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	 Backgrounds:	 Recent studies have shown that some members of the tripartite motif-containing protein (TRIM) family func-
tion as important regulators in several tumors. However, the clinical significance of TRIM15 in gastric adenocar-
cinoma has not been elucidated. In the present study, we aimed to examine the expression pattern of TRIM15 
and explore whether the TRIM15 expression is correlated with clinicopathological characteristics of patients 
with gastric adenocarcinoma.

	 Material/Methods:	 The expression pattern of TRIM15 was examined in gastric adenocarcinoma tissues and adjacent normal 
stomach tissues by using immunohistochemistry staining. The prognostic role of TRIM15 in gastric cancer pa-
tients was evaluated by univariate and multivariate analyses. Clinical outcomes were assessed by the Kaplan-
Meier analysis and log-rank test. The effects of TRIM15 on cancer cell proliferation and invasion were tested 
through cellular experiments.

	 Results:	 TRIM15 was highly expressed in normal stomach tissues compared to tumor tissues. TCGA database showed 
that higher TRIM15 RNA transcription indicates poorer overall survival of gastric cancer patients. Besides, low 
expression of TRIM15 was significantly associated with advanced tumor invasion depth and advanced TNM 
stage. Moreover, gastric cancer patients with lower KDM5B expression had poorer overall survival, and TRIM15 
was identified as an independent prognosis factor according to multivariate analysis. Using the gastric cancer 
cell lines, we found that overexpression of TRIM15 can inhibits tumor cell invasion.

	 Conclusions:	 Our study demonstrated that low expression of TRIM15 in gastric adenocarcinoma tissues was significantly 
associated with poorer prognosis of patients, indicating the potential of TRIM15 as a novel clinical biomarker 
and therapeutic target.
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Background

Gastric adenocarcinoma is one of the most frequent malignancy 
that occurs in stomach and contributes to most of cancer-asso-
ciated mortality [1,2]. Current treatment therapies toward gas-
tric adenocarcinoma include surgical resection, chemotherapy, 
radiotherapy, and immune therapy [3,4]. Despite previous im-
provements in therapies, patients with unresectable gastric 
cancer have very unfavorable prognosis, particularly those with 
advanced disease [5,6]. Therefore, it is in urgent need to ex-
plore the progression mechanisms of gastric adenocarcinoma 
and identify novel diagnostic biomarkers for more effective 
treatment strategies to improve prognosis.

The tripartite motif containing (TRIM) protein family contains 
3 similar conserved domains in the N-terminal region: a RING-
finger domain, zinc-binding motifs, and an associated coiled-
coil region [7]. There are now more than 60 known TRIM pro-
teins in humans and they are involved in a broad range of 
biological processes, and their alterations are correlated with 
several pathological disease such as developmental disorders, 
viral infections, and cancer [8,9]. Most of the TRIM family mem-
bers play critical roles in innate immunity by regulating im-
mune signaling pathways, and several TRIM proteins are in-
volved in diverse oncogenic processes, such as transcriptional 
regulation, cell differentiation, and apoptosis [10]. For example, 
TRIM59 was found to promote the proliferation and metastasis 
of colorectal carcinoma through the PI3K/AKT pathway [11]. 
Knockdown of TRIM65 can inhibit lung cancer cell migration 
and invasion [12]. In contrast, TRIM19 was found to function 
as an anti-tumor protein in acute promyelocytic leukemia [13]. 
TRIM24 can also function as a potent tumor suppressor pro-
tein in liver cancer [14].

TRIM15, also called as ZNFB7 or RNF93, was found to be in-
volved in numerous cellular processes [8]. TRIM15 has been 
recently identified as a tumor suppress gene of colon cancer, 
because expression level of TRIM15 was downregulated in 
tumor tissues of colon cancer patients and TRIM15 protein 
level was closely related to the migration ability of colon cancer 
cell [15]. In addition, TRIM15 was reported to function as a re-
striction factor especially in the human immunodeficiency virus 
(HIV) 1 through inhibiting the process of viral releasee [16]. 
However, little is known about the clinical roles and potential 
functions of TRIM15 in gastric adenocarcinoma.

In the current study, we first examined the expression levels of 
TRIM15 in gastric adenocarcinoma tissues together with adja-
cent normal stomach tissues. Furthermore, we found the posi-
tive correlation between low TRIM15 expression and poorer clin-
ical outcomes by statistical analyses, thus we identified TRIM15 
as an independent prognostic factor for overall survival time 
of patients with gastric adenocarcinoma. Finally, we conducted 

cellular experiments to explore the potential function of TRIM15 
in gastric cancer cell lines, which revealed that overexpression 
of TRIM15 can suppress the invasion capacity of tumor cells.

Material and Methods

Patients and samples

This study was approved by the Ethic Committee of Zhangzhou 
Affiliated Hospital of Fujian Medical University and written in-
formed consents were obtained from all participants. There 
were 134 formalin-fixed paraffin-embedded (FFPE) gastric ade-
nocarcinoma tissues and matched adjacent normal stomach tis-
sues randomly selected from patients who underwent surgical 
resection during June 2010 to September 2015 in Zhangzhou 
Affiliated Hospital of Fujian Medical University. Only patients 
who survived more than 12 months after surgery were enrolled 
and the median age was 56 years old. The overall survival time 
for all patients was 53 months and the 5-year survival rate 
were 58.0%. All enrolled patients were followed up until death 
or the end of our study. Until the end of follow-up, a total 52 
patients had succumbed to gastric adenocarcinoma. All the 
specimens used in the present study were confirmed based 
on pathology examination. The invasion depth (T stage) was 
defined according to the American Joint Committee on Cancer 
TNM tumor staging system. Briefly, T1 is defined as tumor in-
vades lamina propria, muscularis mucosae, or submucosa; T2 
means tumor invades muscularis propria; T3 means tumor 
penetrates subserosal connective tissue without invasion of 
visceral peritoneum or adjacent structures; T4 means tumor 
invades serosa (visceral peritoneum) or adjacent structures.

Immunohistochemistry (IHC) staining

Immunohistochemistry (IHC) staining for TRIM15 was carried 
out by using the standard protocol as described by others. 
Briefly, 6-μm serial sections were dried at 70°C and then de-
paraffinized with xylene and rehydrated in alcohols. The micro-
wave antigen retrieval was carried out in pH 6.0 citrate buffer. 
Subsequently, specimens were incubated with the rabbit anti-
human TRIM antibody (1: 200 dilution; Cat. No. SAB1408159; 
Sigma-Aldrich, St. Louis, MO, USA) overnight. On the next day, 
the slide sections were washed, and their immunoreactivities 
were visualized by using poly HRP IgG and 3,3’-diaminobenzi-
dine substrates [17]. Primary antibody was replaced with phos-
phate-buffered saline as the negative control.

IHC scoring

The stained slides were examined and scored by 2 indepen-
dent investigators at 400× magnification, and 10 fields of each 
section were randomly selected. Staining intensity was divided 
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into 4 grades as follows: 1 (negative); 2 (weak); 3 (moderate); 
4 (strong). The staining percentage was scored as follows: 
1 (<25%); 2 (25% to 50%); 3 (51% to 75%); 4 (>75%). The IHC 
score was finally determined by multiplying the intensity score 
by the staining percentage score. In this study, the expression 
of TRIM15 was defined as low expression when the score was 
<8, and high expression when the score was ³8.

Cell culture and transfection

The gastric cancer cell lines AGS and MKN-1 were purchased 
from the American Type Culture Collection (ATCC, Rockville, 
IN, USA). The single silence TRIM15 siRNA (siRNA-TRIM15: 
5’-CCCAAUCCUCGGGCAAGAU-3’) was obtained from ABM 
(Richmond, BC, Canada). The overexpression plasmid of TRIM15 
was synthesized by Qiagen (Valencia, CA, USA) and veri-
fied by DNA sequencing (Genewiz, Suzhou, China). AGS and 

MKN-1 cells were transfected with TRIM15 plasmid or siRNA 
by using FuGENE HD transfection reagent according to the 
manufacturer’s instructions [18].

MTT assay

Cell proliferation was examined by using the MTT assay. 
Briefly, 6×103 cells were added to 96-well plates and cultured 
for different time points. The MTT solution was added to each 
well and incubated for 3 hours at 37°C followed by measuring 
OD570 nm absorbance using an automated plate reader [19]. 
All the experiments were repeated for 3 times.

Cell invasion assay

The invasion was measured by the Matrigel-coated Transwell 
assay. Briefly, 5 x 104 transfected cells were added to the upper 
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Figure 1. �Analyses of TRIM15 expression pattern in patients with gastric adenocarcinoma. (A–C) Immunohistochemistry staining of 
TRIM15 in adjacent normal stomach tissues (A) and gastric adenocarcinoma tissues (B, C). (D) TCGA database showed that 
lower TRIM15 RNA transcription indicates poor overall survival of gastric cancer patients. Magnification, 400×. *, P=0.00088 
by log-rank t-test.
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chamber and cultured for 48 hours. Invaded cells were fixed 
and stained. Cell counting was carried out in 6 random fields 
of view. All the experiments were repeated for 3 times [20].

Statistical analysis

Statistical analyses were conducted by using the SPSS ver-
sion 20.0 (IBM, New York, NY, USA). The association between 
TRIM15 expression and clinicopathologic features were ana-
lyzed by chi-square test. The overall survival curves of gastric 
adenocarcinoma patients were plotted using the Kaplan-Meier 
method. Statistical validation of independent prognostic fac-
tors was tested with multivariate analysis. P<0.05 was consid-
ered statistically significant [21].

Results

Higher TRIM15 expression in normal stomach tissues than 
in tumor tissues

To investigate the role of TRIM15 in gastric adenocarcinoma, 
we first examined its expression patterns in tumor tissues to-
gether with adjacent normal stomach tissues by IHC staining 

and we identified the cytoplasm localization of TRIM15 pro-
tein (Figure 1A–1C). Therefore, IHC data revealed that HOXD4 
was lowly expressed in normal gastric tissues, but significantly 
elevated in gastric adenocarcinoma tissues.

Furthermore, TCGA database showed higher TRIM15 RNA tran-
scription indicates poor overall survival of gastric cancer pa-
tients (Figure 1D, P=0.00088). Taken together, these results 
suggested that the TRIM15 expression level was downregu-
lated in tumor tissues and may be involved in gastric adeno-
carcinoma development.

Lower TRIM15 protein level indicates more aggressive 
phenotypes of gastric adenocarcinoma patients

To better investigate the predictive role of TRIM15 in clinical 
application, 71 patients were grouped into low TRIM15 ex-
pression group (IHC score <8), and the other 63 patients were 
classified into high TRIM15 expression (IHC score ³8) group. 
Subsequently, we tested the correlations of TRIM15 expression 
with clinicopathological features in gastric adenocarcinoma 
patients (Table 1). We found that the lower level of TRIM15 
expression was significantly correlated with advanced invasion 
depth (P=0.002) and advanced TNM stage (P<0.001). Besides, 

Variables
Cases TRIM15 level

P value
(n=134) Low (n=71) High (n=63)

Age 0.844

	 £50 yrs 52 27 25

	 >50 yrs 82 44 38

Gender 0.112

	 Female 44 19 25

	 Male 90 52 38

Localization

	 Upper 24 16 8 0.282

	 Middle 61 29 32

	 Lower 49 26 23

Tumor size 0.136

	 £5.0 cm 76 26 40

	 >5.0 cm 58 35 23

Invasion depth 0.002*

	 T1/T2 44 15 29

	 T3/T4 90 56 34

TNM stage <0.001*

	 I/II 51 14 37

	 III/IV 83 57 26

Table 1. Correlations between TRIM15 expression with patients’ features.
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no significant correlation was identified between TRIM15 
expression and patients’ age, gender, tumor localization, and 
tumor size (all P>0.05).

Low expression level of TRIM15 indicates poor prognosis 
of gastric adenocarcinoma patients

The role of tissue TRIM15 expression in overall survival of gastric 
adenocarcinoma patients was tested by Kaplan-Meier analysis 
and compared by the log-rank test. Gastric adenocarcinoma 
patients that expressed low protein levels of TRIM15 had a 
poorer mean overall survival time (55.5±3.1 months) com-
pared to those with high expression levels of HOXD4 (69.0±2.5 
months; P=0.002, Table 2). Well-known conventional prognostic 
factors were also found to be associated with the patients’ 
overall survival. For example, tumor localization (P=0.017), 

advanced tumor invasion depth (P=0.035) and advanced TNM 
stage (P=0.003, Figure 2, Table 2) can both indicate poorer 
clinical outcomes.

In addition, we conducted multivariate analysis using a Cox 
hazard regression model to test their independent effects on 
patients’ overall survival (Table 3). All significant prognostic fac-
tors (P<0.05) identified by univariate analyses were subjected 
to the model, and we found that TRIM15 expression was an 
independent prognostic factor (hazard ratio=0.560, 95% con-
fident interval=0.307–0.922, P=0.039). In addition, tumor lo-
cation and advanced TNM stage were also independent fac-
tors of decreased overall survival.

Variables Cases (n=134)
OS months 

(mean ±S.D.)
5-year OS (%) P value

Age 0.432

	 £50 yrs 52 64.3±3.5 60.5%

	 >50 yrs 82 59.5±2.5 56.2%

Gender 0.576

	 Female 44 63.8±3.6 60.9%

	 Male 90 60.8±2.4 56.5%

Localization 0.017*

	 Upper 24 48.5±4.3 36.4%

	 Middle 61 66.6±2.7 66.0%

	 Lower 49 60.9±3.3 54.8%

Tumor size 0.173

	 £5.0 cm 76 64.9±2.7 61.0%

	 >5.0 cm 58 59.6±3.4 53.6%

Invasion depth 0.035*

	 T1/T2 44 69.4±3.2 70.8%

	 T3/T4 90 58.0±2.5 51.8%

TNM stage 0.003*

	 I/II 51 70.2±2.9 75.2%

	 III/IV 83 56.3±2.6 46.1% 0.002*

TRIM15 level

	 Low 71 55.5±3.1 46.6%

	 High 63 69.0±2.5 69.0%

Table 2. Kaplan-Meier overall survival analysis.
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Figure 2. �Analyses of the overall survival of gastric adenocarcinoma patients. The overall survival curves of gastric adenocarcinoma 
patients were plotted by Kaplan-Meier analysis and assessed by log-rank test, based on entire cohort (A), patients’ age (B), 
gender (C), tumor location (D), tumor size (E), invasion depth (F), TNM stage (G) and TRIM15 expression level (H), 
respectively. * P<0.05 by log-rank test.
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Overexpression of TRIM15 inhibits the invasion ability of 
gastric cancer cell lines

We conducted cellular experiments to test the effects of TRIM15 
in gastric cancer. We overexpressed or knocked down the 
TRIM15 respectively in gastric cancer cell lines AGS and MKN1, 
then we tested the characteristics of different transfected cells 
to investigate the role of TRIM15 in tumor progression. The re-
sults demonstrated that TRIM15 overexpression or knockdown 
had no effect on the proliferation capacity in gastric cancer 
cells (Figure 3A, 3B). However, overexpression of TRIM15 in-
hibited cancer cell invasion compared to knockdown cells 

Variables HR 95% CI P value

Location (middle/lower vs. upper) 0.389 0.195–0.776 0.007*

Invasion depth (T3/T4 vs. T1/T2) 1.125 0.477–2.651 0.788

TNM stage (III/IV vs. I/II) 2.952 1.409–4.707 0.026*

TRIM15 (high vs. low) 0.560 0.307–0.922 0.039*

Table 3. Multivariate analysis.

Figure 3. �TRIM15 inhibits the invasion capacity of gastric cancer cell lines. (A, B) Overexpression or knockdown of TRIM15 has on 
effect on the proliferation capacity of AGS and MKN-1 cells. (C, D) Overexpression of TRIM15 inhibited the invasion capacity 
of AGS and MKN-1 cells, whereas knockdown of TRIM15 promoted cancer cell invasion.
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(Figure 3C, 3D). These data suggested that downregulated 
TRIM15 expression might contribute to the progression of hu-
man gastric adenocarcinoma by enhancing tumor cell invasion.

Discussion

Ubiquitylation belongs to one of the most important post-trans-
lational modification, which can regulate a broad range of cel-
lular physiology processes in the organism [22]. The ubiquitin-
dependent proteolytic pathway plays critical roles especially 
in the degradation of numerous functional proteins, such as 
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those correlated with DNA repairing, transcriptional regulation, 
and cellular signaling [23]. Approximately all oncoproteins and 
anti-tumor genes are mediated by different post-translational 
modifications, including the ubiquitin-dependent proteolytic 
pathway [24]. TRIM family proteins have been defined as a sub-
family of the RING type E3 ubiquitin ligase family and include 
more than 60 members in humans [25]. Those different TRIM 
family proteins play multiple roles in a broad range of physio-
logical processes, including cell differentiation, organ develop-
ment, and tumorigenesis [26]. It has been acknowledged that 
several TRIM family proteins can positively or negatively regu-
late cancer initiation and progression through affecting some 
important pathways such as DNA repairing, cell proliferation, 
and apoptosis [27,28]. In gastric carcinoma, it has been reported 
that some TRIM members such as TRIM28 and TRIM31 have 
alterations in the proteins which were found to be correlated 
with poor clinical outcomes and unfavorable prognosis of pa-
tients [29,30]. As a member of the TRIM protein family, TRIM15 
has also been implicant in several disease including cancer [31]. 
However, the clinical role of TRIM15 in the progression of gas-
tric adenocarcinoma has not been elucidated up to now.

Here in the present study, we found that TRIM15 expression 
was significantly downregulated in gastric adenocarcinoma 
tissues compared to that in adjacent normal stomach tissues 
by IHC staining. Furthermore, we dissect the associations be-
tween TRIM15 expression level and clinical characteristics of 
enrolled patients. The lower expression of TRIM15 was closely 
related to advanced tumor invasion depth and advanced TNM 
stage in gastric adenocarcinoma patients. We identified TRIM15 
expression as an independent prognosis factor for gastric ad-
enocarcinoma patients by using multivariate analysis. Finally, 
we conducted cellular experiments to investigate the poten-
tial effect of TRIM15 on gastric cancer cells. Overexpression of 
KDM5B in AGS and MKN-1 cells suppressed the invasion ability 

of tumor cells, whereas knockdown of TRIM15 promoted tumor 
cell invasion. Taken together, these data indicated that down-
regulated TRIM15 expression was related to unfavorable clini-
copathological outcomes of gastric adenocarcinoma patients, 
possibly by promoting cancer cell invasion.

Consistent with our findings, it was previously reported that 
TRIM15 can function as a tumor suppress gene in colon 
cancer [15]. Some other TRIM family members have shown dif-
ferent roles in gastric cancer. For example, TRIM29 was iden-
tified as an oncogene in gastric cancer and was regulated by 
miR-185 [32]. High expression of TRIM44 was found to con-
tribute to malignant outcomes in gastric cancer patients [33]. 
Therefore, it seems that different TRIM proteins might func-
tion through different signaling pathways in gastric cancer, 
and more intensive studies focused on exploring the under-
lying mechanisms of TRIM15 in progression of gastric adeno-
carcinoma was needed in the future.

Conclusions

Our study demonstrated that the expression level of TRIM15 
was downregulated in gastric adenocarcinoma tissues and 
closely related to the aggressive phenotypes of gastric adeno-
carcinoma. Furthermore, TRIM15 was identified as a potential 
independent prognostic factor by univariate and multivariate 
analyses. Our data thus provided initial evidence for TRIM15 
serving as a novel prognostic biomarker in gastric adenocar-
cinoma and could be helpful for clinical prediction and per-
sonal treatment improvement.
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