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1   |   INTRODUCTION

Hepatocellular  carcinoma  (HCC)  is  the  fourth  most 
common cause of cancer- related death  in  the world.1  In 
September 2017, with the development of immunotherapy, 
Food and Drug Administration (FDA) approved anti- PD- 1 
antibody  nivolumab  as  a  second- line  treatment  scheme 

for patients with advanced HCC who had previously been 
treated with sorafenib2 and achieved good curative effect, 
while  more  patients  who  received  checkpoint  blocker 
therapy  could  not  achieve  the  ideal  results.3  Therefore, 
exploring  the  reasons  for  the  poor  efficacy  of  immune 
checkpoint therapy has become a hot spot in clinical HCC 
treatment.  The  discovery  of  novel  intervention  targets 
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Abstract
Emerging evidences have shown that  long noncoding RNA (lncRNA) plays an 
important  role  in  the  immune  escape  of  cancer  cells.  Our  previous  study  has 
demonstrated that lncRNA MIAT is associated with the immune infiltration of 
hepatocellular carcinoma (HCC). However, the underlying mechanism of MIAT 
regulating  the  PD- L1- mediated  immune  escape  of  HCC  is  poorly  understood. 
Quantitative  real- time  PCR  (qRT- PCR)  was  used  to  detect  the  expression  of 
MIAT and PD- L1 mRNA in HCC. The relationship between MIAT, miR- 411- 5p, 
STAT3  and  PD- L1  was  explored  by  dual- luciferase  reporter  assay,  cytotoxicity 
assay, Western blot and RNA immunoprecipitation (RIP). In addition, the xeno-
graft model was established to determine the effect of MIAT on PD- L1 expression 
in vivo. We found that MIAT and PD- L1 were significantly upregulated in HCC 
tissues and the expression of PD- L1 was regulated by MIAT. The knockdown of 
MIAT enhanced the cytotoxicity of T cells on HCC cells. MIAT negatively regu-
lated miR- 411- 5p expression, upregulated STAT3 and ultimately increased PD- L1 
expression  from  the  transcription  level. The  inhibition of miR- 411- 5p  reversed 
STAT3 and PD- L1 expression inhibited by MIAT knockdown in HCC cells. This 
study suggests a novel lncRNA- mediated mechanism for HCC cells to evade the 
immune response; MIAT/miR- 411- 5p/STAT3/PD- L1 may be a novel therapeutic 
target for HCC.
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is expected to promote the progress  in  this  field. Studies 
have  shown  that  the  amplification  or  higher  expression 
of PD- L1 significantly and independently correlated with 
unfavourable survival in HCC patients, authenticating the 
PD- 1/PD- L1  axis  as  rational  immunotherapeutic  targets 
for  HCC.4  PD- L1  expression  was  associated  with  a  poor 
clinical outcome and vascular formation in patients with 
HCC, so it might serve as predictive tissue biomarkers.5

Long  noncoding  RNA  (lncRNA)  is  a  transcript  lon-
ger  than  200  nucleotides  with  no  protein- coding  capac-
ity.6 In recent years, more and more studies have shown 
that  lncRNA  can  participate  in  tumour  immune  escape 
or  immune  resistance  through  multiple  modes,  and  af-
fect tumour progression. For example, MEG3 suppresses 
regulatory  T- cell  (Treg)  differentiation  through  the  P53/
miR- 149- 3p/FOXP3 axis in oesophageal cancer7; SNHG12 
promotes  IL- 6/miR- 21  crosstalk  between  ovarian  cancer 
cells and M2 macrophages8; FENDRR  inhibits  the Treg- 
mediated  immune  escape  of  HCC  cells  by  upregulating 
GADD45B  through  sponging  miR- 423- 5p9;  and  UCA1 
protects  PD- L1  expression  from  the  repression  of  anti- 
tumour miRNAs in gastric cancer cells.10

In our previous studies, we found that lncRNA MIAT 
was  related  to  the  immune  infiltration  of  HCC,  but  its 
specific  mechanism  is  unknown.11  MIAT  (myocardial 
infarction- associated transcript) was related to myocardial 
infarction and is widely expressed in the nervous system 
and retinal tissue.12 Recent studies have shown that MIAT 
plays a role similar to oncogenes in thyroid papillary carci-
noma,13 HCC,14 cholangiocarcinoma15 and non- small- cell 
lung cancer.16 Therefore, this study focuses on the molec-
ular mechanism of MIAT participating in the immune es-
cape of HCC cells based on the results of bioinformatics 
analysis. It is found that MIAT can promote the expression 
of STAT3 and PD- L1 by sponging miR- 411- 5p, providing 
a novel idea for HCC immunotherapy research targeting 
PD- L1.

2   |   MATERIALS AND METHODS

2.1  |  Clinical samples and animal models

All human HCC samples were obtained from the Fujian 
Medical University Union Hospital from August 2019 to 
October 2021, and the ethical consent was granted from 
the  Ethics  Committee  of  the  Fujian  Medical  University 
Union Hospital. The clinical characteristics of the patient 
are shown in Tables S1 and S2, according to the American 
Joint  Committee  on  Cancer  version  8  (AJCC8).  5  ×  106 
Huh7 cells transfected with sh- NC and sh- MIAT were in-
oculated into the armpits of 6-  to 8- week- old nude mice. 
When the diameter of the mouse tumour is greater than 

or equal to 2 cm, the mice were sacrificed under inhala-
tion  anaesthesia  with  isopentobarbital,  and  the  tumour 
tissues  were  removed  for  subsequent  experiments.  The 
animal experiments were approved by the Animal Ethics 
Committee of the Fujian Medical University.

2.2  |  Cell lines and transfection

Human  hepatoblastoma  cell  line  HepG2  (HB- 8065; 
ATCC) and HCC cell line Huh7 (JCRB0403, Japan) were 
cultured in Dulbecco's modified Eagle's medium (DMEM; 
Gibco) containing 12% foetal bovine serum (FBS; Gibco) 
at 37°C with 5% CO2. Specific siRNAs against MIAT and 
NC sequences and miR- 411- 5p mimic/inhibitor or control 
sequences  were  synthesized  by  RiboBio.  The  sh- MIAT 
and sh- NC plasmids mediated by  lentiviral vectors were 
designed and packaged according to the siRNA sequence. 
For dual- luciferase reporter assay, the MIAT and STAT3 
3’UTR wild- type (WT) sequences and their corresponding 
mutant  (Mut) sequences were cloned  into  the pmirGLO 
vector by Boshang Biotech (Shanghai, China).

2.3  |  RNA extraction and qRT- 
PCR analysis

Total  RNA  was  extracted  from  tissue  and  cells  using 
TRIzol (TianGen). 3 μg total RNA was subjected to reverse 
transcription  reaction  using  EasyScript  One- Step  gDNA 
Removal  and  cDNA  Synthesis  SuperMix  (TransGen). 
qRT- PCR  analyses  were  performed  using  EvaGreen  2X 
qPCR MasterMix- Low ROX (ABM). For miRNA detection, 
cDNA was synthesized using miRNA cDNA Synthesis Kit 
(ABM) and then amplified using miRNA qPCR profiling 
kits (ABM). GAPDH is used as an internal reference for 
lncRNA and mRNA, and U6 is used as an internal refer-
ence for miRNA. The primer sequences used for qRT- PCR 
are shown in Table S3.

2.4  |  Western blot and antibodies

Total  protein  was  extracted  from  the  cells  with  RIPA 
lysis  buffer  (Beyotime,  Shanghai,  China).  An  equal 
amount  of  protein  was  electrophoresed  on  an  SDS– 
polyacrylamide  gel  and  onto  a  polyvinylidene  fluoride 
(PVDF)  membrane  (Merck  Millipore).  After  blocking 
with 5%– 10% milk,  the membrane was  incubated with 
the primary antibody at 4°C overnight and then stained 
with the corresponding horseradish peroxidase- labelled 
secondary  antibody  for  1h.  Finally,  BeyoECL  Plus 
(Beyotime)  was  used  to  observe  the  immunoreactivity 
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and  the  Bio- Rad  chemiluminescence  imager  was  used 
for  detection.  GAPDH  serves  as  an  internal  control. 
The  following  primary  antibodies  were  used:  GAPDH 
(Servicebio,  GB11002),  STAT3  (ABclonal,  A1192)  and 
PD- L1 (Affinity, DF6526). A relative protein expression 
was quantified using the ImageJ software.

2.5  |  Dual- luciferase reporter assay

MIAT WT/Mut or STAT3 WT/Mut and NC or miR- 411- 5p 
mimic  were  co- transfected  into  HepG2  and  Huh7  cells. 
After 48 h of transfection, the cell lysate was collected and 
the  luciferase  activity  was  detected  by  Dual- Luciferase® 
Reporter Assay System (Promega). The data were normal-
ized with Renilla luciferase.

2.6  |  RNA immunoprecipitation

RNA  immunoprecipitation  (RIP)  was  performed  ac-
cording  to  the  instructions  of  Millipore  Magna  RIP  Kit 
(Millipore, Darmstadt, Germany). HepG2 cells were lysed 
in RIP lysis buffer, argonaute RISC catalytic component 
2 (AGO2) antibody or IgG antibody was added, and they 
were incubated at 4°C overnight. Then, the RNA was pu-
rified,  and  the  immunoprecipitated  RNA  was  extracted 
with  TRIzol  and  analysed  by  qRT- PCR  detection.  The 
primers used in this analysis are described in Table S3.

2.7  |  Cytotoxicity assay

Peripheral  blood  mononuclear  cells  (PBMCs)  were  ob-
tained  from  healthy  individuals  and  cultured  in  T- cell 
culture medium supplemented with IL- 2 (PeproTech) and 
ImmunoCult™ Human CD3/CD28/CD2 T Cell Activator 
(Stemcell,  Canada)  for  one  week.  Correspondingly,  the 
treated tumour cells were co- cultured with activated T cells 
for 12 h, in the ratio of cancer cells to activated cells (1:3), 
and then, the HCC cells were stained with crystal violet.

2.8  |  Immunohistochemical analysis

The paraffin- embedded sections were deparaffinized and 
then incubated with STAT3 (ABclonal, A1192) or PD- L1 

(Abcam, ab213524) antibody overnight at 4°C. After wash-
ing three times with PBST, the tissue was incubated with 
a reaction enhancer (ZSGB- BIO) for 20 min at room tem-
perature. At last, the tissue was incubated with a second-
ary antibody labelled with horseradish peroxidase (HRP) 
and then reacted with DAB to achieve signal amplification 
and  colour  development.  Finally,  the  nuclei  were  coun-
terstained  with  haematoxylin.  The  samples  were  scored 
according to an H- score method combining the values of 
immunoreaction intensity and percentage of staining tu-
mour cell.

2.9  |  Statistical analysis

The  GraphPad  Prism  8  software  was  used  for  statistical 
analysis.  The  data  were  expressed  as  mean  ±SD.  The 
Pearson linear correlation analysis was used to determine 
the correlation between the two variables. Student's t test 
was used  to compare  two  independent  samples. p <  .05 
was considered statistically significant.

3   |   RESULTS

3.1  |  MIAT promotes the expression of 
PD- L1 and immune escape of HCC cells

PD- L1 appears to function as a significant biomarker in 
the  poor  prognosis  of  HCC  and  provided  implications 
to estimate the risk of HCC patients.17 It is of great sig-
nificance to explore the molecules related to its changes 
and their regulatory mechanism. In particular, the rela-
tionship between lncRNA and PD- L1 has not been fully 
explored. Our previous bioinformatics analysis revealed 
that the expression of lncRNA MIAT in HCC was posi-
tively  correlated  with  immunosuppressive  molecules 
(such  as  PD- 1,  PD- L1  and  CTLA4).11  In  this  study,  we 
further used 36 cases of fresh HCC samples collected in 
recent two years to verify again whether the correlation 
analysis  showed  a  significant  positive  correlation  be-
tween MIAT and PD- L1 (Figure 1A). We also detected 
the expression of MIAT and PD- L1 in another 18 pairs 
of HCC tissues and adjacent tissues and found that they 
were significantly higher in cancer tissues than in paired 
adjacent  tissues  (Figure  1B).  Then,  we  designed  and 
constructed the sh- MIAT and sh- NC plasmids according 

F I G U R E  1  MIAT promotes the expression of PD- L1 and immune escape of HCC cells. (A) The expression of MIAT and PD- L1 is 
positively correlated in HCC tissue. (B) MIAT and PD- L1 mRNA levels in HCC tissues and paracancerous tissues. (C) sh- NC and sh- MIAT 
plasmids were transfected into HepG2 and Huh7 cells to verify the knockdown effect. (D, E) The expression of PD- L1 mRNA (D) and 
protein (E) was detected in HepG2 and Huh7 cells with MIAT knockdown. (F) Cytotoxicity assay was used to detect the cytotoxicity of 
activated T cells on HepG2 and Huh7 cells with MIAT knockdown. **p <.01, ***p <.001 and ****p <.0001
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to  the  siRNA  sequence,11  which  were  transfected  into 
HepG2 and Huh7 cells; qRT- PCR found that the MIAT 
expression was decreased (Figure 1C). PD- L1 mRNA ex-
pression and protein expression were decreased in HCC 
cells with MIAT knockdown (Figure 1D, E). In order to 
study whether MIAT affects the function of PD- L1, we 
performed  cytotoxicity  assay.  As  shown  in  Figure  1F, 
after  incubating  with  PBMC  for  24  h,  the  HCC  cells 
with  MIAT  knockdown  are  more  sensitive  to  T- cell 
cytotoxicity.

3.2  |  MIAT sponges miR- 411- 5p

At  present,  competitive  endogenous  RNA  (ceRNA),  the 
most widely accepted, is one of the main mechanisms of 
lncRNA regulation.18 We speculate that MIAT may regu-
late the expression of PD- L1 through the ceRNA mecha-
nism.  We  used  the  online  database  StarBase  3.0  (http://
starb ase.sysu.edu.cn/index.php)  to  predict  the  miRNAs 
bound  by  MIAT.  It  was  found  that  miR- 411- 5p  directly 
binds to MIAT. miR- 411- 5p is negatively correlated with 
MIAT  in  HCC  tissues  (Figure  2A).  The  level  of  miR- 
411- 5p was significantly increased in HCC cell lines with 
MIAT  knockdown  (Figure  2B).  miR- 411- 5p  mimic  was 
transfected  into  HCC  cells,  and  the  expression  of  MIAT 

was found to be decreased (Figure 2C); miR- 411- 5p inhib-
itor was transfected into HCC cells, and the expression of 
MIAT was found to be increased (Figure 2D). In order to 
evaluate the interaction between MIAT and miR- 411- 5p, 
we  constructed  the  MIAT  WT  and  Mut  reporter  vectors 
(Figure  2E).  The  dual- luciferase  reporter  assay  showed 
that the transfection of miR- 411- 5p mimic in HepG2 and 
Huh7 cells decreased the luciferase activity of the MIAT 
WT plasmid, but had no effect on that of the MIAT Mut 
plasmid (Figure 2F).

3.3  |  STAT3 is a functional target of miR- 
411- 5p

To  explore  how  miR- 411- 5p  regulates  the  expression  of 
PD- L1 in HCC cells, we used StarBase 3.0 to predict the 
targeting  genes  that  miR- 411- 5p  might  recognize  and 
found  that  STAT3  is  one  of  the  targets  of  miR- 411- 5p. 
Some studies have shown that STAT3, as a transcription 
factor of PD- L1, could bind to the promoter of PD- L1 to 
regulate  its  expression.19- 22  The  relationship  between 
miR- 411- 5p, STAT3 and PD- L1 was verified in HCC tis-
sues  (Figure  3A– C).  The  mRNA  and  protein  levels  of 
STAT3 and PD- L1 were decreased following the transfec-
tion of miR- 411- 5p mimics (Figure 3D, E) and increased 

F I G U R E  2  MIAT sponges miR- 411- 5p. (A) The expression of MIAT and miR- 411- 5p is negatively correlated in HCC tissue. (B) miR- 
411- 5p mRNA level was detected in HepG2 and Huh7 cells with MIAT knockdown. (C, D) MIAT mRNA levels were detected in HepG2 and 
Huh7 cells transfected with miR- 411- 5p mimic (C) or miR- 411- 5p inhibitor (D). (E) Interacting sequences on MIAT for miR- 411- 5p were 
obtained from StarBase 3.0. The putative binding sites of miR- 411- 5p were mutated in MIAT. (F) The dual- luciferase reporter assay detects 
the interaction between MIAT and miR- 411- 5p. *p <.05, **p <.01, ***p <.001 and ****p <.0001

http://starbase.sysu.edu.cn/index.php
http://starbase.sysu.edu.cn/index.php
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with the transfection of the miR- 411- 5p inhibitor in HCC 
cells  (Figure  3F,  G).  Subsequently,  the  dual- luciferase 
reporter  assay  was  used  to  verify  whether  miR- 411- 5p 
can bind to STAT3 mRNA 3’UTR. We constructed the re-
porter vectors containing WT and Mut 3’UTR of STAT3 
(Figure  3H).  The  dual- luciferase  reporter  assay  showed 
that the relative luciferase activity of STAT3 WT plasmid 
in  HCC  cells  was  inhibited  after  the  co- transfection  of 
miR- 411- 5p mimic, but did not change the activity of the 
STAT3 Mut plasmid (Figure 3I). The above one indicates 
that miR- 411- 5p can regulate PD- L1 expression through 
STAT3.

3.4  |  MIAT regulates PD- L1 expression 
through the miR- 411- 5p/STAT3 axis

In order to verify whether miR- 411- 5p can bind to MIAT 
and STAT3, we performed RIP assay with AGO2 antibody 
in HepG2 cells. MIAT, miR- 411- 5p and STAT3 were all im-
munoprecipitated by AGO2 (Figure 4A). In HCC tissues, 
the  expression  of  MIAT  and  STAT3  was  positively  cor-
related (Figure 4B). Since MIAT can sponge miR- 411- 5p, 
we next determined whether MIAT can affect the expres-
sion  of  STAT3  through  competitive  binding  with  miR- 
411- 5p. It was found that MIAT knockdown significantly 

F I G U R E  3  STAT3 is the functional target of miR- 411- 5p. (A- C) The correlation between miR- 411- 5p, STAT3 and PD- L1 in HCC tissues. 
(D, E) STAT3 and PD- L1 mRNA and protein were detected in HepG2 and Huh7 cells transfected with miR- 411- 5p mimic. (F, G) STAT3 
and PD- L1 mRNA and protein were detected in HepG2 and Huh7 cells transfected with miR- 411- 5p inhibitor. (H) Interacting sequences on 
STAT3 for miR- 411- 5p were obtained from StarBase 3.0. The putative binding sites of miR- 411- 5p were mutated in STAT3. (I) The dual- 
luciferase reporter assay was used to detect the interaction between miR- 411- 5p and STAT3. *p <.05, **p <.01, ***p <.001 and ****p <.0001
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decreased  the  mRNA  and  protein  levels  of  STAT3  and 
PD- L1 in HepG2 and Huh7 cells (Figure 4C, D). Finally, 
we examined the expression of STAT3 and PD- L1 in HCC 
cells co- transfected with sh- MIAT and miR- 411- 5p inhibi-
tors. As expected, the mRNA expression and protein ex-
pression of STAT3 and PD- L1 were partially  restored  in 
the co- transfected cells (Figure 4E, F). These results indi-
cate that MIAT can promote the expression of STAT3 and 
PD- L1 through sponging miR- 411- 5p in HCC cells.

3.5  |  MIAT regulates PD- L1 through 
miR- 411- 5p/STAT3 in vivo

In order to further validate the effects of MIAT in vivo, the 
xenograft tumour model was constructed to examine the 
role of MIAT. Then, the Huh7 cells transfected with sh- NC 
and sh- MIAT were injected into nude mice. We observed 
that  the expression of MIAT was significantly decreased 
in the sh- MIAT group (Figure 5A), and the expression of 

STAT3 and PD- L1 mRNA in the MIAT knockdown group 
was  also  lower  (Figure  5C,  D),  while  the  expression  of 
miR- 411- 5p was higher in the sh- MIAT group (Figure 5B). 
Next, we used IHC analysis to further evaluate the expres-
sion of STAT3 and PD- L1 proteins in tumour tissues and 
found that the expression of STAT3 and PD- L1 in the sh- 
MIAT group was lower (Figure 5E, F).

4   |   DISCUSSION

In this study, we explored the effect of MIAT on HCC and 
found  that  MIAT  affected  the  escape  of  HCC  cells  from 
T- cell cytotoxicity by regulating the expression of PD- L1. 
In previous studies of HCC, silencing MIAT could inhibit 
HCC  by  inducing  senescence  and  activating  P53/P21 
and  pRb  signalling  pathways23;  MIAT  regulates  EphA2 
by  sponging  miR- 520d- 3p  to  promote  HCC  progress,24 
and  MIAT  can  also  promote  the  proliferation  and  inva-
sion  of  HCC  cells  through  sponging  miR- 214.  However, 

F I G U R E  4  MIAT regulates PD- L1 expression through the miR- 411- 5p/STAT3 axis. (A) The RIP experiment was performed in HepG2 
cells to confirm the interaction between MIAT, miR- 411- 5p and STAT3. (B) The expressions of MIAT and STAT3 in HCC tissues are 
positively correlated. (C, D) STAT3 and PD- L1 mRNA (C) and protein (D) levels were detected in HepG2 and Huh7 cells transfected with sh- 
NC and sh- MIAT. (E, F) The sh- MIAT and miR- 411- 5p inhibitors were co- transfected into HepG2 and Huh7 cells, and the mRNA (E) and 
protein (F) levels of STAT3 and PD- L1 were detected. *P <.05, **p <.01, ***p <.001 and ****p <.0001
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the  immune- related  research  of  MIAT  in  HCC  remains 
largely unknown. Xu et al found that HCP5 and MIAT up-
regulate the expression of PD- L1 in colon cancer and cer-
vical cancer cells through sponging miR- 150- 5p,25 which 
is consistent with our research results.

Emerging  evidences  show  that  lncRNA  plays  an 
important  role  in  PD- L1- mediated  immune  escape; 
for  example,  GATA3- AS1  promotes  the  progression  of 
triple- negative  breast  cancer  by  stabilizing  PD- L1  pro-
tein  and  degrading  GATA3  protein26;  HOTTIP  could 
promote the secretion of IL- 6, upregulate the expression 
of  PD- L1  and  inhibit  the  activity  of  T  cells  in  ovarian 
cancer27; CASC11 recruits EIF4A3 to enhance the stabil-
ity of E2F1 mRNA. CASC11 and E2F1 impacted the ac-
tivation of the NF- κB signalling and PI3K/AKT/mTOR 
pathway and further regulated the expression of PD- L1 
in  HCC28;  SNHG14/miR- 5590- 3p/ZEB1  positive  feed-
back  loop regulates  the PD- 1/PD- L1 checkpoint  in dif-
fuse large B- cell lymphoma.29 The potential of lncRNA 
and  its  corresponding  regulation  of  immune  check-
points  as  novel  diagnostic  biomarkers  and  therapeutic 
targets  in  the  treatment  of  malignant  tumours  have 
been  emphasized.30  We  conducted  cytotoxicity  assay 
and found that the downregulation of PD- L1 caused by 
MIAT knockdown made HCC cells to be more sensitive 
to T- cell cytotoxicity. The key role of lncRNA in HCC is 
expected to become a novel drug target for therapeutic 
intervention.

lncRNA  could  guide  RNA- induced  silencing  com-
plex  (RISC)  to  miRNA  response  element  (MRE)  by 
competitively  binding  miRNAs,  thereby  inhibiting 
protein  production,  which  is  called  the  ceRNA  hy-
pothesis.31  lncRNA  regulates  targeting  genes  through 
sponging  miRNA  and  plays  an  important  role  in  the 
occurrence  and  development  of  HCC.  For  exam-
ple,  HOXD- AS1  competitively  bound  to  miR- 130a- 3p, 
then  prevented  SOX4  from  miRNA- mediated  degrada-
tion,  and  thus  activated  the  expression  of  EZH2  and 
MMP2 and facilitated HCC metastasis32; MCM3AP- AS1 
promotes  FOXA1  expression  by  targeting  miR- 194- 5p 
to  play  a  carcinogenic  effect  in  HCC33;  SNHG6  targets 
miR- 204- 5p  resulting  in  an  increased  E2F1  expression 
and enhances G1- S phase transition, thereby promoting 
HCC34;  and  tumour- associated  macrophage- induced 
H19 promotes the aggressiveness of HCC by triggering 
and activating the miR- 193b/MAPK1 axis.35 In view of 
the mechanism of the lncRNA- miRNA- mRNA network, 
we screened out miR- 411- 5p and the target gene STAT3. 
To verify whether STAT3 is the functional target of miR- 
411- 5p, we first examined the expression and correlation 
of  them.  The  results  indicated  that  the  expression  of 
miR- 411- 5p  was  negatively  correlated  with  STAT3  and 
significantly  inhibited  the  expression  of  STAT3  at  the 
mRNA  and  protein  levels. The  luciferase  report  exper-
iment and RIP results show that MIAT and STAT3 can 
directly bind to miR- 411- 5p. STAT3 has been shown to 

F I G U R E  5  MIAT regulates PD- L1 through miR- 411- 5p/STAT3 in mice in vivo. (A– D) The expression of MIAT (A), miR- 411- 5p (B), 
STAT3 (C) and PD- L1 (D) in mouse tumour tissues was detected by qRT- PCR. (E, F) IHC comparison of the expression of STAT3 (E) and 
PD- L1 (F) in sh- NC and sh- MIAT groups. *p <.05
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bind to the PD- L1 promoter to regulate its expression in 
a transcriptional manner,36 which could induce apopto-
sis of  immune cells,  inhibit  the  lethality of T cells and 
promote tumour immune escape.37 In addition, we veri-
fied the relationship between MIAT, miR- 411- 5p, STAT3 
and  PD- L1  in  HCC  specimens.  In  summary,  we  found 
that MIAT in HCC cells can promote the expression of 
STAT3 and PD- L1 through sponging of miR- 411- 5p.

In conclusion, this study reveals a novel molecular reg-
ulation mechanism between HCC and immunity— MIAT/
miR- 411- 5p/STAT3/PD- L1, which may serve as a new tar-
get for HCC immunotherapy.
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