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Abstract. As a member of the tripartite motif family, tripar-
tite motif-containing protein 59 (TRIM59) serves as an 
E3 ubiquitin ligase in various cellular processes, including 
intracellular signaling, development, apoptosis, protein quality 
control, innate immunity, autophagy and carcinogenesis. 
The present study aimed to investigate the expression and 
prognostic value of TRIM59 in patients with non-small cell 
lung cancer (NSCLC). Expression of TRIM59 in patients 
with NSCLC was measured by immunohistochemistry in 
tissue microarrays. Datasets from The Cancer Genome Atlas 
(TCGA) were used to further verify the expression level of 
TRIM59 in NSCLC, lung adenocarcinoma and lung squamous 
cell carcinoma (LUSC). The prognostic value of TRIM59 in 
NSCLC was also analyzed. Immunohistochemistry revealed 
that TRIM59 was primarily located in the cytoplasm of tumor 
cells. Analysis of TCGA datasets revealed that TRIM59 
was more highly expressed in tumor tissues than in normal 
tissues (P<0.0001). Furthermore, the TRIM59 expression level 
was associated with tumor differentiation (P=0.012), while 
no association was observed between TRIM59 expression 
and any other clinicopathological parameters. However, the 
average overall survival rate of patients with NSCLC in the 
high TRIM59 expression group was significantly lower than 
that in the low expression group (P=0.014), especially in 
patients with LUSC (P=0.016) and patients with poor differen-
tiation (P=0.033). The multivariate analysis indicated that high 
TRIM59 expression is an independent prognostic factor in 
patients with NSCLC (P=0.018) and was associated with poor 
prognosis in patients with NSCLC. Therefore, TRIM59 may 

serve as a novel molecular biomarker to predict the prognosis 
of patients with NSCLC.

Introduction

Lung cancer is associated with high mortality and its prevalence 
has increased worldwide in the past ten years (1,2). Moreover, 
the incidence and mortality rates of lung cancer have increased 
significantly in China (3,4). Histologically, non‑small cell lung 
cancer (NSCLC) consists of several subtypes, including lung 
adenocarcinoma (LUAD), lung squamous cell carcinoma 
(LUSC), large cell lung cancer and other rarer types, of which 
LUAD and LUSC are the two main histological types (5). 
Although advances have been made in early diagnosis and 
systematic therapy, the 5-year survival rate for patients with 
NSCLC remains unsatisfactory (6). Therefore, investigating 
the pathogenesis of NSCLC may aid the identification of more 
sensitive and specific biomarkers as well as therapeutic targets 
for patients with NSCLC.

With the development of abundant open data resources, it is 
convenient and effective for researchers to screen cancer-related 
therapeutic targets (7). Through an analysis of The Cancer 
Genome Atlas (TCGA) database, the present study identified 
tripartite motif-containing protein 59 (TRIM59) as a novel lung 
cancer-related candidate target. The tripartite motif (TRIM) 
family of proteins comprises >70 members that are evolution-
arily conserved and share RING, B-Box and coiled-coil (RBCC) 
multiple domains. TRIM proteins consist of a common 
N-terminal Really Interesting New Gene (RING) finger 
domain, one or two B-box motifs and a coiled-coil region (8,9). 
Due to the highly conserved RING domain, the majority of the 
proteins are E3 ubiquitin ligases that promote post-translational 
modifications of various substrates (10) and affect a range of 
cellular processes, including cell growth, development, differ-
entiation, apoptosis, inflammation and immunity (11). TRIM59 
not only participates in regulating protein expression, but also in 
the malignant behavior of tumor cells (12).

A number of studies have reported that TRIM59 acts as 
an oncogene in various types of cancer. Lin et al (13) reported 
that knockdown of TRIM59 inhibited tumor growth in 
prostate cancer. It was previously demonstrated that down-
regulation of TRIM59 inhibited proliferation, migration and 
invasion of breast cancer cells (14). Additionally, TRIM59 
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induced epithelial-to-mesenchymal transition, and promoted 
migration and invasion of medulloblastoma cells through the 
phosphoinositide 3-kinase (PI3K)/protein kinase B (AKT) 
signaling pathway (15). However, to the best of our knowledge, 
there is little information available on the clinical significance 
and prognostic value of TRIM59 expression in NSCLC. 
The present study determined the expression of TRIM59 in 
NSCLC, and investigated its association with the occurrence, 
development and prognosis of NSCLC.

Materials and methods

TRIM59 expression in published TCGA databases. TCGA 
(https://www.cancer.gov/) is a collaboration between The 
National Cancer Institute (NCI) and The National Human 
Genome Research Institute, which rigorously control the 
quality of the datasets. Therefore, TCGA is a reliable source of 
information for disease analysis (16). To evaluate and analyze 
the TRIM59 expression level, three datasets, named LUNG_
exp_HiSeq-V2-2015-02-24, LUAD_exp_HiSeq-V2-2015-02-24 
and LUSC_exp_HiSeq-V2-2015-02-24, were downloaded 
from the University of California, Santa Cruz Cancer Browser 
(https://genome-cancer.ucsc.edu). These datasets contain a list 
of cancer-related characteristic information of 1,013 NSCLC 
tissue samples, which include 108 paired NSCLC tissue samples, 
57 pairs of LUAD tissues and 51 pairs of LUSC tissues. By 
analyzing the files named ‘genomic Matrix’ in these datasets, 
the mRNA expression levels of TRIM59 were obtained.

Patients and construction of a tissue microarray (TMA). In 
total, 140 NSCLC tissue and 10 normal adjacent tissue samples 
were obtained from patients who had undergone surgical resec-
tion at The Department of Thoracic Surgery of Zhongshan 
Hospital, Fudan University between January 2005 and 
December 2005. Complete clinical information was available 
for all patients (112 male and 28 female) and the mean age of 
the patients with NSCLC was 60.1 years (range, 26-79 years). 
Patients were classified according to the TNM classification 
system, formulated jointly by the American Joint Committee 
on Cancer and the Union for International Cancer Control (17). 
The clinical follow-up was recorded until July 2013. As previ-
ously described by Gao et al (18), the tissue samples from 
the 140 primary NSCLC cases and 10 normal adjacent lung 
tissues were arranged in rows and columns to construct a 
TMA. Patients involved in the present study had not received 
chemotherapy, radiotherapy or biotherapy before surgery.

Immunohistochemical staining and quantification analysis. 
The standard indirect immunoperoxidase procedures (Envision 
Plus; Dako; Agilent Technologies, Inc.) were adopted for 
immunohistochemistry to detect the expression of TRIM59 in 
NSCLC. Paraffin specimens were cut into slices (4‑µm thick), 
which were mounted on slides, baked, deparaffinized and 
hydrated following conventional methods. Then, endogenous 
peroxidase activity was quenched by incubating the sections 
with 3% H2O2 for 20 min at room temperature. Sections were 
then subjected to heat-induced antigen retrieval in 10 mM 
citrate buffer (pH 6.0) for 10 min at 100˚C. Slides were incu-
bated in 10 mM TBS with 4% normal goat serum (Abcam) 
for 1 h at room temperature and incubated with the primary 

antibody against TRIM59 (1:500; cat. no. YT4737; ImmunoWay 
Biotechnology Company) at 4˚C overnight. Following primary 
antibody incubation, the sections were washed with TBS and 
incubated with an HRP-conjugated goat anti rabbit secondary 
antibody (1:500; cat. no. RS0002; ImmunoWay Biotechnology 
Company) for 1 h at 37˚C. The sections were stained with DAB 
(3,3'‑diaminobenzidine) (Dako; Agilent Technologies, Inc.) at 
37˚C for 10 min and weakly counterstained with hematoxylin 
at 37˚C for 1 min, dehydrated and covered with a coverslip. 
A light microscope (Nikon Corporation; magnification, x200) 
was used to acquire the images. Breast cancer tissue was used 
as a strong positive control for TRIM59 (19). For the nega-
tive control, PBS was added to the slides instead of primary 
antibody.

To quantify the expression of TRIM59 protein in NSCLC 
tissues, four fields in each section were selected for immuno-
histochemical scoring (magnification, x200). Two experienced 
pathologists assessed the immunohistochemical score inde-
pendently. Based on a protocol developed by Xu et al (20), the 
intensity and proportion of positive tumor cells in the sections 
were used to calculate scores. The cytoplasmic staining 
intensity was scored as follows: i) 0 (no staining); ii) 1 (weak 
staining, light yellow); iii) 2 (moderate staining, yellow 
brown); and iv) 3 (strong staining, brown). The proportion of 
cytoplasmic positive cells was defined as 0‑100% and was 
classified as follows: i) 1 (0‑25% positive cells); ii) 2 (2‑50% 
positive cells); iii) 3 (51-75% positive cells); and iv) 4 (76-100% 
positive cells). Finally, the staining intensity was multiplied by 
the proportion of positive cells to calculate the scores that were 
used to represent the expression levels of TRIM59. The higher 
the immunohistochemical scoring, the greater the expression 
of TRIM59. According to the scores, the 140 patients with 
NSCLC were classified into high expression (score ≥4) and 
low expression (score <4) groups.

Statistical analysis. The χ2 test was used to investigate 
the association between TRIM59 expression and various 
clinicopathological parameters. The period from primary 
surgery until the death of the patient or the latest follow-up 
was defined as the overall survival (OS) time. Survival 
analysis was performed using the Kaplan-Meier method and 
differences were tested using a log-rank test. Univariate and 
Multivariate Wald test and cox proportional hazard regression 
models were constructed to identify the independent factors 
with a significant impact on patient OS time. A paired t‑test 
was used to analyze TRIM59 mRNA expression in tumor 
and adjacent lung tissues. Statistical analyses were conducted 
using SPSS software (version 19.0; IBM, Corp.) and GraphPad 
Prism software (version 6.0; GraphPad Software, Inc.). P<0.05 
was considered to indicate a statistically significant difference. 
All results are expressed as the mean ± standard deviation.

Results

Characteristics of the patients. The clinicopathological char-
acteristics of the 140 patients with NSCLC in the present study 
are presented in Table I. The mean age of the patients was 
60.1±6.4 years (range, 26-79 years). The majority of the patients 
with NSCLC were male and >50% of the tumors were LUSC. 
In total, there were 80 LUSC (grade 1-3), 46 LUAD (grade 1-3), 
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five adenosquamous cell carcinoma, three large‑cell neuroen-
docrine carcinoma, three bronchiolo-alveolar carcinoma, two 
mucoepidermoid carcinoma, one sarcomatoid carcinoma and 
10 normal lung tissues. The clinical follow-up was recorded 
until July 2013. There were 84 local recurrences or distant 
metastases and 91 deaths by the end of the follow-up period.

TRIM59 expression in NSCLC tissues. The immunohisto-
chemical results showed that TRIM59 was mainly located in 
the cytoplasm of tumor cells, with low expression in normal 
lung tissue cells (Figs. 1 and 2). The average scores for all types 
of lung cancer tissues were 2-3-fold higher than normal lung 

tissue (Fig. 3A). The average scores for LUSC and LUAD were 
3.93±2.82 and 4.15±2.88, respectively, while the normal lung 
score was 2.20±0.92. Among the 140 NSCLC tissue samples, 
the high-TRIM59 expression group comprised 83 samples, 
which was significantly higher than that found in normal 
tissues (59.3 vs. 10.0%; χ2 value, 9.201; P=0.0024; Fig. 3). To 
further verify this conclusion, TCGA datasets were analyzed. 
It was identified that TRIM59 was on average 1.32‑fold more 
highly expressed in NSCLC tissue samples compared with 
paratumour samples (P<0.0001; Fig. 3B). Similarly, TRIM59 
was on average 1.24-fold more highly expressed in LUAD 
(P<0.0001; Fig. 3C) and 1.40-fold more highly expressed in 
LUSC, compared with paratumor samples (P<0.0001; Fig. 3D).

TRIM59 expression and clinicopathological characteristics. 
The 140 patients with NSCLC were classified into low and 
high TRIM59 expression groups and the clinicopathological 
characteristics of the patients were compared. As shown in 
Table II, a significant association between TRIM59 expres-
sion and tumor differentiation was identified (P=0.012). 
However, no statistically significant associations were 
found between TRIM59 and tumor size (P=0.781), lymph 
node status (P=0.684), tumor stage (P=0.457) or any other 
clinicopathological characteristics.

Prognostic value of TRIM59 in NSCLC. A long-term 
follow-up was conducted to examine the association between 
TRIM59 expression and prognosis for patients with NSCLC. 
The average OS time of patients in the high and low TRIM59 
expression groups were 46.586±4.011 and 63.378±4.994, 
respectively (P=0.014; Fig. 4A). Moreover, patients with 
poor differentiation had worse prognosis (P=0.033; Fig. 4B). 
Furthermore, Kaplan-Meier survival analyses of LUSC and 
LUAD were conducted. The results revealed that high expres-
sion of TRIM59 was significantly associated with worse OS 
time in patients with LUSC (P=0.016; Fig. 5A), whereas no 
association was detected in patients with LUAD (P=0.196; 
Fig. 5B). Finally, univariate and multivariate analyses were 
performed. As shown in Table III, high TRIM59 expression 
and lymph node metastasis had independent prognostic values 
(P=0.018 and P=0.038, respectively).

Discussion

The TRIM family consists of a series of highly conserved 
motif proteins with three domains that include a RING finger, 
one or two B-box motifs and a coiled-coil region (21). Due 
to the variability of the C-terminal domain of TRIM, the 
TRIM family proteins are further divided into 11 subfami-
lies (22,23). In the past decade, the role of TRIM proteins 
in the innate immunity response to viral infection has 
attracted increasing attention (24-26). Previous studies have 
demonstrated that TRIM proteins are involved in several cell 
functions and participate in the process of ubiquitination as E3 
ubiquitin ligases (27,28). For example, TRIM59 was revealed 
to regulate autophagy by regulating the transcription and 
ubiquitination of beclin 1, which in turn affected the progres-
sion of NSCLC (29). Additionally, Zhou et al (30) reported 
that TRIM59 is upregulated in gastric cancer, and promotes 
the ubiquitination and degradation of p53 that affects tumor 

Table I. Clinical and histological features of the 140 patients 
with NSCLC in the present study.

 Number 
Characteristic of patients %

Age (years)a 60 (26-79) -
Sex
  Male 112 80
  Female   28 20
Location  
  Left   64 46
  Right   76 54
Pathological type  
  Squamous cell carcinoma   80 57
  Adenocarcinoma    46 33
  Adenosquamous cell carcinoma     5   4
  Bronchiolo-alveolar carcinoma     3   2
  Sarcomatoid carcinoma     1   1
  Neuroendocrine carcinoma     3   2
  Mucoepidermoid carcinoma     2   1
Differentiation  
  Poorly   59 42
  Moderate   49 35
  Well   32 23
T stage  
  1   15 11
  2 105 75
  3   20 14
N stage  
  0   82 59
  1   31 22
  2   27 19
NSCLC stage  
  I   67 48
  II   44 31
  III   29 21
Follow-up period (months)a 45 (3-101) -

aData are presented as the median (range). NSCLC, non-small cell 
lung cancer; T, tumor; N, node.
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growth. Ubiquitination, as a post‑translational modification, is 
involved in many cellular processes, including signal transduc-
tion, protein quality control, transcription, cell cycle, apoptosis 
and development (31).

Certain TRIM proteins play important roles in the occur-
rence and development of NSCLC. For example, higher 
expression of TRIM29 was associated with worse prognosis 
in NSCLC (32). Dai et al (33) reported that knockdown 
of TRIM66 inhibited malignant behavior and epithe-
lial-mesenchymal transition in NSCLC cells. Additionally, 
Luo et al (34) reported that TRIM44 promoted NSCLC 

development through activation of NF-κB signaling by 
upregulating C-X-C motif chemokine 16 and matrix metal-
loproteinase 9 expression. Furthermore, overexpression of 
TRIM44 enhanced the migratory and invasive abilities of 
the lung cancer cell lines A549 and H441 (34). Previous 
studies reported that TRIM59 was associated with the 
genesis, development and prognosis of tumors (12,15,35). For 
example, TRIM59 was upregulated and promoted cell prolif-
eration, migration and invasion in human osteosarcoma (36). 
Furthermore, it was found that TRIM59 facilitated the 
proliferation of colorectal cancer and promoted metastasis 

Figure 2. Immunohistochemical staining of TRIM59 in NSCLC and normal adjacent lung tissues. (A) LUSC, (B) LUAD, (C) breast cancer (as a strong positive 
control for TRIM59) and (D) normal adjacent lung tissues. Magnification, x200. TRIM59, tripartite motif‑containing protein 59; NSCLC, non‑small cell lung 
cancer; LUSC, lung squamous cell carcinoma; LUAD, lung adenocarcinoma.

Figure 1. Representative immunohistochemical staining images of TRIM59 expression in 140 NSCLC tissues. TRIM59 was mainly expressed in the cytoplasm 
of tumor cells. (A) No staining, (B) weak staining, (C) moderate staining and (D) strong staining. Magnification, x200. TRIM59, tripartite motif‑containing 
protein 59.
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via the PI3K/AKT signaling pathway (37). A previous study 
revealed that upregulated TRIM59 served as a proto-onco-
gene and induced the progression of prostate cancer in 
transgenic mice (38). The upregulation of TRIM59 not 
only enhanced the expression of cyclin A, cyclin E, Bcl-xl, 
Bcl-2 and phosphorylated-AKT, and downregulated the 
expression of p21, p27 and p53, resulting in poor prognosis 
in breast cancer, but also affect breast cancer progression 
via the AKT signaling pathway (12). The aforementioned 
studies suggested that TRIM59 regulates a diverse range of 
cellular functions during tumor progression. However, its 
role in determining prognosis in NSCLC has not been fully 
established.

A previous study reported that TRIM59 expression was 
significantly increased in various NSCLC cell lines in vitro; 
however, data on the expression of TRIM59 in vivo was 
lacking. The present study investigated the expression profile 
and the prognostic value of TRIM59 in NSCLC. The expres-
sion of TRIM59 in patients with NSCLC was examined using 
an immunohistochemical method. Similar to a previous study 
by Khatamianfar et al (39), it was identified that TRIM59 
may be a novel multiple cancer biomarker for the immunohis-
tochemical detection of tumorigenesis. In the present study, 
TRIM59 was highly expressed in the majority of NSCLC 

tissues and was mainly expressed in the cytoplasm of tumor 
cells. TCGA datasets were used to further verify this result. 
Similar results were obtained in TCGA datasets, in which the 
expression of TRIM59 was significantly different between 
normal and tumor tissues. Based on this differential expression, 
it was hypothesized that there are functional roles associated 
with TRIM59. The patients in the present study were divided 
into high and low groups based on TRIM59 expression. It was 
observed that the TRIM59 expression level was associated 
with tumor differentiation, while no association was observed 
between TRIM59 expression and any other clinicopatholog-
ical characteristics. Furthermore, it was identified that patients 
with high expression of TRIM59 had a worse prognosis than 
those with low TRIM59 expression, especially in patients with 
LUSC and patients with poor differentiation. Consistent with 
the results of a study performed by Zhan et al (40), TRIM59 
promoted the proliferation and migration of NSCLC cells by 
upregulating cell cycle-related proteins, which may affect the 
prognosis of the patients with NSCLC. Additionally, the multi-
variate analysis performed in the present study indicated that 
high TRIM59 expression is an independent prognostic factor 
for patients with NSCLC. Collectively, the results suggested 
that TRIM59 functions as an oncogene in NSCLC and is 
associated with the genesis and development of NSCLC.

Figure 3. TRIM59 was more highly expressed in tumor tissues than in normal adjacent lung tissues. (A) Quantitative score of TRIM59 immunohisto-
chemistry. In total, 108 pairs of NSCLC, 51 pairs of LUSC, 57 pairs of LUAD and 108 pairs of normal lung tissue specimens from TCGA datasets were 
examined to further verify the differential expression of TRIM59. TCGA datasets further verified that TRIM59 was 1.32‑fold more expressed in NSCLC tissue 
samples; (B) 1.24-fold more expressed in LUAD; and (C) 1.40-fold more expressed in LUSC, compared with (D) in para-tumor samples. TRIM59, tripartite 
motif-containing protein 59; NSCLC, non-small cell lung cancer; LUSC, lung squamous cell carcinoma; LUAD, lung adenocarcinoma; TCGA, The Cancer 
Genome Atlas. ***P<0.001.
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In conclusion, the present study revealed that high 
TRIM59 expression was associated with worse prognosis 

in patients with NSCLC and that TRIM59 may serve as an 
important prognostic biomarker in patients with NSCLC. 

Table II. Association between TRIM59 expression and clinicopathological factors.

Clinicopathological factor Low TRIM59 expression High TRIM59 expression P-value

Age (years) 59.8±10.4 60.3±9.9 0.265
Sex   
  Male 46 66 0.863
  Female 11 17 
Location   
  Left 23 41 0.291
  Right 34 42 
Histological typea   
  Squamous  34 46 0.896
  Adenocarcinoma 19 27 
Differentiation   
  Poorly 26 33 
  Moderate 25 24 0.012
  Well   6 26 
pT     
  1   7   8 
  2 41 64 0.781
  3   9 11 
pN   
  0 35 47 
  1 13 18 0.684
  2   9 18 
TNM stage   
  I  28 39 
  II 20 24 0.457
  III   9 20 

aCertain types of tumors, including adenosquamous, bronchiolo-alveolar carcinoma, sarcomatoid carcinoma, neuroendocrine carcinoma and 
mucoepidermoid carcinoma, were not included. TRIM59, tripartite motif-containing protein 59; TNM, Tumor-Node-Metastasis.

Figure 4. Kaplan-Meier survival estimates for (A) patients with NSCLC and (B) patients with poor differentiation. NSCLC, non-small cell lung cancer; 
TRIM59, tripartite motif-containing protein 59.
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However, the present study had some limitations. A limited 
number of normal tissue samples were analyzed and the 
research was designed as a clinical retrospective study without 
investigating a specific mechanism. It was hypothesized that 

a TRIM59-related signaling pathway may downregulate 
TRIM59 expression and delay tumor progression. However, 
the exact mechanism of TRIM59 in NSCLC remains unclear 
and further research is required.

Figure 5. Kaplan-Meier survival estimates for (A) patients with LUSC and (B) patients with LUAD. LUSC, lung squamous cell carcinoma; LUAD, lung 
adenocarcinoma. TRIM59, tripartite motif-containing protein 59.

Table III. Multivariate Cox regression analysis for potential factors influencing overall survival.

A, Univariate analysis

 95% CI for OR
 -----------------------------------------
Parameter B SE Wald P-value OR Lower Upper

Age 0.025 0.011 5.274 0.022 1.026 1.004 1.048
Sex -0.240 0.275 0.762 0.383 0.786 0.458 1.349
Location -0.216 0.210 1.059 0.303 0.806 0.534 1.216
Histological type -0.123 0.213 0.337 0.562 0.884 0.583 1.341
Differentiation -0.014 0.139 0.010 0.922 0.987 0.752 1.295
pT 0.839 0.423 3.940 0.047 2.314 1.011 5.298
pN 0.825 0.212 15.166 0.000 2.281 1.506 3.454
Stage 0.655 0.215 9.275 0.002 1.926 1.263 2.937
TRIM59 0.535 0.222 5.799 0.016 1.708 1.105 2.640

B, Multivariate analysis

 95% CI for OR
 ------------------------------------------
Parameter B SE Wald P-value OR Lower Upper

Age 0.021 0.011 3.928 0.047 1.022 1.000 1.043
pT 0.682 0.430 2.520 0.122 1.978 0.852 4.591
pN 0.802 0.386 4.304 0.038 2.229 1.045 4.754
Stage -0.040 0.395 0.010 0.919 0.961 0.443 2.083
TRIM59 0.528 0.223 5.597 0.018 1.696 1.095 2.626

B, regression coefficient; SE, standard error; Wald, Wald test; OR, odds ratio; p, pathological; T, tumor; N, node; CI, confidence interval; 
TRIM59, tripartite motif-containing protein 59.
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