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Overexpression of TRIM24 is correlated with
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Abstract: TRIM24, originally known as intermediary factor 1-alpha, is involved in the development of several can-
cers. This study aimed to evaluate the expression level and prognostic value of TRIM24 in cervical cancer. In the
present study, we showed that the expression of TRIM24 was markedly upregulated in cervical cancer cell lines
and cancerous specimens at both transcriptional and translational levels. TRIM24 expression was analyzed in 147
archived cervical cancer specimens using immunohistochemistry, and the correlation between TRIM24 expres-
sion and clinicopathological parameters was evaluated. Statistical analysis suggested that TRIM24 expression was
significantly correlated with clinical stage and (P=0.007) and lymphatic metastasis (P=0.001). Patients with higher
TRIM24 expression had shorter overall (P=0.005) and recurrence-free (P=0.011) survival time. Moreover, we found
that silencing TRIM24 by short hairpin RNAi caused an inhibition of cell migration and invasion. Further study indi-
cated that TRIM24 induced cervical cancer cell migration and invasion was through the NF-kB and AKT signaling
pathways. In conclusion, TRIM24 is overexpressed in cervical cancer and regulates malignant cell metastasis, which

makes TRIM24 a candidate therapeutic target for cervical cancer.
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Introduction

Cervical carcinoma is one of the most common
gynecological malignancies, with more than
520000 new cases reported annually [1]. In
spite of recent advances in surgery and che-
mo-radiotherapy, the long-term outcome for
patients with metastatic or recurrent diseases
still remains poor, with a 5-year survival rate of
<30% [2]. Therefore, it would be beneficial to
clinically discover biomarkers that predict
tumor development and progression, identify
their molecular mechanisms in cervical cancer
patients with high potential for tumor metasta-
sis, and then design more effective therapeutic
strategies and novel therapeutic targets.

TRIM24 belongs to the TRIM family of structur-
ally related proteins that has an N-terminal
TRIM domain with potential self-assembly prop-
erties, a C-terminal region containing a PHD
finger and a bromodomain, and a nuclear
receptor interaction box [3-5]. It was originally
known as transcription intermediary factor

l-alpha (TIF1lx), a co-regulator that interact
with retinoic acid receptor (RAR) in a ligand-
dependent fashion [6]. TRIM24 associates with
chromatin, which is mediated by bromodomain-
DNA and bromodomain-nucleosome interac-
tions [7]. Existing research showed that TRIM24
is involved in modulating gene expression dur-
ing mouse embryonic development [8]. More
recently, TRIM24 has been identified as a part-
ner of the p53 tumor suppressor, as it interacts
with phosphorylated p53 to target it for degra-
dation and termination of the DNA damage
response [9]. Accumulating evidence showed
that TRIM24 is a crucial regulator in cellular pro-
liferation and tumor progression [10, 11]. In
vitro studies suggested that knockdown of
TRIM24 suppresses cell proliferation, cell cycle
progression, and in vivo tumor development,
whereas overexpression of TRIM24 promotes
cell growth [12]. Likewise, elevated expression
of TRIM24 could promote gastric cancer cell
growth and chemoresistance [13]. These stud-
ies suggested that TRIM24 may serve as an
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Table 1. Correlation between TRIM24 expres-
sion levels and clinicopathological characters
in cervical cancer patients

Clinical No. of TRIM24

characters Patients High Low
Age (y)

<50 85 40 45

>50 62 27 35 .673
FIGO Stage

Ib 106 41 65

lla + 1lb 41 26 15 .007
Differentiation

Well + Moderately 58 25 33

Poorly 89 42 47 627
Timor Size

<4 cm 110 46 64

>4 cm 37 21 16 .115
Histological Type

SCC 101 45 56

AC 46 22 24 712
Nodal Metastasis

+ 25 19 6

- 122 48 74 .001
Total No. of Patients 147 67 80

SCC: squamous cell cancer; AC: Adenocarcinoma.

important factor during cancer progression.
However, the clinical and biological roles of
TRIM24 in human cervical cancer still need to
be addressed.

In the present study, we examined the expres-
sion of TRIM24 in 147 cervical cancer tissue
specimens using immunohistochemistry and
analyzed the correlation between its expres-
sion and clinicopathological factors. We also
investigated the effect of TRIM24 on the bio-
logical behavior of cervical cancer cell lines,
revealing the potential mechanisms of TRIM24
on cervical cancer metastasis.

Materials and methods
Patients and tissue specimens

The present study included 147 patients with
stage Ib-1lb cervical cancer who were treated at
the First Affiliated Hospital of Shenzhen
University between 2004 and 2009. None of
the patients had been given chemo-radiothera-
py before surgery. All patients were staged
according to the International Federation of
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Gynecology and Obstetrics (FIGO) criteria. The
histological subtype was assigned according to
the criteria of the World Health Organization
classification. The clinical and pathologic pa-
rameters were reviewed from impatient medi-
cal records and presented in Table 1. Seven
freshly collected paired cervical cancerous/
normal tissues were frozen and stored in liquid
nitrogen until further use. The Institutional
Review Board approved the present study and
informed consent was obtained from all
patients for the use of their tissue samples.

Cell lines

Primary normal cervical epithelial cells (NCECs)
were collected from non-cancerous cervical tis-
sue according to the previous report [14].
Cervical cancer cell lines, including Hela,
Hela229, Siha, ME-180, C33A, CaSKi, and
MS7501, were obtained from the Chinese
Academy of Sciences (Shanghai, China) and
cultured in DMEM medium (Invitrogen). All cells
were supplemented with 10% fetal bovine
serum (HyClone, Logan, UT, USA) and 1% peni-
cillin/streptomycin (Invitrogen).

Immunohistochemistry (IHC)

Paraffin-embedded samples were obtained
from 147 patients for immunohistochemical
analysis. In brief, 4-um paraffin-embedded sec-
tions were deparaffinized and rehydrated.
Endogenous peroxidase activity was blocked by
3% hydrogen peroxide for 15 min. After antigen
retrieval, sections were incubated with 5%
serum to avoid the non-specific binding. The
sections were incubated overnight at 4°C with
anti-TRIM24 antibody (1:500 dilution; Pro-
teintech, Chicago, IL). After the primary anti-
body was washed off, the sections were incu-
bated with prediluted secondary antibody
(Santa Cruz Biotechnology). The sections were
then stained with DAB (3,3-diaminobenzidine)
and then counterstained with hematoxylin. For
blank control, the primary antibody was omit-
ted. For negative control, the primary antibody
was replaced by nonimmune serum.

Two independent investigators examined all
slides randomly. Five views were examined per
slide at 400x magpnification. Immunostaining of
TRIM24 was scored following a semi-quantita-
tive scale by evaluating, in representative
tumor areas, the intensity and percentage of
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cells showing higher immunostaining than the
control cells. Nuclear staining of the tumor cells
was considered as positive immunostaining.
The intensity of TRIM24 nuclear staining was
also scored as O (no staining), 1 (weak), 2
(strong). Percentage scores were assigned as:
1, 1-25%; 2, 26-50%; 3, 51-75%; 4, 76-100%.
The scores of each tumor sample were multi-
plied to give a final score of O to 8 and the total
expression of TRIM24 was determined as low
with score <4, and as high with score >4.

Small RNA transfection

Small interfering RNAs targeting two splice vari-
ants of TRIM24 and FAM-labeled negative con-
trol siRNA were purchased from Guangzhou
Ruibo Company, Ltd. (Guangzhou, China). In
vitro transient transfection was performed
using Lipofectamine 2000 (Invitrogen, Carls-
bad, CA) as recommended by the manufa-
cturer.

RNA extraction and reverse transcription-PCR

Total RNA from cervical cancer and normal tis-
sues was extracted using Trizol reagent
(Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s instructions. The extracted
RNA was pretreated with RNase-free DNase,
and 2 ug RNA from each sample was used for
cDNA synthesis with random hexamers. Real-
time PCR was performed using the Applied
Biosystems 7500 Sequence Detection system.
Primers were designed as follows: TRIM24
forward 5-GTTTACCAAACCCTAGAATGCAGG-3’,
and reverse 5-AAGTTTATCAAACGTGGAGGC-
G-3’; a-catenin forward 5-CAACCCTTGTAAAC-
ACCAAT-3' and reverse 5-CCTTCTCCAAGA-
AATTCTCA-3’; Vimentin forward 5-AGGAAA-
TGGCTCGTCACCTTCGTGAATA-3” and reverse
5-GGAGTGTCGGTTGTTAAGAACTAGAGCT-3’; Fi-
bronectin forword 5-TTATGACGACGGGAAGA-
CCT-3’ and reverse, 5'-GCTGGATGGAAAGATTA-
CTC-3’; Snail forword 5-ACCACTATGCCGCG-
CTCTT-3’ and reverse, 5-GGTCGTAGGGCTGCT-
GGAA-3’; Twist forword 5-CGGGAGTCCGCA-
GTCTTA-3’ and reverse, 5-TGAATCTTGCTCAGC-
TTGTC-3’; GAPDH forward primer 5-GACCC-
CTTCATTGACCTCAAC-3’, reverse primer 5-CTT-
CTCCATGGTGGTGAAGA-3'. Real-time PCR was
then employed to determine the fold increase
of TRIM24 mRNA in each of the cervical tumors
relative to the paired normal cervical tissues,
with each pair taken from the same patient.
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Expression data were normalized to the geo-
metric mean of the housekeeping GAPDH gene
to control the variability in expression levels.

Western blot analysis

Total proteins from cells and tissues were
extracted in cell lysis buffer (Pierce, Rockford,
IL) and quantified. Samples of 40 pg of protein
were separated by SDS-PAGE. Proteins were
transferred to PVDF membranes (Millipore,
Billerica, MA, USA) and incubated overnight at
4°C with antibody against TRIM24 (1:1000,
Proteintech, USA), p-IkBa, IkBa, p-AKT, AKT
(1:1000; Cell signaling, Boston, MA, USA) and
GAPDH (1:2000; Santa Cruz, USA). After wash-
ing, the membrane was incubated with
Horseradish Peroxidase conjugating secondary
antibodies. Finally, membrane was detected
with anenhanced chemiluminescence kit
(Amersham Bioscience, Piscataway, NJ) accord-
ing to the manufacturer’s instructions.

Migration and invasion assay

Cell migration and invasion assay was per-
formed using a 24-well transwell chamber with
a pore size of 8 ym (Costar, Cambridge, MA) (In
invasion assays, the inserts were coated with
20 pl Matrigel). Forty-eight hours after the
transfection, cells were trypsinized, and 1x10°
cells in 100 ul of serum-free medium were
transferred to the upper chamber and incubat-
ed for 24 h. Medium supplemented with 20%
FBS was added to the lower chamber. After
incubation, the non-invaded cells on the upper
membrane surface were removed with a cotton
tip, and the cells that passed through the filter
were fixed with 4% paraformaldehyde and
stained with hematoxylin. Three independent
experiments were performed and the data are
presented as the mean + SD.

Statistical analysis

SPSS (Chicago, IL) statistical software version
16.0 was used for all statistical analyses. A x?
test was used to examine possible correlations
between TRIM24 expression and clinicopatho-
logic factors. Survival curves were generated
using the Kaplan-Meier method and compar-
ed using the log-rank test. All p values are
based on a two-sided statistical analysis, and
P<0.05 was considered to indicate statistical
significance.
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Figure 1. TRIM24 is over-expressed in cervical cancer. A. Western blot and real-time PCR analysis of TRIM24 expres-
sion in normal cervical epithelial cells (NCECs) and 6 cervical cancer cell lines (Hela, Hela229, Siha, ME-180, C33A,
CaSKi, and MS7501). B. Western blot and real-time PCR analysis of TRIM24 expression in matched primary cancer
tissues (T) and the adjacent non-tumour tissues (ANT); GAPDH was used as a loading control. Bars represent the
means of three independent experiments. *P<0.05.
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Figure 2. Expression levels of TRIM24 in cervical cancer. A. Representative IHC staining images of TRIM24 expression
levels in normal cervical epithelium and stage Ib-llb tumor tissues. B. Statistical analysis of average MODs in normal
cervical tissues and patients with different FIGO stage. C. Representative IHC staining images of TRIM24 expres-
sion in patients with or without lymph node metastasis. D. Statistical analysis of average MODs in patients without
LNM compared with those with LNM. *P<0.05.

Results real-time PCR analyses were performed using 7
pairs of cervical cancer and adjacent non-can-
Overexpression of TRIM24 in cervical cancer cerous tissues, NCEC and cervical cancer cell
lines. The expressions of both the TRIM24 pro-
In order to investigate TRIM24 expression pat- tein and mRNA were markedly upregulated in
tern in cervical cancer, Western blotting and multiple cervical cancer cell lines, in compari-
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Figure 3. Kaplan-Meier survival curves for overall (A) and recurrence-free (B) survivals of cervical cancer patients
with low TRIM24-expressing versus high TRIM24-expressing tumours.

Table 2. Univariable and Multivariable analysis for overall survival in cervical cancer patients

Prognostic variables

Age (>50 vs <50)

FIGO Stage (Il vs Ib)
Differentiation (Grade 3 vs 1/2)
Tumor size (>4 cm vs <4 cm)
Histological type (SCC vs AC)

LN Metastasis (+ vs -)

Univariable Multivariable
HR (95% Cl) P HR (95% Cl) P

1. 258 (0.365-4.353) 0.526

2.964 (0.504-6.626) 0.026

1.944 (0.185-7.243) 0.304

2.764 (1.035-5.097) 0.037

1.043 (0.056-4.953) 0.690
4.155 (0.267-12.648) 0.015 4.004 (1.126-14.277) 0.034
3.754 (0.205-9.590) 0.012 3.383 (0.246-9.489) 0.026

TRIM24 expression (high vs low)

SCC: squamous cell cancer; AC: Adenocarcinoma.

son with those in NCEC (Figure 1A). In addition,
comparative analysis showed that TRIM24
mRNA and protein levels were differentially
upregulated in all 7 cervical cancer samples
compared with matched adjacent non-cancer-
ous tissues (Figure 1B).

TRIM24 expression is associated with clinical
characteristics and prognosis

The relationship between TRIM24 expression
and clinicopathological characters was evalu-
ated (Table 1). IHC staining showed the expres-
sion levels of TRIM24 were significantly in-
creased in patients with advanced stages
(Figure 2A and 2B; Table 1, P=0.007) and lym-
phatic metastasis (Figure 2C and 2D; Table 1,
P=0.001). These results suggest that TRIM24
is associated to the aggressiveness of cervical
cancer patients. The overall survival rate and
recurrence-free survival rate of the cervical
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cancer following surgical treatment were ana-
lyzed using the Kaplan-Meier method. The
results showed that the patients with high lev-
els of TRIM24 had significant worse overall sur-
vival (Figure 3A, P=0.005) and recurrence-free
survival (Figure 3B, P=0.011) than those with
low levels of TRIM24 in cervical cancer.
Multivariable Cox regression analysis revealed
that high expression of TRIM24 could be an
independent prognostic factor in cervical can-
cer (Table 2).

Depletion of TRIM24 inhibits cervical cancer
cell invasion

In light of the obvious connection between
TRIM24 expression and pelvic lymph node
metastasis, we further investigated the effect
of TRIM24 on invasion and migration in Siha
and CaSki cell lines. As shown in Figure 4A,
TRIM24 protein levels were decreased in the
TRIM24-silenced cells. Moreover, the migration

Am J Transl Res 2017;9(2):620-628
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Figure 4. Depletion of TRIM24 inhibits cancer cell migration and invasion. A. Western blotting analysis of of TRIM24
expression in vector and TRIM24-transduced Siha and CaSki cells; GAPDH was used as a loading control. B. Re-
duced migration and invasion ability of Siha and CaSki cells post-transfection with siTRIM24 (P<0.05, compared
with controls).

and invasion ability of Siha and CaSki cells was These results suggested that TRIM24 may play
reduced after being transfected with siTRIM24 an important role in tumor metastasis in cervi-
(P<0.05, compared with controls) (Figure 4B). cal cancer.
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Figure 5. Knockdown of TRIM24 decreased NF-kB and AKT signaling in cervical cancer cells. A. Western blotting
analysis revealed that TRIM24 knockdown downregulated the protein levels of p-IkB and p-AKT without significant
changes of IkB and AKT in cervical cancer cell lines. B. Real-time PCR of the expressions of TRIM24 and EMT-
relevant markers a-Catenin, fibronectin and vimentin, as well as EMT regulators Snail and Twist in RNAi vector and
TRIM24 shRNA 1- and 2-transduced Siha and CaSki cells. C. Correlation analyses of TRIM24, p-IkB, p-AKT, and Snail

in 10 freshly prepared cervical cancer tissues.

TRIM24 induces EMT (epithelial mesenchymal
transition) by regulating the NF-kB and AKT
signaling in cervical cancer cells

To investigate the potential mechanisms of
TRIM24 modulation in tumor cell metastasis,
we tested the effect of TRIM24 knockdown on
the levels of EMT related genes and several sig-
naling pathways. As expected, depletion of
TRIM24 downregulated the level of p-IkBa and
p-AKT in both Siha and CaSKi cells (Figure 5A).
Moreover, the expression of EMT-related genes
such as o-cadherin, Vimentin, Fibronectin,
Snail, and Twist, was analyzed by real-time
PCR. After knockdown of TRIM24, the expres-
sion of a-cadherin was up-regulated, while
Vimentin, Fibronectin, Snail, and Twist were
down-regulated in each siTRIM24 group com-
pared with the negative control group (Figure
5B). Furthermore, we examined the expression
of TRIM24, p-IkBx, p-AKT, and Snail in 10 fresh-
ly prepared cervical cancer tissues. Real-time
PCR and correlation analyses showed that
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expression of TRIM24 was positively correlated
with expression of p-IkBa (r=0.721; P=0.019),
p-AKT (r=0.700; P=0.024), and Snail (r=0.749;
P=0.013) (Figure 5C). These results further
demonstrated that TRIM24 mediated EMT and
metastasis of cervical cancer cells via the
NF-kB and AKT signaling cascade.

Discussion

Despite the improvement in diagnostic and
therapeutic methods, invasive cervical cancer
remains one of the most devastating diseases,
and it has a dismal prognosis. Therefore, the
screening of predictive biomarkers is extremely
important in improving patients’ survival time.
In the present study, we found upregulated
TRIM24 expression in cervical cancer tissues
in compared with that in normal cervical tis-
sues, and positive correlation of TRIM24 over-
expression with clinical features and outcomes,
suggesting TRIM24 may participate in cervical
cancer progression and could be used as a
diagnostic indicator in cervical cancer.

Am J Transl Res 2017;9(2):620-628
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Recently, tripartite motif (TRIM) protein family
members, characterized by conserved amino
(N)-terminal zinc-finger domains of a RING-type
E3 ubiquitin ligase, B-boxes and coiled coil,
have been shown to be crucial regulators in
tumorigenesis [15]. As a histone reader that
activates estrogen-dependent genes, TRIM24
is associated with cellular proliferation in
embryonic stem cells and tumor cells [11, 16].
Of note, TRIM24 has been found to be upregu-
lated in several human malignancies including
acute promyelocytic leukaemia, papillary thy-
roid carcinoma, breast cancer, and non-small
cell lung cancer. However, the expression pat-
tern of TRIM24 as well as its correlation with
clinical and pathological features in cervical
cancer has not yet been investigated. In the
present study, we found that the expression of
TRIM24 in cervical cancer tissues was higher
than in adjacent normal cervical tissues. There
was a close correlation between TRIM24 over-
expression and tumor stage and lymph lode
metastasis. In addition, TRIM24 overexpres-
sion was correlated with poor prognosis in cer-
vical cancer patients, which was consistent
with previous reports in that higher TRIM24
expression is correlates with tumor aggressive-
ness and poor clinical outcomes [17]. These
studies indicate that TRIM24 may play an
important role in cervical cancer progression.

To explore the relationship between TRIM24
and the biological behavior of cervical cancer
cells, we blocked TRIM24 function by using
siRNA in the Siha and CaSki cell lines. We found
that TRIM24 depletion caused an obvious
decrease in the migration and invasion poten-
tials of both cell lines, which was in accord with
precious reports concerning its role in other
cancers. Liu et al. demonstrated that small
interfering RNA induced down-regulation of
TRIM24 promoted apoptosis, decreased EMT
related proteins expression, and reduced
migration and invasion ability of hepatocellular
carcinoma cell line HepG2 [18]. Li et al. report-
ed that TRIM24 siRNA treatment have a mea-
surable blocking effect on cell invasion in non-
small cell lung cancer cell lines [19]. Moreover,
this study showed that the expression level of
TRIM24 was higher in cervical cancer patients
with lymph nodes metastasis. Thus, these
studies together revealed that TRIM24 played
an important role in cell metastasis of cervical
cancer.
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Activation of NF-kB pathway plays an important
role in the tumor development in many types of
cancers [20]. In cervical cancer, NF-kB signal-
ing is involved in the progression of cervical
cancer [21], probably by mediating a negative
feedback loop to regulate HPV replication and
that this feedback loop could be associated
with control of the viral copy numbers [22]. The
human papillomavirus 16 (HPV16) E1 and E2
could both mediate NF-kB activation [23].
Interestingly, NF-kB has been reported to be
constitutively activated in human cervical can-
cer to promote EMT [24]. In recent functional
study, Xue et al. investigated the role of TRIM24
in NF-kB activation. They showed that overex-
pression of TRIM24 increased cyclin D1, cyclin
E and upregulated NF-kB and AKT signaling in
bladder cancer cells, suggesting that TRIM24
might regulate cyclin D1 expression and cell
proliferation by activating NF-kB and AKT sig-
naling pathways [25]. During our study, we
demonstrated that TRIM24 might contribute to
invasion, metastasis and progression of cervi-
cal cancer, and silencing TRIM24 inhibited the
EMT of human cervical cancer cells through
NF-kB and AKT pathways. Our results provide
the preliminary molecular mechanisms under-
lying the role of TRIM24 in cervical cancer EMT
and metastasis.

In conclusion, we have revealed that TRIM24
expression is increased in cervical cancer and
correlated with clinicopathological features
and prognosis. TRIM24 contributed to the can-
cer cell metastasis through NF-kB and AKT sig-
naling pathways.
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