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IntroductIon

Liver cancer is one of the most common malignancies 
in the world; owing to its high fatality and recurrence, 
it is mainly treated through surgery, radiation, and 
chemotherapy.[1] The advancement of science, technology, 
and medicine has slightly improved the early prognosis 
of liver cancer, but it remains the world’s fifth highest 
cause of cancer‑related death. Because the early stages of 
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Background: XB130 is a recently discovered adaptor protein that is highly expressed in many malignant tumors, but few studies have 
investigated its role in hepatocellular carcinoma (HCC). Therefore, this study explored the relationship between this protein and liver 
cancer and investigated its molecular mechanism of action.
Methods: The expression of XB130 between HCC tissues and adjacent nontumor tissues was compared by real‑time polymerase chain 
reaction, immunochemistry, and Western blotting. XB130 silencing was performed using small hairpin RNA. The effect of silencing 
XB130 was examined using Cell Counting Kit‑8, colony assay, wound healing assay, and cell cycle analysis.
Results: We found that XB130 was highly expressed in HCC tissues (cancer tissues vs. adjacent tissues: 0.23 ± 0.02 vs. 0.17 ± 0.02, P < 0.05) 
and liver cancer cell lines, particularly MHCC97H and HepG2 (MHCC97H and HepG2 vs. normal liver cell line LO‑2: 2.35 ± 0.26 and 
2.04 ± 0.04 vs. 1.00 ± 0.04, respectively, all P < 0.05). The Cell Counting Kit‑8 assay, colony formation assay, and xenograft model in nude 
mice showed that silencing XB130 inhibited cell proliferative ability both in vivo and in vitro, with flow cytometry demonstrating that the 
cells were arrested in the G0/G1 phase in HepG2 (HepG2 XB130‑silenced group [shA] vs. HepG2 scramble group [NA]: 74.32 ± 5.86% 
vs. 60.21 ± 3.07%, P < 0.05) and that the number of G2/M phase cells was decreased (HepG2 shA vs. HepG2 NA: 8.06 ± 2.41% vs. 18.36 
± 4.42%, P < 0.05). Furthermore, the cell invasion and migration abilities were impaired, and the levels of the epithelial‑mesenchymal 
transition‑related indicators vimentin and N‑cadherin were decreased, although the level of E‑cadherin was increased after silencing XB130. 
Western blotting showed that the levels of phosphorylated phosphoinositide 3‑kinase (PI3K) and  phospho‑protein kinase B (p‑Akt) also 
increased, although the level of phosphorylated phosphatase and tensin homolog increased, indicating that XB130 activated the PI3K/
Akt pathway. Furthermore, we found that a reduction in XB130 increased liver cancer cell sensitivity to tumor necrosis factor‑related 
apoptosis‑inducing ligand‑induced apoptosis.
Conclusions: Our findings suggest that XB130 might be used as a predictor of liver cancer as well as one of the targets for its 
treatment.

Key words: Apoptosis; Hepatocellular Carcinoma; PI3K/Akt; TRAIL; XB130

Access this article online

Quick Response Code:
Website:  
www.cmj.org

DOI:  
10.4103/0366‑6999.241800

Abstract

Address for correspondence: Dr. Ying‑Chen Xu, 
Department of General Surgery, Beijing Tongren Hospital, Capital Medical 

University, Beijing 100730, China 
E‑Mail: xuyingchen66@163.com

This is an open access journal, and articles are distributed under the terms of the 
Creative Commons Attribution‑NonCommercial‑ShareAlike 4.0 License, which 
allows others to remix, tweak, and build upon the work non‑commercially, as long as 
appropriate credit is given and the new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

© 2018 Chinese Medical Journal ¦ Produced by Wolters Kluwer ‑ Medknow

Received: 25‑04‑2018 Edited by: Qiang Shi
How to cite this article: Li GM, Liang CJ, Zhang DX, Zhang LJ, Wu JX, 
Xu YC. XB130 Knockdown Inhibits the Proliferation, Invasiveness, and 
Metastasis of Hepatocellular Carcinoma Cells and Sensitizes them to 
TRAIL‑Induced Apoptosis. Chin Med J 2018;131:2320‑31.



Chinese Medical Journal ¦ October 5, 2018 ¦ Volume 131 ¦ Issue 19 2321

liver cancer tend to go undetected, it is usually diagnosed 
at the mid to late stage, reducing survival time.[2,3] 
Consequently, determining ways in which early diagnosis 
and treatment of liver cancer can be achieved has become 
an urgent issue,[4] resulting in the development of new 
cancer target predictions and therapies becoming a hot 
research topic.

Adaptor proteins are particular combinations of protein 
components that comprise multiple modules but lack 
an enzyme activity domain. They can participate 
in the regulation of various signaling pathways,[5] 
including those related to actin filament‑associated 
protein (AFAP), Src‑interacting or signal‑integrating 
protein (Sin), and CRK‑associated substrate. Studies have 
confirmed that c‑Src activated by binding to the SH3 
and SH2 domains[6,7] leads to the propagation of signals 
downstream; participates in signaling pathways; and 
regulates mitosis, validation, cell survival, movement, 
and adhesion.[8‑10]

AFAP is a small adaptor protein that can participate in 
intracellular signal transduction, cytoskeletal structure, and 
other cellular functions that directly activate c‑Scr and induce 
its activity by modulating mechanical distraction. In the 
process of cloning human AFAP, Lodyga et al.[11] discovered 
a novel adaptor protein named AFAP1L‑2 on chromosome 
10q25.3, which encodes an 818 amino acid protein with a 
molecular weight of 130,000 known as XB130. Since then, 
studies have shown that XB130 is a substrate and regulator 
of tyrosine kinase‑mediated signal transduction and can bind 
with other tyrosine kinases via the SH2 and SH3 domains 
located in the N‑terminal region of Src to phosphorylate 
tyrosine.[12]

It has been shown that the newly described adaptor protein 
XB130 plays a critical role in the regulation of signal 
transduction, which affects cell proliferation, survival, 
invasion, metastasis, and apoptosis.[13‑16] Furthermore, 
XB130 is associated with the development of tumors,[17] 
being highly expressed in esophageal cancer,[14] gastric 
cancer,[18] and prostate cancer.[15] Some studies[14,15] have 
also found a relationship between the level of XB130 and 
the tumor classification, lymph node metastasis, TNM stage, 
and prognosis, but this differs between types of cancer. For 
instance, XB130 has been identified as a cancer‑promoting 
protein in prostate cancer, with high levels predicting a 
poor prognosis, whereas the reverse is true for gastric 
cancer. Zuo et al.[19] found that XB130 is highly expressed 
in liver cancer, with a positive expression rate of 75%, but 
they did not report a comparison between cancer tissues 
and adjacent nontumor tissues or explore the molecular 
mechanism of XB130.

Therefore, this study explored the relationship between 
XB130 and liver cancer, the effect of reducing XB130 
on hepatocellular carcinoma (HCC), and the molecular 
mechanism of action of XB130 to assess the possibility of 
using this protein as a target for the treatment of HCC.

Methods

Ethical approval
The experimental procedures were approved by the 
Beijing Tongren Hospital Research Ethics Committee. 
All applicable international, national, and/or institutional 
guidelines for the care and use of animals were followed. 
All procedures performed in studies involving human 
participants were in accordance with the ethical standards of 
the institutional and/or national research committee and with 
the  1964 Declaration of Helsinki  and its later amendments 
or comparable ethical standards.

Tissue samples, cell lines, and reagents
Tumor tissues and adjacent tissues were obtained from 
twenty patients who were histologically diagnosed with 
liver cancer between October 2014 and February 2015. 
The human HCC cell lines HepG2, Bel‑7402, and Huh‑7 
were obtained from the Cell Bank of Shanghai Institute 
of Biochemistry and Cell Biology (Shanghai, China). 
MHCC97H and SMCC7721 were purchased from the 
Bank of Zhongshan Hospital, Fudan University (Shanghai, 
China). Hep3B and the normal liver cell line LO‑2 were 
received from the Cancer Hospital of the Chinese Academy 
of Medical Sciences (Beijing, China). Cells were cultured 
in Dulbecco’s modified Eagle’s medium supplemented 
with 10% fetal bovine serum (Gibco, Waltham, MA, USA), 
100 U/ml penicillin, and 100 μg/ml streptomycin (Invitrogen, 
Carlsbad, CA, USA) in 5% CO2 at 37°C. Cells were 
harvested in the logarithmic growth phase for use in the 
following experiments.

Mouse antibodies for vimentin, E‑cadherin, N‑cadherin, 
and XB130 were purchased from Santa Cruz Biotechnology 
Company (Santa Cruz, CA, USA). Rabbit antibodies for 
protein kinase B (Akt), Ser‑473, Thr308, phoinositide 
3‑kinase (PI3K) P85, phosphatase P85, phosphatase and 
tensin homolog (PTEN), and p‑PTEN were purchased from 
Cell Signaling Technology Company (Boston, MA, USA); 
glyceraldehyde‑3‑phosphate dehydrogenase (GAPHD) was 
obtained from Abcam (Shanghai, China), and a rabbit antibody 
targeting XB130 was obtained from  PradoWalnut Company 
(Walnut, CA, USA). Ac‑DEVD‑AMC, Ac‑IETD‑AFC, and 
Ac‑LEHD‑AMC were purchased from BD Biosciences, San 
José, CA, USA.

Immunohistochemistry and evaluation of staining
IHC was performed with the anti‑XB130 antibody. After 
isolation and hydration, the antigen was first recovered with 
citrate buffer (pH 6.0), following which the endogenous 
peroxidase activity was quenched with 0.3% hydrogen 
peroxide solution, and the sections were incubated with 
primary antibody (anti‑XB130, 1:100) at room temperature 
for 2 h. The 3,3’‑diaminobenzidine was used as a substrate to 
detect the binding of the antibody with the second antibody 
after incubation for 30 min at room temperature. Normal 
rabbit IgG was used as a negative control. Evaluation 
of staining was according to the description reported by 
Zuo et al.[19]
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Lentiviral small hairpin RNA‑mediated XB130 silencing
XB130  s i l enc ing  was  pe r fo rmed  us ing  smal l 
ha i rp in  RNA ( shRNA) .  The  s equences  were 
s h A  ( G C T G A A G AT C A C A C C G AT G ) ,  s h B 
( G C C G ATA G G G T C T C C T G TAT T ) ,  a n d  s h C 
(GCTGAAGATCACACCGATG) for XB130‑silencing 
shRNA and GCCAGCTTAGCACTGACTC for scramble 
shRNA.

Target shXB130 was cloned into the  pLKO.1.‑CMV vector. 
Target and nontarget vectors were packaged into lentiviral 
particles by BIOREE, Beijing, China. Each particle was 
transduced into appropriate human liver cancer lines and 
selected based on the antibiotic resistance. Clones were 
screened using Western blotting for XB130 expression.

Fluorescence quantitative real‑time polymerase chain 
reaction
The primer sequences for human XB130 were (F) 5′‑AAG 
CAGCAGCTCTGATGAGG‑3′ and (R) 5′‑GGTCTGG 
AAGGCTCTTCTGA‑3′. Total RNA was extracted 
from the cultured cells or tissues using the TRIzol® Kit 
(Life Technologies, Carlsbad, CA, USA). cDNA was then 
synthesized using total RNA and Moloney murine leukemia 
virus reverse transcriptase (MMLV‑RT; Promega, Beijing, 
China). The reaction mixture for real‑time polymerase 
chain reaction (RT‑PCR) was prepared according to the 
manufacturer’s protocol (BIORAD, Beijing, China).

Western blotting
The cells were lysed on ice in radioimmunoprecipitation 
assay buffer (50 mmol/L Tris‑Cl [pH 7.5], 120 mmol/L 
NaCl, 10 mmol/L NaF, 10 mmol/L sodium pyrophosphate, 
2 mmol/L ethylenediaminetetraacetic acid, 1 mmol/L 
Na3VO4, 1 mmol/L phenylmethylsulfonyl fluoride, and 
1% NP‑40) containing a protease inhibitor cocktail 
(Roche, Basel, Switzerland). The protein content of the 
lysates was determined by the bicinchoninic acid assay. First, 
30 μg protein was separated by 8% or 12% sodium dodecyl 
sulfate‑polyacrylamide gel electrophoresis and transferred 
to a nitrocellulose membrane (Millipore, Bedford, MA, 
USA). The membrane was then blocked in Tris‑buffered 
saline and Tween 20 (TBST: 25 mmol/L Tris‑HCl [pH 7.5], 
125 mmol/L NaCl, and 0.1% Tween 20) containing 5% 
bovine serum albumin (BSA) and incubated with antibodies 
targeting XB130, E‑cadherin, N‑cadherin, vimentin, Akt, 
Ser473, Thr308, PTEN, p‑PTEN, phos‑PI3K (p‑PI3K), 
PI3K, or GAPHD in TBST containing 1% BSA at 4°C 
overnight. Following this, the membrane was incubated with 
a suitable secondary antibody for 1 h at room temperature. 
Finally, immunoreactive protein bands were determined 
using the enhanced chemiluminescence system (Thermo 
Fisher Scientific, Waltham, MA, USA) and quantified using 
QuantityOne v4.6.2 imaging software (Bio‑Rad, Hercules, 
CA, USA).

Viability assay
For the Cell Counting Kit‑8 (CCK‑8) assay, 5 × 103 cells 
were seeded in 96‑well plates and observed for viability 

over 5 days. Cell viability was detected according to the 
manufacturer’s instructions by measuring the absorbance 
at 450 nm through a microplate reader. Four replicate wells 
were used for each group.

Colony formation assay
For the colony formation assay, 100 individual cells from 
each group were seeded in six‑well plates, cultured in 
5% CO2 at 37°C for 14 days, and stained with Giemsa 
stain. Colonies containing >50 cells were counted, and the 
efficiency was calculated as a percentage of inoculated cells.

Cell cycle analysis
Cells were fixed overnight at −20°C in 75% ethanol. 
The washed, precipitated cells were then resuspended in 
PBS containing 0.1% RNaseA (Fermentas) and 100 μl of 
10 μg/ml propidium iodide (PI) (Sigma) for 30 min at room 
temperature. They were then subjected to flow cytometry 
using a FACScan (BD Biosciences), as previously described.

Analysis of apoptotic cells
Cells were harvested and stained with fluorescein 
isothiocyanate (FITC)‑conjugated annexin V and PI 
according to the manufacturer’s protocols using the 
annexin V‑FITC/PI Kit (Cwbiotech, Beijing, China) and 
passed through a  Cytomics FC500 flow cytometry system. 
Apoptotic changes were detected by FITC‑conjugated 
annexin V staining, although PI was used to discriminate 
between apoptotic and necrotic cells among the annexin 
V‑positive cells.

Wound healing assay
Cells were seeded into six‑well plates at 90% confluence 
and incubated overnight to adherence. A wound was then 
made along the center of each well by scratching the cell 
layer with the tip of a 200‑μl pipette. Next, the wells were 
washed twice with PBS to remove any loose cells, and fresh 
medium was added. Photographs were taken at 0 and 24 h 
to assess cell migration into the wound.

Transwell invasion assay
The invasive potential of wild‑type and XB130‑silenced 
germinal center cells was assessed using an invasion 
assay through a 24‑well Matrigel Invasion Chamber (BD 
Biosciences, San José, CA, USA). A total of 5 × 104 cells 
per ml in 0.5 ml of serum‑free medium were added to the 
upper chamber, and 0.75 ml of medium supplemented with 
5% fetal bovine serum was added to each lower chamber. 
After 18 h of incubation, the invasive cells in the lower 
chamber were fixed with 3.7% paraformaldehyde, and the 
cells remaining in the upper chamber were removed by 
scratching. The cells were then washed twice with PBS, 
stained with hematoxylin at room temperature for 1 h, and 
photographed under a microscope.

Xenograft model in nude mice
BALB/c nude mice of 6 weeks old were purchased from 
Charles River Laboratories (Beijing, China). All laboratory 
procedures involving animals were based on the guidelines 
for the care and use of laboratory animals and were in line 
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with the ethical guidelines of our animal experiments. 
ShXB130‑transfected and empty plasmid‑transfected 
cells were trypsinized by centrifugation and suspended in 
Roswell Park Memorial Institute 1640 medium. Then, 0.2 
ml of medium containing 1 × 107 cells was subcutaneously 
injected into the right posterior flank region of each mouse, 
following which the mice were incubated in a pathogen‑free 
environment, and tumor growth was monitored every 4 days. 
The mice were sacrificed after 28 days, and the volume 
of each tumor was calculated according to the formula 
V = a × b × (a + b)/2, where “a” was the length and “b” 
was the width of the tumor measured with a sliding caliper.

Caspase assays
The substrates Ac‑DEVD‑AMC, Ac‑IETD‑AFC, and 
Ac‑LEHD‑AMC were used to assess the activities of 
caspase‑3, caspase‑8, and caspase‑9 in protein extractions 
using fluorimeter according to the manufacturer’s 
instructions (BD Biosciences, San José, CA, USA).

Statistical analysis
Each treatment was replicated in three separate experiments, 
and all data are expressed as mean ± standard deviation 
(SD). In all groups, comparisons were made using one‑way 
analysis of variance (ANOVA). All statistical analyses were 
performed using Graphpad Prism 6.0 (Graphpad Software, 
La Jolla, CA, USA), and differences were considered 
statistically significant at P < 0.05.

results

XB130 expression in hepatocellular carcinoma tissues 
and cell lines
To explore the relationship between HCC and XB130, 
we compared the expression of XB130 between HCC 
tissues and adjacent nontumor tissues by RT‑PCR and 
immunochemistry, wherein RT‑PCR [Figure 1a] showed 
that the expression was significantly higher in HCC tissues 
compared with that in adjacent nontumor tissues (cancer 
tissues vs. adjacent tissues: 0.23 ± 0.02 vs. 0.17 ± 0.02, 
P < 0.05), and immunochemistry [Figure 1b] showed that 
the case number of positive expression of XB130 in cancer 
tissue was 16, the positive rate was 80%, and in adjacent 
tissues was 5, the positive rate was 25%; thus, the expression 
of XB130 in cancer tissues was significantly higher than 
that in adjacent tissues (χ2 = 12.13, P < 0.01). We then used 
RT‑PCR and Western blotting to detect the expression of 
XB130 in the HCC cell lines HepG2, BEL‑7402, Huh‑7, 
Hep3B, SMCC7721, and MHCC97H and in the normal 
liver cell line LO‑2. We found that the expression of XB130 
was higher in HCC cell lines than that in normal liver cell 
lines (all P < 0.05), except Hep 3B. Because MHCC97H and 
HepG2 exhibited the highest expression [Figure 1c‑1e], we 
used these cell lines for further research.

Silencing XB130 inhibits proliferation of hepatocellular 
carcinoma cell lines
The expression of XB130 was lower in sh‑MHCC97H and 

sh‑HepG2 groups than that in scramble shRNA‑transfected 
groups when we used shA, shB, shC, and scramble shRNA to 
transfect the cells, with the shA group exhibiting the lowest 
expression [Figure 2a and 2b] (HepG2: shA, shB, and shC 
vs. NC: 19.21 ± 3.12, 31.33 ± 9.93, and 28.35 ± 4.26 vs. 
100.00 ± 7.69, P < 0.01; MHCC97H: shA, shB, and shC 
vs. NC: 16.18 ± 2.84, 34.47 ± 5.32, and 30.08 ± 10.78 vs. 
100.00 ± 6.01, P < 0.01). Therefore, we selected shA as 
the research target and constructed stable silenced cell 
lines (MHCC97H shA and HepG2 shA). The scramble 
groups were used as control and named MHCC97H NC and 
HepG2 NC. To explore the effect of XB130 knockdown on the 
proliferation of HCC cell lines, we analyzed cell proliferation 
using the CCK‑8 assay and colony formation assay, as shown 
in Figure 2c‑2e. The CCK‑8 assay showed that MHCC97H 
shA and HepG2 shA groups had a significantly lower 
proliferative ability than the scramble groups (HepG2 shA vs. 
HepG2 NC: 1.26 ± 0.14 vs. 2.09 ± 0.14, P < 0.05; MHCC97H 
shA vs. MHCC97H NC: 1.35 ± 0.12 vs. 1.99 ± 0.10, 
P < 0.05). Furthermore, the number of clones formed was 
significantly reduced after silencing XB130 (HepG2 shA vs. 
HepG2 NC: 1.26 ± 0.14 vs. 2.09 ± 0.14, P < 0.05; MHCC97H 
shA vs. MHCC97H NC: 1.35 ± 0.12 vs. 1.99 ± 0.10, 
P < 0.05). Flow cytometry showed that the number of G0/G1 
phase cells increased in HepG2 shA compared with those 
in HepG2 NC (HepG2 shA vs. HepG2 NA: 74.32 ± 5.86% 
vs. 60.21 ± 3.07%, P < 0.05) and that the number of G2/M 
phase cells decreased following a reduction in XB130 both 
in HepG2 shA and MHCC97H shA groups (HepG2 shA 
vs. HepG2 NA: 8.06 ± 2.41% vs. 18.36 ± 4.42%, P < 0.05; 
Figures 2f and 2g]. Thus, the proliferation of MHCC97H and 
HepG2 cells decreased after silencing XB130.

Silencing XB130 inhibits the motility and invasiveness of 
hepatocellular carcinoma cell lines and alters epithelial‑
mesenchymal transition markers
Next, we evaluated the effect of silencing XB130 on the 
invasiveness and metastasis of HCC cell lines using a 
Transwell assay and wound healing assay [Figure 3a‑3d], 
which showed that HepG2 shA and MHCC97H shA groups 
had significantly lower invasion and metastasis abilities than 
the NC groups (Transwell assay: HepG2 shA vs. HepG2 
NC: 33.3 ± 5.2 vs. 207.0 ± 22.7, P < 0.05; Transwell assay: 
MHCC97H shA vs. MHCC97H NC: 112.3 ± 11.5 vs. 285.3 
± 11.3, P < 0.05; wound assay: HepG2 shA vs. HepG2 NC: 
22.83 ± 4.93 vs. 46.31 ± 2.21 µm, P < 0.05; wound assay: 
MHCC97H shA vs. MHCC97H NC: 25.27 ± 0.78 vs. 
50.08 ± 3.85 µm, P < 0.05). We then analyzed the epithelial‑
mesenchymal transition (EMT)‑associated proteins by 
Western blotting, which showed that the expressions of 
vimentin and N‑cadherin were decreased in the shA groups 
than those in the NC groups, although the expressions of 
E‑cadherin were increased [all P < 0.05; Figure 3e and 3f].

Silencing XB130 reduces tumor growth in nude mice 
and XB130 activates the PI3K/Akt/PTEN pathway
To evaluate the effect of silencing XB130 on tumorigenesis 
in vitro ,  we established a nude mouse model of 
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tumor formation and injected the shA and NC groups 
subcutaneously. We found that subcutaneous tumor 
formation was significantly lower in the shA group than 
that in the scramble group [Figure 4a] and that the tumor 
weight [Figure 4b; HepG2 shA vs. HepG2 NC: 0.59 ± 0.06 
g vs. 1.19 ± 0.03 g, P < 0.05 and MHCC97H shA vs. 
MHCC97H NC: 0.70 ± 0.04 g vs. 1.52 ± 0.10 g, P < 0.05] 
and volume [Figure 4c; HepG2 shA vs. HepG2 NC: 
977.00 ± 87.00 mm3 vs. 1819.00 ± 108.14 mm3, P < 0.05 and 

MHCC97H shA vs. MHCC97H NC: 1377.00 ± 97.86 mm3 
vs. 2354.00 ± 103.66 mm3, P < 0.05] were also significantly 
lower in the silenced group after 4 weeks. These findings 
suggest that XB130 knockdown inhibits the growth of HCC. 
To investigate the molecular mechanism involved in the 
cell changes that are induced by a reduction in XB130, we 
detected changes in related signal pathways by Western 
blotting [Figure 4d and 4e]. We found that Ser473 (HepG2 
shA vs. HepG2 NC: 0.31 ± 0.01 vs. 0.9 ± 0.02 , P < 0.05 

Figure 1: The expression of XB130 in hepatocellular carcinoma tissues and cell lines. (a) The expression of XB130 in HCC tissues and adjacent 
tissues measured by qPCR. *P < 0.05 versus adjacent tissues. (b) The immunochemistry of XB130 in HCC tissue samples extracted from 
patients (×200); 1–2: Negative expression; 3–4: Positive expression of XB130. (c) The expression of XB130 in different HCC cells and the 
normal liver cell line LO‑2 measured by qPCR. GAPHD as a loading control, the figure shows the ratio of expression of XB130 to GAPHD. (d) 
The ratio of each protein to GAPHD. (e) The expression of XB130 in different HCC cells and the normal liver cell line LO‑2 measured by Western 
blotting, with GAPHD as a loading control. *P < 0.05 versus LO‑2. Data in the bar graphs represent the mean ± standard deviation of three 
repeated experiments. HCC: Hepatocellular carcinoma; qPCR: Quantitative polymerase chain reaction; GAPHD: Glyceraldehyde‑3‑phosphate 
dehydrogenase.
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and MHCC97H shA vs. MHCC97H NC: 0.17 ± 0.02 vs. 
0.69 ± 0.02, P < 0.05), threonine 308 (Thr308; HepG2 
shA vs. HepG2 NC: 0.12 ± 0.01 vs. 0.43 ± 0.04, P < 0.05 
and MHCC97H shA vs. MHCC97H NC: 0.21 ± 0.05 vs. 
0.52 ± 0.03, P < 0.05), and p‑PI3K were significantly 
lower in HepG2 shA and MHCC97H shA groups (HepG2 
shA vs. HepG2 NC: 0.26 ± 0.04 vs. 0.85 ± 0.03, P < 0.05 
and MHCC97H shA vs. MHCC97H NC: 0.19 ± 0.02 vs. 
0.86 ± 0.03, P < 0.05), and the level of p‑PTEN, which is an 
inhibitor of p‑Akt, was upregulated (HepG2 shA vs. HepG2 
NC: 0.42 ± 0.04 vs. 0.25 ± 0.05, P < 0.05 and MHCC97H 
shA vs. MHCC97H NC: 0.26 ± 0.02 vs. 0.14 ± 0.01, 
P < 0.05), whereas there was no change in the levels of Akt, 

PTEN, and PI3K. Thus, we confirmed that XB130 activates 
the PI3K/Akt/PTEN pathway.

Knockdown of XB130 sensitizes hepatocellular 
carcinoma to TRAIL‑induced apoptosis
Then, we explored the effect of silencing XB130 on the 
apoptosis of HCC cell lines using flow cytometry assay and 
caspase assay. We found that the apoptosis of shA groups was 
increased significantly compared with that of NC groups, and 
caspase‑3, ‑8, and ‑9 were also increased (P < 0.05). A study 
showed that activating the PI3K/Akt pathway contributed 
to tolerance to tumor necrosis factor (TNF)‑related 
apoptosis‑inducing ligand (TRAIL).[20] We found that when 

Figure 2: Silencing XB130 inhibits the proliferation of hepatocellular carcinoma cell lines. (a and b) The expression of XB130 in XB130‑silenced 
and scramble (NC) groups measured by Western blotting, with GAPHD as a loading control. There was a significant decrease in XB130 
expression of the shA group (*P < 0.01 versus NC groups). (c) The viability of cells in various groups measured by a Cell Counting Kit‑8 
assay. The viability of HepG2 shA and MHCC97H shA was markedly suppressed in a time‑dependent manner (P < 0.05). (d and e) Clonogenic 
ability of cells in various groups measured by a colony assay. After silencing XB130, the clonogenic ability of HepG2 and MHCC97H cells 
significantly decreased (P < 0.05) compared with the NC group. (f‑g) The cell cycle in XB130‑silenced (shA) and scramble (NC) cells. The 
cell numbers of G0/G1 phase in HepG2 shA group were higher than HepG2 NC group (P < 0.05), and the numbers of G2/M phase in HepG2 
shA and MHCC97H shA groups were lower than those in NC groups (P < 0.05). *P < 0.05 versus NC groups. All detections were repeated 
three times and the mean values were used for comparison. shA–C: Small hairpin RNA A–C; NC: Scramble small hairpin RNA; GAPHD: 
Glyceraldehyde‑3‑phosphate dehydrogenase.
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Figure 3: Silencing XB130 inhibits the motility and invasiveness of hepatocellular carcinoma cell lines and alters epithelial‑mesenchymal transition 
markers. (a and b) Cell migration as indicated by a Transwell migration assay. The number of cells migrating into the lower chamber was significantly 
lower in the shA groups than that in the NC groups (*P < 0.01). (c and d) Results of a wound healing assay. Reduced cell migration was observed in 
the shA groups (P < 0.05). (e) The expression of epithelial‑mesenchymal transition‑related markers measured by Western blotting. (f) The ratio of each 
protein to GAPDH. Compared to the NC groups, the expressions of vimentin and N‑cadherin were decreased, while the expression of E‑cadherin was 
increased (P < 0.05). Original magnification of (a) and (c), ×200. *P < 0.05 versus NC groups. All detections were repeated three times and the mean 
values were used for comparison. shA: Small hairpin RNA A; NC: Scramble small hairpin RNA; GAPHD: Glyceraldehyde‑3‑phosphate dehydrogenase.
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cells were incubated with TRAIL (100 ng/ml) using dimethyl 
sulfoxide (DMSO) as a control, the apoptosis of HepG2 
NC and MHCC97H NC did not change, although apoptosis 
increased in shA + TRAIL groups compared with that in 

NC + TRAIL and shA + DMSO groups [P < 0.05; Figure 5a 
and 5b]. The activities of caspase‑3, ‑8, and ‑9 increased 
in HepG2 shA + TRAIL and MHCC97H shA + TRAIL 
groups [P < 0.05; Figure 5c‑5e], indicating that XB130 can 
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Figure 4: Silencing XB130 reduces tumor growth in nude mice and XB130 activates the PI3K/Akt/PTEN pathway. (a) Tumor volume following 
the subcutaneous injection of cells into the right posterior flank regions of mice. The tumor volume was smaller in the XB130‑silenced (HepG2 
shA and MHCC97H shA) group than that in the scramble group. (b) Tumor weight following the injection of nude mice with shA or NC cells. The 
results showed that the weight in shA groups was lower than that in NC groups (*P < 0.05). (c) A growth curve for tumors following the injection 
of nude mice with HepG2 shA, HepG2 NC, MHCC97H shA, or MHCC97H NC cells. The results confirmed that tumor volume of shA groups was 
smaller than that in NC groups. (d) The expressions of Akt, Ser‑473, PI3K, p‑PI3K, PTEN, phosphorylated PTEN, and Thr308 were examined by 
Western blotting. (e) The ratio of each protein to GAPHD. The levels of p‑Akt, p‑PI3K, p‑PTEN, and Thr308 were lower in the XB130‑silenced 
groups than those in the scramble groups, while there was no difference in the levels of Akt, PI3K, and PTEN. *P < 0.05 versus NC groups. Data 
in the bar graphs represent the mean ± standard deviation of three repeated experiments. shA: Small hairpin RNA A; NC: Scramble small hairpin 
RNA; p‑: Phosphorylated; Akt: Protein kinase B; Ser: Serine; PI3K: Phosphoinositide 3‑kinase; PTEN: Phosphatase and tensin homolog; Thr308: 
Threonine 308; GAPHD: Glyceraldehyde‑3‑phosphate dehydrogenase.
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Figure 5: Downregulation of XB130 sensitizes hepatocellular carcinoma cells to TRAIL‑induced apoptosis. (a and b) The apoptosis of four different 
cell lines (HepG2 shA, HepG2 NC, MHCC97H shA, and MHCC97H NC) treated with 100 ng/ml TRAIL for 24 h and measured by Annexin V, DMSO as 
a control. HepG2 NC and MHCC97H NC were tolerant to TRAIL, and apoptosis was obviously increased in shA groups when the cells were treated 
with TRAIL compared with the NC group (*P < 0.01). (c‑e) Caspase 3, caspase 8, and caspase 9 activities were determined fluorometrically 
in cell extracts using Ac‑DEVD‑AMC, Ac‑IETD‑AFC, and Ac‑LEHD‑AMC as fluorogenic substrate, respectively. And, the caspase‑3, caspase‑8, 
and caspase‑9 activities were significantly increased in shA/TRAIL groups compared to other groups. *P < 0.05 versus NC groups. All of the 
experiments were repeated three times. Data in the bar graphs represent the mean ± standard deviation of three repeated experiments. shA: Small 
hairpin RNA A; NC: Scramble small hairpin RNA; DMSO: Dimethyl sulfoxide; TRAIL: Tumor necrosis factor‑related apoptosis‑inducing ligand.
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contribute to tolerance of HCC to TRAIL by activating the 
PI3K/Akt pathway.

dIscussIon

XB130 is a newly discovered adaptor protein that plays 
a critical role in the regulation of signal transduction, 
affecting cell proliferation, survival, invasion, and 
metastasis.[13,15,21] Few studies have investigated the 
relationship between XB130 and tumor development to 
date, and it has been shown that XB130 can be used as a 
predictor of tumorigenesis in a variety of tumors, although 
its relationship with the clinical stage and prognosis differs 
among tumor types. For instance, Chen et al.[15] found that 
the positive expression rate of XB130 in prostate cancer 
tissues was 85.6% by immunohistochemistry and that 
this high expression of XB130 was positively correlated 
with the high expression of PSA, PAP, tumor size, and T 
grade, thus indicating a poor prognosis. Similarly, Shiozaki 
et al.[13] found that the positive expression rate of XB130 
in esophageal cancer tissues was 71.2% and confirmed this 
high expression in an esophageal cancer cell line by Western 
blotting. Consistent with this, the overexpression of XB130 
has been found in pancreatic ductal adenocarcinoma,[22] 
breast cancer,[23] and cartilage cancer[24] and is associated 
with a short survival time. However, XB130 plays a different 
role in gastric cancer, with Shi et al.[18] demonstrating that 
although XB130 could be used as a predictor for gastric 
cancer due to its high expression in cancer tissues from 
411 patients with gastric cancer by immunohistochemistry, 
a low expression of XB130 predicted a poor prognosis, and 
there was a negative correlation between the expression of 
XB130 and the sensitivity to 5‑FU in the gastric cancer cell 
line SGC7901. In HCC tissues, Zuo et al.[19] found that the 
positive expression rate of XB130 was 75% through the 
analysis of 64 HCC cases by immunohistochemistry and 
that XB130 was not related to the clinical stage, TNM, or 
prognosis. In the present study, we found that the expression 
of XB130 was higher in HCC tissues than that in adjacent 
nontumor tissues through the analysis of 20 pairs of HCC 
tissues by quantitative qRT‑PCR, and the positive expression 
rate was 80% in HCC tissues by immunohistochemistry, 
although it was only 20% in the adjacent nontumor tissues. 
However, it was difficult to explore the relationship between 
the expression of XB130 and clinical classification and 
prognosis due to the limited number of cases; this needs 
further validation. We also found that XB130 was highly 
expressed in hepatocarcinoma cell lines by quantitative PCR 
and Western blotting, demonstrating that XB130 may be used 
as an indicator in the clinical diagnosis of HCC.

Tumor development and progression is a complex process 
that involves multiple factors, multigene changes, and 
multistep evolution.[25] Abnormal levels of proliferation, 
migration, invasive growth, and metastatic potential are the 
fundamental characteristics that make malignant tumor cells 
different from benign tumor cells. Thus, knowledge of the 
molecular mechanism of tumor development brings hope 

pertaining to finding a cure for malignant tumors.[26] It has 
previously been demonstrated that XB130 is associated with 
tumor proliferation, migration, and invasion.[27] Shiozaki 
et al.[13] found that silencing XB130 arrested thyroid cancer 
WRO cells in the G0/G1 phase, although the number of S 
phase cells and levels of the proliferation‑associated proteins 
Ki‑67 and proliferating cell nuclear antigen decreased, as did 
the tumorigenicity of tumor cells in vitro. Gene analysis[21] 
has also revealed that the expression of 246 types of genes 
changed following the downregulation of XB130; 57 of 
these genes are related to cell proliferation, survival, and 
cycle‑related pathways, and pathway analysis showed that 
XB130 is most strongly related to cancer and that it may 
affect cell proliferation, growth, and cycle. Shi et al.[16] 
also found similar results in gastric cancer, wherein the 
knockdown of XB130 in SGC7901 and MNK45 cells led to 
a decrease in cell proliferation, an increase in G0/G1 phase, 
and a decrease in S phase cells. In addition, Western blotting 
showed that the expressions of E‑cadherin, α‑catenin, 
and β‑catenin in EMT were significantly increased, 
although those of the invasion‑related proteins MMP‑2, 
MMP‑9, and CD44, as well as p‑Akt/Akt, were decreased, 
indicating that the downregulation of XB130 inhibits the 
PI3K/Akt pathway. In the present study, we found that the 
downregulation of XB130 in HepG2 and MHCC97H cells 
impaired cell proliferation, increased the number of tumor 
cells in the G0/G1 phase, decreased the number of cells in 
the G2/M phase, and suppressed tumor formation in nude 
mice. Thus, XB130 may be used as a new target for the 
treatment of HCC.

Abnormal activation of the PI3K/Akt pathway is closely 
related to tumor development; activated PI3K converts 
PIP2 to PIP3, which acts as a second messenger to activate 
a number of signaling molecules downstream of the signal 
pathway involved in cell proliferation, differentiation, 
apoptosis, survival, and migration.[28‑30] There are three 
types of PI3K family in mammals: the type I PI3K and its 
downstream molecular serine/threonine protein kinase make 
up a signaling pathway (PI3K/Akt), which is closely related 
to tumor development.[31] Type‑IA PI3K is a heterodimer 
comprising P85 regulatory subunit and P110 catalytic 
subunit. P85 regulatory subunits include P85α, P85β, and 
P85γ, and P85α is the most regulated subunit.[28] XB130 is 
a tyrosine kinase substrate that can phosphorylate tyrosine 
by interacting with other tyrosine kinases at the SH2 and 
SH3 domains of the N‑terminal of Src. It has been shown 
that SH2 on XB130 has a YxxM modification site and that 
its specific binding to the p85α subunit of PI3K activates 
the Akt pathway,[17] whereas a reduction in XB130 can 
affect multiple molecules downstream of Akt.[15] Akt is a 
serine/threonine kinase, also known as protein kinase B, 
which is highly homologous to protein kinase A and protein 
kinase C, is one of the major downstream effector molecules 
of PI3K, and can directly phosphorylate many transcriptional 
factors; its activation requires the activation of Thr308 and 
Ser473.[32] Consistent with this, in the present study, we found 
that a reduction in XB130 can regulate the expression of the 
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Akt‑related phosphorylation markers Ser473 and Thr308 
and inhibit the phosphorylation of PI3K but had no effect 
on the total levels of Akt and PI3K. PTEN gene can inhibit 
cell carcinogenesis by the negative regulation of PI3K/Akt. 
In normal cells, PTEN has phosphatase activity, which can 
make  PIP3 dephosphoric acid  to PIP2 to lose the messenger 
function and thereby inhibit the PI3K/Akt signaling pathway, 
leading to apoptosis and inhibition of proliferation.[33] In 
contrast, the mutations or deletions of PTEN will lose 
normal inhibition of PIP2 conversion to PIP3, increasing 
intracellular PIP3 accumulation and Akt activation, thereby 
inhibiting apoptosis, promoting cell growth, and stimulating 
tumor angiogenesis.[34] In our study, we confirmed that 
reduction of XB130 can increase the level of p‑PTEN, but 
the total level of PTEN does not change. Thus, we conclude 
that XB130 may activate PI3K/Akt to maintain tumor cell 
proliferation, invasion, and metastasis.

EMT is also an important biological process for the migration 
and invasion of epithelial cell‑derived malignant cells[35] 
and is strongly associated with the PI3K/Akt pathway.[36,37] 
The expression of E‑cadherin, β‑cadherin, and vimentin 
in mesenchymal tissue can be upregulated by Akt. We 
used Western blotting to detect EMT‑related markers, 
which showed that downregulation of XB130 upregulated 
E‑cadherin expression, although downregulation of 
N‑cadherin and vimentin could inhibit the progression of 
EMT and affect the invasion and metastasis of HCC. Thus, 
it appears that XB130 can promote EMT of HCC through 
activation of the PI3K/Akt pathway.

TRAIL is a member of the TNF superfamily that can induce 
tumor cell apoptosis through binding with its receptor. 
The fact that TRAIL can kill tumor cells but is nontoxic 
to normal cells, which are different from TNF and Fas, 
has attracted the attention of many scientists.[38‑40] Some 
studies confirmed that many tumor cells are resistant to 
TRAIL, including HCC cells.[41,42] It has previously been 
shown that activation of the PI3K/Akt pathway promotes 
tumor cell tolerance to TRAIL, whereas inhibition of this 
pathway can make tumor cells susceptible to TRAIL.[20] 
Because reduction of XB130 can inhibit the activation of 
PI3K/Akt, we explored whether XB130 contributes to the 
resistance to TRAIL by HCC. Our study confirmed that 
a reduction in XB130 and incubation with TRAIL can 
significantly increase tumor cell apoptosis, suggesting that 
downregulation of XB130 can sensitize liver cancer cells 
to TRAIL‑induced apoptosis. Although there are many 
factors contributing TRAIL resistance,[43,44] including 
decoy receptor, c‑FLIP, nuclear factor‑κB, and activation 
of anti‑apoptotic kinase signaling, whether the sensitivity 
of HCC cells to TRAIL increases only by inhibiting the 
PI3K/Akt pathway still needs further validation.

In summary, we confirmed the high expression of 
XB130 in HCC tissues and cell lines and showed that 
downregulation of XB130 can affect the proliferation, 
migration, and invasiveness of HCC cells, arresting them 
in the G0/G1 phase and inhibiting EMT‑related processes. 

Furthermore, a reduction in XB130 can increase the 
sensitivity of HCC cells to TRAIL‑induced apoptosis, 
which might provide a theoretical basis for the clinical 
treatment of liver cancer. However, the expression of 
XB130 in Hep3B was higher than that in normal liver 
cell line, the mechanism may be different from others, 
which also needs further study.
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XB130敲除抑制肝细胞癌细胞的增殖、侵袭以及转移，
并使其对TRAIL诱导的细胞凋亡敏感

摘要

背景：XB130是新近发现的一种在许多恶性肿瘤中高表达的衔接蛋白，但很少有研究表明研究了它在肝细胞癌（HCC）中的
作用。因此，本研究探讨了这XB130与肝癌之间的关系并研究其分子作用机制。
方法：采用RT‑PCR、免疫组化及蛋白印迹法比较HCC组织与癌旁组织中XB130的表达，并通过shRNA 将XB130沉默。并通过
克隆形成实验、划痕实验、集落形成实验及流式细胞术观察其对肝癌细胞系增殖、侵袭、转移及细胞周期的影响。
结果：我们发现XB130在HCC组织中高表达（癌组织与邻近组织：0.23±0.02比0.17±0.02，P <0.05），肝癌细胞系中MHCC97H
和HepG2表达最高（MHCC97H和HepG2与正常肝细胞系LO‑2：分别为2.35±0.26和2.04±0.04比1.00±0.04，均P <0.05）。CCK‑8
实验和裸鼠成瘤实验显示，沉默XB130在体内和体外都能抑制细胞增殖能力，流式细胞术检测证明沉默XB130后可以使肝癌细
胞在HepG2的G0 / G1期停滞（HepG2 XB130 [shA]与HepG2 [NA]：74.32±5.86％ 比 60.21±3.07％，P <0.05），G2 / M期细胞数
减少（HepG2 shA 比HepG2 NA：8.06±2.41％比18.36±4.42％，P <0.05）。此外，细胞侵袭转移能力受到损害，且上皮 ‑ 间质
转化相关指标波形蛋白和N‑钙粘蛋白表达下调，E‑钙粘蛋白水平上调。 Western blotting显示磷酸化磷酸肌醇3‑激酶（PI3K）
水平和磷酸化蛋白激酶B（p‑Akt）也增加，表明XB130激活了PI3K / Akt通路。此外，我们发现XB130的减少增加了肝癌细胞
系对肿瘤坏死因子相关凋亡诱导配体诱导的细胞凋亡的敏感性。
结论：我们的研究结果表明，XB130不仅可以用作肝癌的预测因子，还可以作为肝癌的治疗靶点之一。


