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Comprehensive analysis of differentially expressed
genes reveals the promotive effects of UBE2T
on colorectal cancer cell proliferation
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Abstract. Colorectal cancer (CRC) is one of the most common
malignancies worldwide. Via analysis using The Cancer
Genome Atlas database, the present study identified 1,835
genes that were differentially expressed in CRC, including
811 upregulated and 1,024 downregulated genes. Enrichment
analyses using the Database for Annotation, Visualization
and Integrated Discovery tool revealed that these differen-
tially expressed genes were associated with the regulation of
CRC progression by modulating multiple pathways, such as
‘Cell Cycle, Mitotic’, ‘DNA Replication’, ‘Mitotic M-M/G1
phases’ and ‘ATM pathway’. To identify the key genes in
CRC, protein-protein interaction (PPI) network analysis was
performed and the hub modules in upregulated and down-
regulated PPI networks were identified. Ubiquitin-conjugating
enzyme E2 T (UBE2T), a member of the E2 family, was
identified to be a key regulator in CRC. To the best of our
knowledge, the present study was the first to demonstrate
that UBE2T expression was upregulated in CRC samples
compared with normal tissues. Kaplan-Meier analysis revealed
that higher expression levels of UBE2T were associated with
worse prognosis compared with lower UBE2T expression
levels in CRC. Additionally, the present study demonstrated
that knockdown of UBE2T inhibited CRC cell proliferation.
Flow cytometry assays revealed that UBE2T knockdown
induced cell cycle arrest at G, phase and apoptosis in vitro.
These results suggested that UBE2T may be a novel potential
biomarker for CRC.
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Introduction

Colorectal cancer (CRC) is one of the most common malig-
nancies worldwide (1). In 2017, ~46.9 per 100,000 population
were newly diagnosed with CRC and there are 17.7 per 100,000
CRC-associated deaths annually in the United States (2).
Unhealthy diet, obesity, smoking and genetics may contribute
to CRC, which has been a main cause of tumor-related
morbidities in China (3). Notably, biomarkers for the prognosis
of advanced CRC remain limited. Therefore, it is urgent to
elucidate the molecular mechanisms involved in the regulation
of CRC development.

Ubiquitin-conjugating enzyme E2 (UBE2) T, a member
of the E2 family, serves important roles in modulating cell
proliferation, apoptosis and signal transduction (4-6). For
instance, UBE2T induces hepatocellular carcinoma growth
by enhancing cell cycle progression (6). Additionally, UBE2T
has been demonstrated to regulate the Fanconi anemia
signaling pathway by modulating Fanconi anemia group D2
protein (FANCD2) monoubiquitination, which is a key step
in the DNA damage signaling pathway (7). The upregulation
of UBE2T has been reported in multiple cancer types, and
is associated with the regulation of cancer cell proliferation
and metastasis (8-12), including in gastric (11) and prostate
cancer (12). However, the functional roles of UBE2T in CRC
remain unclear and require further investigation.

The present study analyzed The Cancer Genome Atlas
(TCGA) dataset to identify differentially expressed genes
(DEGs) in CRC. Moreover, protein-protein interaction network
analysis was performed to identify hub regulators in the progres-
sion of CRC. Finally, loss of function assays using short hairpin
RNA (shRNA/sh) was performed to confirm the potential func-
tions of hub gene UBE2T in CRC. The present results indicated
that UBE2T may be a novel key regulator of CRC progression.

Materials and methods

Analysis of public CRC RNA-Seq data. The RNA-Seq data
from TCGA (http://cancergenome.nih.gov/) was utilized to
compare gene expression between CRC and non-tumor tissues.
The genes with llog?2 [fold change (FC)]I>1.0 and P-value <0.05
used as the threshold values.
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Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) enrichment analyses of DEGs. The
Database for Annotation, Visualization and Integrated
Discovery (DAVID; version 6.8; https://david.ncifcrf.
gov/summary.jsp) provides a comprehensive set of func-
tional annotation tools for investigators to understand
the biological meaning behind a number of different
genes (13,14). GO functional annotation and KEGG
analysis of DEGs was performed and visualized using the
ImageGP database (http://www.ehbio.com/ImageGP/index.
php/Home/Index/index.html).

PPI network construction and key module identification. The
PPI network was built using the Search Tool for the Retrieval
of Interacting Genes (STRING; version 10.0) online data-
base (15). Cytoscape (version 3.6.1) is a bioinformatics software
for the visualization of molecular interaction networks (16).
The Molecular Complex Detection (MCODE) plug-in of
Cytoscape was used to find closely connected regions in a
network (17). The PPI network was visualized using Cytoscape
and the most significant module was identified using MCODE.
The selection criteria were as follows: Degree cut-off, 2; node
score cut-off, 0.2; max depth, 100; and k-score, 2.

Cell culture. The RKO cell line was purchased from American
Type Culture Collection and cultured in DMEM (Gibco;
Thermo Fisher Scientific, Inc.) supplemented with 10% FBS
(HyClone; Cytiva) at 37°C under a 5% CO, atmosphere as
previously described (18).

Reverse transcription-quantitative PCR (RT-qPCR).
Total RNA was extracted using a TRIzol® kit (Takara
Biotechnology Co., Ltd.) from RKO cells. RT was conducted
using the PrimeScript RT Reagent kit (Takara Biotechnology
Co., Ltd.). The temperature and duration of RT were: 37°C
For 30 sec, followed by 85°C for 5 sec and 4°C for 10 min.
qPCR was performed using SYBR Premix Ex Taq II (Takara
Biotechnology Co., Ltd.) according to the manufacturer's
protocol. The thermocycling conditions used were as follows:
95°C For 30 sec, followed by 40 cycles of 95°C for 5 sec and
60°C for 40 sec. The following primer pairs were used for
qPCR: UBE2T forward, 5-ATCCCTCAACATCGCAAC
TGT-3' and reverse, 5'-CAGCCTCTGGTAGATTATCAA
GC-3'; and GAPDH forward, 5-"TGACTTCAACAGCGA
CACCCA-3' and reverse, 5'-CACCCTGTTGCTGTAGCC
AAA-3". GAPDH was used as endogenous control. The rela-
tive expression of target genes was calculated using the 2-44¢4
method (19).

Western blotting. The western blot assay was performed
according to a previous report (20). Total protein was
extracted from RKO cells using RIPA lysis buffer
(Beyotime Institute of Biotechnology). The concentration
of proteins was determined using the Bradford method. Cell
lysates (30 pg/lane) were separated using 10% SDS-PAGE
and transferred to PVDF membranes (EMD Millipore).
Then, the membrane was blocked with 5% skimmed milk
for 1 h at room temperature. Next, the membrane was
incubated with primary antibodies at 4°C overnight. The
antibodies used in the present study included GAPDH

(1:5,000; cat no. 10494-1-AP; ProteinTech Group, Inc.),
B-actin (1:1,000; cat. no. ab8227; Abcam), Bcl-2 (1:1,000;
cat. no. sc-492; Santa Cruz Biotechnology, Inc.), cleaved
caspase-3 (1:500; cat. no. 9664; Cell Signaling Technology,
Inc.) and UBE2T (1:2,000; cat. no. 10105-2-AP; ProteinTech
Group, Inc.). After washing with TBST (0.1% Tween) three
times, the membranes were incubated with horseradish
peroxidase-conjugated anti-rabbit IgG secondary antibody
(1:3,000; cat. no. 7074; Cell Signaling Technology, Inc.) at
room temperature for 1 h. Finally, the membrane was visu-
alized using an Immobilon™ Western Chemiluminescent
HRP substrate (EMD Millipore).

Lentivirus vector construction for RNA interference.
Recombinant lentiviral vectors were constructed as previ-
ously described (21). shRNA against UBE2T (shUBE2T,;
5-GCAACTGTGTTGACCTCTATT-3") and shRNA negative
control (shNC; 5'-TTCTCCGAACGTGTCACGT-3") were
purchased from Shanghai GeneChem Co., Ltd. The shRNAs
were annealed and ligated into the linearized GV115 lenti-
viral vector (Shanghai GeneChem Co., Ltd.). Next, 10 ug
pGV115-shControl (Ctrl)/pGV115-shUBE2T were transfected
into 293T cells (Sangon Biotech, Co., Ltd.) with the pHelper
system (Shanghai GeneChem Co., Ltd.) to produce lentiviral
particles. Lentiviruses were harvested after 48 h. Next, RKO
cells were infected and cultured in RPMI-1640 medium with
lentiviruses at a multiplicity of infection of 10 for 48 h at 37°C.
At 48 h after transfection, the transfection efficiency was
determined using reverse transcription-quantitative (RT-q)
PCR and western blotting.

Cell proliferation analysis. An adherent cell cytometry system,
Celigo®, was used to detect the proliferation of CRC cells as
previously described (21).

Colony formation assays. A total of 1,000 RKO cells were
seeded into 6-well plates and cultured with DMEM (Gibco;
Thermo Fisher Scientific, Inc.) at 37°C with 5% CO, for
2 weeks. Subsequently, the colonies were washed with 1 m1 PBS
and fixed with 1 ml 4% paraformaldehyde (Beyotime Institute
of Biotechnology) for 15 min at room temperature. Next, the
colonies were stained with 500 pl Giemsa (Sigma-Aldrich;
Merck KGaA) for 15-20 min at room temperature. Finally,
the colonies were observed under an inverted light micro-
scope (magnification, x200; IX71; Olympus Corporation) and
counted using ImagelJ software (version 4.0; National Institutes
of Health).

Cell cycle and apoptosis assays. At 2 days after transfec-
tion with shUBE2T or shNC lentivirus, RKO cells were
collected, washed twice with PBS and resuspended in staining
buffer containing 0.03% Triton X-100. Subsequently, 5 ul
Annexin V-allophycocyanin (eBioscience; Thermo Fisher
Scientific, Inc.) was added to the cells to detect cell apoptosis,
while 50 ng/ml PI (Sigma-Aldrich; Merck KGaA) was added
to the cells to analyze the cell cycle. Finally, the effects of
UBE2T knockdown on the cell cycle and apoptosis were
detected using a FACSCalibur instrument (BD Biosciences).
The cell cycle was analyzed using the FACSCalibur flow
cytometer (BD Biosciences).
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Figure 1. Identification of differentially expressed genes in CRC. Heatmap analysis showed differentially expressed genes in CRC compared with non-tumor
tissues. Yellow indicates upregulation and blue indicates downregulation. CRC, colorectal cancer.

Statistical analysis. Statistical analysis was performed
using GraphPad Prism v6.0 software (GraphPad Software,
Inc.). All assays were performed three times and data are
presented as the mean * standard deviation. Unpaired
Student's t-test was used to compare differences between
two groups P<0.05 was considered to indicate a statistically
significant difference.

Results

A total of 811 upregulated and 1,024 downregulated genes
were identified in CRC. In the present study, TCGA data
analysis showed 1,835 genes were identified to be DEGs,
including 811 upregulated and 1,024 downregulated genes in
CRC compared to adjacent non-tumor tissues. The heatmap of
DEGs is presented in Fig. 1.

Enrichment analyses of upregulated and downregulated
genes in CRC. To determine the function of the identified
DEGs in CRC, gene enrichment analysis was performed
using DAVID. Enrichment analyses of upregulated and
downregulated genes were performed separately. By
subjecting the upregulated genes to enrichment analysis,
numerous enriched gene sets were observed. Based on bioin-
formatics analysis, the top 15 biological processes related
to upregulated genes included ‘Cell Cycle, Mitotic’, ‘DNA
Replication’, ‘ATM pathway’, ‘Mitotic M-M/G1 phases’,
‘ATR signaling pathway’, ‘M Phase’, ‘Mitotic G1-G1/S
phases’, ‘S Phase’, ‘Mitotic Prometaphase’, ‘E2F transcrip-
tion factor network’ ‘FOXMI transcription factor network’,
‘G2/M Checkpoints’, ‘Activation of ATR in response to
replication stress’, ‘DNA strand elongation’ and ‘Unwinding
of DNA’ (Fig. 2A).

By subjecting the downregulated genes to enrichment
analysis, numerous enriched gene sets were observed. Based
on bioinformatics analysis, the top 15 biological processes
related to down-regulated genes included ‘integrin family cell
surface interactions’, ‘Bl integrin cell surface interactions’,
‘TRAIL signaling pathway’, ‘glypican pathway’, ‘proteoglycan
syndecan-mediated signaling events’, ‘Sphingosine 1-phosphate
(S1P) pathway’, ‘endothelins’, ‘a9 1 integrin signaling events’,
‘glypican 1 network’, ‘nectin adhesion pathway’, ‘IL3-mediated
signaling events’, ‘IL5-mediated signaling events’,
‘GMCSF-mediated signaling events’, ‘epithelial-to-mesen-
chymal transition” and ‘smooth muscle Contraction’ (Fig. 2B).

Construction of upregulated and downregulated PPI networks
in CRC. The STRING online database was used to analyze
the interactions among the DEGs. The results were extracted
and visualized using Cytoscape software. After excluding
the isolated nodes, the final upregulated PPI network was
composed of 649 nodes and 11,747 edges (Fig. 3). The down-
regulated PPI network was composed of 771 nodes and 4,232
edges (Fig. 4).

Identification of hub upregulated and downregulated genes
in CRC. A significant densely connected module was identi-
fied using the MCODE plug-in. The hub upregulated network
included 101 nodes (Fig. 5A). Notably, we found multiple ubiq-
uitin-conjugating enzyme E family members served a key role
in this network, including UBE2T and UBE2C (Fig. 5A). The
bioinformatics analysis demonstrated that this hub network
was associated with ‘DNA metabolic process’, ‘cell cycle
G,/M phase transition’, ‘cellular process’, ‘cell cycle’, ‘regula-
tion of cyclin-dependent protein kinase activity’, ‘cell cycle
G,/S phase transition’, ‘mitotic cell cycle phase transition’,
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Figure 2. Bioinformatics analysis of differentially expressed genes in colorectal cancer. (A) Top 15 biological processes enriched in upregulated genes. (B) Top
15 biological processes enriched in downregulated genes. ATM, ATM serine/threonine kinase; ATR, ATR serine/threonine kinase; E2F, E2 transcription factor;
FOXM1, forkhead box M1; TRAIL, TNF superfamily member 10; SIP, sphingosine-1-phosphate; GMCSF, granulocyte-macrophage colony-stimulating factor.

‘regulation of cell cycle’, ‘mitotic sister chromatid segrega-
tion’, ‘cell proliferation’, ‘regulation of cell cycle process’, ‘cell
cycle’, ‘mitotic cell cycle process’, ‘microtubule-based move-
ment’, ‘cytokinesis’, ‘response to radiation’, ‘single-organism
process’, ‘mitotic nuclear division’, ‘regulation of cellular
process’, ‘meiotic cell cycle’ and ‘regulation of microtubule
cytoskeleton organization’ (Fig. 6A).

The hub downregulated network included 15 nodes
(Fig. 5B). The bioinformatics analysis demonstrated that
this hub network was associated with ‘Chemokine signaling
pathway’, ‘response to external stimulus’, ‘G-protein coupled
receptor signaling pathway’, ‘cellular response to stimulus’,

‘regulation of biological quality’ and ‘negative regulation of
cellular processes’ (Fig. 6B).

Higher UBE2T expression in CRC samples is associated
with shorter survival time. The present study focused on
UBE2T, which had been reported to be a key role in the
DNA damage repair pathway via FANCD2 monoubiquiti-
nation (22,23). To the best of our knowledge, the molecular
functions of UBE2T in CRC remain unclear. In aforemen-
tioned bioinformatics analysis, it was reported that UBE2T
is a key regulator in hub network 1 (Fig. 5A) and involved in
regulating cell proliferation, cell cycle and DNA metabolic
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Figure 3. PPI network analysis of upregulated DEGs in colorectal cancer. The upregulated PPI network was composed of 649 nodes and 11,747 edges. Red
indicates genes with more connections with other genes, blue indicates genes with less connections with other genes. PPI, protein-protein interaction.

process (Fig. 6A). TCGA analysis revealed that UBE2T
RNA expression was upregulated in colon adenocarcinoma
(COAD) (Fig. 7A) and rectum adenocarcinoma (READ)
(Fig. 7B) samples compared with adjacent non-tumor
tissues. Kaplan-Meier analysis revealed that high UBE2T
expression was associated with shorter overall survival time
in CRC, despite the difference is not significant enough
(P>0.05; Fig. 7C).

Knockdown of UBE2T inhibits CRC cell proliferation. To
investigate the molecular functions of UBE2T in CRC,
lentivirus-mediated knockdown of UBE2T in RKO cells was
performed. RT-qPCR and western blotting demonstrated
that both the RNA and protein expression levels of UBE2T
were reduced in RKO cells infected with shUBE2T lenti-
virus compared with cells infected with control lentivirus
(Fig. 7D and E). Furthermore, western blot analysis of Bcl-2
and cleaved caspase 3 and an Annexin V/FACS kit were used
to detect cell apoptosis after knockdown of UBE2T in RKO
cells. UBE2T knockdown induced a reduction in Bcl-2 expres-
sion and an increase in cleaved caspase 3 protein expression in
RKO cells (Fig. 7F). The percentage of apoptotic RKO cells

was significantly increased in the UBE2T knockdown group
compared with the control group (Fig. 7G and H). These results
demonstrated that UBE2T was associated with the regulation
of apoptosis in CRC.

To detect the effects of UBE2T knockdown on prolifera-
tion in RKO cells, a Celigo® assay was used to monitor cell
proliferation for 5 days (Fig. 8A and B). Knockdown of
UBE2T exerted a significant impairment on cell proliferation
from day 3 compared with the normal group (Fig. 8A and B).

Knockdown of UBE2T induces cell cycle arrest. A colony
formation assay was performed to validate the role of UBE2T
in the regulation of CRC cell proliferation. The results
demonstrated that UBE2T knockdown in RKO cells induced
a decrease in colony formation compared with the control
group (Fig. 8C and D). The number of colonies in the UBE2T
knockdown group was reduced by ~50% compared with the
control group (Fig. 8C and D).

The abnormal regulation of the cell cycle and apoptosis
contributes to proliferation in cancer cells (24). To investigate
the roles of UBE2T in the cell cycle and apoptosis, a series
of flow cytometry assays was performed. Using a PI/FACS
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Figure 4. PPI network analysis of downregulated DEGs in colorectal cancer. The downregulated PPI network was composed of 771 nodes and 4,232 edges.
Red indicates genes with more connections with other genes, blue indicates genes with less connections with other genes. PPI, protein-protein interaction.

kit, it was revealed that the percentage of cells in the S phase
was significantly reduced in UBE2T knockdown RKO cells
compared with the control group. However, the percentage of
cells in the G, phase was significantly increased in UBE2T
knockdown RKO cells compared with the control group,
suggesting that the UBE2T gene was associated with cell cycle
regulation (Fig. 8E and F).

Discussion

Identification of key regulators that contribute to cancer
progression is critical for cancer diagnosis and treatment. In

the present study, 1,835 genes were identified to be DEGs,
including 811 upregulated and 1,024 downregulated genes.
Bioinformatics analysis revealed that these DEGs were
associated with the regulation of cell proliferation of CRC
by modulating multiple pathways, including mitotic nuclear
division, response to radiation, Cell cycle, mitotic cell cycle
process, mitotic sister chromatid segregation, cell proliferation
and DNA metabolic process.

To identify hub genes in CRC, PPI networks were
constructed and two hub networks were revealed. Among
them, the upregulated hub network included 101 nodes and the
downregulated hub network included 15 nodes. Most of these
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Figure 5. Hub protein-protein interaction network analysis of differentially expressed genes in colorectal cancer. (A) Hub upregulated network including 101
nodes and 4,765 edges. (B) Hub downregulated network including 15 nodes and 105 edges. Red indicates genes with more connections with other genes, blue
indicates genes with less connections with other genes.

genes have been reported to serve a crucial role in human  kinase PLK4 expression promotes tumor progression and
CRC (25-28). For example, high serine/threonine-protein  induces epithelial-mesenchymal transition by regulating the
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Wnt/p-catenin signaling pathway in CRC (25). Serine/threo-  Cell division cycle-associated protein 3 mediates p21-depen-
nine-protein kinase PLK1 has tumor-suppressive potential in  dent proliferation by regulating E2F transcription factor 1
adenomatous polyposis coli-truncated colon cancer cells (26).  expression in CRC (27). Mitotic checkpoint kinase monopolar
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spindle 1/TTK protein kinase is associated with the prognosis
of patients with colon cancer and regulates tumor cell prolif-
eration and differentiation via the protein kinase C a/ERK1/2
and PI3K/Akt signaling pathways (29). PDZ binding
kinase/T-lymphokine-activated killer cell-originated protein
kinase interacts with the DNA-binding domain of tumor
suppressor p53 and modulates the expression of transcriptional
targets, including p21 (30).

Notably, the present study identified that multiple members
of ubiquitin-conjugating enzyme E family served a key role
in CRC, which have been reported to modulate the progres-
sion of human cancer, such as UBE2T (11) and UBE2C (31).
In previous reports, ubiquitin-conjugating enzyme E family
members have been identified to regulate cancer develop-
ment (32,33). For instance, UBE2C expression is higher in

late-stage tumors compared with in early-stage tumors (32).
Ubiquitin-conjugating enzyme UBE20 has been reported to
regulate the cellular clock function by promoting the degra-
dation of the transcription factor aryl hydrocarbon receptor
nuclear translocator-like protein 1 (33). UBE2T is a member of
the ubiquitinconjugating enzyme family. The ubiquitin-prote-
asome signaling pathway serves a key role in cell proliferation
and DNA damage repair (28,34,35). UBE2T expression has
been reported to be upregulated in multiple types of tumors,
such as prostate cancer and lung cancer (6,8,9,11,12,36,37).
However, to the best of our knowledge, the association between
UBE2T and CRC has not been investigated. Furthermore,
to the best of our knowledge, the present study was the first
to demonstrate that UBE2T expression was upregulated in
COAD and READ samples compared with normal tissues.
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Figure 8. Knockdown of UBE2T suppresses colorectal cancer cell proliferation and colony formation but induces cell cycle arrest. (A) Celigo® assay revealing
that the cell numbers in UBE2T-knockdown RKO cells were significantly reduced compared with the control group. Magnification, x100. (B) Quantification
of the cell numbers in UBE2T knockdown RKO group and control group. (C) Colony formation assay showed Knockdown of UBE2T suppressed cell colony
formation of RKO cells compared with the control group. (D) Quantification of the colony numbers after knockdown of UBE2T in RKO cells compared
with the control group. (E) Flow cytometry assays showed cell cycle distribution of RKO cells after UBE2T knockdown. Y-axis represent cell numbers.
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Kaplan-Meier analysis revealed that higher levels of UBE2T
were associated with worse prognosis compared with low
UBE2T expression levels in CRC. Additionally, the present
study revealed that knockdown of UBE2T inhibited CRC cell
proliferation. Flow cytometry assays revealed that UBE2T
knockdown induced cell cycle arrest and apoptosis in vitro.

In summary, the present study screened DEGs in CRC.
Further validation demonstrated that UBE2T expression was
upregulated in CRC and knockdown of UBE2T inhibited the
proliferation of CRC cells by inducing cell cycle arrest and
apoptosis. These results indicated that UBE2T may be a novel
potential biomarker for CRC.
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