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The tripartite motif-containing protein 11 (TRIM11), a member of the TRIM protein family, has attracted
much attention because of its involvement in the development of the central nervous system. It has gained
renewed focus because of its newly found function in promoting tumors. However, little is known about its
role in hepatocellular carcinoma (HCC). In the present study, we found TRIM11 to be overexpressed in HCC
tissues and cell lines. Downregulation of TRIM11 inhibited HCC cell proliferation and invasion in vitro
and in vivo as well as suppressed the epithelial-mesenchymal transition (EMT) process. In addition, down-
regulation of TRIM11 decreased the protein expression levels of p-PI3K and p-Akt in HCC cells and thus
inhibited activation of the PI3K/Akt signaling pathway. Based on these results, we suggest the importance of
TRIM11 in HCC progression and the potential of TRIM11 as a therapeutic target for HCC.
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INTRODUCTION

Hepatocellular carcinoma (HCC), accounting for
80% to 90% of liver cancers, ranks third in the world
among the leading causes of cancer-related deaths'™.
HCC has occurred more and more frequently in the past
two decades because of various factors such as infection
by hepatitis B and C viruses, alcoholism, and aflatoxin-
contaminated food*’. In spite of great improvement in the
main therapies including hepatic resection and transplan-
tation, HCC patients still suffer from a poor treatment
outcome owing to a high recurrence rate, which impedes
prolonged patient survival®’. Therefore, we desperately
need to gain a better understanding of the molecular
mechanisms involved in HCC development for the pur-
pose of making HCC treatment more effective.

The family of tripartite motif (TRIM)-containing pro-
teins is composed of more than 70 members, which are
further divided into 12 subgroups according to C-terminal
domains®’. This protein family is involved in a wide vari-
ety of cellular processes such as cell growth, development,

differentiation, apoptosis, immunity, and inflamma-
tion'*"". In the past decade, much attention was paid to
the investigation of the role the members of the TRIM
family played in innate immunity and viral infection'’.
Currently, most researchers have focused on its function
in promoting or suppressing tumors because many of the
family members have been found to be implicated in the
development of different kinds of cancers®. For example,
TRIM11 has been reported to be upregulated in high-
grade gliomas and have a promoting effect on the prolif-
eration, migration, and invasion of gliomas'’. In another
report, TRIM11 was found to function as an oncogene
in lung cancer via promoting cell proliferation and inva-
sion'®. However, there have been no reports or studies so
far on the role of TRIM11 in HCC.

In the present study, we observed TRIM11 to be over-
expressed in HCC tissues and cell lines. Downregulation
of TRIM11 inhibited HCC cell proliferation and invasion
in vitro and in vivo as well as suppressed the epithelial—
mesenchymal transition (EMT) process. In addition,
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downregulation of TRIM11 decreased the protein expres-
sion levels of p-PI3K and p-Akt in HCC cells and thus
inhibited activation of the PI3K/Akt signaling pathway.
Based on all these results, we suggest the importance of
TRIM11 in HCC progression and the potential of TRIM11
as a therapeutic target for HCC.

MATERIALS AND METHODS
Tissue Samples

Twenty pairs of HCC tissues and matched noncan-
cerous tissues were obtained from patients who received
surgery at the Zhejiang Cancer Hospital (P.R. China).
Every patient participating in the study provided written
consent. All tissue samples were collected and then fro-
zen in liquid nitrogen for future experiments. The study
was carried out with the approval of the ethics commit-
tee of the Zhejiang Cancer Hospital.

Cell Culture

MHCC97L, Huhl, and Hep3B are the human HCC
cell lines, and THLE-2 is the normal liver cell line.
All cell lines were purchased from the American Type
Culture Collection (ATCC; Manassas, VA, USA), cul-
tured in Dulbecco’s modified Eagle’s medium (DMEM;
Sigma-Aldrich, St. Louis, MO, USA) containing 10%
fetal bovine serum (FBS; Sigma-Aldrich) and kept at
37°C in a humidified atmosphere with 5% CO,.

RNA Extraction and Quantitative RT-PCR Analysis

Total RNA was isolated from tissues or cells using an
RNeasy kit (Qiagen, Hilden, Germany) according to the
manufacturer’s manual. Complementary DNA was syn-
thesized with a TagMan reverse transcription kit (Bio-
Rad, Hercules, CA, USA). The following primers were
used for gene amplification: TRIM11, 5-CACCTAAG
CTGCACAGTTCC-3’ (forward) and 5-GGCTGCCTC
CTAATTCTTCC-3’ (reverse); GAPDH, 5-CACCCACT
CCTCCACCTTTG-3’ (forward) and 5’-CCACCACCCT
GTTGCTGTAG-3" (reverse). The expression levels of
genes were normalized with the GAPDH gene and mea-
sured using the comparative CT method (27*CT)".

Western Blot Analysis

Protein was extracted from tissues or cells using RIPA
lysis buffer (Sigma-Aldrich). Protein concentration was
determined using a BCA kit (Thermo Fisher Scientific,
Waltham, MA, USA). Lysates were subjected to 10%
SDS-PAGE and transferred onto nitrocellulose mem-
branes. Subsequent to blocking for 30 min in 5% nonfat
milk, the membranes were incubated overnight at 4°C
with primary antibodies against TRIM11, E-cadherin,
a-catenin, N-cadherin, vimentin, p-PI3K, PI3K, p-Akt,
Akt, or GAPDH, followed by incubation for 2 h at room
temperature with HRP-conjugated secondary antibody.
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All antibodies used for these experiments were pur-
chased from Invitrogen (Carlsbad, CA, USA). Blots were
visualized using an ECL detection kit (Bio-Rad) and ana-
lyzed using Scion Image software (Scion Corporation,
Frederick, MD, USA).

Small Interfering RNA (siRNA) and Transfection

The siRNA targeting TRIM11 (siTRIM11; 5-CAG
AAGUUGUGCCUAUGGA-3’) and a nonspecific con-
trol siRNA (siNC) were synthesized and purified by
GenePharma (Shanghai, P.R. China). Huhl and Hep3B
cells were transfected with siTRIM11 or siNC using
Lipofectamine 2000 (Invitrogen) according to the manu-
facturer’s instruction. Twenty-four hours later, Western
blot analysis was performed to evaluate the transfec-
tion efficiency.

Cell Proliferation Assay In Vitro

Cells were seeded in 96-well culture plates at a den-
sity of 5x 10" cells/well and cultured for 24, 48, 72, or
96 h. At a different time point, 0.5 mg/ml MTT (Sigma-
Aldrich) was added to each well, and cells were incu-
bated for another 4 h at 37°C. Subsequently, the culture
medium was removed, and 150 pl dimethyl sulfoxide
(Sigma-Aldrich) was added. The absorbance was mea-
sured at 570 nm using a microplate reader (Bio-Rad).

Cell Invasion Assay In Vitro

Transwell chambers were used to perform the cell
invasion assay. Cells were resuspended in serum-free
medium and then placed in the Matrigel-coated upper
chamber (5x10* cells/well). The lower chamber was
filled with DMEM containing 20% FBS. After incuba-
tion for 24 h at 37°C, cells remaining in the upper cham-
ber were removed with a cotton swab, and invading cells
were fixed with methanol and stained with 0.1% crystal
violet. The number of invading cells from four random
areas was counted under a microscope (400x).

Tumorigenicity Assays in Nude Mice

All animal experiments were performed with the
approval of the Institutional Animal Care and Use Com-
mittee of the Zhejiang Cancer Hospital. All animals for
experiments were handled according to the institutional
guidelines. Male BALB/c nude mice (5 to 6 weeks
old) were purchased from the Center for Experimental
Animals of the Zhejiang Cancer Hospital. For the tumor
growth assay, cells (6x10°) transfected with siTRIM11
or siNC were suspended in 200 pl of normal saline and
subcutaneously injected into the left flank of nude mice
(n=6/group). Every week, tumor volume was measured
with a vernier caliper and calculated by the following
formula: tumor volume=(largest diameter X perpendicu-
lar heightz)/2. After 5 weeks, all mice were euthanized
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to weigh tumors. For the tumor metastasis assay, 200 ul
of suspension of transfected cells (6x10° was intrave-
nously inoculated into the tail of nude mice (n=6/group).
Five weeks later, all mice were euthanized to check the
main organs for macroscopic metastasis. Tumor metasta-
sis mainly appeared in the lungs.

Statistical Analysis

The results from three independent experiments were
presented as meanzstandard deviation (SD). All data
analysis was performed using SigmaPlot 2001 software
(Systat Software, Chicago, IL, USA). Student’s #-tests
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were applied to compare the differences between two
groups. A value of p<0.05 was considered statistically
significant.

RESULTS

TRIM11 Is Upregulated in HCC Tissues and Cell Lines
To make clear the relation between TRIM11 and HCC
development, we detected the expression of TRIMI11
in 20 pairs of HCC tissues and matched noncancerous
tissues via RT-PCR and Western blot assays. The assay
results indicated that the expression of TRIM11 in HCC
tissues was markedly higher than that in normal tissues
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Figure 1. TRIM11 is upregulated in HCC tissues and cell lines. (A, B) Expression of TRIM11 in HCC tissues and matched normal
tissues. (C, D) Expression of TRIM11 in three HCC cell lines (MHCC97L, Huhl, and Hep3B) as well as one normal liver cell line
THLE-2. *p<0.05.
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Figure 2. Downregulation of TRIM11 inhibits HCC cell proliferation in vitro and cell growth in vivo. (A, B) Expression of TRIM11
in Huhl and Hep3B cells was downregulated by siRNA transfection. (C, D) The MTT assay showed that downregulated TRIM11
greatly inhibited the proliferation of Huh1 and Hep3B cells in comparison with the control cells. (E, F) Both tumor volume and tumor
weight were significantly reduced in siTRIM11-Huhl1 cell-injected mice, compared to the control group. *p<0.05.
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Figure 3. Downregulation of TRIM11 inhibits HCC cell inva-
sion in vitro and metastasis in vivo. (A, B) The representative
results of the in vitro invasion assay for Huh1 and Hep3B cells.
(C) Metastatic foci in the lungs 5 weeks after intravenous injec-
tion of siTRIM11-Huh1 or siNC-Huhl cells. *p<0.05.
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at both mRNA (Fig. 1A) and protein (Fig. 1B) levels.
Additionally, we confirmed the expression of TRIM11 in
three HCC cell lines (Huh1, Hep3B, and MHCC97L) as
well as one normal liver cell line THLE-2. As expected,
we found that the mRNA (Fig. 1C) and protein (Fig. 1D)
expression levels of TRIM11 in the three HCC cell lines
were much higher than those in THLE-2. Our results
showed that TRIM11 was upregulated in HCC tissues
and cell lines.

Downregulation of TRIM 11 Inhibits HCC Cell
Proliferation In Vitro and Cell Growth In Vivo

To determine the role of TRIMI11 in HCC cells,
TRIM11 was downregulated in Huh1 and Hep3B cells by
transfection of siTRIM11. The protein expression levels
of TRIMI11 in Huhl and Hep3B cells were remarkably
decreased by siTRIMI11 transfection (Fig. 2A and B).

The MTT assay was performed to examine the effect
of TRIM11 downregulation on HCC cell proliferation.
The results showed that downregulation of TRIMI11
markedly suppressed the proliferation of Huhl1 (Fig. 2C)
and Hep3B (Fig. 2D) cells, suggesting the involvement
of TRIM11 in the regulation of HCC cell proliferation
in vitro.

To test the in vivo effect of TRIM11 downregulation
on tumorigenesis of HCC, siTRIM11-transfected Huhl
cells were subcutaneously injected into nude mice, and
tumor growth was measured. Downregulation of TRIM11
markedly decreased the volume and weight of tumors
formed by Huhl1 cells in comparison with tumors formed
by corresponding control cells (Fig. 2E and F). These in
vivo results proved the positive correlation of TRIM11 to
tumorigenesis of HCC.

Downregulation of TRIM 11 Inhibits HCC Cell Invasion
In Vitro and Metastasis In Vivo

The effect of TRIM11 downregulation on HCC cells
was further examined by the cell invasion assay in vitro.
As measured by the assay, downregulation of TRIMI11
dramatically reduced the invasive capability of both
Huhl (Fig. 3A) and Hep3B (Fig. 3B) cells, compared to
corresponding control cells.

To investigate whether TRIM11 downregulation inhib-
ited HCC metastasis in vivo, we intravenously inoculated
siTRIM11-transfected Huhl cells into the tails of nude
mice. Macroscopic metastasis was checked in the main
organs of nude mice 5 weeks after injection. We found that
metastatic foci in the lungs were significantly decreased by
downregulated TRIM11 (Fig. 3C).

Downregulation of TRIM 11 Inhibits the EMT Process
in HCC Cells

To further confirm the results of the cell invasion and
metastasis assays, we investigated the effect of TRIM11
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downregulation on the EMT process, which plays a
significant role in driving invasion and metastasis of
tumors™. For this purpose, we observed the change in the
protein expression of epithelial markers (E-cadherin and
o-catenin) and mesenchymal markers (N-cadherin and
vimentin) in Huh1 cells. Consistent with the cell invasion
and metastasis assays, the Western blot analysis showed
that downregulated TRIM11 obviously increased the pro-
tein expression of E-cadherin and o-catenin but decreased
the protein expression of N-cadherin and vimentin in
Huh1 cells compared to the control cells (Fig. 4).

Downregulation of TRIM 11 Inhibits Activation
of the PI3K/Akt Signaling Pathway

It has been reported that TRIM11 downregulation sup-
presses the PI3K/Akt signaling pathway in lung cancer
cells'®. Therefore, we determined whether this pathway

A
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was inhibited by TRIM11 downregulation in HCC cells.
The results showed that downregulated TRIM11 signifi-
cantly decreased the protein expression levels of p-PI3K
and p-Akt in Huhl1 cells without changing the total pro-
tein levels of PI3K and Akt (Fig. 5).

DISCUSSION

The TRIM-containing protein family attracted much
attention in the past, mainly because of its role in innate
immunity and viral infection'®. Recently, this protein
family is gaining focus because most of the family mem-
bers have been found to be involved in the development
of different kinds of cancers®. For instance, TRIM25
was suggested as an oncogene in gastric cancer owing
to its promoting effect on cell migration and invasion®'.
Similarly, TRIM29 was found to function as an oncogene
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Figure 4. Downregulation of TRIM11 inhibits the EMT process in HCC cells. (A) Detection of the protein expression of EMT-related
markers in Huh1 cells by Western blot. (B) Quantification of the protein expression levels of EMT-related markers in Huhl cells by

Scion Image software. *p <0.05.
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in gastric cancer via potentiating cell proliferation and
attenuating apoptosis™. In the aforementioned findings,
the TRIM family members had a tumor-promoting effect
during cancer development. However, in the studies con-
ducted by Li et al., TRIM16 was found to inhibit HCC
cell migration and invasion and thus was defined as an
inhibitor of EMT and metastasis in HCC>. Collectively,
we infer that TRIM family members play different roles
in various cancers. Therefore, a comprehensive under-
standing of the significance and mechanism of the
TRIM family in cancer progression will be valuable for
cancer treatment.

In our study, we made an investigation of the expres-
sion pattern and biological functions of TRIM11 in HCC.
Our study results showed that TRIM11 was overexpressed
in HCC tissues and cell lines. Moreover, downregulation
of TRIM11 inhibited HCC cell proliferation and invasion
in vitro. The in vitro results were confirmed by our in
vivo experiments, which indicated a consistent inhibition
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of downregulated TRIM11 on HCC cell growth and
metastasis. Di et al. obtained similar results from their
studies—that TRIM11 downregulation suppressed
proliferation, migration, and invasion of gliomas'. In
another study, TRIM11 was inhibited, which resulted in
reduced cell growth, motility, and invasion of lung can-
cer cells'®. In our study, we also examined the effect of
TRIM11 downregulation on the EMT process in HCC
cells because the EMT process is considered essential for
invasion and metastasis of tumors™. The results indicated
that downregulated TRIM11 inhibited the EMT process
in HCC cells via increasing the protein expression levels
of epithelial markers (E-cadherin and o-catenin) and
decreasing that of mesenchymal markers (N-cadherin
and vimentin). These results were in line with the results
of our cell invasion and metastasis assays. Taken together,
we proved the tumor-promoting function of TRIM11 in
HCC and thus further confirmed the oncogenic role of
TRIMI1 in cancer development.
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Figure 5. Downregulation of TRIM11 inhibits activation of the PI3K/Akt signaling pathway. (A) Detection of the protein expression
levels of p-PI3K, PI3K, p-Akt, Akt, and GAPDH in Huhl cells by Western blot. (B). The phosphorylation level of PI3K and Akt in

Huhl cells. *p<0.05.
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Additionally, we investigated the molecular mecha-
nism via which TRIM11 exerted its promoting effect on
HCC cells. The PI3K/Akt signaling pathway is capable
of promoting cell growth and metastasis™. Besides, the
pathway is often found to be activated in various can-
cers”’. A study of lung cancer cells showed a suppressive
effect of TRIM11 downregulation on the PI3K/Akt sig-
naling pathway'®. In our study, we found that TRIM11
downregulation in HCC cells caused a similar inhibition
of the PI3K/Akt signaling pathway by decreasing the pro-
tein expression levels of p-PI3K and p-Akt. However, in
another study of glioblastoma multiforme cells, TRIM11
downregulation had exerted no effect on the activity
of the PI3K/Akt signaling pathway'’. The discrepancy
between the results of our study and those of the previ-
ous study may be due to the different types of cells used
in studies. Therefore, we need to further investigate the
roles of TRIM11 in promoting HCC cells via the PI3K/
Akt signaling pathway.

In summary, we demonstrated that TRIM11 was over-
expressed in HCC tissues and cell lines. Downregulation
of TRIM11 inhibited HCC cell proliferation and inva-
sion in vitro and in vivo. In addition, the EMT process
was suppressed in HCC cells after downregulation of
TRIM11. We also found that downregulated TRIMI11
decreased the protein expression levels of p-PI3K and
p-Akt in HCC cells and thus inhibited activation of the
PI3K/Akt signaling pathway. Finally, we demonstrated
the tumor-promoting effect of TRIM11 on HCC cells,
providing evidence in support of the oncogenic role of
TRIM11 in the development of HCC.
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