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Knockdown of Tripartite-59 (TRIMS9) Inhibits Cellular Proliferation

and Migration in Human Cervical Cancer Cells
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The tripartite motif (TRIM) family of proteins is a class of highly conservative proteins that have been impli-
cated in multiple processes. TRIMS9, one member of the TRIM family, has now received recognition as a key
regulator in the development and progression of human diseases. However, its role in human tumorigenesis has
remained largely unknown. In this study, the effects of TRIM59 expression on cell proliferation and migration
were investigated in human cervical cancer cells. The expression of TRIMS9 in clinical cervical cancer tis-
sues and cervical cancer cells was initially determined by RT-PCR and Western blot. Specific shRNA against
TRIMS9 was then employed to knock down the expression of TRIMS9 in cervical cancer lines HeLa and SiHa.
The effects of TRIM59 knockdown on cell proliferation was assessed by MTT assay and colony formation
assay. Transwell assay was conducted to reveal cell migration and invasion abilities before and after TRIMS9
knockdown. Our results showed that the expression of TRIMS59 was significantly elevated in cervical cancers.
Knockdown of TRIMS9 significantly inhibited cell proliferation and colony formation as well as cell migra-
tion and invasion abilities in cervical cancer HeLa and SiHa cells. Cell cycle progression analysis showed that
TRIMS59-depleted cells preferred to accumulate in the S phase. These data suggest that TRIMS59 is a potential
target that promotes the progression of cervical cancer.
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INTRODUCTION

Cancer of the cervix is the second most common can-
cer among women worldwide. In Latin America, cervical
cancer remains the first cause of mortality among 20- to
40-year-old women, and the third most common cause of
cancer-related deaths in females, second only to breast and
lung cancers'. In the US, the burden from cervical cancer
also remains high, with 12,340 cases and 4,030 deaths in
the year 2013, representing a significant economic loss’.
Moreover, there are large geographic variations in cervical
cancer incidence and mortality rates™*. Mounting evidence
has accumulated to suggest that human papillomavirus
(HPV) serves as an important factor in cervix tumorigen-
esis. However, only a small proportion of patients infected
by HPV progress to cervical cancer’’, indicating that fac-
tors other than HPV infection may also contribute to the
initiation of cervical cancer. Hence, the tumor biology of
this malignancy needs to be elucidated.

The tripartite motif (TRIM) family of proteins are a
revolutionarily class of highly conservative proteins that
have been implicated in anumber of critical processes such
as immunity*°, cell proliferation'""?, tumorigenesis ", cell

differentiation'*, neuron development", antiviral activi-
ties'", and transcriptional regulation'"'®. TRIM proteins
are conservative in the N-terminal really interesting new
gene (RING) domain, which are E3 ubiquitin ligases and
are frequently involved in the ubiquitin—proteasome sys-
tem and proteolysis'’. Members from the TRIM family
have recently been implicated in oncogenesis. TRIM13,
TRIM19, and TRIM2S5, for example, were shown to
be involved in leukemia, breast, and prostate cancers,
respectively'®’, demonstrating the crucial role of TRIM
proteins in tumorigenesis.

TRIMS9, a novel member of the TRIM family, is a
surface molecule with its biological importance signifi-
cantly implicated in tumors. The oncogenic activity of
the TRIMS9 gene was initially characterized in mouse
cancer models”'. Using immunohistochemical detection,
TRIMS59 was deciphered to be a multiple cancer bio-
marker”. TRIM59 was remarkably upregulated in gastric
tumors and promoted ubiquitination and degradation of
p53, by which it promotes tumor growth, cell prolifera-
tion, and migration in gastric tumors>. Of note, TRIM59
communicated with the Ras signaling pathway in a
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transgenic prostate cancer mouse model®, indicating its
critical role in tumors from the genital system. However,
little is known so far about the role of TRIMS9 in other
genital tumors, especially in cervical cancer.

This study aimed to investigate the role of TRIMS9 in
human cervical cancer growth and metastasis. Expression
of TRIMS9 was initially determined in clinical cervi-
cal cancer tissues and a series of cervical cancer cell
lines. Furthermore, specific shRNA against TRIMS59
(shTRIMS59) was employed to knock down the expres-
sion of TRIMS9. The effects of TRIMS59 knockdown on
cervical cancer cell proliferation, migration, and invasion
will be discussed in this study. To our knowledge, this is
the first report that studied the critical roles of TRIMS59 in
cervical tumorigenesis.

MATERIALS AND METHODS
Human Samples

This study was approved by the ethics committee of the
Affiliate Tumor Hospital of Xinjiang Medical University
(Xinjiang, PR. China). Thirty patients with cervical can-
cer, who were treated in the Department of Gynecology
between 2013 and 2015, were randomly selected. Cervical
cancer tissues and their adjacent noncancerous tissues
were dissected and frozen in liquid nitrogen prior to total
mRNA and total protein extraction. All patients showed
their full intention to participate in our study, and written
informed consents were obtained.

Cell Culture and Lentivirus Infection

The human cervical cancer cell lines HelLa, C4-1, SiHa,
Caski, and C-33A were obtained from the American Type
Culture Collection (ATCC; Rockville, MD, USA). Human
umbilical vein endothelial cell ECV304 was included as
an internal control. All these cells were incubated in the
recommended culture medium supplemented with 10%
fetal bovine serum (FBS; Gibco, NY, USA) at 37°C in a
humidified 5% CO, incubator. Specific shRNA against
TRIMS9 was designed and chemically synthesized by
GenePharma Co. (Shanghai, P.R. China). Lentivirus was
packaged and testified by GenePharma Co.

mRNA Extraction and Real-Time PCR

Total RNAs from both clinical tissues and cultured
cells were extracted by a QuickPrep mRNA Purification
Kit (GE Healthcare, Piscataway, NJ, USA) according
to the manufacturer’s protocols. The first-strand cDNA
was produced by a synthesis kit (TaKaRa, Dalian, P.R.
China) for reverse transcriptions. Real-time PCR was
performed with the SYBR Premix Ex Taq Kit (TaKaRa)
in an ABI PRISM 7900 Real-Time System. The proto-
col is briefly listed here: denaturation (95°C for 5 min),
annealing (35 repetition of 95°C for 30 s, 60°C for 45 s,
and 72°C for 60 s), and extension (72°C for 10 min). The
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primers were synthesized by JieLi Co. (Shanghai, P.R.
China). TRIM59: 5-TACGAGAGCAGCAGCTTGAA-
3’ (forward) and 5-ACGGGTTGAACCTCAGGAAG-3’
(reverse). GAPDH: 5-GTGGACATCCGCAAAGAC-3’
(forward) and 5-AAAGGGTGTAACGCAACTA-3’
(reverse). Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was used as an internal control. All experi-
ments were performed at least three times in triplicate.

Western Blot Analysis

Western blotting analysis was performed according
to the manufacturer’s protocols. Total proteins from both
human tissues and cultured cells were extracted with
lysis buffer, and the protein quality and quantity were
detected by the Bradford dye-binding protein assay (Bio-
Rad Laboratories, Hercules, CA, USA). A total of 50 ug
of protein was loaded onto a 10% SDS polyacrylamide
gel, after which PVDF membrane was used to transfer
the proteins. The primary antibody against TRIMS59 was
purchased from Abcam (Cambridge, MA, USA), and
primary antibody against GAPDH and secondary anti-
bodies were commercially purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA).

Cell Proliferation Assay

Cervical cancer cell proliferation was assessed using
cell counts and bromodeoxyuridine (BrdU) incorporation
with a commercial kit (EMD Millipore, Billerica, MA,
USA) according to the manufacturer’s protocols. Briefly,
cells were cultured with serum-free medium for 24 h and
trypsinized. An equal number (5,000) of HeLa and SiHa
cells from each group were seeded into 96-well plates and
allowed to grow in culture medium (10% FBS) supplied
with 10 uM BrdU at the indicated times. BrdU incorpora-
tion was examined by additional peroxidase substrates.
Spectrophotometric detection was explored at a wave-
length of 450 nm using a microplate reader (TECAN,
Morrisville, NC, USA). Each assay was repeated at least
three times in triplicate.

Colony Formation Assay

For the colony formation assay, both HeLa and SiHa
cells (500 per/well) were seeded into six-well culture
plates and treated with specific shRNA against TRIMS9.
After incubation for 2 to 4 weeks, the colonies were
fixed in a 4% paraformaldehyde solution, stained with
crystal violet, imaged, and calculated in five randomly
selected fields.

Cell Cycle Assay

Each group of HeLa and SiHa cells was seeded at a
concentration of 3x 10’ cells/well in six-well plates and
treated with sShRNA for 72 h when 85% confluence was
reached. After being washed with PBS three times, cells
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were collected by low-speed centrifugation (1,000 rpm,
4°C, 5 min). Cell pellets were resuspended with 1 ml of
PBS solution, fixed with 75% ice-cold ethanol, and stored
in —20°C for 2 days. Prior to FCM analysis, cells were
centrifuged, washed twice with PBS, and resuspended
in propidium iodide (PI) staining solution (50 ul/ml PI
and 250 pl/ml RNase A). The cell mixture was incubated
at 4°C for 30 min in darkness and analyzed with FACS
(Beckman, Germany).

Transwell Assay

Cell migration and invasion were explored with
Transwell chambers (pore size: 8 pm; Corning, NY,
USA). For cell migration assay, a total of 5x 10" HeLa
or SiHa cells were seeded into the upper chamber in
serum-free DMEM, and 600 ul of DMEM supplied with
10% FBS was added into the lower chamber. After incu-
bating in a 37°C incubator for 24 h, cells were washed
with PBS, fixed with ice-cold methanol, and stained with
crystal violet for 5 min. Cells on the upper surface of the
membrane were removed by cotton swabs, and those on
the bottom surface were photographed and counted under
a light microscope (Nikon, Minato, Tokyo, Japan) in five
random fields. For the invasion assay, the membranes on
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the upper chamber were precoated with Matrigel (BD
Biosciences, Woburn, MA, USA) for 6 h at 37°C.

Wound-Healing Assay

For wound-healing scratch assay, HeLa and SiHa
cells were preinfected with shTRIMS59 for 48 h and
seeded in six-well plates. After 24 h of incubation, a
wound was scratched with 10-pl pipette tips across the
bottom of the plates on the monolayer of the confluent
cells. Afterward, cells were washed gently with PBS and
then incubated in DMEM supplemented with 10% FBS.
The same area of the gap in each well was imaged at
20x magnification by a light microscope equipped with
a digital camera (Nikon) at 0 and 24 h after scratching
and quantified by calculating the difference between the
initial and final areas.

Statistical Analysis

All data were presented as the means®=SD unless
otherwise indicated. Student’s 7-test was used to assess
the statistical significance between variables. All statisti-
cal analyses were carried out with SPSS PASW Statistics
18.0 software (Chicago, IL, USA), and a value of p < 0.05
was considered as significant.
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Figure 1. TRIMS9 is upregulated in cervical cancer. (A, B) The expression of TRIM59 was determined by qRT-PCR analysis and
Western blot, respectively. A total of 30 clinical cervical cancer cases were collected and subjected to qRT-PCR analysis of the mRNA
level of TRIMS9. Results representing the high protein level of TRIMS9 in tumor tissues (T) instead of adjacent noncancerous tissues
(A) were also shown. (C, D) A series of cell lines, including normal epithelial ECV304 cells and cervical cancer cells HeLa, C4-1,
SiHa, Caski, and C-33A, were cultured. The total RNAs and proteins were collected from the cultured cells and subjected to detection
of TRIMS59 mRNA and protein levels. Compared with the normal epithelial ECV304 cells, TRIMS59 was upregulated in cervical cancer

cell lines at both mRNA and protein levels.
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RESULTS
TRIMS59 Is Upregulated in Cervical Cancer

The expression of TRIMS59 was initially determined
in 30 clinical cervical cancer tissues. qRT-PCR analy-
sis showed that, compared with adjacent noncancer-
ous tissues, the relative mRNA of TRIMS59 had an
approximately fourfold increase in the cancerous tis-
sues (Fig. 1A). Likewise, the protein level of TRIMS59
was remarkably high in the cancerous tissues compared
with their counterparts (Fig. 1B). These data suggest
increased expression of TRIMS9 in clinical cervical can-
cer. Furthermore, compared with the normal epithelial
cell ECV304, the mRNA level of TRIMS59 was revealed
to be upregulated in cervical cancer cell lines, with its
increase extent varied among the selected cancer cells
including HelLa, C4-1, SiHa, Caski, and C-33A. HeLa
and SiHa cells were the two most increased cell lines,
which exhibited a 4.5- and 4-fold increase, respectively
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(Fig. 1C). Western blot analysis further verified that
expression of TRIMS59 was mostly remarkable in HeLa
cells and SiHa cells (Fig. 1D). These in vitro assessments
suggested a differentially expressed profile of TRIMS9
and also verified the clinical observation that TRIM59
was upregulated in cervical cancer.

Knockdown of TRIMS9 Inhibits Cell Viability and
Colony Formation in Cervical Cancer Cells

Next, a specific shRNA against TRIMS59 (shTRIM59)
was employed to knock down the expression of TRIMS59.
HeLa cells and SiHa cells were selected because these
two cell lines had the highest expression of TRIM59. As
shown in Figure 2A, transfection of sScTRIMS9 into either
HeLa cells or SiHa cells caused significant decreases of
TRIMS59 mRNA levels, while a scramble negative control
shRNA (shNC) barely had any effect on TRIMS9 expres-
sion (Fig. 2A), suggesting the high effectiveness of our
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Figure 2. Knockdown of TRIMS9 inhibits cell proliferation and colony formation in cervical cancer cells. (A) Specific shRNA
against TRIMS9 (shTRIMS59) was employed to knock down TRIMS9 in cervical cancer HeLa cells and SiHa cells. (B, C) Effects of
TRIMS9 knockdown on cell proliferation were assessed in HeLa cells and SiHa cells. This assay was monitored for 5 consecutive
days. (D) Colony formation assay was conducted to assess effects of TRIMS59 knockdown on cell growth.
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synthesized shRNA. With the specific sShcTRIMS9, HeLa
cells with or without transfection of shTRIM59 were
assayed for cell viability detection. Cell viabilities among
the groups were not significantly different for the for-
mer 3 monitored days. However, by day 4, cells from the
shTRIMS59-transfected group exhibited significantly less
viability. This was even true by day 5 when shTRIMS59-
transfected HeLa cells were only 56.2% active compared
with that from control groups (Fig. 2B). Comparable
results were also observed in SiHa cells, where knock-
down of TRIMS9 caused cell viability decrease by up to
30% by day 5 (Fig. 2C). In the colony formation assay,
it was observed that control cells formed an average of
100 colonies; however, sShTRIMS59-transfected cells only
formed approximately 50 colonies, representing a 50%
decrease in colony formation ability (Fig. 2D). These
data suggest that knockdown of TRIMS9 inhibits cervi-
cal cancer cell proliferation in vitro.

Knockdown of TRIMS59 Arrests Cell Cycle in the S Phase

Cell proliferation depends largely on cell cycle pro-
gression. Hence, the effect of TRIMS59 knockdown on
cell cycle progression was also assessed using flow cyto-
metry. In HeLa cells, it was observed that after knockdown
of TRIMS9, cells were proportionally accumulated in the
S phase with cell proportion in the G,/M phase largely
decreased (Fig. 3A). Similarly, cells in the G,/M phase
were significantly decreased, while cells in the S phase
were increased in TRIM59-depleted SiHa cells (Fig. 3B).
These data suggest that knockdown of TRIMS9 interrupts
cell cycle progression.

Knockdown of TRIMS9 Inhibits Cell Migration and
Invasion Abilities in Cervical Cancer

Cell migration and invasion abilities were assessed
using Transwell assay. It was shown that knockdown
of TRIMS9 caused a significantly decreased number of
cells that migrated to the lower surface of the chamber
(Fig. 4A). Cells that migrated through the Matrigel were
also sparse under the microscopic views (Fig. 4B). By
counting the number of migrated cells, it was shown that
knockdown of TRIMS9 decreased the migrated cells by up
to 57.1% in HeLa cells and 52.6% in SiHa cells (Fig. 4C).
HeLa cells that invaded through the Matrigel were also
decreased by up to 75.8%, while the decrease was up
to 74.7% in SiHa cells (Fig. 4D). Wound-healing assay,
which reflects cell migration ability, was also conducted.
The percentage of wound closure was calculated 24 h
after the wound scratch. It was observed that TRIM59-
depleted cells were significantly inhibited from wound
recovery based on the half wound closure rate compared
with control groups (Fig. 4E). All these observations sug-
gest that knockdown of TRIMS?9 significantly inhibits cell
migration and invasion abilities in HeLa and SiHa cells.
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Figure 3. Knockdown of TRIMS59 arrests cell cycle in the
S phase. (A, B) Effects of TRIM59 knockdown on cell cycle
progression were assessed in HelLa and SiHa cells by flow
cytometry. The cell proportions in each phase are shown in bars.

DISCUSSION

Cervical cancer remains one of the most common can-
cers affecting women worldwide. Two complementary
approaches have been launched for the prevention of cer-
vical cancer: primary prevention through vaccination to
prevent HPV infection and secondary prevention through
screening to detect and treat cervical precancerous lesions
before they become invasive®. However, substantial
numbers of patients are newly diagnosed and suffering
from this malignancy. It is estimated that 500,000 cases
are newly diagnosed, and nearly 200,000 deaths are
attributable to the disease around the world annually®.
Novel biomarkers are hence desperately needed for early
diagnosis and treatment of this malignancy.

The TRIM family of proteins has been implicated in
multiple critical processes including tumorigenesis™. Of
the members of the TRIM family, TRIMS59 is a novel
molecule that has been observed to be highly elevated
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in gastric cancer and promotes gastric cancer progres-
sion by degrading p53 in a ubiquitination-dependent
manner”. In fact, TRIMS59 has been reported to be criti-
cally involved in prostate cancer. TRIM59 communi-
cated with the Ras signaling pathway in a transgenic
prostate cancer mouse model*'. Upregulation and hyper-
phosphorylation of TRIMS59 protein were initiated in the
prostate cytoplasm in early tumorigenesis from pros-
tate intraepithelial neoplasia (PIN)*'. Phosphorylation
of Ser/Thr sites (p-Ser/Thr) of TRIMS9 correlated with
tumorigenesis, while p-Tyr-TRIMS9 proteins correlated
with advanced prostate cancer’. All of this research
suggests that TRIMS59 might be involved in prostate
cancer. However, as a cancer also involving the geni-
tal system, the role of TRIMS9 in cervical cancer has
never been revealed. There is so far only one pioneering
study reporting that TRIMS9 was upregulated in cervix
adenocarcinoma. Its staining intensity in IHC analysis
was moderate—strong>. Our present study has provided
evidence that TRIMS9 is significantly increased in clin-
ical cervical cancer tissues, which is consistent with the
previous report”. With the shRNA depleting TRIM59
expression in HeLa and SiHa cells, cell proliferation
and colony formation were consistently inhibited. Cell
mobility was also suppressed by knockdown of TRIMS59.
Our data strongly suggest that TRIMS9 plays a critical
role in the progression of cervical cancer. Hence, this is
the first report to our knowledge that identifies TRIMS59
as a key mediator of cell proliferation and migration in
cervical cancer cells.

One interesting question would be the mechanism(s)
of how TRIMS59 functions to mediate the progression
of cervical cancer. Structurally, TRIMS9 contains the
RING domain, which acts as E3 ubiquitin ligases and
is involved in the ubiquitin—proteasome system in the
regulation of numerous cellular processes including cell
cycle progression, gene transcription, and signal trans-
duction"'. p53, the widely known tumor suppressor, is
negatively regulated by TRIMS9 in a ubiquitination
manner, by which TRIMS9 promotes tumor growth, cell
proliferation, and migration in gastric cancer”. Hence,
the SV40 Tag/p53/pRB routes have been considered as
one mechanism for TRIM59 functioning in the process
of tumorigenesis. In addition, previous studies have sug-
gested that the Ras pathway is also involved in TRIMS59
function. The initial functional targets of TRIMS59 were
on the Ras signal pathway as an early and rapid signal
transmitter”’. Upregulation of TRIM59 was correlated
with BRAF, an early signal effector of the Ras signal
pathway”’. Hence, the signal pathways for TRIMS59
function may be linked with (1) the Ras/Raf pathway
and (2) the p53/pRB routes>. In our study, cell cycle
progression was arrested in the S phase after knock-
down of TRIMS9. In fact, either pathway (Ras or p53)
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is associated with cell cycle arrest. Hence, the suggested
two pathways may be involved in TRIM59-mediated cell
cycle arrest in cervical cancer HeLa cells and SiHa cells.
Further work concerning exactly which pathway contrib-
utes to TRIM59-mediated biological activities in cervi-
cal cancer is still needed.

In all, the present study identified a novel pro-
tein, TRIMS9, as a key mediator of cell proliferation
and migration in cervical cancer cells. Knockdown of
TRIMS9 caused a significant decrease in proliferating
cells, formed colonies, and migrated cells. Our data may
provide novel evidence that target against TRIM59 may
be a potential therapeutic strategy for the detection and
treatment of cervical cancer in clinics.
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