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Abstract

The long noncoding RNA DUXAPS has been implicated in the progression of various malignancies, including hepatocel-
lular carcinoma (HCC). Although there is increasing evidence of DUXAPS's role in tumor biology, the exact mechanisms
by which it affects the development and treatment of HCC are still unclear. Previous studies have suggested a potential
link between DUXAPS8 expression and disease progression, necessitating further investigation into its roles and underlying
mechanisms. To clarify how DUXAPS is involved in HCC, we measured its expression in HCC cell lines and tissues from
patients. We utilized in vitro assays to evaluate the effects of DUXAPS on tumor cell proliferation and metastasis. Addition-
ally, we examined the regulatory relationships between DUXAPS, YY1, and DEPDC1 using RNA immunoprecipitation and
luciferase reporter assays to investigate their functional mechanisms. Our findings demonstrated that DUXAPS is frequently
upregulated in HCC specimens and that its overexpression significantly enhances both the proliferation and metastatic capa-
bility of HCC cells. Importantly, the expression levels of DUXAPS, YY1, and DEPDC1 showed correlations with clinical
parameters such as disease stage and histopathological characteristics. Mechanistically, we uncovered that YY1 regulates
DUXAPS, which, in turn, modulates DEPDC1 expression through a dual mechanism involving the sponging of miR-7-5p
and the stabilization of DEPDC1 mRNA facilitated by HNRNPF. Our study identifies DUXAPS as a pivotal factor in the
proliferation and metastasis of HCC, acting through the DUXAP8/miR-7-5p and DUXAPS8/HNRNPF pathways to regulate
DEPDCI expression. These findings indicate that targeting DUXAPS could be a new therapeutic strategy for treating HCC.
Further research in both preclinical and clinical settings is needed to evaluate its potential as a biomarker and therapeutic
target in liver cancer management.
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Background

Hepatocellular carcinoma (HCC) is one of the most common
malignant tumors worldwide and is most prevalent in China,
where survivorship after five years is very low [1, 2]. The
opportunity for radical resection is frequently lost in patients
with HCC due to local progression and distant metastases [3,
54 Chuan Tian 4]. Therefore, it is crucial to elucidate the molecular mecha-
teechuan2015@126.com nisms underlying the development of HCC.

DEP domain containing 1 (DEPDC1) is a novel onco-
gene upregulated in HCC and is believed to be an innova-
tive cancer diagnostic marker as well as a molecular target
for the development of novel therapeutic drugs or vaccines
targeting cancer peptides [5, 6]. Studies have indicated that
increased DEPDC1 expression is linked to a poor prognosis
in patients with HCC, and the regulation of HCC prolif-
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noncoding RNAs (LncRNAs) associated with DEPDC1 are
involved in cancer [8]. Tian et al. suggested that modula-
tion of DEPDC1 expression by Linc-ROR promotes the
advancement and angiogenic activity in HCC [7]. Moreover,
IncRNA activation is a crucial factor in the development of
hepatic oncogenesis and tumor cell progression [9]. Several
studies have shown that LncRNAs regulate HCC progres-
sion through DEPDCI1. Therefore, further clarification of
the roles of DEPDCI1 and LncRNAs in HCC progression
is required.

YY1 can interact with IncRNA, regulate gene expres-
sion and cell function. Its expression level shows a positive
correlation with certain IncRNA, which can promote cell
proliferation, differentiation and survival. It can also form a
complex to regulate the expression of downstream genes [10,
11]. YY1 is highly expressed in HCC and closely related to
the malignancy degree and prognosis, and may promote the
occurrence and development of HCC by regulating various
processes [12]. An in-depth study of its interaction mecha-
nism and role in HCC can provide new targets and strategies
for diagnosis and treatment.

Increasing evidence suggests that LncNRAs, comprising
RNA molecules exceeding 200 nucleotides in length that
lack protein-coding capacity, play diverse roles in cancer
progression. This highlights their potential use as diagnostic
biomarkers and therapeutic targets [13, 14]. The IncRNA
double homeobox A pseudogene 8 (DUXAPS), an IncRNA
originating from a pseudogene, is overexpressed in vari-
ous human cancers. It has been suggested as a promising
pan-cancer biomarker for both diagnostic and prognostic
applications [15]. Previous research has demonstrated that
upregulation of DUXAPS expression is associated with an
unfavorable prognosis, serves as a prognostic biomarker,
and stimulates HCC cell progression [16]. However, the
precise mechanisms underlying the oncogenic properties of
DUXAPS remain unclear.

This study investigated the potential involvement of
DUXAPS in HCC and presented evidence that DUXAPS8
upregulates the expression of DEPDCI, thereby promot-
ing HCC progression. Our findings demonstrated that
DUXAPS8 functions as a competing endogenous RNA
(ceRNA) to modulate the activity of DEPDCI, resulting in
enhanced DEPDC1 mRNA stability through the facilitation
of DEPDC1-HNRNPF mRNA interaction.

Materials and methods
Visualization and processing of data
The Cancer Genome Atlas (TCGA) (https://portal.gdc.can-

cer.gov/) databases [17] was utilized to conduct an analysis
of the expression levels of YY1 and DEPDCI1 in all normal
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and HCC tissues, The genes that exhibited differential
expression were obtained from TCGA. RNA sequencing
profiles from TCGA were downloaded for TCGA-LIHC
clinical observations. To conduct profiling RNA sequenc-
ing data, the software GraphPad 9.0 was utilized.

Clinical specimens

Between July 2018 and December 2022, a cohort of 32
HCC tissues and their corresponding nontumor tissues were
procured from the Affiliated Hospital of Guizhou Medical
University. Prior to surgery, none of the patients underwent
chemotherapy or radiotherapy. This study was approved by
the hospital ethics committee, and prior to participation,
informed consent was obtained from each patient.

Cell culture and antibodies

The Shanghai Cell Bank (Shanghai, China) provided the
Huh7 and Hep3B and cell line THLE-3 derived from a nor-
mal liver. The cells were subjected to incubation at 37 °C
by a humidified incubator containing 5% CO, and cell lines
were confirmed to be devoid of mycoplasma contamination.

In this study, the primary antibodies employed were rabbit
antihuman DEPDC1 (dilution 1:1000; cat. no. PA5-34864;
Thermo Fisher Scientific, Inc); and mouse anti-HNRNPF
(dilution 1:1000; cat. no. 67701-1-Ig; ProteinTech Group,
Inc); mouse anti-lgG (dilution 1:1000; cat. no. #5946; CST);
rabbit anti-N-cadherin (dilution 1:1000; cat. no. ab202030;
Abcam); rabbit anti-Vimentin (dilution 1:1000; cat. no.
ab217673; Abcam); mouse antihuman GAPDH (dilution
1:5000; cat. no. #97166; CST); rabbit anti-Ago2 (dilution
1:1000; cat. no. 10686-1-AP; ProteinTech Group, Inc);
Secondary antibodies included rabbit anti-goat IgG (H+L)
(dilution 1:5000; cat. no. SA00001-4; ProteinTech Group,
Inc) and goat anti-mouse (dilution 1:5000; cat. no.SA00001-
1; ProteinTech Group, Inc).

Cell transfection

Genechem (Shanghai, China) designed and synthesized
Lentivirus expressing shDUXAPS8 (Lv-shDUXAPS) or
shDEPDCI1 (Lv-shDEPDC1), as well as Lentivirus overex-
pressing DUXAPS (Lv-DUXAPS) and Lv-DEPDCI. Stable
cell lines (Hep3B and Huh7) were generated via lentiviral
transduction. Corves (Nanjing, China) designed and syn-
thesized siRNA targeting HNRNPF, as well as plasmids
for HNRNPF and DEPDC1 overexpression. The miR-7-5p
mimic, inhibitor and negative controls were procured from
RiboBio (Guangzhou, China). Using Lipofectamine 2000
reagent (Invitrogen) in accordance with the guidelines of
manufacturer.
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qRT-PCR

The StepOne Plus RT PCR System (Thermo, USA) was
utilized to conduct qRT-PCR, employing SYBR Green
(Vazyme, China) as the detection method after total RNA
extraction using Trizol Reagent (Sigma, St. Louis, MO,
USA). Utilizing the 2-AACT method by GAPDH and U6 as
an internal parameter, we repeat three biological replicates
of comparative qRT-PCR. This investigation used a variety
of primers, as shown in Table 1.

Western blot

The cells underwent lysis in RIPA lysis buffer, and the quan-
tification of protein concentrations was performed through
employment of the BCA method. The membranes were sub-
jected to incubation with primary and secondary antibod-
ies. The protein bands were detected through the utilization
of Detection by enhanced chemiluminescence (Pharmacia,
Piscataway, NJ, USA). All Western blots were repeated at
least 3 times. The density of the immunoreactive bands was
quantified using ImagelJ software.

Cytosolic and nuclear fractionation
The Hep3B and Huh7 cells underwent two washes with

PBS and were subsequently subjected to incubation with
hypotonic buffer at 0 °C for a duration of 10 min. The cells

Table 1 Sequences of PCR primers used in this study

Names Primer Sequence (5'-3")

IncRNA DUXAPS: Forward ACCCAAACACTAATTGTAGACT
IncRNA DUXAPS: Reverse TGTCTGGGAGACTGCTTACA
YY1: Forward ACGGCTTCGAGGATCAGATTC
YY1: Reverse TGACCAGCGTTTGTTCAATGT

miR-7-5p: Forward UGGAAGACUAGUGAUUUU
GUUGU

UUUGUACUACACAAAAGUACUG
AATTGTGCCAAACGGGATCAC
GTGTTTCCCTAGAGCCTTCTCA

CTCGTAGAACTCCTAAAAGGC
ATG

CAACATCTTCCTGGCTTAGTTCTC
GGAGCGAGATCCCTCCAAAAT
GGCTGTTGTCATACTTCTCATGG
CTCGCTTCGGCAGCACA
AACGCTTCACGAATTTGCGT
AGGCAAAGCAGGAGTCCACTGA
ATCTGGCGTTCCAGGGACTCAT
CCTCCAGAGTTTACTGCCATGAC
GTAGGATCTCCGCCACTGATTC

miR-7-5p: Reverse
HNRNPF: Forward
HNRNPF: Reverse
DEPDCI1: Forward

DEPDCI: Reverse
GAPDH: Forward
GAPDH: Reverse
U6: Forward

U6: Reverse
Vimentin: Forward
Vimentin: Reverse
N-cadherin: Forward

N-cadherin: Reverse

underwent centrifugation at a force of 5000 X g for a dura-
tion of 5 min, resulting in the collection of the supernatants.
The resuspension of pellets was carried out in a nucleus
resuspension buffer comprising of 20 mM HEPES, pH 7.9,
400 mM NaCl, 1 mM EDTA, 1 mM EGTA, 1 mM DTT, and
1 mM PMSF for a duration of 30 min. The samples under-
went centrifugation at 12,000 X g for a duration of 10 min,
following which the nuclear fraction was obtained by col-
lecting the supernatant. During qRT-PCR analysis, GAPDH
and U6 mRNA were employed as markers for the cytosolic
and nuclear compartments, respectively.

Luciferase reporter assay

The pmirGLO, pmirGLO-WT, or pmirGLO-MUT (Pro-
mega, Madison, WI, USA) for DUXAP8 and DEPDCI1
were co-transfected with miR-7-5p mimic or the negative
control (mimic NC) into Hep3B and Huh7 cells by using
Lipofectamine-mediated gene transfer. The Dual Luciferase
Reporter Gene system (Promega) was employed to detect
luciferase activities 48 h post-transfection, in accordance
with the manufacturer's instructions.

RNA pull-down assay

To generate probe-coated beads, streptavidin magnetic
beads (RioBio, China) were incubated with a biotin-labeled
DUXAPS, the DEPDC1 3'UTR and the control probe
(100 pmol) (RiboBio, China) at room temperature for 2 h.
The lysates obtained from Hep3B and Huh7 cells were sub-
jected to an overnight incubation with probe-coated beads at
a temperature of 4 °C. Subsequently, the beads underwent a
washing procedure, followed by the analysis of the extracted
miRNA through qRT-PCR.

RNA immunoprecipitation

The Magna RIP RNA-Binding Protein Immunoprecipitation
Kit (Millipore, USA) was utilized to incubate anti-HNRNPF,
anti-IgG and anti-AGO2 by magnetic beads for a duration of
30 min at room temperature, following the manufacturer's
instructions. Subsequently, the antibody-bead complexes
were subjected to an overnight incubation at 4 °C with cell
lysates obtained from Hep3B and Huh7 cells. The RNAs that
were bound were subjected to elution, followed by reverse
transcription to cDNA, and ultimately detected through
qRT-PCR.

Chromatin immunoprecipitation assay
ChIP assay was performed using EZ-Magna ChIP A/G

(17-10086, Upstate, Millipore, MA, USA) kit according to
the manufacturer’s instructions. The cells were immobilized
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using a 1% formaldehyde solution, followed by quenching
with glycine by the ChIP assay (Millipore, USA). The result-
ing crosslinked chromatin was subsequently fragmented to a
size range of 200—1000 bp through sonication. The lysates
were subjected to incubation with the respective antibodies
and Magna ChIP Protein G Magnetic beads at a temperature
of 4 °C for an extended period of time with mild agitation.
The ChIP complexes were subjected to elution and subse-
quent analysis via qRT-PCR. The resulting data were com-
puted utilizing the 2-AACT method.

CCK-8 assay

In this experiment, cells were sown at a density of
2.0x 10°cells/well in 96-well plates. The assessment of
cell proliferation was conducted in accordance with CCK-8
assay (Dojindo, Japan). For the subsequent five days, added
to each well by a mixture of 10 ul of CCK-8 reagent and
90 ul of medium. Following a 2-h incubation period at 37 °C
under light-excluded conditions, it quantified in each well
using a microplate reader at 450 nm.

EdU assay

The Zeiss fluorescence photomicroscope (Carl Zeiss,
Oberkochen, Germany) was utilized to obtain the results,
which were subsequently quantified by counting a minimum
of five randomly selected fields utilizing the EAU kit (Roche,
Indianapolis, IN, USA).

Transwell assay

The Transwell chamber (Corning, NY, USA) was utilized
to conduct migration assays. The upper chambers were uti-
lized for the placement of cells. A medium comprising 10%
serum was introduced into the lower chambers. Following
a 24-h incubation period and subsequent fixation with 4%
formaldehyde, the cells that had migrated to the lower sur-
face were subjected to staining with 0.1% crystal violet. The
cells were visualized and enumerated utilizing an Olympus
microscope.

Statistical analysis

The experiments were conducted independently on a mini-
mum of three occasions, and statistical analyses were carried
out utilizing GraphPad Prism 9.0 (GraphPad, La Jolla, CA,
USA). The statistical significance of the variances between
experimental groups was assessed through the utilization of
Student's t-tests, while differences among multiple groups
were evaluated via one-way ANOVA. The presentation of
quantitative data is in the form of mean + SD (standard devi-
ation) derived from triplicate measurements. A statistically
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significant difference was deemed to exist if *p <0.05,
**p <0.01, or ***p <0.001.

Results
DUXAP8 expression is increased in HCC

R software was used to analyze the expression of YY1 and
DEPDCI1 in datasets obtained from TCGA-LIHC datasets
to identify potential LncRNAs implicated in the progression
of HCC (Fig. 1A). The TCGA-LIHC database was used to
perform a correlation analysis between YY1 and DEPDC1,
which yielded a statistically significant and positive cor-
relation (cor=0.516, P=3.337e—30) (Fig. 1B). The Venn
diagram showed that both YY1 and DEPDCI1 shared 45
LncRNAs (R>0.3, P<0.001) (Fig. 1C). We then performed
differential expression profiling of 45 LncRNAs, showing
that seven LncRNAs (LogFC > 2, FDR < 0.05) (Fig. 1D).
Next, we constructed a risk signature for HCC using uni-
variate Cox regression and selected the IncRNA DUXAPS
with the highest expression (hazard rate =1.861 and area
under the curve =0.680; Table 2).

Subsequently, we examined the expression of DUXAPS in
both hepatocellular carcinoma cells and tissues. The expres-
sion levels of DUXAPS were compared between normal and
HCC tissues using the TCGA-LIHC database (Fig. 1E).
The expression of DUXAPS8 was significantly elevated in
HCC tissues compared to normal tissues, and a decreased
level of DUXAPS expression was indicative of a favorable
prognosis (Fig. 1F). To further support these results, reverse
transcription polymerase chain reaction was used to analyze
our study population, which revealed a significant upregula-
tion of DUXAPS expression in HCC specimens compared to
that in liver tissues (P <0.001) (Fig. 1G). Furthermore, the
two HCC cell lines exhibited elevated levels of DUXAPS8
expression compared to the THLE-3 normal liver cell line
(Fig. 1H). Taken together, these findings suggest that the
expression of DUXAPS is increased in HCC cells.

The activation of DUXAP8 expression in HCC cells
is facilitated by YY1

In light of the observed overexpression of DUXAPS in
HCC, our subsequent efforts were directed toward elucidat-
ing the potential mechanisms responsible for the anomalous
dysregulation of DUXAPS8 in HCC. Transcription factors
(TFs) have been extensively documented in the activation of
LncRNAs with abnormally high expression levels. Subse-
quently, we utilized the "HTFtarget" (http://bioinfo.life.hust.
edu.cn/hTFtarget#!/) [18] and "PROMO" (https://alggen.Isi.
upc.es/cgi-bin/promo v3/promo/promoinit.cgi?dirDB =TF
8.3) [19] to identify putative transcription factors that could
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Fig. 1 Identification and characterization of DUXAP8 in HCC tis-
sues and cells. (A) The distinct upregulation of YY1 and DEPDCI1
in HCC tissues compared to liver tissues obtained by analyzing
TCGA-LIHC datasets. (B) Expression level of YY1 was significantly
correlated with DEPDCI1 expression in patients with LIHC of the
TCGA database. (C) Venn diagram showing the screening of mRNA-
specific LncRNAs. A total of 45 LncRNAs were intersected with the
LncRNAs co-expressed by YY1 and DEPDC1 (R > 0.3, P < 0.001)

Table 2 The HR and P-values of 4 LncRNA

LncRNA HR HR95L HRO95H  P-value AUC
LINCO01011 1.671  1.017 2.744 0.043 0.596
DNAJC9-AS1  1.544 1.167 2.044 0.002 0.639
DUXAPS8 1.861 1.210 2.862 0.005 0.680
LINC00205 1.191  1.036 1.370 0.014 0.656

HR and P-values were generated from univariate Cox regression in
TCGA dataset

potentially bind to the DUXAP8 promoter. These results
indicated the presence of two shared transcription factors in
both prediction outcomes (Fig. 2A). Therefore, our objective
was to examine the precise binding ability of YY1 and VDR
to the DUXAPS8 promoter and their potential to stimulate
its expression. The algorithms utilized by JASPAR (https://
jaspar.genereg.net/) [20] to predict YY1 binding sites, that
exhibited high predictive scores are shown in Fig. 2B. We
assessed the expression of YY1 in THLE-3 cells and in two
HCC cell lines that exhibited elevated levels of YY1 expres-
sion (Fig. 2C). Subsequently, we individually introduced
siRNAs directed toward YY1 (si-YY1) and pcDNA3.1-YY1

TCGA related LncRNAs D
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I}\ il
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.I
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in the TCGA-LIHC database. (D) Heat maps showing differentially
expressed LncRNAs obtained by the TCGA-LIHC database. (E)
Expression of DUXAPS in the TCGA-LIHC database. (F) The over-
all survival curve in HCC patients with high or low DUXAPS expres-
sion based on TCGA-LIHC data. (G) The difference expression levels
of DUXAPS between HCC tissues and liver tissues using qRTPCR.
(H) qRT-PCR analysis of DUXAP8 levels in two HCC cell lines
compared to THLE-3. *p < 0.05, **p < 0.01, ***p < 0.001

into Hep3B cells. Our observations indicated that inhibition
of YY1 expression led to a significant decrease in DUXAP8
levels, whereas upregulation of DUXAPS expression was
contingent on YY1 overexpression (Fig. 2D). Chromatin
immunoprecipitation assays were performed to demon-
strate the binding capacity of YY1 to the DUXAPS promoter
(Fig. 2E). Luciferase assays confirmed that YY1 could bind
to the promoter of DUXAPS, as depicted in Fig. 2F. In sum-
mary, these data support the notion that YY1 to stimulate the
expression of DUXAPS in hepatocellular carcinoma cells.

DUXAPS acts as a miR-7-5p sponge

Based on previous findings, DUXAPS was predominantly
expressed in the cytoplasm, leading to the postulation that
DUXAPS could potentially function as an miRNA decoy in
HCC. Initially, a cross-analysis was conducted utilizing the
microRNA (miRNA) target prediction TargetScan (Release
7.2) [21], StarBase (http://starbase.sysu.edu.cn/) [22], and
the IncRNASNP2 (http://bioinfo.life.hust.edu.cn/IncRN
ASNP/#!/) [23] databases to ascertain the shared miRNAs
between DUXAP8 and DEPDC1.We identified three com-
mon candidate miRNAs (miR-7-5p, miR-105-5p, and miR-
892c-5p) that may bind DUXAPS8 and DEPDCI1 (Fig. 3A).
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Fig.2 DUXAPS is activated by YY1. (A) Intersection of HTFtar-
get and PROMO algorithms predicting the results. (B) The JASPAR
algorithm predicted the YY1 binding site in DUXAP8 promoter. (C)
qRT-PCR analysis of YY1 levels in two HCC cell lines compared

Next, we evaluated the expression of miR-7-5p, miR-105-5p,
and miR-892c¢-5p in the THLE-3, Huh7, and Hep3B cell
lines. The expression of miR-7-5p was reduced in cell lines
exhibiting decreased DUXAPS and DEPDC1 mRNA lev-
els (Fig. 3B). Moreover, the expression of miR-7-5p was
elevated in Hep3B and Huh7 cells with DUXAP8 down-
regulation, whereas it was diminished in Hep3B and Huh7
cells with DUXAPS overexpression (Fig. 3C).

Subcellular fractionation assays revealed that DUXAPS8
and DEPDC1 were predominantly localized in the cyto-
plasm of Hep3B cells (Fig. 3D). The predicted miRNAs and
their binding sites, particularly those linking DUXAPS8 and
miR-7-5p, are shown in Fig. 3E. To assess the functional
correlation between DUXAP8 and miR-7-5p, luciferase
assays were performed in HCC cells. Luciferase activity
of the luciferase reporter vector containing the DUXAPS
wild-type sequence was significantly reduced upon co-trans-
fection with miR-7-5p mimics in Hep3B cells compared to
the controls. However, these inhibitory effects were nulli-
fied by mutation of the putative miR-7-5p binding site in
DUXAPS, co-transfection with miR-7-5p inhibitor showed
the opposite effects (Fig. 3F). Binding was assessed using
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to THLE-3. (D) Real-time PCR measured the levels of YY1 and
DUXAPS in Hep3B cells after various treatments. (E) ChIP analyses.
(F) Luciferase reporter assays. *p < 0.05, **p < 0.01

in vitro-transcribed DUXAPS, which was biotin-labeled,
and endogenous miR-7-5p in the cell lysates. These findings
confirmed that biotin-labeled DUXAPS effectively precipi-
tated miR-7-5p (Fig. 3G). miRNAs can bind to their targets,
resulting in translational repression and/or RNA degrada-
tion in an Ago2 dependent-manner. To determine the regu-
latory effect of miR-7-5p on DUXAPS, anti-Ago2 RIP was
assembled in Hep3B and Huh7 cells that transiently overex-
pressed miR-7-5p. The enrichment of endogenous DUXAPS
pull-down by Ago2 was observed exclusively in cells trans-
fected with miR-7-5p, thereby indicating that miR-7-5p is
a valid miRNA that targets DUXAPS (Fig. 3H). Therefore,
we hypothesized that DUXAPS functions as a competing
endogenous RNA for miR-7-5p in HCC cells.

DUXAPS functions as a ceRNA

To determine the effect of miR-7-5p on DEPDC1 expres-
sion, an initial assessment of DEPDC1 and DUXAP8 mRNA
levels was conducted following miR-7-5p overexpression
or knockdown. These findings indicate that miR-7-5p sig-
nificantly reduced the mRNA expression of DEPDC1 and
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DUXAPS in Hep3B and Huh7 cells, whereas the miR-7-5p
inhibitor significantly elevated the mRNA levels of DEPDC1
and DUXAPS (Fig. 4A-C). To corroborate the associa-
tion between DEPDCI1 and its corresponding miRNAs, an
examination using TargetScan (Release 7.2) demonstrated
the presence of anticipated miR-7-5p targeting sites in
DEPDCI(Fig. 4D). The results of luciferase reporter assays
indicated that the expression of luciferase under the regula-
tion of wild-type DEPDC1 was considerably suppressed in
Hep3B cells upon co-transfection with the miR-7-5p mimic
compared to that in the control group. The inhibitory effect
was nullified when the one putative miR-7-5p binding sites
located in the DEPDC1 3'UTR were mutated. Conversely,
co-transfection with miR-7-5p inhibitor resulted in the
opposite effect (Fig. 4E). Collectively, these findings dem-
onstrated that DEPDC1 is targeted by miR-7-5p.

A previous study has demonstrated that DUXAPS is
involved in Ago2-associated RNA-induced silencing com-
plexes (RISCs) and interacts with miRNAs. The present
study investigated the correlation between DUXAPS and

[ ' [

s
enrichment to NC

(Anti-AGO2/input RIP)
=

(% input)

retrieved microRNA
n

relati

T T T T
Beads DUXAPS Beads DUXAPS

based on bioinformatics analysis and schematic constructions of WT-
Luc (DUXAPS 3’ partial region), MUT-Luc. (F) Luciferase activity
assays were performed cotransfected with DUXAP8 WT or DUXAP8
MUT and miR-7-5p mimic or inhibitor. (G) HCC cell lysates were
incubated with biotin-labeled DUXAPS, miRNA qRT-PCR was per-
formed after the pull-down process. (H) Anti-AGO2 RIP was per-
formed in Hep3B and Huh7 cells transfected with miR-7-5p mimics
or miR-NC, followed by qRT-PCR to detect DUXAPS enrichment.
Data are shown as mean + SD, n = 3. The data statistical significance
is assessed by Student’s t test. *P < 0.05, **P <0.01, ***P < 0.001

DEPDC1 mRNA in RISCs through RNA immunopre-
cipitation (RIP) using an anti-Ago?2 antibody, followed by
quantitative real-time polymerase chain reaction (QRT-PCR).
Cytoplasmic enrichment of DUXAP8 and DEPDC1 mRNA
in the Ago2 complexes is shown in Fig. 4F. Significantly
reduced levels were observed in the Ago2 complexes iso-
lated from the nucleus. These findings provided additional
evidence that DUXAPS functions as a ceRNA for DEPDC1
mRNA in the cytoplasm. Furthermore, RIP assays utilizing
Ago2, a protein capable of selectively enriching miRNA-
bound targets through immunoprecipitation. DUXAPS was
independently overexpressed in Hep3B and Huh7 cells, fol-
lowed by the use of an anti-Ago2 antibody to pull down
Ago2. Overexpression of DUXAPS resulted in a notable
reduction in the enrichment of DEPDCI transcripts pulled
down by Ago2, thereby indicating a decrease in the abun-
dance of miRNA-bound DEPDCI transcripts (Fig. 4G). To
determine the potential role of DUXAPS as a ceRNA in the
regulation of DEPDC1 via miR-7-5p, luciferase assays were
conducted using the pGL3-promoter-DEPDC1 in HCC cells.
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Fig.4 DUXAPS act as ceRNAs. (A) The qRT-PCR assay revealed
the overexpression and knockdown efficiency of miR-7-5p in Hep3B
and Huh7 cells. (B—C) The mRNA levels of DUXAP8 and DEPDC1
in Hep3B and Huh7 cells after transfection with miR-7-5p mimic
or Inhibitor. (D) The miR-7-5p binding sequence in the DEPDCI1 3’
UTR and the generation of dual-luciferase reporter plasmids of wild-
type (WT) or mutant (MUT) were shown. (E) Luciferase activity
assays were performed in Hep3B cells co-transfected with DEPDC1
WT or MUT and miR-7-5p mimic or inhibitor. (F) RIP experiments
revealed that DUXAP8 and DEPDC1 mRNA coexisted in the anti-
Ago2 complex in the cell cytoplasm. IgG was used as the negative
control. (G) The schematic diagram and qRT-PCR results of the RIP

Upregulation of DUXAPS resulted in a significant increase
in luciferase activity of the reporter, which was effectively
nullified upon co-transfection with the miR-7-5p mimic
(Fig. 4H). To confirm the association between DEPDC1
and miR-7-5p, the upregulation of DEPDC1 was inhibited
by miR-7-5p overexpression (Fig. 41). This finding implied
that DUXAPS has the potential to compete with DEPDCI1
transcripts for miRNA binding. Subsequently, we induced
DUXAPS overexpression in cells that were previously over-
expressing DEPDC1. As demonstrated above, upregulation
of DEPDC1 by DEPDCI further enhanced the expression of

@ Springer

based on Ago2 showed that DUXAPS8 can compete with the DEPDC1
transcript for the binding of miRNAs. (H) Luciferase activity in HCC
cells co-transfected with pGL3-promoter-DEPDC1 and ceRNAs.
Data were presented as the relative ratio of renilla luciferase activity
and firefly luciferase activity. (I) The relative expressions of DEPDC1
were determined transfected with miR-7-5p mimic or DEPDCI1 by
qRT-PCR. (J) The relative expression levels of DEPDC1 were deter-
mined by qRT-PCR and western blotting in Hep3B and Huh7 cells
after co-transfecting ceRNAs. Data are shown as mean + SD, n = 3.
The data statistical significance is assessed by Student’s t test. ¥*P <
0.05, **P < 0.01, ***P < 0.001

DEPDCI at both the transcriptional and translational levels
through the involvement of DUXAPS (Fig. 4]). Collectively,
these findings suggested that DUXAPS acts as a ceRNA to
antagonize miR-7-5p, thereby enhancing the expression of
DEPDCI.

The expression of HNRNPF is regulated by DUXAP8

To expand the investigation into additional mechanisms by
which DUXAPS governs DEPDC1, we searched for pro-
tein-binding associates of DUXAPS. Because biotin-labeled
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Fig.5 DUXAPS specifically regulates DEPDCI1 by facilitating the
interaction of HNRNPF with DEPDC1 mRNA. (A) Venn diagram
showing the RNA-binding protein shared in RBPDB, catRAPID
database and PMID:25365966. (B) The expression levels of the
mRNAs in THLE-3. Hep3B and Huh7 cells. (C) The schematic
diagram of the RNA pull-down method used to identify the binding
between DUXAP8 and RBP in both Hep3B and Huh7 cells; interac-
tion of DEPDCI1 with HNRNPF, as detected by RNA precipitation
using DEPDC1 as an RNA probe, followed by western blot. (D) RIP
assay using HNRNPF antibody confirms that DEPDCI1 interacts with
HNRNPF. (E) Increase of DEPDC1 mRNA stability after transfec-
tion Lv-DUXAPS, re-expression of Lv-shDUXAPS restores its abil-
ity to decrease DEPDC1 mRNA stability as compared to control
cells. Cells were treated with 2.5 pg/mL actinomycin D and RNA

DUXAPS was used as a probe, we performed RNA precipi-
tation and identified several prospective binding partners for
DUXAPS. Four RNA-binding proteins (RBPs) were identi-
fied using the RBPDB (http://rbpdb.ccbr.utoronto.ca/) [24]
and catRAPID (http://service.tartaglialab.com/page/catra
pid_group) [25] databases, as reported in the literature on

was isolated at 0, 4, 8 and 12 h, respectively. (F) The schematic dia-
gram of the RNA pull-down method used to identify the binding
between DEPDCI and RBP in both Hep3B and Huh7 cells; interac-
tion of DEPDCI1 with HNRNPF, as detected by RNA precipitation
using DEPDC1 as an RNA probe, followed by western blot. (G) RIP
assay using HNRNPF antibody confirms that DEPDCI1 interacts with
HNRNPF. (H) DUXAPS is required for the interaction of HNRNPF
with DEPDC1 mRNA, as detected by RIP assay using HNRNPF anti-
body. (I) DUXAPS enhances the interaction of DEPDC1 mRNA with
HNRNPF, as detected by RNA precipitation using DEPDC1 3'-UTR
probe. Data are shown as mean + SD, n = 3. The data statistical sig-
nificance is assessed by Student’s t test. *P < 0.05, **P < 0.01, ***P
< 0.001

human RBPs (Fig. 5A). Next, we evaluated the expression
of HNRNPF, PTBP1, HNRNPA1, FMRI1, and ELAVL2
in THLE-3, Huh7, and Hep3B cell lines and found that
HNRNPF expression was higher in these cell lines (Fig. 5B).
The interaction between HNRNPF and DUXAPS in Hep3B
and Huh7 cells was confirmed using western blot analy-
sis (Fig. 5C). The presence of DUXAPS in the HNRNPF
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Fig.6 DUXAPS increased the progression via DEPDC1 in HCC
cells. (A) Cell proliferation was assessed daily for 4 days using the
Cell Counting Kit-8 (CCK-8) assay in DUXAP8 overexpressing
Hep3B and Huh7 cells. (B) EdU assays were performed to analyze
the Hep3B and Huh7 cell proliferation in differently transfected
groups. (C) Transwell assays were used to evaluate the involve-

complexes was confirmed using RIP assays using an anti-
body against HNRNPF and compared to the IgG control.
This finding provided additional evidence that HNRNPF is
a binding partner of DUXAPS (Fig. 5D). Previous studies
have demonstrated that HNRNPF enhances the stability of
downstream genes. Consequently, our initial investigation
aimed to assess the potential impact of DUXAPS on the
stability of DEPDC1 mRNA. Previous studies have demon-
strated that HNRNPF enhances the stability of downstream
genes. As a preliminary step, we investigated the potential
influence of DUXAPS on the stability of DEPDC1 mRNA.
Cells were treated with the RNA synthesis inhibitor actino-
mycin D, followed by the isolation of total RNA at 4, 8, and
12 h. The data indicated that the expression of DUXAPS
resulted in an increase in the stability of DEPDC1 mRNA,
whereas inhibition of DUXAPS expression led to a decrease
in the stability of DEPDC1 mRNA (Fig. 5E). The results of
this study suggest that DUXAPS plays a role in augments
the stability of DEPDC1 mRNA.

To elucidate the mechanism by which DUXAP8 modu-
lates the stability of DEPDC1 mRNA through its interaction
with HNRNPF, RNA precipitation assays were conducted
in Hep3B and Huh7 cells using DEPDC1 3'-UTR mRNA
as a probe, which demonstrated the interaction between
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Fig.7 The schematic model of DUXAPS functions

HNRNPF and DEPDC1 mRNA (Fig. 5F). Utilization of the
HNRNPF antibody in RIP experiments showed an increase
in DUXAPS8 within the HNRNPF complexes (Fig. 5G).
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Table 3 Correlation between Characteristics n YY1 DUXAPS DEPDCI
the clinicopathologic
characteristics of the patients High Low P-value High Low P-value High Low P-value
with hepatocellular carcinoma
and the expression of YY, Gender
DUXAPS and DEPDC1 Male 28 12 16 0.496 18 10 0.581 15 13 0.419
Female 04 01 03 02 02 03 01
Age (years)
>60 06 04 02 0.687 03 03 0.865 02 04 0.102
<60 26 15 11 12 14 18 08
Differentiation
Poorly 28 13 15 0.419 08 20 0.387 11 17 0.178
Moderate/well 04 01 03 02 02 03 01
Clinical stage
I-11 08 03 05 0.028* 02 06 0.002* 01 07 0.004%**
m-1v 24 19 05 20 04 17 07
Hepatitis B
Negative 09 02 07 0.125 03 06 0.016* 05 04 0.053
Positive 23 12 11 18 05 20 03
Pathological
HCC 25 18 07 0.036* 20 05 0.009#** 19 06 0.003#**
Other types 07 02 05 02 05 01 06
Tumor size
>6cm 21 08 13 0.373 10 11 0.174 16 05 0.082
<6cm 11 06 05 08 03 05 06

YY!I Yin Yang 1, DEPDC1 DEP domain containing 1, DUXAP8 LncRNA double homeobox A pseudogene
8, HCC hepatocellular carcinoma.*P < 0.05, **P < 0.01, ***P <0.001

Furthermore, our findings indicate that DUXAPS modulates
the interaction between HNRNPF and DEPDC1 mRNA.
The results indicated that DUXAPS8 overexpression led to
a significant increase in the enrichment of DEPDC1 mRNA
within HNRNPF complexes compared to that in control cells
(Fig. 5SH). These findings suggest that DUXAPS8 promotes
the interaction between HNRNPF and DEPDC1 mRNA. Our
hypothesis was reinforced by RNA precipitation using the
DEPDCI1 3'-UTR mRNA probe. In our study, we observed
a marginal increase in the quantity of HNRNPF that was
bound to the DEPDCI1 3’-UTR mRNA probe in cells that
overexpressed DUXAPS, as compared to cells in the control
group (Fig. 51). This finding provides additional evidence to
support the notion that DUXAPS facilitates the interaction
between HNRNPF and DEPDC1 mRNA.

DUXAP8 promotes the proliferation and migration
of HCC cells in vitro

Subsequently, we investigated the effects of DUXAPS on
the cellular phenotypes. The study revealed that overex-
pression of DUXAPS led to a noteworthy enhancement in
the proliferative capacity of Hep3B and Huh7 cells, as evi-
denced by the results of the Cell Counting Kit-8 (Fig. 6A)
and EdU (Fig. 6B) assays. However, this increase was

abolished by the transfection with shDEPDC1. The results
of the Transwell experiments indicated that overexpres-
sion of DUXAPS led to a noteworthy enhancement in
the migratory ability of HCC cells. However, this effect
was partially mitigated by transfection with shDEPDC1
(Fig. 6C). Furthermore, the progression of epithelial-mes-
enchymal transition (EMT) is characterized by an increase
in the expression of mesenchymal cell markers, includ-
ing N-cadherin and vimentin. Western blot analysis indi-
cated that overexpression of DUXAPS led to a significant
increase in the expression of N-cadherin and vimentin in
both Hep3B and Huh7 cells. This increase was partially
alleviated upon transfection with shDEPDCI1 (Fig. 6D).
Collectively, these data indicate that DUXAPS plays a
functional role in the initiation of endothelial-mesenchy-
mal transition, which is contingent upon the expression
of DEPDCI.

Discussion
Evidence suggests that cytoplasmic IncRNAs function as
miRNA sponges, leading to the aberrant activity of miR-

NAs and their target genes. Additionally, they modulate
tumorigenesis by interacting with RBPs [7, 16]. YY1 and
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DEPDCI are considered among the most significant onco-
genes, as their activation results in the controlled expression
of numerous target genes, ultimately culminating in cancer
development [26, 27]. Multiple mechanisms contribute to
DEPDCI1 upregulation, including transcriptional activation
[28, 29] and posttranscriptional regulation [30, 31]. A sig-
nificantly upregulated prognosis-related IncRNA, DUXAPS,
was identified in HCC tissues and cells using bioinformatic
analyses and a series of validation experiments. Moreover,
it has been reported that activation of DUXAP8 by YY1
contributes to the progression of HCC through competi-
tive binding with miR-7-5p and upregulation of DEPDC1
mRNA, leading to the induction of EMT. The upregulation
of DEPDCI1 expression was partially attributed to its ability
to enhance the stability of DEPDC1 mRNA through its inter-
action with HNRNPF. Thus, the significance of DUXAPS in
HCC progression was noteworthy (Fig. 7).

Our findings indicate a potential association between
DUXAPS and DEPDCI1. This study revealed the presence of
miR-7-5p response elements in both DUXAPS and DEPDC1
mRNA. Overexpression of DUXAPS resulted in an mRNA
expression profile that further supports its involvement in the
advancement of hepatocellular progression. The involvement
of DUXAPS in HCC was attributed to its competitive bind-
ing to miR-7-5p, indicating its role as a ceRNA. The upreg-
ulation of DEPDC1 by DUXAPS8 may enhance its effects
due to the existence of a negative feedback loop between
miR-7-5p and DEPDCI. To elucidate the precise function
of DUXAPS, HNRNPF, and DEPDC1 in HCC tissues,
we investigated the correlation between YY1, DUXAPS,
HNRNPF, and DEPDC1 mRNA expression and clinico-
pathological parameters of patients with HCC, as presented
in Table 3. Correlation regression analysis indicated a statis-
tically significant association between elevated YY1 expres-
sion and clinical stage (P =0.028) and pathological stage
(P=0.036), whereas DUXAPS expression correlated with
clinical stage (P =0.002), pathological stage (P =0.009),
and hepatitis B (P=0.016), and DEPDCI1 expression cor-
related with clinical stage (P =0.004) and pathological stage
(P=0.003). The data presented herein provide evidence of
a significant correlation between elevated levels of YY1,
DUXAPS, and DEPDC1 and the occurrence of HCC.

In summary, this study revealed the oncogenic mecha-
nism of DUXAPS8 in HCC. Regulation of DUXAPS acti-
vation by YY1 on DEPDCI involves the maintenance of
DEPDC1 mRNA stability and the function of DUXAPS
as a competing endogenous RNA. Our findings indicate
that the expression of DUXAPS is increased in HCC.
Moreover, DUXAPS interacts with HNRNPF, promot-
ing the association of HNRNPF with DEPDC1 mRNA
and stabilizing DEPDC1 mRNA levels. Addition-
ally, our findings demonstrated that the involvement of
DUXAPS in HCC progression is facilitated by YY 1. The
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modulation of DEPDCI1 expression, which contributes to
HCC progression, is facilitated by the interaction between
DUXAPS sponges and miR-7-5p. The multifaceted effect
of DUXAPS on HCC progression indicates that DUXAP8
may serve as a promising therapeutic target for patients
with HCC.
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