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Abstract. Renal cell carcinoma (RCC) is a common malig-
nant tumor globally. The overall survival of patients with 
RCC is poor; one important factor is tumor heterogeneity. 
Ubiquitin‑conjugating enzyme E2T (UBE2T) has been 
reported to act as an oncogene in various types of cancer; 
however, its role in RCC has yet to be investigated. In the 
present study, UBE2T was demonstrated via reverse transcrip-
tion‑quantitative PCR analysis to be significantly upregulated 
in RCC samples and cell lines compared with in normal tissue 
and cells. Additionally, UBE2T expression was significantly 
associated with late tumor stage and high grade in patients 
with RCC, and patients with high UBE2T expression exhibited 
poor prognosis compared with patients with low expression. 
Following knockdown of UBE2T in 786‑O cells using RNA 
interference technology, the proliferation and colony formation 
of cells were inhibited as determined by an MTT assay and 
crystal violet staining, respectively; however, the migration 
and invasion of 786‑O cells were not affected, as determined 
by wound‑healing assay and Transwell assays, respectively. 
Xenograft RCC tumor growth in vivo was also significantly 
suppressed. The expression levels of two mesenchymal cell 
markers, N‑cadherin and vimentin, were reduced following 
UBE2T knockdown, whereas E‑cadherin and fibronectin levels 
were increased as determined by western blotting, indicating 
that epithelial‑mesenchymal transition was suppressed. In 
addition, the phosphorylation levels of PI3K, Akt and mTOR 
were notably decreased following UBE2T knockdown, but 
were increased when UBE2T was overexpressed. Wortmannin, 

an Akt inhibitor, reversed the UBE2T overexpression‑induced 
increase in the phosphorylation of PI3K, Akt and mTOR. 
Similarly, the UBE2T overexpression‑induced promotion of 
786‑O cell proliferation was also attenuated by wortmannin. 
In conclusion, UBE2T promoted the proliferation of RCC cells 
by regulating PI3K/Akt signaling, suggesting it may be a novel 
target for the treatment of patients with RCC.

Introduction

Renal cell carcinoma (RCC) is among the top 10 most lethal 
types of cancer and is the cause of >10,000 cases of mortality 
every year (1). According to the most recent statistics published 
by the American Cancer Society, ~65,340 individuals were 
predicted to be diagnosed with RCC in 2018, whereas the 
estimated mortality rate was ~14,970 cases (1). Patients with 
RCC frequently encounter recurrence and/or metastasis in late 
stages, leading to poor clinical outcome despite the improved 
treatments for RCC currently in use (2,3). The 5‑year survival 
rate for patients with kidney cancer with distant metastasis 
is only 12%, whereas it is 67% for patients with localized 
cancer (1). At present, ~16% of patients are diagnosed with 
distant metastasis (1); however, there is no agreement regarding 
the molecular mechanisms underlying RCC. Next‑generation 
sequencing technology has identified dozens of gene muta-
tions associated with various type of cancer; however, only 
mutations of certain driver genes serve dominant roles in the 
development and progression of cancer (4). A number of genes 
associated with RCC have been identified, but the heteroge-
neity of the condition increases the importance of identifying 
novel genes and further understanding the molecular mecha-
nisms underlying RCC (5,6).

Ubiquitin‑conjugating enzyme E2T (UBE2T) is a member 
of the ubiquitin‑proteasome family; this family is an efficient 
protein‑modification system that serves important roles in 
almost all cell behaviors, including DNA replication, cell 
proliferation, differentiation, apoptosis and angiogenesis (7,8). 
UBE2T has been reported to bind to FA complementation 
group L protein via its UBC domain, promoting the forma-
tion of the Fanconi anemia (FA) core complex and activating 
the FA signaling pathway  (9‑11). In addition, UBE2T has 
been reported to cause FA, increasing the risk of acute 
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myeloid leukemia or head/neck squamous carcinomas (11‑13). 
Additionally, UBE2T has been identified to act as an oncogene 
in numerous types of cancer. For example, UBE2T promotes 
cell proliferation, invasion and metastasis in nasopharyn-
geal carcinoma (14), and induces the ubiquitination of p53 
in hepatocellular carcinoma, promoting cell growth  (15). 
Elevated expression of UBE2T also serves an oncogenic role 
in prostate cancer (16). Knockdown of UBE2T suppresses the 
proliferation and invasion of osteosarcoma and gastric cancer 
cells (17,18). Furthermore, cell cycle arrest and apoptosis are 
induced by UBE2T silencing in bladder cancer (19). In breast 
cancer, UBE2T overexpression results in the degradation of 
BRCA1 and poor clinical outcome (20). Furthermore, UBE2T 
is overexpressed in lung cancer and is involved in resistance 
to chemotherapeutic drugs (21‑23). At present, the role of the 
UBE2T gene in the development and progression of RCC is yet 
to be investigated.

This study aimed to identify the role of UBE2T in RCC; 
therefore, the expression of UBE2T was detected in RCC 
tissues and cells, and its clinical relevance to RCC was 
analyzed. Furthermore, the effects of UBE2T knockdown 
on the proliferation, colony formation and invasion of RCC 
cells were studied in vitro, and in vivo in a nude mouse model. 
Additionally, the effects of UBE2T knockdown on the phos-
phorylation of PI3K, Akt and mTOR were investigated via 
western blot analysis.

Materials and methods

Clinical samples and ethics statement. A total of 52 fresh 
surgical tissues and matched adjacent normal tissues from 
patients (15‑62 years old, 36 males and 16 females) diagnosed 
with RCC were collected from June 2014 to July 2016 at the 
Department of Urology Surgery of First Affiliated Hospital 
of Jiamusi University, flash frozen in liquid nitrogen and 
stored at ‑80˚C. Patients that did not receive chemotherapy 
or radiotherapy prior to surgery were selected for this study. 
Completed signed clinical information was collected. The 
pathological stage of patients was established based on the 
TNM classification system from the WHO (24). Total RNA 
and protein were extracted and stored at ‑80˚C, and used 
for reverse transcription‑quantitative PCR (RT‑qPCR) and 
western blotting, respectively. Patients were separated into 
high‑ and low‑expression groups for survival analysis based 
on their levels of UBE2T expression; a fold change >2 in 
expression in tumor tissue compared with in normal tissue was 
considered high, whereas a fold change ≤2 was considered low.

Written informed consent was obtained from all patients. 
All experiments were approved by the Institutional Review 
Board of The First Affiliated Hospital of Jiamusi University.

Cell culture and transfection of small interfering RNA 
(siRNA). Human renal cancer cell lines (786‑O, ACHN and 
OSRC‑2) and a non‑cancer cell line (293) were purchased (Cell 
Bank of the Chinese Academy of Sciences) and cultured in 
RPMI‑1640 medium (Hyclone; GE Healthcare Life Sciences) 
with 10% fetal bovine serum (Gibco; Thermo Fisher Scientific, 
Inc.) in a humidified atmosphere with 5% CO2. at 37˚C. siRNA 
fragments targeting human UBE2T (siUBE2T; sequence, 
5'‑GCA​ACT​GTG​TTG​ACC​TCT​ATT‑3') and negative control 

(siNC; sequence, 5'‑GCTTCGGATACGTTTCCTAAT‑3') 
were synthesized (Shanghai Telebio Biomedical Co., Ltd.) 
and transfected into 786‑O cells (1x105) using Lipofectamine® 
2000 (Invitrogen; Thermo Fisher Scientific, Inc.). The dosage 
of siRNA used was 1.0 µM, and the interval between transfec-
tion and subsequent experiments was 6 h.

Construction of a UBE2T overexpression plasmid (oeUBE2T) 
and transfection. The coding sequence for UBE2T (synthe-
sized by Synbio Technologies) was transferred into vector 
pcDNA3.1 (Invitrogen; Thermo Fisher Scientific, Inc.) using 
EcoRI and NotI restriction enzymes. Subsequently, ~1.5 µg of 
the recombined plasmid pcDNA3.1‑UBE2T or empty vector 
pcDNA3.1 were transfected into 786‑O cells (1x105) using 
Lipofectamine® 2000. After culturing for 48 h, total protein 
was extracted from the treated cells, stored at ‑80˚C and used 
for western blotting.

Cell proliferation assay. siUBE2T‑ or siNC‑transfected 786‑O 
cells were seeded into a 96‑well plate at 1,000 cells/well. 
Following incubation for 48 h at 37˚C, the culture medium was 
replaced and 20 µl MTT reagent (5 mg/ml; Sigma‑Aldrich; 
Merck KGaA) was added. After a further 4 h at 37˚C, super-
natants were removed and 200 µl DMSO was added. The 
absorbance was detected at a wavelength of 490 nm using 
a microplate reader. Wortmannin (5  nM; Sigma‑Aldrich; 
Merck KGaA) was used to treat 786‑O cells transfected with 
siUBE2T, siNC or oeUBE2T for 24 h at 37˚C.

Colony formation assay. siUBE2T‑or siNC‑transfected 786‑O 
cells were seeded in a 60‑mm dish at 2,000 cells/dish. After 
2 weeks at 37˚C, 100% methanol was used to fix the colonies 
for 2 min at room temperature. Crystal violet staining solution 
(Sangon Biotech Co., Ltd.) was used to stain the fixed colonies 
for 15 min at room temperature. The number of stained colo-
nies was counted under a Nikon microscope (magnification, 
x100; Nikon Corporation); five fields were selected randomly 
for evaluation.

Transwell assay. siUBE2T‑or siNC‑transfected 786‑O cells 
were seeded into the upper chambers of Transwell inserts 
(8.0‑µm pore size; BD Biosciences) with or without Matrigel 
matrix at 5x104 cells/well in DMEM containing 2% FBS. 
DMEM containing 20% FBS (500 µl) was placed in the lower 
chambers. Following incubation for 48 h at 37˚C, the cells in 
the bottom of each chamber were fixed with 100% methanol 
for 5 min at room temperature and stained with 0.1% crystal 
violet staining solution for 15 min at room temperature. Five 
fields were selected randomly and images were captured. 
Subsequently, the cell number was counted under a Nikon 
microscope (magnification, x100; Nikon Corporation).

RT‑qPCR. Total RNA was extracted from tissues and cell 
lines using TRIzol® reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.), and was treated with RNase‑free DNase 
(Promega Corporation). Total RNA (1  µg) was used for 
synthesis of first strand of cDNA using a reverse transcrip-
tion kit (Takara Biotechnology Co., Ltd.). The protocol used 
was as follows: 42˚C for 50 min. qPCR was performed using 
a Hifair III One Step RT‑qPCR SYBR Green kit (Yeasen 
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Biotech Co., Ltd.) using a Stepone Real‑time PCR system 
(Applied Biosystems; Thermo Fisher Scientific, Inc.). qPCR 
was conducted as follows: 95˚C for 5 min, then 40 cycles of 
95˚C for 10 sec and 60˚C for 30 sec. GAPDH was used as 
the internal control. The relative expression of each gene was 
calculated using the 2‑∆∆Cq method, in which ∆Cq=Cq(gene of 
interest)‑Cq(GAPDH) (25). The primers used are presented 
in Table I.

Western blot analysis. Total protein was extracted using a 
Nuclear and Cytoplasmic Protein Extraction kit (Beyotime 
Institute of Biotechnology) and quantified via the BCA 
method using an Enhanced BCA Protein Assay kit (Beyotime 
Institute of Biotechnology). Proteins (20  µg/lane) were 
separated via 10% SDS‑PAGE and transferred onto PVDF 
membranes. Membranes were blocked with 5% nonfat 
milk at room temperature for 1 h. Subsequently, the PVDF 
membranes were incubated with primary antibodies at 4˚C for 
12 h, followed by washing with 0.05% TBS‑Tween‑20 three 
times. The primary antibodies used during the study 
were specific for phosphorylated (p)‑AKT (1:500; 
cat. no. ab38449; Abcam), p‑PI3K (1:500; cat. no. ab138364; 
Abcam), p‑mTOR (1:2,000; cat.  no.  ab109268; Abcam), 
total AKT (1:2,000; cat. no. ab179463; Abcam), total PI3K 
(1:2,000; cat. no. ab180967; Abcam), total mTOR (1:1,000; 
cat. no. ab2732; Abcam), UBE2T (1:1,000 cat. no. ab140611; 
Abcam), fibronectin (1:1,000; cat.  no.  ab45688; Abcam), 
E‑cadherin (1:600; cat. no. 14472; Cell Signaling Technology, 
Inc.), N‑cadherin (1:1,000; cat.  no.  4061; Cell Signaling 
Technology, Inc.), vimentin (1:500; cat. no. 3932; Cell Signaling 
Technology, Inc.) and GAPDH (1:1,000; cat.  no.  5174; 
Cell Signaling Technology, Inc.). PVDF membranes were 
then incubated with secondary antibodies for 1 h at 37˚C, 
followed by washing with TBS three times. The secondary 
antibodies included horseradish peroxidase‑conjugated sheep 
anti‑mouse IgG (1:1,000; cat. no. HAF007; R&D Systems, 
Inc.) and anti‑rabbit IgG (1:1,000; HAF008; R&D Systems, 
Inc.). Finally, the membranes were analyzed using an ECL 
Chemiluminescence Detection kit (Beyotime Institute of 
Biotechnology). PhotoShop CS6 software was used to quantify 
protein expression following western blotting (Adobe Systems, 
Inc.).

In vivo antitumor growth assay. A total of 16 BALB/c‑nu mice 
(age, 7 weeks; weight, 20‑25 g) were obtained from Shanghai 
SLAC Laboratory Animal Co., Ltd. and were allocated into 
two groups: siUBE2T and siNC, with 8 mice/group. Animals 
were maintained at a constant temperature of 25˚C with ~50% 
humidity, under a regular 12:12‑h light/dark photoperiod with 

food and water available ad  libitum. Animals were inocu-
lated into the right flank with 3x106 cancer cells following 
transfection for 24 h with siUBE2T or siNC and monitored 
every day for 35 days. Tumor volume was calculated twice a 
week using the following equation: V = (LxW2)/2, where V 
is the tumor volume, L is the length and W is the width of 
the tumor. The study was approved by the Animal Research 
Ethics Committee of The First Affiliated Hospital of Jiamusi 
University. On day 35, all mice were euthanized according 
to the protocols approved by the Ethics Committee. All the 
experiments on mice were performed within the guidelines of 
the Institutional Animal Care and Use Committee of The First 
Affiliated Hospital of Jiamusi University.

Statistical analysis. All experiments were repeated at least 
three times, and the data are presented as the means ± standard 
deviation. Differences between the groups were compared 
using one‑way ANOVA followed by Tukey's post hoc test. 
χ2  test was used to analyze associations between UBE2T 
expression and the clinicopathological factors of patients with 
RCC. The Kaplan‑Meier method and log‑rank test were used 
to analyze the association between UBE2T expression and 
the survival of patients with RCC. P<0.05 was considered to 
indicate a statistically significant difference.

Results

UBE2T exhibits clinical significance in RCC. To investigate the 
role of UBE2T in RCC, a total of 52 RCC tissues and adjacent 
normal tissues were collected, and the expression of UBE2T 
was determined via RT‑qPCR. As presented in Fig. 1A, UBE2T 
was overexpressed in tumor tissues compared with adjacent 
normal controls. The mean mRNA expression of UBE2T 
in tumor tissues was four‑fold that in the adjacent controls. 
Additionally, UBE2T expression was notably increased at the 
mRNA and protein levels in RCC cell lines compared within 
293 cells (Fig. 1B and C). Pathological association analysis 
revealed that UBE2T expression was associated with TNM 
grade (P=0.001) and pathological stage (P=0.001) in patients 
with RCC (Table II ). Furthermore, Kaplan‑Meier analysis 
indicated that the survival rate of patients with RCC with high 
UBE2T expression was significantly decreased compared with 
patients with low UBE2T expression (18.2 vs. 42.1%; P=0.01; 
Fig. 1D). These data suggested that UBE2T exhibited clinical 
relevance for RCC and was associated with poor prognosis.

UBE2T regulates cell proliferation and colony formation 
in RCC. To investigate the function of UBE2T in RCC, 
786‑O  cells were transfected with siUBE2Tor siNC. As 

Table I. The primers for RT‑qPCR for each gene.

Gene	 Forward primer (5'‑3')	R everse primer (5'‑3')

UBE2T	C GAGCTCGTAGAAATATTAGGTGGA	 TCATCAGGGTTGGGTTCTGAC
GAPDH	 GAGAAGGCTGGGGCTCATTT	A GTGATGGCATGGACTGTGG 

UBE2T, ubiquitin‑conjugating enzyme E2T.
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presented in Fig. 2A and B, UBE2T was successfully knocked 
down at the mRNA and protein level in 786‑O cells following 
siRNA transfection; the knockdown efficiency was >70%. The 
proliferation rate of 786‑O cells was significantly decreased by 
~65% following knockdown of UBE2T (Fig. 2C). The ability 
to form colonies was also inhibited; as presented in Fig. 2D 
and E, the number of siUBE2T‑treated 786‑O cell colonies was 

significantly decreased compared with the control. Conversely, 
the migration and invasion of 786‑O cells was not significantly 
affected by UBE2T (Fig. 3A‑D). In conclusion, the results indi-
cated that UBE2T contributed to the proliferation and growth, 
but not migration of 786‑O cells.

UBE2T regulates the expression of epithelial‑mesenchymal 
transition (EMT) markers in RCC. EMT is an important 
process during the transformation of normal cells into tumor 
cells (26). Typical molecular markers of epithelial cells are 
E‑cadherin and fibronectin, whereas N‑cadherin and vimentin 
are frequently used markers of mesenchymal cells (27,28). As 
presented in Fig. 4A and B, the expression of E‑cadherin and 
fibronectin was notably increased in 786‑O cells following 
UBE2T knockdown; conversely, the levels of N‑cadherin and 
vimentin were reduced. The results indicated that UBE2T may 
participate in the EMT process in RCC.

UBE2T is critical for the activation of PI3K/Akt/mTOR 
signaling in RCC. PI3K/Akt and the mTOR signaling pathway 
serve important roles in embryonic development; however, 
these two signaling pathways are frequently overactivated 
in tumors (29,30). In the present study, it was demonstrated 
that the levels of PI3K, Akt and mTOR phosphorylation 
were markedly decreased following UBE2T knockdown in 
786‑O cells (Fig. 5A). Conversely, the levels of total PI3K and 
total AKT were not altered; however, total mTOR expression 
was notably decreased. Wortmannin, a specific Akt inhibitor, 
did not further reduce the phosphorylation levels of PI3K, Akt 

Table II. Association of UBE2T expression with clinicopatho-
logical factors in renal cell carcinoma.

	U BE2T expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Factor	 Low (n=19)	 High (n=33)	 P‑value

Sex			   0.477
  Male	   9	 19	
  Female	 10	 14	
TNM stage			   0.001
  I/II	 14	   8	
  III/IV	   5	 25	
Grade			   0.001
  G1+G2	 16	 10	
  G3+G4	   3	 23	

UBE2T, ubiquitin‑conjugating enzyme E2T.

Figure 1. Expression of UBE2T in RCC. UBE2T expression was upregulated in (A) RCC tissues, and in RCC cell lines at the (B) mRNA and (C) protein levels. 
(D) UBE2T expression was negatively associated with the 5‑year survival of patients with RCC. *P<0.05. RCC, renal cell carcinoma; UBE2T, ubiquitin‑conju-
gating enzyme E2T.
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and mTOR following UBE2T knockdown. Additionally, the 
cell proliferation rate in the siUBE2T‑transfected group was 

not significantly different to that in the siUBE2T/wortmannin 
or siNC/wortmannin groups (Fig. 5B). Conversely, oeUBE2T 

Figure 2. UBE2T knockdown inhibits the proliferation and colony formation of 786‑O cells. UBE2T was knocked down at the (A) mRNA level and (B) protein 
level following transfection with siUBE2T. UBE2T knockdown (C) inhibited the proliferation and (D and E) reduced the colony formation of 786‑O cells, as 
determined via MTT and colony formation assays, respectively. *P<0.05 vs. siNC. NC, negative control; si, small interfering RNA; UBE2T, ubiquitin‑conju-
gating enzyme E2.

Figure 3. UBE2T does not affect the migration and invasion of 786‑O cells. 786‑O cells transfected with siUBE2T or siNC did not exhibit significantly 
different (A and B) migration or (C and D) invasion, as determined using a Matrigel assay (magnification, x100). NC, negative control; si, small interfering 
RNA; UBE2T, ubiquitin‑conjugating enzyme E2.
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transfection upregulated the expression of UBE2T compared 
with the control, and increased the levels of p‑PI3K, p‑Akt and 
p‑mTOR compared with siNC (Fig. 5A); however, the effects 

on phosphorylation were reversed by wortmannin, which also 
significantly decreased cell proliferation even when UBE2T 
was overexpressed in 786‑O cells (Fig. 5B). Therefore, these 

Figure 5. UBE2T knockdown regulates PI3K/AKT/mTOR signaling. (A) Phosphorylation levels of PI3K, Akt and mTOR were decreased in 786‑O cells 
following knockdown of UBE2T, but were increased when UBE2T was overexpressed; the expression of total PI3K or total Akt was not notably altered, 
whereas total mTOR levels were markedly decreased following UBE2T knockdown. Wortmannin reversed the effects of oeUBE2T. (B) Proliferation of 
786‑O cells was inhibited by siUBE2T, but enhanced by oeUBE2T in a Wortmannin‑sensitive manner. *P<0.05. NC, negative control; oe, overexpression 
plasmid; p‑, phosphorylated; si, small interfering RNA; UBE2T, ubiquitin‑conjugating enzyme E2; vector, empty vector.

Figure 4. UBE2T knockdown regulates the expression of epithelial‑mesenchymal transition markers. (A) Representative western blot demonstrating decreased 
expression of the mesenchymal cell markers N‑cadherin and vimentin, and increased expression of the epithelial markers E‑cadherin and fibronectin in 
siUBE2T‑transfected 786‑O cells compared with siNC‑transfected cells. (B) Expression of each gene was analyzed with PhotoShop CS6 software. *P<0.05. 
NC, negative control; si, small interfering RNA; UBE2T, ubiquitin‑conjugating enzyme E2.
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data suggested that UBE2T was involved in regulation of the 
activation of the PI3K/Akt and mTOR signaling pathways in 
786‑O cells.

UBE2T knockdown suppresses xenograft tumor growth 
in vivo. As presented in Fig. 6A, tumor growth was signifi-
cantly suppressed following UBE2T knockdown. The mean 
tumor volume in si‑UBE2T mice was significantly decreased 
compared with the control on day  35 (1,412.5  mm3 vs. 
620 mm3; P<0.05). In addition, the mean tumor weight was 
significantly decreased following UBE2T knockdown (0.26 g 
vs. 0.75 g; P<0.05; Fig. 6B). Therefore, it was suggested that 
UBE2T contributed to xenograft tumor growth in vivo.

Discussion

RCC is a common malignant tumor characterized by poor 
prognosis, late diagnosis, frequent recurrence and hetero-
geneity (1‑3). The primary therapy for patients with RCC is 
surgical removal followed by chemotherapy or radiotherapy; 
however, traditional therapeutics have not improved the 
quality of life of patients with RCC (31,32). Therefore, there is 
a requirement for further investigation into RCC. At present, 
a series of genes have been reported to serve important roles 
during the tumorigenesis of RCC; however, the critical genes 
vary between each report (33,34), potentially due to the hetero-
geneity of RCC.

To the best of our knowledge, the present study is the first 
to indicate that UBE2T may be a potential candidate predictive 
factor in RCC. As aforementioned, UBE2T was overexpressed 
in clinical tumor tissues and was negatively associated with the 
survival of patients with RCC. The levels of UBE2T were signifi-
cantly associated with pathological characteristics such as tumor 
stage and grade. These data suggested the clinical relevance of 
UBE2T in RCC. This was consistent with a previous study in 
which UBE2T was reported to be an independent predictive 
factor in gastric cancer (35). A larger cohort of clinical RCC 
samples is required to further validate this finding. UBE2T was 

also reported to be upregulated in tumor cell lines compared 
with that in control cells. UBE2T knockdown was reported to 
inhibit cell proliferation and colony formation in 786‑O cells 
in vitro. In vivo, UBE2T contributed to tumor growth. Tumor 
cells possess the ability to undergo potentially unlimited prolif-
eration (36). Therefore, it was hypothesized that UBE2T served 
an important role in the progression of RCC. This was consistent 
with previous findings; for example, previous studies identified 
that UBE2T overexpression promotes cell proliferation and 
metastasis in gastric cancer (18,35). Metastasis is another char-
acteristic of cancer (36); however, in the present study, UBE2T 
expression did not appear to affect the migration and invasion 
of 786‑O cells.

EMT is an important process during the transformation 
of normal cells to cancer cells, which has been reported to 
promote the progression of various types of cancer (37). EMT 
is typically associated with cell migration and invasion in 
cancer cells; however, in the present study, altered expression 
of EMT markers was observed in the absence of changes 
in migration or invasion following siUBE2T transfection. 
Common molecular markers in EMT include E‑cadherin, 
N‑cadherin, vimentin and fibronectin. In the study, the expres-
sion of the epithelial markers E‑cadherin and fibronectin 
was upregulated following UBE2T knockdown; whereas the 
mesenchymal markers N‑cadherin and vimentin were down-
regulated, suggesting that UBE2T regulated the expression of 
EMT markers. UBE2T may regulate the ubiquitin level of EMT 
markers in RCC, leading to differential degradation; however, 
further research is necessary to determine the exact role of 
UBE2T in EMT in RCC. In conclusion, UBE2T promoted the 
proliferation but not metastasis of RCC cells, and it may be 
involved in EMT processes in RCC.

In the present study, it was demonstrated that UBE2T was 
involved in RCC; however, the mechanisms underlying the 
effects of UBE2T on cell proliferation in RCC remain unclear. 
PI3K/Akt is a very important signaling pathway during 
embryonic development, which frequently induces positive 
effects on cell growth or proliferation. It has been reported 

Figure 6. Xenograft RCC tumor growth in mice is suppressed by UBE2T knockdown. (A) Tumor volumes of RCC xenografts derived from siUBE2T‑transfected 
cells were significantly decreased compared with the siNC group *P<0.05 vs. siUBE2T. (B) Tumor weights of RCC xenografts derived from siUBE2T‑trans-
fected cells were significantly decreased compared with the siNC group at day 35. *P<0.05. NC, negative control; RCC, renal cell carcinoma; si, short 
interfering RNA; UBE2T, ubiquitin‑conjugating enzyme E2.
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to be overactivated in tumors, with increased phosphoryla-
tion of PI3K and Akt acting as the critical event (38). In the 
present study, the phosphorylation levels of PI3K and Akt were 
increased following UBE2T overexpression and decreased 
following UBE2T knockdown. These findings suggested 
that UBE2T may regulate PI3K/Akt signaling in RCC. 
Wortmannin, a specific inhibitor of Akt, was demonstrated 
to downregulate the phosphorylation levels of PI3K and Akt 
even when UBE2T was overexpressed in 786‑O cells. The 
proliferation‑promoting role of UBE2T was also suppressed 
by wortmannin. These data further supported the hypothesis 
that UBE2T regulated PI3K/Akt signaling in RCC.

Hu et al reported that UBE2T activated the Akt/glycogen 
synthase kinase 3β/β‑catenin signaling pathway in naso-
pharyngeal carcinoma (14). UBE2T was also demonstrated 
to promote cell proliferation via the regulation of PI3K/Akt 
signaling in osteosarcoma (17). Therefore, it was predicted 
that UBE2T may activate PI3K/Akt signaling in RCC, as was 
observed. Additionally, the phosphorylation levels of mTOR 
were regulated by UBE2T in 786‑O cells. mTOR is an impor-
tant signaling molecule during cell growth (39), which has been 
demonstrated to crosstalk with PI3K/Akt signaling in cancer 
cells; for example, PI3K/Akt/mTOR signaling was reported to 
exhibit positive effects during tumorigenesis in medulloblas-
toma and thyroid cancer (38,40). Ubiquitin conjugating enzyme 
E2C (UBE2C) is another member of the ubiquitin‑proteasome 
family that possesses similar functions to UBE2T (41). UBE2C 
was reported to induce EMT via thePI3K/Akt signaling 
pathway (42). Activation of PI3K/Akt/mTOR signaling has been 
revealed to promote EMT in numerous types of cancer (43‑45). 
As aforementioned, UBE2T was observed to be involved in 
the expression of EMT‑associated markers in RCC. Therefore, 
based on the aforementioned studies and reported findings, it 
was hypothesized that UBE2T promoted proliferation and EMT 
in RCC by activating the PI3K/Akt/mTOR signaling pathway; 
however, further study is required to determine the molecular 
interactions between UBE2T and the PI3K/Akt/mTOR signal 
pathway.

In conclusion, to the best of our knowledge, this study is the 
first to report that UBE2T promoted tumorigenesis in RCC by 
regulating the PI3K/Akt/mTOR signaling pathway. Therefore, 
UBE2T may be a novel target in the treatment of RCC.
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