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Abstract

Background: Hepatitis B virus infection was identified as the main risk factor of hepa-
tocellular carcinoma (HCC) in China, which induced a high morbidity and mortality. In
recent years, circRNAs were reported involving in the oncogenesis and development
of multiple malignant tumors.

Method: Bioinformatical analysis has been employed to predict the relevant circRNA
with AHNAK. The loss of function and gain of function have been used by knocking-
down circRNA through the shRNA technology while overexpressing through lentivi-
rus infection. Dual-luciferase reporter assay was used to detect circRNA binding to
miRNA and target genes. We further used immunoprecipitation technique to detect
the binding ability between non-coding RNAs.

Results: In this study, according to the previous report, we mainly focused on AHNAK,
which has been confirmed as an oncogene involving in the metastasis of HCC.
Bioinformatics analysis showed that circ_0008194 could be spliced by AHNAK. In
this study, the abnormal upregulated circ_0008194 in tumor tissues was detected.
The positive correlation between circ_0008194 and AHNAK was also confirmed.
Through knockdown and overexpression of circ_0008194, we conducted in vitro
functional studies. We found circ_0008194 could induce the invasion of cells in vitro.
Mechanically, circ_0008194 presented the binding ability with miR-190a causing the
suppression of miR-190a expression, causing the competitive inhibition of AHNAK,
resulting in the promotion of EMT.

Conclusion: Our results suggested that circ_0008194 may act as a sponge to adsorb
miR-190a, thereby promoting the expression of AHNAK and promoting the metasta-
sis of liver cancer tumors.
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1 | INTRODUCTION

As a common abdominal cancer in China, hepatocellular car-
cinoma (HCC) could be divided into three types: hepatocellular
carcinoma, bile duct cell carcinoma, and mixed carcinoma.>? The
main causes of HCC are chronic active hepatitis, including viral
hepatitis caused by hepatitis B virus (HBV) and hepatitis C virus
(HCV). Besides, the following factors were also confirmed highly
associated with the occurrence of HCC including alcoholic hep-
atitis and non-alcoholic steatohepatitis.3 Compared with other
solid tumors, early detection of liver cancer is more difficult. At
the time of diagnosis of primary liver cancer, more than 90% of
patients are in the middle or advanced stage.* Surgical treatment
for early diagnosis of subclinical liver cancer or small liver cancer
has a good effect, and in the middle and advanced liver cancer,
patients can be operated on only 5%-10% of the patients with
liver cancer.>® Even for early hepatocellular carcinoma or small
hepatocellular carcinoma, surgical resection cannot solve the
problem of intrahepatic recurrence or removal of multi-center le-
sions. Therefore, while strengthening the research on the early
detection rate of liver cancer, how to enhance the efficacy of liver
cancer, prevent its recurrence and metastasis, and develop a new
approach to assist or even replace surgical treatment has become
a hot spot in liver cancer research.

Current study revealed that, by using the TCGA (Cancer Genome
Atlas) database to analyze data from about 3000 cases of nine types
of cancer. It was found that AHNAK (neuroblast differentiation-
associated protein) is one of the potential new oncogenes and a clin-
ical diagnostic indicator.”® Recent evidence suggested that AHNAK
was highly associated with metastasis of HCC. In brief, AHNAK
could induce the pseudopodia formation, which was the essential
condition for cell migration and invasion.” Other recent studies also
revealed that AHNAK may be involved in the induction and transfor-
mation of epithelial cells of colon, leading to epithelial oncogenesis,
indicating that AHNAK played a crucial role in the development of
Hce.!°

Circular RNAs (circRNAs) were a subtype of new identified
RNAs with the characteristics of circular structure.!* Some cir-
cRNAs were identified with protein-coding ability.lz'13 Increasing
evidence revealed that circRNAs was participated in multiple
human disease including malignant cancer through different path-
ways.* In brief, circRNAs have been extensively involved in cell
proliferation, apoptosis, cell invasion, and self-metabolic repro-
gramming during the occurrence or development of cancer. By
forming the ceRNA loops, circRNAs could direct binding with spe-
cific miRNAs and act as sponges to regulate target genes to per-
form their function.!>1¢

In this study, we aimed to explore the potential circRNA inter-
acting with AHNAK and further investigate the potential function
of circRNA during the hepatocarcinogenesis process. Additionally,
we also focused on the detailed mechanism regarding whether the
aberrant expression of AHNAK was associated with circRNA as well
as the detailed regulation mechanism.

TABLE 1 Clinicopathological relevance analysis of circRNA
expression in clinical samples

circ_008194
Feature Low High p value
All cases 20 20
Age
<60 10 9 0.752
260 10 11
Gender
Male 18 17 0.633
Female 2 3
Differentiation grade
Well 9 10 0.675
Moderate 7 8
Poorly
Tumor Size (cm)
<3cm 17 18 0.633
>3 cm 3 2
Metastasis
Positive 15 6 0.004
Negative 5 14
TNM stage(l:11:111) 10:8:2 9:8:3 0.881

Note: Data were analyzed by chi-squared test. p value in bold indicated
statistically significant.

2 | MATERIALS AND METHODS

2.1 | Patient samples

From 2014 to 2020, 40 paired HCC cancer and matched normal tis-
sues from patients who had undergone radical resection of HCC in
the Second Affiliated Hospital of Nanjing Medical University were
obtained and fixed in formalin at once. All clinical and pathological
diagnosis were confirmed by two pathologists, according to the 8th
edition of the AJCC and UICC. The research was approved by the
ethics committee of the Second Affiliated Hospital with Nanjing
Medical University, and all patients signed an informed consent
form. All the procedures were carried out in compliance with gov-
ernment policy and the Declaration of Helsinki. All patients provided
written informed consent to participate in this study. The relevant
information of all patients was collected and presented in Table 1. All

cell lines in this study were identified and analyzed by STR.

2.2 | RNA extraction and quantitative real-time
polymerase reaction (QRT-PCR)

TRIzol Reagent (Takara) was used to isolate complete RNA from HCC
tissues, normal tissues, and cell lines, and genomic DNA (gDNA) was
extracted using FastPure DNA Isolation (Vazyme). Nanodrop 2000 was
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used to examine the concentration and purity of RNA samples (Thermo
Fisher Scientific). Reverse transcriptions of circRNA and mRNA were
carried out with the PrimeScript RT Master Mix (Takara) and designed
primers, with GAPDH as an internal control. Reverse transcriptions
for miRNA were carried out with the Bulge-LoopTM miRNA gRT-PCR
Starter Kit (RIBOBIO) and unique stem-loop primers, with U6 acting as
an internal control, and cDNA amplification was achieved with an ABI
Prism 7900 sequence detection system and TB Green Premix Ex Taq Il
(Takara; Applied Biosystems). Each sample was obtained three times. To
compare relative quantification of circRNA, miRNA, and mRNA expres-
sion to an internal regulation, the 2724CT method was used. The primer
for GAPDH was Forward 5- GGAGCGAGATCCCTCCAAAAT-3
Reverse: 5'- GGCTGTTGTCATACTTCTCATGG-3', for circ-0008194,
Forward 5- CTCGTCGCCGCCAGTAG -3"; and Reverse: 5'-
TCTTTGCAGGATTCCGCTCA -3

2.3 | Cell counting kit-8 proliferation assay

In each well of a 96-well plate, 1000 cells were plated in total. The
CCK-8 reagent (Dojindo Seed) was added directly to the culture
medium at the stated time (24, 48, 72, and 96 h). Cells were then
incubated at 37°C for 2 h, and the optional density (OD) value was
measured at 450 nm by microplate reader (BioTek Instruments).
These studies were carried out three times.

2.4 | Transwell assay

Cells were seeded in upper chambers with 200ul of serum-free
medium for Transwell assays. The transwell chamber (Corning) was
paved with matrigel mix (BD Biosciences) for invasion assays. The
bottom chamber medium contained 10% FBS to attract upper cells.
The upper chambers were set and stained for 20 min with a 0.5%
crystal violet solution after a 48-h incubation period. The cell lines
were photographed and counted in five distinct regions. In total, five
independent visual fields were randomly selected for imaging, and

ImageJ was used for optical density analysis.

2.5 | RNA immunoprecipitation assay

The RNA immunoprecipitation (RIP) assay was carried out accord-
ing to the manufacturer's instructions using the Magna RIP™ RNA-
binding protein immunoprecipitation kit (Millipore). In brief, cells
were lysed in RIP lysis buffer and the cell lysates were incubated
with RIP buffer containing magnetic beads conjugated with human
anti-Argonaute2 (AGO2) antibody (Millipore) or negative control
mouse IgG (Millipore). The magnetic beads coated with antibodies
were added to the extracted RNA suspension and incubated on ice
for 30 min. After eluting the magnetic beads, we extracted the RNA
and purified by using the purification kit. Then, PCR was used for
quantitative analysis.

2.6 | RNA pull-down assay

The biotin-coupled circ_0008194 probe and control oligo probe
were designed and synthesized by RiboBio (Guangzhou). Briefly,
cells were lysed with lysis buffer and 50 pl of the cell lysates were
aliquot for input. After incubated with the biotin-coupled probe at
room temperature for 1 h, the rest were incubated with strepta-
vidin magnetic beads (Life Technologies) at 4°C for 4 h to capture
the probe-RNA complexes. Then, the beads were washed with lysis
buffer. Finally, RNAs bound to the beads were isolated with TRIzol
Reagent (Invitrogen) and analyzed by qRT-PCR.

2.7 | Luciferase reporter assay

The circRNA and AHNAK-3'UTR sequences, as well as their corre-
sponding mutations, were designed, synthesized, and inserted into
the luciferase reporter vector pmiR-RB-Report vector (RIBOBIO).
The plasmid was transfected into cells via Lipofectamine™ 2000.
After 48 h, firefly or Renilla luciferase assay reagent was mixed with
cell lysate in each group. Luciferase Reporter Gene Assay kit (GM-
040501A, Genomeditech) was adopted for assessing luciferase ac-
tivity on an Infinite M1000 PRO microplate reader (Tecan Group,
Ltd.).

2.8 | Statistical analysis

SPSS 20.0 (IBM, SPSS) and GraphPad Prism 5 were used for statisti-
cal analysis. To explore whether two or more classes were statisti-
cally significant, we used the Student t-test and one-way ANOVA.
The relationships were examined using the Pearson correlation co-
efficient. The data were interpreted as a mean standard deviation.
For analyzing the difference between the two groups, we employed
the Student t-text based on the homogeneity of variance. For com-
paring difference in multiple groups (>2), the ANOVA Kruskal-Wallis
test was used. For all studies, p < 0.05 between groups were consid-

ered statistically significant.

3 | RESULTS

3.1 | Circ_0008194 interact with AHNAK in HCC

Since AHNAK has been identified highly associated with tumor me-
tastasis, we firstly investigated the endogenous level of AHNAK
in tissues samples of HCC patients. As presented in Figure 1A, we
confirmed the upregulation of AHNAK in tumor tissues of HCC.
We also revealed an increased protein level of AHNAK in tumor tis-
sues (Figure 1B). According to the circRNA database (https://circi
nteractome.nia.nih.gov/circular_rna.html), the hsa_circ_0008194
was spliced from the DNA sequence of AHNAK. The relative ex-
pression of circ_0008194 in the tissue's samples used above was
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FIGURE 1 AHNAK and circ_0008194 was expressed at high levels in HCC tissues and cell lines. (A) QRT-PCR was used to detect

relative expression of AHNAK in HCC tissues and matched para-cancer tissues (n = 40). (B) Protein expression level of AHNAK protein in
HCC tissues. (C) QRT-PCR was used to detect relative expression of circ_0008194 in HCC tissues and matched para-cancer tissues. (D)
Correlation analysis of AHNAK and circ_0008194. (E) RT-PCR confirmed the expression of circ_0008194 in cell lines. (F) Hep3B cells treated
with circ_0008194 shRNA. (G) Hep3B cells treated with circ_0008194 overexpressed lentivirus. (H) Cells treated with RNase and detected

by PCR (n.s indicated no significance, *p < 0.05, **p < 0.001)

also examined. As presented in Figure 1C, the upregulated level of
circRNA was also obtained. Further Pearson correlation analysis
identified a positive correlation between circ_0008194 and AHNAK
(p=0.002, R%?=0.86, Figure 1D). The clinical characteristics analysis
for circ_0008194 indicated that circ_0008194 was corrected with
the metastasis of HCC (Table 1).

We further tested the regulation of circ_0008194 on cell bio-
logical behavior by knockdown and overexpression. In order to

detect the contact of endogenous expression in cells, we selected
Hep3B as the cell model with moderate expression-related abun-
dance (Figure 1E). Cells were treated with circ_0008194 shRNA
lentivirus and the overexpressing lentivirus vector. The knockdown
was confirmed targeting circ_0008194 instead of the linear pattern
(Figure 1F). We further confirmed that circ_0008194 was overex-
pressed by RT-PCR (Figure 1G). Since the function of circ_0008194
is still unknown at present, we further treated the above samples
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with RNase and identified whether the circ_0008194 was in circular
structure. The results showed that the expression of circ_0008194
did not altered after RNase treatment (Figure 1H).

3.2 | Circ_0008194 promoted cell invasion in vitro

The aberrant expression of circ_0008194 in HCC patients indicated
a high association with tumor metastasis; to further explore the
function of circ_0008194 in the development of HCC, we first in-
vestigated the cell proliferation by treating cells with either shRNA
or overexpression lentivirus. As presented in Figure 2A, CCK-8 assay
indicated that knocking down or increasing the level of circ_0008194
could not alter the growth of HCC cells. Besides, the cell cycle distri-
bution detected by flow cytometry also reveals no difference with
the loss or ectopic expression of circ_0008194 (Figure 2B). The tran-
swell assay was used to examine function of circRNA in cell inva-
sion. Interestingly, the migrated cells were decreased when Hep3B

(A)

was treated with circ_0008194 shRNA lentivirus while could be in-
creased with overexpressing of circ_0008194 (Figure 2C). These re-
sults were consistent with the oncogenic function of circ_0008194

during the development of HCC.

3.3 | Circ_0008194 could be bound with miR-190a

circRNAs were identified as a sponge to interact with certain miRNA
and target genes through a ceRNA approach. Thus, the bioinformati-
cal analysis was applied to predict the potential miRNA, which might
bind with circ_0009184. As presented in Figure 3A, two miRNAs in-
cluding miR-1236 and miR-190a were obtained with potential bind-
ing site. The expression of the two miRNAs was further detected
in cells; we found a significant suppression of miR-190a by overex-
pression of circ_0008194. However, no difference was found in miR-
1236 (Figure 3B). We also employed the luciferase reporter assay to
detect whether there were potential regions binding to miR-190a in
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FIGURE 2 circ_0008194 promoted cell invasion in vitro. (A) To evaluate the ability of proliferation in cells transfected with
circ_0008194 knocking-down and overexpression lentivirus, CCK-8 assays were used. (B) The distribution of cell cycle stage was detected
by flow cytometry. (C) Transwell assay was used to evaluate cell invasive capabilities in HCC cells. (n.s indicated no significance, *p < 0.05,

**p < 0.001)
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FIGURE 3 circ_0008194 could be directly bound by miR-190a. (A) The detailed binding site between miRNA and circ_0008194. (B)
miRNA expression level in cells. (C) The relative luciferase activities were detected in cells after co-transfection with circRNA and miRNA,
respectively. Data are all represented as mean + SD (n = 3). (D) Anti-Ago2 RIP assay was executed in cells after transfection followed by
gRT-PCR to detect circ_0008194. (E, F): Biotinylated circ_0008194 probe and a NC probe were used to pull down the candidate miRNAs

and tested with quantitative real-time PCR (n.s indicated no significance, *p < 0.05, **p < 0.01)

circRNA sequences. The wild type and the specific mutant type tar-
geting the prediction binding site were synthesized. As presented in
Figure 3C, the luciferase intensity was decreased when treating cells
with miR-190a to cells overexpressed with wild AHNAK. No differ-
ence was obtained in the rest of the groups. RIP results also showed
that more circ_0008194 could be captured by AGO2 antibody in
miR-190a overexpressed cells (Figure 3D). We also employed the
pull-down assay to investigate whether circ_0008194 direct bind
with miR-190a. The biotin-labelled circ_0008194 probe was used.
Following investigation also reveals that miR-190a was detectable in
HCC cells treated with circ_0008194 probe (Figure 3E, F).

3.4 | AHNAK was the potential target of miR-190a

In order to clarify in detail how circ_0008194 interacted with
miR-190a and whether miR-190a was involved in the dysregulated

expression of AHNAK, we detected the expression of miR-190a
in HCC tissues. The decreased level of miR-190a was confirmed
in tumor tissues (Figure 4A). Pearson correlation analysis con-
firmed this finding. We found circ_0008194 was reversely cor-
related with miR-190a, and miR-190a was reversely correlated
with AHNAK (Figure 4B). Bioinformatical analysis also revealed a
detailed binding site between miR-190a and AHNAK (Figure 4C).
By constructing wild-type and mutated plasmids of AHNAK
3'UTR, we confirmed the presence of miR-190a binding site in
3'UTR region of AHNAK by using dual-luciferase reporter gene
assay (Figure 4D). Furthermore, miR-190a overexpression or
circ_0008194 knocking-down was performed in cell lines respec-
tively to explore the interaction. The results showed that either
miR-190a overexpression or circ_0008194 knocking-down could
inhibit AHNAK expression. In addition, artificially increasing the
expression of circ_0008194 also promoted the expression of
AHNAK (Figure 4E). We also investigated the protein expression



LIU ET AL.

( A) (B) - 5 P=0.001
“— © 20, 0207 R2=0.72
o 047 X 5 S $
c . 2 = o
oS @ @ 0.157 B @ 0.157 °s
2 o 03 - 23 28 * an
°3 & 010f X0l N g
S 02 % oo o el
o st 2 E oos Q £ o054 i
LE o4 5 §
= K O 000 v . . - - o000 . . . - )
- - (4 000 002 004 006 008 010 (12 000 002 004 006 008 010
o ’ & & Relative expression of Relative expression of
N ) AHNAK circ_0008194
S (D)
(C) ¥
@B miR-190a mimics
- z NG
zz 6 |L| —
Position: 3 g (] T
target 5 G UU GUU A3 sx =
miR-190a GCCU GUAUGU G ACAUAU -18.4 kcal/mol 02
UGGA UAUAUA U UGUAUA @3
miRNA 3’ U U GU 5 SN o
= ®
S E
- 8 0 . :
(E) (F) AHNAK wild  AHNAK mut
\g @)
LD =
< X o € ST
< = % WSS
Zo.25 * < 06 — w— o w=| 16kDa
Bo] L = AHNAK | == |
20.
S 5
§0.15 204 " E-Cad ‘ e —| 97kDa
Lo.10 o - —_
$0.05 i - g N-Cad [we == ~— ==| 100kDa
FT S e O & Zoo
© X< = . s — — —
< Q’Q’b Dq:) c‘}$0 C)O é\ Q_%v
& & B GAPDH |ww e e = | 36kDa
&

FIGURE 4 miR-190a could reversely regulated AHNAK through 3'UTR region binding. (A) QRT-PCR was used to detect relative
expression of miR-190a in HCC tissues and matched para-cancer tissues (n = 40; n = 40). (B) Pearson correlation analysis between miR-190a/
AHNAK and miR-190a/circ_0008194. (C) The detailed sequence for miR-190a bound to AHNAK. (D) Dual-luciferase reporter assay. (E)
Relative expression of AHNAK in miRNA mimics and circRNA shRNA-treated cells and relative expression of AHNAK in cells treated with
circRNA overexpression and shRNA lentivirus. (F): Relative protein expression level of AHNAK and metastasis markers in cells treated with
circRNA overexpression and shRNA lentivirus (n.s indicated no significance, *p < 0.05, **p < 0.01)

level of ANHAK in cells treated with circRNA_0008194 overex-
pression lentivirus. As presented in revised Figure 4, we found that
the protein level of ANHAK was increased with the overexpres-
sion of circRNA_0008194. The tumor metastasis markers were
also examined. We found the epithelial marker E-cadherin was de-
creased by circRNA_0008194, while the stromal cell markers such
as N-cadherin and Vimentin were increased. We also found the
opposite result in the knockdown cells (Figure 4F), indicating the
circRNA_0008194, was highly associated with tumor metastasis.

4 | DISCUSSION

AHNAK is a nuclear protein of about 700 kDa weight, which is
widely expressed in various cells.” Due to its complex structure,

it may have a special function or function as a scaffolding pro-
tein. Earlier studies suggested that AHNAK was mainly local-
ized in the nucleus and contained potential nuclear localization
sequence (NLS) in the carboxy-terminal domain of AHNAK pro-
tein.*® Subcellular location indicated AHNAK is localized mainly in
cytoplasm and/or associated with the cell membrane.’ A possible
explanation for the difference in AHNAK protein localization is
AHNAK's ability to shuttle between various subcellular compo-
nents. For example, in keratinocytes, AHNAK can be translocated
from the cytoplasm to the cell membrane in a manner dependent
on calcium ions and protein kinase C. In addition, AHNAK contains
a nuclear output signal (NES) sequence that allows AHNAK to be
transported from the nucleus following intercellular contact in ep-
ithelial cells and activation of protein kinase B.?% The detailed mo-
lecular function of AHNAK still needs to be further investigated.
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As reported, AHNAK is involved in various biological processes,
including blood-brain barrier formation, cell structure forma-
tion, cell migration, cardiac calcium channels regulation, and the
reparation of muscle.?! In addition, recent evidence suggests that
AHNAK may be involved in promoting tumor metastasis. AHNAK
was also confirmed highly associated with tumor metastasis by
regulating cell invasion; in addition, AHNAK is closely related to
pseudopod formation.?? High expression of AHNAK in tumor tis-
sue suggests a poor prognosis. In addition, inhibition of the ex-
pression of AHNAK could significantly reduce the ability of cells
to metastasize.?® Previous studies have shown that a specific gene
may have different functions in different tumors. In this study,
AHNAK plays the role of a tumor suppressor gene in reproductive
system tumors, but there are many reports on its carcinogenic ef-
fect in digestive tract tumors, which is consistent with the findings
of this study. This may be related to the origin of tumor cells and
the specific expression of specific genes in different tumor cells.

circRNAs are relatively stable RNAs formed by a special mech-
anism of ring formation and widely exist in eukaryotic cells. cir-
cRNAs play important roles in many pathophysiological processes,
including the genesis and development of tumors. It was well
proved that circRNA was involved in the genesis, development
and prognosis of primary hepatocellular carcinoma. For the ceRNA
mechanism, multiple circRNAs have been proved to interacting
with miRNA and protein-coding RNA in human cancers. For ex-
ample, suppression of CirchipK2 was reported to inhibit the DDP
resistance in ovarian cancer (OVC) through regulating CHTOP as a
ceRNA approach.?* In addition, circ_0032822 could promote the
prognosis of laryngeal cancer through the miR-141/E2F3 axis.?
Previously, research also showed that increased miR-190a could
suppress the expression of PAR1 and induced the inhibition of cell
migration and invasion in breast cancer. This result was consis-
tent with our finding that miR-190a might be a tumor suppres-
sor gene.26 Besides, the tumor suppressor function of miR-190a
was also confirmed in the development of HCC. They found that
ectopic expression of miR-190a in HCC cells could decrease the
invasion of cells.?’

In summary, we explored the function of circ_0008194 as an on-
cogenic gene in the development of HCC. In addition, circ_0008194
can promote the progression of liver cancer by acting as a sponge
and mediating the formation of the ceRNA loop by miR-190a and
AHNAK. These results provide theoretical basis for the research and
development of targeted therapeutic targets for liver cancer in the
future.
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