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Purpose. The aim of this study was to examine the role of the long noncoding RNA (lncRNA) terminal differentiation-induced
noncoding RNA (TINCR) on the proliferation, apoptosis, and invasion of liver cancer cells and its mechanism. Methods. The
expression of lncRNA TINCR in twenty cases of liver cancer tissues, matched liver cancer cell lines, and paracancerous tissues
was analyzed by RT-PCR. CCK-8, clonogenic test, flow cytometry, and Transwell assay were used to measure the effect of
lncRNA TINCR overexpression and knockdown on cell proliferation, apoptosis, and invasion. Luciferase reporter and Western
blotting showed that lncRNA TINCR regulates the expression of ATG7 through miR-375, and the rescue experiment proved
that lncRNA TINCR controls the invasion and proliferation of liver cancer cells via the miR-375/ATG7 signaling pathway.
Furthermore, in vivo nude mouse assay demonstrated that overexpression of lncRNA TINCR inhibited liver cancer cell
growth. Results. The lncRNA TINCR was highly expressed in liver cancer tissues and cell lines. Liver cancer cells responded
differently to knockdown of the lncRNA TINCR compared to overexpression in terms of proliferation, colony formation, and
invasion. miR-375 negatively affected the expression of ATG7. The lncRNA TINCR bound to miR-375 and influenced its
expression. Transfection of miR-375 mimics greatly inhibited the inhibitory effect of lncRNA TINCR knockdown on the
invasion and proliferation, whereas transfection of miR-375 inhibitor considerably reverses this effect on liver cancer cells.
Overexpressing lncRNA TINCR increased liver cancer cell proliferation in vivo. Conclusion. By controlling the miR-375/ATG7
axis, the lncRNA TINCR impacts the proliferation and invasion of liver cancer cells. Therefore, the lncRNA TINCR/miR-375/
ATG7 signaling axis could be a novel biological target for the diagnosis and therapy of liver cancer.

1. Introduction

Liver cancer is one of the most prevalent malignant tumors.
There is an increasing incidence of liver cancer. About 90%
of all primary liver tumors are hepatocellular carcinoma
(HCC) [1, 2]. Numerous clinical studies have shown that
liver cancer is more common in men than in women, and
the disease has significant geographic difference, with the

vast majority of cases (85%) occurring in East Asian and
sub-Saharan African countries while Australia, Northern
Europe, and the United States have a relatively low inci-
dence [2]. Due to its stealthy development and lack of evi-
dent symptoms in the early stage, most patients identified
with liver cancer have already advanced to the medium
and late stage, missing the optimal period for surgical
therapy [3, 4]. Furthermore, the surgical recurrence rate
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of patients with liver cancer reaches 70%, and the 5-year
survival rate is less than 50% [5, 6]. Failure of therapy
for liver cancer is often due to tumor recurrence and
metastasis. Thus, increasing the early detection and thera-
peutic intervention of liver cancer requires studying novel
indicators associated with the incidence and progression of
liver cancer and discovering new intervention targets.
Moreover, the treatment and prevention of liver cancer
are critically dependent on increasing the patient’s quality
of life and duration of survival.

RNAs such as rRNA, tRNA, snRNA, snoRNA, microRNA,
and long noncoding RNA (lncRNA) are all examples of non-
coding RNA (ncRNA) [7–9]. It has been shown that lncRNAs
may function as early disease diagnostic indicators and have
roles in epigenetic, gene transcription, and posttranscriptional
control of cells through several mechanism [10]. Many
lncRNAs have been shown to be associated with malignant cel-
lular proliferation, invasion, metastasis, angiogenesis, metabo-
lism, and recurrence [7, 11, 12]. In liver cancer research, it has

been reported that there are differentially expressed lncRNA
profiles in liver cancer and adjacent tissues. Highly upregulated
in liver cancer (HULC) may affect liver cancer cell proliferation
and invasion by regulating downstream target genes [13–17].
This shows that HULC affects liver cancer in several ways.
However, studies on lncRNAs in liver cancer are merely emerg-
ing. The etiology of liver cancer might be found in the discovery
and identification of new lncRNAs with crucial activities and
their distinct regulatory mechanisms.

Human-developed somatic cells produce a 3.7 kb
lncRNA transcript termed terminal differentiation-induced
noncoding RNA (TINCR), which binds to several miRNAs
through a conserved region [18, 19]. The lncRNA TINCR
plays a role in the stability of many miRNAs by binding to
Stau1 protein [20]. In addition, as a competitive endogenous
RNA in gastric cancer, the lncRNA TINCR has been demon-
strated to influence the expression of PDK1 through miR-
375, hence influencing gastric cancer cell proliferation and
invasion [21]. miR-375 has a regulatory function in a
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Figure 1: lncRNA TINCR is highly expressed in liver cancer tissues and cell lines. (a) lncRNA TINCR expression levels in liver cancer
tissues and adjacent tissues detected using RT-PCR. (b) Relative lncRNA TINCR expression in cancerous liver cells and normal liver L02
cells. (c) The expression of lncRNA TINCR in liver cancer SMMC-7721 cells after transfection with lentiviruses overexpressing lncRNA
TINCR. (d) The expression of lncRNA in HepG2 liver cancer cells transfected with shRNA-TINCR-1 and shRNA-TINCR-2; n = 3, ∗P <
0:05, and ∗∗P < 0:01.
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number of cellular pathways [22–24]. Previous studies
showed that miR-375 controls the expression of many differ-
ent types of essential genes. Pathological alterations are often
linked to abnormal miR-375 expression, making this
miRNA a potential therapeutic target and biomarker [24].
For instance, the progression of HBV infection and HBV-
related hepatocellular carcinoma may be reflected in the
serum miR-375 level [25]. The lncRNA TINCR has been
found in liver cancer tissues, although its role and molecular
mechanism are unknown. Thus, the goals of this research
are to (1) investigate lncRNA TINCR expression and biolog-
ical activity in liver cancer tissue and (2) develop compounds
for the early detection and targeted treatment of liver cancer
target.

2. Material and Method

2.1. Clinical Specimen Collection. From June 2021 through
January 2022, tumor and adjacent normal liver tissues from
patients with liver cancer were collected from the hepatobil-
iary ward in the General Surgery Department of the First
People’s Hospital affiliated to Huzhou Normal College. All
20 cases included in the study were diagnosed as hepatocel-
lular carcinoma by the pathology department of the hospital.
There were no cancer cells in the paired adjacent tissue, and
the distance from the edge of the cancer tissue was more
than 2.0 cm. The selected cases had not received radiother-
apy, chemotherapy, or other intervention before surgery.

The hospital’s ethics board approved the use of patient spec-
imens after receiving written informed consents of patients.
After isolation, samples were frozen in liquid nitrogen and
stored in a -80°C freezer.

2.2. Cell Culture and Transfection. Liver cancer cell lines,
including Hep2, Hep3B, SMMC-7721, Hub7, and H-97,
and normal hepatocyte L02 were regularly cultured at 37°C
in a 5% CO2 constant temperature cell incubator in DMEM
(ScienCell, Carlsbad, CA, USA) complete media containing
10% FBS (Gibco, Carlsbad, CA, USA). A fresh medium
was used every two days. After 90 percent confluence was
reached at around 3–4 days, the cells were passaged using
0.25 percent trypsin.

After seeding logarithmically growing liver cancer cells
(2 × 105 cells/mL) in 6-well plates, the cells were transfected
at 70% confluence and maintained in a 37°C, 5% CO2 incu-
bator. After 6 h in the incubator, the media was changed to
full cell culture medium and incubated for another 48h.

2.3. Real-Time Quantitative PCR.When the lncRNA TINCR
was expressed, it was identified using the ABI PRISM 7700
system with the SYBR-Green PCR Master Mix Kit after total
RNA was extracted from tissues or cells following the proto-
col given by the TRIzol kit (Invitrogen, USA). The parame-
ters include 45 cycles of amplification at 95°C for 5 minutes,
10 s at 60°C, and 30 s at 72°C. The lncRNAs TINCR and
ATG7 were evaluated using GAPDH as an internal reference
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Figure 2: Knockdown lncRNA TINCR inhibits the proliferation of liver cancer SMMC-7721 cells in vitro. (a) The cell viability was
measured using CCK-8 assay. (b) Colony-formation assay was used to measure cell proliferation. (c) The apoptosis was measured using
flow cytometry. (d) Transwell was used to assess the impact of lncRNA TINCR liver cancer cell invasion; n = 3, ∗P < 0:05, and ∗∗P < 0:01.
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[17, 19], whereas U6 was used as a control of miR-375.
Expression levels of lncRNA TINCR, miR-375, and ATG7
were determined using the 2-△△Ct technique.

2.4. CCK-8 Detection of Cell Viability. Transfected liver can-
cer cells were plated at a density of 2 × 103 cells/well in 96-
well plates. Each of the 12 groups utilized three sets of wells
for their culture, which lasted anywhere from 12 to 48 hours.
CCK-8 reagent (Beyotime, Beijing, China) (10μL) was
added after 2 hours of incubation, and the OD value was
measured at 490nm using a microplate reader. There were
three separate iterations of the experiment, and the average
of the results were recorded.

2.5. Clonogenic Experiments. Medium was replaced every
three days after seeding 600 transfected liver cancer cells into
each well of a 6-well plate. After 14 days in culture, the cells
were fixed with 1mL of 4% paraformaldehyde for 30
minutes and then washed three times with PBS. Crystal vio-
let staining solution (Beyotime, Beijing, China) (1% in 1mL)
was used for staining for 10 minutes. The colonies were
washed with PBS three times and counted.

2.6. Transwell Assay. A homogeneous coating of frozen
Matrigel (BD Biosciences, Bedford, MA), diluted 1 : 8 with
serum-free DMEM media, was applied to the Transwell
chamber’s microporous membrane and then incubated for
2 hours at 37°C. A total of 1 × 104 cells/mL of serum-free
medium was used to suspend the cells from each group;
100μL of each group’s cell suspension was used to inoculate
the top chamber of the Transwell chamber (8μm pore sizes,
Corning, New York, USA), while 700μL of full cell culture
medium was added to the bottom chamber. Cells were incu-
bated for 48 hours. After removing the medium, cotton
swabs were used to carefully wipe off the microporous mem-
brane’s outermost layer of cells. The cells were fixed with
95% ethanol after being rinsed twice in PBS. The cells were
then washed in phosphate-buffered saline (PBS), stained
with 1% crystal violet staining solution (Beyotime, Beijing,
China), and examined using an inverted microscope.

2.7. RNA-FISH. The localization of lncRNA TINCR in liver
cancer cells was detected by immunofluorescence. Cy3
(red) was used to label lncRNA TINCR, and DAPI (blue)
was used to display the nucleus, which was observed under
a fluorescence microscope.
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Figure 3: Overexpression of lncRNA TINCR promotes the proliferation of liver cancer Hep G2 cells in vitro. (a) The cell viability measured
using CCK-8 assay. (b) Colony-formation assay used to measure cell proliferation. (c) The apoptosis measured using flow cytometry. (d)
Transwell assay assessed the impact of lncRNA TINCR on liver cancer cell invasion; n = 3, ∗P < 0:05, and ∗∗P < 0:01.
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2.8. Western Blot. Total protein was extracted using RIPA
reagent (Beyotime, Shanghai, China). The protein concen-
tration was determined using the BCA test, and a 10%
SDS-PAGE electrophoresis gel was prepared. After an over-
night incubation with primary antibodies anti-ATG7 (CST,
1 : 800) and anti-GAPDH (CST, 1 : 1000) at 4°C, wash the
membrane and let it settle in a shaker at 37°C with a dilution
of horseradish peroxidase-labeled secondary antibody IgG
(1 : 2000) for 1 hour. After the addition of ECL reagent, the
membrane was developed and imaged using a gel imaging
equipment; the expression of ATG7 in comparison to
GAPDH was evaluated using ImageJ.

2.9. Dual-Luciferase Reporter Gene Assay. The lncRNA
TINCR was predicted to have a continuous binding site
with the miR-375 nucleotide sequence using LncBase v.2.
A continuous binding site with miR-375 was predicted to
exist in the 3′ untranslated region (3′ UTR) of ATG7
using the bioinformatics tool TarBase v.8. Cotransfection
of HepG2 cells with lncRNA TINCR-WT, lncRNA
TINCR-Mut, ATG7-WT, ATG-MUT, and miR-375 mimic
was performed using the Lipofectamine™ 2000 kit as per
the manufacturer’s instructions (Invitrogen, USA). The
transfection medium was changed to fresh media 12 hours
later. Cells were extracted after 48 hours. The luciferase

activity was detected following the manufacturer’s instruc-
tions (Promega, USA).

2.10. In Vivo Nude Mouse Experiment. The 8-12-week-old
NOD/SCID mice were used, and TINCR-overexpressing
liver cancer cells and their control cells (1 × 106) were
injected subcutaneously. The tumor volume was taken using
the formula V = 1/2 × a × b2, where a is the long diameter
and b is the short diameter. Tumor growth curves were cre-
ated using the available data. Mice were euthanized after 4
weeks, and their tumors were weighed. After that, mRNA
was isolated from the samples, and RT-PCR was used to
examine miR-375 and ATG7 levels in the samples.

2.11. Statistical Analysis. The SPSS 20.0 software was used
for analysis. The data was presented as mean ± standard
deviation (x ± s). Groups were compared using one-way
analysis of variance, and statistical differences in mea-
surement were analyzed using the t-test; differences at
the P < 0:05 level were considered significant.

3. Results

3.1. TINCR Expression in Cell Lines and Liver Cancer
Tissues. In the first step, RNA was isolated from 20 liver can-
cer samples and paracancerous tissue samples. RT-PCR
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Figure 4: lncRNA TINCR localized in the cytoplasm and interacted with miR-375. (a) Fluorescence in situ hybridization (FISH) identified
the location of lncRNA-TINCR in liver cancer HepG2 cells. Blue represents the nucleus, and red is lncRNA-TINCR. (b) The potential
binding region with miR-375 and lncRNA TINCR and the mutant form of lncRNA TINCR were shown. (c) Luciferase reporter gene test
for determining miR-375’s ability to bind to lncRNA TINCR. (d) Knockdown lncRNA TINCR affects the expression of miR-375. (e)
Effect of overexpressing the lncRNA TINCR on the expression of miR-375. Scale bar = 50 μm; n = 3, ∗P < 0:05, and ∗∗P < 0:01.
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showed that malignant tissues overexpressed lncRNA TINCR
compared to paracancerous normal tissues (Figure 1(a)).
Using RT-PCR, TINCR expression was evaluated in liver can-
cer cell lines (Hep2, Hep3B, SMMC-7721, Hub7, and H-97)
and normal liver cells L02. SMMC-7721 liver cancer cells
had the lowest, whereas HepG2 cells had the greatest TINCR
expression (Figure 1(b)). A lentiviral vector was developed
for the overexpression of lncRNA TINCR, which was then
transfected into SMMC-7721 cells from patients with liver
cancer. Meanwhile, a lentiviral vector targeting TINCR was
created and transfected into HepG2 cells from liver cancer
patients. Then, the amount of TINCR in the system was deter-
mined by using RT-PCR. Compared to transfection with a
blank control vector (vector-control), lncRNA TINCR expres-
sion was significantly upregulated in SMMC-7721 cells after
transfection with an lncRNA TINCR (vector-TINCR) vector
(Figure 1(c)). Compared to the control group, the expression
level of lncRNA TINCR was significantly decreased in HepG2
cells after transfection with lentiviral vectors targeting TINCR
(shRNA-TINCR-1 and shRNA-TINCR-2) (Figure 1(d)).
These findings demonstrate that lncRNA TINCR is highly
expressed in HCC tumor tissues and cell lines.

3.2. lncRNA TINCR Promotes Hepatocellular Cancer Cell
Growth and Invasion. To further examine the impact of
lncRNA TINCR overexpression on the proliferation and
invasion of liver cancer SMMC-7721 cells, we used CCK-8
to measure cell proliferation caused by lncRNA TINCR
overexpression. Liver cancer cell proliferation was shown
to be significantly elevated when lncRNA TINCR was over-

expressed compared to the vector-control group
(Figure 2(a)). Overexpression of lncRNA TINCR resulted
in significantly more clones of liver cancer cells forming
compared to the vector-control group in a clonogenic assay
(Figure 2(b)). Overexpression of lncRNA TINCR induced
apoptosis in SMMC-7721 cells, a liver cancer cell line, while
it significantly suppressed apoptosis of liver cancer cells, as
compared to the vector-control group (Figure 2(c)). Trans-
well was used to determine the impact of lncRNA TINCR
on the invasion capacity of liver cancer cells, and the find-
ings indicated that lncRNA TINCR overexpression
increased the invasion ability of liver cancer cells in compar-
ison to the vector-control group (Figure 2(d)). The above
data show that liver cancer cell proliferation, invasion, and
survival may be considerably boosted by overexpressing
lncRNA TINCR while apoptosis is suppressed.

3.3. lncRNA Knockdown TINCR Inhibits Hepatocellular
Cancer Growth and Invasion. The impact of knockdown of
lncRNA TINCR on the proliferation capacity of liver cancer
cells was identified by CCK-8 in order to better investigate
the ability of knockdown of lncRNA TINCR on the prolifer-
ation and invasion of liver cancer HepG2 cell. The findings
demonstrated that liver cancer cell proliferation was dramat-
ically suppressed when lncRNA TINCR was knocked down
(shRNA-TINCR-1 and shRNA-TINCR-2) (Figure 3(a)).
Knockdown of lncRNA TINCR substantially suppressed col-
ony formation in liver cancer cells compared to the blank
control group (shRNA-control) as shown by the clonogenic
test (Figure 3(b)). Flow cytometry showed that silencing the
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Figure 5: miR-375 controls the expression of ATG7 in liver cancer cells. (a) The binding sites between miR-375 and ATG7 obtained from
starBase database. (b) The binding activity of miR-375 and ATG7 measured by the luciferase reporter experiment. (c, d) Effects of adding
miR-375 mimics or inhibitors on intracellular ATG7 expression; n = 3, ∗P < 0:05, and ∗∗P < 0:01.
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lncRNA TINCR caused liver cancer cells to self-destruct. We
found that knocking down lncRNA TINCR (shRNA-
TINCR-1 and shRNA-TINCR-2) increased significantly
liver cancer cell apoptosis as compared to the control group
(shRNA-control) (Figure 3(c)). Transwell assays showed
that knocking down lncRNA TINCR reduced the capacity
of liver cancer cells to invade. It was found that knocking
down lncRNA TINCR (shRNA-TINCR-1 and shRNA-
TINCR-2) reduced the invasive capacity of cells compared
to the control group (Figure 3(d)). These results suggested
that liver cancer cell growth, invasion, and apoptosis were
suppressed by targeting the lncRNA TINCR.

3.4. The lncRNA TINCR Regulates miR-375 in Hepatocellular
Cancer Cells. To further understand the molecular mecha-
nism by which lncRNA TINCR plays a role in liver cancer
cells, we used RNA-FISH to map its distribution inside the
tumor cells. It was found that lncRNA TINCR was mostly
localize in cytoplasm (Figure 4(a)). lncRNA may function
as a ceRNA to control the production of miRNAs. The
lncRNA TINCR was discovered to have a binding site with
miR-375; thus, we created a luciferase reporter gene vector
and mutation site according to bioinformatics predictions
(Figure 4(b)). Compared to the control group, the addition

of miR-375 mimics significantly downregulated intracellular
luciferase activity in cells harboring the lncRNA TINCR wild
type (lncRNA TINCR-Wt). The lncRNA TINCR-Mut group
showed no significant change in intracellular luciferase
activity in response to the addition of miR-375 mimics
(Figure 4(c)). Through further RT-PCR analysis, we found
that knockdown of lncRNA TINCR (shRNA-TINCR-1 and
shRNA-TINCR-2) could significantly increase the expres-
sion of miR-375 in cells compared with the shRNA-control
group (Figure 4(d)), whereas overexpression of lncRNA
TINCR (vector-TINCR) significantly decreased the expres-
sion of intracellular miR-375 (Figure 4(e)). These results
indicate that lncRNA TINCR has a role in regulating miR-
375 expression in liver cancer cells.

3.5. miR-375 Regulates the Expression of ATG7 in
Hepatocellular Carcinoma Cells. miRNAs have been demon-
strated to work not by encoding proteins but by controlling
the production of mRNAs in downstream target genes.
Therefore, bioinformatics algorithms indicated that miR-
375 may bind to the downstream target gene ATG7 in liver
cancer cells (Figure 5(a)). When miR-375 mimics were
added to cells from the ATG7 mutant (ATG7-Mut) group,
the effect was to significantly reduce luciferase activity inside
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Figure 6: lncRNA TINCR functions as a ceRNA through sponging miR-375 to regulate ATG7 in liver cancer cells. (a) Western blot assay
detecting the expression of ATG7 in SMMC-7721 cells after transfected with miR-375 mimics or overexpressing lncRNA TINCR (vector-
TINCR). (b) Western blot assay detecting the expression of ATG7 after transfected with miR-375 inhibitor or knockdown lncRNA TINCR
(shRNA-TINCR-1) in HepG2 cells; n = 3, ∗P < 0:05, and ∗∗P < 0:01.
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the cells, as compared to the control group. Intracellular
luciferase activity was not significantly altered by miR-375
mimics (Figure 5(b)). Intracellular ATG7 expression, as
measured by RT-PCR, was significantly downregulated by
miR-375 mimics (mimics) compared to the mimics-control
group (Figure 5(c)), whereas it was markedly upregulated
by miR-375 inhibitors (Figure 5(d)). These findings suggest
that miR-375 can control ATG7 expression in liver cancer
cells.

3.6. The lncRNA TINCR Regulates the Expression of ATG7
via miR-375 in Hepatocellular Carcinoma Cells. Western
blotting was used to investigate the role of miR-375 in the
regulation of ATG7 expression by lncRNA TINCR in liver
cancer cells. The results indicated that overexpressing
lncRNA TINCR (vector-TINCR) in liver cancer SMMC-
7721 cells significantly increased ATG7 expression com-
pared to the vector control group (vector-control)
(Figure 6(a)). Compared with the shRNA-control group,
suppression of lncRNA TINCR (shRNA-TINCR-1) reduced
ATG7 expression in HepG2 cells. However, the inhibitory

impact of lncRNA TINCR (shRNA-TINCR-1) knockdown
on ATG7 expression was markedly reversed by adding
miR-375 inhibitor to the knockdown lncRNA TINCR
(shRNA-TINCR-1) group (Figure 6(b)). These findings indi-
cated that lncRNA TINCR controls ATG7 expression in
liver cancer cells via targeting miR-375.

3.7. lncRNA TINCR Regulates the Proliferation and Invasion
of Liver Cancer Cells through miR-375/ATG7.We investigate
the role of lncRNA TINCR in miR-375/ATG7-mediated reg-
ulation of hepatocellular carcinoma proliferation and inva-
sion. Overexpression of lncRNA TINCR (vector-TINCR)
promoted cell proliferation and invasion in SMMC-7721
cells compared to vector-control. Overexpression of the
lncRNA TINCR (vector-TINCR) promotes cell proliferation
and invasion; however, adding miR-375 mimics to the
TINCR (vector-TINCR) group greatly inhibits these effects
(Figures 7(a) and 7(b)). TINCR knockdown (shRNA-
TINCR-1) HepG2 liver cancer cells proliferated and invaded
less than the control group (shRNA-control). miR-375
inhibitors effectively reverse the suppressive impact of
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Figure 7: lncRNA TINCR affects liver cancer cell proliferation and invasion via targeting miR-375/ATG7. (a, b) miR-375 mimics
significantly blocked the promotion effect on proliferation and invasion in lncRNA TINCR overexpressing SMMC-7721 cells (vector-
TINCR). (c, d) miR-375 inhibitor significantly blocked the inhibition on proliferation and invasion in shRNA-TINCR-1 knockdown
cells; n = 3, ∗P < 0:05, and ∗∗P < 0:01.
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lncRNA TINCR (shRNA-TINCR-1) knockdown on cell
proliferation and invasion (Figures 7(c) and 7(d)). These
results suggest that hepatocellular carcinoma lncRNA
TINCR controls cell proliferation and invasion through
miR-375/ATG7.

3.8. TINCR Controls Liver Cancer Cell Proliferation through
miR-375/ATG7. Subcutaneous injections of SMMC-7721 cells
(a liver cancer cell line that overexpresses lncRNA TINCR) or
control cells (without expressing TINCR) were made into
NOD/SCID mice. Tumor size and weight were measured
weekly, and the mice’s survival rates were tracked. Overex-
pression of lncRNA TINCR was shown to significantly
increase liver cancer cell proliferation in vivo, in comparison
to the control group (Figures 8(a) and 8(b)). The tissue con-
taining the tumor was removed and weighed. Overexpression
of lncRNA TINCR increased tumor weight relative to the
blank control group (vector-control) (Figure 8(c)). Further
RT-PCR showed a substantial decrease in miR-375 expression
in tumor-bearing tissues of the lncRNA TINCR overexpres-
sion group compared to the vector-control group
(Figure 8(d)), whereas ATG7 expression was shown to be con-
siderably upregulated in tumor tissues that overexpressed
lncRNA TINCR (vector-TINCR) (Figure 8(e)). These results
demonstrated that lncRNA TINCR controlled liver cancer cell
proliferation through miR-375/ATG7 in vivo.

4. Discussion

The prognosis of patients diagnosed with hepatocellular car-
cinoma is dismal. A novel approach to managing hepatocel-
lular carcinoma in its intermediate and advanced stages is

targeted therapy. Finding more precise liver cancer targets
for clinical targeted treatment of liver cancer is important.
Multiple studies have linked lncRNAs to liver cancer, its
progression, metastasis, and apoptosis [26]. According to
the results of this investigation, lncRNA TINCR is substan-
tially expressed in liver cancer tissues and cells. When this
gene is overexpressed, it inhibits apoptosis and promotes cell
proliferation, clonal expansion, and invasion. The cytoplas-
mic lncRNA TINCR functions as a ceRNA to suppress
miR-375 expression. Studies have shown that miR-375
may control the expression of ATG7 in a particular manner.
Experiments on cell function showed that lncRNA TINCR
regulates miR-375/ATG7, which in turn influences liver can-
cer cell proliferation and invasion. Overexpression of
lncRNA TINCR significantly stimulated liver cancer cell
proliferation in vivo.

The recently discovered lncRNA TINCR has a crucial
role in the initiation and progression of a wide variety of
cancers [27]. For instance, the lncRNA TINCR may operate
as a competitive endogenous RNA in human breast cancer
by recruiting DNMT1 and driving carcinogenesis through
the STAT3-TINCR-EGFR signaling axis [28]. Additionally,
lncRNA TINCR may be employed as a tumor marker for
preclinical evaluation [19]. Multivariate study indicated that
serum lncRNA TINCR predicts breast cancer survival [29].
Increased serum lncRNA TINCR levels were associated with
poor patient clinicopathological characteristics and clinical
outcomes. Patients with lymph node involvement, advanced
clinical T stage, distant metastases, poor prognosis, and a
high Gleason score are likely to have high levels of the
lncRNA TINCR. Furthermore, tissue expression levels of
TRIP13 mRNA and protein were inversely linked with
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Figure 8: The lncRNA TINCR regulates the proliferation of liver cancer cells in vivo through miR-375/ATG7. (a) The size of tumor tissue
after injecting lncRNA TINCR-overexpressing liver cancer SMMC-7721 cells and its control cells into the abdomen of NOD/SCID mice for
4 weeks, (b) the growth curve of the tumor tissue, (c) tumor weight, (d) the expression of miR-375 in tumor tissue, and (e) the expression of
AGT7 in tumor tissue; n = 3, ∗P < 0:05, and ∗∗P < 0:01.
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lncRNA TINCR expression levels. lncRNA TINCR sup-
presses the transcription and translation of TRIP13 in pros-
tate cancer cells [30]. Cell function tests show that
overexpression of lncRNA TINCR greatly boosted the pro-
liferation, colony formation, invasion, and inhibition of apo-
ptosis of liver cancer cells, whereas knockdown of lncRNA
TINCR had the opposite effect.

Previous investigations revealed that lncRNAs are aber-
rantly expressed in cancers, acting as tumor-promoting
genes or tumor-suppressor genes to regulate cell behavior
and promote cancer development by interacting with miR-
NAs and mRNAs [31]. For example, in bladder cancer,
lncRNA TINCR promotes tumor proliferation and invasion
by regulating miR-7 and mTOR [32]. In this study, the
majority of TINCR lncRNA was found in the cytoplasm.
Bioinformatics analyses suggested that lncRNA TINCR con-
trols the levels of miR-375 in the body. miR-375 is involved
in several processes, according to studies, including pancre-
atic islet formation, glucose homeostasis, mucosal immunity,
pulmonary surfactant secretion, and carcinogenesis [24, 33].
Recent research showed that miR-375 is strongly downregu-
lated in a wide range of cancers and that it suppresses carci-
nogenesis by targeting various critical oncogenes including
AEG-1, YAP1, IGF1R, and PDK1 [22, 34]. Additional exper-
iments in this work demonstrated that miR-375 controls the
expression of ATG7. Functional experiments demonstrated
that knocking down lncRNA TINCR significantly inhibited
ATG7 expression in liver cancer cells, while transfecting
miR-375 mimics significantly blocked this effect. In addition
to regulating immunity, cell death, and protein secretion in
collaboration with other ATG proteins, ATG7 also controls
the cell cycle and apoptosis [35]. miR-375 mimics reduce
the stimulatory impact of lncRNA TINCR on liver cancer
cell proliferation and invasion, while transfection of a miR-
375 inhibitor significantly reverts this effect. Overexpression
of lncRNA TINCR greatly enhances liver cancer cell prolif-
eration, as shown by tests in vivo using nude mice. In con-
clusion, TINCR reduces miR-375 expression in liver cancer
cells, which lowers ATG7 to limit cell proliferation and
invasion.

In conclusion, this research showed that lncRNA TINCR
was highly expressed in hepatocellular cell lines and cancer
tissues. Overexpression or silencing of lncRNA TINCR
strongly influenced cell proliferation, colony formation, apo-
ptosis, and invasion. The molecular mechanism was that
lncRNA TINCR negatively influenced miR-375 expression
and regulated ATG7 expression. Overall, our work provided
evidence that the lncRNA TINCR controls the growth and
invasion of liver cancer cells through the miR-375/ATG7
signaling pathway. In context of this, lncRNA TINCR shows
promise as a novel target for precision therapy of liver
cancer.

Data Availability

All experimental data used to support the findings of this
study are available from the corresponding author upon
request.

Conflicts of Interest

The authors have no conflicts of interest to declare.

Acknowledgments

The study was supported by grants from the Public Welfare
Application Research Program of Huzhou (2021GY32).

References

[1] T. El Jabbour, S. M. Lagana, and H. Lee, “Update on hepatocel-
lular carcinoma: pathologists’ review,” World Journal of Gas-
troenterology, vol. 25, no. 14, pp. 1653–1665, 2019.

[2] J. D. Yang, P. Hainaut, G. J. Gores, A. Amadou, A. Plymoth,
and L. R. Roberts, “A global view of hepatocellular carcinoma:
trends, risk, prevention and management,” Nature Reviews
Gastroenterology & Hepatology, vol. 16, no. 10, pp. 589–604,
2019.

[3] S. Temraz, F. Nassar, F. Kreidieh, D. Mukherji,
A. Shamseddine, and R. Nasr, “Hepatocellular carcinoma
immunotherapy and the potential influence of gut micro-
biome,” International Journal of Molecular Sciences, vol. 22,
no. 15, p. 7800, 2021.

[4] J. von Felden, T. Garcia-Lezana, K. Schulze, B. Losic, and
A. Villanueva, “Liquid biopsy in the clinical management of
hepatocellular carcinoma,” Gut, vol. 69, no. 11, pp. 2025–
2034, 2020.

[5] C. Frenette, “Advances in hepatocellular carcinoma,” Clinics in
Liver Disease, vol. 24, no. 4, pp. xiii–xiv, 2020.

[6] S. Chidambaranathan-Reghupaty, P. B. Fisher, and D. Sarkar,
“Hepatocellular carcinoma (HCC): epidemiology, etiology
and molecular classification,” Advances in Cancer Research,
vol. 149, pp. 1–61, 2021.

[7] F. Kopp and J. T. Mendell, “Functional classification and
experimental dissection of long noncoding RNAs,” Cell,
vol. 172, no. 3, pp. 393–407, 2018.

[8] G. Nigita, G. P. Marceca, L. Tomasello et al., “ncRNA editing:
functional characterization and computational resources,”
Methods in molecular biology (Clifton, NJ), vol. 1912,
pp. 133–174, 2019.

[9] F. J. Slack and A. M. Chinnaiyan, “The role of non-coding
RNAs in oncology,” Cell, vol. 179, no. 5, pp. 1033–1055, 2019.

[10] Y. T. Tan, J. F. Lin, T. Li, J. J. Li, R. H. Xu, and H. Q. Ju,
“lncRNA-mediated posttranslational modifications and repro-
gramming of energy metabolism in cancer,” Cancer Commu-
nications (London, England), vol. 41, no. 2, pp. 109–120, 2021.

[11] Z. Zhao, W. Sun, Z. Guo, J. Zhang, H. Yu, and B. Liu, “Mech-
anisms of lncRNA/microRNA interactions in angiogenesis,”
Life Sciences, vol. 254, p. 116900, 2020.

[12] S. J. Liu, H. X. Dang, D. A. Lim, F. Y. Feng, and C. A. Maher,
“Long noncoding RNAs in cancer metastasis,” Nature Reviews
Cancer, vol. 21, no. 7, pp. 446–460, 2021.

[13] M. Abbastabar, M. Sarfi, A. Golestani, and E. Khalili, “lncRNA
involvement in hepatocellular carcinoma metastasis and prog-
nosis,” EXCLI Journal, vol. 17, pp. 900–913, 2018.

[14] Z. Sun, S. Xue, M. Zhang et al., “Aberrant NSUN2-mediated
m5C modification of H19 lncRNA is associated with poor dif-
ferentiation of hepatocellular carcinoma,” Oncogene, vol. 39,
no. 45, pp. 6906–6919, 2020.

10 Journal of Oncology



[15] L. Tietze and S. M. Kessler, “The good, the bad, the question-
H19 in hepatocellular carcinoma,” Cancers, vol. 12, no. 5,
p. 1261, 2020.

[16] C. Yan, S. Wei, D. Han et al., “LncRNA HULC shRNA disin-
hibits miR-377-5p to suppress the growth and invasion of
hepatocellular carcinoma in vitro and hepatocarcinogenesis
in vivo,” Annals of Translational Medicine, vol. 8, no. 20,
p. 1294, 2020.

[17] O. Shaker, H. Mahfouz, A. Salama, and E. Medhat, “Long non-
coding HULC and miRNA-372 as diagnostic biomarkers in
hepatocellular carcinoma,” Reports of Biochemistry & Molecu-
lar Biology, vol. 9, no. 2, pp. 230–240, 2020.

[18] S. Li, J. Li, H. Li et al., “Clinicopathological and prognostic sig-
nificance of TINCR in caner: a meta-analysis,” Pathology,
Research and Practice, vol. 215, no. 10, p. 152596, 2019.

[19] U. Sharma, T. S. Barwal, A. Malhotra et al., “Long non-coding
RNA TINCR as potential biomarker and therapeutic target for
cancer,” Life Sciences, vol. 257, p. 118035, 2020.

[20] Y. Ku, J. H. Park, R. Cho et al., “Noncanonical immune
response to the inhibition of DNA methylation by Staufen1
via stabilization of endogenous retrovirus RNAs,” Proceedings
of the National Academy of Sciences of the United States of
America, vol. 118, no. 13, p. e2016289118, 2021.

[21] Z. Chen, H. Liu, H. Yang, Y. Gao, G. Zhang, and J. Hu, “The
long noncoding RNA, TINCR, functions as a competing
endogenous RNA to regulate PDK1 expression by sponging
miR-375 in gastric cancer,” Oncotargets and Therapy, vol. 10,
pp. 3353–3362, 2017.

[22] Y. Liu, Q. Wang, J. Wen, Y. Wu, and C. Man, “MiR-375: a
novel multifunctional regulator,” Life Sciences, vol. 275,
p. 119323, 2021.

[23] L. Eliasson, “The small RNAmiR-375 - a pancreatic islet abun-
dant miRNA with multiple roles in endocrine beta cell func-
tion,” Molecular and Cellular Endocrinology, vol. 456,
pp. 95–101, 2017.

[24] J. W. Yan, J. S. Lin, and X. X. He, “The emerging role of miR-
375 in cancer,” International Journal of Cancer, vol. 135, no. 5,
pp. 1011–1018, 2014.

[25] W. Zhang, T. Fu, Z. Guo et al., “Serum miR-375 levels are
closely related to disease progression from HBV infection to
HBV-related hepatocellular carcinoma,” BioMed Research
International, vol. 2020, Article ID 5819385, 9 pages, 2020.

[26] Z. Huang, J. K. Zhou, Y. Peng, W. He, and C. Huang, “The role
of long noncoding RNAs in hepatocellular carcinoma,”Molec-
ular Cancer, vol. 19, no. 1, p. 77, 2020.

[27] S. Ghafouri-Fard, S. Dashti, M. Taheri, and M. D. Omrani,
“TINCR: an lncRNA with dual functions in the carcinogenesis
process,” Non-coding RNA Research, vol. 5, no. 3, pp. 109–115,
2020.

[28] Q. Wang, J. Liu, Z. You et al., “LncRNA TINCR favors tumor-
igenesis via STAT3-TINCR-EGFR-feedback loop by recruiting
DNMT1 and acting as a competing endogenous RNA in
human breast cancer,” Cell Death & Disease, vol. 12, no. 1,
p. 83, 2021.

[29] X. Wang, S. Li, H. Xiao, and X. Deng, “Serum lncRNA TINCR
serve as a novel biomarker for predicting the prognosis in
triple-negative breast cancer,” Technology in Cancer Research
& Treatment, vol. 19, p. 1533033820965574, 2020.

[30] L. Dong, H. Ding, Y. Li, D. Xue, and Y. Liu, “LncRNA TINCR
is associated with clinical progression and serves as tumor sup-

pressive role in prostate cancer,” Cancer Management and
Research, vol. 10, pp. 2799–2807, 2018.

[31] E. M. McCabe and T. P. Rasmussen, “lncRNA involvement in
cancer stem cell function and epithelial-mesenchymal transi-
tions,” Seminars in Cancer Biology, vol. 75, pp. 38–48, 2021.

[32] G. Xu, H. Yang, M. Liu et al., “lncRNA TINCR facilities bladder
cancer progression via regulatingmiR-7 andmTOR,”Molecular
Medicine Reports, vol. 22, no. 5, pp. 4243–4253, 2020.

[33] J. Wei, Y. Lu, R. Wang et al., “MicroRNA-375: potential cancer
suppressor and therapeutic drug,” Bioscience Reports, vol. 41,
no. 9, 2021.

[34] J. Yan, Q. She, X. Shen, Y. Zhang, B. Liu, and G. Zhang,
“Potential role of microRNA-375 as biomarker in human can-
cers detection: a meta-analysis,” BioMed Research Interna-
tional, vol. 2017, Article ID 1875843, 10 pages, 2017.

[35] J. J. Collier, F. Suomi, M. Oláhová, T. G. McWilliams, and
R. W. Taylor, “Emerging roles of ATG7 in human health and
disease,” EMBO Molecular Medicine, vol. 13, no. 12,
p. e14824, 2021.

11Journal of Oncology


	lncRNA TINCR Regulates Proliferation and Invasion of Hepatocellular Carcinoma Cells by Regulating the miR-375/ATG7 Axis
	1. Introduction
	2. Material and Method
	2.1. Clinical Specimen Collection
	2.2. Cell Culture and Transfection
	2.3. Real-Time Quantitative PCR
	2.4. CCK-8 Detection of Cell Viability
	2.5. Clonogenic Experiments
	2.6. Transwell Assay
	2.7. RNA-FISH
	2.8. Western Blot
	2.9. Dual-Luciferase Reporter Gene Assay
	2.10. In Vivo Nude Mouse Experiment
	2.11. Statistical Analysis

	3. Results
	3.1. TINCR Expression in Cell Lines and Liver Cancer Tissues
	3.2. lncRNA TINCR Promotes Hepatocellular Cancer Cell Growth and Invasion
	3.3. lncRNA Knockdown TINCR Inhibits Hepatocellular Cancer Growth and Invasion
	3.4. The lncRNA TINCR Regulates miR-375 in Hepatocellular Cancer Cells
	3.5. miR-375 Regulates the Expression of ATG7 in Hepatocellular Carcinoma Cells
	3.6. The lncRNA TINCR Regulates the Expression of ATG7 via miR-375 in Hepatocellular Carcinoma Cells
	3.7. lncRNA TINCR Regulates the Proliferation and Invasion of Liver Cancer Cells through miR-375/ATG7
	3.8. TINCR Controls Liver Cancer Cell Proliferation through miR-375/ATG7

	4. Discussion
	Data Availability
	Conflicts of Interest
	Acknowledgments

