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Abstract
Background: Hepatocellular carcinoma (HCC) is one of the most deadly cancer 
worldwide. Multiple long noncoding RNAs (lncRNAs) are recently identified as cru-
cial oncogenic factors or tumor suppressors. In this study, we explored the functon 
and mechanism of lncRNA double homeobox A pseudogene 8 (DUXAP8) in the 
progression of HCC.
Methods: Expression levels of DUXAP8 in HCC tissue samples were measured 
using qRT-PCR. The association between pathological indexes and the expression 
of DUXAP8 was also analyzed. Human HCC cell lines SMMC-7721 and QSG-7701 
were used in in vitro studies. CCK-8 assay was used to assess the effect of DUXAP8 
on HCC cell line proliferation. Scratch healing assay and Transwell assay were con-
ducted to detect the effect of DUXAP8 on migration and invasion. Furthermore, 
dual-luciferase reporter assay was used to confirm targeting relationship between 
miR-422a and DUXAP8. Additionally, Western blot was used to detect the regula-
tory function of DUXAP8 on pyruvate dehydrogenase kinase 2 (PDK2).
Results: DUXAP8 expression HCC clinical samples was significantly increased 
and this was correlated with unfavorable pathological indexes. High expression of 
DUXAP8 was associated with shorter overall survival time of patients. Its over-
expression remarkably facilitated the proliferation, metastasis, and epithelial-mes-
enchymal transition of HCC cells. Accordingly, knockdown of it suppressed the 
malignant phenotypes of HCC cells. Overexpression of DUXAP8 significantly 
reduced the expression of miR-422a by sponging it, but enhanced the expression 
of PDK2.
Conclusions: DUXAP8 was a sponge of tumor suppressor miR-422a in HCC, en-
hanced the expression of PDK2 indirectly, and functioned as an oncogenic lncRNA.
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1 |  INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the common tumors 
of the digestive system. Its high incidence and high mortality 
rate make it one of the major health threats in China.1,2 Because 
HCC patients are asymptomatic in the early stage, most of them 
are diagnosed at an advanced stage with high mortality and low 
survival rate.3 At present, the treatment of HCC includes sur-
gical treatment, chemotherapy, targeted drug therapy, etc, but 
due to frequent recurrence after surgery, chemoresistance and 
radioresistance, the prognosis of HCC patients is still not sat-
isfactory.4,5 Therefore, research on new biomarkers and new 
therapy targets for HCC is extremely important.

LncRNAs belong to noncoding RNAs that were once 
thought to be "noise" during transcription, but growing ev-
idence suggests that they are not genomic "Garbage," but a 
functional RNA molecule that regulates the expression of 
genes in epigenetic regulation, transcriptional regulation, 
and post-transcriptional regulation, thus becoming a new hot 
spot in cancer research.6,7 For example, lncRNA HOTAIR is 
highly expressed in lung cancer, and its high expression is 
significantly associated with lung cancer metastasis and poor 
prognosis 8; lncRNA PVT1 is upregulated in gastric cancer 
tissues, and its overexpression enhances the cancer cell pro-
liferation and invasion, which is significantly associated with 
poor prognosis.9 Existing studies also report that lncRNA 
has important functions in HCC. For example, high expres-
sion of lncRNA MALAT1, promoting tumor proliferation 
and metastasis, is expected to be one of the potential HCC 
therapy targets.10 In recent years, the role of lncRNA double 
homeobox A pseudogene 8 (DUXAP8) has been gradually 
studied in cancers. Studies show that DUXAP8 exerts a regu-
latory role in esophageal squamous cell carcinoma, renal cell 
carcinoma, gastric cancer, and other tumors.11-13 A recent 
study reports that in HCC, DUXAP8 repressed tumor sup-
pressor KLF2 transcription through interacting with EZH2.14 
However, the function and mechanism of DUXAP8 in HCC 
needs further exploration.

MicroRNAs are widely distributed in eukaryotes and are en-
dogenously expressed noncoding single-stranded small-mole-
cule RNAs composed of 19-25 nucleotide molecules. miRNA 
regulates the expression of related genes at the post-transcrip-
tion or translation, which is at play in the process of tumorigen-
esis, development, and metastasis.15-17 Accumulating studies 
in the past decades have proved that miRNAs can act as tumor 
suppressors or cancer-promoting factors in the development 
of HCC.18,19 miR-422a is abnormally expressed in colorectal 
cancer, glioma, head and neck squamous cell carcinoma, and 
counts in the proliferation and metastasis of cancer cells.20-22 
Importantly, miR-422a is downregulated in HCC, and overex-
pression can significantly inhibit the malignant phenotypes of 
HCC cells.23 While the mechanism of miR-422a dysregulation 
in HCC needs further investigation.

The aim of this work was to investigate the expression and 
clinical significance of DUXAP8 in HCC, and to explore the 
effects of DUXAP8 on HCC cells and its downstream mech-
anisms. Our results proved that DUXAP8 was upregulated in 
HCC tissues, and patients with high expression of DUXAP8 
had poor prognosis, and knocking down DUXAP8 inhibited 
the malignant phenotypes of HCC cells. We also confirmed that 
DUXAP8 could promote the development of HCC cells by mod-
ulating miR-422a/pyruvate dehydrogenase kinase 2 (PDK2).

2 |  MATERIALS AND METHODS

2.1 | Tissue samples

About 50 patients with HCC who received surgery in Jining 
NO.1 People's Hospital from 2014 to 2018 were selected to 
obtain cancer tissue samples and adjacent normal tissues. 
All cases were confirmed by pathological examination. The 
patients were 31-73 years old, including 31 males and 19 fe-
males. All patients signed informed consents. All specimens 
were stored in liquid nitrogen at −196°C for RNA extraction. 
The collection and use of patient tissue samples were approved 
by the Ethics Committee of Jining NO.1 People's Hospital.

2.2 | Cell culture

Human normal liver cell line L0-2, human hepatoma cell lines 
Huh7, HCCLM3, Hep3B, SMMC-7721, QSG-7701 were 
purchased from Shanghai Institute of Biological Sciences, 
Chinese Academy of Sciences, and the cells were placed in 
RPMI-1640 medium (Gibco) containing 10% fetal bovine 
serum (FBS; Gibco, Life Technologies) and 1% penicillin/
streptomycin (Hyclone) in a constant temperature incubator 
with 5% CO2 at 37°C.

2.3 | Cell transfection

The cells were washed with PBS buffer, trypsinized for 
2  minutes, and transferred to a 15  mL sterile centrifuge 
tube. Then cells were centrifuged and counted, and inocu-
lated in a 6-well plate with 1 × 105 cells per well. When 
the fusion rate was about 70%, transfection was performed. 
In brief, the transfection reagent (lipofectamine 3000; 
Thermo Fisher Scientific) was diluted with serum-free 
medium, and incubated at 37°C for 20 minutes. The con-
centration of si-DUXAP8, DUXAP8 plasmid, miR-422a 
mimics, miR-422a inhibitors, PDK2 siRNA, PDK2 over-
expressing plasmid and the control siRNA, plasmids, or 
miRNA (GenePharma) were also diluted with serum-free 
medium, and incubated at room temperature for 5 minutes, 
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and then mixed with the transfection reagent. Then, the 
cells were incubated with the mixture, and the culture was 
continued. After 12 hours, the status of the transfected cells 
was observed, and the serum-free medium was changed to 
the complete medium. After the culture was continued for 
24 hours, the RNA was extracted and the transfection ef-
ficiency was verified by qRT-PCR.

2.4 | Quantitative real-time polymerase 
chain reaction (qRT-PCR)

Total RNA was extracted with TRIzol reagent (Invitrogen). 
Then the total RNA was reversely transcribed into cDNA using 
First Strand cDNA Synthesis Kit (Thermo Fisher Scientific 
Inc). PCR was performed using SYBR Green Premix Ex 
Taq II (TaKaRa) in line with the manufacturer's protocol. 
The reaction conditions were as follows: pre-denaturation at 
95°C for 30s, denaturation at 95°C for 5  seconds, annealing 
at 60°C for 30 seconds, 45 cycles. The relative expressions of 
DUXAP8, miR-422a, and PDK2 mRNA were obtained by 2−

ΔΔCT method. The primers were designed and synthesized by 
TaKaRa, and the primer sequences are shown in Table 1.

2.5 | Cell counting kit-8 (CCK-8) assay

Cell viability was assessed using the CCK-8 assay. Cells 
were inoculated at the density of 1 × 103 cells/well in 96-well 
plates and cultured for 24, 48, 72, and 96 hours, respectively. 
According to the manufacturer's instructions, at each time point, 
10  μL from CCK-8 kit (Dojindo Molecular Technologies) 
was added to each well. After incubation for 1h, the value of 
OD450nm was measured by a microplate reader (Bio-Rad).

2.6 | Scratch healing experiment

The cells in the logarithmic growth phase were plated in a 
6-well plate at a density of 1 × 106/mL. When the cells reached 

80% to 90% fusion, a scratch was made with a sterile pipette. 
Then the cells were gently washed three times with PBS, and 
the floating cells were removed, and RPMI-1640 medium con-
taining 2.5% FBS was added. Then under inverted microscope, 
the scratch width was observed and recorded. After that, the 
cells were cultured for 24 hours. Ultimately, under inverted mi-
croscope, the scratch width was observed and recorded again.

2.7 | Transwell assay

Cells suspended in RPMI1640 medium containing 10% FBS 
was added to the wells of 24-well plate (700 μL/well), and 
Transwell chambers (8  μm pore size, BD Biosciences) were 
placed on the wells. The successfully transfected cells were 
added into the upper compartment of Transwell chamber 
(2  ×  105 cells/chamber). After 24  hours of cell culture, the 
chambers were removed. The cells failing to pass through the 
membrane were wiped off with a cotton swab. The migrated 
or invaded cells were then immersed in 4% paraformaldehyde 
solution for 10 minutes, and stained with 0.1% crystal violet 
solution for 30 minutes. After the membrane was washed, cells 
were observed and counted under a microscope. In invasion 
assay, Matrigel was used to coat the Transwell chamber before 
the experiments, and in migration assay, Matrigel was not used.

2.8 | Dual-luciferase reporter assay

All luciferase reporter vectors (DUXAP8-WT, DUXAP8-
MUT) were constructed by Promega. DUXAP8-WT vector or 
DUXAP8-MUT vector, miR-422a mimics, or negative con-
trol miRNAs were co-transfected into Hep3B cells, and after 
48 hours of transfection, the relative luciferase activity was deter-
mined using Dual-luciferase Reporter Assay System (Promega).

2.9 | Western blot

The cells were lysed with RIPA lysate (containing 1% PMSF), 
and the supernatant was collected by centrifugation to extract 
total cellular protein. The protein was quantified by Bradford 
method. The sample was boiled for 5 minutes, cooled on ice, 
centrifuged for 30 seconds, and the supernatant was subjected 
to sodium dodecyl sulfate-polyacrylamide gel electrophore-
sis. Then, the protein was transferred to the polyvinylidene 
fluoride (PVDF) membrane, and then the PVDF membrane 
was blocked at room temperature with 5% skim milk and in-
cubated overnight at 4°C with primary antibodies. The pri-
mary antibodies were anti-PDK2 (ab68164, Abcam, 1:1000) 
and anti-GAPDH (ab8245, Abcam, 1:5000). After the PVDF 
membrane was washed twice with TBST, the membrane was 
incubated with fluorescein-labeled secondary antibody at room 

T A B L E  1  RT-qPCR primer sequence

Name Primer sequences

DUXAP8 Forword:5′-GATGGTGGAGTAGGAGHCCAG-3′

Reverse:5′-TGHCCCTTCTATTCCACAHCCA-3′

miR-422a Forword:5′-ACUGGACUUAGGGUCAGAAGHCC-3′

Reverse:Uni-miR qPCR primer

PDK2 Forword:5′-ATGGCAGTCCTCCTCTCTGA-3′

Reverse:5′-CACCCACCCTCTTCCTAACA-3′

GAPDH Forword:5′-GAAGGTGAAGGTCGGAGTC-3′

Reverse:5′-GAAGATGGTGATGGGATTTC-3′
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temperature for 1 hours. After the membrane was washed with 
TBST again, color rendering was performed using hypersensi-
tive ECL (Biossci Biotechnology Co, Ltd.).

2.10 | Statistics analysis

Graphpad Prism (verse 7.0, GraphPad Prism Software) 
was used for Statistics analysis. All data were showed as 
mean ± SD. Student's t test was used to compare the differ-
ences between two groups. The chi-square test was used to 
analyze the correlation between the expression of DUXAP8 
and the clinical pathological parameters of HCC patients. 
Survival curves were plotted using the Kaplan-Meier method 
and log-rank tests were performed. Differences of P <  .05 
were considered statistically significant.

3 |  RESULTS

3.1 | DUXAP8 was upregulated in HCC 
tissues and cells

Initially, we searched for changes in the expression of 
DUXAP8 in HCC samples based on data from GEPIA (http://
gepia.cancer-pku.cn/), and it showed that DUXAP8 was up-
regulated in HCC tissues compared with normal liver tissues 

(Figure 1A). We also examined the expression of DUXAP8 in 
50 pairs of HCC samples and adjacent tissue samples by qRT-
PCR. Consistenly, the results showed that the expression of 
DUXAP8 in tumor tissues was significantly higher than that in 
nontumor tissues (Figure 1B). Additionally, we also examined 
the expression of DUXAP8 in HCC cell lines (SMMC-7721, 
QSG-7701, Hep3B, Huh7, and HCCLM3) and normal human 
liver cell line L0-2 by qRT-PCR. As shown, the expressions 
of DUXAP8 were significantly increased in HCC cells com-
pared to normal liver cell lines (Figure 1C). To further figure 
out the relationship between DUXAP8 expression and long-
term prognosis of patients, we performed Kaplan-Meier analy-
sis based on TCGA patients using GEPIA. As shown, patients 
with higher DUXAP8 expression levels had shorter overall 
survival time than patients with lower DUXAP8 expressions 
(Figure 1D). To further explore the clinical significance of 
DUXAP8 high expression in HCC, we assessed the correlation 
between DUXAP8 levels and clinicopathological characteris-
tics of patients. To this end, 50 patients were divided into two 
groups with high or low DUXAP8 expressions. Chi-squared 
test showed that high expression of DUXAP8 was significantly 
associated with larger tumor size (P  =  .0227), TNM stage 
(P = .0072), and distant metastasis (P = .0018). However, there 
was no significant relationship between DUXAP8 expression 
and other factors including gender and age (Table 2). These re-
sults suggested that DUXAP8 was involved in the progression 
of HCC.

F I G U R E  1  DUXAP8 was 
upregulated in hepatocellular carcinoma 
(HCC) tissues and cells. A, Expression 
levels of DUXAP8 in HCC was analyzed 
by GEPIA database with TCGA data. 
B, Expression levels of DUXAP8 in 50 
matched HCC tissues and corresponding 
adjacent liver tissues were detected by qRT-
PCR. C, Expression levels of DUXAP8 in 
HCC cell lines and normal liver cell line 
L02 was detected by qRT-PCR. D, Survival 
analysis of HCC patients with high and 
low expression of DUXAP8. *P < .05, 
**P < .01, ***P < .001

http://gepia.cancer-pku.cn/
http://gepia.cancer-pku.cn/
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3.2 | DUXAP8 promoted the proliferation, 
migration, and invasion of HCC cells

To investigate the biological function of DUXAP8 in HCC 
cells, we knocked down or overexpressed DUXAP8 in 
SMMC-7721 and QSG-7701 cells by transfection with siRNA 
or overexpressing plasmids (Figure 2A). Proliferation was 
detected by CCK-8 assay. The results showed that DUXAP8 
knockdown significantly inhibited SMMC-7721 cell prolifera-
tion, while DUXAP8 overexpression promoted QSG-7701 cell 
proliferation (Figure 2B). We further examined the migration 
ability of SMMC-7721 and QSG-7701 in HCC cells by scratch 
assay. The results showed that the migration ability of SMMC-
7721 cells was significantly decreased after knockdown of 
DUXAP8, while overexpression of DUXAP8 significantly 
enhanced the migration ability of QSG-7701 cells (Figure 2C). 
We also examined the effects of DUXAP8 on migration and 
invasion of HCC cells by Transwell assay. Consistently, the 

results demonstrated that knockdown of DUXAP8 inhibited 
the migration and invasion of SMMC-7721 cells; in contrast, 
overexpression of DUXAP8 promoted the migration and inva-
sion of QSG-7701 cells (Figure 2D). We then detected the ex-
pression of epithelial-mesenchymal transition (EMT)-related 
markers E-cadherin, N-cadherin, and Vimentin in SMMC-
7721 and QSG-7701 lines with qRT-PCR and Western blot. 
As expected, after DUXAP8 knockdown, N-cadherin and 
Vimentin were downregulated while E-cadherin was upregu-
lated, whereas overexpression of DUXAP8 displayed the op-
posite effect (Figure 3A). Collectively, these results confirmed 
that DUXAP8 was an oncogenic lncRNA in HCC.

3.3 | DUXAP8 targeted miR-422a in 
HCC cells

LncRNA can act as a molecular sponge to regulate the ex-
pression of downstream genes through absorbing miRNA. 
By searching for the potential binding miRNA of DUXAP8 
in the StarBase online database (www.starb ase.sysu.
edu.cn), miR-422a was selected as a predictive target for 
DUXAP8 because of its high binding potential (Figure 4A). 
Furthermore, the expression of miR-422a was significantly 
downregulated in HCC tissues and cells (Figure 4B,C). 
Additionally, an increase in miR-422a expression was ob-
served in SMMC-7721 cells with DUXAP8 knockdown, 
whereas the expression of miR-422a was decreased in QSG-
7701 cells with DUXAP8 overexpression, suggesting that 
DUXAP8 can negatively regulate miR-422a expressions 
in HCC (Figure 4D). To further validate the binding rela-
tionship between miR-422a and DUXAP8, dual-luciferase 
reporter assay was performed and it showed that luciferase 
activity decreased significantly after the Hep3B cells were 
co-transfected with miR-422a and DUXAP8-WT reporter 
plasmids; however, the luciferase activity did not decrease 
significantly when the cells were co-transfected with miR-
422a and DUXAP8-MUT reporter plasmids (Figure 4E). 
Importantly, the expression correlation between DUXAP8 
and miR-422a was analyzed in HCC tissue samples and 
their expression was found to be negatively correlated 
(Figure 4F). Taken together, these results indicated that 
DUXAP8 negatively regulated miR-422a in HCC.

3.4 | miR-422a could reverse the function of 
DUXAP8 on HCC cells

Next, we transfected the miR-422a inhibitors or mim-
ics into SMMC-7721 and QSG-7701 of HCC cells with 
DUXAP8 knockdown or overexpression. We found that 
transfection of miR-422a inhibitors enhanced the up-
regulation of miR-422a expression caused by DUXAP8 

T A B L E  2  Correlation between clinicopathological characteristics 
and lncRNA DUXAP8 expression levels in hepatocellular carcinoma 
(HCC) patients

Characteristics

Number 
of 
patients

DUXAP8 
expression

χ2 P valueLow High

Gender

Male 31 18 13 2.1222 .1452

Female 19 7 12    

Age(y)

<55 29 15 14 0.0821 .7744

≥55 21 10 11    

Tumor size (cm)

<5 28 10 18 5.1948 .0227

≥5 22 15 7    

AEP (ng/mL)

<20 19 11 8 0.7640 .3821

≥20 31 14 17    

HBV infection

Yes 24 14 10 1.2821 .2575

No 26 11 15    

Histological grade

Well/ Moderate 21 12 9 0.7389 .3900

Poor 29 13 16    

TNM stage

I + II 17 13 4 7.2193 .0072

III + IV 33 12 21    

Metastasis

Yes 27 8 19 9.7424 .0018

No 23 17 6    

http://www.starbase.sysu.edu.cn
http://www.starbase.sysu.edu.cn
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knockdown. In contrast, transfection of miR-422a mim-
ics attenuated downregulation of miR-422a expression by 
DUXAP8 overexpression (Figure 5A). Then CCK-8 and 

Transwell assays were conducted. As shown, the inhibition 
of miR-422a reversed the effect of DUXAP8 knockdown 
on the proliferation, migration, and invasion of HCC cells; 

F I G U R E  2  DUXAP8 promoted hepatocellular carcinoma (HCC) proliferation, migration, and invasion. A, Cell lines with low or high 
expression of DUXAP8 were successfully established. B, The proliferation of HCC cells after DUXAP8 knockdown or overexpression was 
detected by CCK-8 assay. C, The migration of HCC cells after DUXAP8 knockdown or overexpression was detected by scratch healing assay. D, 
The migration and invasion of HCC cells after DUXAP8 knockdown or overexpression was detected by Transwell assay. *P < .05, **P < .01, 
***P < .001
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F I G U R E  3  DUXAP8 regulated EMT of hepatocellular carcinoma (HCC) cells. A, The EMT-related markers E-cadherin, N-cadherin, 
and Vimentin in HCC cells after DUXAP8 knockdown or overexpression were detected by qRT-PCR. B, The expression levels of E-cadherin, 
N-cadherin, and Vimentin in HCC cells after DUXAP8 knockdown or overexpression were detected by Western blot. **P < .01, ***P < .001

F I G U R E  4  DUXAP8 targeted miR-
422a in hepatocellular carcinoma (HCC). 
A, Prediction of binding sites between 
miR-422a and DUXAP8. B, The expression 
levels of miR-422a in 50 matched HCCs and 
adjacent nontumor controls were detected 
by qRT-PCR. C, The expression of miR-
422a in HCC cell lines and normal liver 
cell line L02 was detected by qRT-PCR. D, 
The expression levels of miR-422a in HCC 
cell lines were detected by qRT-PCR after 
DUXAP8 knockdown or overexpression. 
E, Dual-luciferase reporter assay indicated 
that miR-422a mimics could reduce the 
luciferase activity of wild-type DUXAP8 
reporter. F, The correlation between 
the expression levels of DUXAP8 and 
miR-422a in HCC samples was analyzed. 
*P < .05, **P < .01, ***P < .001, NS: 
P > .05
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overexpression of miR-422a attenuated the effect of over-
expressing DUXAP8 on proliferation, migration, and inva-
sion of HCC cells (Figure 5B,C). These findings indicated 
that miR-422a reversed the function of DUXAP8 in HCC 
cells.

3.5 | Regulation of DUXAP8/miR-422a on 
PDK2 expression

After confirming that DUXAP8 can regulate miR-422a ex-
pression, we attempted to explore the downstream targets of 

miR-422a in HCC. A recent study demonstrates that PDK2, 
an oncogene, is a target of miR-422a,24 so we investigated 
whether DUXAP8 can regulate PDK2 expression in HCC. 
As shown, DUXAP8 knockdown significantly reduced 
mRNA and protein expressions of PDK2, and overexpres-
sion of DUXAP8 increased mRNA and protein expressions 
of PDK2 (Figure 6A,B). Furthermore, our results revealed 
that inhibition of miR-422a enhanced the PDK2 expression 
and reversed the effect of DUXAP knockdown on PDK2. 
Conversely, overexpression of miR-422a reduced the PDK2 
expression and abolished the DUXAP8-induced upregulation 
of PDK2 (Figure 6C). Furthermore, we also found that the 

F I G U R E  5  miR-422a could reverse the function of DUXAP8 in hepatocellular carcinoma (HCC). A, miR-422a mimics or inhibitors and 
DUXAP8 siRNA were co-transfected into HCC cells, and the expression of miR-422a was detected by qRT-PCR. B, The proliferation of HCC 
cells in each group was detected by CCK-8 assay. C, The migration and invasion of HCC cells in each group were evaluated by Transwell assay. 
*P < .05, **P < .01, ***P < .001
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expression of PDK2 mRNA and DUXAP8 were positively 
correlated in HCC tissue samples, while the expression of 
PDK2 mRNA was negatively correlated with the expres-
sion of miR-422a (Figure 6D,E). Additionally, Western blot 
also indicated that both miR-422a and PDK2 could modulate 
the process of EMT of HCC cells (Figures S1 and Figure 
S2). These results indicated that DUXAP8 could upregulate 
PDK2 expression in HCC and promote HCC progression, 
probably by modulating miR-422a.

4 |  DISCUSSION

The exact molecular mechanism of HCC is still unclear.1 
The pathogenesis is a complex process with multiple fac-
tors and steps. Growing studies have shown that lncRNAs 
are abnormally expressed in human tumors, including 
HCC.10,11 Therefore, the identification of key lncRNAs 
associated with HCC is critical to clarify this disease and 
identify novel therapeutic targets. It is reported that lncRNA 

GAS5 is downregulated in HCC, and its overexpression 
can impede cell migration and invasion 25; the expression 
of lncRNA HOTAIR in HCC is elevated, and patients with 
high expression of it have a poor prognosis 26; moreover, 
the expression of lncRNA MALAT1 is also confirmed to 
be an independent prognostic factor for HCC.10 It is worth 
noting that the expression of DUXAP8 is closely related to 
the occurrence and progression of a variety of tumors. For 
example, DUXAP8 is upregulated in esophageal squamous 
cell carcinoma, and its expression is positively correlated 
with TNM stage and lymph node metastasis, and nega-
tively correlated with patients’ survival rate 12; DUXAP8 
is highly expressed in bladder cancer tissues, and knocking 
down its expression can reduce the cell viability.27 In this 
study, we demonstrated that DUXAP8 was upregulated in 
HCC tissues and cells, and its high expression was asso-
ciated with several adverse clinical features, including in-
creased tumor size, distant metastasis, and increased TNM 
staging. We also proved that overexpression of DUXAP8 
significantly promoted the proliferation, metastasis, and 

F I G U R E  6  Regulation of DUXAP8/miR-422a on PDK2 expressions. A, qRT-PCR was used to detect the effect of knockdown or 
overexpression of DUXAP8 on PDK2 mRNA expressions in hepatocellular carcinoma (HCC) cell lines. B, Western blot was used to detect the 
effect of knockdown or overexpression of DUXAP8 on PDK2 protein expressions in HCC cell lines. C, Western blot was used to detect the effect 
of DUXAP8 and miR-422a on PDK2 protein expressions. D, The correlation between the expression levels of DUXAP8 and PDK2 mRNA in HCC 
samples was analyzed. E, The correlation between the expression levels of miR-422a and PDK2 mRNA in HCC samples was analyzed. **P < .01, 
***P < .001
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EMT of HCC cells; DUXAP8 knockdown repressed the 
malignant phenotypes of HCC cells. These data were con-
sistent with previous report,14 confirming DUXAP8 as an 
oncogenic lncRNA in HCC.

miRNAs are at play in the progression of a variety of tu-
mors.28 Studies have found that miRNAs also mattered in the 
occurrence and development of HCC. For example, miR-27b 
is significantly upregulated in HCC tissues and cells, and its 
high expression is significantly associated with poor tumor 
differentiation and vascular invasion; inhibition of miR-27b 
can inhibit migration and invasion of HCC cells.29 The ex-
pression of miR-138 was significantly downregulated in 
HCC tissues and cells, and its overexpression significantly 
impeded cell proliferation.30 Increasing studies have shown 
that lncRNA can repress miRNAs as competitive endogenous 
RNAs (ceRNAs). It is reported that DUXAP8 can act as a 
ceRNA of miR-577 to promote the expression of RAB14, 
thus promoting the migration and invasion of colorectal 
cancer cells 31; in renal cell carcinoma, DUXAP8 targets 
miR-126 and promotes cancer progression.13 Based on the 
difference in the expression and role of DUXAP8 and miR-
422a in HCC, we speculated that there was a regulatory rela-
tionship between them. We validated the binding relationship 
between DUXAP8 and miR-422a by dual-luciferase reporter 
gene assay. Additionally, overexpression of DUXAP8 sig-
nificantly reduced the expression of miR-422a in HCC, 
while its knockdown induced the expression of miR-422a. 
Importantly, with functional experiments, we demonstrated 
that miR-422a could reverse the function of DUXAP8 on 
HCC cells. Our results not only explained the mechanism of 
miR-422a dysregulation in HCC, but also proved that miR-
422a was a crucial effector during DUXAP8 regulating the 
malignant phenotypes of HCC cells.

Metabolic reprogramming is a common feature of cancer 
cells, and a shift from mitochondrial oxidative phosphory-
lation to aerobic glycolysis is involved in the tumorigenesis 
and cancer progression (well known as “Warburg effect”).32 
PDK2 belongs to the pyruvate dehydrogenase kinase fam-
ily. It can downregulate the activity of the mitochondrial 
pyruvate dehydrogenase complex.32,33 By reducing the con-
version of pyruvate to acetyl-CoA, PDK2 switches carbon 
flow from the tricarboxylic acid cycle and de novo lipogen-
esis to lactate production, thus facilitating Warburg effect.33 
Dysregulation of PDK2 is reported in multiple cancers, and 
linked to proliferation, metastasis, and chemoresistance of 
cancer cells.34-37 Specifically, in HCC, PDK2 is identified 
as target of miR-214, and involved in disease progression.37 
Recently, PDK2 has been proved to be negatively regulated 
by miR-422a, and PDK2 inhibition by miR-422a results in 
increased activity of the pyruvate dehydrogenase and higher 
acetyl-CoA level.24 We found that PDK2 can be enrolled 
in the development of HCC cells as a carcinogenic fac-
tor and may be one of the candidate targets for miR-422a. 

Overexpression of DUXAP8 significantly promoted PDK2 
mRNA and protein expression, while knockdown of 
DUXAP8 had the opposite effect, and DUXAP8 was pos-
itively correlated with PDK2 expression in HCC tissues. 
Interestingly, expression of miR-422a partially reversed the 
promotion of PDK2 expression caused by DUXAP8. These 
results manifested that DUXAP8 can target miR-422a to in-
directly regulate PDK2 and thus affect the development of 
HCC cells.

This study has several shortcomings. In the first place, in 
vivo experiments are essential to further verify our results. In 
addition, other downstream miRNAs of DUXAP8 needs to 
be screened and validated, which can better clarify the mech-
anism by which DUXAP8 promotes cancer progression. 
What's more, as mentioned above, upregulation of PDK2 is 
associated with metabolic reprogramming and chemoresis-
tance of cancer cells, so it is also worth studying whether 
DUXAP8 can modulate these phenotypes of HCC cells.

In conclusion, DUXAP8 is upregulated in HCC tissues 
and cells. Overexpression of DUXAP8 significantly pro-
motes proliferation, metastasis, and EMT of HCC cells, while 
knockdown inhibits the malignant phenotype of HCC cells. 
This study also elucidates the mechanism of DUXAP8/miR-
422a/PDK2 axis in the development of HCC. With the deep-
ening of research, DUXAP8 is likely to become a marker for 
clinical diagnosis and prognosis, and even be a therapeutic 
target of HCC.

CONFLICT OF INTEREST
The authors declare that there are no conflict of interest.

DATA AVAILABILITY STATEMENT
The data used to support the findings of this study are availa-
ble from the corresponding author upon a reasonable request.

ORCID
Dandan Jiang   https://orcid.org/0000-0003-0517-3042 

REFERENCES
 1. Nault JC. The end of almost 10 years of negative RCTs in advanced 

hepatocellular carcinoma. Lancet. 2017;389(10064):4-6.
 2. Wang Y, He L, Du Y, et al. The long noncoding RNA lncTCF7 

promotes self-renewal of human liver cancer stem cells through 
activation of Wnt signaling. Cell Stem Cell. 2015;16(4):413-425.

 3. Forner A, Llovet JM, Bruix J. Hepatocellular carcinoma. Lancet. 
2012;379(9822):1245-1255.

 4. Hartke J, Johnson M, Ghabril M. The diagnosis and treatment of he-
patocellular carcinoma. Semin Diagn Pathol. 2017;34(2):153-159.

 5. Okajima W, Komatsu S, Ichikawa D, et al. Liquid biopsy in 
patients with hepatocellular carcinoma: circulating tumor 
cells and cell-free nucleic acids. World J Gastroenterol. 
2017;23(31):5650-5668.

 6. Ponting CP, Oliver PL, Reik W. Evolution and functions of long 
noncoding RNAs. Cell. 2009;136(4):629-641.

https://orcid.org/0000-0003-0517-3042
https://orcid.org/0000-0003-0517-3042


2490 |   WEI Et al.

 7. Hauptman N, Glavac D. MicroRNAs and long non-coding RNAs: 
prospects in diagnostics and therapy of cancer. Radiol Oncol. 
2013;47(4):311-318.

 8. Loewen G, Jayawickramarajah J, Zhuo Y, Shan B. Functions of 
lncRNA HOTAIR in lung cancer. J Hematol Oncol. 2014;10(7):90.

 9. Xu MD, Wang Y, Weng W, et al. A positive feedback loop of ln-
cRNA-PVT1 and FOXM1 facilitates gastric cancer growth and in-
vasion. Clin Cancer Res. 2017;23(8):2071-2080.

 10. Hou Z, Xu X, Zhou L, et al. The long non-coding RNA MALAT1 
promotes the migration and invasion of hepatocellular carci-
noma by sponging miR-204 and releasing SIRT1. Tumour Biol. 
2017;39(7):https ://doi.org/10.1177/10104 28317 718135.

 11. Xu LJ, Yu XJ, Wei B, et al. Long non-coding RNA DUXAP8 reg-
ulates proliferation and invasion of esophageal squamous cell can-
cer. Eur Rev Med Pharmacol Sci. 2018;22(9):2646-2652.

 12. Ma HW, Xie M, Sun M, et al. The pseudogene derived long non-
coding RNA DUXAP8 promotes gastric cancer cell proliferation 
and migration via epigenetically silencing PLEKHO1 expression. 
Oncotarget. 2016;8(32):52211-52224.

 13. Huang T, Wang X, Yang X, et al. Long non-coding RNA DUXAP8 
enhances renal cell carcinoma progression via downregulating 
miR-126. Med Sci Monit. 2018;14(24):7340-7347.

 14. Jiang H, Shi X, Ye G, et al. Up-regulated long non-coding RNA 
DUXAP8 promotes cell growth through repressing Krüppel-like 
factor 2 expression in human hepatocellular carcinoma. Onco 
Targets Ther. 2019;11(12):7429-7436.

 15. Garzon R, Fabbri M, Cimmino A, Calin GA, Croce CM. 
MicroRNA expression and function in cancer. Trends Mol Med. 
2006;12(12):580-587.

 16. Volinia S, Calin GA, Liu CG, et al. A microRNA expression signa-
ture of human solid tumors defines cancer gene targets. Proc Natl 
Acad Sci U S A. 2006;103(7):2257-2261.

 17. Ventura A, Jacks T. MicroRNAs and cancer: short RNAs go a long 
way. Cell. 2009;136(4):586-591.

 18. Lussier YA, Stadler WM, Chen JL. Advantages of genomic com-
plexity: bioinformatics opportunities in microRNA cancer signa-
tures. J Am Med Inform Assoc. 2012;19(2):156-160.

 19. Croce CM. Causes and consequences of microRNA dysregulation 
in cancer. Nat Rev Genet. 2009;10(10):704-714.

 20. Wei WT, Nian XX, Wang SY, et al. miR-422a inhibits cell prolifer-
ation in colorectal cancer by targeting AKT1 and MAPK1. Cancer 
Cell Int. 2017;28(17):91.

 21. Wang H, Tang C, Na M, et al. miR-422a inhibits glioma prolif-
eration and invasion by targeting IGF1 and IGF1R. Oncol Res. 
2017;25(2):187-194.

 22. Bonnin N, Armandy E, Carras J, et al. MiR-422a promotes loco-re-
gional recurrence by targeting NT5E/CD73 in head and neck squa-
mous cell carcinoma. Oncotarget. 2016;7(28):44023-44038.

 23. Zhang J, Yang Y, Yang T, et al. Double-negative feedback loop 
between microRNA-422a and forkhead box (FOX)G1/Q1/E1 
regulates hepatocellular carcinoma tumor growth and metastasis. 
Hepatology. 2015;61(2):561-573.

 24. He Z, Li Z, Zhang X, et al. MiR-422a regulates cellular metabolism 
and malignancy by targeting pyruvate dehydrogenase kinase 2 in 
gastric cancer. Cell Death Dis. 2018;9(5):505.

 25. Hu L, Ye H, Huang G, et al. Long noncoding RNA GAS5 sup-
presses the migration and invasion of hepatocellular carcinoma 
cells via miR-21. Tumour Biol. 2016;37(2):2691-2702.

 26. Yang L, Zhang X, Li H, Liu J. The long noncoding RNA HOTAIR 
activates autophagy by upregulating ATG3 and ATG7 in hepato-
cellular carcinoma. Mol Biosyst. 2016;12(8):2605-2612.

 27. Lin MG, Hong YK, Zhang Y, Lin BB, He XJ. Mechanism of 
lncRNA DUXAP8 in promoting proliferation of bladder can-
cer cells by regulating PTEN. Eur Rev Med Pharmacol Sci. 
2018;22(11):3370-3377.

 28. Lu J, Getz G, Miska EA, et al. MicroRNA expression profiles clas-
sify human cancers. Nature. 2005;435(7043):834-838.

 29. He S, Zhang J, Lin J, Zhang C, Sun S. Expression and function 
of microRNA-27b in hepatocellular carcinoma. Mol Med Rep. 
2016;13(3):2801-2808.

 30. Luo J, Chen P, Xie W, Wu F. MicroRNA-138 inhibits cell prolif-
eration in hepatocellular carcinoma by targeting Sirt1. Oncol Rep. 
2017;38(2):1067-1074.

 31. Du C, Wang HX, Chen P, Chen CH. STAT3-induced upregulation of 
lncRNA DUXAP8 functions as ceRNA for miR-577 to promote the 
migration and invasion in colorectal cancer through the regulation 
of RAB14. Eur Rev Med Pharmacol Sci. 2019;23(14):6105-6118.

 32. Contractor T, Harris CR. p53 negatively regulates transcrip-
tion of the pyruvate dehydrogenase kinase Pdk2. Cancer Res. 
2012;72(2):560-567.

 33. Gang H, Dhingra R, Lin J, et al. PDK2-mediated alternative splic-
ing switches Bnip3 from cell death to cell survival. J Cell Biol. 
2015;210(7):1101-1115.

 34. Roh JL, Park JY, Kim EH, Jang HJ, Kwon M. Activation of mito-
chondrial oxidation by PDK2 inhibition reverses cisplatin resis-
tance in head and neck cancer. Cancer Lett. 2016;371(1):20-29.

 35. Sun H, Zhu A, Zhou X, Wang F. Suppression of pyruvate dehy-
drogenase kinase-2 re-sensitizes paclitaxel-resistant human lung 
cancer cells to paclitaxel. Oncotarget. 2017;8(32):52642-52650.

 36. Hu T, Yu S, Li Y, et al. PDK2 induces cisplatin-resistance in lung 
adenocarcinoma via transcriptional regulation of CNNM3. J Drug 
Target. 2019;27(4):460-465.

 37. Yu Q, Zhou J, Jian Y, et al. MicroRNA-214 suppresses cell 
proliferation and migration and cell metabolism by targeting 
PDK2 and PHF6 in hepatocellular carcinoma. Cell Biol Int. 
2020;44(1):117-126.

SUPPORTING INFORMATION
Additional supporting information may be found online in 
the Supporting Information section.  

How to cite this article: Wei F, Yang L, Jiang D, et 
al. Long noncoding RNA DUXAP8 contributes to the 
progression of hepatocellular carcinoma via regulating 
miR-422a/PDK2 axis. Cancer Med. 2020;9:2480–
2490. https ://doi.org/10.1002/cam4.2861

https://doi.org/10.1177/1010428317718135
https://doi.org/10.1002/cam4.2861

