MOLECULAR MEDICINE REPORTS 24: 757, 2021

LINC00238 inhibits hepatic carcinoma progression by
activating TMEM106C-mediated apoptosis pathway
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Abstract. The present study aimed to explore the regulatory
mechanism of long intergenic non-protein coding (LINC)00238
in hepatocellular carcinoma (HCC). LINC00238 expression
in HCC tissues and cell lines was measured using reverse
transcription-quantitative PCR. LncTar was used to predict
the binding sites between LINC00238 and transmembrane
protein 106C (TMEMI106C). Survival analysis of LINC00238,
TMEMI106C and activating transcription factor 3 (ATF3) in
patients with HCC was performed based on TCGA data. The
proliferation, apoptosis, migration, and invasion of HCC cells
were measured by 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxy
methoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium assay, flow
cytometer, wound healing and Transwell assays, respectively.
LINC00238 promoted apoptosis and inhibited proliferation,
migration and invasion of HCC cells. LINC00238 was down-
regulated in HCC. TMEMI106C was a target of LINC00238
and TMEMI106C expression was negatively regulated
by LINC00238. TMEMI106C suppressed the apoptosis
pathway and decreased the expression of caspase-7, tissue
inhibitor of metalloproteinase 2, programmed cell death 4
and ATF3. Notably, ATF3 was the upstream promoter of
LINCO00238 and positively regulated LINC00238 expression.
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In conclusion, LINC00238 inhibited HCC progression
by inhibiting TMEMI106 expression and activating the
TMEMI106C-mediated apoptosis pathway.

Introduction

Hepatocellular carcinoma (HCC) is the fourth major cause of
cancer mortality worldwide and the global morbidity of the
disease is increasing (1). Surgical resection is the most effec-
tive treatment method of all therapy methods; however, most
patients are initially diagnosed as advanced and untreatable by
surgery (2). High rates of postoperative recurrence and metas-
tasis are also reasons for the high mortality rate of HCC (3).
Although great progress in the therapy methods has been
made in the last few decades, the survival rate of patients with
HCC remains poor (4). Hence, the search for new effective
therapeutic targets is of great significance for HCC treatment.

In recent years, an increasing numbers of studies have
focused on the effect of IncRNAs on the occurrence and
development of HCC (5-7). Research has shown that aberrant
expression of long non-coding RNAs (IncRNAs) decelerates
or accelerates the progression of HCC. For instance, a study by
Liu et al (8) demonstrates that IncRNA Ftx can inhibit prolif-
eration and metastasis of HCC and that higher IncRNA Ftx
expression is associated with longer survival. Furthermore,
long intergenic non-protein coding (LINC)RNA-p21 over-
expression reduces the levels of epithelial-mesenchymal
transition (EMT)-related proteins and decrease tumor metas-
tasis in HCC (7). The findings of Wang er al (9) indicate that
high IncRNA ATB expression promotes proliferation of HCC
and is positively correlated with poorer survival of patients
with HCC. Gong et al (6) found that LINC00238 is expressed
at low levels in HCC samples. However, the regulatory mecha-
nism of LINC00238 in HCC remains to be elucidated.

The transmembrane protein (TMEM) family is a class
of proteins containing one or more putative transmembrane
segments that span partially or completely through biological
membranes (10). As a member of the TMEM family,
TMEMI106 is involved in several diseases, including cancer.
In a study on non-small cell lung carcinoma, Liu and Zhu (11)
found that TMEMI106A is an anti-oncogene that inhibits the
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proliferation and invasion of lung cancer cells. Lang et al (12)
note that abnormal expression of TMEMI106B is associated
with progression of frontotemporal lobar degeneration. In
addition, Assassi et al (13) found that TMEMI106C is aber-
rantly expressed in ankylosing spondylitis. Luo et al (14) have
indicate that TMEMI106C is involved in HCC development.
However, remains to be elucidated whether IncRNAs are
involved in the regulation of TMEMI106C in HCC progres-
sion.

The present study explored the regulatory role of
LINCO00238 in HCC progression. The findings suggested that
LINCO00238 expression was decreased in HCC tissues and cell
lines and the low LINCO00238 expression was associated with
the poor prognosis of patients with HCC. LINC00238 inhib-
ited HCC progression by regulating the TMEM106C-mediated
apoptosis signaling pathway. Furthermore, ATF3, the gene
enriched in the apoptosis pathway, could regulate LINC00238
expression, consequently preventing HCC development.

Materials and methods

Bioinformatics analysis. The online platform Gene Expression
Profiling Interactive Analysis (GEPIA) (15) was used to
analyze the differentially expressed IncRNAs in HCC. A total
of 369 HCC cases and 160 normal were downloaded from
The Cancer Genome Atlas (TCGA) database (https:/portal.
gdc.cancer.gov/). The expression of LINC00238, TMEM106C
and ATF3 in HCC tumor tissues and normal tissues were
analyzed based on the downloaded data. The overall survival
information in this study was downloaded from TCGA data-
base. Survival analysis was performed with the R package
‘survival’ (16,17) by using the Kaplan-Meier curve method and
TANRIC platform. The binding sites between LINC00238
and TMEM106C were predicted by LncTar (www.cuilab.
cn/Inctar). Gene Set Enrichment Analysis (GSEA) (18) was
performed using three gene set datasets [GO-BP (http:/www.
geneontology.org), KEGG (http:/www.genome.jp/kegg/) and
Hallmark gene sets (19)] to analyze the impact of TMEM106C
on signaling pathways. The JASPAR (http:///jaspar.genereg.
net/) and PROMO (alggen.lsi.upc.es/cgi-bin/promo_
v3/promo/promoinit.cgi?dirDB=TF_8.3) databases were used
to analyze the upstream transcription factor of LINC00238.

Patients and samples. A total of 43 human HCC tissues and
corresponding normal tissues were collected from 22 male
(age range, 32-64 years) and 21 female (age range, 34-70 years)
patients with HCC between January 2018 and September 2019.
None of the patients received any treatment before surgical
resection, including surgery, radiotherapy and chemotherapy.
The study was approved by the ethics committee of Qingdao
No. 6 People's Hospital [approval no. (2018) 26] and written
informed consent was obtained from all patients.

Cell lines and culture. The human normal hepatic cell line
MIHA and HCC cell lines Huh7, HLF, SNU-449, MHCC-97h
and HCCLM3 were purchased from Mlbio and cultured in
DMEM (Gibco; Thermo Fisher Scientific, Inc.) containing
antibiotics (Gibco; Thermo Fisher Scientific, Inc.) and
10% FBS (Gibco; Thermo Fisher Scientific, Inc.), in a humidi-
fied atmosphere containing 5% CO, at 37°C.

Cell transfection. LINC00238-overexpressing plasmid
pcDNA3.1 (pc-LINC00238), negative control plasmid (pc-NC),
short interfering (si)RNAs targeting LINC00238 (30 nM,
si-LINC00238#1, 5'-GAGGATACTTAGGAGAGCTAT-3";
si-LINC00238#2, 5-GGAGAGCTATGTATCCTATTT-3"; and
si-LINC00238#3, 5'-GGCTGGAAGTGTTCAGTTAGT-3")
and negative control siRNA (30 nM, si-NC, 5'-GAGGTATG
GTATTCGGTCTGA-3"), TMEM106C-overexpressing plasmid
pcDNA3.1 (pc-TMEMI106C) negative control plasmid (pc-NC),
siRNAstargeting ATF3 (30nM,si-ATF3#1,5-GAGCAGTTCG
GTGCATATGGT-3'; si-ATF3#2, 5-GGGTTACTGGCAGGT
TGAACT-3'; and si-ATF3#3,5-GGGAAACAGTTGAGAGGT
TAT-3") and negative control siRNA (30 nM, si-NC, 5-GCT
TGGAAGGTCGGTCATGTA-3"), ATF3-overexpressing
plasmid pcDNA3.1 (pc-ATF3) negative control plasmid
(pc-NC) were purchased from Shanghai GenePharma Co., Ltd.
The transfection was performed by Lipofectamine® 3000
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's instructions. The cells were collected after
transfection for 48 h.

Reverse transcription-quantitative (RT-q) PCR. Total RNA was
extracted from tissues and cells (1x10%) using TRIzol reagent
(Thermo Fisher Scientific, Inc.). The PrimeScript RT reagent kit
(Takara Bio, Inc.) was used to synthesize cDNA. gPCR was
carried out using SYBR Premix Ex Taq II kit (Takara Bio, Inc.)
according to the manufacturer's protocol. The reaction conditions
were as follows: 95°C for 5 min, followed by 40 cycles of 95°C for
15 sec and 60°C for 30 sec. GAPDH was used as the internal
control for mRNA expression. Relative gene expression levels
were calculated using the 2244 method (20). All experiments
were performed in triplicate. The primers used in the study were:
LINC00238: 5"TTTGCAGAGTGGGTGCTAGG-3' (forward)
and 5'-TGCTTCATCTGGCAATGACCT-3' (reverse);
Transmembrane Protein 106C (TMEMI106C): 5'-GCCTGT
CCAGCCAGATTCAG-3' (forward) and 5-TTCCTACAGCC
CCCTACTCT-3' (reverse); activating transcription factor 3
(ATF3): 5-AGGTTTGCCATCCAGAACAA-3' (forward) and
5'-AGGCACTCCGTCTTCTCCTT-3' (reverse); GAPDH:
5'-CTGGGCTACACTGAGCACC-3' (forward) 5-AGTGGT
CGTTGAGGGCAATG-3' (reverse).

Cell proliferation assay. HCC cells were trypsinized and
seeded into 96-well culture plates (4,000 cells/well). The
cells were harvested at 24, 48, 72 and 96 h to detect prolif-
eration using the 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxym
ethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) Cell
Proliferation Colorimetric Assay kit (AmylJet Scientific, Inc.)
and the absorption was detected at a wavelength of 490 nm.

Cell apoptosis assay. The apoptosis of HCC cells was evalu-
ated using Annexin V/PI apoptosis-detection kit (Invitrogen;
Thermo Fisher Scientific, Inc.). HCC cells were washed with
Annexin V-binding buffer (Sigma-Aldrich; Merck KGaA),
followed by incubation in binding buffer containing
Annexin V-FITC (25 pug/ml) and PI (25 ug/ml) in the dark
for 10 min at room temperature. Apoptotic cells (early + late
apoptotic cells) were analyzed using a BD Accuri C6 Plus
flow cytometer and FACSDiva software (version 6.13;
BD Biosciences).
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Wound healing assay. HCC cells were seeded into 6-well
plates and incubated to achieve 290% confluence. The mono-
layer cells were scratched with a 10-u1 sterile micropipette tip
and cellular debris was removed by washing with PBS. Then,
cells were incubated in serum-free medium with proliferation
inhibitor mitomycin C (10 xM; MedChemExpress) at 37°C.
Cell migration was observed at 0 and 48 h under a light
microscope (magnification, x100, Olympus Corporation) and
analyzed with ImageJ version 1.49 software (NIH). All experi-
ments were performed in triplicate.

Transwell assay. The invasion of HCC cells was detected by
Transwell assay. The upper chambers (8 ym pore size) were
coated with Matrigel at 37°C for 30 min. Cells (1x10* cells/well)
were seeded into the upper chamber with serum-free DMEM.
DMEM containing 10% FBS was added to the lower chambers.
The chambers were incubated for 48 h at 37°C. Subsequently,
the noninvasive cells were removed with a cotton swab and
the invading cells were fixed with methanol. The cells were
then stained with crystal violet at room temperature for 15
min. The number of invasive cells was observed under a light
microscope (magnification, x200; Olympus Corporation).

Western blotting. HCC cells (1x10°) were lysed with RIPA buffer
(Beyotime, Shanghai, China) to obtain total protein, centrifuged
for 10 min at 14,000 x g and the supernatant was collected. The
protein concentration was determined using a BCA kit (Beijing
Solarbio Science & Technology Co., Ltd.). Subsequently, the
proteins (20 ug) were separated by 10% SDS-PAGE and trans-
ferred onto PVDF membranes. The membranes were incubated
with 5% non-fat dry milk for 1 h at room temperature and then
incubated with primary antibodies against TMEM106C (1:500;
cat. no. PA5-67816; Thermo Fisher Scientific, Inc.), ATF3
(1:1,000; cat. no. 18665S; Cell Signaling Technology, Inc.),
caspase-7 (CASP7) (1:1,000; cat. no. 12827S; Cell Signaling
Technology, Inc.), tissue inhibitor of metalloproteinase 2
(TIMP2) (1:1,000; cat. no. 5738S; Cell Signaling Technology,
Inc.), programmed cell death 4 (PDCD4) (1:1,000; cat. no. 9535S;
Cell Signaling Technology, Inc.) and GAPDH (1:1,000; cat.
no. 5174S; Cell Signaling Technology, Inc.) overnight at 4°C,
followed by incubation with the Goat anti-Rabbit IgG Secondary
Antibody (1:5,000; cat. no. 31466; Thermo Fisher Scientific, Inc.)
at room temperature. GAPDH served as the internal reference.
The bands were visualized using enhanced chemiluminescence
(ECL) detection reagents (Amersham Biosciences; Cytiva).
Blots were semi-quantitatively analyzed using ImageJ software
(version 2.0; National Institutes of Health).

RNA immunoprecipitation (RIP) assay. To explore the binding
relationship between LINC00238 and TMEMI106C, the RIP
assay was performed using Magna RIP kit (EMD Millipore)
according the manufacturer's protocols. HCC cells were lysed
with RIPA lysis buffer (EMD Millipore) and then incubated
with anti-TMEM106C-coated Dynabeads Protein G (cat.
no. PA5-61466; Thermo Fisher Scientific, Inc.) beads at 4°C.
IgG (cat. no. ab182931; Abcam) was used as the control. The
beads were washed with PBS and incubated with TRIzol
(Thermo Fisher Scientific, Inc.) for 30 min at 55°C. The
levels of LINC00238 and TMEM106C were measured using
RT-qPCR.

Statistical analysis. Data are shown as means + SD and
were analyzed using SPSS 23.0 (IBM Corp.) and GraphPad
Prism 7.0 (GraphPad Software, Inc.). Comparisons between
two groups were analyzed using unpaired Student's t-test and
the comparisons among multiple groups were analyzed by
one-way ANOVA followed by Tukey's post hoc test. Pearson's
correlation analysis was used to assess the correlation among
LINC00238, TMEM106C and ATF3 expression. All experi-
ments were performed in triplicate.

Results

LINCO00238 is downregulated in HCC. The online platform
GEPIA was used to analyze the differentially expressed
IncRNAsin HCC and the results suggested that LINC00238 was
downregulated in HCC. The online analysis based on TCGA
suggested that LINC00238 levels in HCC tissues were markedly
lower compared with those in normal tissues (Fig. 1A) and that
LINCO00238 levels was positively correlated with the overall
survival of patients with HCC (Fig. 1B). LINC00238 expres-
sion was measured in HCC tissues and corresponding normal
tissues using RT-qPCR. The data showed that LINC00238 was
significantly downregulated in HCC tumor tissues (Fig. 1C).
High levels of LINC00238 expression were associated with
local TNM stage (I/II; Fig. 1D) and non-metastasis (Fig. 1E).
LINCO00238 expression in human normal hepatic cell line
MIHA and HCC cell lines (Huh7, HLF, SNU-449, MHCC-97h
and HCCLM3) was measured using RT-qPCR. The results
indicated that LINC00238 expression in HCC cell lines was
markedly decreased compared with that in the normal hepatic
cell line (Fig. 1F). HCCLM3 and MHCC-97h cell lines were
selected for further study because of the low LINC00238
expression in these cells.

LINC00238 overexpression inhibits cell proliferation,
migration and invasion of HCC cells. The LINC00238
overexpressing plasmid pc-LINC00238 was transfected into
HCCLM3 and MHCC-97h cells to detect the influence of
LINCO00238 on the biological function of HCC cells. As shown
in Fig. 2A, LINC00238 expression was significantly increased
in the pc-LINC00238 group compared with that in pc-NC
group. The proliferation of HCC cells was measured using the
MTS assay. The data suggested that LINC00238 overexpres-
sion suppressed the proliferation ability of HCCLM3 and
MHCC-97h cells (Fig. 2B). Flow cytometry results revealed
that the apoptotic rates of HCCLM3 and MHCC-97h cells
were significantly increased after LINC00238 overexpres-
sion (Fig. 2C). The migration and invasion capacity of HCC
cells was detected by wound healing and Transwell assays,
respectively. The results in Fig. 2D showed that LINC00238
overexpression markedly decreased the migration capacity of
HCC cells. Additionally, the number of invasive cells in the
pc-LINC00238 group was significantly reduced compared
with that in the pc-NC group (Fig. 2E).

LINCO00238 negatively regulates the expression of TMEM106C
in HCC. A recent study showed that TMEMI106C is highly
expressed in HCC and serves an important role in HCC progres-
sion (14). LncTar was performed to determine whether there is a
targeted relationship between LINC00238 and TMEM106C (21)
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Figure 1. LINC00238 is downregulated in HCC. (A) Scatter plots comparing LINC00238 expression in HCC samples (n1=396) and normal tissue samples
(n=160) showed that LINC00238 exhibited low expression in HCC tumor samples. (B) Kaplan-Meier analysis indicated a correlation between low LINC00238
and poor overall survival in patients with HCC. The graph was conducted by TANRIC platform. (C) RT-qPCR data showed that LINC00238 was down-
regulated in HCC tumor tissues compared with normal tissues. (D) RT-qPCR data showed that low expression level of LINC00238 in patients with HCC
was associated with early stage (I/II) disease of HCC. (E) RT-qPCR data showed that the low expression levels of LINC00238 in patients with HCC was
associated with non-metastasis. (F) RT-qPCR data showed that LINC00238 was downregulated in HCC cell lines (Huh7, HLF, SNU-449, MHCC-97h and
HCCLM3) compared with human normal hepatic cell line MIHA. "P<0.05. LINC, long intergenic non-protein coding RNA; HCC, hepatocellular carcinoma;

RT-qPCR, reverse transcription-quantitative PCR.

and the results (Fig. 3A) suggested that TMEM106C was the
target gene of LINCO00238. The target relationship between
LINC00238 and TMEMI106C was verified using RIP assay. The
data suggested that LINC00238 expression was significantly
increased in TMEM106C immunoprecipitates in HCCLM3
and MHCC-97h cells compared with that the Anti-IgG group,
suggesting that TMEN106C could couple with LINC00238
directly (Fig. 3B). The protein levels of TMEM106 in HCC cells
after LINC00238 overexpression was evaluated using western
blotting. The data showed that LINC00238 overexpression
significantly reduced TMEMI106 expression (Fig. 3C). The
online data based on TCGA suggested that TMEMI106C is
more highly expressed in HCC tumor tissues than in normal
tissues (Fig. 3D) and a high level of TMEMI106C expression
is associated with poor overall survival (Fig. 3E). There was
a negative correlation between LINC00238 and TMEM106C
expression in HCC (Fig. 3F). TMEMI106C expression was
detected with RT-qPCR and the correlation between LINC00238
and TMEM106C expression analyzed. The results indicated that
TMEMI106C expression was significantly upregulated in tumor
tissues (Fig. 3G) and negatively correlated with LINC00238
expression (Fig. 3H).

To investigate whether LINC00238 served its role
through TMEMI106C, pc-LINC00238 and pc-TMEM106C
were co-transfected into HCCLM3 and MHCC-97h cells to
detect the influence of LINC00238 and TMEM106C on HCC
progression. As shown in Fig. 31, the TMEMI106C expression
was significantly increased by TMEM106C overexpression.
The proliferation ability of HCC cells was markedly enhanced

by TMEMI106C overexpression (Fig. 3J). Additionally, the
capacity of invasion (Fig. 3K) was significantly higher in the
p-TMEMI106C group than that in the pc-NC group. In addi-
tion, the inhibitory effect of LINC00238 overexpression on the
proliferation and invasion of HCC cells was eliminated with
TMEMI106C overexpression.

TMEMI106C regulates the apoptosis pathway and LINCO0238 is
transcriptionally regulated by ATF3 in HCC. The present study
performed GESA analysis of the gene sequences of TMEM106C
in HCC cells (18). The results showed that TMEM106C
suppressed the apoptosis signaling pathway (Fig. 4A). The
protein expression of genes enriched in the apoptosis signaling
pathway was then detected. Western blot analysis showed that the
protein expression of capsase-7 (CASP7), TIMP2, PDCD4 and
ATF3 was significantly increased by LINC00238 overexpres-
sion and decreased by TMEMI106C overexpression (Fig. 4B).
The inhibitory effect of TMEMI106C on protein expression of
ASP7, TIMP2, PDCD4 and ATF3 in HCC cells was eliminated
by LINCO00238 overexpression (Fig. 4B).

To investigate the potential mechanism of LINC00238 in
HCC, the JASPAR and PROMO databases were analyzed and
ATF3 was identified as the upstream transcription factor of
LINCO00238 (Fig. 4C and D). The regulatory effect of ATF3
on LINC00238 expression was detected after ATF3 siRNAs
(si-ATF3#1, si-ATF3#2 and si-ATF3#3) were transfected
into HCC cells. As shown in Fig. 4E, ATF3 levels were
significantly decreased in the si-ATF3 groups. The expres-
sion of LINC00238 was markedly suppressed in the si-ATF3



MOLECULAR MEDICINE REPORTS

6 HCCLM3 25+ HCCLM3
§ 55 = pc-NC
S 01 « pc-LINC00238
3654 &
293 & 1.5 4
Jg ;
252 o %1
3 0.5 4
o *
0 . . : v
pc-NC pc-LINC00238 0 24 48 72 9
Time (h)
o 10 MHCC-97 h 4 MHCC-97 h
& i ~ pc-NC
% c 8 T 34 = pc-LINC00238
O 2 o
Z3 6 2
J9 2
o g4 Q
52 1
o
0 . 0 *
pc-NC pc-LINC00238 0 24 48 72 96
Time (h)
D HCCLM3
g ; 157 HCCLM3
c
o
kG
> 1.04
£
o *
g 0.51
[}
i 0.0- r
pc-NC  pc-LINC00238 pc-NC pc-LINC00238
MHCC-97 h
3 15 1 MHCC-97 h
oh S
E 10
5 1.0
£
48 h o
= 0.5 1 *
©
[}
3 R o
NC Lincoozss 00
pe- pe- pc-NC pc-LINC00238

24: 757, 2021 5
H
o C%LMB 30 HCCLM3
2 T I 5‘2‘{1"" 26 g T
2 = 220
CF i Toy e
o3 | [ ?
o & o £o
o [s}
e oud o4 g
—910‘.7 \1'03 10° 10° 1.;;61'065 Sl :.03. 10° 10° 1004068 O
FITC-H FITC-H pc-NC pc-LINC00238
pc-NC pc-LINC00238
MHCC-97 h
Eo ;ﬁ MHCC-97 h
+~ I31-UC G1-UR ~Joi-uC <)
% o 05 gt “L;, *
o
% o8
o £10
., £
# i g5
- Jor-LL Q1-LR] =3 <
e et I 8 e 0
Y2523 4 5 1 Tool5 .3 4 5 6.1 v
10°%10° 10" 10° 10 10°%10° 10" 10 10 _NC _LINC00238
FITC-H FITG-H L B
pc-NC pc-LINC00238
+ 250 1 HCCLM3
8
£ 200 1
=
< 150
= 3
5100 -
b o -]
s g 50+
. (ARSI RO B -
0- T
pc-NC pe-LINC0023 pc-NC pc-LINC00238
MHCC-97 h . 300 MHCC-97 h
g g
g
2200
T
o
= *
.2 100 1 —T—
(2}
©
c-NC c-LINC00238 0- T
R 4 pc-NC pc-LINC00238

Figure 2. LINC00238 overexpression inhibits cell proliferation, migration and invasion of HCC. (A) RT-qPCR data showed that LINC00238 expression in
HCCLM3 and MHCC-97h cells was significantly increased by LINC00238 overexpression. (B) Data from MTS assay showed that the proliferation ability of
HCCLM3 and MHCC-97h cells was significantly decreased by LINC00238 overexpression. (C) The flow cytometry data showed that the apoptotic rates of
HCCLM3 and MHCC-97h cells were increased by LINC00238 overexpression. (D) Wound healing assay showed that the migration capacity of HCCLM3 and
MHCC-97h cells was suppressed by LLINC00238 overexpression (magnification, x100). (E) The data of Transwell assay showed that the invasion capacity of
HCCLM3 and MHCC-97h cells was suppressed by LLINC00238 overexpression. "P<0.05 vs. pc-NC group. LINC, long intergenic non-protein coding RNA;
HCC, hepatocellular carcinoma; RT-qPCR, reverse transcription-quantitative PCR; pc-NC, negative control plasmid.

groups compared with that in the si-NC group (Fig. 4F).
ATF3 expression in HCC tissues and corresponding normal
tissues was measured using RT-qPCR. The results indicated
that ATF3 expression in tumor tissues was lower compared
with that in normal tissues (Fig. 4G). Online data based on
TCGA suggested that ATF3 was expressed at low levels in
HCC tumor tissues (Fig. 4H) and low levels of ATF3 expres-
sion were associated with poor overall survival (Fig. 41).
Furthermore, there was a positive correlation between ATF3
and LINC00238 and a negative correlation between ATF3 and
TMEM106C in HCC (Fig. 4J).

ATF3 overexpression reverses the promoting effect
of LINC00238 silencing on HCC progression. The
si-LINC00238 and ATF3-overexpressing plasmid were
co-transfected into HCC cells to explore the regulatory effect
of ATF3 on LINC00238 in HCC progression. As shown
in Fig. 5SA, LINC00238 expression was significantly decreased
by LINC00238 silencing. The ATF3 expression was markedly
increased by ATF3 overexpression (Fig. 5B). The MTS data
showed that LINC00238 silencing enhanced cell proliferation,
whereas ATF3 overexpression reduced the proliferation of

HCC cells (Fig. 5C). Compared with the si-LINC00238 group,
the proliferation ability of the si-LINC00238+pc-ATF3 group
was significantly decreased (Fig. 5C). Apoptosis of HCC cells
was measured using flow cytometry. The data suggested that
apoptosis of HCC cells was markedly decreased by LINC00238
silencing and increased by ATF3 overexpression (Fig. 5D). The
inhibition of LINC00238 silencing on HCC cell apoptosis was
eliminated by ATF3 overexpression (Fig. 5D). Additionally,
the migration and invasion capacity of HCC cells following
co-transfection with si-LINC00238 and pc-ATF3 were
measured. The data suggested that the capacity of migration
and invasion of HCC cells was significantly enhanced by
LINCO00238 silencing and reduced by ATF3 overexpres-
sion (Fig. 5E and F). Besides, ATF3 overexpression reversed
the accelerating effect of LINC00238 silencing on the migra-
tion and invasion of HCC cells (Fig. 5E and F).

Discussion
HCC is one of the commonest cancers with high mortality

rates worldwide. High rates of metastasis and postoperative
recurrence lead to high mortality rate in patients with HCC (3).
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Figure 3. LINC00238 negatively regulates the expression of TMEM106C in HCC. (A) The predicted result of LncTar showed that MEM106C was a target
gene of LINC00238. A dot in the graph indicates there is a paired of bases in the two sequences. A line in the graph indicates there is a paired of comple-
mentary bases in the two sequences. (B) The data of RNA immunoprecipitation assay showed that TMEM106C was a target of LINC00238 in HCCLM3 and
MHCC-97h cells. (C) The western blot results showed that protein expression of TMEM106C in HCC cells was decreased by LINC00238 overexpression.
(D) Scatter plots comparing TMEMI106C expression in HCC samples (n=396) and normal tissue samples (n=160) showed that TMEM106C was upregulated
in HCC tumor samples compared with normal samples. (E) Kaplan-Meier analysis indicated a correlation between high TMEM106 and poor overall survival
rates in patients with HCC. (F) Correlation analysis between LINC00238 and TMEM106C expression showed that the LINC00238 expression was negatively
correlated with TMEM106C expression. (G) RT-qPCR data showed that TMEM106C expression was upregulated in HCC tumor tissues compared with
corresponding normal tissues. "P<0.05. (H) Pearson's correlation analysis of the relationship between LINC00238 and TMEM106C in patients with HCC
showed that the LINC00238 expression was negatively correlated with TMEM106C expression. (I) The results of western blotting showed that the expres-
sion of TMEMI106C protein was markedly increased by TMEM106C overexpression. (J) MTS assay showed that TMEM106C overexpression increased
the proliferation ability of HCCLM3 and MHCC-97h cells and reversed the inhibitory effect of LINC00238 overexpression on proliferation of HCC cells.
(K) Transwell assay showed that TMEM106C overexpression enhanced the invasion capacity of HCCLM3 and MHCC-97h cells and reversed the inhibitory
effect of LINC00238 overexpression on invasion of HCC cells (magnification, x200). "P<0.05 vs. pc-NC group; “P<0.05 vs. pc-LINC00238 group. LINC, long
intergenic non-protein coding RNA; HCC, hepatocellular carcinoma; TMEM106C, transmembrane protein 106C; pc-, plasmid; NC, negative control.
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Figure 4. TMEMI106C regulates apoptosis pathway and LINC00238 is transcriptionally regulated by ATF3 in HCC. (A) The Enriched KEGG pathway
analysis showed that TMEMI106C suppressed the apoptosis signaling pathway. (B) The results of western blotting showed that protein expression of ASP7,
TIMP2,PDCD4 and ATF3 in HCCLM3 and MHCC-97h cells was increased by LINC00238 overexpression while decreased by TMEM1106C overexpression.
“P<0.05 vs. NC group; "P<0.05 vs. pc-LINC00238 group. (C) Recognition motif of ATF3 from the JASPAR database. (D) Venn diagram showing ATF3 is
upstream transcription factor of LINC00238 of LINC00958 predicted by PROMO and KEGG. (E) The results of western blotting showed that ATF3 protein
expression in HCCLM3 and MHCC-97h cells was decreased by ATF3 siRNAs. (F) The results of RT-qPCR showed that LINC00238 expression in HCCLM3
and MHCC-97h cells was decreased by ATF3 siRNAs. (G) The results of RT-qPCR showed that ATF3 expression was significantly lower in HCC tissues than
that in corresponding normal tissues. (H) Scatter plots comparing ATF3 expression in HCC samples (n=396) and normal tissue samples (n=160) showed that
ATF3 was downregulated in HCC tumor samples compared with normal samples. (I) Kaplan-Meier analysis indicated an association between high TMEM106
and poor overall survival in patients with HCC. (J) The correlation analysis among ATF3, LINC00238 and TMEM106C showed that the ATF3 expression
was positively correlated with LINC00238 and negatively correlated with TMEM106C expression. 'P<0.05. TMEM106C, transmembrane protein 106C;
LINC, long intergenic non-protein coding RNA; HCC, hepatocellular carcinoma; KEGG, Kyoto Encyclopedia of Genes and Genomes; ATF3, activating
transcription factor 3; CASP7, caspase-7, TIMP2, tissue inhibitor of metalloproteinase 2; PDCD4, programmed cell death 4; pc-, plasmid; si, short interfering;
RT-qPCR, reverse transcription-quantitative PCR.
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Figure 5. ATF3 overexpression reverses the promoting effect of LINC00238 silencing on the procession of HCC. (A) RT-qPCR showed that LINC00238
expression was significantly decreased by LINC00238 silencing. (B) RT-qPCR showed that ATF3 expression was significantly decreased by ATF3 overexpres-
sion. (C) MTS assay showed that ATF3 overexpression reduced the proliferation ability of HCCLM3 and MHCC-97h cells and eliminated the promoted effect
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cells and eliminated the inhibitory effect of LINC00238 silence on HCC apoptosis. (E) Wound healing assay showed that ATF3 overexpression inhibited the
migration capacity of HCCLM3 and MHCC-97h cells and eliminated the promoted effect of LINC00238 silence on HCC migration (magnification, x100).
(F) Transwell assay showed that ATF3 overexpression inhibited the invasion capacity of HCCLM3 and MHCC-97h cells and eliminated the promoted effect of
LINC00238 silence on HCC invasion (magnification, x200). "P<0.05 vs. NC group; “P<0.05 vs. si-LINC00238 group. ATF3, activating transcription factor 3;
LINC, long intergenic non-protein coding RNA; HCC, hepatocellular carcinoma; RT-qPCR, reverse transcription-quantitative PCR.
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The present study found that LINC00238 was downregulated
in HCC. Overexpression of LINC00238 suppressed prolif-
eration, migration and invasion of HCC cells by activating the
TMEMI106C-mediated apoptosis signaling pathway. Furthermore,
it was found that ATF3, a gene enriched in the apoptosis signaling
pathway, was the upstream promoter of LINC00238.

Previous studies have suggested that IncRNAs serve a vital
role in the initiation and progression of HCC. Mo et al (22)
revealed that LINCO1287 expression is increased in HCC cells
and knockdown of LINCO01287 decreases the proliferation
and invasion ability of HCC cells. The IncRNA CTC-297N7.9
acts as a tumor suppressor in HCC and low expression of
IncRNA CTC-297N7.9 is associated with poor prognosis in
patients with HCC (23). In the present study, the expression of
LINCO00238 was significantly decreased in both HCC tissues
and cell lines. High levels of LINC00238 were associated with
a good prognosis. Overexpression of LINC00238 inhibited the
proliferation, migration and reduced invasion capacity of HCC
cells. These data indicated that LINC00238 acted as a tumor
suppressor in HCC and LINCO00238 overexpression inhibited
HCC progression.

TMEMI106C is a member of the TMEM106 family and
is expressed at low levels in patients with ankylosing spondy-
litis (13). Duan et al (24) found that TMEM106C expression is
positively related to CENPM and negatively related to DLC-1
in HCC tumor tissues. Luo et al (14) showed that FOXOI and
FOXO3 may be the key target genes of TMEM106C in HCC. In
the present study, LINC00238 expression was higher in HCC
tissues compared with that in normal tissues. The predicted
result of LncTar suggested that TMEM106C was the target of
LINCO00238. LINC00238 overexpression reduced the protein
expression of TMRM106C. TCGA analysis showed that high
TMEMI106C expression was associated with poor prognosis of
HCC and negatively correlated with LINC00238 expression.
In addition, TMEM106C overexpression reversed the inhibi-
tory effect of LINC00238 overexpression on the proliferation,
migration and invasion of HCC cells. These data suggested
that LINC00238 inhibited HCC progression by suppressing
TMEMI106C expression.

The expression of the ATF3, a member of the ATF family
of transcription factors, can be induced by a variety of stress
signals (25). Previous studies have demonstrated that ATF3
acts as a tumor inhibitor in cancer. ATF3 dysfunction allows
normal cells to be easily transformed by oncogenes (26). For
instance, Li ef al (27) found that overexpression of ATF3
inhibits the proliferation and migration in esophageal squa-
mous cell carcinoma. The findings of Hackl ez al (28) indicated
that downregulation of ATF3 promotes the migration capacity
of colon cancer cells in vitro and facilitates tumor growth
in vivo. Lv et al (29) observed that ATF3 is significantly
downregulated in human intrahepatic cholangiocarcinoma
with tumor metastasis. The results of the present study were
consistent with those of previous studies. The expression of
ATF3 was significantly lower in HCC tumor tissues than that
in normal tissues. Low ATF3 expression was associated with
poor prognosis in patients with HCC. ATF3 overexpression
inhibited proliferation, migration and invasion of HCC cells.
In addition, it was found that ATF3 was an upstream transcrip-
tion factor of LINC00238. ATF3 expression was positively
correlated to LINC00238 and LINC00238 expression could be

reduced by ATF3 silencing. Overexpression of ATF3 reversed
the promoting effect of LINC00238 silencing on proliferation,
migration and invasion of HCC cells. These results indicated
that ATF3 could suppress HCC progression and strengthen the
inhibitory effect of LINC00238 on HCC.

Avoidance of apoptosis a major cause of cancer develop-
ment and progression (30). CASP7 is a member of the caspases
family that participates in cervical cancer progression (31).
Palmerini et al (32) indicated that CASP7 is downregulated in
colon cancer. Proteins encoded by TIMPs are natural inhibitors
of matrix metalloproteinases. Peeney et al (33) demonstrated
that TIMP2 inhibits the proliferation and EMT progression
of triple-negative breast cancer. PDCD4 is a tumor suppressor
gene for various cancers and can inhibit cell proliferation,
migration and invasion, as well as promote tumor cell apop-
tosis (34). Hwang et al (35) indicated that overexpression of
PDCD4 induces anti-proliferation and apoptosis-induced
effects on human lung cancer. In the present study, western blot-
ting data showed that LINC00238 overexpression increased the
protein expression of CASP7, TIMP2 and PDCD4. However,
the promoting effect of LINC00238 on CASP7, TIMP2 and
PDCD4 was eliminated by TMEM106C overexpression. These
results suggested that LINC00238 inhibited the proliferation,
migration and invasion of HCC cells by upregulating these
genes that were enriched in the apoptosis pathway.

In conclusion, LINC00238 was downregulated in HCC
tissues and cell lines and served a vital role in restraining
HCC progression. Overexpression of LINC00238 decreased
TMEMI106C expression and increased the expression of
CASP7, TIMP2, PDCD4 and ATF3, which are apoptotic
pathway genes and thus inhibited the proliferation, migration
and invasion of HCC cells. Notably, ATF3 positively regulated
the expression of LINC00238, thereby participating in the
inhibitory regulation of HCC by LINC00238.
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