Am J Cancer Res 2020;10(12):4178-4197
www.ajcr.us /ISSN:2156-6976/ajcr0121655

Original Article

Oncogene UBE2I enhances cellular invasion, migration
and proliferation abilities via autophagy-related pathway
resulting in poor prognosis in hepatocellular carcinoma
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Abstract: Hepatocellular carcinoma (HCC) is a worldwide malignancy with high morbidity and mortality. In this study,
ubiquitin conjugating enzyme E2I (UBE2I), a small ubiquitin-like modifier E2 enzyme reportedly expressed in tumors,
was examined for its potential effects in HCC. Bioinformatics analysis was performed based on HCCDB, TIMER, and
Kaplan-Meier plotter databases to explore the clinical implications in HCC. An siRNA kit was used to downregulate
UBE2I, and in vitro experiments-including migration, invasion and proliferation assays-were performed to examine
UBE2I expression in HCC. Western blot (WB) was used to determine whether downregulated UBE2I expression influ-
enced the prognosis of HCC via autophagy pathways. Finally, RNA-sequencing was performed to explore candidate
molecular mechanisms underlying the effect of UBE2I. Bioinformatics analysis including stratification by alcohol
ingestion and hepatitis status in HCC showed that highly expressed UBE2I was not only correlated with poor progno-
sis, but was also associated with immune infiltrates. In vitro experiments showed that high expression of UBE2I was
associated with increased migration, invasion and proliferation of HCC cells. WB results indicated that downregulat-
ed expression of UBE2I was associated with higher levels of autophagy-related proteins including LC3A/B, Beclin-1
and ATG16L1. Moreover, RNA-sequencing results suggested that UBE2I was involved in hepatocarcinogenesis, non-
alcohol fatty liver disease, steatohepatitis, liver fibrosis, inflammation, hepatoblastoma, tumor angiogenesis, type
2 mellitus diabetes, biliary tract disease and other diseases. We conclude that oncogene UBE2I is associated with
poor prognosis of HCC via autophagy pathways and may be involved in hepatocarcinogenesis, tumor angiogenesis,
non-alcohol fatty liver disease and inflammation.
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Introduction

Hepatocellular carcinoma (HCC) is the sixth
most common malignant tumor and ranks as
the third leading cause of tumor-related deaths
worldwide [1]. Due to delays in the early diagno-
sis of HCC, the disease has resulted in higher
mortality worldwide [2, 3]. Although several
novel chemotherapeutic drugs have been intro-
duced in clinical applications, surgery remains
the most effective treatment for HCC patients
[1]. However, surgical resection is limited in
treating HCC due to the high incidence of re-
currence, as well as intrahepatic and extra-he-

patic metastasis [4-6], which means that the
long-term survival of HCC patients remains
poor. The highly sensitive biomarker alpha-feto-
protein has been used to predict the clinical
survival of HCC patients after surgical resec-
tion, but the results have been unsatisfactory
[7]. Therefore, it is critical to identify novel
markers involved in the molecular mechanisms
of HCC for early diagnosis and long-term sur-
veillance.

In contrast to other post-translational modifica-
tions such as phosphorylation and acetylation,
sumoylation adds a small ubiquitin-like modifi-
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er (SUMO) polypeptide to the e-amino group of
lysine residues [8-10]. In humans, there are
four SUMO proteins, SUMO 1, 2, 3 and 4 [11].
SUMO 2 and 3 are highly homologous to each
other and are similar to SUMO 1 [8, 10]. Re-
miniscent of ubiquitination, sumoylation is cat-
alyzed by a three-enzyme cascade, which is
composed of a single heterodimeric E1 activat-
ing enzyme, a single E2 conjugating enzyme
and multiple E3 ligases [9, 10]. From yeast
to humans, ubiquitin conjugating enzyme E2I
(UBE2I), previously named ubiquitin conjugat-
ing enzyme 9 (UBC9), is the single SUMO E2
enzyme and thus provides a convenient inter-
vention point for globally interrogating how
sumoylation modulates many kinds of biologi-
cal processes in these species [11]. In adipose
tissue, UBE2I expression is positively associat-
ed with a marker of insulin resistance and cor-
responds with impaired browning of human
white adipocytes, while the UBE2I/microRNA-
30a axis regulates mitochondrial activity in hu-
man white adipocytes [12]. In lung cancer,
Ping et al. demonstrated that upregulated
UBE2I promotes cell invasion and metastasis
of lung cancer cells, suggesting an important
role in cancer progression [13]. In epithelial ov-
arian cancer, Li et al. showed that UBE2I pro-
motes cell proliferation and therefore plays a
pivotal role in this cancer through the PI3K/AKT
pathway [14]. In glioma, Shengkui et al. found
that UBE2I, also upregulated in glioma tissues,
is negatively correlated with the prognosis of
patients with glioma, indicating it may be a
prognostic indicator of glioma [15]. Given the
above research focused on UBE2I in tumors,
we explored the potential role of UBE2] in HCC
by bioinformatics analysis and functional ex-
periments and identified candidate molecular
mechanisms underlying the involvement of UB-
E2l in HCC progression.

Materials and methods

Analysis of differential expression and prog-
nostic significance

The tumor immune estimation resource (TIM-
ER; https://cistrome.shinyapps.io/timer/) data-
base was used for differential analysis of
UBE2Il in humans and immune infiltrates in
HCC [16, 17]. In addition, the HCCDB (http://
lifeome.net/database/hccdb/home.html) data-
base was used to explore the prognostic sig-
nificance of UBE2l in HCC and related co-
expressed proteins [18].
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Validation of prognostic significance and con-
struction of a gene-gene interaction network
using gene ontology (GO) terms and KEGG
pathways of UBE2I-related co-expressed genes

For validation of differential expression and its
prognostic significance, Gene Expression Pro-
filing Interactive Analysis (GEPIA, http://gepia2.
cancer-pku.cn/#index) [19] and Kaplan-Mei-
er plotter (https://kmplot.com/analysis/index.
php?p=service&cancer=liver_rnaseq) [20] da-
tabases were employed to examine prognos-
tic significance to perform a stratified analy-
sis by gender and race of UBE2l in HCC.
Moreover, a gene-gene interaction network
was visualized via geneMANIA plugin of Cy-
toscape version 3.8.0 [21, 22]. To further ex-
plore potential molecular mechanisms underly-
ing UBE2I involvement in HCC, UBE2I and its
co-expressed related genes were used to con-
struct an interaction network using the CluGO
plugin of Cytoscape version 3.8.0 software
[23]. Co-expressed genes were identified from
the Cbioportal (https://www.cbioportal.org/)
database [24, 25].

Cell culture and cell transfection, RT-PCR and
WB assays

To further determine the functions of UBE2|
in HCC, HCCM and Huh7 cell lines were kindly
provided by Prof. Guo-Dong Lu, National univer-
sity of Singapore and were used for in vitro
experiments [26]. Cells were cultured in high
sugar Dulbecco’s Modified Eagle’'s Medium
(DMEM, Gibco, 8120113) with 10% fetal bovine
serum (Bl, 1903226), 1% of 100 U/mg penicil-
lin and 100 pg/ml streptomycin (Solarbio,
20191203). Cells were cultured in 5% CO, at
37°C. siRNA for UBE2l was purchased from
the Ribobio company (siBDM1999A). Antibodi-
es against UBE2Il and GAPDH for western blot
(WB) were purchased from Abcam (ab75854)
and Aksomics (KC-5Gb5), respectively. Liposo-
me lipo6000 was purchased from Beyotime
(C0526).

Cell transfection was performed according to
company instructions in five groups as fol-
lows: 5 yl of siRNA (1, 2, 3) +5 pl Lipo6000
transfection reagent, negative control (NC, 5 pl
NC + 5 pl Lipo6000 transfection reagent), and
mock group (5 yl DMEM + 5 ul Lipo6000 tr-
ansfection reagent). Cells were treated with the
siRNA mixtures for 6 h, then washed with ster-
ile PBS and cultured in DMEM with 10% fetal
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bovine serum. The cells were extracted 48 h
later using TRIzol reagent (Invitrogen, 1559-
6026) to obtain total RNA for RT-PCR, or were
lysed in RIPA reagent (Solarbio, RO010) after
72 h to obtain total protein for WB. Relative
MRNA expression in the different groups was
compared using the 22T method. Primers for
UBE2I and GAPDH were as follows: UBE2|
Forward: AAAAATCCCGATGGCACGATG, Rever-
se: CTTCCCACGGAGTCCCTTTC; GAPDH For-
ward: GTCAGCCGCATCTTCTTT, Reverse: CGC-
CCAATACGACCAAAT. WB assays were perfor-
med to determine protein expression in the dif-
ferent groups.

Assays of cell invasion, migration and prolif-
eration ability

Cell invasion ability was determined by Trans-
well assay. Matrix gels (8.7 mg/ml, 356234)
was diluted according to instructions and was
added to the upper chamber of Transwell plat-
es (3422, Corning). A total of 1 x 10° cells was
resuspended using DMEM and seeded in the
upper chamber. The lower chamber received
800 pl medium containing FBS, penicillin and
streptomycin. After 24 h, the Transwell cham-
bers were firstly fixed in 800 pl of methanol and
then stained in Crystal Violet Stain solution for
30 min. Then, cells were counted under the
microscope before comparison.

Cell migration ability was determined using a
wound healing assay. Cells were seeded in a
six-well plate. Cell monolayers were scratched,
and wound healing was assessed by measur-
ing the gap distance at 0, 24 and 48 h. Cell
proliferation assays were performed using MTT
method (BB-4201, Bestbio). Cells transfected
at 48 h were seeded into 96-well plates at
2000 cells/well. Then, cells were treated with
10 ul of MTT solution and incubated for 4 h.
The cells were then extracted using 150 pl of
MTT dissolving solution and mixed at low
speed. Optical density was measured at 550
nm.

Determination of autophagy-related pathways
of UBE2I

To further explore whether UBE2I utilizes an
autophagy pathway, the Autophagy Antibody
Sampler Kit (Cell Signaling Technology, #4445),
including LC3A/B, ATG3 and Beclin-1 antibod-
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ies, was used for WB assay. Antibodies against
these proteins were purchased from Cell Si-
gnaling Technology and diluted according to
instructions. GAPDH was used as an internal
control.

Further exploration of molecular mechanisms
by RNA-sequencing analysis

We next explored molecular mechanisms by
RNA-sequencing analysis using the DESeq?2
method in HCCM and Huh7 cells in Novogene
company [27]. First, differentially expressed
genes (DEGs) were determined using the follow-
ing criteria: |log,FoldChange| > O, adjusted P <
0.05. Then, enrichment analysis of GO terms,
Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathways, Reactome pathways, disea-
se ontology (DO) terms and DisGeNET was per-
formed to further explore candidate molecular
mechanisms underlying UBE2I involvement.

Statistical analysis

Graphpad 8.0 was used to construct box plots.
Unpaired t-test was employed for comparisons
for each two groups. Kaplan-Meier plots were
constructed for survival analysis. Image J soft-
ware was used for densitometric analysis. P <
0.05 was considered statistically significant.

Results

Analysis of differential expression and clinical
significance

Analysis of differential expression showed that
UBE2l was differentially expressed in several
cancers, including HCC, bladder urothelial car-
cinoma, breast invasive carcinoma, cholangio
carcinoma, colon adenocarcinoma, lung ade-
nocarcinoma, rectum adenocarcinoma, kidney
renal clear cell carcinoma, and others (all P <
0.001, Figure 1A). Immune infiltrate analysis
indicated that UBE2I expression was positively
correlated with B cell, CD8+ T cell, macroph-
age, neutrophil and dendritic cell infiltration
levels (all P < 0.001, Figure 1B) but not with
cell purity or CD4+ T cell infiltration. In addi-
tion, the HCCDB database showed that pati-
ents with high expression of UBE2| exhibited
poor prognosis in HCC (Log-rank P = 0.011,
Figure 1C). Co-expression network analysis in-
dicated that UBE2I was associated with CFL1,
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Figure 1. Clinical analysis of UBE2I in HCC. A: Differential expression analysis of UBE2I in various cancers. B: Analy-
sis of UBE2I expression and immune infiltrates. C: Survival analysis of UBE2I expression in HCC (low = 178, high =
178). D: Co-expression network of UBE2| and co-expression-related genes.

RNPS1, HSBP1, MAPK3, THOC6, STMN1, CL-
IC1, SFT2D1, G6PD, LCMT4, ALDOA, and others
(Figure 1D).

Validation of differential expression, prognos-
tic significance and molecular mechanisms of
related co-expressed-genes

Differential expression of UBE2| was validat-
ed in the GEPIA database, which showed that
UBE2I was differentially and highly expressed
in HCC compared with non-tumorous tissue (P
< 0.05, Figure 2A). A gene-gene interaction net-
work was constructed which indicated that
UBE2I had physical interactions with MITF,
RANGAP1, RAD52, ETV6, and other proteins
(Figure 2B). The prognostic significance of UB-
E2I was validated by the Kaplan-Meier plotter
website, which showed that high expression of
UBE2I was associated with poor OS, RFS, PFS,
and DSS in HCC (Log-rank P = 0.016, 0.013,
0.011 and 0.015, respectively; Figure 2C-F).
Then, stratified analysis according to HCC risk
factors-alcohol consumption and hepatitis in-
fection status-was performed for overall sur-
vival (0S), recurrence-free survival (RFS), pro-
gression-free survival (PFS) and disease-spe-
cific survival (DSS). In an alcohol-drinking po-
pulation, high expression of UBE2| was associ-
ated with poor prognosis only for RFS (Log-rank
P = 0.047, Figure 3E) not others (Figure 3A, 3l,
3M). However, in a non-drinking population,
high expression of UBE2I was associated with
poor prognosis for OS, RFS, PFS and DSS (all P
< 0.05, Figure 3B, 3F, 3J, 3N). In a hepatitis-
infected population, UBE2I expression did not
show any significant differences (Figure 3C,
3G, 3K, 30). Nonetheless, high expression of
UBE2I was associated with poor prognosis for
0S, RFS, PFS and DSS (all P < 0.05, Figure 3D,
3H, 3L, 3P).

The top 100 co-expressed genes related to
UBE2I were determined and are shown in Table
S1. These results indicated that these genes
were involved in protein targeting in peroxi-
some, glycolysis, positive regulation of ubiqui-
tin-protein transferase activity, protein homo-
tetramerization, regulation of chromosome se-
gregation, regulation of chromatid segregation,
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central carbon metabolism in cancer, NADP
binding and spliceosome snRNP complex, am-
ong others (Figure 4).

Downregulation of UBE2I expression by siRNA
and assays of migration, invasion and prolif-
eration

Downregulating expression of UBE2| was per-
formed using an siRNA kit. Real-time PCR and
WB consistently indicated that siRNA 2 (Si 2)
was the most effective at suppressing UBE2I
expression (Figure 5A-F). Therefore, siRNA 2 (Si
2) was used for further experiments.

In invasion assays, downregulating UBE2! re-
duced cell movement through the transwell
membrane compared with the NC group for
both HCCM and Huh7 cells (both P < 0.001,
Figure 6A-F), which indicated lower invasive
capacity resulting from down-regulated expres-
sion of UBE2I. In migration assays, downregu-
lating UBE2I resulted in reduced migration dis-
tance compared to the NC group for both HCCM
and Huh7 cells at 24 h and 48 h (all P < 0.001,
Figure 7A-D), which indicated lower migratory
capacity produced by downregulated UBE2I
expression. Proliferation assays showed that
downregulation of UBE2/ induced lower OD val-
ues compared with the NC group at O h, 24 h,
48 h and 72 h (all P < 0.05, Figure 8A, 8B),
indicating lower proliferative ability with down-
regulated UBE2I expression. However, there
was no significant difference between OD val-
ues in Huh7 cells at 24 h.

Involvement of autophagy-related pathways in
UBE2I expression

To determine if UBE2l expression influences
the prognosis of HCC via an autophagy path-
way, we tested autophagy pathway-related pro-
teins including LC3A/B, Beclin-1 and AGT16L1.
WB results indicated that high expression of
UBE2Il was accompanied by low expression of
LC3A/B, Beclin-1 and AGT16L1 in HCCM and
Huh7 cells compared with downregulated UB-
E2I expression, especially in HCCM cells (all P <
0.05, Figure 8C, 8D). However, there was no
significant difference between the two groups
in terms of ATG16L1 expression in Huh7 cells.
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Figure 4. Interaction network of candidate molecular mechanisms involving UBE2I and co-expression-related genes.

Molecular mechanisms underlying UBE2I
involvement in HCC by RNA-sequencing

We further examined molecular mechanisms
underlying UBE2I involvement in HCC by the
RNA-sequencing method. A total of 166 DEGs,
including 74 upregulated and 92 downregulat-
ed genes, were identified in HCCM cells. Me-
anwhile, 1883 DEGs, including 845 upregulat-
ed and 1038 downregulated genes, were iden-
tified in Huh7 cells (Figure 9A, 9B). A total of 27
DEGs intersected in the above two cell lines
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(Figure 9C). Details of DEGs in HCCM and Huh7
cells and intersecting DEGs are shown in Ta-
bles S2, S3, S4. Additionally, enrichment of GO
terms and KEGG pathways showed the involve-
ment of serine-type endopeptidase inhibitor
activity, peptidase regulator activity, organic
anion transmembrane transporter activity, ex-
tracellular matrix binding, laminin binding, wo-
und healing, high-density lipoprotein particle,
regulation of hemostasis, complement and co-
agulation cascades, among others (Figure 9D-
G).
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We then analyzed enrichment of reactome pa-
thways, DO and DisGeNET. In the reactome
pathway, we saw enrichment of perioximal pro-
tein import, plasma lipoprotein assembly, re-
modeling, formation of fibrin clot (clotting cas-
cade), platelet degranulation, metabolism of
vitamins and cofactors (Figure 10A, 10B). In
DO, there was enrichment of liver disease, hep-
atitis, fatty liver disease, bile duct disease, bili-
ary duct disease, obesity, lipid storage disease,
type 2 mellitus diabetes and pancreas disease
(Figure 10C, 10D). In DisGeNET, enrichment
was seen for hepatocarcinogenesis, tumor an-
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giogenesis, inflammation, steatohepatitis, fatty
liver, non-alcoholic fatty liver disease, hepato-
blastoma and liver fibrosis (Figure 10E, 10F).

Discussion

SUMO is a highly conserved protein family that
is involved in protein modification after transla-
tion [28]. Although similar to ubiquitination in
several aspects such as structure, conjuga-
tion process and attachment to targets, SU-
MOylation is different from ubiquitination in
its biological consequences [28]. SUMOylation

Am J Cancer Res 2020;10(12):4178-4197
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in the siRNA-2 groups of HCCM and Huh7 cells. C, D: Results of cell invasion
assays in the negative control groups for HCCM and Huh7 cells. E, F: Histo-
grams comparing the two groups of HCCM and Huh7 cells.

has been implicated in the modulation of tr-
anscriptional activity, protein activity, subcellu-
lar localization and protein-protein interactions
[29, 30]. The ubiquitination pathway employs
many kinds of E2-conjugating enzymes for its
metabolism [9]. In contrast, UBE2I is the only
known E2-conjugating enzyme in the SUMO
pathway and has been documented in yeast,
invertebrates and vertebrates [31-33]. SUMO-
ylation modulates a great number of cellular
processes such as DNA replication and repair,
chromosome integrity and segregation, signal
transduction, cell cycle progression and nucle-
ar transport, among others [34-37]. In agree-
ment with previous reports, our study showed
that UBE2l and its co-expression-related ge-
nes participated in protein targeting to pero-
xisome, NADP binding, central carbon metabo-
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Huh7 Si2

Huh7 NC

Si2

Huh7 cell

k%

lism in cancer, meiosis, pro-
tein homotetramerization, po-
sitive regulation of ubiquit-
in-protein transferase activi-
ty, regulation of chromosome
segregation, regulation of si-
ster chromatid segregation,
glycolysis and regulation of
insulin secretion involved in
cellular response to glucose
stimulus.

More recently, research has
demonstrated that UBE2I can
play an important role with-
out relying on SUMOylation
to regulate cell growth [38,
39]. These studies suggested
that changing UBE2I expres-
sion could influence cell gr-
owth and functions. For ins-
tance, Beck et al. suggested
that overexpression of a UB-
E2l dominant-negative mu-
tant was linked to increased
drug sensitivity in breast can-
cer [40]. In yeast, defects in
UBE2l expression induce in-
creased sensitivity to genoto-
xic drugs [41]. In breast can-
cer, Mo et al. showed evi-
dence that UBE2I promoted
metastasis and invasion in
a SUMOylation-independent
manner via downregulation of
a putative tumor suppressor
microRNA-224 [42]. Su et al. suggested that
high expression of UBE2I was correlated with
poor response to chemotherapy and poor prog-
nosis [43]. These research studies consistently
indicate an oncogenic role for UBE2| expres-
sion in breast cancer.

NC

In lung cancer research, He et al. demonstrat-
ed that high expression of UBE2I led to in-
creased cell migration and invasion and sug-
gested that it plays a pivotal role in lung can-
cer by promoting cell migration and invasion
[43]. In osteosarcoma, Wu et al. revealed that
downregulation of UBE2l suppressed tumo-
rigenesis and enhanced chemosensitivity to
HSV-TK/GCV by modulating connexin-43 SU-
MOylation [44]. Ran et al. found that UBE2I
expression played a pivotal role in tumorigene-

Am J Cancer Res 2020;10(12):4178-4197
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Figure 7. Results of cell migration assays. A, B: Results of cell invasion assays of HCCM and Huh7 cells. C, D: Histo-
grams comparing the two groups of HCCM and Huh7 cells at O, 24 and 48 h.

sis and tumor progression of squamous cell
carcinoma of the head and neck [45]. Sheng-
kui et al. examined aberrant expression of
microRNA-214 and UBE2I and found that high
expression of UBE2l and low expression of
microRNA-214 was associated with the poor-
est OS and was an independent prognostic
predictor of glioma [15]. Their further stratifica-
tion analysis demonstrated that high expres-
sion of UBE2l and low expression of microR-
NA-214 were obviously correlated with poor 0S
of glioma patients with high pathological grad-
es [15]. The above studies thus suggested an
oncogenic role for UBE2I expression in these
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malignancies. Parallel with them, we revealed
an oncogenic role of UBE2I affecting HCC prog-
nosis as assessed by OS, RFS, PFS and DSS.
In addition, stratification analysis according to
alcohol ingestion and hepatitis status suggest-
ed that high expression of UBE2| was an indica-
tor of poor prognosis in HCC as well.

Autophagy is a catabolic mechanism and in-
fluences the growth of tumor cells. Autophagy
maintains body development, aging and de-
generation like a two-edged sword according
to its changing activity [46]. Autophagy has
been implicated as a disease-associated fac-
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tor that is regulated in the liver cells of humans
with liver diseases and accounts for the devel-
opment and progression of various liver diseas-
es such as hepatitis, steatosis, fibrosis, cirr-
hosis and HCC [47-50]. Autophagy protects
liver cells from injury and cell death by elimin-
ating injured organelles and proteins associat-
ed with liver diseases [51]. Beclin-1 is a key
protein in the formation of autophagosomes
[52]. LC3-1 is transformed to LC3-Il during au-
tophagy and an increase in the LC3-1I/LC3-I
ratio indicates an enhancement of autophagy
levels [53].

Jiang’s study focused on the role of matrine in
HCC and showed that matrine could inhibit ce-
Il proliferation, migration and invasion and
promote autophagy in HCC by regulating the
circ_0027345/miR-345-5P/HOXD3 axis [54].
In agreement with this study, our research sh-
owed that silencing UBE2I expression led to
decreased cell migration, invasion and proli-
feration and promoted protein expression of
LC3A/B, Beclin-1 and ATG16L1 in the autopha-
gy pathway in HCC cells. By inhibiting UBE2I
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expression to decrease the IC50 value of do-
xorubicin in HCC cells, Guo et al. showed that
downregulating UBE2I could increase the sen-
sitivity of HCC to doxorubicin [28]. They furth-
er demonstrated that downregulation of UBE2I
has an apparent effect on the mitogen-activat-
ed protein kinase signaling pathway [28]. Re-
cently, Lou et al. found that UBE2I promotes
metastasis and was correlated with poor prog-
nosis in HCC [55]. They suggested that down-
regulating UBE2I expression significantly inhib-
ited the migration and invasion of HCC cells.
Consistent with their results, our study found
that knockdown of UBE2I decreased cell migr-
ation, invasion and proliferation. In addition, Lu
et al. showed that loss of inhibition by has-miR-
195-3P and dysregulation of UBE2I promoter
methylation were associated with the overex-
pression of UBE2I in HCC. In contrast, we ex-
plored whether changing UBE2| expression in-
fluenced expression of autophagy pathway-re-
lated proteins and found that UBE2l knock-
down was associated with high expression of
autophagy pathway-related proteins, including
LC3A/B, Beclin-1 and ATG16L1 in HCC cells.
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Furthermore, we explored possible molecular
mechanisms of UBE2l using the RNA-sequ-
encing method. RNA-sequencing results indi-
cated enrichment in GO terms and KEGG pa-
thways involving serine-type endopeptidase
inhibitor activity, peptidase regulator activity,
organic anion transmembrane transporter ac-
tivity, extracellular matrix binding, laminin bin-
ding, wound healing, high-density lipoprotein
particle, regulation of hemostasis, complement
and coagulation cascades. Enrichment analy-
sis including the reactome pathway, DO, and
DisGeNET was then performed. Results sug-
gested involvement in hepatocarcinogenesis,
tumor angiogenesis, inflammation, steatohepa-
titis, fatty liver, non-alcoholic fatty liver disease,
hepatoblastoma, liver fibrosis, hepatitis, biliary
duct disease, obesity, lipid storage disease,
type 2 mellitus diabetes, pancreas disease,
perioximal protein import, plasma lipoprotein
assembly and remodeling. To date, a great deal
of research has focused on non-alcohol fatty
liver disease [56], liver fibrosis [57, 58], hepa-
titis [59], steotohepatitis [60, 61], obesity [62]
and type 2 diabetes mellitus [63] and has im-
plicated them in the occurrence and progres-
sion of HCC. Therefore, we have good reasons
to believe that UBE2I may be involved in HCC
through its relationship with the above dise-
ases. However, this hypothesis needs further
validation.

There were some limitations in the study that
should be recognized. First, in vivo experiments
need to be performed to explore the molecular
mechanisms. Second, RNA-sequencing results
need to be further validated in future studies.
Third, associations between UBE2I expression
and clinical pathological factors should be in-
vestigated. Then, relationship between overex-
pression of UBE2Il and cell lines should further
be attempted to validate. Moreover, RNA-se-
quencing results should be verified in the near
future work.

Conclusion

We found that UBE2I was not only differentially
expressed in HCC but also showed prognostic
significance and association with immune infil-
trates in HCC. In vitro experiments demonstrat-
ed that high expression of UBE2I was associat-
ed with increased cell migration, invasion and
proliferation of HCC cells. WB indicated that
downregulated expression of UBE2| was ne-
gatively correlated with higher expression of

4194

autophagy pathway proteins. Furthermore, we
conducted RNA-sequencing after silencing UB-
E2l and found that it participated in the pro-
cess of hepatocarcinogenesis, tumor angiogen-
esis, inflammation, steatohepatitis, non-alco-
holic fatty liver disease, liver fibrosis, hepatitis,
obesity, lipid storage disease, type 2 mellitus
diabetes and others. Further validation of the-
se results is warranted in future studies.
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Table S1. Top 100 genes of UBE2I co-expression related

Correlated Gene Cytoband Spearman’s Correlation p-Value g-Value

RNPS1 16p13.3 0.817 7.98E-91 1.60E-86
LCMT1 16pl12.1 0.711 1.16E-58 1.16E-54
PCSK6 15026.3 -0.669 8.60E-50 5.76E-46
ALDOA 16p11.2 0.648 8.80E-46 4.42E-42
PPIH 1p34.2 0.629 1.83E-42 7.33E-39
METTLO 16p12.2 0.627 3.36E-42 1.12E-38
CLIC1 6p21.33 0.617 1.51E-40 4.35E-37
PKMYT1 16p13.3 0.613 8.77E-40 2.20E-36
TBC1D10B 16p11.2 0.611 1.46E-39 3.27E-36
DCTN5 16p12.2 0.608 5.36E-39 1.08E-35
CD2BP2 16p11.2 0.605 1.38E-38 2.51E-35
CCDC189 16p11.2 0.601 5.25E-38 8.79E-35
CAT 11p13 -0.601 6.39E-38 9.87E-35
PIK3R1 5q13.1 -0.599 1.01E-37 1.46E-34
THOC6 16p13.3 0.599 1.18E-37 1.58E-34
PSMC3IP 17921.2 0.598 1.54E-37 1.93E-34
TUBA1B 12913.12 0.596 2.80E-37 3.31E-34
FMO4 1924.3 -0.594 5.29E-37 5.90E-34
TEDC2 16p13.3 0.592 1.29E-36 1.37E-33
G6PD Xq28 0.589 3.87E-36 3.89E-33
DMGDH 5014.1 -0.587 6.62E-36 6.33E-33
BOLA2 16p11.2 0.586 1.04E-35 9.48E-33
RPUSD1 16p13.3 0.584 1.91E-35 1.67E-32
SLCBA1L 3p25.3 -0.583 2.42E-35 2.03E-32
FKBP1A 20p13 0.581 5.33E-35 4.28E-32
ALDH5A1 6p22.3 -0.579 9.30E-35 7.18E-32
SNRPA 19913.2 0.578 1.13E-34 8.39E-32
NUDT1 7p22.3 0.578 1.39E-34 9.98E-32
VASP 19913.32 0.577 1.47E-34 1.02E-31
ABCA6 17924.2-q24.3 -0.577 1.63E-34 1.09E-31
KIF2C 1p34.1 0.575 2.92E-34 1.89E-31
RALY 20qg11.22 0.575 3.20E-34 2.01E-31
GLYATL1 11g12.1 -0.574 4.99E-34 3.04E-31
POLR3K 16p13.3 0.573 6.28E-34 3.71E-31
CEP89 199g13.11 0.572 8.84E-34 5.07E-31
APOB 2p24.1 -0.571 1.29E-33 7.22E-31
ZNF213 16p13.3 0.571 1.34E-33 7.28E-31
GPLD1 6p22.3 -0.57 1.70E-33 9.00E-31
SLC2A2 3q026.2 -0.569 1.96E-33 1.01E-30
JPT1 17925.1 0.569 2.01E-33 1.01E-30
PI4K2B 4p15.2 -0.569 2.50E-33 1.20E-30
MAPRE1 20q11.21 0.569 2.56E-33 1.20E-30
SNRPD1 18q11.2 0.569 2.58E-33 1.20E-30
SEPSECS 4p15.2 -0.568 2.90E-33 1.30E-30
RCC2 1p36.13 0.568 2.95E-33 1.30E-30
MIA2 14921.1 -0.568 2.98E-33 1.30E-30
FUS 16p11.2 0.567 3.94E-33 1.67E-30
KHDRBS1 1p35.2 0.567 4.07E-33 1.67E-30
CORO7 16p13.3 0.567 4.07E-33 1.67E-30



CYP4A22
TLCD4
UPB1
RORA
TACC3
EHHADH
SLC10A1
ORC6
MPDZ
CDC20
GIT1
RPS2
TMSB10
ACD
RMDN2
DNASE1
PHF19
SLC9B2
METTL7A
KNOP1
EME1
CERS5
LUCTL
STX4
AXIN
SNRPD2
PCK2
SC5D
DAZAP1
MTFR2
SFPQ
GYS2
FMO3
coL18A1
PGP
IFI27L2
H2AFZ
HSD17B4
HSD17B6
MYO1B
PKM
MFSD10
BIRC5
H2AFX
ZNF580
GATM
IQGAP2
RMI2
NAP1L1
MAT1A
CCNF
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1p33
1p21.3
22q11.23
15922.2
4p16.3
3027.2
14924.1
16q11.2
9p23
1p34.2
17911.2
16p13.3
2pl11.2
16922.1
2p22.2
16p13.3
9033.2
4924
12913.12
16p12.3
17921.33
12913.12
16p13.3
16p11.2
16p13.3
19¢13.32
14q11.2-q12
11923.3-g24.1
19p13.3
6023.3
1p34.3
12p12.1
1924.3
21922.3
16p13.3
14932.12
4923
5023.1
12913.3
2032.3
15923
4p16.3
17925.3
11923.3
19913.42
15921.1
5013.3
16p13.13
12021.2
10g22.3
16p13.3

-0.567
-0.566
-0.565
-0.565
0.565
-0.565
-0.564
0.564
-0.563
0.562
0.561
0.56
0.56
0.56
-0.559
0.557
0.556
-0.556
-0.556
0.556
0.555
0.555
0.554
0.553
0.552
0.552
-0.551
-0.55
0.55
0.549
0.549
-0.549
-0.549
-0.548
0.548
0.548
0.547
-0.547
-0.547
-0.546
0.546
0.545
0.545
0.544
0.544
-0.544
-0.543
0.543
0.542
-0.542
0.541

4.57E-33
4.89E-33
7.68E-33
8.07E-33
8.64E-33
8.80E-33
9.17E-33
1.11E-32
1.63E-32
2.17E-32
2.89E-32
3.53E-32
3.57E-32
4.02E-32
5.47E-32
9.17E-32
1.14E-31
1.16E-31
1.19E-31
1.30E-31
1.44E-31
1.50E-31
2.05E-31
3.37E-31
3.98E-31
4.18E-31
4.88E-31
6.98E-31
7.83E-31
9.86E-31
9.93E-31
1.04E-30
1.06E-30
1.12E-30
1.17E-30
1.43E-30
1.64E-30
1.84E-30
1.91E-30
2.36E-30
2.37E-30
2.92E-30
3.40E-30
3.57E-30
3.73E-30
4.63E-30
5.57E-30
6.21E-30
7.78E-30
8.18E-30
9.42E-30

1.84E-30
1.93E-30
2.97E-30
3.06E-30
3.21E-30
3.21E-30
3.29E-30
3.90E-30
5.63E-30
7.38E-30
9.69E-30
1.16E-29
1.16E-29
1.28E-29
1.72E-29
2.83E-29
3.48E-29
3.49E-29
3.51E-29
3.80E-29
4.14E-29
4.24E-29
5.73E-29
9.27E-29
1.08E-28
1.12E-28
1.29E-28
1.82E-28
2.02E-28
2.49E-28
2.49E-28
2.59E-28
2.60E-28
2.70E-28
2.79E-28
3.39E-28
3.82E-28
4.26E-28
4.36E-28
5.30E-28
5.30E-28
6.45E-28
7.43E-28
7.70E-28
7.97E-28
9.79E-28
1.16E-27
1.29E-27
1.60E-27
1.66E-27
1.89E-27
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Table S2. Differentially-expressed genes of MACF1
HCCM cell EIF5B
DHRS2 IER3
PCDH1 AKR1B1
GANAB MGAT4B
CYP2S1 SRSF11
PCNX3 IQGAP1
ABLIM3 DIO2
SUMO3 LUC7L3
IGFL2-AS1 ATP11C
PIPSK1A P3H2
HSP90OAAL ZC3H13
MT2A PNN
ETV4 SLC7A11
COL16A1 MKIG7
KRT80 FAM78A
ITPR1 BCL2L1
TSPAN14 DCLK1
SERPINE2 DICER1
NIPAL VOPP1
TGFBI AMTN
C9orf3 FTH1
NUFIP2 MALAT1
SMG1 PLXND1
DSP MKNK2
SERPINH1 AHCTF1
BTBD3 TAF1
MT1E PDE4D
DACT1 NT5E
USPOX SUN2
SPINK6 H19
SLC38A1 STC2
EPRS THOC2
TUBA1A QSER1
USP34 CLSTN1
FAM208B PDE2A
ADAM15 TAF2
EIF3A ZMYM4
NEURL1B SREBF2
CHD9 MT-TN
DYNLT1 TTC37
EMP1 ANKRD17
TPM4 CALM3
TEAD1 CKAP5
GPRC5A LIFR
ATPBV1A SERPINE1
CSNK1G1 C6orfe2
PEA15 TOPBP1
ITGA3 LPP
KDELC2 CD82



WNK1
ATP13A3
DMXL2
DDX21
FN1
TMEM131
NKTR
TMEM158
TULP4
MYOCD
ACO2
ADI1
MT-RNR1
PDCD6IP
TNKS2
BIRC7
ZNF195
ZDHHC16
PDE3A
OPA1
CCAR1
MYCBP2
TMEM43
TBL1XR1
CASC19
ARHGAP21
IFIT2
ZFR
MGA
PLA2G15
ELFN2
POGZ
LYSMD3
SDAD1
MT-TC
LRRC75A-AS1
PBXIP1
ATR
BAZ1B
RPIA
HECTD1
ZCCHC3
ASH1L
RPL15P3
PRRC2C
RPS2P46
ULBP2
JMY
POU3F2
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LNPEP
AKR1C3
SPINK5
PHC3
FSTL4
SEMA3B
COL7A1
PIK3CB
ITGB4
CMTM3
RNF182
PIK3C2A
THSD4
TANC2
LRPPRC
ATAD2
CEP295
KTN1

Table S4. Differentially-expressed genes of
intersected

ABLIM3
ADAM15
AKR1C3
ARHGAP21
CASC19
CSNK1G1
ETV4
GANAB
IER3
IQGAP1
KDELC2
MKNK2
NEURL1B
PCNX3
PDE4D
PLXND1
RPIA
SERPINE1
SERPINH1
SLC38A1
SLC7A11
TGFBI
TPM4
TULP4
UBE2I
ZCCHC3
ZDHHC16




