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ZSCAN16-AS1 expedites hepatocellular carcinoma progression via modulating 
the miR-181c-5p/SPAG9 axis to activate the JNK pathway
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ABSTRACT
Hepatocellular carcinoma (HCC) is generally known as one of the most common cancers in the 
world. Nowadays, interventional therapies such as transcatheter arterial chemoembolization 
(TACE) have emerged as an efficient therapy for HCC patients. Accumulating evidence has 
unveiled that long non-coding RNAs (lncRNAs) are crucial regulators in HCC progression. 
Nonetheless, the biological function of lncRNA zinc finger and SCAN domain containing 16 
antisense RNA 1 (ZSCAN16-AS1) in HCC has not been systematically clarified. RT-qPCR was used 
to test ZSCAN16-AS1 expression in HCC cells. The biological functions of RP11-757 G1.5 on HCC 
cell proliferation, migration, invasion and apoptosis were investigated by colony formation, EdU, 
CCK-8 and transwell assays, as well as flow cytometry analysis. RNA immunoprecipitation (RIP), 
RNA pull-down and luciferase reporter assays were utilized to explore the specific mechanism of 
ZSCAN16-AS1. ZSCAN16-AS1 was significantly up-regulated in HCC cells. ZSCAN16-AS1 silence 
inhibited HCC cell proliferation, migration and invasion, while it accelerated HCC cell apoptosis. 
ZSCAN16-AS1 worked as a competing endogenous RNA (ceRNA) to regulate sperm associated 
antigen 9 (SPAG9) expression through sponging miR-181 c-5p. Moreover, SPAG9 could activate 
the c-Jun-N-terminal kinase (JNK) pathway. Taken together, our study elucidated that ZSCAN16- 
AS1 expedited HCC progression via modulating the miR-181 c-5p/SPAG9 axis to activate the JNK 
pathway, which might be a highly potential HCC therapy and treatment target.
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Introduction
Hepatocellular carcinoma (HCC) is the sixth com-
monest cancer globally and is also the third major 
threat of cancer-related death [1,2]. Reviewing 
published research work, tremendous advances 
have been achieved in the diagnosis and treatment 
of HCC, including transcatheter arterial che-
moembolization (TACE) therapy [3]. Compared 
to traditional therapies, TACE is a minimally inva-
sive approach in interventional radiology, which 
can limit the blood supply of tumor [4]. 
Nevertheless, the five-year survival rate of HCC 
patients remains low [5]. The main reasons for 
the poor prognosis of HCC patients are cancer 
recurrence and the metastasis of primary tumors 
in the remaining liver [6]. Cancer metastasis is 
a complex process which involves multiple genetic 
changes [7]. Thus, more knowledge of the mole-
cular mechanism in the progression of HCC may

be helpful to explore novel and effective diagnosis 
and treatment approaches for HCC.

Recently, due to the rapid development progress 
of microarray technology and genome sequencing 
technology, non-coding RNAs (ncRNAs) which 
are initially defined as transcriptional noise have 
emerged as a research hotspot [8]. Among which, 
long non-coding RNAs (lncRNAs) are a group of 
ncRNAs with more than 200 transcripts [9]. 
Although lncRNAs have limited potential to code 
proteins, they can regulate gene expression 
through various ways, such as epigenetic regula-
tion, transcriptional regulation and post- 
transcriptional regulation [10]. Recent studies 
have indicated that lncRNAs are closely correlated 
with many human cancers, by regulating cell pro-
liferation, apoptosis and migration of cancers [11]. 
It should be noted, a growing body of lncRNAs 
has been discovered to be aberrantly expressed in
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HCC and play critical roles in HCC progression 
[12]. In addition, lncRNAs have been proved to 
affect gene expression through functioning as 
competing endogenous RNAs (ceRNAs) to sponge 
microRNAs (miRNAs) [13]. LncRNA zinc finger 
and SCAN domain containing 16 antisense RNA 1 
(ZSCAN16-AS1) is a brand new lncRNA, and its 
biological roles in cancers have never been 
reported. Hence, this study would focus on 
ZSCAN16-AS1 to dig into its regulatory mechan-
ism in HCC.

Sperm-associated antigen 9 (SPAG9) as a new 
member of the cancer testis (CT) antigen family 
has recently been uncovered to act as an oncogenic 
gene in a variety of cancers, including HCC 
[14,15]. Many reports have suggested that SPAG9 
is closely related to the acceleration of mitogen- 
activated protein kinases (MAPK) signaling path-
way in cancers [16]. MAPK signaling pathway 
mainly contains three pathways including extracel-
lular signal-regulated kinase (ERK), c-Jun- 
N-terminal kinase (JNK), and p38 [17]. SPAG9 
has been reported to activate the JNK signaling 
pathway in HCC [18]. However, the relation 
between SPAG9 and lncRNAs in HCC remains 
unclear.

In this research, we aimed to dig into the reg-
ulatory functions and potential mechanism of 
ZSCAN16-AS1 in HCC. Meanwhile, the correla-
tion between ZSCAN16-AS1 and SPAG9 was also 
explored. Our findings may offer a fire-new insight 
into the mechanisms underlying HCC 
carcinogenesis.

Material and methods

Cell culture

HCC cells (Hep3B, HCCLM3 and Huh-7) were 
purchased from Procell (Wuhan, China). Human 
immortalized liver cells (THLE-3) were purchased 
from the American Type Culture Collection 
(ATCC, Manassas, VA, USA). Hep3B cells were 
grown in Eagle’s Minimum Essential Medium 
(ATCC; 30-2003). HCCLM3 and Huh-7 cells 
were grown in a DMEM medium (Hyclone, 
SH30022.01). THLE-3 cells were maintained in 
BEGM medium (Lonza/Clonetics Corporation, 
Walkersville). For cell culture, all mediums were

added with 10% fetal bovine serum (FBS, Gibco, 
10,270–106) and placed in a humid incubator with 
5% CO2 at 37 °C.

Quantitative real-time polymerase chain 
reaction (RT-qPCR)

TRIzol reagent (Invitrogen, 15596018) was used to 
isolate total RNAs from HCC cells. Total RNAs 
were reverse transcribed into cDNA with the help 
of a RevertAid First Strand cDNA Synthesis Kit 
(Sigma, 11483188001). QPCR was operated by 
using SYBR Green PCR Master Mix (Abcam, 
G013-dye). Calculation of gene expression was 
based on the 2−ΔΔCt method, which normalized 
to GAPDH or U6. Three experiments were 
performed.

Cell transfection

The two shRNAs against ZSCAN16-AS1 and 
SPAG9 were purchased from Gene Pharma 
(Shanghai, China), and sh-NC was used as nega-
tive controls. MiR-181 c-5p mimics, miR-181 c-5p 
inhibitors and pcDNA3.1-SPAG9 were acquired 
from Gene Pharma as well. All plasmid transfec-
tions were used Lipofectamine 3000 (Thermo 
Fisher, L3000015).

Colony formation

Cells (500 cells per well) were seeded in si-well 
plates, and then cultured for 14 days. The cells 
were then fixed with 4% paraformaldehyde and 
stained with 0.5% crystal violet. Subsequently, the 
number of stained cells was counted. Three experi-
ments were performed.

5-Ethynyl-2’-deoxyuridine (EdU)

The cells were put into a 96-well plate before 
fixation and permeation. Then, the EdU reagent 
(KeyGEN BioTECH, Nanjing, China, KGA337- 
100) was used to stain cells based on the instruc-
tions. After fixation and staining, the images were 
captured using a fluorescence microscope based 
on the instructions. DAPI was employed to stain 
the cell nucleus. Three experiments were 
performed.
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Cell counting kit-8 (CCK-8)

CCK-8 assay was operated to test the HCC cell 
proliferation capabilities. Prior to using CCK-8 Kit 
(MCE, 66,147), the transfected cells seeded onto 
96-well plates which were maintained in the incu-
bator with 5% CO2. The values of optical density 
were detected to reflect cell viability. Three experi-
ments were performed.

Transwell

Invasion ability of cells was tested with the help of 
24-well transwell chamber. The apical chamber 
was covered with Matrigel (Corning, 356,234) 
and added with serum-free medium. A total of 
700 μL medium containing 10% FBS was put 
into the basolateral chamber. After 24–hour incu-
bation, cells in the upper layer of the membrane 
were wiped off and those in the lower layer of the 
membrane were fixed with 4% paraformaldehyde 
and stained with 0.5% crystal violet. The images 
were observed using a microscope. Cell migration 
assay was also measured with the same procedures, 
but the apical chamber was not coated with 
Matrigel. Three experiments were performed.

Flow cytometry analysis

The Annexin V-FITC Apoptosis Kit (Thermo 
Fisher, USA, V13242) was utilized in this experi-
ment to demonstrate the apoptosis of HCCLM3 
and Huh-7 cells. Supplier guidance was strictly 
followed. After being rinsed with PBS for two 
times, the transfected cells were stained by 
Annexin V-FITC (Beyotime Biotechnology, 
Shanghai, C1062L) for 10 min in a dark room. 
The images were observed via flow cytometry 
(Thermo Fisher, USA, M20036). The experiments 
were conducted in triplicate.

Xenograft tumor model

Four- to six-week-old BALB/c-nude mice were 
bought from Henan Provincial People’s Hospital. 
The procedures of experiments were approved by 
Henan Provincial People’s Hospital. The mice 
were stochastically divided into two groups. The 
HCC cells were first transfected with sh-NC and

sh-ZSCAN16-AS1, respectively, and then injected 
subcutaneously into the right flank of nude mice. 
The weight and volume were monitored every 5 
days. Volume = (length × width [2])/2. A month 
later, tumors were excised from the mice sacrificed 
and the tumor images were shot.

Subcellular fractionation

The nuclear or cytoplasmic fractions in cells were 
separated with the help of a PARIS Kit (Thermo 
Fisher, USA, AM1921). Expression levels of 
ZSCAN16-AS1, GAPDH and U6 in nuclear and 
cytoplasm fractions were severally measured via 
RT-qPCR. The experiments were performed in 
triplicates.

Fluorescent in situ hybridization (FISH)

Cy3-labeled ZSCAN16-AS1 probe was bought 
from RiboBio (Guangzhou, China). The subcellu-
lar localization of ZSCAN16-AS1 was determined 
via the FISH Kit (Thermo Fisher, USA, F32954) 
conforming to manufacturer’s suggestions. Three 
experiments were performed.

RNA immunoprecipitation (RIP)

Transfected cells were lysed and centrifuged. Ago2 
antibody containing beads was added for rotary 
incubation overnight at 4 °C. The mixture was 
washed and the purified RNA was then subjected 
to RT-qPCR analysis. Three experiments were 
repeated.

RNA pull-down assay

ZSCAN16-AS1, miR-181 c-5p wild-type (WT) and 
mutant (MUT) were labeled with biotin and trans-
fected into cells, respectively. The cell lysates were 
then hatched with streptavidin-coupled magnetic 
beads at 4 °C. After being washed, the pull-down 
RNAs were drawn and analyzed through RT- 
qPCR. Three experiments were performed.

Luciferase reporter assay

Wild-type or mutant sequences toward ZSCAN16- 
AS1 and SPAG9 on miR-181 c-5p binding sites
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were cloned into pmirGLO dual luciferase vectors 
(Promega). The vectors were then all co- 
transfected with miR-181 c-5p mimics or NC 
mimics into cells through the Lipofectamine 3000 
(Thermo Fisher, USA). The activity of the Renilla 
plasmid (Promega) was detected via Dual- 
Luciferase Reporter Assay Kit (Promega, E2920). 
The experiments were performed in triplicates.

Western blot

Protein was drawn from cells and transferred to 
PVDF membranes (Immobilon-P, IPVH00010, 
0.45um) after 10% SDS-PAGE (Sangon Biotech, 
C671103-0125). The membranes were then blocked 
with 5% skimmed milk and incubated with primary 
antibodies against p-JNK (Abcam, 1/1000), JNK 
(Abcam, 1/1000), c-Jun (Abcam, 1/1000), MMP9 
(Abcam, 1/1000) and GAPDH (Abcam, 1/1000) for 
the duration of a night at 4 °C. After being washed, 
membranes were incubated with horseradish perox-
idase-labeled secondary antibody for 2 hours at 
room temperature. The protein levels were measured 
after adding ECL luminous solution. Three experi-
ments were performed.

Statistical analyses

The data were shown as the mean ± standard 
deviation and analyzed through GraphPad Prism 
6.0. Comparisons of data were analyzed by 
Student’s t-test, one-way analysis of variance 
(ANOVA) or two-way ANOVA. When the 
P value was less than 0.05, the differences was 
regarded as statistical significance. Three experi-
ments were performed.

Results

ZSCAN16-AS1 facilitates proliferation, migration 
and invasion and suppresses apoptosis of HCC 
cells

To disclose the expression of a novel lncRNA 
ZSCAN16-AS1 in HCC, we analyzed its expression 
in liver hepatocellular carcinoma (LIHC) through 
GEPIA 2 website (http://gepia2.cancer-pku.cn). As 
presented in Figure 1(a), the expression of 
ZSCAN16-AS1 in 369 cases of LIHC tissues was

dramatically higher than that in 160 cases of non- 
tumor tissues. Additionally, ZSCAN16-AS1 
expression was also upregulated in HCC cells 
(Hep3B, HCCLM3 and Huh-7) compared to 
human immortalized liver cells (THLE-3) through 
RT-qPCR analysis (Figure 1(b)). We next explored 
the biological role of ZSCAN16-AS1 in HCC cell 
growth. ZSCAN16-AS1 was stably depleted in 
HCCLM3 and Huh-7 cells with two specific 
shRNAs (Figure 1(c)). It was observed in colony 
formation assays that ZSCAN16-AS1 knockdown 
definitely inhibited the proliferation capability of 
HCCLM3 and Huh-7 cells (Figure 1(d)). Similar 
results were evidenced through EdU and CCK-8 
assays (Figure 1(e) and S1A). Moreover, the data 
from transwell assays revealed that ZSCAN16-AS1 
silence repressed migration and invasion capacities 
of HCCLM3 and Huh-7 cells (Figure 1(f-g)). 
Subsequently, flow cytometry analysis was done 
to assess the apoptosis of HCCLM3 and Huh-7 
cells. As presented in Figure S1B, the silence of 
ZSCAN16-AS1 hindered apoptosis of these HCC 
cells. In addition, in-vivo experiments were per-
formed on the mice injected with transfected HCC 
cells. The obtained data indicated that silence of 
ZSCAN16-AS1 suppressed HCC tumor growth in 
naked mice (Figure S1C-1D). Collectively, 
ZSCAN16-AS1 facilitated proliferation, migration 
and invasion and hampered apoptosis of HCC 
cells.

ZSCAN16-AS1 acts as a ceRNA to exert 
functions in HCC cells

With the aim of deciphering the potential mechan-
ism of ZSCAN16-AS1 in HCC, we adopted sub-
cellular fractionation and FISH assays to detect the 
cellular localization of ZSCAN16-AS1 in HCC 
cells. The results revealed that ZSCAN16-AS1 
was majorly located in the cytoplasm of 
HCCLM3 and Huh-7 cells (Figure 2(a-b)), mirror-
ing the post-transcriptional role of ZSCAN16-AS1 
in HCC progression. It has been well documented 
that lncRNAs can act as ceRNAs to interact with 
miRNAs in the development of tumors [19]. 
Therefore, to measure the ability of ZSCAN16- 
AS1 to sponge miRNAs, the anti-Ago2 immuno-
precipitates involving miRNAs and their interact-
ing RNA-components were employed in HCCLM3
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and Huh-7 cells for RIP assays [20]. The data 
suggested that the amount of endogenous 
ZSCAN16-AS1 pulled-down via Ago2 antibody 
was detected by RT-qPCR and significantly higher 
than negative control group using IgG antibody 
(Figure 2(c)), which indicated that ZSCAN16-AS1 
may act as a ceRNA to sponge miRNAs. Taken 
together, in the next section, we tried to figure out 
the way ZSCAN16-AS1 as a ceRNA exerted its 
functions in HCC cells.

ZSCAN16-AS1 interacts with miR-181 c-5p in 
HCC cells

According to the starBase (http://starbase.sysu. 
edu.cn) website, we filtered nine potential

miRNAs possibly combining with ZSCAN16-AS1 
under the condition of CLIP Data ≥5 (Figure 3(a)). 
We then performed RNA pull-down assays to 
further select the genuine miRNA interacting 
with ZSCAN16-AS1 in HCC cells. The data 
showed a large enrichment of miR-181 c-5p in 
the ZSCAN16-AS1 pull-down pellet compared 
with the control group, while no prominent varia-
tion was observed among other miRNAs in the 
ZSCAN16-AS1 pull-down pellet (Figure 3(b)). 
Thus, we further analyzed the expression of miR- 
181 c-5p in HCC cells. The results displayed that 
miR-181 c-5p expression was down-regulated in 
HCC cells relative to THLE-3 cells (Figure 3(c)). 
Subsequently, we overexpressed miR-181 c-5p 
(Figure 3(d)) and performed gain-of-function

Figure 1. ZSCAN16-AS1 facilitates proliferation, migration and invasion and suppresses apoptosis of HCC cells. A) Analysis of 
ZSCAN16-AS1 expression in LIHC with the help of GEPIA 2 database. B) Expression of ZSCAN16-AS1 in HCC cells (Hep3B, HCCLM3 and 
Huh-7) and THLE-3 cells from RT-qPCR analysis. C) Expression of ZSCAN16-AS1 in HCCLM3 and Huh-7 cells after shRNAs transfection. 
D-E) Effects of ZSCAN16-AS1 silence on proliferation of HCCLM3 and Huh-7 cells were measured through colony formation and EdU 
assays. F-G) Effects of ZSCAN16-AS1 downregulation on HCC cell migration and invasion capacities were measured through transwell 
assays. *P < 0.05, **P < 0.01.
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assays to probe the role of miR-181 c-5p in HCC 
cell growth. Through colony formation, EdU and 
CCK-8 assays, we confirmed that miR-181 c-5p 
mimics hampered proliferation of HCCLM3 and 
Huh-7 cells (Figure S2A-S2C). At the same time, 
the cell migration and invasion were also impeded 
when miR-181 c-5p was overexpressed in 
HCCLM3 and Huh-7 cells (Figure S2D-S2E). 
Moreover, the outcomes of flow cytometry analysis 
revealed that upregulation of miR-181 c-5p pro-
moted apoptosis of these HCC cells (Figure S2F). 
All these data suggested that miR-181 c-5p func-
tioned as a tumor inhibitor in HCC progression. 
Furthermore, the presumptive miR-181 c-5p bind-
ing sites on ZSCAN16-AS1 were predicted by the 
starBase website and shown in Figure 3(e). In 
order to examine the effectiveness of these binding 
sites between miR-181 c-5p and ZSCAN16-AS1, 
we constructed luciferase reporter plasmids con-
taining wild-type ZSCAN16-AS1 binding sites or 
its mutant bearing mutation in the miR-181 c-5p 
seed sequence, and co-transfected with miR- 
181 c-5p mimics into HCCLM3 and Huh-7 cells. 
The outcomes showed that miR-181 c-5p could 
bind to wild-type ZSCAN16-AS1 rather than its 
mutant form and the predicted binding sites of 
ZSCAN16-AS1 were confirmed as well (Figure 3 
(f)). In conclusion, ZSCAN16-AS1 could interact 
with miR-181 c-5p in HCC cells.

ZSCAN16-AS1 regulates malignant 
phenotypes of HCC cells by decoying miR- 
181 c-5p

To determine the interaction between ZSCAN16- 
AS1 and miR-181 c-5p and their effects on HCC 
cell growth, we first tested the efficiency of miR- 
181 c-5p downregulation through RT-qPCR 
(Figure 4(a)). Then, we separately transfected sh- 
NC, sh-ZSCAN16-AS1#1, sh-ZSCAN16-AS1#2 
+ NC inhibitor and sh-ZSCAN16-AS1#2+ miR- 
181 c-5p inhibitor into HCCLM3 and Huh-7 
cells to perform a series of rescue assays. Colony 
formation, EdU and CCK-8 assays revelaed that 
downregulation of miR-181 c-5p weakened the 
suppressive role of ZSCAN16-AS1 knockdown on 
the proliferation capacity of HCCLM3 and Huh-7 
cells (Figure 4(b-c) and S3A). Transwell assays 
confirmed that the lessened migration and inva-
sion capabilities of HCCLM3 and Huh-7 cells 
caused by ZSCAN16-AS1 deficiency could be 
reversed after co-transfection of miR-181 c-5p 
inhibitor (Figure 4(d-e)). Based on the outcomes 
of flow cytometry analysis, we concluded that 
enhanced apoptosis capabilities of these HCC 
cells caused by ZSCAN16-AS1 knockdown could 
be weakened after adding miR-181 c-5p inhibitor 
(Figure S3B). Taken together, ZSCAN16-AS1 
regulated malignant phenotypes of HCC cells by 
competitively bind to miR-181 c-5p.

Figure 2. ZSCAN16-AS1 acts as a ceRNA to exert functions in HCC cells. A-B) Cellular distribution of ZSCAN16-AS1 in HCC cells 
was confirmed by subcellular fractionation and FISH assays. C) Association between ZSCAN16-AS1 and Ago2 was detected by RIP 
assays. **P < 0.01.
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ZSCAN16-AS1 acts as a ceRNA to sponge miR- 
181 c-5p and further modulates SPAG9 
expression
It has been reported that miRNAs function at the 
post-transcriptional level by usually base-pairing to 
the 3’-untranslated regions (UTR) of mRNAs to 
inhibit protein synthesis [21]. Therefore, to ascertain 
the detailed regulatory mechanism of ZSCAN16- 
AS1 in HCC, we searched miRmap and RNA22

programs, and four mRNAs were predicted as 
downstream targets of miR-181 c-5p (Figure 5(a)). 
Subsequently, we performed RT-qPCR to quantify 
the expression of these four mRNAs in HCCLM3 
and Huh-7 cells which were transfected with miR- 
181 c-5p mimics, and found that only SPAG9 
expression significantly declined when miR- 
181 c-5p increased (Figure 5(b)). In addition, we 
found that SPAG9 was highly enriched in bio-miR

Figure 3. ZSCAN16-AS1 interacts with miR-181 c-5p in HCC cells. A) A list of possible miRNAs combining with ZSCAN16-AS1 were 
predicted through starBase website. B) Enrichment of nine miRNAs in bio-ZSCAN16-AS1 groups from RNA pull down assays. C) 
Expression of miR-181 c-5p in HCC cells (Hep3B, HCCLM3 and Huh-7) and THLE-3 cells was quantified via RT-qPCR analysis. D) 
Expression of miR-181 c-5p in HCCLM3 and Huh-7 cells were detected using RT-qPCR after transfection of miR-181 c-5p mimics. E) 
Binding sites between ZSCAN16-AS1 and miR-181 c-5p from starBase website. F) Luciferase reporter assay results in HCCLM3 and 
Huh-7 cells co-transfected with miR-181 c-5p mimics and ZSCAN16-AS1-WT/MUT. **P < 0.01.
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-181 c-5p-WT groups compared to bio-NC and bio- 
miR-181 c-5p-MUT groups (Figure 5(c)). Moreover, 
the binding sites between SPAG9 3’UTR and miR- 
181 c-5p were projected with the help of starBase 
database (Figure 5d), and the following luciferase 
reporter assays further validated that miR-181 c-5p 
up-regulation made a remarkable decrease of the 
luciferase activity in Group SPAG9 3’UTR-WT 
while had almost no change in GroupSPAG9

3’UTR-MUT (Figure 5(e)). Additionally, RIP assays 
further validated the co-existence of ZSCAN16-AS1, 
miR-181 c-5p and SPAG9 in the RNA-induced 
silencing complex (RISC), as shown by the high 
combination of these three RNAs and Ago2, which 
verified the presence of ceRNA network among 
these three RNAs (Figure 5(f)). More importantly, 
we found that SPAG9 expression was significantly 
repressed when ZSCAN16-AS1 was knocked down,

Figure 4. ZSCAN16-AS1 regulates malignant phenotypes of HCC cells by decoying miR-181 c-5p. A) Expression of miR- 
181 c-5p in HCCLM3 and Huh-7 cells was detected through RT-qPCR after transfection of miR-181 c-5p inhibitor. B-C) Rescue 
experiments were performed in HCCLM3 and Huh-7 cells transfected with sh-NC, sh-ZSCAN16-AS1#1, sh-ZSCAN16-AS1#1+ NC 
inhibitor and sh-ZSCAN16-AS1#1+ miR-181 c-5p inhibitor. Colony formation and EdU assays measured the proliferation of HCCLM3 
and Huh-7 cells. D-E) Transwell assays measured the migration and invasion of HCCLM3 and Huh-7 cells. **P < 0.01.
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and this repressive effect was offset after adding 
miR-181 c-5p inhibitor (Figure 5(g)). To summarize, 
ZSCAN16-AS1 served as a ceRNA to competitively 
bind to miR-181 c-5p and further modulated 
SPAG9 expression.

SPAG9 activates JNK pathway which may 
affect malignant behaviors of HCC cells

It has been reported that SPAG9 can regulate the 
JNK activity [18]. Herein, we also silenced the 
expression of SPAG9 (Figure 6(a)) and used

western blot to detect the impacts of SPAG9 on 
JNK activation. We discovered that the level of 
p-JNK protein dropped in HCCLM3 and Huh-7 
cells after SPAG9 deletion (Figure 6(b)). We also 
measured the JNK downstream target gene levels 
after SPAG9 deletion, such as MMP9 and c-Jun. 
We confirmed that SPAG9 repression caused 
a considerable decrease of c-Jun and MMP9 
expression (Figure 6(c)). According to previous 
research work, JNK has been reported to correlate 
with the multiple malignant behaviors of cancer 
cells [22]. In this study, to figure out the effect of

Figure 5. ZSCAN16-AS1 acts as a ceRNA to sponge miR-181 c-5p and further regulates SPAG9 expression. A) Possible mRNAs 
combined with miR-181 c-5p from RNA22 and miRmap programs. B) Expression of SPAG9 in HCCLM3 and Huh-7 cells after miR- 
181 c-5p increase from RT-qPCR analysis. C) Combination between SPAG9 and miR-181 c-5p from RNA pull down assays. D) Binding 
sites between SPAG9 3’UTR and miR-181 c-5p were obtained from starBase website. E) Luciferase activities of SPAG9 3’UTR-WT/MUT 
were detected in HCCLM3 and Huh-7 cells after miR-181 c-5p overexpression. F) RIP assays detected the enrichment of ZSCAN16- 
AS1, miR-181 c-5p and SPAG9 in Ago2. G) Expression of SPAG9 in HCCLM3 and Huh-7 cells transfected with sh-NC, sh-ZSCAN16- 
AS1#1, sh-ZSCAN16-AS1#1+ NC inhibitor and sh-ZSCAN16-AS1#1+ miR-181 c-5p inhibitor from RT-qPCR analysis. **P < 0.01.
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JNK on HCC cells, we first tested the efficiency of 
JNK depletion (Figure S4A). Then, CCK-8 and 
transwell assays were implemented to test the pro-
liferation, migration and invasion capacities of 
HCCLM3 and Huh-7 cells. As presented in 
Figure S4B-4D, we concluded that JNK depletion 
could hamper malignant behaviors of these HCC 
cells. Aside from that, flow cytometry analysis was 
done and the collected data indicated that HCC 
cell apoptosis was promoted due to JNK depletion 
(Figure S4E). Overall, these data suggested that 
SPAG9 could activate the JNK pathway in HCC 
cells and JNK could further exert influences on 
malignant behaviors of HCC cells.

ZSCAN16-AS1 regulates SPAG9 to activate 
the JNK pathway and facilitate HCC cell 
growth

Before exploring the regulatory relationship 
between ZSCAN16-AS1 and SPAG9, we searched 
on GEPIA 2 database to find out the correlation of 
these two genes (Figure S5A). To test whether 
ZSCAN16-AS1 modulated SPAG9 to activate the 
JNK pathway and affect HCC cell growth, we first 
examined the efficiency of SPAG9 overexpression 
(Figure 7(a)). Then, we transfected sh-NC, sh- 
ZSCAN16-AS1#1, sh-ZSCAN16-AS1#1 
+ pcDNA3.1 and sh-ZSCAN16-AS1#1 
+ pcDNA3.1-SPAG9 into HCCLM3 and Huh-7 
cells to perform rescue experiments, respectively. 
Based on western blot data, we found that 
ZSCAN16-AS1 silence led to an apparent decline 
of the protein levels of p-JNK, MMP9 and c-Jun, 
while this suppressive effect was reversed after co-

transfection of pcDNA3.1-SPAG9 (Figure 7(b-c)). 
Subsequently, we performed colony formation, 
EdU and CCK-8 assays, finding that SPAG9 upre-
gulation restored the reduced proliferation ability 
of HCCLM3 and Huh-7 cells caused by 
ZSCAN16-AS1 silence (Figure 7(d-e) and S5B). 
Meanwhile, the outcomes indicated that migration 
and invasion capacities of HCCLM3 and Huh-7 
cells were suppressed after ZSCAN16-AS1 deple-
tion and were further neutralized by overexpres-
sing SPAG9 (Figure 7(f-g)). The promoted 
apoptosis of these HCC cells led by ZSCAN16- 
AS1 silence was recovered by overexpressing 
SPAG9 (Figure S5C). In summary, ZSCAN16- 
AS1 regulated SPAG9 to activate the JNK pathway 
and facilitate HCC cell growth.

Discussion

Accumulating evidences have demonstrated that 
lncRNAs are tumor-associated biological mole-
cules which can function as oncogenes or tumor 
inhibitors to take part in the progression of HCC. 
LncRNA CDKN2BAS has been identified to cor-
relate with HCC metastasis and poor prognosis in 
HCC patients and has been proven to engage in 
miR-153-5p/ARHGAP18 axis [23]. LncRNA 
SNHG8 accelerates the tumorigenesis and indi-
cates tumor recurrence in HCC via targeting 
miR-149-5p [24]. Moreover, lncRNA RUNX1-IT1 
suppresses HCC cell proliferation via modulating 
the MAPK pathway [25]. In this study, a novel 
lncRNA ZSCAN16-AS1 was discovered, which 
was seen to be highly expressed in HCC cells. 
The relevant loss-of-function assays unveiled that

Figure 6. SPAG9 activates JNK pathway which may affect malignant behaviors of HCC cells. A) Expression of SPAG9 in 
HCCLM3 and Huh-7 cells after shRNAs transfection. B-C) Protein levels of p-JNK, JNK, MMP9 and c-Jun were measured in HCCLM3 
and Huh-7 cells after SPAG9 deletion using western blot. **P < 0.01.
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subdual of ZSCAN16-AS1 obviously restricted 
proliferation, migration and invasion of HCC 
cells in vitro and facilitated HCC cell apoptosis. 
These results suggested the essential roles of 
ZSCAN16-AS1 in HCC.

LncRNAs have been well documented to exert 
their biological functions through ceRNAs mode

[26]. The lncRNA-miRNA-mRNA axis has been 
widely reported in the HCC progression [27]. This 
research attempted to verify the possible molecular 
mechanism of ZSCAN16-AS1 in HCC cells. Based 
on previous studies, miR-181 c-5p has been iden-
tified to play crucial roles in several types of can-
cers, such as pancreatic cancer [28] and cervical

Figure 7. ZSCAN16-AS1 regulates SPAG9 to activate the JNK pathway and facilitate HCC cell growth. A) Expression of SPAG9 
in HCCLM3 and Huh-7 cells was detected using RT-qPCR after transfection of pcDNA3.1-SPAG9. B-C) Rescue experiments were 
performed in HCCLM3 and Huh-7 cells transfected with sh-NC, sh-ZSCAN16-AS1#1, sh-ZSCAN16-AS1#1+ pcDNA3.1 and sh-ZSCAN16- 
AS1#1+ pcDNA3.1-SPAG9. Western blot was performed to detect the protein levels of p-JNK, MMP9, JNK and c-Jun in HCCLM3 and 
Huh-7 cells under different conditions. D-E) Colony formation and EdU assays measured the proliferation of HCCLM3 and Huh-7 cells. 
F-G) Transwell assays measured the migration and invasion of HCCLM3 and Huh-7 cells. **P < 0.01.
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squamous cell carcinoma [29]. In this study, bioin-
formatics analysis and mechanism dissection 
revealed thatmiR-181 c-5p could combine with 
ZSCAN16-AS1. In our research, we further vali-
dated that overexpressing miR-181 c-5p greatly 
restrained cell proliferation, migration and inva-
sion and promoted cell apoptosis in HCC. More 
importantly, miR-181 c-5p downregulation could 
counteract the repressive effects of ZSCAN16-AS1 
silence on HCC cell proliferation, migration, inva-
sion and apoptosis. All these data suggested the 
miR-181 c-5p worked as a tumor in HCC 
progression.

Based on the ceRNA hypothesis, we further 
investigated the downstream mRNA targeted by 
miR-181 c-5p. SPAG9 exerts oncogenic influ-
ences on many cellular processes and cancers, 
which has been reported to be a promising ther-
apeutic target for several cancers [30,31]. SPAG9 
is a positive regulator in osteosarcoma progres-
sion and is involved in metastasis [32]. SPAG9 
can function as a diagnostic biomarker for color-
ectal cancer [33]. Notably, the overexpression of 
SPAG9 is correlated with poor prognosis and 
tumor progression in HCC [34]. In this study, 
we found that SPAG9 was the target gene of 
miR-181 c-5p. Moreover, we confirmed that 
ZSCAN16-AS1 could elevate SPAG9 expression 
via sponging miR-181 c-5p in HCC cells, which 
supported the ceRNA hypothesis.

It has been reported that SPAG9 can regulate 
the JNK signaling pathways to get involved in 
cancer progression, including HCC [18,35]. The 
JNK signaling pathway is a part of the MAPK 
pathway, which has been demonstrated to pro-
mote cell proliferation, differentiation and migra-
tion in cancers [36]. Moreover, c-Jun and MMP9, 
two major downstream molecules of the JNK 
pathway, are important participators in JNK- 
mediated tumor growth [37]. In our study, we 
further confirmed that SPAG9 could activate the 
JNK signaling pathway and SPAG9 silence signifi-
cantly lessened the protein levels of p-JNK, c-Jun 
and MMP9. Moreover, our study proved that 
ZSCAN16-AS1 could regulate SPAG9 to activate 
the JNK pathway and impact on HCC cell growth.

In conclusion, the regulatory mechanism of 
ZSCAN16-AS1/miR-181 c-5p/SPAG9/JNK in 
HCC might be a promising target for HCC

treatment. Aside from that, it has been reported 
that SPAG9 can also activate the p38 MAPK path-
way [38]. Thus, the interaction between SPAG9 
and the p38 MAPK pathway in HCC remains to 
be dug into in the future.
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