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Purpose: CADM1-AS1 (cell adhesion molecule 1 antisense RNA 1, long non-coding
RNA), was firstly characterized in renal clear cell carcinoma, and exhibits a tumor suppres-
sor role. However, its clinical relevance and exact effects in hepatocellular carcinoma (HCC)
remain unknown. Therefore, in this study, we aimed to assess the clinical significance and
function of CADM1-AS1 in HCC.

Methods: We detected CADM1-AS1 expression in liver cancer tissue samples and cell lines,
and analyzed the association between CADM1-AS1 expression and clinical parameters in 90
liver cancer patients. Moreover, we conducted gain-of-function and loss-of-function studies in
liver cancer cell to explore the biological function and molecular mechanism of CADM1-AS1.
Results: CADM1-AS1 expression was reduced in HCC. Clinical data showed that this
downregulation was associated with advanced tumor stage, high TNM stage and reduced
survival in HCC patients. CADM1-AS1 overexpression inhibited HCC cells proliferation,
migration and invasion, while inducing GO/G1 phase arrest. Meanwhile, we revealed that
CADMI1-ASI inhibited the phosphorylation of AKT and GSK-3f. Furthermore, our study
showed that CADMI1-AS1 decreased the cell cycle associated proteins expression of
cyclinD, cyclinE, CDK2 CDK4, CDK6, and enhanced the levels of pl5, p21 and p27.
More importantly, SC79, a specific activator for AKT;, apparently attenuated the effects of
CADM1-AS1 on above cell-cycle associated proteins, confirming that CADM1-AS1 inhib-
ited cell cycles through the AKT signaling pathway. And we also found the CADM1-AS1
has antitumor effect in vivo by a xenograft HCC mouse model. In conclusion, the present
findings show that the CADM1-AS1 inhibits proliferation of HCC by inhibiting AKT/GSK-
3B signaling pathway, then upregulate pl5, p21, p27 expression and downregulate cyclin,
CDK expression to inhibit the GO/G1 to S phase transition both in vitro and in vivo.
Conclusion: CADM1-AS1 functions as a tumor-suppressive IncRNA. This study reveals a
molecular pathway involving PTEN/AKT/GSK-3B which regulates HCC cell-cycle
progression.

Keywords: long non-coding RNA, CADMI1-AS1, proliferation, cell cycle, AKT/GSK-3p,
hepatocellular carcinoma

Introduction

As one of the most common cancers in the world, hepatocellular carcinoma (HCC) has
characteristics of high morbidity and mortality." It is primarily induced by long-term
liver injury caused by viral hepatitis, autoimmune hepatitis, toxin exposure, excessive
alcohol consumption and inherited metabolic diseases.* Currently, potentially curative
treatments for HCC include liver resection and transplantation, but the 5-year
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postoperative survival rate remains low.> Poor prognosis in
HCC is largely due to occult metastasis and easy recurrence
after operation.” Liver injury caused by these risk factors could
produce progressive inflammation, which led to a vicious
cycle of necrosis, regeneration, and chromosome instability.®
Therefore, it is imperative to explore the specific mechanisms
underlying HCC pathogenesis, which could help identify new
biomarkers and develop novel therapeutic strategies for HCC.

It is estimated up to 70% of the genome is transcribed into
RNA but not translated into proteins, and only up to 2% of
human genome codes for a protein.” IncRNAs, a class of
ncRNAs with more than 200 nucleotides in length and lim-
ited protein-coding potential, affect various cellular functions
and are associated with a variety of biological processes and
diseases.'® Increasing evidence links dysregulation of
IncRNAs to diverse malignancies, such as lung, gastric and
breast cancers.''"'* Moreover, multiple IncRNAs have been
reported as oncogenic drivers or tumor suppressors in HCC
via modulation of cell proliferation, apoptosis, autophagy,
invasion, metastasis and cell-cycle progression through var-
ious pathways.'*'> Assessing cell-cycle regulators constitu-
tes one of the most important approaches to understanding
the molecular mechanisms involved in HCC and to identify-
ing diagnostic markers for the early detection and targeted
treatment of HCC.

Previous studies have confirmed that reduced expres-
sion of CADMI-AS1 (RNA176206/ENST00000546273)
is associated with poor prognosis in patients with clear
cell renal cell carcinoma.'® CADMI encodes a cellular
adhesion molecule and act as a tumor suppressor, and it
is down-regulated in many solid tumors.'” However, the
expression of CADM1-AS1 in HCC is unknown, and no
detailed mechanism has been reported to date.

In this work, we assessed the clinical significance of
CADMI1-AS1 in HCC patients. Then by using gain- and
loss-of-function analyses in HCC cells, we demonstrated
that CADM1-AS1 inhibited proliferation and invasion in
HCC cells. Further mechanistic analysis show that the
PTEN/AKT/GSK-3p axis was involved in this study. We
also investigated the antitumor effect of CADM1-ASI in
vivo by a xenograft HCC mouse model.

Materials and methods

Cell lines and culture
Human HCC HepG2, BEL-7702 and Huh-7 cell lines as
well as the normal liver LO2 cell line were purchased

from the Chinese Academy of Sciences (Shanghai,
China). Cells were cultured in Dulbecco’s modified
eagle’s medium (DMEM, Gibco) supplemented with
10% fetal bovine serum (FBS, Gibco), antibiotics
(100 pg/mL streptomycin and 100 U/mL penicillin,
Gibco) and cultured in an incubator at 37 °C with 5%
CO, and saturated humidity. The medium was changed
every 1-2 days, after cells reached confluency, cells
detached with 0.25%
subcultured.

were trypsin  (Gibco) and

Tissue microarray

A set of primary HCC tissue microarrays (TMA)
(HLivH180Su14), containing 90 pairs of HCC specimens
and corresponding adjacent non-cancerous tissues, was
Outdo Biotech Co. Ltd.
(Shanghai, China) and detailed pathologic information

purchased from Shanghai
with survival prognosis of patients were examined by in
situ hybridization staining. None of the patients received
pre-operative chemotherapy or radiotherapy. Clinical char-
acteristics, including age, gender, T stage, histological
grade and TNM stage, are described in Table 1. This
research was approved by the Research Ethics
Committee of China Medical University and the 1964
Helsinki declaration and later amendments.

In situ hybridization

To assess the expression pattern of CADM1-AS1 in HCC, in
situ hybridization was performed with double Digoxigenin-
labeled probes (Exiqon, Vedbaek, Denmark) according to the
manufacturer’s instruction. Briefly, HCC tissue samples were
sectioned at 5 um and deparaffinized, then treated with
proteinase-K (5 pg/ml) for 2 min at 37 °C. Slides were
prehybridizated with the 1 x ISH buffer (Exiqon) and the
samples were hybridized with digoxigenin-labeled probes
at 50 °C for 1 h. Next, the slides were incubated with anti-
digoxigenin antibody (Roche Diagnostics, IN) at 4 °C over-
night. The probe sequence for CADM1-AS1 was 5-TCA
GCCATAGTGCATAGCTACT-3". Staining intensity was
scored as 0 (negative), 1 (weak), 2 (medium) and 3 (strong).
The staining extent was scored as 0 (10%), 1 (11-25%), 2
(26-50%), 3 (51-75%) and 4 (76-100%). These two sub-
scores were then multiplied to obtain a final staining index.
Low CADMI-AS1 expression was defined as a staining
index of <3, whereas high CADM1-AS1 was >3 as described
in our previous study.
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Table | Associations of clinicopathological characteristics with CADMI-AS| expression in hepatocellular carcinoma
Variables CADMI-ASI expression Total 1 P-value
High Low

Age (year) 0.002 0.962
<50 19 21 40
>50 24 26 50

Sex 0.674 0412
Female 6 4 10
Male 37 43 80

Grade 0.004 0.947
12 25 27 52
3 18 20 38

T stage 5.436* 0.020
tl 33 25 58
T2/T3 10 22 32

TNM stage 5.436* 0.020
I 33 25 58
1/ 10 22 32

Cirrhosis 0.657 0418
Negative 6 3 9
Positive 37 43 80
Dull |

HBsAg 0.180 0.671
Negative 10 9 19
Positive 33 37 70
Dull |

AFP 0.024 0.877
Negative 18 20 38
Positive 25 26 51
Dull |

Abbreviations: HBsAg, hepatitis B surface antigen; AFP, alpha-fetoprotein.

Transfection of siRNA

Two small interfering RNAs (siRNA1 and siRNA2) for
CADM1-ASI1 silencing and a non-targeting (NT) siRNA
were obtained from GenePharma (Shanghai, China). The
sequences were as follows: siRNAI, Sense 5'-
rGrUrArCrCrUrCrCrUrGrCrCrUrUrUrGrUrCrArArGrCr-
CAA-3'and antisense 5'-rUrUrGrGrCrUrUrGrArCrArArAr
GrGrCrArGrGrArGrGrUrArCrArA-3’; siRNA2, sense 5'-
rGrArCrCrUrArUrCrGrArGrArArCrUrGrArGrArGrCrGr-
ACA-3" and antisense 5-rUrGrUrCrGrCrUrCrUrCrA
rGrUrUrCrUrCrGArUrArGrGrUrCrArG-3'.  The
(2x10°/ml) seeded in 6-well plates overnight were mixed
gently with 5 pg siRNA and 10 pl of Lipofectamine 3000
(Invitrogen, USA) in 250 pl opti-MEM (Gibco) and

cells

incubated at 37 °C for 24 h. Then, the medium was replaced
with fresh complete medium, and the cells were incubated
for a further 24 h.

Overexpression of CADMI-ASI in
HepG2 cells

CADMI1-AS1 overexpression lentiviral vector (LV-
CADMI1-AS1) and an empty control lentiviral vector
(LV-control) were purchased from GeneChem (Shanghai,
China). A total of 10® titer lentiviruses were obtained.
Next, HepG2 and BEL-7402 cells were incubated with
lentivirus concentrations equivalent to the target cell infec-
tion index (HepG2/BEL-7402, MOI=50) for 12 h. Then,
the medium was replaced with fresh complete medium,
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and the cells were incubated for a further 48 h. The cells
were subsequently analyzed under an inverted fluores-
cence microscope (Nikon ECLIPSE, Shanghai, China),
and the transfection efficiency was expressed as percen-
tage of GFP-positive cells detected on a GFP fluorescence
module.

Real time quantitative PCR

Total RNA was extracted from tumor tissues or cultured cells
with TRIzol reagent (Thermo Fisher Scientific, Inc.) and
reverse transcribed into cDNA with a PrimeScript RT Master
Mix Perfect Real Time kit (Takara, Dalian, China).
Subsequently, qRT-PCR was performed with the SYBR
Premix Ex Taq kit (Takara, Dalian, China). GAPDH was
used for normalization. The relative levels of each gene were
derived by the 2 **“" method. Primers were: CADM1-AS1,
Forward 5'-TGACAAAGGCAGGAGGTA-3' and reverse 5'-
GCACTATGGCTGAGGAAA-3"; CADMI, Forward 5'-ATG
GCGAGTGTAGTGCTGC-3' and reverse 5-GATCACTGT
CACGTCTTTCGT-3'; GAPDH, forward 5-GAAGGTG
AAGGTCGGAGT-3' and reverse 5-GAAGATGGTGAGG
GATTTC-3'.

Cell counting Kit-8 (CCK-8) assay

HCC cells in logarithmic growth phase were inoculated
into a 96-well plate at 4000 cells/well. Five replicates were
set for each group. After transfection for 48 h, in every
well, 90 ul of medium with 10% FBS and 10 pl of CCK-8
(Solarbio, Shanghai, China) were added simultaneously.
The plate was placed in an incubator with 5% CO, at
37 °C for 2 h, and absorbance was obtained on a micro-
plate reader (Thermo-Fisher Scientific) at 450 nm.
Absorbance values were also detected after 24, 48 and
72 h of culture, respectively.

EdU proliferation assay

According to the Click-iT®EdU Imaging Kits (Keygen,
Jiangsu, China). After transfection for 48 h, the 5-Ethynyl-
2'-deoxy-uridine (EdU) medium was added to 24-well
plates at 37 °C. After washing twice with PBS, the cells
were fixed by glycine and penetrant (0.5% Triton X-100
PBS). Then, Apollo dyeing reaction solution was added in
cells to stain for 30 min without light. Penetrant was added
to cells. Hoechst 33342 solution was added to stain cells.
Cells and Hoechst 33342 solution were co-incubated for
30 min, then photographed with a fluorescence micro-
scopy. The percentage of EdU-positive cells was defined
as the proliferation rate.

Colony-formation assay

For colony formation, logarithmic growth phase trans-
fected HCC cells were collected and trypsinized into sin-
gle cells. In six-well plates, 1000 cells were inoculated per
well. After two weeks incubation at 37 °C in 5% CO», cell
clones that had formed from individual cells were directly
observed by eye, then culture medium was removed and
the remaining cells were washed three times with PBS.
The cells were fixed with 4% paraformaldehyde for
30 min and stained with 0.1% crystal violet (Meilunbio,
Dalian, China) for 20 min at room temperature. Following
staining, dishes were placed on a transparent grid and the
number of clone cells was counted using a inverted micro-
scope (Nikon ECLIPSE, Shanghai, China).

Wound healing assay

Scratch test was performed to evaluate the viability of cell
migration. Briefly, Each well of a six-well plate was
seeded with 2x10° cells. After transfection, the cells
were cultured for 48 h. After obtaining the cells with a
merger rate of 90%. The resulting cell monolayers were
scratched with a 200 pl pipette tip, followed by three
washes with PBS to remove exfoliated cells, then repla-
cing culture medium with fresh serum-free DMEM, and
last putting all cells into an incubator containing 5% CO,
to culture at 37 °C. Wounds were observed at 0 h and 48 h,
respectively, A light microscope was taken advantage to
measure cell migration viability and obtain the images at
100> magnification. The Image J software was used to
measure the scratch areas, and percentages of scratch
closure were derived.

Transwell assays

Transwell plates containing 8.0-um pore membranes
(Corning Costar Corp, NY, USA) were used to assess the
migratory and invasive abilities of treated cells. Briefly, A
total 2x10° cells in suspension were plated in the upper
chambers of transwell plates in 200 pl serum-free DMEM
medium, and 600 pl DMEM medium with 10% FBS
(FBS, Gibco) was added to the lower chamber. After
12 h of incubation at 37 °C with 5% CO2, the non-through
cells were removed from the upper surface of the mem-
brane with a cotton-tipped swab, and the through cells
were fixed with 4% paraformaldehyde (PFA), then stained
with 1% crystal violet for 20 min. In cell invasion assay,
transwell membranes were pre-coated with Matrigel (BD
Biosciences, CA, USA) and diluted with 10% BSA in a
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ratio of 1:6. A total 50 pul solution was added to each well
of the upper chamber. Each cell group was allocated a total
of 3 chambers, placed in a 24-well plate and incubated at
37 °C with 5% CO2 for 4 h before cell seeding to solidify
the gel; the remaining procedure was performed as indi-
cated above. Cells on the lower surface of the membrane
were imaged and counted at 100x magnification under a
microscope (Nikon ECLIPSE, Shanghai, China), 5 fields
of the stained cells per sample were counted .

Cell cycle assay

The BD PI/RNase Staining Buffer kit (BD Biosciences)
was used for the experiment. After transfection, cells were
serum-starved to synchronize the cell cycle. Cells were
then collected, washed in phosphate-buffered saline
(PBS) and fixed in 70% ice-cold ethanol overnight at 4 °
C. After fixing, cells were rehydrated with pre-cooled
PBS, they were stained with propidium iodide (PI)/
RNase buffer for assay with standard procedures according
to the DNA Staining Protocol for Flow Cytometry. The
cell-cycle phase distribution was determined with a
FACScan (BD Biosciences) instrument and analysed with
the flowjo software. The percentage of cells in G0/Gl1, S,
and G2/M phase were counted and compared.

Western blotting

After transfection, total protein from tumor tissues or cells
were lysed by RIPA buffer (Keygen, Jiangsu, China). The
lysates were boiled at 100 °C for 5 min. About 50 pg of
total protein were loaded into 10% SDS-PAGE gel and
protein bands were transferred onto nitrocellulose mem-
branes (Bio-Rad Laboratories Inc.). The membranes were
blocked with 5% non-fat milk in 1 x TBST for 2 h at room
temperature, and sequentially incubated with primary anti-
bodies at 4 °C overnight. Then, the membrane was washed
with 1 x TBST for 3 times, and incubated with secondary
antibodies at 37 °C for 2 h. Finally, visualization was
performed with ECL reagents (Bio-Rad Laboratories
Inc.), followed by detection on a Bio-Rad Gel imaging
system. Data were semi-quantified with the Image lab
software. Primary antibodies targeting pl5 (1:1000,
#ab53034), p21 (1:1000, #ab109520), p27 (1:1000,
#ab32034), PTEN (1:5000, #ab170941), p-AKT (1:4000,
S473, #ab81283), p-AKT (1:500, T308, #ab38449), GSK-
3B (1:2500, #ab32391), p-GSK-3p (1:5000, S9, #ab75814)
were obtained from Abcam (Cambridge, MA, UK).
Primary antibodies against CDK2 (1:1000, #2546),
CDK4 (1:1000, #12790), CDK®6 (1:1000, #3136), cyclinE

(1:1000, #4129), cyclinD (1:1000, #2978) and AKT
(1:1000, #4691 s) were purchased from Cell Signaling
Technology (Danvers, MA, USA). The specific AKT inhi-
bitor SC79 (Abcam, #ab146428). GAPDH (1:5000,
#10494-1-AP, proteintech) antibody was used as the refer-
ence control.

In vivo tumorigenicity

All animal procedures were performed in accordance with
the Guide for the Care and Use of Laboratory Animals
(NIH publications Nos. 80-23, revised 1996) and the
Institutional Ethical Guidelines for Animal Experiments
developed by China Medical University. Mice were housed
in laminar airflow cabinets under pathogen-free conditions.
Two groups of 5 male nude mice (4-5 weeks old; 15-23 g)
were subcutaneously injected with HepG2 cells (5x10° in
200 pl) stably transfected with LV-CADM1-AS1 or LV-NC.
Tumor volumes were measured every 7 days. Five weeks
after implantation, all mice were sacrificed under anesthe-
sia, and tumor weights and volumes were determined.
Tumor volumes were calculated as V =1/2 (width® x
length). Tumor tissues were harvested and assessed by
immunocytochemistry and Western blotting.

Immunohistochemical studies

Tissue samples were embedded in paraffin and cut into
5 um sections, which were deparaffinized in xylene, rehy-
drated through graded ethanol, quenched for endogenous
peroxidase activity in 3% hydrogen peroxide, and pro-
cessed for antigen retrieval by microwave heating for
7 min in 10 mM citrate buffer (pH 6.0) The sections
were then sequentially incubated with primary antibodies
against CDK2, CDK4, CDKG®, cyclinD, cyclinE, p15, p21
and p27 overnight at 4-8 °C respectively, and appropriate
secondary antibodies for 1 h. Finally, the sections were
stained with 3,3-diaminobenzidine tetrahydrochloride, and
imaged under a microscope. Data were analyzed with the
Image] software.

Statistical analysis

Data were shown as mean and standard deviation (SD),
analyzed using GraphPad Prism 6.0 Software (GraphPad
Inc., San Diego, CA, USA). Each triplicate experiment
was repeated at least three times. Student’s r-test was
used to compare group pairs, whereas one-way analysis
of variance (ANOVA) was used for multiple groups, fol-
lowed by least significant difference post hoc test. Overall
survival curves were protracted using the Kaplan-Meier
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method and estimated by the log-rank test. P<0.05 was
considered to indicate a statistically significant difference.

Results
CADMI-ASI is downregulated in HCC

In situ hybridization (ISH) was applied to evaluate
CADMI1-AS1 expression in HCC tissue. TMAs, which
contained 90 pairs of HCC specimens and corresponding
adjacent noncancerous tissues and detailed pathologic infor-
mation with survival prognosis of patients were examined
by ISH staining. The frequency of positive staining of
CADMI1-AS1 was significantly lower in cancerous tissues
(43/89; 48.31%) than that in non-cancerous tissues (84/89;
93.33%; P<0.001) (Figure 1A). In addition, CADM1-AS1
was intensively stained in the cytoplasm of HCC cells, ISH
staining of CADM1-AS1 in representative samples of HCC
and normal liver tissues was shown (Figure 1B).

Analysis by Pearson Chi-Square test indicated that low
expression of CADM1-AS1 was correlated with high T stage
(P=0.020) and advanced TNM stage (P=0.020, Table 1).
Kaplan-Meier analysis was used to evaluate the correlation
between elevated CADM1-AS1 and overall survival in HCC
patients. The result suggested that high CADMI-ASI1
expression was positively correlated with overall survival
in HCC patients (P<0.01, Figure 1C). Multivariate Cox
regression analysis also demonstrated that CADM1-ASI
overexpression (HR,0.368; P=0.003) and tumor grade
(HR,2.077; P=0.013; Table 2) was an independent prognos-
tic factor for overall survival of patients with HCC.

Construction of CADMI-ASI over-
expressing and knockdown HCC cell

lines
Next, the expression levels of CADM1-AS1 in the HCC
HepG2, BEL-7402 and Huh-7 cell lines as well as in the
normal human liver LO2 cell line were measured by qRT-
PCR. The expression of CADM1-AS1 was significantly
reduced in HCC cell lines compared with LO2 cell line
(P<0.001, Figure 1D). For further studylwe used HepG2
and BEL-7402 cell lines for CADM1-AS1 over-expressing
and knockdown experiments. Then, HepG2 and BEL-7402
cells transfected with lentivirus were analyzed for green
fluorescent protein (GFP) expression at x100 and x400
magnification. All cell groups exhibited high viability
and transfection efficiency more than 90%. (Figure 1E).
Transfection with LV-CADM1-AS1 resulted in signifi-
cantly increased in CADMI1-ASI levels compared with the

LV-control group (P<0.001). Transfection with CADM1-
AS1 siRNA1 and siRNA2 resulted in significantly
decreased in CADM1-AS1 levels compared with the NC
siRNA group (P<0.001, Figure 1F).

Effect of CADMI-ASI expression on cell

proliferation

The significantly low expression of CADM1-AS1 in HCC
tissues prompted us to assess its biological role in HCC
cells. The CCK-8 assay, EDU staining and colony forma-
tion assay were performed to evaluate the viability of cell
proliferation ability.

The CCK-8 assay showed that overexpression of
CADMI1-AS1 for 24 h, 48 h and 72 h prominently sup-
pressed the proliferation ability of HepG2 and BEL-7402
cells compared with the LV-control group (P<0.05).
Meanwhile, CADM1-AS1 knockdown promoted HepG2
and BEL-7402 cell proliferation ability compared with
the NC siRNA group (P<0.05, Figure 2A).

The EdU assay results revealed that a obvious decrease
in the number of EdU-positive cells of HepG2 and BEL-
7402 cells by immunofluorescent (IF) detection in
CADMI1-AS1 overexpressing group compared with the
LV-control group. Meanwhile, CADM1-AS1 knockdown
increased the number of EdU-positive cells of HepG2 and
BEL-7402 cells compared with the NC siRNA group
(P<0.05, Figure 2B).

Consistently, the colony formation assay results
showed that overexpression of CADMI1-AS1 in HepG2
and BEL-7402 cells inhibited their colony formation abil-
ities, and the number of cloned cells declined compared
with the LV-control group. Opposite results were obtained
after CADM1-ASI silencing, abilities of colony formation
and the number of cloned cells increased when compared
with the NC siRNA group in HepG2 and BEL-7402 cells
(P<0.05, Figure 2C).

Taken together, the above findings indicated that
CADMI1-AS1 expression was negatively correlated with
the proliferation of HCC cells.

Effect of CADMI-ASI expression on cell

invasion and migration

Transwell assays were performed to assess the effects of
CADMI1-AS1 on invasion and migration in HepG2 and
BEL-7402 cells. In cell invasion assay, significantly less
cells were found in the LV-CADMI1-AS1 group compared
with the LV-control group. By contrast, significantly more
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Figure 1 CADMI-ASI expression and transfection efficiency in HCC cell line. (A) CADMI-AS| expression in cancerous and non-cancerous tissues, determined in ISH (n=90).
(B) Representative images for ISH detecting CADM|I-AS| expression in cancerous and non-cancerous tissues. (C) Kaplan-Meier survival analysis of overall survival in HCC patients
based on CADMI-AS| expression. Differences were assessed by the log-rank test (n=90). (D) Levels of CADMI-ASI in HCC (HepG2, BEL-7402 and Huh-7) and normal
hepatocyte (LO2) cell lines, detected by qRT-PCR. (E) Lentivirus transfection efficiency and cell morphology were observed under an inverted fluorescence microscope using bright
and GFP field channels (x100 and x400 magnification). (F) RT-qPCR were performed to detect the expression levels of CADMI-ASI, with GAPDH as a reference control.

Representative images from experiments performed three times

are shown (¥**P<0.001).

Abbreviations: HCC, hepatocellular carcinoma; ISH, In situ hybridization; GFP, Green Fluorescent Protein; RT-qPCR, real-time quantitative PCR; CADMI-AS|, cell adhesion

molecule | antisense RNA |.
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Figure 2 Effects of CADMI-ASI on HCC cell proliferation in vitro. (A) Growth curves for HepG2 and BEL-7402 cells after transfection were determined by the CCK-8
assay. (B) The EDU assay was performed to determine the proliferation ability after transfection. (C) Colony formation assay was performed to assess the colony forming
ability after transfection. Representative images from experiments performed three times are shown (*P<0.05; **P<0.01; **P<0.001).

Abbreviations: CADMI-AS|, cell adhesion molecule | antisense RNA |; HCC, hepatocellular carcinoma; CCK-8, Cell Counting Kit-8; EDU, 5-Ethynyl-2'-deoxy-uridine.
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cells invaded in the CADM1-AS1 siRNAI1 and siRNA2
groups compared with the NC siRNA group (P<0.05,
Figure 3A). Similar results were obtained in cell migration
assay (P<0.05, Figure 3B).

A scratch-wound assay was performed to further
verify the effect of CADMI-AS] on the migratory
ability of HepG2 and BEL-7402 cells. In this assay,
the LV-CADMI1-AS1 group exhibited significantly
slower wound closure compared with the LV-control
group. Meanwhile, the CADMI1-AS1 siRNA1l and
siRNA2 groups exhibited significantly faster wound
closure compared with the NC siRNA group (P<0.05,
Figure 3C).
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Taken together, these results demonstrated that
CADMI1-AS1 inhibited cell invasion and migration in
HCC cells.

Effect of CADMI-ASI expression on cell

cycle distribution

To determine whether the effect of CADM1-AS1 on HepG2
and BEL-7402 cell growth was attributable to cell-cycle
arrest, cell-cycle distribution was analyzed by flow cytome-
try. The percentages of GO/Gl-phase cells in HepG2 (44
+1.15% vs 53+1.32%) and BEL-7402 (42+0.76% vs 55
+1.12%) cells transfected with LV-CADM1-AS1 showed
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Figure 3 Effects of CADMI-ASI| on migration, invasion and cell-cycle on HCC cells in vitro. (A) Transwell invasion assay was performed to determine the invasive ability.
(B) Transwell migration assay was performed to determine the migratory ability. (C) The scratch-wound assay was performed to detect the migratory ability. (D) Cell cycle
progression was evaluated by flow cytometry. Representative images from experiments performed three times are shown (*P<0.05; **P<0.01; ***P<0.001).
Abbreviations: CADMI-ASI, cell adhesion molecule | antisense RNA |; HCC, hepatocellular carcinoma.
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overt cell cycle arrest than that in the LV-control group.
Meanwhile, knockdown of CADM1-AS1 promoted the per-
centages of G0/G1-phase cells in HepG2 (37.3+0.75%, 42
+1.16% vs 544+1.39%) and BEL-7402 cells (41.8+1.22%,
43.1£1.17% vs 54.2+1.36%) compared with the NC siRNA
group (P<0.05, Figure 3D). The above findings indicated that
CADMI1-ASI inhibited the cell cycle progression of HCC
cells.

CADMI-AS| regulates the AKT/GSK-3f3

signaling pathway
Numerous studies have confirmed that PTEN and the
downstream AKT signaling pathway play a notable role
in regulating cell growth. However, whether CADM1-AS1
affects the PTEN and AKT/GSK-3p pathway was
unknown. Western blotting analysis revealed that overex-
pression of CADMI1-ASI1 significantly increased PTEN
expression in HepG2 and BEL-7402 cells, on the contrast,
AKT and GSK-3 phosphorylation, which is regulated by
PTEN, was significantly decreased than those in LV-con-
trol group, while changes in the levels of total AKT and
GSK-3B were not significant (P>0.05). After treatment
with an AKT pathway activator SC79, the decrease of
AKT and GSK-3f phosphorylation was inconspicuous.

Meanwhile, knockdown of CADMI1-AS1 in HepG2
and BEL-7402 cells by CADMI-AS] siRNAl and
siRNA2 significantly decreased PTEN expression and
increased AKT and GSK-3B phosphorylation than those
in NC siRNA group (P<0.05, Figure 4C and D), while
changes in the levels of total AKT and GSK-3f were not
significant (P>0.05).

These results show that CADM1-AS1 can promote the
PTEN expression, while inhibit the phosphorylation of
AKT and GSK-3p.

CADMI-AS| regulates cell-cycle
associated proteins expression in HepG?2
and BEL-7402 cells

Next, to assess the mechanism of CADMI1-AS1 on cell
cycle, the levels of several cell cycle regulators were deter-
mined. After CADMI1-AS1 overexpression, the levels of
pl5, p21 and p27 were increased, while the levels of
CDK2, CDK4, CDKS®, cyclinD and cyclinE were reduced
in comparison with the LV-control group. After treatment
with SC79, this trend was obviously weakened (P<0.05), the
results confirmed that the AKT pathway is associated with
cell cycle associated proteins, and promotes cell cycle

progression. When knockdown of CADMI-AS1 by
siRNAs, the expression levels of CDK2, CDK4, CDKS6,
cyclinD and cyclinE were significantly increased, while the
expression levels of pl5, p21 and p27 were reduced com-
pared with the NC siRNA group (P<0.001, Figure 4A and
B). These results demonstrated that CADM1-AS1 suppresses
cell cycle by inhibiting the expression levels of CDK2,
CDK4, CDKG®, cyclinD, cyclinE and promoting the expres-
sion levels of pl15, p21 and p27 in HCC cells.

CADMI-AS| enhances tumor growth in
vivo

To further assess the functional role of CADM1-AS1 in
vivo, we established a xenograft HCC mouse model, in
which the male nude mice were subcutaneously injected
with HepG2 cells harboring CADM1-AS1 overexpression
(LV-CADM1-AS1) and empty control (LV-control) lenti-
viral vectors, respectively. Tumor volumes were measured
every 7 days after injection. The results showed that xeno-
grafts produced from CADMI1-AS1 overexpressing cells
grew slower than the control group, with smaller final
tumor volumes and lower weights than the control group
(P<0.05, Figure 5A).

As expected, QRT-PCR analysis revealed that CADM1-
AS1 expression was obviously increased in tumor tissues from
the LV-CADMI1-ASI1 group compared with the LV-control
group (P<0.05, Figure 5B). Further Western blotting and
immunohistochemical analyses of xenograft tumors showed
remarkably reduced AKT phosphorylation, GSK-3 phos-
phorylation, CDK2, CDK4, CDK®6, cyclinD and cyclinE
levels and obviously increased PTEN, pl5, p21 and p27
amounts in LV-CADM1-ASI1 tumor tissues compared with
LV-control tumor tissues (P<0.05, Figure 5C and D). Taken
together, these data showed similar expression patterns as
described above for the HCC cell lines and confirmed that
CADM1-ASI inhibited the tumorigenesis of HCC in vivo.

Discussion

Liver cancer is a malignancy with a dismal prognosis.'®
The clinical outcome of HCC is usually poor, primarily
because of advanced stage and metastasis at the time of
diagnosis in most cases.'”** Long non-coding RNAs
(IncRNAs) have been recognized as biomarkers and poten-
tial therapeutic targets in multiple diseases including can-
cer. Although thousands of IncRNAs within the human
genome have been identified, less than 1% of these
IncRNAs have been functionally characterized in the past
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Figure 4 Mechanism of CADMI-ASI on the AKT/GSK-3p signaling pathway and HCC cell-cycle progression in vitro. PTEN, total AKT, total GSK-3f, p-AKT and p-GSK-38
levels were examined by Western blot in HepG2 cell after transfection. GAPDH was used as the loading control. PTEN, total AKT, total GSK-3f, p-AKT and p-GSK-38
levels were examined by Western blot in BEL-7402 cell after transfection. GAPDH was used as the loading control. P15, P21, P27, CDK2, CDK4, CDKS®, cyclinD and cyclinE
protein levels were determined in HepG2 cells after transfection. P15, P21, P27, CDK2, CDK4, CDK®, cyclinD and cyclinE protein levels were determined in BEL-7402 cells
after transfection. Representative images from experiments performed three times are shown (*P<0.05; **P<0.01; **P<0.001).

Abbreviations: CADMI-ASI, cell adhesion molecule | antisense RNA |; HCC, hepatocellular carcinom.

decades.®' To date, increasing studies have highlighted
that IncRNAs make up a large portion of the transcripts
of the genome, and they play fundamental roles in carci-
nogenesis through the regulation of tumor proliferation or
metastasis.”” The relationship between IncRNAs deregula-
tion and cancer progression has become one of the focuses
of cancer studies. Accumulating evidence suggests that
numerous IncRNAs are involved in liver cancer tumori-
genesis and progression.”>** IncRNAs function as key
regulators of cell proliferation, apoptosis, cell cycle pro-
gression, migration and invasion in HCC. For instance,

knockdown of GHET1 blocks cell proliferation, and
induces cell cycle arrest and cell apoptosis in HCC.*
Increased NNT-AS1 expression promotes cell proliferation
and cell cycle progression, and decreases cell apoptosis in
HCC.?® Previous studies showed that CADMI-AS1 is
associated with poor prognosis in patients with clear cell
renal cell carcinomas.'® However, the potential role of
CADMI-AST1 in liver cancer has not been reported.

This study demonstrated that CADM1-AS1 was lowly
expressed in HCC tissue specimens and cell lines. An
analysis of different clinicopathological characteristics
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Figure 5 CADMI-AS| overexpression suppresses HepG2 cell growth in vivo. (A) Tumor volumes and weighs of Xenograft tissues. (B) The expression of CADMI-AS| was
detected by qRT-PCR in xenograft tumor tissues. GAPDH was used as a loading control. (C) PTEN/AKT/GSK-3p signaling pathway and cell cycle regulators protein levels
were examined by Western blotting in xenograft tumor tissues. GAPDH was used as a loading control. (D) Representative IHC staining images of P15, P21, P27, CDK2,
CDK4, CDK®, cyclinD and cyclinE expression levels in xenograft tumor tissues Representative images from experiments performed three times are shown ( **P<0.01;
**%p<0.001).
Abbreviations: CADMI-AS|, cell adhesion molecule | antisense RNA |; RT-qPCR, real-time quantitative PCR; IHC, immunohistochemical.
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showed that low CADMI1-AS1 expression was closely
associated with high T stage, advanced TNM stage and
poor prognosis of HCC patients. In addition, elevated
CADMI1-AS1 was closely correlated with prolonged sur-
vival time in HCC patients. Multivariate Cox regression
analysis also demonstrated that CADM1-AS1 overexpres-
sion and tumor grade was an independent prognostic factor
for overall survival of patients with HCC. These data
indicated that CADMI1-AS] acts as a tumor suppressor
gene in the progression of HCC.

To assess the biological functions of CADMI1-ASI,
loss- and gain-of-function experiments were performed.
The results showed that CADM1-ASI1 inhibited cell pro-
liferation, migration, invasion, induced GO/G1 phase
arrest. A subcutaneous tumor model in nude mice indi-
cated that CADMI1-AS1 overexpression inhibited HCC
tumor growth in vivo. Taken together, these results demon-
strated the tumor-suppressing role of CADMI-ASI1
in HCC.

In this study, we mainly studied the proliferation of
HCC cells induced by CADM1-AS1 and its mechanism.
The experiment that HCC cells with CADM1-AS1 reduce
migration and invasion capacities aims to further confirm
that CADM1-AS1 is a tumor suppressor. The mechanism
of CADM1-AS1 reduce migration and invasion capacities
will be conducted in the future.

Accumulating evidence suggests that abnormal activa-
tion of the AKT signaling pathway is involved in cell
growth, cell cycle progression and cell survival?’-?®
Uncontrolled activation of the AKT pathway can acceler-
ate cell cycle progression.?’? AKT/GSK-3B was reported
to be constitutively active in various tumor types.*>>*
Numerous studies showed that PTEN is upstream of
AKT/GSK-3B and participates in the development of
many cancers.>>>® Consequently, inactivating the AKT
signaling pathway may constitute an exciting target for
developing innovative HCC treatment. In this study, our
results revealed that overexpression of CADMI-ASI
increased PTEN expression, and decreased AKT and
GSK-3p phosphorylation both in vitro and in vivo, and
these effects were attenuated by the AKT pathway activa-
tor SC79.

More recently, emerging evidence has indicated that
the IncRNA- miRNA- mRNA network plays a key role
in regulating cancer proliferation.’” >° These studies sug-
gest that IncRNA- miRNA- mRNA interaction serves a
crucial function in cancer growth and metastasis.***!
Extensive studies have indicated that PTEN is associated

with a wide spectrum of tumors. In the present study, we
revealed the interaction between CADM1-AS1 and PTEN
for the first time: CADM1-ASI1 has a positive regulatory
effect on PTEN. It inspired us to investigate which
micRNA could regulate CADMI1-AS1 and PTEN via
direct targeting. I will verify this relationship in the future
experiment.

Inactivation or inhibition of the AKT pathway can
cause cell cycle arrest and is associated with a variety of
cell cycle-related proteins** Cell cycle arrest can be trig-
gered by various stimulating factors, and may result in cell
division blockage, cell death, and/or apoptosis.** ** In
cancer, cell cycle deregulation prevents cell differentiation
and causes abnormal cell growth.***® More than 90% of
human cancers have alterations of cyclin-dependent pro-
tein kinases, (CDKs), and cyclin dependent kinase inhibi-
tor (CDKIs), which are mostly related to the G1 phase.*’
Transition from GO/G1 to S phase is responsible for the
initiation and completion of DNA replication. The present
data confirmed that CADM1-AS1 had inhibitory effects on
HCC cell growth in vitro and in nude mouse xenografts. In
addition, Flow Cytometry showed that CADMI-ASI1
induced significant G0/G1-phase accumulation in HCC
cells. To further explore the molecular basis, the expres-
sion levels of proteins involved in cell cycle regulation
were assessed. p21 and p27 are a kind of Cyclin-dependent
Kinase Inhibitor (CKI) which could inhibit the kinase
activity of the cyclinE/CDK2 complexes.’®! In cell
cycle regulation, the cyclinE/CDK2 complexes regulate
cell cycle progression through late G1 and entry into S
phase.>? The results of this study revealed that CADMI-
AS1 could upregulate the levels of p21 and p27,while
downregulate the levels of cyclinE, CDK2. Early in the
G1 phase, the formation of cyclinD, CDK4 and CDK6
complexes drives the start of cell cycle.>® However, p15
can delay the progression of G1 phase by inhibiting the
activity of cyclinD/CDK4/CDK6 complexes.>® The results
showed that CADM1-AS1 upregulated the levels of pl5,
while downregulated the levels of cyclinD1, CDK4 and
CDKG6. In conclusion, CADM1-AS1 caused GO/G1 phase
arrest, through pl5 - cyclinD/CDK4/CDK6, p21/p27 -
cyclinE/CDK2 pathways. Activated AKT is sufficient to
promote cell proliferation via inhibition of p21 and p27 by
direct phosphorylation, as well as inactivating glycogen
synthase kinase-3 beta (GSK-3f), which strongly degrades
cyclinD.>> These findings suggested that CADMI-ASI
suppresses AKT and GSK-3B phosphorylation, which
results in P21, P27 and P15 upregulation as well as
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cyclinD, cyclinE, CDK2, CDK4 and CDK6 downregula-
tion, inducing GO/G1 arrest and subsequently inhibiting
HCC progression.

Conclusion

We firstly demonstrated that CADM1-AS1 is downregu-
lated in HCC tissues, this downregulation was associated
with advanced tumor stage, high TNM stage and reduced
survival, CADM1-AS1 was an independent prognostic
factor for overall survival of patients with HCC. Its over-
expression suppresses growth and metastasis invasion, and
induces GO/G1 phase arrest in HCC cells by regulating
PTEN/AKT/GSK-3p signaling and cell cycle proteins both
in vivo and in vitro. These findings not only provide new
insights into the mechanisms responsible for HCC pro-
gression, but also suggest that CADM1-AS1 may be a
novel prognostic marker and potential therapeutic target
for HCC.
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