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 Background: Tripartite motif-containing protein 11 (TRIM11), encoded by the TRIM11 gene, has been studied in some human 
malignant tumors. MicroRNA-5193 (miRNA-5193) was predicted to target TRIM11, according to bioinformatics 
data from TargetScan. However, the roles of TRIM11 and miRNA-5193 in prostate cancer remain unknown. 
This study aimed to investigate the regulatory effects of miRNA-5193 on the expression of TRIM11 in pros-
tate cancer tissues compared with adjacent normal prostate, and in human prostate cancer cell lines, PC3 and 
DU145 in vitro.

 Material/Methods: Prostate tumor tissue and adjacent normal tissue from 137 patients with stage T1c (n=66), stage T2 (n=48), and 
stage T3 (n=23) prostate cancer were studied. Expression levels of the TRIM 11 protein and the TRIM11 gene 
in prostate cancer, normal prostate tissue, and human prostate cancer cell lines, PC3 and DU145, were mea-
sured by Western blot and quantitative real-time polymerase chain reaction (qRT-PCR), respectively. Transfection 
with TRIM11 small interfering RNA (siRNA) resulted in gene knockdown. Transfection with a miR-5193 mimic 
resulted in overexpression of miR-5193. Proliferation and invasion assays were performed for PC3 and DU145 
cells in vitro.

 Results: TRIM11 expression was upregulated in prostate cancer specimens compared with normal prostate tissue and 
was significantly correlated with reduced outcome. In human prostate cancer cell lines, PC3 and DU145, TRIM11 
overexpression promoted cell proliferation. Upregulation of miR-5193 downregulated the expression of TRIM11.

 Conclusions: TRIM11 was upregulated in prostate cancer tissue and was associated with reduced prognosis. TRIM11 expres-
sion increased cell proliferation in vitro and was downregulated by miR-5193.
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Background

Worldwide, prostate cancer is the second most common ma-
lignancy in men, and is one of the leading causes of male 
cancer-related deaths, especially in economically developed 
countries [1]. According to the World Cancer Research Fund 
(WCRF) prostate cancer statistics, the global incidence of pros-
tate cancer is expected to double by 2030, but despite the in-
creasing prevalence, mortality from prostate cancer has not 
increased at the same rate, which may be partly attributed to 
the use of serum prostate-specific antigen (PSA) as a screening 
method [2]. PSA has had a key role in the early detection of 
prostate cancer, but the use of the PSA biomarker has some 
limitations in discriminating between benign prostate disease, 
such as prostatitis, and between benign and malignant pros-
tate tumors, and is currently not used as a prognostic bio-
marker [3,4]. Further studies are still needed to identify both 
diagnostic and prognostic biomarkers and potential molecular 
markers that may lead to the development of new targeted 
therapy for prostate cancer.

Tripartite motif-containing protein 11 (TRIM11), encoded by 
the TRIM11 gene, is a member of a large family of TRIM pro-
teins. The TRIM family of proteins is characterized by their 
shared three conserved structural motifs, including RING-finger, 
B-Box, and coiled-coil domains, which are also known collec-
tively as the tripartite RBCC (RING, B-box, coiled-coil) or TRIM 
proteins [5–7]. As with all the TRIM family members, TRIM11 
functions as an E3 ubiquitin ligase in humans [8]. Members 
of the TRIM family have roles as regulators in diverse cell pro-
cesses, and early published studies have identified roles for 
TRIM11 in neurodegenerative disorders and viral infections [9]. 
TRIM11 has been shown to have a role in the regulation of 
Alzheimer’s disease by destabilizing intracellular humanin, 
which is a newly identified neuroprotective peptide [10]. 
TRIM11 has been shown to function as a ubiquitin ligase, con-
trolling the degradation of Pax6, a conserved transcription fac-
tor that contains two DNA-binding domains [11]. TRIM11 has 
also been shown to inhibit HIV infection by reducing levels of 
the TRIM5a protein [12]. Recently, TRIM11 expression was re-
ported to be increased in high-grade gliomas and to have an 
oncogenic role and to be associated with the progression of 
glioma [13]. Chen et al. showed that TRIM11 was upregulated 
in ovarian cancer tissue, and that knockdown of the TRIM11 
gene suppressed proliferation and induced apoptosis of can-
cer cells [14]. Also, the overexpression of TRIM11 has been 
shown to promote cell proliferation, migration, and invasion 
of lung cancer cells [8]. However, the role of TRIM11 in pros-
tate cancer remains poorly understood.

MicroRNAs (miRNAs) are composed of approximately non-pro-
tein coding RNAs, which are 22-nucleotides-long, and which reg-
ulate post-transcriptional gene expression by targeting the 3’ 

untranslated regions (3’ UTR) and coding mRNA regions for deg-
radation or translational repression [15,16]. Recently, miRNAs 
have been shown to provide diagnostic, prognostic, and ther-
apeutic targets for several diseases, including cancer [17]. In 
this study, miR-5193 was predicted to target TRIM11, according 
to bioinformatics data from TargetScan.

Therefore, this study aimed to investigate the regulatory effects 
of miRNA-5193 on the expression of TRIM11 in prostate cancer 
tissues compared with adjacent normal prostate tissue, and in 
human prostate cancer cell lines, PC3 and DU145 in vitro. The 
expression levels of TRIM11 were measured in prostate cancer 
tissue and correlated with patient outcome. The in vitro study 
on the effects of TRIM11 on cell proliferation allowed for in-
vestigation of the possible regulatory effects of miRNA-5193.

Material and Methods

Patients and specimen collection

Between October 2009 to October 2016, there were 206 men 
diagnosed with prostate cancer in our hospital. The patients 
were initially considered for inclusion in the study as they sat-
isfied the following inclusion criteria: all men had available tis-
sue samples from prostatectomy, and medical records; they 
were clinically followed-up for more than 12 months after sur-
gery; there were no severe perioperative complications, and no 
other tumors were identified; none of the patients had che-
motherapy or radiotherapy before surgical resection. The 95% 
confidence interval (CI) level was used with a confidence in-
terval set at 5, which showed that at least 134 patients were 
required for the study population.

Therefore, we randomly selected 137 patients from the initial 
population of 206. The cohort of 137 men with prostate can-
cer included 66 patients with stage T1c, 48 patients with stage 
T2, and 23 patients with stage T3. The diagnosis of prostate 
cancer was histologically confirmed in all cases. Prostate can-
cer samples and the matched adjacent normal tissue speci-
mens were obtained from the Shandong Provincial Hospital 
Affiliated to Shandong University (Shandong, China), and were 
sampled by pathologists. This study was approved by the 
Ethical Committee for Clinical Research, and all study partici-
pants signed informed consent forms.

RNA isolation and quantitative real-time polymerase chain 
reaction (qRT-PCR)

Total RNA was extracted from tissue samples containing pros-
tate cancer and adjacent normal prostate tissues using TRIzol 
reagent (Invitrogen, Carlsbad, CA, USA). A qRT- PCR kit (Takara 
Bio Inc., Kusatsu, Shiga, Japan) was used to prepare cDNA 
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according to the manufacturer’s instructions. The gene expres-
sion of TRIM11 was detected using PCR with SYBR Premix Ex 
Taq II (Takara Bio Inc., Kusatsu, Shiga, Japan). The 2–DDCt method 
was used to calculate the expression of TRIM11 relative to 
b-actin. Experiments were performed in triplicate for each 
data point. The primers included in this study (Genepharma, 
Shanghai, China) were as follows: 
TRIM11 forward: GAGAACGTGAACAGGAAGGAG;
TRIM11 reverse: CCATCGGTGGCACTGTAGAA;
b-actin forward: GACCTCTATGCCAACACAGT;
b-actin reverse: AGTACTTGCGCTCAGGAGGA.

Cell culture and transfection conditions

Human prostate carcinoma cell lines, PC3 and DU145, were 
obtained from the American Type Culture Collection (ATCC) 
(Manassas, VA, USA). The cell lines were cultured with 
Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented 
with 10% fetal bovine serum (FBS) (Hyclone, South Logan, UT, 
USA) in a humidified atmosphere of 5% CO2 at 37°C. The small 
interfering RNA (siRNA) of TRIM11 used in this study were pur-
chased from Genechem (Shanghai, China). The transfection 
of TRIM11 siRNA was carried out using Lipofectamine 2000 
(Invitrogen, Carlsbad, CA, USA).

MicroRNA-5193 (miRNA-5193) was predicted to target TRIM11 
according to bioinformatics data from TargetScan (http://www.
targetscan.org). The miRNA-5193 mimic and negative control 
were synthesized by RiboBio (Guangzhou, China), and RiboFect™ 
chemically pure (CP) transfection reagent (RiboBio, Guangzhou, 
China) was used to transfect miRNA mimics, according to the 
manufacturer’s recommendations.

Western blot

Total cell extracts were prepared in RIPA buffer (RiboBio, 
Guangzhou, China) supplemented with a complete protease 
inhibitor cocktail (Invitrogen, Carlsbad, CA, USA) at 4°C for an 
hour. The lysates were cleared by centrifugation at 12000 rpm 
for 15 min, and the protein concentrations of the samples were 
determined using a Pierce™ BCA protein assay kit (Thermo 
Fisher Scientific, Pittsburgh, PA, USA). The lysates were iso-
lated by sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE), transferred to polyvinylidene difluoride 
(PVDF) membrane filters, and probed with anti-TRIM11 poly-
clonal antibody and anti-b-actin mouse antibody (Sigma-Aldrich, 
St Louis, MO, USA), following by incubating with horseradish 
peroxidase (HRP)-conjugated secondary antibodies (Santa Cruz 
Biotech., Santa Cruz, CA, USA). Densitometry of obtained sig-
nals was semi-quantified with the ImageJ software (National 
Institutes of Health, Bethesda, MD, USA).

Cell proliferation and viability using the MTT assay

The PC3 and DU145 cell lines with transient knockdown of 
TRIM11 were reseeded in 96-well plates at 3,000 cells per well. 
The effect of TRIM11 on prostate cancer cell proliferation was 
determined by the MTT assay performed daily for five days. 
After adding 20 μL of 5 mg/ml MTT (Abcam, Cambridge, UK) 
to each well and incubating for another 4 hours, the superna-
tant was discarded, and 150 μL of dimethyl sulfoxide (DMSO) 
was added to dissolve the precipitated formazan. Absorbance 
was measured at 450 nm.

Statistical analysis

All statistical analysis was performed using SPSS version 22.0 
Software (SPSS, Inc., Chicago, IL, USA). Student’s t-test (two-
tailed) was used to analyze the differences between the two 
groups. Statistical analysis of the groups was conducted using 
the chi-squared (c2) test. Survival curves were performed using 
Kaplan-Meier curves and the log-rank test was used to com-
pare the curves. The Cox regression model was performed to 
modify potential prognostic variables. A P-value <0.05 was 
considered as statistically significant.

Results

Upregulation of the tripartite motif-containing protein 
11 (TRIM11) gene correlated with the clinicopathological 
features in patients with prostate cancer

To investigate the role of tripartite motif-containing protein 
11 (TRIM11) in cases of prostate cancer, prostate cancer tis-
sue from 137 patients, and the matched adjacent normal 
prostate tissue, were analyzed for TRIM11 expression was 
detected by quantitative real-time polymerase chain reac-
tion (qRT-PCR), which showed that TRIM11 was significantly 
upregulated in prostate cancer compared with normal pros-
tate tissue (Figure 1A). The mRNA expression of TRIM11 was 
profiled in three stages of prostate cancer, stage T1c, stage 
T2, and stage T3, and as shown in Figure 1B, patients with a 
more advanced stage of prostate cancer has significantly in-
creased expression levels of TRIM11. The 137 patients included 
in the study were divided into low-expression group and a 
high-expression group, according to the expression level of 
TRIM11. As summarized in Table 1, TRIM11 over-expression 
was significantly correlated with an increased serum level of 
prostate-specific antigen (PSA), advanced tumor stage (TNM 
stage), and a significantly increased association with seminal 
vesicle invasion (SVI).
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TRIM11 expression and prognosis in patients with 
prostate cancer

To determine whether TRIM11 expression was a potential 
prognostic biomarker for prostate cancer, the TRIM11 low-ex-
pression group, and the TRIM11 high-expression group were 
analyzed using Kaplan-Meier plots to determine the associ-
ated progression-free survival (PFS). As shown in Figure 2H, 
men with prostate cancer with high TRIM11 expression levels 
had a significantly shorter PFS compared with those with a 
low level of TRIM11 expression (P=0.032). The relationship 
between the clinicopathological features and PFS were also 
analyzed. According to the results of analysis using the log-
rank test, prostate-specific antigen (PSA) levels (P=0.040), 
Gleason scores for tumor grade (P=0.001), T stage (in the 
TNM staging system) (P=0.025), seminal vesicle invasion (SVI) 
(P=0.008), and measurement of the surgical tumor-free re-
section margin (P=0.049) were statistically significant prog-
nostic factors (Figures 2B–2D, 2F, 2G) (Table 2). Univariate re-
gression analysis showed that the PSA level (HR=2.111; 95% 
CI, 1.182–3.767; P=0.012), Gleason score (HR=3.562; 95% CI, 
1.783–7.116; P=0.006), seminal vesicle invasion (HR=2.096; 
95% CI, 1.100–3.993; P=0.025) and high (compared with low) 
TRIM11 expression (HR=0.593; 95% CI, 0.325–0.897; P=0.039) 
were significantly associated with poor outcome (Table 3). In 
contrast, neither age nor lymph node metastasis affect pa-
tients’ PFS according to our data (Figure 2A, 2E). These find-
ings showed that, in this study, TRIM11 was an independent 
prognostic biomarker in prostate cancer.

MTT assays with TRIM11 gene silencing increased cell 
proliferation and cell growth of PC3 and DU145 prostate 
cancer cells in vitro

To determine whether TRIM11 was required for prostate can-
cer cell growth, we depleted TRIM11 was depleted in PC3 and 
DU145 cell lines with small interfering RNA (siRNA). The MTT 
assay was used to detect cell proliferation in vitro. As shown 
in Figure 3A, there was a significant reduction in cell viability 
of TRIM11-knocked down cells when compared with the con-
trol group (Figure 3A). These data showed that TRIM11 had a 
role in the proliferation of prostate cancer cells in vitro.

Upregulation of microRNA-5193 (miRNA-5193) resulted 
in downregulation of TRIM11 in PC3 and DU145 prostate 
cancer cells in vitro

The upstream miRNA regulators of TRIM11 were investigated, 
as microRNA-5193 (miRNA-5193) was predicted to specifi-
cally target TRIM11 according to bioinformatics data from 
TargetScan (http://www.targetscan.org). The targeting sites 
on 3’-UTR of TRIM11 by miR-5193 are listed in Figure 3B. The 
miR-5193 mimic was successfully transfected in both PC3 and 
DU145 cell lines (Figure 3C). The endogenous protein level of 
TRIM11 was measured by Western blot, which showed that the 
overexpression of the miR-5193 mimic significantly reduced 
TRIM11 expression. These findings demonstrated a potential 
novel signaling axis for miR-5193 and TRIM11 in the develop-
ment of prostate cancer.
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Figure 1.  The tripartite motif-containing protein 11 (TRIM11) gene was upregulated in prostate cancer tissues. (A) TRIM11 mRNA 
levels in prostate cancer tissues, measured by quantitative real-time polymerase chain reaction (qRT-PCR), were significantly 
increased when compared with the matched adjacent normal prostate tissue (n=137). * p<0.05. (B) The gene expression 
profiles of TRIM11 gene in 137 patients with three stages of prostate cancer, stage T1c (n=66), stage T2 (n=48), and stage 
T3 (n=23) show a positive association with the advanced stage prostate cancer when compared with lower stage prostate 
cancer. * p<0.05
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Discussion

Worldwide, prostate cancer is regarded as a serious threat 
to men’s health and still has a high mortality rate, due to 
late presentation and lack of sensitive and specific methods 
of detection of early prostate cancer [18]. Because of the 
increasing number of aging people in the world, the number 
of expected cases of prostate cancer is expected to increase in 
the future [19]. Currently, prostate biopsy and histology remains 
the definitive method for the diagnosis of prostate cancer but 
is invasive. The prostate-specific antigen (PSA) test is recom-
mended as a screening method for prostate cancer, but has 
significant problems with specificity and has limited capacity 

as a prognostic biomarker [20]. The identification of more 
sensitive and specific diagnostic and prognostic biomarkers 
for prostate cancer and a better understanding of the mech-
anisms underlying the progression of prostate cancer will im-
prove early clinical diagnosis and treatment.

Posttranslational modification of protein affects the activa-
tion of protein and the regulation of cell function, including 
ubiquitination and phosphorylation. E3 ubiquitin ligases be-
long to a large family of proteins that mediate protein ubiq-
uitination, typically by recruiting a catalytic reaction resulting 
in protein degradation [21]. Currently, E3 ligases are known 
to have important roles in cell proliferation and apoptosis and 

Variables
Cases

(n)

TRIM11 level
P-value

High (n=73) Low (n=64)

Age (years) 0.332

 <61 66 38 28

 ³61 71 35 36

PSA level (ng/100 mL) 0.011*

 <10 69 28 41

 10–20 33 22 11

 >20 35 23 12

Gleason score 0.412

 <7 38 20 18

 7 62 30 32

 >7 37 23 14

T stage <0.001*

 T1c 66 25 41

 T2–T3 71 48 23

Lymph node metastasis 0.107#

 Negative 121 61 60

 Positive 16 12 4

SVI 0.028*

 Negative 53 22 31

 Positive 84 51 33

Surgical margin 0.154

 Negative 106 53 53

  Positive 31 20 11

Table 1.  Clinical correlation between the expression levels of tripartite motif-containing protein 11 (TRIM11) and clinicopathological 
characteristics of prostate cancer patients.

* indicates P <0.05 by the chi-squared test; # P-value analyzed by two-tail Fisher exact test, due to limited case numbers. 
PSA – prostate-specific antigen; SVI – seminal vesicle invasion.
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Figure 2.  Kaplan-Meier survival analyses of progression-free survival (PFS) in patients with prostate cancer. Kaplan-Meier analysis of 
the progression-free survival (PFS) in 137 patients with prostate cancer in relation to age (A), prostate-specific antigen (PSA) 
level (B), Gleason score (C), T stage (D), lymph node metastasis (E), seminal vesicle invasion (SVI) (F), surgical margin (G), and 
TRIM11 expression level (H).
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Variables
Cases

(n)
5-year PFS rate 

(%)
Mean PFS survival 

(months)
P-value

Age (years) 0.984

 <61 66 84.1% 75.1±3.1

 ³61 71 74.6% 74.9±3.3

PSA level (ng/100 mL) 0.040*

 <10 69 88.5% 78.6±2.4

 10–20 33 69.5% 72.2±4.0

 >20 35 65.1% 60.6±3.8

Gleason score 0.001*

 <7 38 90.8% 76.0±3.0

 7 62 83.3% 77.7±2.9

 >7 37 53.4% 58.7±4.0

T stage 0.025*

 T1c 66 91.1% 80.2±2.5

 T2–T3 71 66.0% 69.8±3.7

Lymph node metastasis 0.137

 Negative 121 80.0% 75.7±2.3

 Positive 16 71.6% 57.3±3.2

SVI 0.008*

 Negative 53 91.5% 82.0±2.8

 Positive 84 69.8% 66.2±2.4

Surgical margin 0.049*

 Negative 106 81.4% 77.0±2.3

 Positive 31 72.8% 62.9±4.1

TRIM11 level 0.032*

 High 48 66.6% 70.3±3.9

 Low 80 89.8% 79.3±2.6

Table 2. The progression-free survival (PFS) was assessed by Kaplan-Meier univariate analysis.

The P-value was analyzed by log-rank test. * Indicates P<0.05 with statistical significance. PSA – prostate-specific antigen; 
SVI – seminal vesicle invasion; TRIM11 – tripartite motif-containing protein 11.

Variable HR 95% CI P-value

PSA (³10 vs. <10 ng/100 mL) 2.111 1.182±3.767 0.012*

Gleason score (>7 vs. £7) 3.562 1.783±7.116 <0.001*

T stage (T2–T3 vs. T1c) 1.493 0.815±2.737 0.194

SVI (positive vs. negative) 2.096 1.100±3.993 0.025*

Surgical margin (positive vs. negative) 1.481 0.683±3.211 0.320

TRIM11 level (low vs. high) 0.593 0.325±0.897 0.039*

Table 3. Multivariate analysis of progression-free survival (PFS).

* Indicates P<0.05 with statistical significance. CI – confidence interval; HR – hazard ratio; PSA – prostate-specific antigen; 
SVI – seminal vesicle invasion; TRIM11 – tripartite motif-containing protein 11.
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Figure 3.  Tripartite motif-containing protein 11 (TRIM11) inhibited prostate cancer growth and was downregulated by miR-5193 in 
PC3 and DU143 prostate cancer cells in vitro. (A) MTT assays of PC3 and DU143 cells with tripartite motif-containing protein 
11 (TRIM11) gene silencing shows the effect of TRIM11 on increasing cell proliferation when compared with the negative 
control. * P<0.05. (B) The microRNA-5193 (miRNA-5193) binding sites in the 3’UTR of TRIM11 was predicted by TargetScan 
analysis. (C) The level of miR-5193 in the miR-5193 mimic group was significantly increased compared with the negative 
control group. * P<0.01. (D) TRIM11 expression was downregulated by overexpression of miR-5193 in both PC3 and DU143 
prostate cancer cell lines in vitro.
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have been considered as the potential novel targets for the 
treatment of certain diseases [22]. Tripartite motif-containing 
protein 11 (TRIM11), encoded by the TRIM11 gene, is an E3 
ubiquitin ligase. Recent studies have demonstrated that the 

expression levels of TRIM11 are increased in gliomas [13], 
ovarian cancer [14], and lung cancers [8]. These studies have 
shown that TRIM11 has a role in regulating the development 
of human malignancies.
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In the present study, the level of TRIM11 expression in pros-
tate cancer tissue was significantly upregulated when com-
pared with patient-matched, adjacent, non-neoplastic tissues, 
and an increased expression level of TRIM11 was an indepen-
dent risk factor for poor prognosis in patients with prostate 
cancer. This finding indicated that TRIM11 should be studied 
further as a potential diagnostic and prognostic biomarker for 
prostate cancer. For the first time, the findings of this study 
showed, that TRIM11 has a role in the progression of prostate 
cancer, but also provided results that showed that TRIM11 func-
tions as an oncogenic protein via promoting prostate cancer 
cell proliferation. The findings of this study also showed that 
miR-5193 could downregulate TRIM11, as overexpression of 
miR-5193 significantly decreased the level of TRIM11 expres-
sion in both PC3 and DU145 cells in vitro. Yan et al. previously 
showed that TRIM11 was specifically targeted by miR-24-3p in 
colon cancer, promoting cell proliferation and inhibiting apop-
tosis [23]. The findings of the present study, that TRIM11 was 
a target of miR-5193, might be due to the tissue and cell spec-
ificity of miRNAs, which is a finding that has been previously 
reported [24,25].
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