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	 Background:	 The tumor susceptibility gene 101 (TSG101) was originally identified as a tumor-suppressor gene that medi-
ates many molecular and biological processes, such as ubiquitination, endosomal trafficking, cell survival, and 
virus budding, but its role in hepatocellular carcinoma (HCC) is currently unknown.

	 Material/Methods:	 We assessed the expression of TSG101 in HCC and paracancerous tissues using qPCR. Then, we used the TSG101-
specific siRNA mix to disrupt the expression of TSG101 to investigate the subsequent effect on human hepa-
toma-7 (Huh7) cells. Western blot was used to detect the protein expression of TSG101 and other molecules. 
Cell growth assay was performed using CCK8. Transwell assay was used to investigate the migration and in-
vasion ability of Huh7 cells after transfection with of TSG101 siRNA. Flow cytometry was used to estimate the 
effect of TSG101 knockdown on cell cycle and apoptosis. Confocal laser scanning microscopy was used to ob-
serve the actin filaments change and the formation of autophagy.

	 Results:	 TSG101 was over-expressed in HCC tissues. TSG101 silence was able to suppress Huh7 cell proliferation, mi-
gration, and invasion. Furthermore, silencing of TSG101 could induce cell cycle arrest at G1 phase and inhibit 
the expression of cyclin A and cyclin D, while up-regulating the expression of CDK2. The mechanism might be 
induction of autophagic cell death and inactivation of Akt and ERK1/2.

	 Conclusions:	 TSG101 plays an important role in the development of HCC and may be a target for molecular therapy.
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Background

Hepatocellular carcinoma (HCC) is one of the most common 
malignant tumors worldwide, and due to its poor prognosis 
and high recurrence it has recently become the third leading 
cause of cancer-related death recently[1]. Although diagnos-
tic and treatment strategies, such as surgical resection, radio-
frequency ablation, transcatheter arterial chemoembolization, 
and radiation, have been improved, the postoperative progno-
sis of HCC remains unsatisfactory [2]. Therefore, novel thera-
peutic strategies are needed to improve the treatment of HCC; 
molecular targeted therapy may be such a strategy [3]. In fact, 
there have been many reports revealing that many molecules 
have showed great potential in the treatment of HCC. Yet, as 
different molecules may express and function differently in the 
development of HCC, to find more molecules and to get a bet-
ter understand of the molecules may benefit treatment of HCC.

Tumor susceptibility gene 101 (TSG101), discovered in a screen 
for tumor susceptibility genes, was originally identified as a tu-
mor-suppressor gene that encodes a multi-domain protein and 
mediates many molecular and biological processes, such as ubiq-
uitination, endosomal trafficking, cell growth, and virus bud-
ding [4–6]. Many investigations showed that its role in cellular 
function is complex, and may be opposite in different cells [4,7]. 
The expression of TSG101 protein levels are normally tightly con-
trolled within a narrow range, as both increased and suppressed 
expression of TSG101 will lead to abnormal cell growth in NIH 
3T3 cells [4]. The deletion of TSG101 was expected to lead to 
increased tumor growth and perhaps increased tumor cell pro-
liferation, as supported by early investigations [8]. However, re-
cent studies have shown that the silencing of TSG101 in vitro 
resulted in impaired cell growth, and homozygous knockout of 
TSG101 in mice led to embryonic lethality [9,10]. In addition, 
the expression of TSG101 in human papillary thyroid carcino-
mas, ovarian cancer, gastrointestinal tumors, colorectal carci-
noma, and gallbladder cancer tissues was higher than that in 
normal tissues [7,11–18]. This indicates that TSG101 may play 
an important role in cell growth and tumor development, but 
the role of TSG101 in HCC has not been investigated until now.

In the present study, we show that silencing of TSG101 decreased 
the proliferation, migration, and invasion of human hepatoma-7 
(Huh7) cells. Silencing TSG101 was able to induce cell arrest at 
G1 phase and inhibit the expression of cyclin A and cyclin C, 
while increasing the expression of cyclin-dependent kinase 2 
(CDK2). In addition, deletion of TSG101 could lead to the accu-
mulation of GFP-LC3 and of Lamp1. Furthermore, silencing of 
TSG101 was able to up-regulate the expression of Beclin 1 and 
LC3 II and down-regulate the expression of p62, possibly due to 
the inhibited activation of ERK1/2 and AKT. Altogether, the data 
showed that TSG101 plays an important role in the development 
of HCC and might be a potential target in the treatment of HCC.

Material and Methods

Clinical specimens

The approval from the Ethics Committee of Changhai Hospital 
and written informed consent from each patient were obtained 
prior to the use of these materials. A total of 10 HCC and cor-
responding paracancerous tissues were acquired through sur-
gery, which were kept in liquid nitrogen before the perfor-
mance of the experiment.

Quantitative real-time PCR (qPCR)

Total RNA of the tissue was extracted using Trizol reagent 
and reverse transcribed to cDNA with the PrimeScript RT re-
agents Kit. Then the expression of TSG101 in the tissue was 
detected using SYBR Premix Ex Taq on Rotor Gene 3000A 
(Corbett Research, Australia) with GAPDH as the control. 
The following primers were used for quantitative real-time 
PCR: TSG101, GCCACCTCTA GAATGGCGGT GTCGGAGAGC C 
(forward), GGTGGCGTCG ACTCAGTAGA GGTCACTGAG ACC 
(reverse); GAPDH, GGGTGGAGCCAAACGGGTC (forward), 
GGAGTTGCTGTTGAAGTCGCA (reverse).

Cell lines and reagents

Human hepatoma-7 (Huh7) cells were cultured in Dulbecco’s 
modified Eagle’s medium (DMEM) containing 10% fetal bo-
vine serum (FBS, Gibco) supplemented with penicillin and 
streptomycin. Antibodies to GAPDH, lamp1, Akt, phosphor-
Akt, ERK1/2, and phosphor-ERK1/2 were purchased from Cell 
Signaling Technology (Beverly, MA). Antibodies to TSG101, LC3, 
p62, and Beclin1 were purchased from Abcam (Cambridge, 
USA). Alexa Fluor 555 Phalloidin, Alexa Fluor 555 second-
ary antibody, HRP-conjugated secondary antibodies, Trizol re-
agent, and lipofectamine 2000 were purchased from Invitrogen 
(Shanghai, China). siRNA targeting TSG101 was purchased 
from Dharmacon (GE Healthcare Life Sciences). PrimeScript 
RT Kit and SYBR Premix Ex Taq were obtained from TAKARA 
BIOTECHNOLOGY (Dalian, China). Propidium iodide and Annexin 
V kit were purchased from Sungene Biotech Company (Tianjin, 
China). Matrigel Matrix was obtained from BD Biosciences (San 
Jose, USA). The plasmid expressing EGFP-LC3 fusion protein 
was obtained from Addgene (plasmid 11546). The transwell 
chamber and other cell culture plates were purchased from 
Corning, Inc. (NY, USA).

Cell growth assay

Cell growth assay was performed using the Cell Counting Kit 
8 (CCK8) assay according to the manufacturer’s instructions. 
Briefly, 2000 cells were seeded in the 96-well plate to incubate 
overnight. Furthermore, the cells were transfected with siRNA 
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for 48 hours, and then the culture medium was changed to110 
μl fresh medium containing 10 μl CCK8 and incubated for an-
other 2 hours. Finally, the plate was read by a BioTek synergy 
Multi-Mode Microplate Reader.

Cell migration and invasion assay

Cell migration assay was performed using a Transwell chamber 
with 6.5 mm diameter polycarbonate filters with 8-μm pore 
size according to the manufacturer’s instructions. We add-
ed 2×104 cells transfected with TSG101 siRNA for 48 hours in 
culture media containing 0.5% FBS to the inserts. The lower 
chambers were filled with culture media containing 1% FBS 
and the cells were allowed to migrate for 16 hours. For the 
cell invasion assay, the filters were pre-coated with Matrigel 
before invasion assay. We added 5×104 cells transfected with 
TSG101 siRNA for 48 hours in culture media containing 0.5% 
FBS to the inserts. The lower chambers were filled with cul-
ture media containing 5% FBS. Cells were allowed to invade 
for 24 hours and then cells were fixed with 4% paraformal-
dehyde. The cells still in the upper inserts were then removed 
using cotton swabs. The cells were stained with 0.5% crystal 
violet for 20 minutes and the images were captured with an 
inverted microscope (IX81, Olympus). The migrated and invad-
ed cells were counted manually, and the experiments were re-
peated at least 3 times.

Cell cycle assay

Cells treated with TSG101 siRNA for 48 hours were harvest-
ed using trypsin and fixed in 70% ethanol overnight. Then 
the cells were washed with PBS twice and were re-suspend-
ed in PBS containing propidium iodide. The cells were incu-
bated with propidium iodide for 30 minutes at room temper-
ature. After 2 washes with PBS, the cells were analyzed using 
Cell Lab Quanta SC (BECKMAN COULTER, USA), and the data 
were analyzed using Modfit software.

Cell apoptosis assay

Cells treated with TSG101 siRNA for 48 hours were harvest-
ed using trypsin, and washed twice with PBS. Then, the cells 
were incubated with FITC Annexin V for 15 minutes at room 
temperature in the dark. The stained cells were then incu-
bated with propidium iodide for 5 minutes at room tempera-
ture in the dark. The samples were analyzed using a Cell Lab 
Quanta SC (BECKMAN COULTER, USA), and the data were an-
alyzed by FLOWJO v7.6 software.

Immunofluorescence staining

Cells grown on glass slides were fixed by 4% paraformaldehyde 
and washed twice with PBS. The cells were then blocked with 

5% bovine serum albumin (BSA) for 1 hour at room temper-
ature. Then the slides were washed twice with PBS and incu-
bated with Alexa Fluor 555 Phalloidin diluted in 1% BSA for 1 
hour at room temperature. The slides were then washed with 
PBS once and incubated with DAPI for 15 minutes. After wash-
ing with PBS once, the cells was analyzed with a Zeiss LSM-710 
fluorescence microscope. For the detection of autophagy, cells 
were transiently transfected with GFP-LC3 plasmid using lipo-
fectamine 200 for 48 hours. Then, the cells were harvested us-
ing trypsin and seeded to a glass slide. The cells were further 
treated with TSG101 siRNA for 48 hours and were then fixed by 
4% paraformaldehyde. After being blocked with BSA, the slide 
was washed and incubated with lamp1 antibody for 2 hours at 
room temperature. Then, the slide was washed and incubat-
ed with Alexa Fluor 555 antibody for 1 hour at room temper-
ature. After being stained with DAPI for 15 minutes, the slide 
was analyzed with a Zeiss LSM-710 fluorescence microscope.

Western blotting

Cells were lysed by RIPA lysis buffer purchased from Beyotime 
Biotechnology (Shanghai, China). The protein extracted from 
cells was separated by 10% SDS-PAGE gel and transferred to 
polyvinylidene fluoride membrane. The membranes were then 
incubated with indicated primary and secondary antibodies 
conjugated to horseradish peroxidase. Finally, the blots were 
incubated with Super Signal West Pico chemoluminescent 
substrate and visualized using the GenegGnome HR Image 
Capture System.

Statistical analysis

The data were obtained from at least 3 independent exper-
iments and are expressed as mean ±SD. The expression of 
TSG101 in tissues was analyzed using Student’s t test. The 
other statistical significance was computed using one-way 
ANOVA and Tukey test. The level of significance was set as 
P<0.05, which is marked by (*). When P value <0.01, the data 
is indicated by (**).

Results

TSG101 is over-expressed in HCC tissue

Although TSG101 plays an important role in the progress of 
many tumors, the function of TSG101 in HCC was largely un-
known. To explore the potential role of TSG101 in HCC, we 
initially examined the expression level of TSG101 in HCC and 
corresponding paracancerous tissues. The data indicated that 
the expression of TSG101 in HCC tissue was much higher than 
that in paracancerous tissue (Figure 1A). The result was con-
sistent with recent investigations reporting that the role of 
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TSG101 was complex and could be opposite in different can-
cers [4,7,16–18].

TSG101 deletion inhibits cell growth and causes 
remodeling of actin filaments

Although it is known that TSG101 plays important roles in the 
progress of different tumors, there is no report on the role of 
TSG101 in HCC. In this study, we used TSG101-specific siRNA to 
inhibit the expression of TSG101 in Huh7 cells. We found that 
the TSG101 siRNA was able to clearly decrease the expression 
of TSG101 (Supplementary Figure 1). The cells transfected with 
TSG101 siRNA for 48 hours showed suppressed growth ability 
by about 30% compared with the control groups (Figure 1B). 
Furthermore, TSG101 knockdown resulted in obvious changes 
in the architecture of the cytoskeleton. The phalloidin-based 
fluorescent staining of F-actin of TSG101 siRNA-treated cells 
showed a clearly abnormal reorganization of actin filaments 
with less bundling compared with control groups (Figure 1C).

TSG101 deletion inhibits cell migration and invasion

The high rate of intrahepatic and extrahepatic metastases may 
be the key factor which led to the poor prognosis and high re-
currence of HCC [19]. Metastasis is largely dependent on the 

ability of cell migration and invasion, which is influenced by 
many cell-intrinsic identities and extrinsic microenvironment 
molecule. Therefore, we examined the effect of TSG101 silenc-
ing on cell migration and invasion in vitro. Compared to the con-
trol groups, TSG101 deletion was able to reduce the migration 
ability of Huh7 cells by 45%, as is shown in Figure 2A, 2B. Next, 
when we evaluated cell invasion ability in TSG101 knockdown 
cells and control cells, we found that TSG101 knockdown cells 
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Figure 1. �The expression of TSG101 in HCC tissues and the effect of silencing of TSG101 on cell proliferation and actin filaments. 
(A) The expression of TSG101 was much higher in HCC tissue than in paracancerous tissue. (B) Cell growth of different 
groups was examined by CCK-8 assay and presented in a histogram. (C) TSG101 knockdown resulted in obvious changes 
in the architecture of the cytoskeleton, with less bundling. ** p<0.01; all data are representative results of 3 independent 
experiments.

Supplementary �Figure 1. TSG101 expression in control, scramble 
control (Scr), and TSG101 siRNA (siTSG101)-
treated groups was examined by Western 
blotting.

Control siTSG101Scr
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displayed significantly reduced (by 50%) cell invasion ability, 
as shown in Figure 2C, 2D. Altogether, these data suggest an 
important role of TSG101 in Huh7 cell migration and invasion.

TSG101 deletion induces cell cycle arrest at G1 phase

Cell cycle, consisting 4 stages – G1 phase, S phase, G2 phase, 
and M phase – is a complicated process, which the cell must 
undergo to proliferate [20]. The cancer cell usually has abnor-
mal cell cycle distribution, the inhibition of which may be a 

promising treatment. To evaluate whether TSG101 deletion af-
fects the cell cycle distribution, we performed flow cytometry 
after the cells had been transfected with TSG101 siRNA for 48 
hours. The data show that TSG101 deletion led to an increase 
of cell population in G1 phase (Figure 3A, 3B). Furthermore, 
we studied the effect of TSG101 deletion on the expression of 
cyclins. We found that the expression of cyclin A and cyclin D 
was down-regulated and the expression of CDK2 was up-reg-
ulated significantly (Figure 3C). TSG101 deletion had no effect 
on Huh7 cell apoptosis (Supplementary Figure 2). These data 
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Figure 2. �Silencing of TSG101 in Huh7 cells inhibits cell migration and invasion. (A) Cells treated with siTSG101 for 48 hours were 
collected and seeded in the transwell chamber, which were then cultured for 16 hours in 0.5% FBS. Representative images 
of migration are shown. (B) Quantitative data of migrated cells in cell migration assay. (C) Cells in different groups were 
collected and seeded in transwells covered with Matrigel and cultured for 20 hours. Representative images of cell invasion 
assay are shown. (D) Quantitative data of invasive cells in cell invasion assay. ** p<0.01; all data are representative results of 
3 independent experiments.
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Supplementary �Figure 2. TSG101 deletion had no effect on cell apoptosis. Representative images of the cell apoptosis assay. Q1, 
Q2, Q3, and Q4 indicate the dead cells, apoptotic cells in late stage, apoptotic cells in early stage, and live cells, 
respectively.
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indicate that TSG101 may affect cell growth though disrupt-
ing the cell cycle process.

TSG101 deletion induces autophagy and inhibits the 
activation of ERK1/2 and AKT

To assess whether TSG101 deletion leads to autophagy, we 
first used immunofluorescence staining to examine the intra-
cellular localization of GFP-LC3 and lamp1, which are the con-
stituents of autophagosome and lysosome, separately. The in-
creased dots and co-staining of GFP-LC3 and lamp1 showed that 
autophagy in TSG101-deficient cells was elevated (Figure 4A). 
Furthermore, we estimated the expression of LC3 II, p62, and 
Beclin 1 in TSG101 siRNA-treated cells. We found that the ex-
pression of LC3 II and Beclin 1 had been up-regulated and 
the expression of p62 had been down-regulated (Figure 4B), 
which indicated the occurrence of autophagy in another way. 
To better understand the effect of TSG101 on autophagy, we 
then investigated the effect of TSG101 deletion on phosphor-
ylation of Akt and ERK1/2. The data showed that silence of 
TSG101 resulted in significantly decreased activation of Akt 
and ERK1/2 (Figure 4B). Altogether, the results suggested that 
TSG101 silence was able to inactivate the phosphorylation of 
Akt and ERK1/2, which accelerate the occurrence of autopha-
gy and thus increase autophagic cell death.

Discussion

Although TSG101 was initially identified as a tumor-suppres-
sor gene, recent investigations reveal that it may function as 
an oncogene [11,15,16]. An early study showed that TSG101 
deficiency is able to cause the metastasis of mouse fibro-
blasts and that these transformed cells can form tumors and 
induce neoplasia of the lung after they have been injected 
into nude mice, while re-acquisition of TSG101 can partial-
ly rescue the metastatic phenotype [4]. However, recent re-
search reveal that TSG101 is overexpressed in many kinds of 
malignant tumors, and silencing of TSG101 is able to inhibit 
cancer cell growth [7,16,18,21]. However, until now there has 
been no report investigating the role of TSG101 in the devel-
opment of HCC.

Our data showed that TSG101 was over-expressed in HCC 
tissue, which indicated that TSG101 might be an oncogene 
in the process of HCC. As the hallmarks of malignant can-
cer are characterized by abnormal cell growth and metas-
tases, we performed cell growth assay, cell migration assay, 
and cell invasion assay to estimate the effect of TSG101 de-
letion in Huh7 cells [22]. The data showed that silencing of 
TSG101 clearly suppressed Huh7 cell growth, migration, and 
invasion (Figures 1B, 2A–2D), which indicates an important 
role of TSG101 in the occurrence and development of HCC. It 
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is known that dynamic actin cytoskeletal reorganization is in-
dispensible for cell motility; therefore, we examined the im-
pact of silencing of TSG101 on the cell cytoskeleton [23]. The 
data suggest that TSG101 deletion is able to impair the bun-
dling of actin filaments, which decreases the ability of cell mi-
gration and invasion.

To better understand the role of TSG101 in cell growth of Huh7 
cells, we performed flow cytometry to examine cell cycle distri-
bution and found that the silencing of TSG101 resulted in cell 
cycle arrest at G1 phase, which indicates a role of TSG101 in 
regulation of cyclins. Then, we found TSG101 deficiency was 
able to suppress the expression of cyclin A and cyclin D while 
increasing the expression of CDK2. Cyclin A and cyclin D are 
normally up-regulated during G1/S transition, which is regu-
lated by CDK2 [24]. The inhibited expression of cyclin A and 
cyclin D might be responsible for the cell cycle arrest at G1 
phase in TSG101-silenced Huh7 cells.

Autophagy was initially found to be a strategy by which cells 
increase material and energy recycling by digestion of aged or-
ganelles with autophagy-specific lysosomes, which is regard-
ed as strengthening the ability of cancer cells to survive stress 
or nutrient-insufficient microenvironments [25]. However, re-
searchers found that increased autophagy could cause cell 
death as another type of programmed cell death besides apop-
tosis, which was called autophagic cell death [26,27]. Our data 
showed that silencing of TSG101 had no effect on apoptosis of 
Huh7 cells, but might induce autophagic cell death. Compared 

to apoptosis, autophagic cell death has different features, 
such as massive autophagic vacuolization, overexpression of 
Beclin 1, conversion of LC I to LC II, and depletion of p62 [28]. 
The results indicate that autophagic cell death might partic-
ipate in the inhibition of cell growth. AKT and ERK1/2 signal 
pathways are known to be involved in the induction of au-
tophagy; therefore, we estimated the activation of AKT and 
ERK1/2 [29,30]. The data are consistent with previous investi-
gations reporting that silencing of TSG101 was able to inhib-
it phosphorylation, which might account for autophagic cell 
death in TSG101-deleted cells.

Conclusions

We demonstrated that TSG101 was over-expressed in HCC 
tissues and that TSG101deletion was able to suppress Huh7 
cell growth, migration, and invasion. Furthermore, silencing 
of TSG101 could induce cell cycle arrest at G1 phase and in-
hibit the expression of cyclin A and cyclin D, while up-regulat-
ing the expression of CDK2. The possible mechanism might 
be induction of autophagic cell death and inactivation of Akt 
and ERK1/2. The data indicate an important role of TSG101 
in the development of HCC and it may be a potential target 
for molecular therapy.
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