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Tripartite motif‑containing 3 (TRIM3) 
inhibits tumor growth and metastasis of liver 
cancer
Xu‑Qiong Huang1,2†, Xiao‑Fei Zhang1†, Jin‑Hua Xia3, Jie Chao4, Qiu‑Zhong Pan1, Jing‑Jing Zhao1, Zi‑Qi Zhou1, 
Chang‑Long Chen1, Yan Tang1, De‑Sheng Weng1*, Jian‑Hua Zhang2* and Jian‑Chuan Xia1* 

Abstract 

Background:  Reduced expression of tripartite motif-containing 3 (TRIM3) has been reported to be involved in 
the pathogenesis of human glioblastoma. In our previous research, we found that TRIM3 expression was markedly 
reduced in human primary hepatocellular carcinoma (HCC) tissues and that low TRIM3 expression was associated 
with short survival of HCC patients. However, the role of TRIM3 in liver cancer remains unknown. This study aimed to 
investigate the function of TRIM3 in liver cancer cells.

Methods:  The protein levels of TRIM3 in five liver cancer cell lines (SK-Hep1, Hep3B, Huh7, HepG2, Bel-7402) and one 
normal liver cell line (L02) were detected with Western blotting. HepG2 and Bel-7402 cells with low TRIM3 expression 
were infected with recombinant lentiviruses overexpressing TRIM3 (LV-TRIM3), whereas Huh7 and Hep3B cells with 
high TRIM3 expression were transfected with TRIM3-targeted small interfering RNA (siTRIM3). The functions of TRIM3 
in the proliferation, colony formation, cell cycle, migration, invasion, and apoptosis of the above cell lines were exam‑
ined. The effect of TRIM3 on tumor growth and metastases in nude mice was also investigated.

Results:  TRIM3 was overexpressed in HepG2 and Bel-7402 cells with LV-TRIM3 infection, which further reduced pro‑
liferation, colony formation, migration, and invasion of both cell lines. Cell cycle analysis showed that TRIM3 overex‑
pression induced G0/G1 phase arrest in HepG2 and Bel-7402 cells. Moreover, apoptosis was not increased in HepG2 
or Bel-7402 cells overexpressing TRIM3. Contrarily, silencing TRIM3 expression in Huh7 and Hep3B cells by siTRIM3 
led to significantly decreased percentages of both cells in the G0/G1 phase and promoted cell proliferation, colony 
formation, migration, and invasion. In vivo experiment results confirmed that TRIM3 overexpression suppressed tumor 
growth and metastasis.

Conclusions:  TRIM3 plays a tumor-suppressing role in the regulation of liver cancer development by reducing cell 
proliferation through cell cycle arrest at the G0/G1 phase.
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Introduction
The most common histologic type of liver cancer is 
hepatocellular carcinoma (HCC) which is the sixth 
most prevalent cancer and the third most frequent 
cause of cancer-related death [1]. About 750,000 new 
cases of HCC are diagnosed and nearly 700,000 HCC-
related deaths occur each year [2]. Most HCC cases were 
reported in developing countries in Asia and Africa, 
especially where the main risk factor is hepatitis B virus 
infection [3]. Currently, surgical resection, radiofre-
quency ablation, and liver transplantation are considered 
potentially curative therapies and provide the possibility 
of long-term remission in patients with early-stage HCC 
[4–6]. However, the intrahepatic recurrence rate remains 
high [7], and recurrence in advanced HCC patients after 
treatments cannot always be prevented [8, 9]. Recently, 
a molecular study [10] has showed that some somatic 
mutations, for example, TP53 mutation, were associated 
with the development and progression of HCC. Under-
standing these alterations and underlying molecular 
mechanisms will be critical for the improvement of diag-
nosis, treatment, and prognostic prediction of HCC.

Increasing clinical evidence shows that the deregula-
tion of ubiquitin-mediated degradation of tumor sup-
pressors or oncogene products is likely to be involved 
in the development and progression of carcinomas [11]. 
Ubiquitin conjugation is catalyzed by ubiquitin-activat-
ing enzyme (E1), ubiquitin-conjugating enzyme (E2), and 
ubiquitin ligase (E3). E3 is a scaffold protein that medi-
ates ligation between E2 and the substrate; it is thought 
to be the component that recognizes the substrate most 
directly. Based on processing of covalent linkage with 
ubiquitin, E3 enzymes have been classified into two fami-
lies: the HECT (homologous to the E6-AP carboxyl ter-
minus) family and the RING (really interesting new gene) 
family. Tripartite motif (TRIM) proteins constitute a sub-
family of the RING-type E3 family. Almost all TRIM pro-
teins have a RING domain, one or two B-box domains, 
and a coiled-coil domain [12, 13]. Several types of TRIM 
proteins mediate protein degradation via their RING 
domains [14–18]. Several TRIM family genes—including 
TRIM11, TRIM13, TRIM24, and TRIM28—are found to 
be altered in cancers or cancer-related diseases [19–22]. 
These alterations include deletion, translocation, and 
amplification, which demonstrate the functional diversity 
of TRIM proteins in cancers.

The human TRIM3 gene is localized at chromosome 
11p15.5, a region that has been found to contain numer-
ous cancer-related genes among multiple cancers [23, 
24]. This observation indicates that the TRIM3 may be a 
novel tumor-related gene. Our previous study indicated 
that TRIM3 expression was down-regulated in HCC at 
both the mRNA and protein levels and that low TRIM3 

expression was associated with an unfavorable progno-
sis [25]. To elucidate the potential role of TRIM3 in the 
development of liver cancer, we investigated the func-
tions of TRIM3 in liver cancer cell lines.

Materials and methods
Cell lines and culture conditions
Human liver cancer cell lines HepG2, Hep3B, and SK-
Hep1 were obtained from the American Type Culture 
Collection (ATCC, Manassas, VA, USA). The HCC cell 
line Huh7 was obtained from the RIKEN cell bank (Iba-
raki, Osaka, Japan). The HCC cell line Bel-7402 and nor-
mal liver cell line L02 were obtained from the Committee 
of Type Culture Collection of the Chinese Academy of 
Sciences (CTCCCAS, Shanghai, China). All cells were 
cultured in 5% CO2 at 37 °C in RPMI-1640 (Gibco, Grand 
Island, NY, USA), supplemented with 10% fetal bovine 
serum (FBS, Gibco) and 1% penicillin–streptomycin (Inv-
itrogen, Grand Island, NY, USA).

Protein extraction and Western blotting
Total protein was extracted from cells using Radio-
Immunoprecipitation Assay (RIPA) Lysis Buffer (Bey-
otime, Shanghai, China). The concentration of total 
protein was measured with a Bicinchoninic Acid Protein 
Assay Kit (BioRad, Hercules, CA, USA). Equal quanti-
ties (30 μg) of proteins underwent electrophoresis in 12% 
sodium dodecyl sulfate–polyacrylamide gels, and then 
the proteins in gels were transferred onto polyvinylidene 
difluoride membranes (BioRad). After being blocked in 
8% non-fat milk in phosphate-buffered saline-Tween 
(PBST) for 1  h, the membranes were incubated with 
primary rabbit anti-TRIM3 polyclonal antibody (1:500 
dilution, Abcam, Cambridge, MA, USA) and rabbit anti-
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
polyclonal antibody (1:10,000 dilution, Proteintech, Chi-
cago, IL, USA) at 4  °C overnight. Afterwards, the mem-
branes were washed and incubated with horseradish 
peroxidase-conjugated goat anti-rabbit antibody (1:5000 
dilution, Cell Signaling Technology, Danvers, MA, USA) 
at room temperature for 1  h, followed by three washes 
with PBST. Band intensity was measured by densitometry 
using Quantity One software (BioRad). Expression levels 
of TRIM3 protein were normalized to that of GAPDH.

Cell transfection with recombinant lentivirus and small 
interfering RNA (siRNA)
Recombinant lentiviruses expressing TRIM3 (LV-TRIM3) 
and negative control vector (LV-NC) were obtained from 
GenePharma (Shanghai, China). Multiplicity of infection 
(MOI) refers to the number of virions that are added per 
cell during infection (e.g., the MOI is 50 when 50 virions 
are added to one cell). HepG2 and Bel-7402 cells were 
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seeded separately in 6-well plates at a density of 2 × 105 
cells per well and cultured until they reached 80%–90% 
confluence. Then the above cells were infected with 
LV-NC at MOI of 50 and LV-TRIM3 at MOIs of 50, 100, 
200, and 400 by adding gradient volume of virus solu-
tion into the culture medium in the presence of 5  mg/
mL polybrene (Sigma-Aldrich, St. Louis, MO, USA), 
respectively. After 48-h infection, the cells were selected 
with 2  mg/mL puromycin (Biosharp, Shanghai, China) 
for 14  days, and puromycin-resistant cells were pooled 
and cultured for further analysis. The selection criteria 
for MOI were based on the level of TRIM3 expression in 
HepG2 and Bel-7402 cells and the corresponding num-
ber of virions used, namely, considerably high TRIM3 
expression level with as few virions to be used as possi-
ble. The selected stable cell lines infected with indicated 
recombinant lentiviruses were designated as HepG2/
TRIM3, HepG2/NC, Bel-7402/TRIM3, and Bel-7402/
NC, respectively, and used for subsequent assays.

To silence the expression of TRIM3, three TRIM3-
targeted siRNAs (siTRIM3 #1–3) and a negative control 
siRNA (siNC) synthesized by GenePharma were used. 
The siRNA sequences are shown in Table  1. Huh7 and 
Hep3B cells were transiently transfected with siRNAs 
using Lipofectamine RNAi Max Reagent (Invitrogen) 
according to the manufacturer’s instructions. Briefly, 
Huh7 and Hep3B cells were seeded separately in 6-well 
plates at a density of 2 × 105 cells per well and cultured 
until they reached 80%–90% confluence. Then, the above 
cells were transfected with siRNAs in serum- and anti-
biotic-free medium for 8  h. Afterwards, the medium 
was replaced, and the cells were cultured for 48 h prior 
to colony formation, cell proliferation, and cell cycle 
analyses. The transfected cells were designated as Huh7/
siTRIM3, Huh7/siNC, Hep3B/siTRIM3, and Hep3B/
siNC, respectively.

Proliferation assay
Cell proliferation was measured with the colorimetric 
assay using the methanethiosulfonate (MTS) reagent 

(Sigma-Aldrich). Cells were seeded in 96-well plates 
(800  cells/well) and cultured for 1–7  days. Afterwards, 
20 μL of MTS reagent (5 mg/mL) was added to each well, 
and cells were incubated for 3  h in 5% CO2 at 37  °C to 
quantify the optical density (OD) at 490  nm. Each kind 
of cells was measured in triplicate wells, and independent 
experiments were repeated three times.

Colony formation assay
Cells were seeded in 6-well plates (500  cells/well) and 
cultured at 37 °C in an atmosphere of 5% CO2 for 12 days. 
Each measurement was performed in triplicate wells. Cell 
colonies were washed twice with 1× PBS (Gibco), fixed in 
75% alcohol for 30 min, and stained with 0.5% crystal vio-
let (Beyotime) for 30 min. Colonies that contained more 
than 50 cells were counted. Colony-forming efficiency 
(CFE) was calculated using the formula: CFE =  colony 
number/plated cell number × 100%.

Cell cycle analysis
The cell cycle was analyzed with flow cytometry (Beck-
man Coulter, Fullerton, CA, USA). Briefly, cells were har-
vested and washed twice with 1× PBS and fixed in 75% 
ethanol at −20 °C overnight. Then, the cells were washed 
twice and re-suspended in ice-cold 1×  PBS containing 
0.1  mg/mL RNAse (Sigma-Aldrich). After being incu-
bated at 37 °C for 30 min, the cells were re-suspended in 
ice-cold 1× PBS containing 50 mg/mL propidium iodide 
(PI; Bestbio, Shanghai, China) at 4  °C in the dark. DNA 
content was then analyzed on a flow cytometer (Beckman 
Coulter, Fullerton, CA, USA). The distribution of cells at 
each cell cycle phase was calculated using Cell Quest and 
ModFit software (Beckman Coulter).

Apoptosis assay
Apoptosis was analyzed with the Annexin V-fluores-
cein isothiocyanate (FITC) plus PI staining kit (BD Bio-
sciences, Bedford, MA, USA) using flow cytometry 
according to manufacturer’s instructions. Cells were col-
lected and centrifuged at 1200  r/min for 5  min). After 
washing twice with cold 1×  PBS, the cells were re-sus-
pended in 400  μL of 1×  binding buffer, then incubated 
with 5  μL Annexin V-FITC and 5  μL PI in the dark at 
4  °C for 15  min. The stained cells were analyzed with 
flow cytometry. The measurements were performed in 
triplicate.

Transwell migration and invasion assays
Cell migration and invasion assays were performed using 
inserts with 8-μm pore-size polycarbonate membrane 
(Corning, Corning, NY, USA) placed in matched 24-well 
cell culture plates. For the migration assay, cells (2 × 105) 
in 200 μL RPMI-1640 were seeded into the upper chamber 

Table 1  Small interfering RNA (siRNA) sequences that tar-
get tripartite motif-containing 3 (siTRIM3) and  negative 
control siRNA (siNC)

siRNA Sense sequence Anti-sense sequence

siTRIM3 #1 5′-GCUCACUGUCACUAC 
CAAATT-3′

5′-UUUGGUAGUGACAGU‑
GAGCTT-3′

siTRIM3 #2 5′-GGAAGGGAGAAAGGU 
GAAUTT-3′

5′-AUUCACCUUUCUCC‑
CUUCCTT-3′

siTRIM3 #3 5′-GCUGGCAACCACUGCUU 
UATT-3′

5′-UAAAGCAGUGGUUGC‑
CAGCTT-3′

siNC 5′-UUCUCCGAACGUGUCAC 
GUTT-3′

5′-ACGUGACACGUUCG‑
GAGAATT-3′
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without Matrigel; for the invasion assay, cells (3  ×  105) 
in 200 μL RPMI-1640 were seeded into the upper cham-
ber where membranes were pre-coated with a thin layer 
of 0.5  mg/L Matrigel (BD Biosciences). For both assays, 
500  μL RPMI-1640 containing 10% FBS was added to 
the lower chambers. The plates were incubated for 24  h 
(migration) or 48 h (invasion), then cells that had migrated 
or invaded to the bottom of the membrane were fixed with 
75% methanol for 30  min and stained with 0.5% crystal 
violet for 60 min. Cells were counted in 10 random fields 
for each membrane under a microscope (Nikon, Fukok, 
Japan) at 200×  magnification. Representative fields were 
photographed under the microscope at 100×  magnifica-
tion. Each measurement was carried out in triplicate wells, 
and independent experiments were repeated three times.

In vivo experiments
Four- to 5-week-old female BALB/c nude mice were 
purchased from the Shanghai Laboratory Animal Com-
pany (SLAC, Shanghai, China). Tumor growth assays 
were performed as previously described [26]. Briefly, for 
each cell line, 5 × 106 cells in 100 μL PBS were injected 
subcutaneously into the posterior flanks of mice, with 
5 mice per group. The width and length of the formed 
tumors were measured every 3  days. The tumor vol-
ume was calculated using the following formula: tumor 
volume   =   width2  ×  length / 2. After approximately 
6  weeks, the mice were killed by cervical dislocation, 
and the tumors were harvested to measure the volume 
and weight. Proteins were extracted from tumor tissues 
for Western blotting as previously described.

For in  vivo metastasis assay, mice were injected with 
2 × 106 cells in 100 μL PBS through the lateral tail vein, 
with seven mice per group. At 7–8 weeks after inocula-
tion, all mice were killed by cervical dislocation, and the 
lungs were harvested and fixed in 4% paraformaldehyde. 
Subsequently, the lungs were embedded in paraffin, and 
serial 2-μm-thick sections of whole lungs were obtained 
and examined, using hematoxylin and eosin (H&E) stain-
ing to identify the metastases.

Experiments were approved by the Laboratory Animal 
Ethics Committee of Sun Yat-sen University (Guang-
zhou, Guangdong, China). All experimental procedures 
involving animals were performed in accordance with 
the Guide for the Care and Use of Laboratory Animals 
(National Institutes of Health publication Nos. 80-23, 
revised in 1996) and the institutional ethical guidelines 
for animal experiments.

Statistical analysis
All statistical analyses were performed using SPSS ver-
sion 21 software (IBM, Chicago, IL, USA). A two-tailed 

unpaired Student’s t test was used for statistical com-
parisons between two groups. Two-sided P values less 
than 0.05 were considered statistically significant. Where 
appropriate, data are presented as mean   ±  standard 
deviation.

Results
Expression of TRIM3 in liver cancer cell lines
We estimated the protein expression levels of TRIM3 in 
five liver cancer cell lines by Western blotting. As shown 
in Fig. 1a, compared with the normal liver cell line L02, 
five liver cancer cell lines (SK-Hep1, Hep3B, Huh7, 
HepG2, and Bel-7402), especially Bel-7402 and HepG2, 
had lower levels of TRIM3. Based on the TRIM3 expres-
sion levels, Hep3B, Huh7, HepG2, and Bel-7402 cell lines 
were selected for subsequent experiments.

Overexpression and down‑regulation of TRIM3 expression 
in liver cancer cell lines
HepG2 and Bel-7402 cells with relatively low TRIM3 
expression were infected with LV-TRIM3 and LV-NC 
at different MOIs. TRIM3 expression in HepG2/
TRIM3 and Bel-7402/TRIM3 cells was confirmed by 
Western blotting (Fig. 1b). The cells infected with len-
tiviruses at an MOI of 200 were selected and used in 
subsequent experiments. Huh7 and Hep3B cells with 
relatively high TRIM3 expression were transfected 
with siTRIM3 #1, siTRIM3 #2, and siTRIM3 #3. The 
knockdown efficiency of TRIM3 was evaluated with 
Western blotting after 48-h transfection. TRIM3 
expression levels were markedly decreased in both cell 
lines transfected with either siTRIM3 #1 or siTRIM3 
#2 (Fig. 1c).

TRIM3 inhibited the growth of liver cancer cells
To evaluate the role of TRIM3 in the growth of liver 
cancer cells, cell proliferation and colony formation 
assays were conducted. Cell proliferation assay results 
showed that starting from the 4th day, the proliferation 
of HepG2/TRIM3 and Bel-7402/TRIM3 cells was sig-
nificantly lower than that of HepG2/NC and Bel-7402/
NC cells (both P  <  0.05, Fig.  2a, b). Colony formation 
assay results revealed that, compared with HepG2/NC 
and Bel-7402/NC cells, HepG2/TRIM3 and Bel-7402/
TRIM3 cells showed approximately 50% reduction in 
colony formation after 12-day conventional culture 
(both P  <  0.01, Fig.  2c, d). Whereas, Huh7/siTRIM3 
and Hep3B/siTRIM3 cells showed enhanced prolifera-
tion (all P < 0.05, Fig. 3a, b) and colony-forming abilities 
compared with Huh7/siNC and Hep3B/siNC cells (all 
P < 0.001, Fig. 3c, d). These data indicate that TRIM3 may 
inhibit the growth of liver cancer cells.
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TRIM3 induced G0/G1 phase arrest in liver cancer cells
To study the potential mechanism underlying the anti-
proliferation effect of TRIM3, we conducted cell cycle and 
apoptosis analyses using flow cytometry. Cell cycle analy-
ses showed that compared with HepG2/NC and Bel-7402/
NC cells, the HepG2/TRIM3 and Bel-7402/TRIM3 cells 
had significantly increased percentages in G0/G1 phase and 
notably decreased percentages in G2/M phase (all P  <  0.001, 
Fig. 4a, b). Contrarily, knockdown of TRIM3 in Huh7 and 
Hep3B cells led to significantly decreased percentages in the 
G0/G1 phase (all P <  0.05, Fig. 5). No significant differences 
in the number of apoptotic cells were observed between 
TRIM3-overexpressing HepG2 and Bel-7402 cells and those 
infected with LV-NC (both P > 0.05, Fig. 4c, d). These results 
suggest that TRIM3 may arrest cell cycle progression in the 
G0/G1 phase and thus inhibit cell proliferation.

Fig. 1  The expression of tripartite motif-containing 3 (TRIM3) protein in liver cancer cell lines evaluated with Western blotting. a Compared with 
the normal liver cell line L02, Bel-7402 and HepG2 cell lines have much lower levels of TRIM3. Relative protein levels of TRIM3 in different cell lines 
are shown as mean ± standard deviation (SD). Glyceraldehyde 3-phosphate dehydrogenase (GAPDH), was used as internal reference. b TRIM3 
expression in HepG2 and Bel-7402 cells infected with lentiviruses expressing TRIM3 (LV-TRIM3) at multiplicities of infection (MOIs) of 50, 100, 200, 
and 400 was higher than that in cells infected with negative control vector (LV-NC, MOI of 50) on day 16 after infection. HepG2 and Bel-7402 cells 
infected with lentiviruses at an MOI of 200 were selected to be used in function assays. c Among the three TRIM3-targeted small interfering RNAs 
(siTRIM3), siTRIM3 #1 and siTRIM3 #2 showed higher knockdown efficiencies after 48-h transfection. siNC, negative control small interfering RNAs

TRIM3 suppressed the migration and invasion of liver 
cancer cells
We studied the effects of TRIM3 on migration and 
invasion of liver cancer cells using transwell assays 
with or without Matrigel, respectively. Transwell 
assay results showed that overexpression of TRIM3 in 
HepG2 and Bel-7402 cells led to approximately 50% 
reduction in the numbers of migrated and invaded 
cells compared with infection of LV-NC (all P < 0.01, 
Fig.  6). However, the migration and invasion abili-
ties of Huh7 and Hep3B cells transiently transfected 
with siTRIM3 was significantly increased compared 
with those of cells transfected with siNC (all P < 0.05, 
Fig.  7). These results suggest that TRIM3 can effi-
ciently repress the motility and invasiveness of liver 
cancer cells.
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Fig. 2  Inhibitory effect of TRIM3 on the growth of HepG2 and Bel-7402 cells. a, b Cell proliferation assay results show that TRIM3 overexpression 
suppressed the proliferation of HepG2 (a) and Bel-7402 (b) cells. OD, optical density. c, d Top representative images of decreased colony formation 
of HepG2/TRIM3 and Bel-7402/TRIM3 cells in a monolayer culture. Bottom colony-forming efficiencies were calculated after 12-day conventional 
culture. Measurements were carried out in triplicate, and experiments were repeated three times. Data are presented as mean ± SD. P values were 
calculated using Student’s t test. *P < 0.05, **P < 0.01, and ***P < 0.001, versus cells transfected with LV-NC

TRIM3 suppressed the growth and metastasis of HepG2 
and Bel‑7402 cells in nude mice
To determine the effect of TRIM3 on tumor growth 
in  vivo, HepG2 and Bel-7402 cells infected with LV-
TRIM3 or LV-NC were subcutaneously injected into 
nude mice, respectively. Tumors were successfully 
formed in all mice. As shown in Fig.  8a, b, the mean 
tumor volumes in mice injected with TRIM3-overex-
pressing cells were significantly smaller than those in 
mice injected with LV-NC-infecting cells (746  mm3 
vs. 2128  mm3 for HepG2; 308  mm3 vs. 1286  mm3 for 
Bel-7402; both P  <  0.001). The mean tumor weights in 
mice injected with TRIM3-overexpressing cells were 
also markedly lower than those in mice injected with 
LV-NC-infecting cells (0.8  g vs. 1.8  g for HepG2; 0.5  g 
vs. 1.3 g for Bel-7402; both P < 0.001, Fig. 8c). Then, we 
examined TRIM3 expression in the tumor samples with 
Western blotting. We observed that TRIM3 expression 

in the tumors formed with TRIM3-overexpressing cells 
was higher than that formed with LV-NC-infecting cells 
(Fig. 8d). To determine the effect of TRIM3 on metasta-
sis in vivo, Bel-7402/TRIM3 cells and Bel-7402/NC cells 
were injected into nude mice through the tail veins. We 
found that two of the mice injected with Bel-7402/NC 
cells developed lung metastases, but none of the mice 
injected with Bel-7402/TRIM3 cells developed lung 
metastases (Fig. 8e).

Discussion
In the present study, we found that TRIM3 expression 
was lower in liver cancer cells than in normal liver cells. 
When TRIM3 was overexpressed, cell proliferation, col-
ony formation, migration, and invasion were inhibited 
and cells were arrested in G0/G1 phase. When TRIM3 
expression was knocked down, the above functions and 
cell percentages in S and G2/M phase were increased. 
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Fig. 3  Promotion of Huh7 and Hep3B cell growth by TRIM3 silencing. a, b Proliferation assay results show that silencing TRIM3 expression pro‑
moted proliferation of Huh7 (a) and Hep3B (b) cells. c, d Left representative images of increased colony formation in a monolayer culture by silenc‑
ing TRIM3. Right colony-forming efficiencies were calculated after 12-day conventional culture. Measurements were carried out in triplicate, and 
experiments were repeated three times. Data are presented as mean ± SD. P values were calculated using Student’s t test. *P < 0.05, **P < 0.01, and 
***P < 0.001, versus cells transfected with siNC
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Fig. 4  Effects of TRIM3 overexpression on the cell cycle and apoptosis of HepG2 and Bel-7402 cells. a, b Effect of TRIM3 overexpression on the 
cell cycle was determined using flow cytometry. TRIM3 overexpression caused G0/G1 phase arrest in HepG2 (a) and Bel-7402 (b) cells. c, d Effect of 
TRIM3 overexpression on apoptosis of HepG2 and Bel-7402 cells was determined with Annexin V-propidium iodide (PI) staining method. Apoptosis 
rates are not significantly different between HepG2 (c) and Bel-7402 (d) cells infected with LV-TRIM3 and those infected with LV-NC. P values were 
calculated using Student’s t test. *P < 0.05, **P < 0.01, and ***P < 0.001, versus cells infected with LV-NC
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Furthermore, in vivo tumor growth and lung metastasis 
were repressed when TRIM3 was overexpressed.

In our previous study [25], we found that TRIM3 
expression was significantly down-regulated in most 
HCC tumor tissues, compared with corresponding non-
cancerous tissues. We also found that low TRIM3 expres-
sion was an independent indicator of poor prognosis in 
HCC patients. In the present study, we found that TRIM3 
overexpression significantly inhibited cell proliferation 
and colony formation, whereas TRIM3 silencing pro-
moted these processes. The role of TRIM3 in inhibiting 
tumor growth was also observed in  vivo. TRIM3 over-
expression in HepG2 and Bel-7402 cells significantly 
delayed tumor growth in mice. These results were in line 
with our clinical findings that the low level of TRIM3 was 
significantly associated with large tumors [25]. Consist-
ent with our results, previous studies also demonstrated 
that TRIM3 overexpression inhibited glioma cell prolif-
eration and tumor growth [27, 28]. Additionally, reduc-
ing TRIM3 expression promoted tumor development 
and accelerated the progression of oligodendroglioma in 
a mouse model [29].

Our functional experiments also showed that TRIM3 
overexpression in HepG2 and Bel-7402 cells induced G0/
G1 phase arrest and reduced the percentage of cells in 
the G2/M phase. This result indicated that TRIM3 may 
suppress tumorigenicity by inducing cell cycle arrest. A 
similar cell cycle arrest in glioblastoma cells was reported 
previously [28]. TRIM3-induced cell cycle arrest was 
associated with its function of sequestering and prevent-
ing P21 from facilitating the accumulation of cyclinD1-
Cdk4 [29]. However, whether TRIM3 acts on cell 
cycle-related proteins in liver cancer needs to be deter-
mined in future studies. Cell apoptosis analyses showed 
that TRIM3 overexpression did not significantly affect 
apoptosis, suggesting that TRIM3 may not play a role in 
the apoptosis of liver cancer cells.

Our study also showed that TRIM3 overexpression 
inhibited the migration and invasion of liver cancer 
cells. Contrarily, silencing TRIM3 promoted cell motil-
ity. These findings were consistent with the results of 
our clinicopathologic analysis, which showed that low 
TRIM3 expression was significantly associated with 
advanced tumor stage [25]. Furthermore, we performed 
in  vivo metastasis assay in nude mice to investigate 

Fig. 5  Effects of TRIM3 silencing on the cell cycle of Huh7 and Hep3B cells. The cells were collected for cell cycle distribution analysis with flow 
cytometry after they were transfected with siTRIM3 or siNC for 48 h. The percentages of cells in the G0/G1 phase were significantly decreased in 
Huh7 (a) and Hep3B (b) cells transfected with siTRIM3. P values were calculated using Student’s t test. *P < 0.05, **P < 0.01, and ***P < 0.001, versus 
cells transfected with siNC
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whether TRIM3 overexpression could alter the in  vivo 
metastatic ability of liver cancer cells. We found that 
mice inoculated with TRIM3-overexpressing cells did not 

have metastatic lung nodules whereas those inoculated 
with LV-NC-infecting cells did have. However, the pre-
cise molecular mechanism by which TRIM3 suppresses 

Fig. 6  Overexpression of TRIM3 suppressed migration and invasion of HepG2 and Bel-7402 cells. Representative images of cell invasion and migra‑
tion are shown on the left (×100 magnification), and quantification of migrated or invaded cells in 10 randomly selected fields are shown on the 
right. a, b TRIM3 overexpression inhibited migration of HepG2 (a) and Bel-7402 (b) cells. c, d TRIM3 overexpression significantly attenuated invasion 
of HepG2 (c) and Bel-7402 (d) cells. Data are shown as mean  ±  SD of three independent experiments. P values were calculated using Student’s 
t-test. *P < 0.05, **P < 0.01, and ***P < 0.001, versus cell transfected with LV-NC
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liver cancer cell metastasis remains uncertain, whether 
TRIM3 acts on cell mobility-related proteins in liver can-
cer needs to be determined in future studies.

In summary, our results demonstrated that TRIM3 
suppressed the tumorigenicity of liver cancer cells by 

inhibiting proliferation, colony formation, migration, 
and invasion and by inducing cell cycle arrest of tumor 
cells. The mouse model experiment further showed that 
TRIM3 overexpression significantly inhibited tumor 
growth and lung metastasis. Taken together, although the 

Fig. 7  Silencing TRIM3 promoted migration and invasion of Huh7 and Hep3B cells. Representative images of cell invasion and migration are shown 
on the left (×100 magnification), and quantification of migrated or invaded cells in 10 randomly selected fields are shown on the right. a, b Silencing 
TRIM3 promoted migration of Huh7 (a) and Hep3B (b) cells. c, d Silencing TRIM3 promoted invasion of Huh7 (c) and Hep3B (d) cells. Data are shown 
as mean  ±  SD of three independent experiments. P values were calculated using Student’s t test. *P < 0.05, **P < 0.01, and ***P < 0.001, versus cells 
transfected with siNC
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Fig. 8  Overexpression of TRIM3 suppressed the growth and metastasis of HepG2 and Bel-7402 cells in vivo. HepG2 or Bel-7402 cells infected with 
LV-NC and LV-TRIM3 were injected into nude mice. Tumor volumes were measured every 3 days. At the end of the experiment, the mice were 
killed, and the tumors were harvested for the volume and weight measurement. a Tumor growth rates are reduced in mice injected with TRIM3-
overexpressing cells. b Photographs of dissected tumors from nude mice. Final tumor sizes are smaller in mice injected with TRIM3-overexpressing 
cells than those in mice injected with LV-NC-infecting cells. c The final tumor weights are reduced in mice injected with TRIM3-overexpressing cells. 
d TRIM3 protein expression is higher in tumors in mice injected with TRIM3-overexpressing cells than in those in mice injected with LV-NC-infecting 
cells. Data are presented as mean ± SD. P values were calculated using Student’s t test. *P < 0.05, **P < 0.01, and ***P < 0.001, versus cells infected 
with LV-NC. e Overexpression of TRIM3 inhibited lung metastasis in vivo. Representative histological images of lung sections with hematoxylin and 
eosin (HE) staining are shown. Black frame indicates the metastatic nodule
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precise molecular mechanism by which TRIM3 regulates 
liver cancer progression remains unknown, our results 
suggest that TRIM3 may serve as a tumor suppressor in 
liver cancer.
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