
ONCOLOGY LETTERS  21:  6,  2021

Abstract. Human esophageal cancer (hESC) cell motility 
adopts various modes, resulting in hESC progression and poor 
survival. However, how tripartite motif 59 (TRIM59), as the 
ubiquitination machinery, participates in hESC metastasis is 
not completely understood. The results indicated that TRIM59 
was aberrantly upregulated in hESC tissues compared with 
adjacent healthy esophageal tissues, which was associated with 
poor survival and advanced TNM state among patients with 
hESC. Moreover, patients with hESC with higher TRIM59 
expression displayed undetectable p53 expression, which 
contributed to enhanced progression and motility of hESC. 
At the molecular level, TRIM59 was indicated to be an E3 
putative ubiquitin ligase that targeted the p53 protein, leading 
to increased degradation of p53, which resulted in decreased 
chemosensitivity to cisplatin. TRIM59 knockdown reduced 
TRIM59 expression, increased p53 protein expression, and 
decreased hESC cell viability, clone formation and migration 
compared with the small interfering RNA negative control 
(siNC) group. Furthermore, hESC cell lines were more sensi‑
tive to cisplatin in the TRIM59‑knockdown group compared 
with the siNC group. The results indicated a relationship 
between TRIM59, p53 and the chemosensitivity of cisplatin. 
The present study suggested that TRIM59 may serve as a 
promising prognostic indicator for patients with hESC.

Introduction

Tripartite motif 59 (TRIM59) is a member of the TRIM family, 
which is characterized by an N‑terminal really interesting 

new gene (RING)‑finger domain, followed by two zinc‑finger 
domains, B2 box and coiled‑coil  (1). TRIM59 protein has 
a domain at the C‑terminal trans‑membrane region  (2). 
Ubiquitination serves a vital role in the degradation of several 
types of proteins that function in the intracellular signaling 
pathway, cell cycle, DNA repair and transcriptional regula‑
tion  (2). E3 ubiquitin ligases directly recognize substrates 
on the basis of domain structures. There are two  families 
of E3 ubiquitin ligases: The homologous to E6‑AP COOH 
terminal family and the RING‑finger‑containing protein 
family (2). Due to the RING‑finger domain, TRIM59 protein 
functions as a E3 ubiquitin ligase and can selectively target 
ubiquitin‑modified proteins for proteasomes or degrada‑
tion (2). In addition, TRIM proteins can positively or negatively 
promote carcinogenesis (3). The present study focused on the 
TRIM59 protein and its oncogenic activity in the promotion 
of human esophageal cancer (hESC) cell proliferation and 
metastasis. Matrix metalloproteinases  (MMPs) play a key 
role in tumorigenesis, including early carcinogenesis events, 
tumor metastasis and invasion (4). Given the ability of tumor 
cells to infiltrate and disseminate, the role of MMP in cell 
invasion is important  (5). Certain MMPs, such as MMP2 
and MMP9 have special mechanism to help the invasion of 
cancer cells (5). MMP2 and MMP9 are family members of 
zinc‑dependent endoproteases, responsible for degrading the 
extracellular matrix  (ECM) by destroyingthe structure of 
various proteins (5). Degradation of the basement membrane 
and subsequently of the ECM is critical for invasion, and 
MMP2/9 are vital factors in providing the invasive and meta‑
static characteristics of malignant tumor cells by enabling 
their infiltration and migration in the process of EMT (5).

The p53 protein, the tumor suppressor gene tumor protein 
p53 (TP53), is mutated in ~50% of human cancer and serves 
a vital role in the response of malignant and non‑transformed 
cells to several anticancer therapeutics, apoptosis, cell cycle 
arrest and DNA repair (6). A number of studies have demon‑
strated that mutant p53 expression promotes cancer cell 
proliferation, and wild‑type p53 overexpression decreases 
transformed cancer cell proliferation, which is evidence of 
p53 serving as a tumor suppressor (7,8). Several types of p53 
mutations in cancer are point mutations in the DNA‑binding 
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domain; however, patients with Li‑Fraumeni syndrome 
carry heterozygous germline p53 mutations and present with 
different types of cancer throughout their lifetime (7,8). The 
mutant p53 proteins are not considered as functional proteins 
that can regulate the transcription of wild‑type p53 target 
genes  (6). Gene expression studies have reported that the 
wild‑type p53 protein level was decreased in hESC compared 
with adjacent healthy tissues (7,8). The reactivation of the p53 
signaling pathway in response to several types of cancer may 
become an attractive means to understand hESC growth and 
mobility. However, why the wild‑type p53 protein level is 
downregulated in hESC tissues and cell lines is not completely 
understood.

hESC is the most common type of digestive tumor, with 
high incidence (572,000 new cases in 2018) and mortality 
(509,000 mortalities in 2018) rates worldwide (9). Esophageal 
squamous cell carcinoma  (ESCA) is the most common in 
the Taihang Mountain Area of China, with patients usually 
diagnosed at an advanced stage, due to the lack of no obvious 
symptoms at the early stage (10). Chemoradiation therapy is the 
most effective treatment strategy for hESC after surgery (10). 
Cisplatin is an effective chemotherapy drug, but cisplatin 
resistance frequently occurs in the cisplatin‑based treatment of 
ESCA (11). Therefore, identifying the mechanism underlying 
cisplatin resistance in hESC requires further investigation.

Materials and methods

Surgical hESC samples. A total of 112 hESC and paired 
adjacent healthy tissues (5  cm away from tumor margin) 
were obtained by surgical removal from patients with 
hESC at the Forth Affiliated Hospital of Hebei Medical 
University (Shijiazhuang, China) between January 2015 and 
December 2017 (Table I). The clinicopathological characteris‑
tics of the patients are presented in Table I. A total of 85 men 
and 27 women were included in the present study. The median 
age was 60 years (age range, 50‑80 years). All tissues were 
immediately frozen in liquid nitrogen and stored at ‑80˚C. 
Written informed consent was provided by all patients or their 
relatives. There were several informed consents signed by 
patients' relatives because these patients had limited capacity, 
resulting in them being unable to sign the contents. The present 
study was approved by the Research Ethics Committees of the 
Forth Hospital of Hebei Medical University (Shijiazhuang, 
China).

Cell lines and antibodies. hESC cell lines (Eca109, KYSE150, 
KYSE30, KYSE510 and EC9706) and human esophageal 
epithelial cells (HEEC) were purchased from the American 
Type Culture Collection. hESC cells were maintained in 
DMEM (Gibco; Thermo Fisher Scientific, Inc.), while HEEC 
cells were maintained in RPMI‑1640 (Corning Inc.) supple‑
mented with 10%  FBS (Gibco; Thermo  Fisher Scientific, 
Inc.) and 1% penicillin‑streptomycin (Gibco; Thermo Fisher 
Scientific, Inc.) at 37˚C with 5% CO2. The Eca109 cell line 
was a stable cisplatin‑resistance cell line, as determined by 
continuous screening. The HEK293T cell line was purchased 
from the Cell Bank of the Institute for Biological Science, 
Chinese Academic of Science and cultured in DMEM (Gibco; 
Thermo Fisher Scientific, Inc.) supplemented with 10% FBS 

and 1% penicillin‑streptomycin (all purchased from Gibco; 
Thermo Fisher Scientific, Inc.) at 37˚C with 5% CO2.

The following antibodies were used for western blotting, 
immunofluorescence and immunoprecipitation. Primary 
antibodies targ‑eted against: TRIM59 (cat.  no.  ab69639; 
1:500 for western blotting, 1:300 for immunofluorescence and 
10 µg/ml for immunoprecipitation; Abcam), p53 (cat. no. ab26; 
10  µg/ml for western blotting and 5  µg/ml for immuno‑
precipitation; Abcam), matrix metallopeptidase (MMP)9 
(cat. no. ab38898; 1:1,000; Abcam), MMP2 (cat. no. ab97779; 
1:1,000; Abcam), Bcl‑2 (cat. no. ab32124; 1:1,000; Abcam), 
Tublin (cat. no. 801213; 1:5,000; BioLegend, Inc.) and GAPDH 
(cat. no. 649201; 1:5,000; BioLegend, Inc.). The secondary 
antibody (anti‑Rabbit: Cat.  no.  926‑32211; anti‑Mouse: 
Cat. no. 925‑32210; anti‑Human: Cat. no. 926‑32232; 1:5,000; 
LI‑COR) was purchased from LI‑COR Biosciences. The FITC 
Annexin V Apoptosis Detection kit with PI (cat. no. 640914) 
was purchased from BioLegend, Inc.

Chemotherapy drug. Cisplatin was purchased from Nanjing 
Pharmaceutical Factory Co., Ltd.

Gene expression profiling of esophageal cancer. The Cancer 
Genome Atlas database (https://portal.gdc.cancer.gov) 
and Gene Expression Omnibus (GEO) database (dataset 
no. GEO30480, https://www.ncbi.nlm.nih.gov/geo) were used 
to analyze the gene expression profile of TRIM59 protein (12).

Immunoblotting, immunofluorescence, co‑immunoprecipitation. 
For immunoblotting, cells were collected and total protein 
was isolated using high RIPA lysis buffer (cat. no. Ab156034; 
1:10; Abcam) containing 1  mM PMSF. Cell lysates were 
centrifuged at 12,000 x g for 15 min at 4˚C, and total protein 
was quantified using the BCA method (cat. no. Ab102536; 
Abcam). Proteins (40 µg) were added to 5X loading buffer for 
5 min at 95˚C, separated via 12% SDS‑PAGE and transferred 
to PVDF membranes (Immobilon‑FL; EMD Millipore). The 
membranes were blocked with 5% skimmed milk powder 
in PBS for 2 h at room temperature. The membranes were 
incubated with primary antibodies overnight at  4˚C. The 
second antibodies were used to incubate the membrane for 2 h 
at 25˚C. TRIM59, p53, MMP9 and MMP2 protein bands were 
visualized using the Odyssey Imaging Systems (ODYSSEY®, 
LI‑COR Biosciences) and Application software (version 2.1.12; 
LI‑COR Biosciences).

For immunof luorescence, following fixation with 
4%  paraformaldehyde for 2  h at  4˚C, frozen sections 
embedded with tissue freezing medium (cat. no. 03812525; 
Leica Biosystem Richmond, Inc.) were permeabilized with 
0.3% Triton X‑100/PBS for 1 h at 37˚C and blocked with 
10% normal goat serum (cat. no. Ab7481; 1:1,000; Abcam) 
in PBS for 30  min at  37˚C. Tissue slides were incubated 
with primary antibodies overnight at  4˚C. Subsequently, 
tissues were incubated with a fluorescent secondary antibody 
(cat. no. 111‑165‑003; 1:400; Jackson ImmunoResearch Inc.) for 
1 h at room temperature, followed by washing three times with 
PBS (10 min per time). Nuclear staining was performed using 
DAPI for 10 min in the dark at room temperature. Following 
washing one time with PBS and drying, SlowFade™ Diamond 
Antifade Mountant solution (cat. no. S36963; Thermo Fisher 
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Scientific, Inc.) was added to the tissues and cover glasses 
were placed on the slides. Stained slides were observed 
under a fluorescence microscope (magnification, x20) and 
analyzed using LAS AF software (version 2.5.2 build 6939; 
Leica Microsystems).

For immunoprecipitation assays, at  36  h post‑trans‑
fection (Lipofectamine™  2000 Transfection Reagent; 
cat. no. 11668019; Thermo Fisher Scientific, Inc.), cells were 
rinsed with PBS and lysed in RIPA buffer (cat. no. Ab156034; 
1:10; Abcam) supplemented with a protease and phospha‑
tase inhibitor cocktail (cat. no. 78427; 1:100; Thermo Fisher 
Scientific, Inc.) for 30 min on ice. Whole cell extract was 
incubated with indicated primary antibodies or with anti‑IgG 
(cat. no. Ab181236; 1:10,000; Abcam) in a vertical rocker 
overnight at 4˚C. Protein A/G beads (50 µl; cat. no. 20421; 
Thermo Fisher Scientific, Inc.) were added and incubated for 
another 4 h at 4˚C to pull down the TRIM59 or p53 protein. 
Following incubation, the agarose gels were washed five times 
with lysis buffer and boiled for 5 min at 98˚C with 4X SDS 
loading buffer, and then subjected to 12% SDS‑PAGE. Proteins 
were transferred onto PVDF membranes (Immobilon‑FL; 
EMD Millipore). Membranes were blocked with 5% BSA 

(cat. no. V900933; Sigma‑Aldrich; Merck KGaA) at 25˚C for 
2 h and incubated with primary antibodies overnight at 4˚C. 
Following the primary incubation, membranes were incu‑
bated with anti‑rabbit second antibody (cat. no. 926‑32211; 
1:5,000) or anti‑mouse second antibody (cat. no. 925‑32210; 
1:5,000) at 25˚C for 1.5 h. The membranes were detected using 
an Odyssey infrared scanner (LiI‑COR  Biosciences) and 
assayed using Application software (version 2.1.12; LI‑COR 
Biosciences).

Wound healing and clone formation assays. Eca109 cells were 
plated in 6‑well plates. At 90‑100% confluence, cells were 
cultured in medium containing 0.5% FBS (cat. no. 10099141; 
Gibco; Thermo Fisher Scientific, Inc.) for 24 h. Subsequently, 
cells were treated with 20 µg/ml mitomycin C (cat. no. 4287; 
Merck KGaA) for 4 h at 37˚C. Subsequently, a wound was 
scratched using sterile pipette tips in vertical and horizontal 
directions. Cells were gently washed three times with PBS 
and cultured with complete medium containing 10% FBS 
(Gibco; Thermo Fisher Scientific, Inc.)  (12). Notably, cells 
in 10% FBS‑supplemented medium exhibited a significantly 
enhanced proliferative ability after the aforementioned 

Table I. Characteristics of patients with human esophageal cancer.

		  TRIM59 negative/low	 TRIM59 high		  Statistical
Characteristics	 n	 expression (n=42)	 expression (n=70)	 P‑value	 method

Age (years)				    0.658	
  <60	 84	 29	 55		  Mann‑Whitney U test
  ≥60	 28	 13	 15		
Gender				    0.284	
  Male	 85	 26	 59		  Mann‑Whitney U test
  Female	 27	 16	 11		
Histological type				    0.987	
  Squamous cell carcinoma	 110	 40	 70		  Mann‑Whitney U test
  Adenocarcinomas	 2	 2	 0		
Localization				    0.692	
  Upper	 20	 8	 12		  Kruskal‑Wallis test
  Middle	 56	 14	 42		
  Lower	 36	 20	 16		
Invasive depth				    0.000a	

  T1‑2	 20	 11	 9		  Kruskal‑Wallis test
  T3	 50	 25	 25		
  T4	 42	 6	 36		
pTNM stage				    0.000a	

  I	 20	 8	 12		  Kruskal‑Wallis test
  II	 30	 18	 12		
  III	 56	 16	 40		
  IV	 6	 0	 6		
Lymph node metastasis				    0.003a	

  Absence	 55	 14	 41		  Mann‑Whitney U test
  Presence	 57	 28	 29		

aP<0.05. Statistical analyses were performed using the χ2 test.

https://www.spandidos-publications.com/10.3892/ol.2020.12267
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treatments. Thus, the present study investigated whether 
10% FBS‑supplemented medium can improve cell viability 
while maintaining effective propagation. The width of the 
scratched area was recorded and photographed using an 
inverted light‑field microscope (magnification, x10) every 
12 h. The quantitative analysis of the scratch was computed 
and the differentiated images were presented when cells were 
cultured for 48 h following transfection.

For clone formation assay, cel ls were seeded 
(0.5‑1x104  cells/well) into 6‑well plates and cultured for 
~2 weeks. When clones grew to >50 µm in diameter, clones 
were defined and subsequently fixed with 4% paraformalde‑
hyde for 30 min at 25˚C and stained with 0.5% crystal violet 
staining solution for 30 min at 25˚C. Cells were observed 
under an inverted light‑field microscope (magnification, x10).

Cell Counting Kit‑8 (CCK‑8). A CCK‑8 assay (cat. no. HY‑K0301; 
MedChemExpress) was performed to evaluate cell proliferation 
according to the manufacturer's instructions. Cells were seeded 
(1x105) into 96‑well plates and incubated for 0, 24, 48 and 72 h 
at 37˚C. Subsequently, 10 µl CCK‑8 reagent was added into each 
well and incubated at 4 h at 37˚C. Absorbance was measured at 
a wavelength of 450 nm using a FLUOstar Omega microplate 
reader (BMG Labtech GmbH).

RNA extraction and reverse transcription‑quantitative 
PCR (RT‑qPCR). Total RNA was isolated from tissues and 
cells using the RNeasy mini kit (Qiagen AB) according to 
the manufacturer's instructions. The remaining DNA was 
removed by adding DNase I. Total RNA was reverse tran‑
scribed into cDNA using the Advantage® RT‑for‑PCR kit 
(cat. no. 639505; Clontech Laboratories, Inc.). The reaction 
conditions for reverse transcription were 37˚C for 30 min and 
85˚C for 10 sec. Subsequently, qPCR was performed using 
the Real‑Time PCR Detection system (Bio‑Rad Laboratories, 
Inc.) with TB Green® Premix Ex Taq™ (cat. no. RR420Q; 
Takara Bio Inc.). The following thermocycling conditions 
were used for qPCR: 95˚C for 50 sec; 40 cycles at 95˚C for 
5 sec and 60˚C for 50 sec. The following primers were used 
for qPCR: TRIM59 forward, 5'‑CCT​GTG​TTT​GAG​ATA​
GAT​TTA​AGAG​C‑3' and reverse, 5'‑GCA​ACA​AGG​TGA​
GAC​CCA​GT‑3'; GAPDH forward, 5'‑TTG​ATG​GCA​ACA​
ATC​TCC​AC‑3' and reverse, 5'‑CGT​CCC​GTA​GAC​AAA​
ATG​GT‑3'; Bcl‑2 forward, 5'‑ACT​GAG​TAC​CTG​AAC​CGG​
CA‑3' and reverse, 5'‑GAA​ATC​AAA​CAG​AGG​CCG​CAT‑3'; 
MMP2 forward, 5'‑ACA​AAG​GGA​TTG​CCA​GGA​CC‑3' and 
reverse, 5'‑CGG​TGG​CCT​GGG​GTT​TG‑3'; MMP9 forward, 
5'‑CCT​GGG​CAG​ATT​CCA​AAC​CT‑3' and reverse, 5'‑CAA​
AGG​CGT​CGT​CAA​TCA​CC‑3'; p53 forward, 5'‑AAG​TCT​
AGA​GCC​ACC​GTC​CA‑3' and reverse, 5'‑CAA​TCC​AGG​
GAA​GCG​TGT​CA‑3'. mRNA expression levels were quan‑
tified using the 2‑ΔΔCq method  (12) and normalized to the 
internal reference gene GAPDH.

RNA interference. TRIM59 siRNA, and scrambled NC 
were synthesized by Sangon Biotech Co., Ltd. Eca109 cells 
(1x105/well) were seeded and cultured for 24 h. Subsequently, 
Eca109 cells were transfected with 2 µg TRIM59 siRNA or 
NC using Lipofectamine® 3000 (cat. no. L3000015; Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 

instructions. At 48 h post‑transfection, transfection efficiency 
was assessed via RT‑qPCR, fluorescence microscopy and 
western blotting. The method of siTP53transfection performed 
according to the same protocol described for TRIM59 siRNA 
transfection. The sequences of the siRNAs were as follows: 
siTRIM59a, 5‑CCC​UGA​ACA​UUA​CAG​GCA​ATT‑3'; 
siTRIM59b, CCA​GCA​TGT​ACA​GAT​CTT​GAA​A; NC forward, 
5'‑UUC​UCC​GAA​CGU​GUC​ACG​UTT‑3' and reverse, 5'‑ACG​
UGA​CAC​GUU​CGG​AGA​ATT‑3'; and siTP53, 5'‑CUA​CUU​
CCU​GAA​AAC​AAC​G‑3'; and NC for TP53, 5'‑UUC​UCC​GAA​
CGU​GUC​ACG​UTT‑3'.

Statistical analysis. All experiments were performed in tripli‑
cate and data are presented as the mean ± standard deviation. 
Statistical analyses were performed using GraphPad Prism 
(version 6; GraphPad Software, Inc.) and SPSS (version 21.0; 
IBM Corp.). A χ2 test was used to examine the association 
between TRIM59 expression and clinicopathological features. 
The Kaplan‑Meier method with log‑rank tests was used 
to estimate overall patient survival. Comparisons between 
two groups were analyzed using the paired Student's t‑test. 
Comparisons among multiple groups were analyzed using 
one‑way analysis of variance, followed by Tukey's post hoc 
test. P<0.05 was considered to indicate a statistically signifi‑
cant difference.

Results

Upregulation of TRIM59 in hESC tissues and cell lines, and its 
association with poor prognosis. In a previous study, TRIM59 
promoted the growth of several types of cancer, including 
non‑small cell lung cancer (12); however, its function in hESC 
cells is not completely understood. To investigate the signifi‑
cance of TRIM59 in hESC cells, the GSE30480 dataset was 
downloaded from the GEO database and used to analyze the 
multiple microarray dataset from Tan et al (12). The results 
indicated that TRIM59 mRNA levels were enhanced in hESC 
cells derived from tumor tissues compared with hESC cells 
derived from healthy adjacent tissues (Fig. 1A). Moreover, by 
analyzing the relevant clinical data, the results indicated that 
increased TRIM59 expression was associated with decreased 
survival in patients with hESC (Fig. 1A). Collectively, the 
results suggested that the high expression of TRIM59 in 
patients with hESC was positively associated with poor 
prognosis.

To verify the results of the microarray analysis, the mRNA 
and protein expression levels of TRIM59 were detected 
in hESC tissues and matched adjacent healthy tissues via 
RT‑qPCR. The RT‑qPCR results indicated that TRIM59 was 
significantly increased in hESC tissues compared with the 
adjacent healthy esophageal tissues (Fig. 1D). The mRNA 
expression levels of TRIM59 were detected in a hESC cell 
line (Eca109) using HEEC as a non‑malignant control. The 
results indicated that TRIM59 expression was significantly 
increased in Eca109 cells compared with HEEC cells 
(Fig. 1B).

The protein expression levels of TRIM59 in hESC 
tissues were further verified via western blotting. Among 
the 112 patients, TRIM59 protein expression was detected 
in 112 biopsy samples compared with the matched adjacent 
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Figure 1. Higher TRIM59 mRNA expression in tumor tissues and cell lines. (A) TRIM59 mRNA levels in human tumor tissues and matched healthy tissues 
from 40 patients were determined via reverse transcription‑quantitative PCR. The positive log2 value indicated higher expression levels of TRIM59 in 
human tumor tissues compared with matched healthy tissues. (B) TRIM59 mRNA levels in a hESC cell line and matched human esophageal epithelial cells. 
TRIM59 protein expression levels in human tumor tissues and matched healthy tissues were (C) determined via western blotting and (D) semi‑quantified 
(n=112). TRIM59 protein expression levels in human tumor tissues and matched healthy tissues were (E) determined via immunofluorescence staining (scale 
bar, 50 µm) and (F) quantified. (G) Kaplan‑Meier survival curve for patients with hESC. Higher TRIM59 expression levels were associated with poor patient 
survival. *P<0.05 and **P<0.01 vs. HEEC or healthy. TRIM59, tripartite motif 59; hESC, human esophageal cancer; HEEC, human esophageal epithelial cells. 

https://www.spandidos-publications.com/10.3892/ol.2020.12267
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healthy tissues, and the representational figure using the 
tissues from 11 cancer tissues and 2 adjacent normal tissues 
(Fig. 1C and D). Therefore, the high protein expression level 
of TRIM59 in hESC may originate from the upregulation of 
TRIM59 transcription.

To further investigate the association between TRIM59 
and hESC, immunofluorescence staining of TRIM59 was 
performed on primary tumors and matched adjacent healthy 
tissues. Among the 112  specimens, 112  biopsy samples 
contained tumor and matched adjacent tissues. TRIM59 
expression was significantly increased in hESC tissues 
compared with adjacent healthy tissues, as determined by 
immunofluorescence staining (Fig. 1E and F). In addition, 
Kaplan‑Meier analysis was conducted to assess the association 
between high TRIM59 expression and patient survival. High 
TRIM59 expression was associated with decreased patient 
survival (Fig. 1G).

TRIM59 promotes hESC cell migration and invasion in vitro. 
To determine the clinical characteristics and prognostic value 
of TRIM59 expression in hESC, its potential biological func‑
tion was further explored. First, the protein expression levels 
of TRIM59 were detected in Eca109, EC9706, HYSE30 and 
HYSE150 cell lines. The results indicated that TRIM59 expres‑
sion levels were significantly higher in Eca109 cells compared 
with the HEEC cell line (Fig. 2A and B), which was observed 
in all four cell lines. Higher TRIM59 expression levels were 
observed in Eca109 cells, whereas lower TRIM59 expression 
levels were observed in EC9706, HYSE30 and HYSE150 
cells. Increased TRIM59 protein expression levels in Eca109 
cells were consistent with the trends of increased TRIM59 
expression in tumor specimens compared with healthy tissues 
identified via western blotting and RT‑qPCR.

To explore the effect of TRIM59 knockdown on cell prolif‑
eration, two TRIM59‑targeting siRNAs (siRNAa and siRNAb) 
or scramble siRNA were used to examine the biological func‑
tion of TRIM59 in hESC cell lines. The results suggested 
that both TRIM59‑targeting siRNAs significantly decreased 
TRIM59 protein expression levels in the Eca109 cell line 
compared with the scramble siRNA. Therefore, both siRNAs 
were used in subsequent experiments due to their knockdown 
effect. The RT‑qPCR and western blotting results suggested 
that TRIM59 siRNAs significantly decreased the mRNA and 
protein expression levels of TRIM59 in the Eca109 cell line 
compared with siNC (Fig. 2C‑E).

Following TRIM59 knockdown, alterations in cell 
numbers, migration and viability were investigated using a 
hESC cell line. To assess cell proliferation, colony formation 
assays were performed. The results indicatedthat TRIM59 
knockdown significantly decreased the colony formation 
ability of the Eca109 cell line compared with the siNC group 
(Fig. 2F and G).

The clinical investigation and analysis of hESC indicated that 
patients with higher TRIM59 expression displayed poor survival 
(Fig. 1G). First, to examine the biological function of TRIM59 
in tumor migration, wound healing assays were performed. The 
results suggested that TRIM59 knockdown significantly inhibited 
Eca109 cell migration by 50‑60% compared with the siNC group 
(Fig. 2H and I). Subsequently, the effects of TRIM59 knockdown 
on Eca109 cell viability were assessed by performing a CCK‑8 

assay. The results indicated that TRIM59‑knockdown Eca109 
cells displayed significantly reduced cell viability compared with 
the siNC group at 24, 36 and 48 h (Fig. 2J).

Based on the association between cell proliferation and 
migration‑related proteins, the association between matrix 
metalloproteinases, including MMP2 and MMP9, and TRIM59 
was examined in Eca109 cells. RT‑qPCR and western blotting 
were performed to quantify MMP2 and MMP9 expression 
levels in TRIM59‑knockdown Eca109 cells.

MMP2 and MMP9 mRNA expression levels were signifi‑
cantly decreased in TRIM59‑knockdown cells compared 
with the siNC group (Fig. 2K). The results also indicated that 
TRIM59 knockdown significantly reduced MMP2 and MMP9 
protein expression levels compared with the siNC  group 
(Fig. 2L and M). The results suggested that TRIM59 promoted 
hESC cell proliferation, migration and invasion.

TRIM59 knockdown enhances Eca109 chemosensitivity 
to cisplatin. hESC progression and chemoresistance serve 
important roles in patient survival and prognosis (11). It was 
predicted that cisplatin, the most prevalent first‑line treat‑
ment for hESC, would become non‑sensitive to tumor cells, 
resulting in treatment failure. Therefore, elucidating the 
mechanism underlying cisplatin in hESC is important. The 
results indicated that TRIM59 expression was significantly 
increased in hESC tissues compared with healthy esopha‑
geal epithelial tissues (Fig. 1C and D). Compared with the 
siNC group, TRIM59 knockdown inhibited esophageal 
cancer proliferation and migration, which indicated that the 
chemosensitivity effects of TRIM59 in hESC should be inves‑
tigated further. Therefore, it was hypothesized that enhancing 
TRIM59 promoted hESC progression and contributed to 
chemoresistance to cisplatin. Eca109 cells were selected as the 
cisplatin‑resistant hESC cell line. Subsequently, drug sensi‑
tivity was measured to assess TRIM59 knockdown‑mediated 
alterations in cisplatin resistance. Of note, cisplatin‑induced 
cell viability in the siTRIM59‑knockdown group was 
significantly lower compared with the siNC + cisplatin group. 
Theresults also suggested that cisplatin enhanced hESC cell 
death in siTRIM59‑transfected cells (Fig. 3A). To examine 
whether cisplatin treatment induced Eca109 cell apoptosis, 
cells were transfected with siTRIM59 or siNC. Following 
incubation for 48 h at 37˚C, cells were treated with cisplatin for 
48 h. Cell apoptosis was analyzed via immunostaining with 
Annexin V and PI. The number of apoptotic cells was signifi‑
cantly increased in the siTRIM59 + cisplatin group compared 
with the siTRIM59 + DMSO and si‑NC groups (Fig. 3B‑D). 
Collectively, the results indicated that Eca109 cells pretreated 
with siTRIM59 displayed increased cisplatin‑related cell 
apoptosis.

TRIM59 knockdown regulates the expression levels of 
antiapoptotic and migration‑related proteins in response 
to cisplatin. To investigate whether the combined treatment 
of siTRIM59 and cisplatin inhibited Eca109 cell migration, 
the expression levels of antiapoptotic and migration‑related 
proteins were compared among the combined, cisplatin, 
siTRM59 and siNC groups. The protein expression level of 
Bcl‑2 was determined via western blotting to explore the 
molecular mechanism underlying apoptotic upregulation 
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Figure 2. TRIM59 knockdown inhibits hESC cell migration and invasion. TRIM59 protein expression levels were (A) determined via western blotting and (B) semi‑quan‑
tified. (C) At 48 h post‑transfection, TRIM59 mRNA expression levels were measured via reverse transcription‑quantitative PCR. At 48 h post‑transfection, TRIM59 
protein expression levels were (D) determined via western blotting and (E) semi‑quantified. The effect of TRIM59 knockdown on hESC cell proliferation was (F) deter‑
mined by performing a colony formation assay (scale bar, 200 µm) and (G) quantified. The effect of TRIM59 knockdown on hESC cell migration was (H) assessed by 
performing a wound healing assay (scale bar, 200 µm) and (I) quantified. (J) Eca109 cell viability was measured at different time points using a Cell Counting Kit‑8 assay. 
(K) The effect of TRIM59 knockdown on MMP2 and MMP9 mRNA expression levels. The effect of TRIM59 knockdown on MMP2 and MMP9 protein expression 
levels was (L) assessed via western blotting and (M) semi‑quantified. *P<0.05 vs. Eca109 or siNC. TRIM59, tripartite motif‑containing 59; hESC, human esophageal 
cancer; MMP, matrix metallopeptidase; si, small interfering RNA; NC, negative control; WT (function as an ineffective proof of siNC), wild‑type; OD, optical density.

https://www.spandidos-publications.com/10.3892/ol.2020.12267
https://www.spandidos-publications.com/10.3892/ol.2020.12267
https://www.spandidos-publications.com/10.3892/ol.2020.12267
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in Eca109 cells. The results indicated that the antiapoptotic 
protein Bcl‑2 was significantly upregulated in the siTRIM59 
group compared with the siNC group. Furthermore, a slightly 
higher protein expression level of Bcl‑2 was observed in the 
siTRIM59 + cisplatin group compared with the siNC group 
(Fig.  4A‑C). To better understand the observed synergy 
between TRIM59 knockdown and cisplatin, expressive 
difference of Bcl‑2 between siTRIM59 + cisplatin group and 
siTRIM59 was assessed, and the results demonstrated that 
the union group exhibited higher Bcl‑2 levels. The expression 
levels of the migration‑related proteins MMP2 and MMP9 
were also measured via RT‑qPCR and western blotting in the 
siTRIM59, siNC and combined treatment groups. The results 

suggested that MMP2 and MMP9 expression levels were 
significantly decreased in the siTRIM59 group compared with 
the siNC group (Fig. 4D‑F). Moreover, the protein expression 
levels of MMP2 and MMP9 were further downregulated in the 
siTRIM59 + cisplatin group compared with the siNC group. To 
determine the synergy function of decreased invasion in union 
group of siTRIM59 and cisplatin, the expressive difference of 
MMP2 and MMP9 between the union and siTRIM59 groups 
was compared, and the results demonstrated that the union 
group exhibited lower MMP2 and MMP9 levels. Collectively, 
the results indicated that TRIM59 knockdown increased the 
protein expression levels of the antiapoptotic protein Bcl‑2 
and restrained tumor cell migration by decreasing MMP2 and 
MMP9 expression levels.

TRIM59 expression is negatively associated with p53 in 
hESC samples and Eca109 cells. To understand the molecular 
mechanism underlying TRIM59‑mediated promotion of 
hESC, several proteins previously reported to serve a critical 
role in esophageal tumorigenesis and possibly be regulated 
by TRIM59 were examined (12). Since several studies have 
identified that p53 is lowly expressed in hESC (13,14), it was 
hypothesized that p53 expression was correlated with TRIM59 
expression. Therefore, p53 expression was detected in hESC 
tissues and Eca109 cells to explore the mechanism underlying 
TRIM59‑mediated promotion of hESC proliferation. The 
RT‑qPCR results indicated that p53 mRNA expression levels 
were significantly decreased in patients with higher TRIM59 
expression levels compared with the control group (Fig. 5A). 
In addition, the protein expression level of p53 was analyzed 
by performing western blotting on surgically dissected hESC 
tissues. Consistently, p53 protein expression levels in hESC 
tissues were significantly lower compared with adjacent 
healthy tissues (Fig. 5B and C). Based on measurements in 
tissues isolated from patients, a strong negative associa‑
tion was identified between TRIM59 and p53 protein levels 
(Figs. 1C and 5B). To determine whether TRIM59 knockdown 
affected p53 expression, RT‑qPCR was performed to detect 
the mRNA expression levels of TP53 in the different treatment 
groups, including siTRIM59 and siTP53 double‑knockdown 
cells. The transfection efficiency of siTP53 was confirmed via 
RT‑qPCR and western blotting (Fig. S1). The results from the 
Eca109 cell line suggested that TRIM59 knockdown signifi‑
cantly increased TP53 mRNA expression levels compared 
with the siNC group, which was inhibited by co‑transfection 
with siTP53 (Fig. 5D).

The western blotting results further suggested the negative 
role of TRIM59 in the regulation of p53; therefore, the impact 
of TRIM59 expression on p53 was investigated in Ec109 cells 
(Fig. 5E and F). In combination, the results suggested that 
TRIM59 was highly expressed in patients with hESC, resulting 
in accelerated tumor growth and migration by inhibiting the 
p53 tumor‑suppressor signaling pathway.

Subsequently, the molecular mechanism underlying 
TRIM59‑mediated promotion of p53 degradation required 
further investigation. Therefore, whether TRIM59 interacted 
with p53 was investigated. A co‑immunoprecipitation assay was 
designed to detect the physical association between TRIM59 
and p53 using 293T cells transfected with TRIM59 and p53 
plasmids. The results indicated that TRIM59 bound to p53 

Figure 3. TRIM59 knockdown enhances Eca109 cell chemo‑sensitivity to 
cisplatin. (A) Cell viability was measured at different time points using a 
Cell Counting Kit‑8 assay. *P<0.05 vs. siNC + cisplatin. (B) Cell apoptosis 
was detected via Annexin V and PI staining (scale bar, 50 µm). Relative 
(C)  Annexin  V and (D)  PI staining was quantified. *P<0.05 vs. siNC. 
TRIM59, tripartite motif 59; OD, optical density; si, small interfering RNA; 
NC, negative control.
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(Fig. 5G). Collectively, the results indicated that TRIM59 was 
a negative regulator of p53, which enhanced p53 degradation.

Discussion

hESC is the leading cause of cancer‑related mortality world‑
wide, particularly in men, and is the fifth most common 
type of cancer, with >400,000 cases of mortality in the first 
5 years from diagnosis worldwide (15,16). In‑depth studies are 
required to explore and clarify the pathogenesis of hESC, in 
order to provide the tools for a more accurate diagnosis and 

effective treatment strategy. TRIM59, an important member 
of the TRIM protein family, is upregulated in hESC tissues 
and serves as an oncogene by promoting proliferation and 
migration (12). In addition, TRIM59 overexpression signifi‑
cantly increased cisplatin resistance in hESC cells. Therefore, 
TRIM59 was identified as a prognostic or predictive biomarker 
of hESC (12). However, identifying the mechanism underlying 
TRIM59 to develop advanced treatment strategies for hESC 
is important.

TRIM59, a member of the TRIM family of proteins, serves 
a crucial role in the proliferation and metabolism of several 

Figure 4. TRIM59 knockdown regulates the expression levels of apoptosis‑ and migration‑related proteins in response to cisplatin. (A) Bcl‑2 mRNA expression 
levels (n=3). Bcl‑2 protein expression levels were (B) determined via western blotting and (C) semi‑quantified. (D) The mRNA expression levels of MMP2 
and MMP9. MMP2 and MMP9 protein expression levels were (E) determined via western blotting and (F) semi‑quantified. *P<0.05 and **P<0.01 vs. siNC. 
TRIM59, tripartite motif 59; MMP, matrix metallopeptidase; si, small interfering RNA; NC, negative control.

https://www.spandidos-publications.com/10.3892/ol.2020.12267
https://www.spandidos-publications.com/10.3892/ol.2020.12267
https://www.spandidos-publications.com/10.3892/ol.2020.12267
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types of cancer, such as lung (17,18) and gastric cancer (19). 
TRIM59 protein functions as an E3 ubiquitin ligase, and is 
comprised of an N‑terminal really interesting RING‑finger 
domain  (1). A previous study analyzed TRIM59 expres‑
sion profiles in different types of cancer, and demonstrated 

that TRIM59 was markedly upregulated across 12 cancer 
types (12). A correlation between higher expression levels of 
TRIM59 in cancer tissues, and particularly its involvement in 
advanced stages of malignant transformation, and poor patient 
prognosis was identified. Previous studies have reported that 

Figure 5. TRIM59 expression is negatively associated with p53 in tumor tissues and Eca109 cells. (A) p53 mRNA expression levels in tumor and matched 
healthy tissues. p53 protein expression levels were (B) determined via western blotting and (C) semi‑quantified. (D) At 48 h post‑transfection, p53 mRNA 
expression levels were detected in siTRIM59‑ and siTP53‑transfected Eca109 cells. (E) At 48 h post‑transfection, p53 protein expression levels were (E) deter‑
mined via western blotting and (F) semi‑quantified in siTRIM59‑ and siTP53‑transfected Eca109 cells. (G) TRIM59 co‑immunoprecipitated with p53 in 293T 
cells transfected with p53 and TRIM59. *P<0.05. vs. healthy or siNC. TRIM59, tripartite motif 59; si, small interfering RNA; TP53, tumor protein p53; NC, 
negative control; WT (reference to cells with no treatment), wild‑type. 
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TRIM59‑silencing could decrease the growth rate of lung 
cancer, prostate cancer (20), breast cancer (21,22), colorectal 
cancer  (23), cholangiocarcinoma  (24), human cervical 
cancer  (25), gliomagenesis  (26,27), medulloblastoma  (28), 
ovarian cancer  (29,30) and gastric cancer  (19). The afore‑
mentioned studies indicated that TRIM59 may function as an 
oncogene in the majority of cancer types (31).

However, whether the TRIM59 protein promotes hESC 
proliferation and migration, and whether the increased 
protein expression of TRIM59 is correlated with poor prog‑
nosis in patients with hESC is not completely understood. In 
the present study, TRIM59 was upregulated in hESC tissues 
and cell lines compared with adjacent healthy tissues and 
cell lines. Following TRIM59 knockdown in Eca109 cells, 
cells displayed significantly lower viability and migration, as 
well as reduced colony formation ability compared with the 
siNC group. Moreover, higher protein expression of TRIM59 
in patients with hESC was associated with a significantly 
poorer prognosis, as determined by Kaplan‑Meier analysis. 
The results indicated that TRIM59 was associated with hESC 
tumorigenesis and migration, and may function as an onco‑
gene.

Cisplatin is the most common anticancer drug used to 
inhibit cancer proliferation and migration (11). However, due 
to the long time period required for clinical chemotherapeutic 
treatment with cisplatin, cancer cells develop chemoresistance 
to the drug, and its efficacy diminishes, resulting in cancer 
treatment failure (32,33). In the present study, siTRIM59 was 
used to knock down the protein expression of TRIM59 in 
Eca109 esophageal cancer cells, which were then exposed to 
cisplatin. Treatment with siTRIM59 and cisplatin decreased 
cell viability and increased apoptosis to a greater level 
compared with cells treated with siTRIM59 or cisplatin 
alone. To study the effectiveness of the combined treatment 
of siTRIM59 and cisplatin, the protein expression levels of 
MMP2 and MMP9 was detected. The results suggested that 
MMP2 and MMP9 expression levels were downregulated in 
the si‑TRIM59 + cisplatin group compared with the siTRIM59 
group. To the best of our knowledge, the present study was 
the first to report the effectiveness of the combination of 
siTRIM59 and cisplatin in hESC.

In the present study, TP53 protein expression was decreased 
in hESC tissues compared with adjacent healthy tissues. TP53 
is one of the most important tumor suppressors and the first 
line of defense that keeps the genome of several types of 
cells stable by preventing genome changes (6). In humans, 
activation of p53 is a vital regulator of post‑target resistance 
to chemotherapy and can induce cell apoptosis in the pres‑
ence of strong survival signals (6,14). Cells with decreased p53 
protein expression are unable to respond in a timely manner to 
cellular stress and are more prone to a decreased response to 
chemotherapeutic drugs and radiotherapy, resulting in cancer 
migration  (6). In the present study, TRIM59 knockdown 
increased p53 protein expression and enhanced the effective 
anticancer functions in Eca109 cells compared with the siNC 
group. Co‑immunoprecipitation was used to detect the direct 
action by transfecting 293T cells with TRIM59 and p53. The 
results suggested that TRIM59 promoted p53 degradation, 
resulting in hESC cell proliferation and metastasis via direct 
bonding. Therefore, the results indicated that the combination 

of TRIM59 inhibitor and cisplatin might serve as a novel 
therapeutic strategy for hESC.

In conclusion, the present study suggested that upregula‑
tion of TRIM59 in hESC tissues was associated with poor 
patient prognosis, and TRIM59 may serve as an oncogene to 
promote the proliferation and metastasis of hESC. The present 
study also indicated that TRIM59 knockdown inhibited 
Eca109 cancer cell proliferation and migration, and enhanced 
chemosensitivity to cisplatin by increasing p53 expression. 
Collectively, the results indicated that the combination of 
TRIM59 knockdown and cisplatin treatment may serve as a 
promising therapeutic strategy for patients with hESC.
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