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ABSTRACT

A cornucopia of literatures has characterized the involvement of a host of functional molecules in liver
cancer. Herein, according to online datasets, we found that cytochrome P450 family 2 subfamily
C member 8 (CYP2C8) was downregulated in liver cancer, and high CYP2C8 expression was associated
with favorable overall survival. Lower levels of CYP2C8 were confirmed in liver cancer cells. CYP2C8
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overexpression efficiently attenuated liver cancer cell proliferation and promoted apoptosis. We then CYP2C8; miR-382-3p; GASS5;
discovered that miR-382-3p directly targeted CYP2C8 to inhibit its expression in liver cancer cells based on liver cancer

bioinformatic prediction and experimental confirmation. Moreover, a cytoplasmic long noncoding RNA
(IncRNA), growth arrest-specific 5 (GAS5), sponged and down-regulated miR-382-3p, thus positively
modulating CYP2C8 expression. Rescue assays indicated that GAS5 overexpression gave rise to decreased
proliferation and increased apoptosis of liver cancer cells, while CYP2C8 knockdown counteracted GAS5-
mediated anti-carcinogenic effects. In summary, our work offered a solid experimental foundation for
understanding the functional role of CYP2C8 and the mechanism of GAS5/miR-382-3p/CYP2C8 axis in cell

proliferation and apoptosis of liver cancer.

Introduction

Liver cancer (LC) is acknowledged as one of the six most
common tumors worldwide with rising incidence and dismal
prognosis.”” The predominant histological type of LC is hepa-
tocellular carcinoma, a major challenge for public health.’
Medical treatments against LC in the past decades have been
developed and improved. Nevertheless, effective therapy
against its postsurgical recurrence and metastasis remains
scanty, giving rise to dreadful consequences for hepatocellular
carcinoma patients.* Depressingly, until now, molecular
mechanisms related to hepatocellular carcinoma have not
been completely identified. Hence, solid biomarkers to predict
its recurrence and survival are urgently required.

Long noncoding RNAs (IncRNAs) are a type of transcripts
with vital functions in pathophysiological processes, which
have more than 200 nucleotides in length and possess essen-
tially limited protein-coding potentials.® The emerging recog-
nition that IncRNAs mediate tumor initiation, aggravation,
recurrence and patient survival has also been widely substan-
tiated in various cancers.”® For example, elevated expression of
IncRNA AK023391 facilitates tumorigenesis and invasion in
gastric cancer through PI3K/Akt signaling pathway activation.”
LncRNA miR503 HG is a prognostic indicator of hepatocellu-
lar carcinoma and inhibits tumor metastasis by regulating the
HNRNPA2B1/NF-kB pathway.'® LncRNA MIR31 HG, which
targets HIF1IA and P21, promotes cell-cycle progression in
head and neck cancer to facilitate its cell proliferation and

tumorigenesis.'’ In the case of LC, a host of IncRNAs, such
as CCAT1, HULC and HOXD-ASI, have been testified to be
fundamentally involved in the biological processes of LC and
consequently affect its pathogenesis.'*'* Nevertheless, more
critical roles of IncRNAs in LC need to be further investigated.

In this study, using available online datasets, we found that
CYP2C8 was lowly expressed in LC tissues, and high CYP2C8
expression was strongly associated with LC patient survival.
Then, the mechanism of CYP2C8 downregulation in LC was
analyzed. Consequently, the regulatory network of IncRNA
GAS5/miR-382-3p/CYP2C8 was uncovered, casting new light
on the investigation of carcinogenesis and the development of
identifying survival biomarkers for LC therapy.

Materials and methods
Cell lines and culture

LC cell lines for our study comprised SK-HEP-1, Hep3B, Huh-
7 and HepG2. LC cells and normal liver cell line THLE-3 as the
control were all acquired from the Shanghai Institute of
Biochemistry and Cell Biology (Chinese Academy of
Sciences, Shanghai, China). Dulbecco’s Modified Eagle
Medium (DMEM; Gibco, Grand Island, NY, USA), as sug-
gested, was applied for the cultivation of all cell lines in an
incubator with 5% CO, at 37°C, with the addition of 10% fetal
bovine serum (Gibco).
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Cell transfection

The sequences of GAS5 and CYP2C8 were, respectively, cloned
into pcDNA3.1 vectors (Invitrogen, Carlsbad, CA, USA) to
construct overexpression plasmids pcDNA3.1/GAS5 and
pcDNA3.1/CYP2C8. For CYP2C8 silencing, short hairpin
RNAs (shRNAs) targeting CYP2C8 (sh-CYP2C8#1 and sh-
CYP2C8#2; GenePharma, Shanghai, China) or negative con-
trol (sh-NC; GenePharma) were utilized. MicroRNA (miRNA)
mimics and inhibitors (RiboBio, Guangzhou, China) were
applied for augmenting and suppressing miRNA expression
in LC cells, with NC-mimics and NC-inhibitors as their nega-
tive controls. Lipofectamine 2000 (Invitrogen) was adopted as
the transfection reagent.

Western blot analysis

Proteins extracted from cells were separated on 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred onto polyvinylidene fluoride (PVDEF)
membranes. After being blocked for 2 h in 5% skim milk,
membranes were cultivated at 4°C overnight with the primary
antibodies (Abcam, Cambridge, MA, USA) against GAPDH
and CYP2CS8, followed by treatment with secondary antibody
(Abcam) for 2 h. Enhanced chemiluminescence (ECL) system
(Sigma-Aldrich, St. Louis, MO, USA) was applied for protein
band visualization.

Quantitative real-time polymerase chain reaction
(QRT-PCR)

Cultured cells underwent total RNA extraction with TRIzol
reagent (Invitrogen). Isolated RNAs were reversely transcribed
into complementary DNAs (cDNAs) using M-MLV Reverse
Transcriptase (Invitrogen). The expression of specific genes
was detected with a standard SYBR-Green method under
ABI7300 Real-Time PCR System (Applied Biosystems, Foster
City, CA, USA). 27244 method was adopted for calculating
relative expression. GAPDH served as the internal control. All
reactions were performed in triplicate. The sequences of pri-

mers (GenePharma) were listed as follows: 5'-
GGAGCGAGATCCCTCCAAAAT-3' (forward) and 5'-
GGCTGTTGTCATACTTCTCATGG-3’ (reverse) for

GAPDH; 5-GGATGCAGTGTGGCTCTGGATA-3' (forward)
and 5-TGTGTGCCAATGGCTTGAGTTAG-3' (reverse) for
GAS5; 5'-
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAG-
AAGTGTT-3' (reverse transcription), 5'-
ACACTCCAGCTGGGAATCATTCACGGACA-3' (forward)
and 5-CCAGTGCAGGGTCCGAGGT-3' (reverse) for miR-
382-3p; 5-GTCCACCTTGAGGCCACTAC-3' (forward) and
5'-GCGGAGTGAGTTGATGCATTT-3' (reverse) for
CYP2C8; 5-CCATGATCACGAAGGTGGTTT-3" (forward)
and 5'-ATGCAGTCGAGTTTCCCACAT-3' (reverse) for Ul.

EdU proliferation assay

According to the user’s manual of the Click-iT°EdU Imaging
Kit (Invitrogen), 5-ethynyl-2'-deoxyuridine (EdU) solution

was added into 24-well plates with cultured LC cells. After
48 h of incubation at 37°C, LC cells were washed twice with
phosphate-buffered saline (PBS), treated with glycine and
penetrant (0.5% Triton X-100 in PBS) fixation, and then
stained for 30 min with Apollo dyeing reaction solution with-
out light exposure. Penetrant was added, and Hoechst 33342
solution or 4',6-diamidino-2-phenylindole (DAPI) was utilized
for staining cells for 30 min. After incubation, a fluorescence
microscope (WuMo, Shanghai, China) photographed the cells.
The percentage of EdU-positive cells was determined.

Cell counting kit-8 (CCK-8) assay

LC cell viability was evaluated through CCK-8 assay according
to the manufacturer’s specifications from Beyotime (Shanghai,
China). After 0, 24, 48, 72 or 96 h of incubation in 96-well
plates with 3 x 107 cells distributed per well, cells were treated
with CCK-8 reagent for 1 h. TECAN Infinite M200 Multimode
microplate reader (Tecan, Médnnedorf, Switzerland) was even-
tually utilized to examine the absorbance at a wavelength of
450 nm.

TUNEL apoptosis assay

Terminal deoxynucleotidyl transferase-mediated dUTP nick
end labeling (TUNEL) assay was adopted for LC cell apoptosis
evaluation. One Step TUNEL Apoptosis Assay Kit (Beyotime)
was applied. As described above, LC cells were collected into
48-well plates. After attachment, TUNEL detecting solution
(50 pl/well) was supplemented into each well. Cells were incu-
bated without light exposure for 1 h at 37°C. After DAPI
staining, cells were observed by WMF-CX40 fluorescence
microscope (WuMo). The cells labeled by TUNEL reagent
were considered as apoptotic cells.

Flow cytometry analysis

After cells were cultured in 6-well plates for 48 h, Annexin
V Apoptosis Detection Kit (eBiosciences, Waltham, MA, USA)
was applied to perform flow cytometry analysis for evaluating
cell apoptosis. The cells were rinsed by PBS (Solarbio, Beijing,
China), followed by fixation with 70% ice-cooled ethanol
(Solarbio). In the end, BD FACS Ariall Flow Cytometer (BD
Biosciences, San Jose, CA, USA) was applied to analyze the rate
of apoptotic cells.

Luciferase reporter assay

The sequence of GAS5 containing wild-type miR-382-3p bind-
ing site or its mutant was cloned into pmirGLO plasmids
(Promega, Madison, WI, USA). The consequent reporter plas-
mids were referred to as GAS5-WT or GAS5-MUT. SNHG1-
WT and NORAD-WT reporters were designed similarly. The
sequence of CYP2C8 3'-untranslated region (3'-UTR) with
miR-382-3p binding site or mutated site was inserted into
pmirGLO plasmids likewise, and the reporters were termed
as CYP2C8-WT or CYP2C8-MUT. The constructed luciferase
reporters were co-transfected with miR-382-3p mimics or NC-
mimics into LC cells as demanded using Lipofectamine™ 2000



(Invitrogen). After 48 h of transfection, Dual-Luciferase
Reporter Assay System (Promega) was adopted to detect the
relative luciferase activity (firefly luciferase activity/Renilla
luciferase activity for normalization) in each group.

RNA immunoprecipitation (RIP) assay

RIP assay was conducted using Magna RIP RNA-Binding
Protein Immunoprecipitation Kit (Millipore, Billerica, MA,
USA). According to the manufacturer’s manual, cell lysates
were cultivated with magnetic beads coated by anti-Ago2 anti-
body (Abcam) or anti-IgG antibody as the control (Abcam) in
RIP buffer. qRT-qPCR was used for detecting the enrichment
of specific RNAs.

RNA pull-down assay

Biotin-labeled miRNA probes (Bio-miR-NC and Bio-miR-382-
3p; GenePharma) were cultivated with Dynabeads M-280
Streptavidin (Invitrogen) as suggested by the directions.
Then, cell lysates were incubated with the probe-coated
beads. The enriched CYP2C8 messenger RNA (mRNA) was
measured by qRT-qPCR analysis.

Fluorescence in situ hybridization (FISH) assay

Cells were cultivated in hybridization buffer (RiboBio) with the
addition of GAS5 FISH probes (RiboBio). After DAPI staining,
cells were observed using a microscope (WuMo) to show the
subcellular distribution of GASS5.

Cytoplasmic and nuclear RNA isolation

With the utilization of the Cytoplasmic & Nuclear RNA
Purification Kit (Norgen Biotek, Thorold, ON, Canada), cyto-
plasmic and nuclear RNAs were separated as instructed by the
user’s manual. QRT-PCR examination of the extracted RNAs
was conducted to probe the expressions of Ul, GAPDH and
GAS5. Ul and GAPDH were, respectively, regarded as the
nuclear and cytoplasmic controls.

Statistical analysis

Each assay in this study was repeated at least three times.
Statistical significance was estimated through comparing
mean value + standard deviation (SD) utilizing Student’s
t-test or one-way analysis of variance and was presented by
p <.05(*), p<.01(*),p<.001 (***). All statistical analyses
were carried out by SPSS 18.0 software package (SPSS, Chicago,
IL, USA).

Results

CYP2C8 was anti-proliferative and indicative of favorable
survival in liver cancer

Previously, it was reported that the overall survival and the
recurrence-free survival of hepatocellular carcinoma patients
worsened as CYP2CS8 in tumor tissues was downregulated.'” In

CANCER BIOLOGY & THERAPY 1147

the present study, CYP2C8 expression in tissues from The
Cancer Genome Atlas (TCGA) and Genotype-Tissue
Expression (GTEx) datasets was accessible from the GEPIA
database (http://gepia.cancer-pku.cn/). The result showed
that CYP2C8 was notably downregulated in tumor tissues of
liver hepatocellular carcinoma (LIHC) compared with normal
ones (Figure 1a). Additionally, a higher level of CYP2C8 indi-
cated better overall survival of LIHC patients (Figure 1b).
Subsequently, we detected the expression of CYP2C8 in cell
lines using qRT-PCR and western blot. The result showed that
the levels of CYP2C8 mRNA and protein were reduced in LC
cells compared with normal cells (Figure 1c and d). Among
these LC cells, HepG2 and Huh-7 cells exhibited lower levels of
CYP2C8 mRNA. Hence, we constructed CYP2C8 overexpres-
sion plasmids and transfected them into HepG2 and Huh-7
cells. The efficiency of overexpression was confirmed by qRT-
PCR (Figure le). EdU assay illustrated that the proliferation of
LC cells was attenuated in response to CYP2C8 overexpression
(figure 1f). Besides, as validated by CCK-8 assay, LC cells with
CYP2C8 overexpression exhibited a restrained trend of viabi-
lity (Figure 1g). TUNEL assay for cell apoptosis detection
showed that elevated CYP2C8 expression led to promoted LC
cell apoptosis (Figure 1h). Finally, flow cytometry analysis
indicated that cell apoptosis was enhanced by CYP2C8 over-
expression (Figure 1i). These data above suggested the anti-
carcinogenic function of CYP2C8 in LC.

CYP2C8 was directly targeted by miR-382-3p

Next, we investigated the mechanism of CYP2C8 downregu-
lation in LC. The online bioinformatics database miRDB
(http://mirdb.org/) was adopted for predicting miRNAs
which could possibly target CYP2C8 to suppress its expres-
sion. Among the 17 miRNAs predicted by miRDB, the top
three miRNAs (miR-4797-5p, miR-382-3p and miR-3665),
whose target scores with CYP2C8 were over 90, were selected
as possible candidates. A series of qQRT-PCR assay unveiled
that after the successful transfection of miR-4797-5p, miR-
382-3p or miR-3665 mimics or inhibitors into LC cells (Fig.
S1A), CYP2C8 mRNA level was significantly reduced or
increased only in response to miR-382-3p up-regulation or
down-regulation (Figure 2a). Besides, miR-382-3p mimics or
inhibitors also reduced or increased CYP2C8 protein level in
LC cells (Figure 2b). Next, the molecular interaction between
miR-382-3p and CYP2C8 was evaluated. As presented in the
result of RIP assay, CYP2C8 and miR-382-3p were enriched
in anti-Ago2 groups, indicating their existence in RNA-
induced silencing complexes (RISCs) (Figure 2c). According
to bioinformatic prediction, the binding sequences between
miR-382-3p and CYP2C8 3'-UTR were shown, along with the
CYP2C8 3'-UTR sequence with the mutated binding site
(Figure 2d). Through luciferase reporter assay, we discovered
that the luciferase activity of CYP2C8-WT reporter was sig-
nificantly suppressed upon the transfection of miR-382-3p
mimics into LC cells (Figure 2e). Furthermore, RNA pull-
down determined the binding capacity between bio-miR-382-
3p and CYP2C8 mRNA (Figure 2f). Altogether, miR-382-3p
inhibited CYP2C8 expression in LC cells by directly targeting
the 3'-UTR of CYP2C8 mRNA.
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Figure 1. CYP2C8 was anti-proliferative and indicative of favorable survival in liver cancer. (a) The expression of CYP2C8 in LIHC tumor dataset (red) and normal dataset
(gray) was plotted. (b) Kaplan-Meier survival analysis illustrated the relationship between CYP2C8 expression and overall survival from LIHC dataset. (c and d) LC cells
from four cell lines and normal cells underwent qRT-PCR analysis to detect CYP2C8 mRNA (c) and protein (d) levels. (e) HepG2 and Huh-7 cells transfected with
pcDNA3.1 or pcDNA3.1/CYP2C8 underwent qRT-PCR analysis to detect CYP2C8 mRNA level. (f) The proliferation of HepG2 and Huh-7 cells transfected with pcDNA3.1 or
pcDNA3.1/CYP2C8 was tested by EdU assay. (g) CCK-8 assay monitored the reduced viability of HepG2 and Huh-7 cells after CYP2C8 overexpression. Optical density (OD)
at 450 nm was regarded as the measurement of cell viability. (h) TUNEL assay evaluated the enhanced apoptosis of HepG2 and Huh-7 cells after the transfection of
CYP2C8 overexpression plasmids. (i) Flow cytometry analysis examined the influence of CYP2C8 overexpression on LC cell apoptosis. p < .05 (*), p < .01 (**), p < .001
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Figure 2. CYP2C8 was directly targeted by miR-382-3p. (a) According to the prediction of miRDB, top three miRNAs (miR-4797-5p, miR-382-3p and miR-3665) with
higher target score with CYP2C8 were selected. The alteration of CYP2C8 mRNA levels in HepG2 and Huh-7 cells were evaluated in response to the transfection of
mimics or inhibitors of these miRNAs. (b) CYP2C8 protein levels in LC cells were measured in response to miR-382-3p overexpression or inhibition by western blot. (c) RIP
assay revealed that CYP2C8 mRNA and miR-382-3p could be enriched with Ago2 protein. (d) The sequences of wild-type CYP2C8 3'-UTR, mutated CYP2C8 3'-UTR and
miR-382-3p were shown. The binding sites were highlighted in red. (e) Luciferase reporter assay showed that miR-382-3p overexpression inhibited the luciferase activity
of CYP2C8-WT reporters in HepG2 and Huh-7 cells. (f) RNA pull-down demonstrated that CYP2C8 mRNA could be enriched by bio-miR-382-3p probes. p < .01 (**),

p < .001 (**%).

GAS5 bound to miR-382-3p to positively regulate CYP2C8
expression

LncRNAs, as one participant of competing endogenous RNA
(ceRNA) network, can compete with mRNAs for miRNA
interaction through sharing miRNA response elements
(MREs), thus modulating the available levels of miRNAs and
their downstream genes to influence their functions in
tumors."®"” In the present study, ENCORI database (http://
starbase.sysu.edu.cn/) was employed to predict the IncRNAs
which could sponge miR-382-3p. Among the candidates, the
top three IncRNAs (SNHG1, GAS5 and NORAD) with more
supported Argonaute cross-linking and immunoprecipitation
followed by sequencing (Ago CLIP-sep) experiments were
selected. Next, the luciferase activity of SNHG1-WT, GAS5-
WT or NORAD-WT reporters was, respectively, monitored in
response to the transfection of miR-382-3p mimics or NC-
mimics into LC cells. The result illustrated that only the luci-
ferase activity of GAS5-WT reporter was significantly inhibited
in response to miR-382-3p mimics (Figure 3a). Therefore,
GAS5 was chosen for further assays. To verify that GAS5
could act as a ceRNA to sponge miR-382-3p, the subcellular
location of GAS5 was evaluated in LC cells. The result of FISH
assay suggested that GAS5 was mainly located in cytoplasm
(Figure 3b). The result of nuclear-cytoplasmic RNA isolation
assay showed the same tendency (Figure 3c). Furthermore, an
online database IncLocator (http://www.csbio.sjtu.edu.cn/

bioinf/IncLocator/) also indicated that GAS5 was predomi-
nantly located in the cytoplasm (Figure 3d). These data clearly
testified the post-transcriptional regulatory capacity of GAS5.
To determine the molecular interactions, RIP assay confirmed
the enrichment of GAS5, miR-382-3p and CYP2C8 mRNA in
anti-Ago2 groups (Figure 3e). The binding site between GAS5
and miR-382-3p is presented in Figure 3f, together with the
mutated miR-382-3p binding site. Luciferase reporter assay
also demonstrated the decline of GAS5-WT luciferase activity
upon the transfection of miR-382-3p mimics, while no change
of luciferase activity was observed when the potential miR-382-
3p targeting site was mutated (Figure 3g). Besides, as shown by
qRT-PCR assay detection, GAS5 overexpression led to
a decreased level of miR-382-3p in LC cells (Figure 3h). Also,
through qRT-PCR and western blot, we also discovered that
GASS5 overexpression resulted in upregulated levels of CYP2C8
mRNA and protein (Figure 3i). The above data revealed that
GASS5 upregulated CYP2C8 via sponging miR-382-3p.

CYP2(8 silencing counteracted the impact of GAS5 on LC
cell proliferation and apoptosis

Given the above-verified mechanism, we intended to testify the
impact of GAS5/miR-382-3p/CYP2C8 in LC cells. First of all,
the expression of CYP2C8 was successfully interfered by the
transfection of sh-CYP2C8#1/2, and the level of GAS5 was
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Figure 3. GAS5 bound to miR-382-3p to positively regulate CYP2C8 expression. (a) Top three IncRNAs (SNHG1, GAS5 and NORAD), which could possibly associate with
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possibility of the cytoplasmic abundance of GASS5. (e) RIP assay illustrated the enrichment of GAS5, miR-382-3p and CYP2C8 with Ago2 protein. (f) Complementary
sequences between miR-382-3p and GAS5, together with the mutant site of GAS5 were shown. (g) Luciferase reporter assay showed the decline of GAS5-WT reporter
luciferase activity due to the transfection of miR-382-3p mimics. (h) The impact of GAS5 overexpression on miR-382-3p level in LC cells was assessed by qRT-PCR. (i) qRT-
PCR and western blot illustrated the effects of altered GAS5 expression on CYP2C8 mRNA and protein levels in LC cells. p < .01 (**), p <.001 (***), N.S.: not significant.

effectively promoted by the transfection of pcDNA3.1/GAS5 Discussion
into HepG2 cells (Figure 4a). As demonstrated by CCK-8
assay, HepG2 cell viability was reduced due to the upregulation
of GAS5, whereas cell viability was promoted via CYP2C8
silencing (Figure 4b). Besides, the result of EAU assay showed
that GAS5 overexpression reduced HepG2 cell proliferation,
while CYP2CS8 silencing reversed the inhibitory trend (Figure
4c). TUNEL assay presented that HepG2 cell apoptosis was
promoted in response to GAS5 overexpression, but the promo-
tional effect was later restored by CYP2C8 silencing (Figure
4d). In the end, it was revealed by flow cytometry analysis that
the facilitated cell apoptosis in HepG2 cells transfected with
pcDNA3.1/GAS5 could be restored by CYP2C8 depletion
(Figure 4e). All these results confirmed the regulatory function
of GAS5/miR-382-3p/CYP2C8 on LC cell proliferation and
apoptosis.

Herein, CYP2C8 was testified to be highly expressed in LC
tissues and cells. A higher level of CYP2CS8 indicated favorable
overall survival of LC patients. Functionally, CYP2C8 over-
expression is pro-apoptotic and anti-proliferative for LC cells.
Mechanistically, CYP2C8 3'-UTR was targeted by miR-382-3p,
and IncRNA GAS5 sponged miR-382-3p to boost CYP2C8
expression. Therefore, we concluded that GAS5 served as
a ceRNA for miR-382-3p to suppress the malignant behaviors
of LC cells via the augmentation of CYP2C8 expression.
Previously, CYP2C8 was documented to be involved in
hepatocellular carcinoma, and its downregulation denoted
unsatisfactory ~ overall survival and recurrence-free
survival.">'® To our knowledge, available literature had not
given a solid validation on CYP2CS8 function in LC, and a well-
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Figure 4. CYP2C8 elevation counteracted the impact of GAS5 on LC cell proliferation and apoptosis. (a) The knockdown efficiency of CYP2C8 and the overexpression
efficiency of GAS5 in HepG2 cells were measured by qRT-PCR and western blot. (b) CCK-8 assay indicated that CYP2C8 knockdown reversed the inhibitory effect of GAS5
overexpression on HepG2 cell viability. (c) EJU assay showed that CYP2C8 silencing facilitated HepG2 cell proliferation which had been suppressed by GAS5
overexpression. (d) TUNEL assay presented that CYP2C8 knockdown abolished the enhanced HepG2 cell apoptosis altered by GAS5. (e) Flow cytometry analysis
evaluated the cell apoptotic level of the transfected cells. p < .01 (**), N.S.: not significant.

elucidated mechanism on the dysregulation of CYP2C8 expres-
sion was still elusive. Our study corroborated the biological

role of CYP2CS8 as a critical inhibitor of LC cell proliferation,
which was experimentally proven for the first time.
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It has been extensively acknowledged that miRNAs regulate
various biological processes, including tumorigenesis, via tar-
geting the 3'-UTR of specific mRNAs to suppress their expres-
sion. In the case of LC, for example, SF3B4 targeted by miR-
133b stimulates cell proliferation and metastasis in hepatocel-
lular carcinoma.'® MiR-3928 v facilitates hepatocellular carci-
noma malignancy by suppressing VDAC3.* Previously, miR-
382-3p was reported to be implicated in ovarian cancer and
breast cancer.”””* In this study, we first discovered that
CYP2C8 was a downstream target gene of miR-382-3p, and
CYP2CS8 expression was suppressed by miR-382-3p in LC cells.

As elucidated before, the interaction between miRNAs and
mRNAs can be countervailed by IncRNAs, which serves as
ceRNAs to sequester miRNAs, thereby regulating tumorigen-
esis and cancer progression. For example, IncRNA MIR31HG
ameliorates hepatocellular carcinoma malignancy via sponging
miR-575 to facilitate ST7L expression.”> LINC01133 hinders
gastric cancer progression through sponging miR-106a-3p to
promote APC level.”* The role of IncRNA GAS5 as a tumor
suppressor has been demonstrated in various tumors, such as
in pancreatic cancer,”” esophageal squamous cell carcinoma®®
and colorectal cancer.?” Moreover, in the case of liver diseases,
GASS retards liver fibrogenesis through a ceRNA network of
GAS5/miR-222/p27 and suppresses hepatocellular carcinoma
cell migration and invasion via miR-21.”** Our work first
discovered that GAS5 overexpression inhibited LC cell prolif-
eration, and contributed to high LC cell apoptotic levels.
Furthermore, GAS5 was mainly located in the cytoplasm of
LC cells and was proven to be able to sponge miR-382-3p.
Besides, the silencing of CYP2C8, which was targeted by
miR-382-3p, counteracted the decreased LC cell proliferation
and the increased apoptosis induced by GAS5 overexpression.

Above all, the present study demonstrated a novel ceRNA
axis of GAS5/miR-382-3p/CYP2C8 in LC. The anti-
carcinogenic role of CYP2C8 may offer a solid experimental
basis for LC treatment.
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