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Abstract
Background and Aim: Receptor interacting protein(RIP)-1 is thought to have a significant 
role in inflammation signaling pathways; however, the role of RIP-1 in malignant tumors 
is largely unknown. Methods: The present study examined the functions and underlying 
mechanisms of RIP-1 in gallbladder cancer in vitro and in vivo. In this study we determined 
the expression and role of RIP-1 in 60 clinical specimens from patients with gallbladder 
cancer and 3 gallbladder cancer cell lines. Using siRNA targeting RIP-1, plasmid vectors 
(phU6-EGFP-puro/siRIP-1) were constructed and transfected into the gallbladder cells 
to characterize the biological effect of RIP-1. Results: In vitro experiments indicated that 
silencing of RIP-1 in NOZ cells significantly suppressed growth and invasion. Furthermore, 
silencing of RIP-1 affected the RIP1-NF-κB/c-jun(AP-1)-VEGF-C pathways in NOZ cells. 
Silencing of RIP-1 in vivo inhibited tumor growth in a NOZ cell subcutaneous xenograft 
model. Immunohistochemstry analysis of the tumor in thesubcutaneous xenograft model 
also suggested that RIP-1 mediates the expression of VEGF-C. Conclusion: We have 
elucidated therelationship between RIP-1 overexpression and the growth and invasion of 
gallbladder cancer from clinical specimens using a xenograft model. We provide evidence 
that a reduction in the expression of RIP-1 in gallbladder cancer cells can exert inhibitory 
effects on the ability of cells to grow and invade in vitro. Thus, targeting RIP-1may be 
useful in the treatment of gallbladder cancer.
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Introduction

Gallbladder cancer is a very rare, highly-lethal disease. Gallbladder cancer is the 
most common malignant tumor of the extrahepatic biliary tract and the seventh common 
gastrointestinal carcinoma [1]. Gallbladder cancer is highly invasive and aggressive and 
carries a dismal prognosis. The 5-year survival rate for all stages of gallbladder cancer is 
approximately 5% [2, 3]. A total of 10310 cases of gallbladder cancer were diagnosed in 2013 
[4]. Although, gallbladder cancer is an uncommon disease, there is a very high incidence of 
gallbladder cancer in some regions, such as Chile, where gallbladder cancer has the highest 
mortality rate [5]. Thus, there it is important to study gallbladder cancer in relation to human 
health. The etiology of gallbladder cancer is unknown, although genetic and environmental 
factors, infections, and calculi are considered to play important roles. Indeed, most of the 
risk factors associated with gallbladder carcinoma are related to inflammation [6, 7].

The relationship between inflammation and cancer dates back to ancient time. Rudolf 
Virchow first advanced the hypothesis that inflammation and cancer co-existed in 1863 [8]. 
Subsequent research has shown that inflammation promotes the growth and metastasis of 
cancer [9, 10].

The specific mechanism by which inflammation promotes the progression of malignant 
tumors has not been elucidated. The death domain-containing kinase receptor interacting 
protein(RIP-1, RIPK-1) was first described in a yeast two-hybrid screen, hence the designation 
‘receptor-interacting protein’ [11]. RIP-1 plays an important role during cellular stress 
caused by different factors, such as inflammation and DNA damage. Different cell signals 
are transmitted by various cellsurface receptors, then the cascade of events are initiated 
by activated RIP-1. Among these events, the most important response is RIP-1 activation of 
transcription factors (NF-κB [12-14]and AP-1 [15, 16]), which trigger a gene expression and 
promotes cell survival and differentiation. Therefore, we concluded that RIP-1 is a crucial 
regulator of cell survival and is a pivotal component of the inflammation-signaling pathway 
[12, 17].

The activation of NF-κB in human cancer is very common, and as a result, promotes 
growth and invasion of cancer cells [18-20]. NF-κB activation is involved in cancer cross-
talk inflammation, and the inflammation in turn promotes tumor progress, as evidenced 
by results in an animal model and cell experiments [21, 22]. In our previous study [23], 
we demonstrated that activation of  NF-κB plays an important role in gallbladder cancer 
progression.

Thus, RIP-1 may play an important role in the occurrence and development of tumors. 
Park et al. [24] reported that patients with glioblastomas who had increased expression of 
RIP-1 had a markedly worse prognosis. Park et al. [24] reported that RIP-1 is overexpressed 
with an increase in the malignant grade of glioblstoma. A recent study reported that the 
K562 and HL60 leukemia cell lines with knockdown of RIP-1 were sensitized by induced 
apoptosis [25]. When RIP-1 was silenced using a selective siRNA in A549 and H460 cells 
lines, the migration and invasion abilities of these cells lines were reduced [26].

However, the role of RIP-1 mediating the migration and invasion of neoplasm cells is 
largely unknown. The precise mechanism underlying RIP-1 promotion of cancer migration 
and invasion is not well understood. Therefore, the purpose of this study was to characterize 
the role of RIP-1 using gallbladder cancer as an example. We analyzed the biological functions 
and underlying mechanisms of RIP-1 in human gallbladder cancer cell lines and addressed 
the role of RIP-1using a xenograft mouse model in the present study.

Materials and Methods

Patient Samples and data collection
The study of human gallbladder cancer tissue was approved by the Ethics Committee of the Affiliated 

Union Hospital of Fujian Medical University. 60 formalin-fixed and paraffin-embedded gallbladder cancer 
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samples and 17 samples of  normal gallbladder tissues that were located away from the cancer were used 
as contorls. These samples were provied by Pathology Department and Fujian Institute of Hepatobiliary 
Surgery of the Affiliated Union Hospital of Fujian Medical University. The patient group samples were 
conserved during the period from 2000 to 2012, and the patient group was composed of 24 men and 36 
women with amedian age of 59 years. All gallbladder cancer patients included in present study had not been 
given any preoperative chemotherapy or other therapy such as radiotherapy.

Immunohistochemistry and evalution
Serial 4μm slices were obtained from formalin-fixed and paraffin-embedded tissues specimens. After 

deparaffinization in turpentine and rehydration in alcohol gradient, tissue sections were incubated in 3% 
hydrogen peroxide(H2O2) for 25min at room temperature to block the activity of endogenous peroxidase. 
Then the tissue sections antigen-retrieved by boiling the sections in a microwave for 12 min in citrate buffer 
(PH 6.0) and cooled at room temperature for 45min and then followed by a wash step with phosphate 
buffered saline(PBS). The non-specific antigen of sections were blocked by 20-min in appropriate normal 
serum that were diluted in PBS. The tissue sections were then incubated in a 1:500 dilution of mouse 
monoclonal anti-human RIP-1 antibody or a 1:350 dilution of rabbit polyclonal anti-human VEGF-C 
antibody(in the mice model parts) and placed on the sections overnight in humidified boxes at 4°C. Then the 
sections were washed with PBS for 3min and 3 times followed by an incubation with an UltraSensitive S-P kit 
(Maixin-bio, Fuzhou, China) according to the manufacturer’s instructions. The sections were visualized with 
3,3-diaminobenzidine(DAB) for 4-6min. Counterstaining was carried out with hematoxylin and the sections 
were dehydrated, then mounted. For a negative control, PBS was substituted the primary antibody. Cells 
with a deposition of buffy-colored granules in the cytoplasm were scored as RIP-1 or VEGF-C positve. The 
expression of RIP-1 and VEGF-C were evaluated using the Image-Pro Plus 6.0 software (Media Cybernetics, 
Inc. USA). Three slices were randomly selected for each group and five fields were selected for each slice. 
Semiquantitatively analysed the expression of RIP-1 and VEGF-C in each group using Mean Optical Density 
(MOD)= the Integral Optical Density(IOD)/the positive area, in fifteen fields respectively.

Cell culture
The gallbladder cancer cell line, SGC-996, was provided by the Tumor Cytology Research Unit, Medical 

College, Tongji University, Shanghai, China. GBC-SD cells were purchased from Shanghai Institutes for 
Biological Sciences in China. NOZ cells were obtained from the Health Science Research Resources Bank in 
Japan, which were isolated from ascites derived from a 48-year-old female gallbladder cancer patient [27]. 
All three cell lines were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM) included with 10% fetal 
bovine serum(FBS). All of the cells were incubated in at 37°C in a humid atmosphere of 5% CO2/95% air.

RNA preparation, reverse transcription, and real-time PCR ampification
Semiquantitative RT-PCR was used to detect the expression of RIP-1 gene in gallbladder cell lines 

SGC-996, GBC-SD and NOZ respectively. Total RNA was isolated from the cultued cells grown in 6-well 
plates using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s instructions 
and quantized by U.V.260/280nm to an absorption ratio of >1.8.Total RNA (2μg), according different the 
concentrations of  samples RNA, were reverse transcribed to cDNA in a final volume of 20μl using the AVM 
First Strand cDNA synthesis kit (Invitrogen) following the manufacture’s instructions. And, used these cDNA 
as the template for PCR. The PCR primers to use for amplification of RIP-1 and VEGF-C were as follows: 
forward, 5’-GTCCTGGTTTGCTCCTTCCC-3’, reverse, 5’-GTCTCCTTTCCTCCTCTCTGTT G-3’, and forward, 
5’-TGTGTGTCCGTCTACAGATGTG-3’, reverse, 5’-TCGGCAGGAAGTGTGATT GG-3’ and they yielded 170bp and 
165bp products respectively. The PCR primers to use for amplification of β-actin were as follows: forward, 
5’-CTGTCTGGCGGCACCACCAT-3’ and reverse, 5’-GCAACTAAGTCATAGTCCGC-3’, and it yielded a 254bp 
product. All PCRs were performed with Thermo Scientific SYBR Green qPCR kit on an Applied Biosystems 
StepOne Real-time PCRSystem. PCR cycling were under the conditions: 95°C for 2 min, 95°C for 15s, and 60 
°C for 30s for 40 cycles. All genes transcripts were quantified by the ∆∆Ct method.

Western blot analysis
Western blot analysis was performed as described before [23]. The following primary antibodies 

were used from the different companies under listing respectively: mouse monoclonal anti-human RIP-
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1 antibody(1:1000), rabbit polyclonal anti-human VEGF-C antibody(1:1000), monoclonal rabbit anti-
human c-Jun(AP-1)(1:1000), and monoclonal rabbit anti-human p-c-Jun(p-AP-1)(1:1000) (all from Abcam 
biotechnolgoy), monoclonal mouse anti-human AKT (1:500), monoclonal mouse anti-human p-AKT 
(1:500), mono-clonal mouse anti-human nuclear factor-κB (NF-κB) (p65)(1:500), monoclonal mouse anti-
human p-NF-κB (p-p65) (1:500) (all from Cell Signaling Technology, Danvers, MA, USA), monoclonal mouse 
anti-human β-actin(1:1500) ( from Santa Cruz Biotechnology, Inc. Santa Cruz, CA, USA). Primary antibodies 
behind figures in brackets stand for the antibody dilution multiple.

RIP-1 siRNA plasmid construction and teansfection
Appropriate siRNA target sequences were seeked in the human RIP-1 sequence (Genebank accession 

number:NM-003804). DNA template oligonucleotides corresponding to four different siRNA sequences 
(P-1,P-2,P-3and P-4) were designed, according to the siRNA design guidelines. And the siRNA sequences 
were listed as follows respectively: P-1: GCACAAATACGAACTTCAA, P-2: GGCCAATTCCAAGTCATAT, P-3: 
TACAACAGAGAGGAGGAAA, and P-4: TTGTGATAATG- ACTTCCA. A small hairpin RNA(shRNA) of  human 
RIP-1 in a phU6 gene transfer vector and the negative control(NC) sequence encoding a enhanced green 
fluorescent protein(EGFP) sequence with the Puromycin resistance were constructed by Genechem Co.Ltd. 
(Shanghai, China). And all the plasmids were verified by DNA sequencing. The NOZ cells were cultured in 
DMEM medium supplemented with 10%FBS. We transfected the plasmids into the NOZ cells, when the 
NOZ cells were at approximately 90% confluency. We used Lipofectamine 2000(Invitrogen) to transfect the 
NOZ cellls according to the manufacturer’s instructions. And the transfection efficiency was quantified by 
counting the percentage of cells that EGFP-positive using a microscope. The culture medium was replaced 
with a selection medium containing puromycin at concentrations of 2μg/ml(Sigma,St.Louis,MO,USA)72h 
later. When we obtained the stably transfected cells, the cells were continuously maintained in 1μg/ml of 
puromycin for later experiments.

Cell proliferation assay
To analyze cell proliferation, the untransfected NOZ, RIP-1(P-1) siRNA-transfected NOZ and NOZ-NC/

siRNA-transfected cells were seeded into 96-well plates at dendity of 103 cells/well with 100μl of DMEM 
medium supplemented with 10%FBS. The proliferative activity was determined after 1, 2, 3, 4, and 5 days by 
the addition of 10μl of sterile 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) (5mg/
ml; Sigma) to each well. The reaction was terminated after 4h of incubation at 37°C through the addition 
of 100μl of dimethyl sulfoxide (DMSO; Sigma). The optical density(OD)value was obtained by measuring 
absorbance at a wavelength of 450 nm. Each well test was repeated 6 times.

Flow cytometric analysis.
To determine the apoptosis induced by RIP-1siRNA in NOZ cells. The flow cytometric analysis and the 

analysis results were carried out as described previously [23].

Cell invasion assay in vitro
Ability of cell invasion was assayed using Transwells (24-well format) with 8μm polycarbonate 

membranes (BD Biosciences, San Jose, CA, USA). In briefly, the upper side of the membranes was coated with 
Matrigel matrix (20μg/well) and the membranes were then air-dried for 1h of incubation 37°C. Then the 
lower side of the membranes was covered with 5μg fibronectin(FN)(BD Biosciences). To test cell invasion 
induced by RIP-1siRNA, the treated and untreated NOZ cells (2×105) in the 200μl of DMEM medium with 
2.5% FBS were placed in the upper chamber. The lower chamber was filled with 700μl DMEM medium with 
10%FBS as the chemoattractant. After 48h incubation at 37°C and 5%CO2 , cells on the upper surface of the 
membrane were wiped off  by gentle scrubbing with a cotton swab. Cell had invaded to the lower surface 
of the membrane were fixed with a stationary liquid of 95% ethanol and 5% acetic acid for 30min and 
then stained with hematoxylin and eosin(H&E). The number of cells on the lower surface of the membrane 
was counted in 5 random different fields (×400) using a bright field light microscope. And each assay was 
repeated in triplicate.

http://dx.doi.org/10.1159%2F000366328
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Animal experiments
Male four-to 6-week-old athymic BALB/c nu/nu mice were obtained from the Shanghai SLAC 

laboratory Animals Co, (Shanghai, China) and kept in the Experimental Center of the Fujian Medical 
University. All the mice were handled according to the recommendations of the institutional guidelines and 
were approved by the Ethics Committee of the Medical Faculty of the Fujian Medical University. To build the 
subcutaneous gallbladder cancer nude mice model, NOZ-blank control group, NOZ-NC/siRNA group and 
NOZ-P-1/siRNA group were randomly divided into three groups using 15 mice (five mice/group). Three 
groups of different NOZ cells (106) in 100μl serum-free DMEM medium were seeded subcutaneously into 
the upper flank region of nude mice. Tumor growth was monitored and measured in two dimensions (width 
and length respectively) every 3days. The size of tumor growth was estimated suing the formula=width2 
(mm2) × length(mm)/2(the width and length are the shortest and longest diameters of the subcutaneous 
tumor). After 5weeks, nude mice were killed and the tumors were collected and weight immediately. Then 
all samples were fixed in 10%formalin solution for the immunohistochemical analysis.

Statistical analysis
All statistical analysis used GraphPad Prism 5 software. Data were analyzed by the one-way ANOVA 

or Student’s t-test. The data were expressed as the means ±standard deviation(SD). A P-value<0.05 was 
considered to indicate a statistically significant difference.

Results

Analysis of RIP-1 expression in human gallbladder cancer by immunohistochemistry 
staining and clinicopathologic factors
We analyzed the expression of RIP-1 in 60 clinical samples from gallbladder cancer 

patients and 17 normal gallbladder tissues located away from the cancer site using 
immunohistochemistry technology. In the normal gallbladder tissues,low levels of RIP-1 
expression were found in the cytoplasm of gallbladder mucosa cells(Fig. 1C); however, the 
gallbladder cancer tissues had high levels of expression of RIP-1 in the cytoplasm(Fig.1B). 
The MOD of RIP-1 in normal gallbladder tissues (0.1345±0.1220) was significantly lower than 
gallbladder cancer tissues (0.3134±0.0802; P<0.0001; Table1). Thus, RIP-1 overexpression 
may promote progression of gallbladder cancer.

Table 2 shows the relationship between RIP-1 expression and select clinicopathologic 
parameters.RIP-1 expression did not vary significantly with age,gender, tumor size, and 

Fig. 1. Different expression of RIP-1 in human gallbladder tissues.(A) PBS replaced the primary antibody of 
RIP-1 as a negative control in gallbladder cancer(400×).(B) Strong expression of RIP-1in tumor cells from-
gallbladder cancer(400×).(C) Mild expression of RIP-1 in normal gallbladder samples located away from the 
cancer(400×).

Table 1. The immunohistochemistry result of 
gallbladder cancer samples and normal tissu-
es of the expression of RIP-1. aMOD±SD:Mean 
Optical Density ±Standard Deviation
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histologic grade; however, there was a marked relationship between RIP-1 overexpression 
and clinical stage(I~III vs. IV~V; P=0.0021<0.05), lymph node metastasis(negative 
vs.positive; P=0.047<0.05), and gallstones (negative vs.positive; P=0.0382<0.05).

Expression of RIP-1 mRNA and protein in gallbladder cancer cell lines
To assess the expression of RIP-1 in human gallbladder cancer cell lines (SGC-996, GBS-

SD, and NOZ), we used qRT-PCR and Western blot technology. RIP-1 mRNA was detected in 
all three cell lines by qRT-PCR.In addition, expression of RIP-1protein in all three cell lines 
was confirmed. The intensity of expression of RIP-1mRNA and protein in NOZ cells was 
higher when compared to the SGC-996 and GBC-SD cell lines (Fig. 2a). Thus, we used the 
NOZ cells to further examine the role of RIP-1 in gallbladder cancer.

Expression of RIP-1 mRNA and protein after siRNA transfection
An RNAi-mediated method was used to silence RIP-1 to detect the biological effects 

of RIP-1 in NOZ cells. The DNA sequencing results verified that RIP-1 siRNA plasmid 
construction was successful. We used qRT-PCR and Western blot to determinethe level of 
RIP-1levels 72 h after transfection in NOZ cells. Expression of the siRNA plasmids (NC/P-
1/P-2/P-3/P-4/siRNA) enhanced green fluorescent protein(EGFP) 72h after transfection, 
as shown by fluorescence microscopy, in the NOZ cells(Fig. 2d). qRT-PCR and Western 
blot revealed a decrease in RIP-1 mRNA and protein levels in siRNA-transfected cells. 
The P-1/siRNA vector resulted in a higher suppression of the levels of RIP-1 mRNA and 
protein expression than the other vectors (P-2/siRNA, P-3/siRNA, and P-4/siRNA), while 
non-transfected and NC/siRNA vectors had no effect on the levels of RIP-1 mRNA and 
protein expression. Semi-quantitative analysis showed that P-1/siRNA, P-2/siRNA, P-3/
siRNA, P-4/siRNA, and NC/siRNA inhibited the levels of RIP-1mRNA and protein expression 
(Fig. 2b). There were marked differences between P-1/siRNA and non-transfected siRNA 
groups(P<0.05). Because P-1/siRNA was the most effective siRNA, we selected P-1/siRNA 
to knockdown the RIP-1 in our further studies.

To generate stably transfected P-1/siRNA and NC/siRNA NOZ cells, the culture medium 
was replaced with a selective medium containing puromycin at concentrations of 2μg/
ml(Sigma, St. Louis, MO, USA)72h later. We obtained stably-transfected cells using puromycin 
after 2 weeks; these cells were then used for the following cell and animal experiments.

Table 2. Relationship between 
RIP-1 expression and gallbladder 
cancer clinicopatholigic para-
meters. aMOD±SD: Mean Optical 
Density ±Standard Deviation. 
bthe clinical stage using the Nevin 
stage.*P<0.05
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Knockdown of RIP-1 decreases the proliferation of NOZ cells in vitro
To determine whether or not RIP-1 promotes NOZ cell proliferation, we first treated 

human NOZ cells with siRNA directed against RIP-1. We transfected the NOZ cells with 
P-1/siRNA to induce the down-regulation of RIP-1 gene expression with NC/siRNA, and 
mock-transfected groups were used as controls. We tested cell proliferation daily (days 
1-5) using the MTT assay. Cell proliferation in the P-1/siRNA groups was slower(P<0.05) 
when compared to the NC/siRNA and non-transfected groups (Fig. 3). The data from the in 

Fig. 2. (a). Expression of RIP-1 in human gallbladder cancer cell lines.(A) Total RNA from human gallbladder 
cancer cell lines was assessed by qRT-PCR using RIP-1 primers.β-actin was amplified for an internal control.
(B) RIP-1 protein in human gallbladder cell lines was detected by Western blotting. β-actin protein was used 
as an internal control in qRT-PCR. Semi-quantitative analysis showed that RIP-1 protein(C) levels in NOZ 
cells were markedly higher compared with SGC-996 and GBC-SD cells.The densitometric value for all groups 
was normalized to the internal control and relative expression with the following equation: normalization 
of all groups / the first normalized value. Data represent the means±standard(SD). n=3;*P<0.05. (d) RIP-1 
siRNA plasmid transfection. (A-E) Expression of the siRNA plasmids (NC/P-1/P-2/P-3/P-4/siRNA) enhan-
ced green fluorescent protein(EGFP) 72h after transfection, as demonstrated by fluorescence microscopy, in 
NOZ cells. Fluorescent light (200X). NC/siRNA represents the negative control. (b) Effects of siRIP-1 trans-
fection on the expression of RIP-1. The level of RIP-1 mRNA (A) and protein(C) expression was analyzed by 
qRT-PCR and Westernblot after transfection with siRNA in NOZ cells. β-actin was used as an internal control.
The densitometric value for all groups wasthe same as (a). Semi-quantitative analysis showed that the level 
of RIP-1 protein (B) was significantly inhibited by P-1/siRNA in NOZ cells.

Fig. 3. Effects of siRIP-1 on the viability of 
non-transfected NOZ(control), NOZ NC/siRNA-
transfected, and NOZ P-1/siRNA-transfected cells. The 
proliferation ability of NOZ cells was inhibited by P-1/
siRNA(*P<0.05). Control, NOZ cells non-transfected 
with siRNA; NC/siRNA, NOZ cells transfected with 
negative control; P-1/siRNA, NOZ cells transfected 
with P-1/siRNA plasmids.

http://dx.doi.org/10.1159%2F000366328


Cell Physiol Biochem 2014;34:1152-1165
DOI: 10.1159/000366328
Published online: September 22, 2014

© 2014 S. Karger AG, Basel
www.karger.com/cpb 1159

Zhu et al.: RIP-1 Promotes the Growth and Invasion of Gallbladder Carcinoma

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

vitro cell proliferation assay indicated that the growth of cells in the P-1/siRNA group was 
significantly reduced compared with the NC/siRNA group, which was the same as the growth 
in the non-transfected group. The data support the role of RIP-1 in affecting the proliferation 
of NOZ cells.

RIP-1 knockdown does not affect apoptosis of NOZ cells
To detect whether or not the RIP-1 gene silencing-induced effects on cell viability 

were due to apoptosis, we used flow cytometry(FCM) after cells were stained with Annexin 
V-PE/7-aminoactinomycin D. We transfected the NOZ cells with P-1/siRNA to induce the 
down-regulation of RIP-1gene expression with NC/siRNA, and mock-transfected groups 
were used as controls. The control cells, NC/siRNA cells, and P-1/siRNA  cells exhibited a 
similar rate of apoptosis (Fig. 4).

Knockdown of RIP-1 influences gallbladder cancer cell invasiveness
To determine whether or not the invasiveness of NOZ cells depends on RIP-

1overexpression, we used the Transwell assay to test the effects of RIP-1 gene knockdown 
in NOZ cells. After staining with H&E, 5 different fields(×400magnification) were counted 

Fig. 4. Effects of siRIP-1 on apoptosis of NOZ cells. Non-transfected NOZ cells (control), NC/siRNA NOZ cells 
(NC/siRNA), and P-1/siRNA NOZ cells(P-1/siRNA) as assessed by flow cytometry (FCM). Control cells, NC/
siRNA cells, and P-1/siRNA cells exhibited a similar rate of apoptosis.

Fig. 5. Effects of siRIP-1 on NOZ cell 
invasion. (A) Invasion ability of non-
transfected NOZ cells(control). (B) 
Invasion ability of NC/siRNA NOZ 
cells(NC/siRNA). (C)Invasion ability of 
P-1/siRNA NOZ cells(P-1/siRNA). (D)
Number of invaded cells in all three 
cell groups (*P<0.05).
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to examine the numbers of invaded cells. The total number of cells in the P-1/siRNA group 
invaded through the Transwell polycarbonate filter was marked lower than the cells in the 
non-transfected NOZ group, which was similar to the number of cells in the NC/siRNA group 
(Fig. 5). These data suggest that RIP-1 overexpression plays an key role in the invasion of 
NOZ cells.

RIP-1 knockdown decreases the activity of NF-κB(p65) and C-jun(AP-1)and reduces 
VEGF-C gene expression
To investigate the mechanisms of RIP-1silencing responsible for the decrease in 

proliferation and invasion, we assessed the changes in levels of AKT, p-AKT, NF-κB(p65), 
p-NF-κB(p-p65), c-jun(AP-1), p-c-jun(p-AP-1), and VEGF-C protein and VEGF-C mRNA; these 
factors are vital to the survival of cancer cells. Western blot analysis showed that the AKT, 
AKT, p-AKT, NF-κB(p65), p-NF-κB(p-p65), c-jun(AP-1), p-c-jun(p-AP-1), and VEGF-C protein 
levels in the P-1/siRNA cells decreased when compared with the non-transfected and NC/
siRNA cells (Fig. 6). The changes in VEGF-CmRNA expression in the three groups were the 
same as the levels of VEGF-C protein (Fig. 6X).

Fig. 6. Western blot analysis suggested that the silencing of RIP-1markedly inhibited the expression of 
AKT, p-AKT, NF-κB(p65), p-NF-κB(p-p65), c-jun(AP-1), p-c-jun(p-AP-1), and VEGF-C protein, and qRT-
PCR analyzed the level of VEGF-C mRNA in NOZ P-1/siRNA cells. β-actin protein was used as an internal 
control. The densitometric value for all groups was normalized to the internal control and the relative level 
of expression with the following equation: normalization of all groups/ the first normalized value. Data  
represent the mean±standard(SD). n=3;*P<0.05.
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RIP-1 promotes tumor growth in nude mice with subcutaneous xenograft tumors
To assess the influence of RIP-1 expression on gallbladder cancer biology in vivo, we 

used NOZ cells which we obtained from the stably-transfected P-1/siRNA and NC/siRNA 
vectors and non-transfected NOZ cells to build three groups in the subcutaneous xenograft 
tumor nude mice model (5 mice /group). Fifteen nude mice were all successfully established 
in the subcutaneous model. None of the mice had ascites or metastases to the liver, lungs, and 

Fig. 7. Suppression of tumor growth 
by silencing the RIP-1 gene in NOZ cell 
subcutaneous xenografts. Three groups 
(control group, NC/siRNA group, and 
P-1/siRNA group) of NOZ cells were 
subcutaneously xenografted onto nude 
mice. (a) The size of primary tumors was 
measured every 3days. (b) Mice were 
killed after 5 weeks. (c) The weights 
of tumors were weighed. Significantly 
different from P-1/siRNA group(*P<0.05).

Fig. 8. Immunohistochemstry analysis of the expression of RIP-1 and VEGF-C in NOZ cell subcutaneous 
xenograft tumors. (a,c) showed the expression of RIP-1(400×) and VEGF-C (400×) in all three groups (control 
group, NC/siRNA group, and P-1/siRNA group). (b,d) shows quantitative evaluation of the expression of 
RIP-1 and VEGF-C, respectively. Bars represent the mean optical density(MOD)±standard deviation (SD). 
Markedly different from P-1/siRNA group (*P<0.05).
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lymph nodes at the time of autopsy. At the end of the 5-week experimental period, the growth 
of subcutaneous xenograft tumor sizes was as follows (mean±SD): 944.6±510.2mm3 in the 
P-1/siRNA group; 3100.9±1035.3mm3 in the non-transfected group; and 2513.3±959.1mm3 
in the NC/siRNA group. There were significant differences between the P-1/siRNA and NC/
siRNA groups, which was similar to the non-transfected group. We found that xenograft 
growth was markedly slower from the second week until the day on which the mice were 
sacrificed (Fig. 7a). Scales were used immediately to weigh the samples after the animals 
were sacrificed.Compared with the non-transfected and NC/siRNA groups, the weights of 
the tumor samples were significantly less in the P-1/siRNA group(Fig. 7b,c).

Because VEGF-C expression was decreased after P-1/siRNA transfection in NOZ cells, 
we used immunohistochemstry technology to analyze the expression of RIP-1(Fig. 8a,b) and 
VEGF-C (Fig.8c,d)in the three nude mice groups. Compared with the non-transfected and 
NC/siRNA groups, the levels of RIP-1 and VEGF-C expression were markedly reduced in the 
P-1/siRNA group.

Discussion

RIP-1 is a crucial molecule for NF-κB and MAPKs-c-jun (AP-1) signaling [12-16, 28]. 
RIP-1 consists of a N-terminal kinase domain, an intermediate domain, a RIP homotypic 
interaction motif, and a C-terminal death domain motif [28]. RIP-1 is a kinase with important 
roles in inflammation, cell survival, and cell apoptosis [28, 29]. Inflammation can induce the 
expression of RIP-1 in T cells [11, 30]. Thus, the complicated functions of RIP-1render cells 
at the crossroads of life or death.

Many details pertaining to the role of RIP-1 in cancer cells are unknown. Some recent 
reports address the functions of RIP-1 in cancers, such as glioblastomas [24], leukemia [25], 
and lung cancer [26]. Because the specific interactions between RIP-1 and cancers are largely 
unclear, we next explored the biological functions and underlying mechanisms in vitro and in 
vivo using gallbladder cancer as a representative.

The current study is the first study to demonstrate the role of RIP-1 in promoting 
growth and invasion of human gallbladder carcinoma. In the present studywe used 
immunohistochemical techniques to investigate the expression of RIP-1 in 60 gallbladder 
cancer specimens and 17 samples of normal gallbladder tissues which were located away 
from the cancer site. One major finding in the current study was that RIP-1 is overexpressed 
in gallbladder cancer tissues, and RIP-1 has low expression in normal tissues. Increased 
expression of RIP-1 is common in gallbladder cancer tissues. The overexpression of RIP-1 
in gallbladder tissues suggests that RIP-1 may be an important molecule and be of clinical 
significance in forecasting prognosis. A prior study reported that RIP-1 is an independent 
prognostic factor in glioblastomas [24]. The correlation with clinicopathologic factors was 
also analyzed. The expression of RIP-1 was significantly correlated with the clinical stage of 
gallbladder carcinoma patients, which suggests that RIP-1 may promote tumor growth and 
invasion. We also found that RIP-1 expression is markedly increased in gallbladder cancer 
patients with gallstones. Of note, inflammation and a number of studies have reported that 
gallstones and gallbladder cancer have a direct relationship [31-33]. Gallstones induces 
inflammation in the gallbladder, which can increase the expression of RIP-1 [30]; our 
research team also confirmed this finding in gallbladder cancer cells using TNF-α, which is 
an important inflammation factor that stimulates NOZ cells (data not shown). Interestingly, 
we found a significant difference in the expression of RIP-1 between gallbladder cancer 
patients with and without lymph node metastasis. For this reason, we speculated that high 
expression of RIP-1 may promote lymph node metastasis. In addition, our research team 
also showed that VEGF-C /D are very important factors which can promote lymph node 
metastasis and lymphangiogenesis in gallbladder cancer [34, 35]. Thus, we proposed the 
following question: can RIP-1 regulate the expression of VEGF-C?

In the present study we also analyzed the expression of RIP-1 in three gallbladder cancer 
cell lines(SGC-996, NOZ, and GBC-SD). Similar to the detection of RIP-1 in most gallbladder 
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cancer specimens, the levels of RIP-1 mRNA and protein were detectedin all three cell lines. 
This found finding further confirmed the importance of RIP-1 in the growth and invasion 
of gallbladder cancer. The levels of RIP-1 mRNA and protein expression in NOZ cells were 
higher compared to SGC-996 cells, which were similar to GBC-SD cells. Our previous 
research showed that the levels of VEGF-C/D expression were highest in all three cell lines 
[34, 35], thus indicating our hypothesis that RIP-1 could regulate the expression of VEGF-C 
was feasible. 

In recent years, RNAi technology has served as the most important and widely used 
technique for gene silencing, and provides a new method to investigate gene expression 
and function [36]. In addition, siRNA technology has the properties of specificity, stability, 
and efficiency in knockdown of target gene [37]. Therefore, we used siRNA to assess the 
effect of inhibiting the RIP-1 gene in gallbladder cancer in cell and animal experiments. In 
the present study, we successfully selected P-1/siRNA as the most effective siRNA to silence 
RIP-1 expression in the NOZ cell line. The levels of RIP-1 mRNA and protein expression were 
suppressed by P-1/siRNA. We obtained stably-transfected cells using puromycin after 2 
weeks, and we used these cells for our animal experiments, which showed that silencing the 
RIP-1 by P-1/siRNA inhibited the growth and invasion of NOZ cells in vitro. Our results were 
in agreement with a prior study, in which Azijli et al. [26] reportedt hat RIP-1 was silenced 
using a selective siRNA in A549 and H460 cells lines and clearly showed decreased migration 
and invasion of these cell lines. We found that RIP-1 gene silencing did not affect NOZ cell 
apoptosis. Indeed, the results indicate that RIP-1 has an important influence in the biological 
behaviors of gallbladder cancer cells.

To investigate the mechanisms underlying RIP-1 promotion of growth and invasion 
of NOZ cells, we used the Western blot method to assess the changes in the expression of 
AKT, p-AKT, NF-κB(p65), p-NF-κB(p-p65), c-jun(AP-1), p-c-jun(p-AP-1), VEGF-C protein and 
mRNA. These proteins are vital to the survival of gallbladder cancer cells. These proteins 
are also very important in the inflammation signaling pathways, in which RIP-1 can activate 
the activity of AKT, p-AKT, NF-κB(p65), p-NF-κB(p-p65), c-jun(AP-1), p-c-jun(p-AP-1),  and 
VEGF-C [12-16, 28, 38]. In addition, our research team previously reported that inflammation 
factors could up-regulate the expression of VEGF-C in NOZ cells (manuscript in preparation), 
which is important in gallbladder cancer cell proliferation and invasion [34]. In present 
study, the Western blot analysis results indicated that the levels of AKT, p-AKT, NF-κB(p65), 
p-NF-κB(p-p65), c-jun(AP-1), p-c-jun(p-AP-1), and VEGF-C protein and mRNA levels were 
decreased in P-1/siRNA NOZ cells compared with non-transfected and NC/siRNA NOZ cells. 
These results suggest that RIP-1 may up-regulate the expression of VEGF-C through the RIP-
1-NF-κB/AP-1signaling pathway.

In our in vivo model of gallbladder cancer, we observed that silencing the expression 
of RIP-1 by siRNA suppressed the growth of subcutaneous xenograft tumors, which was 
consistent with our in vitro study. In our murine model of gallbladder cancer, however, we 
did not find liver, lung, and lymph node metastases, and ascites had not developed. This 
result may explain why the subcutaneous xenograft gallbladder cancer model can not 
provide a suitable microenvironment for tumors [39]. Our laboratory also confirmed the 
view that orthotopic xenograft models of gallbladder cancer are better than subcutaneous 
xenograft gallbladder cancer models in studying the biological characteristics of gallbladder 
cancer [40].Therefore, we will establish an orthotopic xenograft modelof gallbladder cancer 
to further study RIP-1 and its influence on the biological behavior of gallbladder cancer.

For the first time, we have verified the relationship between RIP-1 overexpression and 
the growth and invasion of gallbladder cancer from clinical specimens using a murine model. 
We provided evidence that a reduction in RIP-1 expression in gallbladder cancer cells can 
exert inhibitory effects on the ability of the cells to grow and invade in vitro. Together, our 
findings provide evidence that targeting RIP-1may prove to be useful in the treatment of 
gallbladder cancer.
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