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ARTICLE INFO ABSTRACT

Keywords: Background: Immunotherapy is a promising method for the treatment of hepatocellular carcinoma (HCC), in
Hepatocellular carcinoma which CD8™ T cells play a key role. The influence of long noncoding RNA (IncRNA) nuclear-enriched autosomal
NEAT1 transcript 1(NEAT1) on the antitumor activity of CD8* T cells was clarified in this study.

frniiri-;ss Methods: Peripheral blood mononuclear cells (PBMCs) were isolated from HCC patients, and the expressions of

NEAT1 and Tim-3 were determined by qRT-PCR and western blot, respectively. CD8* T cell apoptosis and cell
percentage were analyzed via flow cytometry. The cytolysis activity of CD8* T cells against HCC cells was
examined. RNA immunoprecipitation (RIP) and RNA pull-down assay were performed to explore the interaction
between NEAT1 and miR-155.

Results: NEAT1 and Tim-3 were up-regulated in the PBMCs of patients with HCC (n = 20) compared with
healthy subjects (n = 20). Down-regulation of NEAT1 restrained CD8 T cell apoptosis and enhanced the cy-
tolysis activity, while interference of miR-155 showed the opposite effects by up-regulating Tim-3. Binding and
interaction between NEAT1 and miR-155 were validated in CD8* T cells. Down-regulation of NEAT1 restrained
CD8*T cell apoptosis and enhanced the cytolysis activity through the miR-155/Tim-3 pathway. Repression of
NEAT1 suppressed tumor growth in HCC mice.

Conclusion: Via modulating the miR-155/Tim-3 pathway, repression of NEAT1 restrained CD8* T cell apoptosis
and enhanced the cytolysis activity against HCC, implying an effective target for improving the outcome of
immunotherapy.

CD8 T cells

1. Introduction immune cell function are strongly focused on and widely studied at

present.

In terms of prevalence and mortality, hepatocellular carcinoma
(HCQ) is considered the fifth most common malignancy worldwide and
it is characterized by its poor prognosis and progressive development
(Shi et al., 2011). Immunotherapy is a promising method for the
treatment of HCC, and plenty of immune cells have been implicated in
such treatment (Flecken et al., 2014). However, when tumors escape
from immunological surveillance, this significantly contributes to
tumor progression and hinders the outcome of immune-based treatment
(Guo et al., 2014). Hence, the mechanisms responsible for regulating

Effector CD8* T cell-mediated tumor-associated antigens recogni-
tion and cytotoxic killing play an essential role in the control of cancer
development (Fu et al., 2007). The amount of CD8*T cells has been
claimed to be a good indicator for predicting the HCC prognosis (Sun
et al., 2015). CD8 T cell apoptosis usually results in a decreased cell
number in the tumor microenvironment and reduced activity of tumor
inhibition, which is linked with colon cancer progression and post-
operative recurrence of HCC (Shi et al., 2011). T-cell immunoglobulin
and mucin domain protein 3 (Tim-3) functions in enforcing CD8* T cell
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exhaustion and participates in the apoptosis of CD8 T cells (Kang et al.,
2015). In addition, Tim-3" Tregs from human HCC repressed auto-
logous CD8™* T cells proliferation and cytokine production in vitro (Yan
et al., 2013), implying the key regulatory role of Tim-3 in tumor im-
munity through promoting CD8* T cell apoptosis.

MicroRNAs (miRNAs) are a class of noncoding RNAs that negatively
regulate genes expression by binding with the 3’ untranslated region
(UTR) of their mRNAs, and they widely participate in various biological
processes. MiR-155 is one of the miRNAs involved in the pathogenesis
of cancers, including breast cancer (Kim et al., 2015), rectal cancer
(Yang et al., 2015), liver cancer (Liu et al., 2015), lung cancer (Xie
et al., 2015), and gastric cancer (Han et al., 2015). In HCC, miR-155
promoted epithelial mesenchymal transition, cell invasion, metastasis,
proliferation, and HCC formation, contributing to the malignant beha-
viors of this tumor (Kong et al., 2016; Li et al., 2017; Tang et al., 2016;
Song et al., 2018). Moreover, it has been revealed that miR-155 aug-
ments CD8* T cell antitumor activity (Ji et al., 2015) and miR-155-
modulated Tim-3 expression regulates natural killer cell function
(Cheng et al., 2015). It can be inferred that miR-155 may affect the
antitumor activity of CD8*T cells through targeting Tim-3 in HCC.

Long noncoding RNA (IncRNA) nuclear-enriched autosomal tran-
script 1 (NEAT1) has been proven to have high expression in HCC tis-
sues and promote HCC cell invasion and metastasis (Guo et al., 2015;
Zheng et al., 2018). In the plasma of human immunodeficiency virus 1
(HIV-1)-infected patients, NEAT1 was down-regulated, and its expres-
sion was positively correlated with CD4 T cell counts (Jin et al., 2016).
Via bioinformatics analysis (DIANA), we found the complementary base
pairs between NEAT1 and miR-155, suggesting a potential interaction
between them. Although the role of NEAT1 in CD8 * T cells has not been
clarified, it can be speculated that NEAT1 may contribute to the im-
mune escape of HCC by affecting the antitumor function of CD8* T
cells, and its regulatory effect on the miR-155/Tim-3 signaling pathway
deserves exploration. This study was carried out to clarify the effect of
NEAT1 on CD8™T cell apoptosis and cytolysis activity, aiming to im-
prove the curative effect of HCC immunotherapy.

2. Materials and methods
2.1. Clinical samples

This study was approved by the ethics committee of the Eastern
Hepatobiliary Surgery Hospital and performed in accordance with the
Helsinki Declaration. Fresh peripheral blood specimens from HCC pa-
tients (n = 20) and healthy subjects (n = 20) were collected for per-
ipheral blood mononuclear cell (PBMC) isolation. HCC patients (in-
cluding 15 males and 5 females, with 13 cases more than 55 years old)
and controls (including 13 males and 7 females, with 16 cases more
than 55 years old) were age and gender-matched. No treatment was
adopted for the HCC patients before the study. Before blood collection,
all the participants agreed to and signed the informed consent forms for
sample donation for the study. PBMCs were isolated by Ficoll-Paque
(TBD Science, China) density gradient centrifugation. After cen-
trifugation at 2500 rpm/min for 15 min, the supernatant was discarded,
and the lymphocyte layer was collected.

2.2. Western blot

PBMCs were treated in Radioimmunoprecipitation assay (RIPA)
buffer (Beyotime, China) containing protease and phosphatase in-
hibitors, and protein was obtained after centrifugation. Protein con-
centration was measured using a Pierce BCA Assay Kit (Thermo
Scientific), followed by separation by sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) and electro-blotting onto a
nitrocellulose filter. The filter was blocked overnight at room tem-
perature in 5% non-fat milk dissolved in Tris-buffered saline with
Tween-20 (TBST) and incubated with primary antibodies against Tim-3
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and B-actin (Abcam) at 4°C overnight. The membrane was washed in
0.1% TBST and incubated with horseradish-peroxidase-bound sec-
ondary antibodies for 2 h at room temperature. Finally, the membrane
was visualized using an enhanced chemiluminescence (ECL) system
(Thermo Fisher).

2.3. Quantitative real-time PCR (qRT-PCR)

PBMCs were homogenized with 1 ml Trizol reagent to extract total
RNA, of which the concentration and purity were examined spectro-
photometrically. The reverse reaction was performed for cDNA synth-
esis using a SuperScript Reverse Transcription Kit (Invitrogen). QRT-
PCR was performed using a SYBR Green Master Mix (Applied
Biosystems, USA) on a 7500 Fast RT-PCR System (Applied Biosystems).
The design and synthesis of oligonucleotide primers of specific genes
were completed by Sangon Biotech (Shanghai, China). The Ct values
were examined using the default threshold settings, and the 27 44C
method was applied for calculating the relative quantification.

2.4. Flow cytometry

For Tim-3*CD8" T cells percentage analysis, PBMCs were diluted
to 1 x 10° and washed twice with phosphate-buffered saline (PBS).
Then, the cells were stained by fluorescein isothiocyanate (FITC) or PE-
conjugated antibodies (BD Biosciences) at 4 °C for 30 min in PBS con-
taining 1% fetal bovine system (FBS). Samples were evaluated using a
BD FACSCalibur cytometer (BD Biosciences) and data were analyzed
via Flow Jo V10 software (Tree Star Inc.).

2.5. Cell culture and cell transfection

CD8™ T cells were isolated from PBMCs of two healthy donors using
a magnetic bead cell sorting (MACS) negative selection kit (Miltenyi
Biotech), and they were activated with anti-CD3e (2pug/ml, BD
Biosciences) and anti-CD28 (1 pg/ml, BD Biosciences) in RPMI-1640
medium (Sigma-Aldrich) supplemented with rhIL-2 (120IU/ml, Chiron)
for 24 h. Small interference RNA (siRNA) targeting NEAT1 (si-NEAT1)
or its negative control (si-control) was purchased from GenePharma Co.
Ltd (Shanghai, China) and transfected into CD8" T cells using
Lipofectamine2000 (Invitrogen, USA) according to the manufacturer’s
instructions.

2.6. CD8™ T cell apoptosis analysis

After transfection with si-NEAT1 or si-control, CD8" T cell apop-
tosis was measured using an Annexin V-FITC/propidium iodide (PI) cell
apoptosis detection kit (Sigma, USA) followed by flow cytometric
analysis. CD8™ T cells (1 x 10°%/well) were seeded in the 6-well plates
and then stained with 200 pl Annexin V-FITC and 10 pl of PI, followed
by flow cytometric analysis with a flow cytometer (FACSCalibur, BD
Biosciences) and Flow Jo V10 software (Tree Star Inc.).

2.7. Cytolysis activity assay

For the cytotoxicity assay, cells from HepG2.2.15, a human hepa-
toma cell line stably transfected with the hepatitis B virus (HBV)
genome, were used as the target cells. Before cytotoxicity assay,
HepG2.2.15 cells were radiolabeled with [methyl-3H] thymidine to a
concentration of 5y Ci/ml for 24 h at 37 °C. CD8™ T cells transfected
with si-NEAT1 or si-control were mixed and incubated with labeled
HepG2.2.15 cells in 96-well culture plates overnight. The culture plate
was harvested and examined with beta radiation counting, and the %
cytotoxicity was calculated using the formula: % cytotoxicity =
[(S — E)/S] x 100 (E: number of cells in experimental wells; S: number
of cells in spontaneous release wells) (Kang et al., 2015).
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2.8. RNA immunoprecipitation (RIP)

RIP assay was carried out using the Magna RIP RNA-Binding Protein
Immunoprecipitation Kit (Millipore). Argonaute2 (AGO2) protein is
often used in the RIP assay, as it is the key component of the RNA-
induced silencing complex (RISC), which can bind with miRNAs. CD8*
T cells were lysed with RIP buffer, and then 100 pl of cell extract was
incubated with RIP buffer containing magnetic beads conjugated with
anti-AGO2 antibody (Millipore) or normal mouse IgG as a negative
control. RNA-protein complexes were immunoprecipitated with protein
A agarose beads and qRT-PCR was performed for detecting the NEAT1
and miR-155 levels.

2.9. RNA pull-down assay

RNA pull-down assay was conducted to investigate whether NEAT1
interacted with miR-155, using synthesized NEAT1 as a probe, and
IncRNA 10c285194 (Loc) was used as the positive control. A DNA
fragment including the whole NEAT1 sequence was synthesized and
biotinylated (GenePharma Co., Ltd.), and biotin-labeled RNAs were
reversely transcribed using Biotin RNA Labeling Mix and T7 RNA
polymerase (Roche). The reaction product was treated with RNase-free
DNase I (Roche) and extracted with the RNeasy Mini Kit (Qiagen) for
western blot or qRT-PCR analysis.

2.10. Mouse tumor model establishment

Following the Guide for the Care and Use of Laboratory Animals
proposed by the Chinese National Institutes of Health, experiments on
C57BL/6J mice (8 weeks old) were completed under anesthesia. For the
orthotopic tumor graft, 2 x 10° mouse H22 cells were injected sub-
cutaneously in the right flanks of the mice (Wang et al., 2009). Short
hairpin RNA (shRNA) targeting human IncRNA NEAT1 or its negative
control oligonucleotide was ligated into the pGC-LV lentivirus vector
(GenePharma, Shanghai), and the virus particles were harvested after
lentivirus was packaged in HEK293T cells for 72 h. The packaged len-
tivirus (5 pul) marked Lv-sh-NEAT1 (n = 8) or its negative control Lv-
shRNA (n = 8) was transfected into CD8* T cells, which were re-sus-
pended in 0.2 ml of Hanks’ Balanced Salt Solution (HBSS) and subse-
quently introduced into the mouse models via tail vein injection (Kang
et al., 2015). On the 7th, 14th, 21st, and 28th day following CD8* T cell
injection, tumor diameters were measured with a Vernier caliper, and
tumor size was calculated using the following formula:
V = [(length x width?)/2].

2.11. Statistical analysis

All the experiments were repeated at least three times, and all the
data were presented as mean * standard deviation. Statistical analysis
was performed using the Student’s t-test in GraphPad Prism 6
(GraphPad Software, Inc., San Diego, CA, USA) for two-group com-
parisons, while one-way analysis of variance (ANOVA) followed by the
Newman-Keuls post hoc test was used for multi-group comparisons. A
value of P < 0.05 was considered significant.

3. Results
3.1. NEATI and Tim-3 were up-regulated in PBMCs of patients with HCC

To investigate the expression levels of NEAT1 and Tim-3 in HCC,
PBMCs were separately isolated from the blood samples of HCC patients
(n = 20) and healthy subjects (control, n = 20). The protein level de-
tected by western blot indicated a higher Tim-3 expression in HCC
PBMCs than that in control group (Fig. 1A, left panel). A dot plot in-
cluding all 20 samples was also generated (Fig. 1A, right panel).
Compared with the control group, the expression of NEAT1 was up-
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regulated in HCC PBMCs, but the expression of miR-155 was lower
(Fig. 1B). Subsequently, the percentage of Tim-3*CD8* cells was
analyzed by flow cytometry, which demonstrated that the Tim-
3*CD8™ cells proportion was increased in HCC PBMCs compared with
that in control PBMCs (Fig. 1C). Our results illustrated that NEAT1 and
Tim-3 were up-regulated in the PBMCs of patients with HCC, while
miR-155 was down-regulated.

3.2. Down-regulation of NEATI restrained CD8™* T cell apoptosis and
enhanced the cytolysis activity

We next assessed the influence of NEAT1 repression on CD8*T cell
apoptosis and cytolysis activity. CD8* T cells were isolated from PBMCs
of two healthy donors and activated, followed by si-control or si-NEAT1
transfection. Fig. 2A shows that the NEAT1 expression was significantly
reduced after si-NEAT1 transfection. The results of flow cytometric
analysis indicated that down-regulation of NEAT1 with si-NEAT1
transfection inhibited CD8* T cell apoptosis, and the cleaved caspase 3
was also decreased (Fig. 2B), suggesting that NEAT1 enhanced CD8 T
cell apoptosis via a caspase-dependent pathway. For the cytotoxicity
assay, HepG2.2.15 cells were used as the target cells. After transfection
with si-concrol or si-NEAT1 and then co-culturing with HepG2.2.15
cells, the cytolysis activity of CD8*T cells against the tumor cells was
evaluated. The result demonstrated that interference of NEAT1 with si-
NEAT1 markedly augmented the cytolysis activity of CD8"T cells
(Fig. 2C). The above results validated that down-regulation of NEAT1
restrained CD8 ' T cell apoptosis and enhanced the cytolysis activity,
while the underlying mechanism was still uncertain.

3.3. Interference of miR-155 induced CD8* T cell apoptosis and decreased
the cytolysis activity by up-regulating Tim-3

As the effect of miR-155 on strengthening the antitumor effect of
CD8™T cells and its negative regulation of Tim-3 have been claimed,
the effect of miR-155 expression on CD8* T cell apoptosis and cytolysis
activity was assessed. CD8* T cells were activated and divided into four
groups: NC (negative control of miR-155 inhibitor), miR-155 inhibitor,
miR-155 inhibitor + anti-control, and miR-155 inhibitor + anti-Tim-3.
For Tim-3 blockage, CD8* T cells were incubated with anti-human Tim-
3 antibody (anti-Tim-3) for an additional 48 h after 48 h of cell trans-
fection, with IgG acting as the control (anti-control) (Cheng et al.,
2015). Compared with the NC group, transfection with miR-155 in-
hibitor dramatically reduced miR-155 expression in CD8'T cells
(Fig. 3A). However, the Tim-3 protein level was augmented by miR-155
inhibitor, which was inverted by Tim-3 blockage (Fig. 3B). The CD8*T
cell apoptosis was also promoted by the miR-155 inhibitor but sup-
pressed after Tim-3 blockage (Fig. 3C). In contrast, cytolysis activity
was inhibited by miR-155 inhibitor but reversed after Tim-3 blockage
(Fig. 3D). These findings indicated that interference of miR-155 in-
duced CD8*T cell apoptosis and decreased the cytolysis activity via
targeting Tim-3.

3.4. Interaction between NEAT1 and miR-155 in CD8™ T cells

Fig. 4A displays the complementary base pairs between NEAT1 and
miR-155, predicted using a bioinformatics method (DIANA). Herein,
the binding and interaction between NEAT1 and miR-155 in CD8*T
cells were determined by RIP and RNA pull-down assay. AGO2 anti-
body was used in the RIP assay, and the level of NEAT1 and miR-155
was determined. As shown in Fig. 4B with the RIP result, the levels of
NEAT1 and miR-155 were significantly higher in the AGO2 antibody
group compared with the IgG group (Fig. 4B). For RNA pull-down
assay, western blot was performed to examine AGO2 level in the pull-
down complex of NEAT1. Extensive miR-155 expression was detected
in the pull-down complex of NEAT1, with the Loc group serving as the
positive control and antisense RNA as the negative control (Fig. 4C).
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Fig. 1. NEAT1 and Tim-3 were up-regulated in PBMCs of patients with HCC. PBMCs were separately isolated from the blood samples of HCC patients (n = 20) and
healthy subjects (control, n = 20). (A) The Tim-3 protein level was determined by western blot. (B) qRT-PCR was performed for examining the expression of NEAT1
and miR-155. (C) The percentage of Tim-3+ CD8+ T cells was analyzed by flow cytometry. All experiments were repeated at least three times, and all the data are
presented as mean * standard deviation. Statistical analysis was performed using the Student’s t-test. A value of P < 0.05 was considered significant. *P < 0.05
compared with control.
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Fig. 2. Down-regulation of NEAT1 restrained CD8 " T cell apoptosis and enhanced the cytolysis activity. CD8 * T cells were isolated from PBMCs of two healthy donors
using the magnetic bead cell sorting (MACS) method and activated and followed by si-control or si-NEAT1 transfection. (A) The expression of NEAT1 in CD8™ T cells
was measured with qQRT-PCR after cell transfection. (B) CD8 * T cell apoptosis was evaluated by flow cytometry after cell transfection. (C) Cytolysis activity of CD8 " T
cells against HCC cells was detected after cell transfection. All experiments were repeated at least three times, and all the data are presented as mean = standard
deviation. Statistical analysis was performed by using the Student’s t-test. A value of P < 0.05 was considered significant. *P < 0.05 compared with si-control.

3.5. Down-regulation of NEATI restrained CD8* T cell apoptosis and
enhanced the cytolysis activity through the miR-155/Tim-3 pathway

To evaluate the regulatory relationship between NEAT1 and miR-
155 and their influence on CD8* T cell apoptosis and cytolysis activity,
CD8™ T cells were activated and allocated into four groups, as follows:
si-control, si-NEAT1, si-NEAT1+NC, and si-NEAT1+miR-155 in-
hibitor. It was shown that si-NEAT1 transfection remarkably promoted
miR-155 expression, which was then repressed by the miR-155 in-
hibitor (Fig. 5A). Conversely, the Tim-3 protein expression was in-
hibited with si-NEAT1 transfection but elevated after miR-155 inhibitor
transfection (Fig. 5B). In addition, si-NEAT1 transfection clearly

inhibited CD8 T cell apoptosis, which was further reversed by the miR-
155 inhibitor (Fig. 5C). The cytolysis activity of CD8 T cells was in-
creased by si-NEAT1 but restrained after miR-155 inhibitor transfection
(Fig. 5D). It could be summarized that interference of NEAT1 inhibited
CD8*T cells apoptosis and enhanced the cytolysis activity through the
miR-155/Tim-3 pathway.

3.6. Interference of NEAT1 suppressed tumor growth in HCC mice

To estimate the effect of NEAT1 expression on HCC progression in
vivo, the mouse HCC models were constructed and injected with
CD8*T cells with Lv-sh-NEAT1 (n = 8) or Lv-shRNA (n = 8). The
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Fig. 3. Interference of miR-155 induced CD8 " T cells apoptosis and decreased the cytolysis activity by up-regulating Tim-3. CD8 * T cells were isolated from PBMCs of
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the expression of miR-155 in CD8* T cells. (B) Tim-3 protein expression was determined by western blot in CD8* T cells. (C) CD8* T cell apoptosis was evaluated by
flow cytometry. (D) Cytolysis activity of CD8* T cells against HCC cells was detected. *P < 0.05 compared with NC; All experiments were repeated at least three
times, and all the data were presented as mean * standard deviation. Statistical analysis was performed using the Student’s t-test. A value of P < 0.05 was
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Fig. 5. Down-regulation of NEAT1 restrained CD8* T cell apoptosis and enhanced the cytolysis activity through the miR-155/Tim-3 pathway. CD8*T cells were

isolated from PBMCs of two healthy donors using the magnetic bead cell sorting (MACS) method. CD8* T cells were activated and allocated into four groups via cell
transfection, as follows: si-control, si-NEAT1, si-NEAT1 + NG, and si-NEAT1 + miR-155 inhibitor. (A) The expression of miR-155 in CD8*T cells was quantified by
gRT-PCR. (B) Tim-3 protein expression was determined by western blot in CD8 *T cells. (C) CD8 T cell apoptosis was evaluated by flow cytometry. (D) Cytolysis
activity of CD8 T cells against HCC cells was detected. *P < 0.05 compared with si-control; All experiments were repeated at least three times, and all the data are

presented as mean + standard deviation. Statistical analysis was performed using the Student’s t-test. A value of P < 0.05 was considered significant. “P < 0.05

compared with NC.

tumor sizes were determined after 7, 14, 21, and 28 days. Fig. 6A re-
vealed that the tumor volume was smaller in the mice with Lv-sh-
NEAT1 compared with the Lv-shRNA group from the 14th day. Corre-
spondingly, the expression of NEAT1 in tumor tissue was lower in the
Lv-sh-NEAT1 group compared with the Lv-shRNA group, while the
miR-155 level was augmented after NEAT1 down-regulation (Fig. 6B).
When compared with the Lv-shRNA transfection group, the Tim-3
protein expression was down-regulated after NEAT1 interference
(Fig. 6C).

4. Discussion

Due to its roles in inducing the epithelial-mesenchymal transition
and modulating cell growth, invasion, and migration, NEAT1 has been
considered as a general tumor promoter (Yu et al., 2017; Cao et al.,
2016). In this study, the effect of NEAT1 on the antitumor function of
immune cells was initially highlighted. We illuminated that repression
of NEAT1 restrained CD8* T cell apoptosis and enhanced the cytolysis
activity against HCC via controlling the miR-155/Tim-3 pathway. These
findings revealed an effective therapeutic target for HCC treatment and
provided novel insight into improving the outcome of immunotherapy.

Despite the increasing incidence of HCC, the therapeutic options
still remain limited, and effective therapies are urgently needed. Based
on the sufficient investigation of immune response during tumor de-
velopment, the efficacy and safety of immunotherapy have been eval-
uated in cancer clinical treatment (Li et al., 2015). Diverse molecules
were found to have essential roles in immune evasion of tumor cells,
acting in immunomodulation and serving as therapeutic targets in im-
munotherapy (Prieto et al., 2015).

As a crucial IncRNA for the formation of nuclear body paraspeckles,
NEAT1 has been identified to be involved in immune responses, serving
as an inducible IncRNA in mouse brains infected with the Japanese
encephalitis or rabies virus (Imamura and Akimitsu, 2014). HIV-1 in-
fection also induced NEAT1 in mice, in which NEAT1 modulated HIV-1
replication by affecting the export of HIV-1 mRNAs from the nucleus to
cytoplasm (Zhang et al., 2013). NEAT1 also facilitated the expression of
antiviral genes including cytokines like interleukin-8 (IL8) (Imamura
et al., 2014), and NEAT1 participated in the DNA-mediated innate re-
sponse by forming a multi-subunit complex (Morchikh et al., 2017). In
this study, we further highlighted that the low expression of NEAT1
contributed to strengthening the antitumor function of CD8* T cells,
implying the capacity of NEAT1 in inducing the immune escape of HCC.
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Fig. 6. Interference of NEAT1 suppressed tumor
growth in HCC mice. Mouse hepatoma tumor models
were constructed and injected with CD8* T cells with

Fel Lv-sh-NEAT1 (n = 8) or Lv-shRNA (n = 8). (A) The
E - tumor volumes were detected at 7, 14, 21, and 28 days
b Lv-shRNA after lentivirus injection. (B) The expression of NEAT1
E 400 and miR-155 was measured using qRT-PCR. (C) The
Q Tim-3 protein level was determined with western blot.
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Days - Student’s t-test. A value of P < 0.05 was considered
B significant. *P < 0.05 compared with Lv-shRNA.
B
(3] — 51
— 1.5 [3] %
— > g
= = 4 n
5 2 =f-
z, 1.04 ol® bt 3
1
< B &
E £ 2
S 0.5 % Q
| B 1 —eatgmbe—
° e ol
g 00 T T o T
o] \ed N \ad
o 5 S S
Ny & &~ &
Ny s Y Y
A% £ &
C v v
—
2 06
L °
5 =
°
S 041 %
o °
cn
& * Lv-shRNA Lv-sh-NEAT1
= 0.2 n ,
= & _I_E'_ Tim-3 - - - -
()
2
= B-actin oD D W -
3 0.0 T T
Q{( %Y’ &\
& &
2 &
A

In view of the general role of CD8*T cells in controlling cancer de-
velopment, NEAT1 may be implicated in many other cancers’ immune
reactions, exhibiting a bright future as an immune checkpoint in im-
munotherapy.

The interaction between NEAT1 and miR-155 was initially clarified
in our study, unraveling a novel regulatory system influencing the an-
titumor activity of CD8 T cells against HCC. Emerging evidence has
indicated that miR-155 is associated with the tumorigenesis of breast
cancer, rectal cancer, liver cancer, lung cancer, and bladder cancer
(Kim et al., 2015; Yang et al., 2015; Liu et al., 2015; Xie et al., 2015;
Zhang et al., 2016), as a well-known oncogenic miRNA. In addition,
miR-155 also contributed to malignant behaviors of HCC by stimulating
epithelial-mesenchymal transition, cell invasion and metastasis (Li
et al., 2017). Apart from its involvement in cancers, miR-155 also
functions as a regulator of the immune system and T lymphocyte
function (Xie et al., 2014; Song and Lee, 2015). A previous study re-
ported that miR-155 augmented CD8 T cells’ antitumor activity by
enhancing their responsiveness to homeostatic cytokines (Ji et al.,
2015). In the present research, we proved that the interference of miR-
155 induced CD8 + T cell apoptosis and decreased the cytolysis activity
by up-regulating Tim-3, thereby demonstrating its role in improving

CD8™T cells’ antitumor activity once again and indicating its anti-
neoplastic function in HCC. We attribute this distinct role of miR-155 to
the diversity of miRNAs’ targets, which has been discussed in terms of
cancer pathogenesis and immune activities (Xie et al., 2014).

By targeting Tim-3, a member of the T-cell immunoglobulin and
mucin domain proteins (Tim), miR-155 exerted its immune regulation
effect in HCC. Tim-3 is emerging as a key participant in cancer im-
munotherapy for its pivotal role in regulating antitumor immunity,
especially in promoting the development of a severe dysfunctional
phenotype in CD8*T cells in cancer (Anderson, 2014). The current
study illustrated that up-regulation of Tim-3 induced CD8+T cell
apoptosis and decreased the cytolysis activity, thereby contributing to
HCC progression. These findings reconfirmed the general function of
Tim-3 in modulating CD8* T cell apoptosis and proliferation (Kang
et al., 2015; Yan et al., 2013), as well as its tumor-promoting action in
HCC (Yan et al., 2015). This study not only discovered the regulatory
role of IncRNA NEAT1 in CD8 " T cell function but also emphasized its
effect on the immune escape of HCC, offering a theoretical basis for
developing effective immunotherapy and improving its outcomes in
HCC treatment.
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