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Background: The aim of this study was to explore the influence of ubiquitin associated protein 2-like (UBAP2L) on the growth
and metastasis of hepatocellular carcinoma (HCC) and its potential underlying mechanism.
Material/Methods: UBAP2L gene was knocked down in SMMC-7721 by RNA interference and cell function experiments were per-
formed. A subcutaneous xenograft tumor model was constructed to examine the effect of UBAP2L silence on
HCC growth. Finally, the whole genomic microarrays were used to screen the potential mechanism of UBAP2L
in regulating the biological function of HCC.

Results: Compared with those in the control group, the cell proliferation and clone formation were significantly reduced,
cell cycle was arrested in G2/M phase, the number of apoptotic cells was remarkably increased, and the abil-
ities of vascular formation and cell migration and metastasis were dramatically weakened in the shUBAP2L
group (all P<0.05). UBAP2L knockdown significantly suppressed the tumor growth of HCC in vivo. Moreover,
a total of 320 genes changed significantly after UBAP2L knockdown, among which, 159 genes were upregulated
and 161 genes were downregulated. Then, gene enrichment analysis revealed that PI3K/AKT and P53 signal
pathway were the most significant in the top 10 enrichments. Finally, Western blot analysis verified that UBAP2L
knockdown caused the increase of P21 and PTEN and decrease of CDK1, CCNB1, p-PI3K, and p-AKT.

Conclusions: UBAP2L plays an oncogenic role in HCC, and knockdown of its expression significantly inhibits HCC growth and
metastasis, which may be related to the regulation of PI3K/AKT and P53 signaling pathways by UBAP2L.
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Background

Primary liver cancer (PLC) is one of the most common malig-
nant tumors of the digestive tract, characterized by high re-
currence and metastasis. In China, the incidence and mortality
rates of this cancer rank fourth and third, respectively [1,2].
Hepatectomy and liver transplantation are the first choice
for radical treatment of liver cancer patients [3-6]. However,
most patients are advanced at the time of diagnosis and have
lost the chance to benefit from radical surgery. Even though
some of these patients receive systemic therapy such as che-
motherapy or molecular targeted therapy, the curative effect
is still poor and the survival is very short [7,8]. Therefore, it is
especially necessary and urgent to explore new biomarkers or
therapeutic targets for the early diagnosis or effective treat-
ment for liver cancer.

Ubiquitin-associated protein 2-like (UBAP2L) is a ubiquitin-bind-
ing molecule [9] that participates in a variety of cellular patho-
physiological processes [10-13]. Recent studies have found that
UBAP2L is highly expressed in various malignancies, such as
prostate cancer, glioma, colorectal cancer, lung adenocarcino-
ma, and liver cancer, and is closely related to tumor prolifer-
ation, cell cycle, apoptosis, invasion, and metastasis [14-18].
In our previous study [19], we confirmed that UBAP2L was highly
expressed in hepatocellular carcinoma (HCC), and UBAP2L over-
expression could serve as an independent predictor of poor
prognosis in HCC patients. However, the detailed molecular
biological role and potential mechanism of UBAP2L in HCC
remains unclear.

Therefore, in the present study, we mainly focused on explor-
ing the biological role of UBAP2L in HCC and its potential un-
derlying mechanism. First, UBAP2L-overexpressed hepatoma
cell line SMMC-7721 was selected as the target cell line and
then the UBAP2L gene expression was knocked down by RNA
interference. Second, we assessed the effect of UBAP2L knock-
down on hepatoma cell function (including cell proliferation,
cell cycle, apoptosis, colony formation, wound healing, migra-
tion and invasion, and angiogenesis). Third, a subcutaneous
xenograft tumor model was established in nude mice, and the
effect of UBAP2L knockdown on HCC growth was observed.
Finally, the whole genomic microarrays were used to screen
and validate the potential mechanism of UBAP2L in regulat-
ing the biological function of HCC.

Material and Methods

Cell culture

HCC cell line SMMC-7721 was purchased from the Cell Bank
of the Chinese Academy of Sciences (Shanghai, P.R. China).
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Cell were cultured based on the manufacturer’s protocol and
our previously reported method [20, 21]. The study was au-
thorized by the Ethics Committee of our hospital.

Quantitative real-time PCR (qRT-PCR)

TRIzol® reagent (Invitrogen, Carlsbad, CA) was used to iso-
late the total RNA from SMMC-7721 cells based on the man-
ufacturer’s protocol. Then, reverse transcription was per-
formed using the PrimeScript™ RT reagent kit (Takara, Dalian,
P.R. China). The mRNA levels were normalized against those of
the GAPDH housekeeping gene. UBAP2L primer sequence was:
forward primer: 5’-ATTCGCCTCACTCTCCACAC-3’, reverse primer:
5’-TACCACCACACAACA CAGCA-3’. GAPDH primer sequence was
listed below: sense primer: 5’-TGACTT CAACAGCGACACCCA-3’,
antisense primer: 5’-CACCCTGTTGCTGTAGCCAA A-3’. Finally,
gRT-PCR was done by using SYBR Premix Ex Taq™ (Takara,
Dalian, P.R. China) according to the experimental protocol.

Western blot

SMMC-7721 cells were used as the original sample to extract
the protein. Then, Western blot analysis was performed as pre-
viously described [19-21]. Equivalent amounts of extracted
proteins were used in Western blot analysis. Anti-UBAP2L
(Abcam, UK) and anti-GAPDH antibodies (Abcam, UK) were used.

Construction and infection of lentivirus

To silence the expression of UBAP2L gene in SMMC-7721, a re-
combinant lentivirus expression vector containing green fluo-
rescent protein (GFP) tag (pGSIL-sh UBAP2L) was constructed. In
order to produce lentiviral particles, the recombinant expression
plasmid was co-transfected into SMMC-7721 cells by packaging
plasmid system (psPAX2 and pMD2G), and the virus parti-
cles were collected 48 h later. SMMC-7721 was infected with
shUBAP2L lentiviral vector or empty vector (NC) for 96 h. The in-
fection efficiency was initially evaluated under a fluorescent mi-
croscope in each experiment, and then GFP-positive cells were
sorted and measured by flow cytometry (BD, USA). The stable
infected cells were amplified and harvested for further experi-
ments. The shUBAP2L target sequences (5’-3’) were as follows:
Sense: CACCGCCAA TACTGATGATAACGAATTATCAGTATTGGCTGGG;
Antisense: AAAAGCCAGC CAAT ACTGATGAT AATTCGTTATCATC
AGTATTGGCTGGC.

Cell proliferation assay

SMMC-7721 cells infected with shUBAP2L or shCtrl were in-
oculated in 96-well plates at a density of 2000 cells per pore
of 100 ml and placed in incubators at 37°C and 5% CO,.
Cellomics Array Scan VTI (Thermo, Rockford, IL, MA, USA) was
used to quantify the number of cells automatically once a day
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at 488 nm for 5 days. Then, the cell growth curve was gener-
ated for each condition.

Clonogenic formation assay

Cells infected with UBAP2L-shRNA lentiviruses or NC lentiviruses
were inoculated into 6-well plates at a density of 300-500 cells/
pores and further cultured in complete medium for 14 days.
After removing the medium and rinsing it twice with PBS, the
colony was immobilized with methanol for 30-60 min, stained
with GIMSA solution for 10-20 min, and photographed with
a digital camera (Leica, Germany). The experiment was re-
peated 3 times.

Cell cycle and apoptosis

The infected SMMC-7721 cells were harvested at 48 h.
Following the manufacturer’s protocol, the Cell Quest soft-
ware (BD Biosciences) was used to analyze the cells by flow
cytometry (FACScan; BD Biosciences) after double staining with
FITC-annexin V and propidium iodide (PI). The percentages
of GO/G1, S, and G2/M cells were calculated and compared.

Transwell assay

Digestive and re-suspended cells were collected 48 h after plas-
mid was transfected and adjusted. Matrigel was coated on the
polycarbonate microporous membrane of the Transwell system.
The upper chamber of the Transwell system was loaded with
100 pl of the digested and re-suspended cells, and the lower
chamber was loaded with 600 pl of the corresponding culture
supernatant per well for incubation for 24 h. Testing was per-
formed in triplicate in each group.

Wound-healing assay

Wound-healing migration was assayed on confluent cells and
monitored using time-lapse microscopy. Data acquisitions
were performed every 5 min on a mean of 24-h time course
using multisite microscopy. Videos were analyzed using Image)
(National Institutes of Health), and quantifications were per-
formed with Photoshop (Adobe) software.

Tube formation assay

HUVECs (2x10*/well) were cultured in a 96-well plate coated
with 70 pL Matrigel (BD Biosciences). Tube formation was de-
fined as a tube-like structure exhibiting a length 4 times its
width. Tube morphology was quantified after 24 h in 5 ran-
dom microscopic fields with a computer-assisted microscope.
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Construction of a subcutaneous xenograft model of HCC in
nude mice

A 6-week-old female BALB/c nude mice were acquired from the
animal center of the Cancer Institute of the Chinese Academy
of Medical Science. As described previously [20,21], a subcuta-
neous xenograft model of HCC in nude mice was constructed
by injection of SMMC-7721 infected cells. We randomly di-
vided the nude mice into 2 groups: the UBAP2L silence group
(shUBAP2L) and the control group (NC), and each group had
6 nude mice. After 13 days, the mice were euthanized. The tu-
mor volume was calculated as follows: volume=lengthxwidth?/2.

Gene expression profiling after UBAP2L knockdown

Whole-genome gene expression profiles were performed af-
ter UBAP2L knockdown in SMMC-7721 by using Affymetrix
GeneChip Microarray. Differential expressed genes were ac-
quired by comparison between the shUBAP2L and control
group (we set the criterion as P<0.05 and fold change >1.5).
The DAVID online tool (https://david.ncifcrf.gov/) was used to
do the pathway enrichment analysis. The protein levels of some
of the key differential expressed genes in classical pathways
were validated by Western blot.

Statistical analysis of data

SPSS 19.0 software (SPSS, Inc., Chicago, IL, USA) was used to
do statistical analysis. Quantitative experimental data are ex-
pressed as mean + standard deviation (SD). The 2 independent
samples t test was performed to compare the differences be-
tween 2 groups. GraphPad Prism software (Version 5.0) was
used to draw statistical graphics. A P value of less than 0.05
was considered to be statistically different.

Results

Knockdown of UBAP2L in SMMC-7721 by lentiviral-
mediated RNA interference and efficiency validation

A lentivirus-mediated RNAi technique was used to knock down
the UBAP2L gene expression in SMMC-7721 cells. As shown
in Figure 1A, the infection efficiency of SMMC-7721 cells after
lentivirus infection for 96 h was 94.5%. Then, the knockdown
efficiency of UBAP2L was validated by qRT-PCR and Western
blot, respectively. The results revealed that compared with the
control group, mRNA and protein expression levels of UBAP2L
were both significantly reduced after knockdown by RNA in-
terference (Figure 1B, 1C).
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Figure 1. Efficiency of lentivirus infection and the protein and mRNA expression levels of UBAP2L in HCC cells. (A) In SMMC-7721
cells were selected by puromycin for 96 h after infection, and examined by fluorescence and light microscopy, more than
85% of the cells expressed GFP (magnified 100x). (B) gRT-PCR examination of UBAP2L mRNA expression. (C) Western blot
examination of UBAP2L protein expression. NC — SMMC-7721 infected with control shRNA lentivirus; shUBAP2L — SMMC-
7721 cells infected with UBAP2L shRNA lentivirus. Data are shown as means +SD, *** P<0.001.

Knockdown of UBAP2L inhibited cell proliferation and
colony formation and promoted cell cycle arrest and
apoptosis of HCC

Subsequently, we performed various experiments to observe
the influence of UBAP2L knockdown on the cell function of HCC.
As shown in Figure 2A, compared with those in the control
group, cell count and cell proliferation fold of SMMC-7721

in the shUBAP2L group tended to decrease and reached the
maximum on the 5th day, with a statistically significant dif-
ference (both P values <0.001). The number of clones in
the UBAP2L knockdown group was dramatically reduced
compared to that in the control group (P<0.001, Figure 2B).
The cell cycle assay showed that the number of SMMC-7721
cells decreased at GO/G1 phase and increased at G2/M phase
after UBAP2L knockdown (P<0.05, Figure 2C). Additionally,
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Figure 2. Knockdown of UBAP2L inhibited cell proliferation and colony formation, induced cell cycle arrest and apoptosis, and retarded
cell migration and invasion the ability and angiogenic formation in HCC. (A) Cell growth was measured via multiparametric
high-content screening (HCS) every day for 5 days after lentivirus infection. Then, SMMC-7721 cell numbers were quantified
by Cellomics ArrayScan VTl every day and the cell proliferation rate was analyzed. (B) UBAP2L knockdown reduced colony
formation in SMMC-7721 cells. (C) Flowcytometry results showed that the percentage of SMMC-7721 cells transfected with
shUBAP2L in the G2/M phase was higher than that in the control group. (D) Flowcytometry showed that the proportion of
apoptosis in the shUBAP2L group was remarkably increased compared with that in the control group. Data are shown as

means +SD, *P<0.05, *** P<0.001.

the proportion of apoptosis in the shUBAP2L group was re-
markably increased compared with that in the control group
(7.2% vs. 3.5%, P<0.001, Figure 2D). These results suggest that
UBAP2L can act as an oncogene and is involved in the occur-
rence and development of HCC.

Knockdown of UBAP2L suppressed the ability of cell
migration and invasion and angiogenic formation in HCC

Transwell experiments showed that the cell migration and
invasion abilities in the shUBAP2L group were dramatically

lower than that of the control group (Figure 3A). As shown in
Figure 3B, the shUBAP2L group had significantly wider wound
width than that in the control group (P<0.001) at 48 h. Besides,
the average vascular length and number of vascular branches
were remarkably decreased compared to the control group
(P<0.001, Figure 3C). These data suggest that UBAP2L knock-
down retarded the ability of cell migration and invasion and
angiogenic formation in HCC.
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Figure 3. Knockdown of UBAP2L retarded the ability of cell migration and invasion and angiogenic formation in HCC. (A) Transwell
migration and invasion assays. Representative photographs (right) and quantification (left) are shown (Crystal violet
stain, x100). (B) Wound-healing assay. UBAP2L knockdown reduced the migration ability of SMMC-7721 cells. (C) Tube
formation assay. UBAP2L knockdown decreased tube formation in SMMC-7721 cells; NC — cells infected with non-targeting
shRNA lentivirus, shUBAP2L — cells infected with UBAP2L-targeting shRNA. Data are shown as means +SD, *** P<0.001.

Knockdown of UBAP2L retarded tumor growth in the HCC
nude model in vivo

Lentivirus-infected SMMC-7721 cells silenced by UBAP2L were
injected subcutaneously into nude mice to construct a subcu-
taneous HCC xenograft model. The tumor sizes in the 2 groups
was recorded daily during the growth phase. All animals were
sacrificed after 13 days of continuous observation, and the tu-
mor weight was recorded. As shown in Figure 4, the tumor vol-
ume decreased continuously in the shUBAP2L group, and the
tumor volume and the average tumor weight in the shUBAP2L
group were remarkably lower than those in the control group
at the 13t day (All P values <0.001).

Gene expression profiling after UBAP2L silence in
SMMC-7721

We used gene expression microarray to screen the differen-
tially expressed genes between UBAP2L-silence SMMC-7721
cells and NC cells. Compared to control cells, a total of 320
genes were significantly changed after UBAP2L knockdown,
of which 159 genes were upregulated and 161 genes were
downregulated. Pathway enrichment analysis of the differ-
ential genes in the DAVID online website showed that among

the top 10 enrichment pathways, PI3K/AKT and P53 signaling
pathways were the most enriched (Figure 5A). Moreover, as
shown in Figure 5B, the highest upregulated genes were PTEN,
P21, CDH1, MDM2, and BTG3, and the highest downregulated
genes were CCNB1 (namely Cyclin B1), CDH2, UBAP2L, CDK1,
PLK1, and IGF2. Subsequent Western blot analysis was per-
formed to verify that knockdown of UBAP2L caused the in-
crease of P21 and PTEN, decrease of CDK1 and CCNB1, and
phosphorylated PI3K and AKT, while the changes in PI3K and
AKT were not obvious (Figure 5C).

Discussion

Related research on UBAP2L in tumors has gradually increased
in recent years. All the existing reports suggest that UBAP2L
was highly expressed in malignant tumors and played an on-
cogenic role in promoting cancer growth and metastasis. For
instance, Li et al. [14] found that UBAP2L was overexpressed
in PC-3 and DU145 prostate cancer cell lines. Knockdown of
UBAP2L significantly inhibited the proliferation and colony for-
mation of both cell lines and arrested the cell cycle in S phase
and G2/M phase, respectively, and the migration ability was
significantly weakened, which might be associated with the
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Figure 4. UBAP2L knockdown retarded tumor growth of HCC. (A) Tumor volumes were measured on the indicated days. Knockdown
of UBAP2L decreased the volumes of xenografts significantly. (B) UBAP2L knockdown reduced the weight of xenografts.
(€) UBAP2L knockdown significantly suppressed the formation and growth of xenografts. Data are shown as means +SD,

bar=1 cm, *** P<0.001.

blockade of AMPKa, Bad, and PRAS40 signaling after UBAP2L
depletion. Zhao et al. [15] found that UBAP2L was overex-
pressed in human glioma cells, and knockdown of UBAP2L
significantly inhibited cell proliferation and clone formation
ability and caused cell cycle arrest in S phase in A172 and
GO/G1 phase in U251 and U373. Similar results were found
in colorectal cancer cell lines HCT116, SW1116, and RKO [16].
Knockdown of UBAP2L significantly decreased the colony for-
mation and cell proliferation, and promoted cell cycle arrest
and apoptosis, by inhibition of P38 phosphorylation and ac-
tivation of PRAS40, Bad, Bax, cleaved PARP, and Caspase 3.
Recent studies have also revealed that UBAP2L can promote
tumor metastasis by inducing EMT in lung adenocarcinoma [17]
and HCC [18]. However, there are no studies reporting the ef-
fects of UBPA2L on other biological functions of HCC, such as
cell proliferation, apoptosis, and angiogenesis.

Previously, we confirmed that UBAP2L was overexpressed
in HCC, and found that high expression of UBAP2L could be
used as independent factor for predicting the poor prognosis
of HCC patients [19]. On this basis, in the present study we
first used the lentivirus-mediated RNA interference technique
to successfully knock down the expression of UBAP2L in the
SMMC-7721 cell line, and cell function experiments were per-
formed in vitro. The results showed that compared to those in

the control group, cell proliferation and clone formation were
significantly reduced, cell cycle was arrested in G2/M phase,
the number of apoptotic cells was remarkably increased, and
the abilities of vascular formation and cell migration and me-
tastasis were dramatically weakened in the UBAP2L knock-
down group. Knockdown of UBAP2L significantly suppressed
the tumor growth of HCCs in the xenograft nude model in vivo.
These findings are consistent with previous reports of UBAP2L
in malignancies [15-18]. Therefore, the above data suggest that
UBAP2L acts as an oncogene and plays a key role in HCC oc-
currence and development.

Subsequently, we made a preliminary exploration of the re-
lated molecular mechanisms. First of all, gene expression pro-
filing showed that a total of 320 genes changed significantly
after UBAP2L knockdown, among which, 159 genes were
upregulated and 161 genes were downregulated. Then, gene
enrichment analysis in the DAVID website was performed
and revealed that PI3K/AKT and P53 signal pathway was
most significant in the top 10 enrichments. Finally, verifica-
tion by Western blot showed that UBAP2L knockdown caused
the increase of P21 and PTEN, and decrease of CDK1, CCNB1,
p-PI3K, and p-AKT. The PI3K/AKT signaling pathway and P53
signaling pathway are closely related to the occurrence and
development of tumors [22-33], and are involved in apoptosis,
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Figure 5. Differential genes and pathway enrichment after UBAP2L knockdown (A) Pathway enrichment analysis was performed using
the DAVID online tool. (B) The most significantly differentially expressed genes. (C) The protein levels of part of the key
differentially expressed genes in classical pathways were validated by Western blot.

cell cycle, angiogenesis, invasion, and metastasis. Thus, to-
gether with the KEGG search results and our own findings,
we speculated that the potential mechanism was as follows:
knockdown of UBAP2L can induce the expression of tumor
suppressor gene PTEN, which can activate PI3K/AKT signaling
pathway, and AKT can upregulate the expression of P21 and
then induce the down-regulation of CDK1/Cyclin B1 (CCNB1)
expression, leading to cell cycle arrest in G2/M phase. In fact,
recent research has demonstrated that Rab27B can modu-
late PI3K/AKT/P21 signaling to promote the HCC prolifera-
tion [34], and inhibition of P21/CDK1/Cyclin B1 signaling by
UBAP2L knockdown can induce cell cycle arrest in G2/M phase
in breast cancer cells [35]. These findings are similar to ours
and could provide some theoretical support for the possible
mechanism detailed above.

There are some limitations in this study. First of all, only 1
strain of hepatoma cell line (SMMC-7721) was used, and the
target of RNA interference of UBAP2L was a single sequence.
It was difficult to circumvent the possible off-target effect and
interfere with the experimental results. Second, the subcuta-
neously transplanted tumor model in mice was mainly used

to observe the effect of UBAP2L on the growth of HCC, and
its effect on metastasis could not be evaluated. Additionally,
speculation about the downstream mechanism was only based
on the preliminary experimental results and previous studies,
and this speculated mechanism needs to be confirmed by ex-
periments on the rescue or protein interaction. These defi-
ciencies will be improved and validated in our future research.

Conclusions

Taken together, our preliminary findings show that UBAP2L
plays an oncogenic role in HCC, and knockdown of its expres-
sion significantly inhibited HCC growth and metastasis, the po-
tential mechanism of which might be related to the regulation
of PI3K/AKT and P53 signaling pathways by UBAP2L. UBAP2L
may become a potential new therapeutic target for HCC and
this warrants further exploration.
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