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Abstract: Background: UBE2T, a human E2 ubiquitin-conjugating enzyme, is overexpressed in some human can-
cers, suggesting the biological significance of UBE2T in cancer progression. However, its role in non-small cell
lung cancer (NSCLC) progression is still unclear. This study was aimed to investigate the critical roles of UBE2T in
NSCLC progression. Methods: QRT-PCR and Western blot were performed to explore the expression levels of UBE2T
in NSCLC tissues and cell lines. Cell proliferation was detected using MTT assay and EdU assay. Cell invasion and
migration were evaluated using transwell assay. Results: Our data showed that UBE2T expression was upregulated
in NSCLC tissues and cell lines. Functionally, UBE2T knockdown suppressed NSCLC cell proliferation, migration and
invasion in vitro. Mechanistic investigations revealed that UBE2T downregulation suppressed the activity of Wnt/[3-
catenin signaling pathway. Conclusion: These results suggested that UBE2T play critical roles in the progression of
NSCLC and could be a potential therapeutic target for the treatment of NSCLC patients.
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Introduction

Non-small cell lung cancer (NSCLC) accounts
for approximately 85% of all lung cancers,
which are the primary cause of cancer-related
deaths worldwide [1, 2]. Actually, lung carcino-
genesis is a complicated biological process
due to mutual dysregulation of different tumor-
related genes [3]. Although the treatment
including surgery, radiotherapy, and platinum-
based combination chemotherapy for NSCLC
has improved a lot in recent years, the progno-
sis of NSCLC remains poor and the five-year
survival rate is less than 15% [4]. Therefore, it
is still urgent to explore precise and special
markers for improving the survival of NSCLC
patients.

Ubiquitin-conjugating enzyme E2T (UBE2T; also
known as HSPC150) is a member of E2 the
family in the ubiquitin-proteasome pathway, a
complex protein degradation system that se-
rves crucial roles in extensive biological pro-
cesses, including cell cycle control, signal

transduction and tumorigenesis [5, 6]. For
example, Wen et al showed that elevated
expression of UBE2T exhibited oncogenic prop-
erties in human prostate cancer [7]. Gong et al
showed that UBE2T silencing suppressed prolif-
eration and induced cell cycle arrest and apop-
tosis in bladder cancer cells [8]. Hu et al found
that UBE2T promoted nasopharyngeal carcino-
ma cell proliferation, invasion, and metastasis
by activating the AKT/GSK3[/B-catenin path-
way [9]. But reports about UBE2T in NSCLC are
rare and the potential role of UBE2T in NSCLC
progression is still unclear.

The current study showed that the expression
of UBE2T was upregulated in human NSCLC
tissues and cell lines. Decreased expression
UBE2T suppressed NSCLC cells proliferation,
migration and invasion in vitro. Moreover, our
data showed that UBE2T downregulation could
suppress the activity of the wnt/B-catenin sig-
naling pathway in NSCLC cells. These findings
revealed a potential oncogenic role of UBE2T in
NSCLC, and suggested that it might serve as a
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therapeutic target for the treatment of lung
cancer.

Materials and methods
Patients and samples

A total of 10 NSCLC tissue samples and ma-
tched non-tumor adjacent tissues specimens
were obtained from patients who had patho-
logically confirmed as NSCLC in Huaihe Hos-
pital of Henan University. None of the patients
had undergone adjuvant treatments including
radiotherapy, chemotherapy or immunotherapy
before surgical resection. After resection, all
tissues were immediately snap-frozen in liquid
nitrogen, and then stored at -80°C until use.
The protocol of this study was approved by
the Ethical Committee of Huaihe Hospital of
Henan University, and all patients signed the
informed consent.

Cell lines and cell culture

The human NSCLC cell lines (A549, H1299,
and Calu-3) and the immortalized human bron-
chial epithelial cell line (BEAS-2B) were pur-
chased from Cell Bank of the Chinese Academy
of Sciences (Shanghai, China). All cell lines
were cultured with RPMI1640 medium, 10%
fetal bovine serum (FBS) and 1x penicillin/
streptomycin at 37°C and 5% CO, incubator
according to the instructions recommended by
American Type Culture Collection.

SiRNA transfection

UBE2T siRNA (si-UBE2T) and scrambled siRNA
(si-NC) were purchased from Life Technologies.
The sequences of si-UBE2T and si-NC were
GCUGACAUAUCCUCAGAAUTT and UUCUCCG-
AACGUGUCACGUTT, respectively. A549 and
Calu-3 cells were transfected with si-UBE2T
or si-NC using Lipofectamine 2000 (Invitrogen)
in accordance with the manufacturer’s instruc-
tion. After 24 h of transfection, the cells were
collected for the following studies. QRT-PCR
assays were performed to determine the trans-
fection efficiency.

Quantitative real-time PCR

Total RNA was isolated from cells using TRIzol
reagent (Invitrogen) according to the manufac-
turer’'s protocol, and then the first cDNA was
synthesized using a Reverse Transcription Kit
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(Takara). QRT-PCR was performed with the
Applied Biosystems 7900 Fast Real-Time PCR
system (Applied Biosystems) to quantify UBE2T.
GAPDH was taken as the endogenous control
and the sequences of primers were as follows:
UBE2T, forward 5-CAAATATTAGGTGGAGCCAA-
CAC-3’ and reverse 5-TAGATCACCTTGGCAAA-
GAACC-3’, GAPDH, forward 5-GCCGCATCTTC-
TTTTGCGTCGC-3’ and reverse 5-TCCCGTTCT-
CAGCCTTGACGGT'. The relative expression lev-
els of UBE2T were calculated by 222°t method
and all experiments were presented in tripli-
cate.

Western blot

Cells were lysed and proteins were separated
by 10% SDS polyacrylamide gel. After electro-
transferred to polyvinylidene fluoride mem-
branes (Millipore), the membranes were probed
with primary antibody (1:200) (Cell signaling)
overnight at 4°C. Then the membranes were
incubated with horseradish peroxidase-conju-
gated secondary antibody (1:1000; Cell signal-
ing) for 1 h at 37°C. GAPDH was used as an
internal control. The bands were obtained with
enhanced chemiluminescence detection sys-
tem (Pierce, USA).

MTT assay

24 h after transfection, cells were plated into
96 well plate at a density of 3000 cells/well
and cultured with 200 ul RPMI1640 medium
containing 10% FBS at 37°C and 5% CO,. Each
group had 6 replicates and meanwhile a blank
group was set up containing RPMI1640 medi-
um only and no added cells. 10 ul MTT was
added at 80% density and the 96 well plate
was incubated for 4 hours followed by the
supernatant carefully removed and replaced
with 150 yl DMSO. The optical density (OD) was
measured using a plate reader at 570 nm after
oscillated for 10 min.

EdU proliferation assay

48 h after transfection, cell proliferation was
detected using the incorporation of 5-ethynyl-
29-deoxyuridine (EdU) with the EdU Cell Pro-
liferation Assay Kit (Ribobio). Briefly, the cells
were incubated with 50 mM EdU for 3 h before
fixation, permeabilization and EdU staining,
which were performed according to the manu-
facturer’s protocol. The cell nuclei were stained
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Figure 1. UBE2T is upregulated in NSCLC tissues and cell lines. A. The relative expression of UBE2T in NSCLC tis-
sues and adjacent non-cancer tissues was determined by qRT-PCR. B. The protein expression of UBE2T in NSCLC
tissues and adjacent non-cancer tissues was determined by western blot (n=5). C. UBE2T expression was analyzed
by qRT-PCR in NSCLC cell lines (A549, H1299, SK-MES-1 and Calu-3) and BEAS-2B cells. D. UBE2T expression was
analyzed by western blot in NSCLC cell lines (A549, H1299, and Calu-3) and BEAS-2B cells. N, non-cancer tissues;

T: tumor tissues. *P<0.05.

with DAPI (Sigma) at a concentration of 1 mg/
mL for 10 min. The proportion of cells that
incorporated EdU was determined by fluores-
cence microscopy.

Cell cycle assay

Cell cycle was investigated by flow cytometry
analysis. Cells were harvested and fixed in 70%
ethanol overnight. Then, cells were added with
RNase (50 pg/mL) and PI (50 pg/mL) (BD).
After incubation for 30 min, samples were sub-
jected to flow cytometer (FACScan, BD) for anal-
ysis. Data were analyzed using CELL Quest 3.0
software.

Cell migration and invasion assay

Cell migration assay was carried out using tran-
swell insert chambers (8 um pore size, Corning).
Approximate 5x10% cells in 200 ul serum-free
RPMI-1640 medium were seeded into the
upper chamber of the transwell chamber. 600
pl RPMI-1640 medium containing 10% FBS as
chemoattractant was added to the lower cham-
ber. After incubation for 48 h, non-migrating
cells were removed by cotton swab, and the
migrating cells on the lower side of the insert
filter were fixed using methanol and stained
with 0.1% crystal violet for 20 min. The number
of migrating cells was counted in five random
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visual fields and imaged using the light micro-
scope (Olympus). Invasion assay was perform-
ed using transwell insert chambers coated with
Matrigel (BD Biosciences).

Statistical analysis

The data were expressed as mean + standard
deviation (SD) and analyzed by SPSS14.0 (IBM).
Differences between groups were analyzed
using Student’s t test. P<0.05 was considered
statistically significant.

Results
UBE2T was upregulated in NSCLC

To determine whether UBE2T was dysregulated
in NSCLC, we analyzed UBE2T expression in
NSCLC tissues and adjacent non-tumor tissues
by using gRT-PCR and western blot. As shown in
Figure 1A and 1B, UBE2T was significantly
increased in NSCLC tissues compared with the
adjacent normal tissues. Aberrant expression
of UBE2T in cancer tissues indicated that
UBE2T might play an important role in the pro-
gression of NSCLC. Furthermore, the expres-
sion of UBE2T was assessed in NSCLC cell lines
(A549, H1299 and Calu-3) and the immortal-
ized human bronchial epithelial cell line (BEAS-
2B). Our result demonstrated that the expres-
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Figure 2. UBE2T promotes NSCLC cell proliferation. A. qRT-PCR analysis was performed to detect the expression
of UBE2T in A549 and Calu-3 cells transfected with si-UBE2T or si-NC. B. Cell proliferation was measured by MTT
assay in A549 and Calu-3 cells transfected with si-UBE2T or si-NC. C. EdU proliferation assay was used to detect
the proliferation of cells transfected with si-UBE2T or si-NC. D. Flow cytometry assay showed that UBE2T depletion
significantly increased the percentage of GO/G1 stage in A549 and Calu-3 cells. *P<0.05.

sion of UBE2T was significantly higher in NSCLC
cells than that in BEAS-2B cells (Figure 1C and
1D). These data indicated that UBE2T might
contribute to the development and progress of
NSCLC.

UBE2T promoted NSCLC cells proliferation

Since UBE2T might act as an oncogene in
NSCLC, we explored the biological function of
UBE2T by employing specific siRNAs and con-
firmed knockdown efficiency using gqRT-PCR
(Figure 2A). MTT assay showed that UBE2T
inhibition significantly decreased the prolifera-
tion ability of NSCLC cells compared with con-
trol cells (Figure 2B). EdU proliferation assay
showed that the percentage of EdU positive
cells was significantly decreased cells trans-
fected with si-UBET2 (Figure 2C). Furthermore,
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flow cytometry analysis was used to further
determine whether the function of UBE2T on
NSCLC cell proliferation was by altering cell-
cycle progression. We found that the perc-
entage of cells in GO/G1 phase significantly
increased with UBE2T silencing in NSCLC cell
lines (Figure 2D). These data indicated that
UBE2T regulated NSCLC cells proliferation by
mediating cell cycle.

UBE2T promoted NSCLC cells migration and
invasion

The crucial process of cancer progression was
that cancer cells could degrade extracellular
matrix and penetrate the basement membrane
to adjacent and/or distant tissues [10]. To
assess whether UBE2T regulated the migratory
and invasive ability of NSCLC cells, transwell
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Figure 3. UBE2T promotes NSCLC cells migration and invasion. A. Tran-
swell migration assay showed that UBE2T silencing significantly decreased
the number of migrated cells. B. Transwell invasion assay showed that
UBE2T suppression significantly decreased the number of invaded cells.

*P<0.05.

assays were performed. Migration and invasion
assays revealed that knocked-down of UBE2T
markedly inhibited NSCLC cell migration and
invasiveness compared to control cells (Figure
3A and 3B). Thus, our findings suggested that
UBE2T depletion might decrease malignant
NSCLC cell mobility.

UBE2T knockdown suppressed the activity of
Whnt/B-catenin signaling pathway

As previously revealed, Wnt/B-catenin signaling
pathway plays important roles in the regulation
of cell growth and migration. Thus, we deter-
mine the effect of UBE2T on B-catenin expres-
sion and a few of the downstream genes of the
Wnt/B-catenin signaling pathway, such as,
cyclin D1, c-myc and E-cadherin in NSCLC cells.
As indicated by the Western blot assay, the pro-
tein levels of B-catenin, c-myc and cyclin D1
was significantly decreased in NSCLC cells
transfected with si-UBE2T, while E-cadherin
expression was obviously augmented (Figure
4). Thus, these data indicated that UBE2T
knockdown might suppress NSCLC progression
by regulating Wnt/B-catenin signaling pathway.

Discussion

As the most common malignant disease in the
world, lung cancer is the leading cause of mor-
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still unsatisfactory. Therefore,
it is still urgent to identify
novel and reliable therapeutic
targets to improve the progno-
sis of NSCLC patients.

UBE2T, a new member of ubig-
uitin conjugating enzymes, is
involved in DNA damage repair
in Fanconi pathway [15]. Re-
cent studies have shown that
disruption of UBE2T expres-
sion could directly lead to
Fanconi anemia as wellas an
increase in tumor cell sensi-
tivity to crossing-link agents,
by interfering with the DNA damage-repair
response [16]. Recent studies showed that
UBE2T was overexpressed in prostate cancer,
bladder cancer and nasopharyngeal carcinoma
[8-10Q]. In addition, Hao et al showed that UBE2T
was significantly upregulated in lung cancer tis-
sue and cell lines [17]. However, the function of
UBE2T in NSCLC is still unclear.

In our study, we found that UBE2T was over-
expressed in human NSCLC tissues and cell
lines. In vitro assays showed that UBE2T inhibi-
tion significantly decreased the proliferation
of NSCLC cells compared to control cells. Flow
cytometry analysis revealed that the perc-
entage of cells in GO/G1 phase significantly
increased with UBE2T silencing in NSCLC cell
lines. These data indicate that UBE2T regulates
cell proliferation by mediated cell cycle prog-
ression. Furthermore, migration and invasion
assays revealed that knocked-down of UBE2T
markedly inhibited NSCLC cell migration and
invasion ability compared to control cells. Th-
ose data indicated that UBE2T might act as an
oncogene in NSCLC progression. However, the
underlying mechanisms of UBE2T in NSCLC
remain unclear.

The Wnt/B-catenin signaling pathway is of great
importance in the malignant development of
NSCLC. For example, Rong et al showed that

Int J Clin Exp Pathol 2017;10(9):9482-9488
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highly expressed long non-coding RNA FOXD2-
AS1 promoted NSCLC progression via Wnt/B-
catenin signaling [18]. He et al found that Sox2
inhibited Wnt/B-catenin signaling and meta-
static potency of cisplatin-resistant lung adeno-
carcinoma cells [19]. Zhang et al showed that
MicroRNA-410 acted as oncogene in NSCLC
through downregulating SLC34A2 via activating
Wnt/B-catenin pathway [20]. To shed light on
the precise mechanism underlying in UBE2T
promoted NSCLC cell growth and invasion,
effects of UBE2T on Wnt/B-catenin signaling
pathway was determined. Our data showed
that a significant decrease in the protein levels
of B-catenin, c-myc and cyclin D1 was observed
in NSCLC transfected with si-UBE2T, while
E-cadherin expression was obviously augment-
ed when UBE2T was decreased in NSCLC cells.
These findings suggested that UBE2T suppres-
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