rate compared with 
other tumors. A recent study revealed that renal carcinoma can be characterized by immune 
cell infiltration, accompanied by stem cell and epithelial mesenchymal transition (Lechner 
et al., 2010). Microcirculation appears to be severely impaired and tissue ischemia edema 
is aggravated during cancer cell growth, leading to tissue ischemia and edema. This vicious 
cycle is responsible for genetic changes. In this process, excessive inflammation increases 
vascular permeability and release of inflammatory signal factors to reduce tumor deterioration 
(Seung et al., 1995). The inflammatory response has a close relationship with genetic changes. 
It was found that excessive UBE3A activation leads to cell proliferation in children. Zylka 
reported that importing the mutation to the animal model resulted in excessive growth of the 
subcutaneous transplantation tumor (Yi et al., 2015). Their findings pointed out that excessive 
UBE3A activation may be the cause of exuberant cell proliferation (Danna et al., 2004). 
Consistent with this finding, our results revealed that L. wallichii effectively downregulated 
UBE3A expression while retarding cell proliferation. Previous studies demonstrated that L. 
wallichii may change cell polarity (Amini et al., 2012), and this may affect UBE3A expression 
(Men et al., 2015). Thus, we speculated whether L. wallichii affects UBE3A expression by 
influencing the cell’s polarity. Pathway Finder screening showed that the NF-κB signaling 
pathway presented significant changes. Immunofluorescence also detected that the pP65 
nucleus import was decreased, suggesting that L. wallichii may reduce tumor cell proliferation 
by inhibiting UBE3A expression and suppressing NF-κB signal transduction.

NF-κB is a widely investigated signaling pathway, while NF-κB pP65 nuclear 
translocation is critical for NF-κB signal transduction. It can regulate related targets to produce 
complicated physiological effects (Hock et al., 2003). For example, it participates in regulating 
cell growth, programmed cell death, and inflammation or immune response. NF-κB is also a 
common signaling pathway related to inflammation, whereas inflammation aggravation may 
lead to cancer. Upregulation of inflammatory factors can activate other inflammatory cytokines 
to form a positive feedback, eventually leading to inflammation generalization. Effective 
controlling of inflammatory cytokine release and alleviating the inflammatory response 
may block tumor cell proliferation. In line with this, our results confirmed that L. wallichii 
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restrains renal carcinoma development through downregulating UBE3A and suppression of 
NF-κB signaling. However, the exact mechanism by how UBE3A regulates NF-κB signal 
transduction remains unclear and requires further investigation. In addition, a previous study 
demonstrated that the MAPK signaling pathway was involved in the inhibition of cell growth 
in human renal cell carcinoma patients treated with docetaxel (Han et al., 2016). Whether L. 
wallichii affects the MAPK signaling pathway remains to be elucidated in the future.

In conclusion, our study demonstrated that L. wallichii restrains the progression and 
development of renal carcinoma through downregulating the UBE3A/NF-κB signaling pathway.
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