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Abstract

The gallbladder cancer is the most common malignant tumor of the biliary tract and the third most common gastrointestinal malignant tumor 
in the world for public health with extremely poor prognosis. The primary purpose of this study is to investigate the inhibition effects of evodiamine, 
a major alkaloid compound extracted from the dry unripened fruit Evodiae fructus, on the carcinoma of the gallbladder cancer, and explored the 
underlying molecular mechanisms responsible for these effects. Cell viability of NOZ and GBC-SD cells was assessed by CCK-8 and colony forming 
assays. Cell apoptosis was analyzed by Annexin V-FITC and PI double staining flow cytometry and the apoptosis-related DNA damage was detected 
by Immunofluorescence microscopy assays. Western blot analysis was used to analyze the expression of crucial proteins involved in apoptosis, 
autophagy and signaling pathways. In this study, we found evodiamine induced cell viability and colony forming inhibition, apoptosis promotion 
and autophagy inhibition of NOZ and GBC-SD cells in a dose-dependent manner. The activation of p38 MAPK signaling pathway was significantly 
associated with evodiamine-treated apoptosis of gallbladder cancer cells, and the depletion of p53 was related with decreasing autophagy. 
Consequently, we propose that evodiamine may serve as a potential therapeutic agent for gallbladder cancer.
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Introduction
Gallbladder cancer is the most common malignancy of the 

biliary tract. It is a lethal disease for most patients with a very poor 
prognosis and the 5-year survival rate is less than 5%~10% [1-3]. 
The etiology of gallbladder carcinoma remains poorly understood, 
yet the epidemiological studies have showed great disparities in 
geography, ethnic and gender [4,5]. Due to its inconspicuous signs 
and vague symptom, early diagnosis is hard and thus surgical 
resection is the only potentially curative therapy for many patients. 
Nevertheless, most of these patients suffer from recurrence or 
failure of the operation and require more radical therapy [6]. For 
these patients and those with unresectable gallbladder carcinoma, 
chemotherapy and radiotherapy are the remaining options, 
however, the therapeutic effect is not satisfactory at present. 
Accordingly, novel therapeutic strategies and potential anticancer 
drugs against gallbladder cancer are urgently needed.  Evodiamine 
(EVO, Figure 1A) is a major alkaloid compound extracted from  

 
the dry unripened fruit Evodiae fructus, which has been found to  
be effective in the treatment of metabolic disorders, neurological 
disorders, and cardiovascular disorders [7,8]. 

Recent researches have paid more attention to its anticancer activity. 
It’s identified that EVO exerted inhibitory effects on certain kinds of 
cancers, including human ovarian cancer, hepatocellular carcinoma, 
leukemia by anti-proliferative and apoptosis-inducing activities [9-
11]. Studies have shown that the EVO-induced inhibition effects on 
cancer is relevant to cell cycle arrest [12-15], apoptosis [9,16-20], 
autophagy [21,22], and the regulation of certain signaling pathways, 
such as the suppression of JAK2-STAT3 signaling pathway [23,24]
and the down-regulation of PI3K-Akt pathway [25,26]. Apart from 
all these findings, the effect of EVO on gallbladder cancer has not 
been investigated yet, and the potential mechanisms involved 
remain unknown. In this study, we investigated the EVO-induced 
inhibition effects on gallbladder cancer and explored the underlying 
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molecular mechanisms responsible for these effects, which could 
provide experimental evidence for the applying of EVO as a new 

natural anti-tumor medicine for the gallbladder cancer.

Figure 1: EVO inhibited the proliferation and colony formation of NOZ and GBC-SD cells.

Materials and methods
Chemicals and reagents

EVO was purchased from CHENGDU MUST BIO-TECHNOLOGY 
CO,LTD and dissolved in dimethyl sulfoxide (DMSO) to create 
a stock solution(0.1mmol/L),which was stored at −20°C. The 
stock solution was further diluted with culture medium to 
yield the desired concentration. The DMSO concentration was 
kept below 0.1% in cell culture and no detectable effect on cell 
growth or cell death were observed. Cell Counting Kit-8 (CCK-
8), Histone H2A.X(phosphoS139) Elisa Kit were purchased from 
Abcam(ab2893). AnnexinV/ PI Apoptosis Kit was purchased from 
Invitrogen (Carlsbad, CA, USA).

Cell lines and culture
The cell lines NOZ and GBC-SD were purchased from the Cell 

Bank of Type Culture Collection of Chinese Academy of Sciences 
(Shanghai, China). NOZ cells were cultured in William’s medium, 
and GBC cells were cultured in DMEM medium. The media for the 
cell lines were supplemented with 10% fetal bovine serum (Gibco), 
100 μg/mL streptomycin, and 100 U/mL penicillin (Hyclone, Logan, 
UT, USA) and maintained at 37°C in a humidified atmosphere with 
5% CO2.

Cell viability assay
A CCK-8 assay was used to evaluate NOZ and GBC-SD cell 

viability. Cells were seeded into 96-well plates at a density of 
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2000 cells /well and were cultured for approximately 24h. Various 
concentrations of EVO were subsequently added, and the cells were 
incubated for 24h, 48h or 72h.Then the CCK-8 (10μl) was added and 
incubated for 2h in the dark. Absorbance was measured at 450nm 
using a microplate reader (Bio-Tek, Winooski, VT, USA). IC50 was 
measured by Graphpad Prism 5.

Colony formation assay

NOZ and GBC-SD cells were plated into a 6-well culture plate 
(500 cells/well) and allowed to adhere for 24h. After adherence, 
NOZ cells were treated with EVO (0,0.025,0.1,0.4μmol/L) and the 
GBC cells with EVO (0, 0.05, 0.2, 0.8 μmol/L). The cells were allowed 
to form colonies in complete medium for 7 days. Then, the colonies 
were fixed with 4% paraformaldehyde for 15 min, stained with 
0.1% crystal violet (Sigma-Aldrich) for 30 min. After washing, the 
plates were air-dried, and the stained colonies were photographed 
using a microscope (Leica, Wetzlar, Germany). The total number of 
colonies (>50 cells/colony) was counted manually.

Cell apoptosis assay

The GBC-SD and NOZ cells were treated with EVO for 48 h. 
Adherent cells were then harvested by trypsinization, and floating 
cells were also harvested. After washing twice with cold PBS, the 
cells were resuspended at a density of 1×106 cells/mL. Next, 100 
μL of binding buffer containing 5 μL of Annexin V-FITC and 5 μL of 
PI working solution (100 μg/mL) was added to the cells, followed 
by incubation for 15min in the dark. Finally, the samples were then 
immediately analyzed by flow cytometry (BD Biosciences, San 
Diego, CA, USA).

Immunofluorescence 

GBC-SD cells were treated with EVO for 48 h. After washed with 
PBS, the cells were fixed with cold 4% paraformaldehyde for 30 min 
and then washed again with PBS. Triton X-100 (0.05%) was added 
for 5 min to permeabilize the cells. The cells were blocked with 
bovine serum albumin then incubated with the primary antibody, 
after washed with PBS, the cells were incubated with rabbit anti-
human γ-H2AX (Abcam, ab2893) conjugated with fluorescein 
isothiocyanate for 1 hour at room temperature. The cells were then 
washed again with PBS and stained with DAPI (4’,6-diamidino-
2-phenylindole) and examined on a microscope (Leica, Wetzlar, 
Germany).

Western blot analysis

The GBC-SD cells and NOZ cells were treated with EVO for 48 
h. Then, the cells were lysed in a RIPA buffer (Beyotime Institute 
of Biotechnology, Shanghai, China) and protease inhibitor (Roche 
Applied Science, Indianapolis, IN, USA). Protein con-centration 
was determined using the BCA Protein Assay (Beyotime Institute 
of Biotechnology). Protein samples were separated using sodium 
dodecyl sulfate polyacrylamide gel electrophoresis and transferred 
to polyvinylidene difluoride membranes (Millipore, Bedford, MA, 
USA). Membranes were then incubated with respective primary 
antibodies, followed by HRP-conjugated secondary antibodies. 
Proteins were visualized using the Gel Doc 2000 (Berkeley, California, 
USA). β-actin antibody was used as an internal control for whole cell 

lysates. The antibodies used which is related with apoptosis were 
Bax, Bcl-2, cleaved caspase-3, cleaved caspase-8,cleaved poly(ADP-
ribose) polymerase (PARP), P38, p-P38(Thr180/Tyr182). 

RNA extraction and real-time quantitative RT-PCR

NOZ and GBC-SD cells were plated into a 6-well culture plate 
(105 cells/well) and allowed to adhere for 24h before treatment. 
After adherence, NOZ cells were treated with EVO for 24h. Then total 
RNA was extracted according to the manufacturer’s instructions 
(TRIzol, Invitrogen, USA). RNA (2 μg) was reverse transcribed into 
cDNA (PrimeScript RT Master Mix (RR036A Takara)). Quantitative 
TNF-α mRNA levels were assessed using SYBR® Premix Ex Taq™ 
(RR420A Takara) according to the manufacturer’s protocol. GAPDH 
was used as an internal control. The qPCR primer sequences 
were as follows: TNF-α, F5’-CCTCTCTCTAATCAGCCCTCTG-
3 ’, R 5 ’ - G A G G A C C T G G G A G TA G A T G A G - 3 ’ ; G A P D H , F 5 ’ -
ACTTTGGTATCGTGGAAGGAC,R5’-GGATGATGTTCTGGAGA-GCC. 
Conditions were as follows: 95 °C for 30s, then 40 cycles of 95 °C for 
5 s, 60 °C for 30 s. Each reaction was performed in triplicate.

Statistical analysis

All data and results were confirmed in at least 3 independent 
experiments. The results of each experiment are presented as 
mean ± SD or as indicated. Student’s t-test was used to compare the 
difference between treated groups and their controls using SPSS 
version 19.0 software (IBM Corporation). A P-value of less than 
0.05 was considered significant for all tests.

Results

EVO inhibited viability of NOZ and GBC-SD cells

The CCK-8 was carried out to test cell viability. Treatment with 
EVO resulted in a marked decrease in viability of NOZ and GBC-SD 
cells in a dose-dependent and time-dependent manner (Figure 
1B). The IC50 values (the concentration of drug inhibiting 50% of 
the cells) of NOZ and GBC-SD cells at 48 h were around 0.8 and 1.5 
μmol/L. According to the viability curve, we chose 0,0.25,1,4μmol/L 
and 0,0.5,2,8μmol/L as the optimum concentration respectively for 
NOZ and GBC-SD cells in the following experiments. To investigate 
the independent growth of cells, the ability of GBC-SD and NOZ 
cells in the presence of EVO to form colonies was assessed by the 
flat plate colony formation assay (Figure 1C). The colony count 
indicated that EVO induced a dose-dependent decrease in colony 
formation. The numbers of colonies of EVO-treated GBC-SD and 
NOZ cells was significantly lower than those in the control group 
(Figure 1D). These findings demonstrated that EVO significantly 
inhibited the viability and proliferation of NOZ and GBC-SD cells.

EVO induced apoptosis in GBC-SD and NOZ cells 

We used annexin V-FITC /PI staining and flow cytometry to 
examine whether EVO-induced growth inhibition was a result 
of apoptosis. As shown in (Figure 2A), EVO induced a dose-
dependent increase in the percentage of apoptotic cells and the 
dose of 4 μmol/L for NOZ cells and 8 μmol/L for GBC cells had a 
more significant apoptosis-inducing effect when compared to the 
control group. To determine the effect of EVO treatment on genomic 
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DNA damage and repair, γ-H2AX expression was measured by 
immunofluorescence in GBC-SD cells. EVO increased γ-H2AX foci in 

a dose-dependent manner, which suggests EVO promoted cellular 
genomic DNA damage (Figure 2B).

Figure 2: EVO induced NOZ and GBC-SD cells apoptosis through p38 MAPK pathway.

EVO enhanced extrinsic apoptosis by promoting the p38 
MAPK-TNF pathway

To investigate the underlying mechanism of EVO-induced 
apoptosis, western blot was performed to evaluate the expression 
of apoptosis-related proteins. Treatment with EVO up-regulated 
the expression of cleaved caspase-3, cleaved caspase-8, cleaved 
PARP and Bax while down-regulated the expression of Bcl-2 in a 
dose-dependent manner (Figure 2C). The decreasing ratio of Bcl-
2 to Bax advanced cell apoptosis. Caspase-8 and caspase-3 bear 
the central part in extrinsic apoptosis. Activated caspase-8 and 
caspase-3 indicated that EVO could promote extrinsic apoptosis in 
NOZ and GBC-SD cells.

P38 MAPK pathway plays an important role in the growth of 
various tumors, which is associated with apoptosis, inflammation 
and invasion. In order to demonstrated whether the p38 MAPK 
pathway is associated with EVO-induced apoptosis, we estimated 
the related protein expression by western blot analysis, as shown in 
Figure 2D, the expression level of p-p38 increased significantly in a 
dose-dependent manner while the p38 expression had no apparent 
change in NOZ and minorly decreased in GBC-SD cells which 
indicated the activation of p38 MAPK pathway to induce extrinsic 
apoptosis of the gallbladder cancer. Furthermore, tumor necrosis 
factor-α(TNF-α), a major mediator of extrinsic apoptosis, may 
participated in cell apoptosis induced by P38 MAPK pathway. Thus, 
we evaluated the expression of TNF-α by RT-PCR and found that 
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the expression of TNF-α mRNA increased tremendously (Figure 
2E), which suggests the activation of p38 MAPK-TNF-α pathway to 
induce extrinsic apoptosis of the gallbladder cancer cells.

EVO inhibits autophagy by depletion of p53 in GBC-SD 
and NOZ cells

Moreover, western blot analysis of autophagy markers was 
performed to determine the cellular autophagy inhibited by EVO. 
As shown in Figure 3, western blot revealed that the expression 

of Beclin-1 was down-regulated while p62 was up-regulated with 
the increasing concentration of EVO. And the LC3II was decreasing 
in dose- dependent manner. Furthermore, the depletion of p53 
can inhibit autophagy. We also found the level of active p53 was 
reduced in a dose- dependent manner, which was associated 
with the inhibition of autophagy induced by EVO.  In this part, we 
demonstrated that EVO attenuated autophagy with specifically 
autophagy-related proteins, which was regulated by p53/mTORC1-
associated anti-autophagic pathway.

Figure 3: EVO inhibits the autophagy of NOZ and GBC-SD cells.

Discussion
While the diagnostic and treatment techniques of the 

gallbladder carcinoma are progressing ceaselessly, there is no 
effective adjuvant therapy yet. Recent studies have identified 
that Chinese medicines play a significant part in cancer therapy. 
Evodiamine has been discovered to have inhibitory effects on 
certain kinds of cancers. Hence, we investigated the EVO-induced 
inhibition effects on the carcinoma of the gallbladder and explored 
the underlying mechanisms. In our study, we found that EVO 
remarkably inhibited the viability by promoting extrinsic apoptosis 
with related caspases activation through p38 MAPK pathway and 
inhibited autophagy in a dose-dependent manner in vitro and vivo. 
All these experiments above confirmed that the EVO has powerful 
anti-cancer effects against gallbladder cancer.

P38 MAPK pathway regulates various cellular activities 
concerned with cancer development, including proliferation, 
differentiation, apoptosis and inflammation [27,28] Tumor necrosis 
factor-α(TNF-α), which is major mediator of extrinsic apoptosis, 
was initially considered only to be secreted by inflammation-related 
cells such as macrophages, but more recent research has found that 

a wide variety of tumor cells can secrete TNF-α, including breast, 
ovarian, colon cancers [29]. P38 MAPK pathway can be activated 
by various types of cellular stress such as oxidative, genotoxic, and 
osmotic stress and maybe more importantly by pro-inflammatory 
cytokines such as TNF-α [27]. p38 MAPK pathway regulates the 
expression of TNF-α. MK2 and MK3 are two downstream kinases 
phosphorylated and activated by p38, which phosphorylate mRNA-
binding protein tristetraprolin (TTP).

TTP decreases TNF biosynthesis by binding to TNF mRNA and 
thus suppressing its translation. Phosphorylation of TTP by MK2 
neutralizes the function of TTP, which promotes the expression 
of TNF and triggers the process of extrinsic apoptosis [30], while 
in the meantime, RT-PCR results exhibit the increased expression 
of TNF-α. Our western blot results show that the expression of 
p-p38, cleaved-caspase 8 and cleaved-caspase 3 increased in a 
dose-dependent manner, indicating the activation of p38 MAPKs 
pathway and extrinsic apoptosis. Therefore, we hypothesize that 
EVO-induced extrinsic apoptosis may be due to over-expression 
of TNF initiated by p38 MAPKs. Furthermore, autophagy and 
apoptosis are controlled by multiple common upstream signals, 
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and generally autophagy inhibition can enhance apoptosis [31,32]. 
Firstly, autophagy usually dismantles the cell before apoptosis, thus 
inhibition of autophagy can lead to apoptosis when severe stress 
occurs. 

Moreover, autophagy can selectively target pro-apoptotic 
proteins which have already been ubiquitylated. Such a modification 
enables them to interact with autophagy receptors, namely 
adaptors, including p62, which bind with both ubiquitylated 
substrates and LC3. Thus, inhibition of autophagy can promote 
apoptosis. For instance, due to the selective removal of cleaved 
caspase-8 mediated by autophagy, downregulation of its function 
enable colon cancer cells and hepatocyte to increase apoptosis by 
augmentation of caspase-8 activity [33,34] In our research, the 
inhibition of autophagy caused by EVO may have the same effect on 
strengthening apoptosis with up-regulation of cleaved caspase-8 
in extrinsic apoptosis pathway. Thirdly, p38 MAPK pathway 
itself possibly control the balance of apoptosis and autophagy in 
response to EVO. The p38 MAPK plays a positive role in apoptosis 
as mentioned above while exerts negative effects in the process of 
autophagy. It has been proved that suppression of the p38 MAPK 
pathway promotes autophagic cell death in TNF-α-treated L929 
cells [35]. 

Analogously, triterpenes induces autophagy in colon cancer 
through the inhibition of p38 MAPK[36]. Although the mechanisms 
between p38 MAPK pathway regulation and autophagy remain 
largely unknown, the phosphorylation of the autophagy-related 
5 (Atg5) at threonine 75 through p38 MAPK may associate with 
down-regulation of autophagy [37]. In our results, we have found 
that the inhibition of autophagy is induced by EVO, which was 
probably due to the phosphorylation of Atg5 mediated by the 
activation of p38 MAPK pathway according to the mechanisms 
mentioned above. On the whole, our study showed that EVO is 
a potent viability inhibitor of gallbladder cancer cells, and the 
inhibition was time and dose-dependent. The underlying molecular 
mechanisms are associated with activation of extrinsic apoptosis 
regulated by p38 MAPK pathway and inhibition of autophagy 
through p53-mTORC1 pathway. Furthermore, p38 MAPK may act as 
a common cross-talk pathway to balance the effect of apoptosis and 
autophagy. Therefore, we hold a strong belief that EVO could be a 
novel promising agent for the treatment of gallbladder cancer cells.
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