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Abstract. – OBJECTIVE: Previous studies 
have proved that lncRNA MIR155 host gene 
(MIR155HG) is overexpressed in glioma and has 
elucidated its function. However, its function-
al role and underlying molecular mechanism 
in non-small cell lung cancer (NSCLC) are un-
known. This study aimed to investigate the func-
tion and underlying mechanism of MIR155HG in 
NSCLC. 

MATERIALS AND METHODS: Differential-
ly expressed lncRNAs in NSCLC tissue were 
identified from Gene Expression Omnibus 
(GEO) database. The expression of MIR155HG, 
miR-155-3p, miRNA-155-5p, and tumor protein 
p53-inducible nuclear protein 1 (TP53INP1) in NS-
CLC specimens and cells were quantified using 
quantitative Real Time-Polymerase Chain Reac-
tion (qRT-PCR) and Western blotting analysis. 
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazoli-
um bromide (MTT) assay and transwell invasion 
assay were performed to evaluate cell viability 
and the ability of migration and invasion. Lucif-
erase reporter assay was employed to examine 
whether miR-155-3p and miR-155-5p could bind 
to TP53INP1 in NSCLC cells. A xenograft tumor 
model was used to evaluate the biological func-
tion of MIR155HG in vivo.  

RESULTS: Data obtained from the GEO data-
set show that MIR155HG is frequently overex-
pressed in NSCLC tumor tissues and cell lines. 
Elevated MIR155HG levels were found to be 
associated with advanced disease stage and 
poor prognosis of NSCLC. Cell viability, as well 
as the capability of migration and invasion of 
NCI-H1975 and A549 cells, was markedly re-
duced upon MIR155HG knockdown. Mechanis-
tically, bioinformatics analysis and functional 
assays confirmed that miR-155-5p and miR-155-
3p, two derivatives of MIR155HG, contributed to 
the effect of MIR155HG in NSCLC. It was also 
found that miR-155-5p or miR-155-3p mimics 
could dramatically rescue the inhibition of cell 
proliferation, migration, and invasion caused by 
siMIR155HG. Furthermore, bioinformatics analy-

sis and Luciferase reporter assays revealed that 
miR-155-5p and miR-155-3p mediate the effect of 
MIR155HG in NSCLC cells by negatively regulat-
ing the tumor suppressor TP53INP1.

CONCLUSIONS: Current findings indicate that 
MIR155HG/miR-155 axis facilitates NSCLC pro-
gression by downregulating TP53INP1. There-
fore, the MIR155HG/miR-155 axis may be a po-
tential therapeutic target for NSCLC.
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Introduction

Lung cancer is a serious threat to human health 
and associate with extremely high incidence rates 
and mortality. According to a recent statistics, 
2,093,876 new cases of lung cancer have been di-
agnosed and 1,76,1007 deaths from lung cancer 
were reported in 20181. Conventional therapeutic 
regimens for NSCLC patients include surgery, 
chemotherapy, radiotherapy and gene-targeted 
therapy. Although substantial developments in 
the treatment regimen of lung cancer, includ-
ing targeted therapy and immunotherapy have 
been achieved during recent years, the five-year 
survival rate remains at a low level (10-20%)2,3. 
However, most patients are diagnosed with lung 
cancer at advanced stage and are not suitable for 
surgery. In addition, a large proportion of patients 
presents negative for targeted therapy gene tests. 
Therefore, new gene targets need to be identified 
to design effective treatment strategies for these 
patients.  

Long non-coding RNAs (LncRNAs) were 
firstly considered “Junk RNA” in the gene tran-
scription process4. Various mechanisms generate 
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lncRNAs during the process of DNA-based or 
RNA-based duplication of existing genomic se-
quences. Along with the deepening of our under-
standing of genomics, it has been proposed that 
lncRNAs function in a variety of cell biological 
processes, including chromatin remodeling, ge-
netic imprinting, post-transcriptional regulation, 
and cell cycle regulation5-7. In the past few years, 
a massive number of large scale genomics stud-
ies have focused on the functional roles of ln-
cRNAs and this has profoundly ushered in a new 
treatment development landscape. In particular, 
PCA3 has been found to promote prostate cancer 
progression by forming a double-stranded RNA 
duplex and ADAR proteins with PRUNE2-pre-
mRNA8 (Protein prune homolog 2). HOTAIR 
(HOX Transcript Antisense RNA) contributes 
to the development of breast cancer by function-
ing as a target of endocrine disruptors, such as 
bisphenol-A (BPA)9, while H19 has been proved 
to regulate epithelial-to-mesenchymal transition 
(EMT) in bladder cancer10, breast cancer11, lung 
cancer12, pancreatic cancer13, as well as cervical 
carcinoma14. These studies have demonstrated 
that lncRNAs play vital roles in tumor progres-
sion and may serve as biomarkers for diagnosis 
and targeted treatment of cancer.

LncRNA MIR155HG, which is known in short 
as the MIR155 host gene and a B-cell receptor in-
ducible, is located on chromosome 21q21. First-
ly identified by Tam et al15 in 1997, MIR155HG 
was initially found to be activated by the inser-
tion of a virus at a common retroviral integra-
tion site and played a role in lymphomagenesis. 
Due to lack of an extensive open reading frame, 
MIR155HG formed a hairpin that contained im-
perfectly base-paired stem-loops. Tam16 thought 
MIR155HG might function as a primary microR-
NA for miR-155. Subsequent studies have proved 
that MIR155HG can affect progression of a wide 
variety of human malignancies, such as glioma17, 
pancreatic cancer18, and laryngeal squamous cell 
carcinoma19. Up to date, the biological function 
and mechanisms of MIR155HG in lung cancer are 
not fully known and need to be elucidated.

Tumor P53 nuclear-inducible protein 1 
(TP53INP1) is a tumor stress-inducing pro-
tein. TP53INP1 exhibits anti-proliferative and 
pro-apoptotic effects in cancer by enhancing 
the transcriptional activity of P53. In addition, 
TP53INP1 has an antioxidant function. When 
tissues are damaged or receive external stimu-
li, such as radiation, hypoxia and inflammation, 
TP53INP1 could promote the ubiquitination and 

activation of P53, thus initiating the P53-medi-
ated and P53- independent signaling pathways. 
TP53INP1 loss increases ROS in the mitochon-
dria and promotes tumorigenesis20. It has been 
reported that TP53INP1 and protease HIPK2 
(Homeodomain-interacting protein kinase 2) bind 
onto each other to increase P53 transcriptional ac-
tivity21. Meanwhile, TP53INP1 activates P73 via 
P53-independent pathway, leading to cell cycle 
arrest and apoptosis, which eventually suppressed 
tumor progression22. Moreover, TP53INP1 is un-
der expressed in breast cancer23, gastric cancer24, 
liver cancer25, and pancreatic cancer26. Although 
TP53INP1 is considered as a tumor suppressor, 
the underlying molecular mechanisms that con-
tribute to aberrant downregulation of TP53INP1 
are not fully understood.

In this study, we used bioinformatics data-
sets, clinical specimens, NSCLC cell lines and 
nude mice to confirm the role of MIR155HG and 
demonstrate that MIR155HG can inhibit NS-
CLC cell viability, migration and invasion via 
TP53INP1 by targeting of miR-155-3p and miR-
155-5p. Finally, we concluded that MIR155HG 
may serve as a biomarker for the diagnosis and 
treatment for NSCLC patients.

Materials and Methods

Bioinformatics Dataset Analysis
The GSE19804 dataset was acquired from 

the GEO database. This dataset consists of data 
of 60 normal samples and paired tumor samples 
from non-smoking female lung cancer patients 
in Taiwan. Differential expression analysis of 
the data was performed using the limma pack-
age of R software (version 3.5.1). A heat-map 
was drawn to show the differential expression 
profile of NSCLC.  

Clinical Specimens and Cell Lines 
A total of 62 NSCLC tissues and paired nor-

mal lung tissues were collected from the patients 
treated in Thoracic Department of Shanghai Gen-
eral Hospital (Shanghai, China). All specimens 
were transferred into liquid nitrogen immediately 
after resection of the lesion. All patients provid-
ed written informed consent before inclusion in 
the experiments. Our study was approved by the 
Institutional Review Board and the Ethics Com-
mittee of Shanghai General Hospital (Shanghai, 
China). BEAS-2B (Bronchial Epithelial Cells), 
NCI (non-small cell lung)-1299, A549, NCI-H838 
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and NCI-H1975 cell lines were purchased from 
the Chinese Academy of Sciences Cell Bank 
(Shanghai, China). All cell lines were cultured in 
Dulbecco’s Modified Eagle’s Medium (DMEM; 
Invitrogen, Carlsbad, CA, USA), supplemented 
with 10% FBS (Life Technologies, California, 
Carlsbad, USA), ampicillin, streptomycin (Invit-
rogen, Carlsbad, CA, USA) at 37°C, in incubator 
containing 5% CO2. The cells in the logarithmic 
growth phase were collected and used in the fol-
lowing experiments.

RNA Extraction and Quantitative 
Real-Time PCR

TRIzol reagent (Sangon Biotech, Shang-
hai, China) was used to extract RNA from the 
specimens and cells. A RNA RNeasy Mini Kit 
(Qiagen, Valencia, CA, USA) was used for RNA 
purification, while RNA purity was quantified 
using a NanoDrop2000 (Thermo Fisher Scien-
tific, Waltham, MA, USA). For the next step, 
RNA was transcribed into cDNA using a Prime-
Script™ RT reagent Kit along with gDNA Eraser 
(TaKaRa, Tokyo, Japan). cDNA primers specif-
ic for mRNA or lncRNA were included into the 
Quantitative Real-time Polymerase Chain Reac-
tion (qRT-PCR). Glyceraldehyde-3-phosphate de-
hydrogenase (GAPDH) was used as the internal 
control. For the quantification of miRNA, reverse 
transcription was performed using a Transcrip-
tor First Stand cDNA Synthesis Kit (Roche, In-
dianapolis, IN, USA). Real Time-PCR reactions 
were carried out using SYBR Premix Ex Taq™ II 
(TaKaRa, Otsu, Shiga, Japan) in a 7500 Fast Re-
al-Time PCR System (Invitrogen, Carlsbad, CA, 
USA). The quantities were calculated using the 
2-DDCt method, and the internal control was used 
for normalization of fold change.

Cell Proliferation Assay
Cell viability was evaluated using an MTT 

assay. After transfection, A549 and H1975 cells 
in the logarithmic growth phase were collected 
and digested to prepare a suspension of 1 × 106/
mL cells and added 100 μL into well. After being 
cultivated for 24, 48, 72 and 96 hours, 20 μL of 
MTT (Sigma-Aldrich, St. Louis, MO, USA) was 
added into each well, and the culture was contin-
ued for a further 4 hours. Then, the upper culture 
solution was gently aspirated, and 200 μL of di-
methyl sulfoxide (DMSO, Thermo Fisher Scien-
tific, Waltham, MA, USA) was added to dissolve 
the precipitate, and an oscillator was used at low 
speed to shake the mixture for 10 min. The ab-

sorbance of each well was measured at an OD of 
490 nm using a microplate reader (Thermo Fisher 
Scientific, Waltham, MA, USA).

Transwell Invasion and Migration Assay
The upper chamber surface of the bottom 

membrane of the transwell chamber was coated 
with a 50 μg/L Matrigel™ (1:8, Sigma-Aldrich, St 
Louis, MO, USA) with a 1:8 dilution. MIR155HG 
knockdown and normal A549 and H1975 cell sus-
pensions of 200 μL were added into the transwell 
chamber and cultured in serum-free medium. 500 
μL of 15% DMEM (Dulbecco’s Modified Eagle’s 
Medium) high glucose medium was added into 
the lower chamber of a 24-well plate. After 24 and 
48 hours of incubation in the incubator, they were 
stained with 0.1% Crystal Violet Staining Solu-
tion (Beyotime Biotechnology, Shanghai, China) 
and photographed under an Optical microscope 
(Olympus Life Science, Tokyo, Japan). The crys-
tal violet was completely eluted through decolor-
ization with 33% acetic acid, and absorbance of 
the eluent was measured at an OD (optical den-
sity) of 570 nm using a microplate reader. The 
transwell chamber was washed after use, soaked 
overnight with alcohol and, then, reused. The ex-
periment described above was repeated without 
the Matrigel being transferred into the transwell 
chamber to perform the migration assay. 

SiRNA, MiRNA and Plasmid DNA 
Transfection

Negative control (NC), miR-155-3p/miR-155-
5p mimics, miR-155-3p/miR-155-5p inhibitor, 
si-NC, si-MIR155HG, pcDNA3.1 plasmid, pcD-
NA3.1-TP53INP1 and pcDNA3.1-MIR155HG 
were designed and synthesized by Gene pharma 
(Shanghai, China). A Lipofectamine 2000 system 
(Invitrogen, Carlsbad, CA, USA) was used for the 
transfection of siRNA, miRNA and plasmid DNA 
in vitro.

Animal Experiment
All animals were kept in a pathogen-free en-

vironment and fed ad lib. The procedures for care 
and use of animals were approved by the Ethics 
Committee of the Shanghai Jiao Tong University 
(Shanghai, China). In brief, 5-week-old BALB/c 
(Bagg albino) female mice were housed at our 
experimental animal center (Shanghai Jiao Tong 
University, Shanghai, China). The experimental 
animal protocols were approved by the Shang-
hai General Hospital Animal Ethics Committee 
(Shanghai, China). A total of 1 × 106 A549 cells 
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transfected with sh-MIR155HG or sh-NC in 200 
μL Phosphate Buffered Saline (PBS; Abcam, 
Cambridge, MA, USA) were subcutaneously in-
jected into the right flanks of the nude mice to es-
tablish NSCLC xenograft models. Tumor volumes 
were measured every 7 days and calculated using 
the formula: tumor volume (mm3) = 1/2 × length × 
width2. All mice were sacrificed on day 28 and the 
tumors were isolated, weighted and photographed.

Immunohistochemistry Assay
The xenograft tumor tissue was resected and 

fixed in 10% neutral formalin. Thereafter, the 
tissues were embedded in paraffin and then cut 
into 4 μm thick slices. Step by step, dewaxing, 
rehydration and antigen retrieval were performed. 
Then, immunohistochemical analysis was con-
ducted using an anti-Ki-67 antibody (ab15580, 
1:500, Abcam, Cambridge, MA, USA), followed 
by a HRP-conjugated (Horseradish Peroxidase) 
secondary antibody.

Luciferase Reporter Assay
The wild (WT)/mutant (MUT) TP53INP1-

3’UTR plasmid, miR-155-3p/NC and miR-155-5p/
NC were constructed and synthesized by Gene 
Pharma (Shanghai, China). A549 and H1975 cells in 
the logarithmic growth phase were seeded into 24-
well plates and cultured overnight in a cell culture 
incubator for transfection. For fluorescence activity 
detection, the renilla Luciferase vector (Promega, 
Madison, WS, USA), miR-155-3p, miR-155-5p and 
miR-NC were co-transfected into NSCLC cell lines, 
A549 and H1975, separately using Lipofectamine 
2000 Transfection Reagent (#11668027, Thermo 
Fisher Scientific, Waltham, MA, USA). 48 h after 
transfection, the cells were harvested and the renil-
la and fluorescence activities were detected using 
a Dual-Luciferase Reporter assay system (#E6110, 
Promega, Madison, WI, USA). The renilla Lucifer-
ase activity was used for normalization.

Western Blotting Analysis
The cells were harvested and RIPA (Radio 

immunoprecipitation assay) buffer (Beyotime, 
Shanghai, China) was added to lyse the cells. 
The upper layer of the lysates was separated on 
10% sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) gels and transferred 
onto polyvinylidene difluoride (PVDF) mem-
branes (Life Technologies, Gaithersburg, MD, 
USA). The membranes were incubated with an 
anti-TP53INP1 antibody (ab202026, 1:1000, Ab-
cam, Cambridge, MA, USA) at 4°C overnight, 

followed by incubation with a horseradish perox-
idase (HRP)-conjugated goat anti-rabbit (A0181, 
1:3000, Beyotime Biotechnology, Shanghai, Chi-
na) secondary antibody. Finally, the bands were 
detected using Image Pro-Plus system (Media 
Cybernetics, Silver Spring, MD, USA) and en-
hanced chemiluminescence (ECL) Plus (Life 
Technologies, Gaithersburg, MD, USA).

Statistical Analysis
The experimental data are expressed as mean 

± standard deviation (SD). Student’s t-test was 
used for comparison between two groups. Images 
of the Western blotting bands were captured us-
ing Image-Pro Plus software (Version 7.0; Media 
Cybernetics, Silver Springs, MD, USA) to obtain 
gray values, which were graphed using GraphPad 
Prism (Version 7; La Jolla, CA, USA). A p-value 
less than 0.05 was considered to indicate a statis-
tically significant difference. All experiments in 
vitro were performed in triplicate.

Results

LncRNA MIR155HG Is Frequently 
Elevated in NSCLC tissues and cell lines

In order to investigate the differential expression 
of MIR155HG in NSCLC tissue, we first down-
loaded the GSE19804 dataset from the GEO da-
tabase, which contained 60 NSCLC patient tumor 
samples and paired normal samples. Using R soft-
ware, we found that the expression of MIR155HG 
was higher in tumor samples than in normal sam-
ples (data are not shown). Then, we created a heat-
map that showed the differentially expressed ln-
cRNAs (Figure 1A). The expression folds ranged 
from -4 to 4, and the color manifesting the differ-
ence, with green indicating low expression and red 
indicating the high expression. In order to further 
validate the results, 62 NSCLC tumor tissues and 
paired normal tissues were collected for qRT-PCR 
analysis. Our results show that the expression of 
MIR155HG was markedly higher in tumor tissues 
compared with adjacent non-cancerous tissues 
(p<0.01) (Figure 1B). In addition, we divided the 
patients into early stage (I/II, n = 34) and late stage 
(III, n = 28) groups, according to the 8th edition of 
TNM staging published by International Associa-
tion for the Study of Lung Cancer (IASLC, Auro-
ra, CO, USA). The qRT-PCR results indicate that 
NSCLC tissue harvested from patients at advanced 
stage presented with higher MIR155HG levels 
than those from early stage (p<0.01) (Figure 1C).  
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Figure 1. LncRNA MIR155HG was increased in NSCLC tissues 
and cell lines. A, The heat map of microarray analyzed the differ-
entially expressed lncRNAs in NSCLC tumor tissues and normal 
tissues. B, The expression of MIR155HG in NSCLC tissues and 
paired adjacent tissues were estimated by qRT-PCR. **p<0.01 
compared with adjacent tissues. C, The correlation between 
MIR155HG expression and TNM stage was revealed by qRT-
PCR. N (I/II stage) = 34, N (III) = 28. **p<0.01 compared with I 
stage group. D, The correlation between MIR155HG expression 
and lymph node metastases was revealed by qRT-PCR. N (absent) 
= 21, N (present) = 41. **p<0.01 compared with absent group. E, 
The expression of MIR155HG in Human normal lung epitheli-
al cell (BEAS-2B) and NSCLC cell lines (NCI-H1299, A549, 
NCI-H838, NCI-H1975) as observed by qRT-PCR. **p<0.01 com-
pared with BEAS-2B cells. F, The distribution of MIR155HG in 
cytoplasm and nucleus detected by qRT-PCR. *p<0.05, **p<0.01 
compared with cytosol.   
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Meanwhile, based on postoperative pathology, the 
62 patients were allocated into a lymph node me-
tastasis absent group (n = 41) and present group 
(n = 21). The patients absent of lymph node me-
tastasis presented with much lower MIR155HG 
levels, compared with the present group (p<0.01) 
(Figure 1D). Furthermore, qRT-PCR results be-
tween and revealed a significantly higher expres-
sion of MIR155HG in different NSCLC cell lines 
(NCI-H1299, A549, NCI-H838 and NCI-H1975) 
compared with normal human bronchial epi-
thelium cells (BEAS-2B) (p<0.01) (Figure 1E). 
Since A549 and H1975 cells were the top two 
in MIR155HG expression among all tested cell 
lines, these two cell lines were chosen for our 
further experiments. In order to further study the 
function of MIR155HG, the subcellular localiza-
tion of MIR155HG in A549 and H1975 cells was 
identified using qRT-PCR. The results indicate 
that MIR155HG was primarily found in the cy-
toplasm (Figure 1F). Overall, these data suggest 
that MIR155HG is involved in the carcinogenesis 
and progression of NSCLC.

MIR155HG Knockdown Suppressed 
the Viability, Migration and Invasion 
of NSCLC Cells In Vivo and In Vitro

In order to study the functional role of ln-
cRNA MIR155HG in NSCLC, we manipulated 
MIR155HG expression levels by transfecting spe-
cific siRNAs into A549 and H1975 cells. A total 
of three siRNAs were designed for MIR155HG. 
Although all three siRNAs could effectively 
knockdown the expression of MIR155HG, the 
interference effect of si-MIR155HG #3 was the 
most profound (Figure 2A). Thus, si-MIR155HG 
#3 was used in subsequent functional studies. 
MTT assay and transwell invasion assay demon-
strated that MIR155HG knockdown inhibited 
NSCLC cell viability, migration and invasion 
(Figure 2B-E). Next, A549 cells stably transfect-
ed with siRNA MIR155HG and an empty vector 
were used to establish a xenograft model. Con-
sistent with the results obtained in vitro, tumor 
volumes in the siRNA MIR155HG transfected 
group were found to be significantly lower than 
that of the control group (Figure 2F and 2G). Ad-
ditionally, IHC (Immunohistochemistry) results 
also confirmed that MIR155HG knockdown dra-
matically reduced the levels of Ki-67, a mark-
er for proliferative ability (Figure 2H). Collec-
tively, these findings confirm that MIR155HG 
knockdown can effectively halt cell proliferation 
and invasion in vitro and in vivo.

MiR-155-3p and MiR-155-5p 
Are Two Derivatives of MIR155HG 

Given the fact that MIR155HG could exhibit tu-
mor-promoting activity by inducing the generation 
its derivatives, miR-155-3p and miR-155-5p16,27, we 
investigated whether they also contribute to the bi-
ological function of MIR155HG in NSCLC. First, 
the upregulation of miR-155-3p and miR-155-5p in 
NSCLC tissues compared with that of adjacent nor-
mal tissue were found (Figure 3A and 3B). Then, 
SiMIR155HG and an empty vector were transfected 
into A549 and H1975, respectively. The results from 
qRT-PCR assay showed that the expression of miR-
155-3p and miR-155-5p was significantly higher in the 
siMIR155HG group compared with the si-NC group 
(Figure 3C and 3D). The proliferation of NCI-H1975 
and A549 cells were increased following transfec-
tion with miR-155-3p or miR-155-5p mimics (Figure 
3E and 3F). In contrast, NCI-H1975 and A549 cells 
were transfected with miR-155-3p or miR-155-5p in-
hibitor. Transwell assay results showed that the mi-
gration and invasion of the NSCLC cell lines were 
significantly inhibited (Figure 3G and 3H), as evi-
denced by the decrease of invasive and migratory 
cells upon miR-155-3p or miR-155-5p knockdown. 
Collectively, these findings demonstrated that miR-
155-3p and miR-155-5p could inhibit NSCLC cell 
proliferation, migration and invasion. To further 
confirm whether the oncogenic roles of MIR155HG 
in NSCLC were mediated by miR-155-3p and miR-
155-5p, NSCLC cells were co-transfected with si-
MIR155HG and miR-155-3p mimics or miR-155-5p 
mimics. As shown in Figure 3G-I, the cells viability 
of NCI-H1975 and A549 were significantly reduced 
by the transfection si-MIR155HG, which was effec-
tively rescued by miR-155-3p and miR-155-5p over-
expression. Similarly, the migratory (Figure 3K) 
and invasive (Figure 3L) capabilities of NCI-H1975 
and A549 cells were decreased by the knockdown 
of MIR155HG, which was offset by miR-155-3p and 
miR-155-5p overexpression. Previous studies have 
demonstrated that MIR155HG may function as a 
precursor of miR-155. Taken together, we found that 
MIR155HG inhibits NSCLC cell growth, migration 
and invasion via generating its derivatives, miR-155-
3p and miR-155-5p. 

MiR-155-3p and MiR-155-5p Directly 
Target TP53INP1

In order to study the downstream targets of miR-
155-5p and miR-155-3p, TargetScan and microRNA 
were employed to predict mRNA targets. TP53INP1 
was detected to contain putative binding sites in its 
3’ untranslated region (UTR) for miR-155-3p and 



X.-Y. Ren, Y.-D. Han, Q. Lin

4828

miR-155-5p (Figure 4A and 4B). Luciferase re-
porter assays show that overexpressed miR-155-3p 
or miR-155-5p led to a remarkable decrease in the 
Luciferase activity of TP53INP1 WT (Figure 4C-
F). By contrast, no marked changes were found 
in TP53INP1 MUT. Next, in order to further val-
idate the effect of miR-155-3p and miR-155-5p on 
TP53INP1, miR-155-3p mimics and inhibitor were 

transfected into A549 and H1975 cells, respectively. 
As shown in Figure 4G, miR-155-3p overexpression 
was observed to inhibit the expression of TP53INP1, 
while the downregulation of miR-155-3p was found 
to promote the expression of TP53INP1. For miR-
155-5p, the similar results were obtained (figure 4H). 
Furthermore, Western blotting analysis detected the 
above-mentioned results (Figure 4I and 4J). 

Figure 2. MIR155HG knockdown suppressed the viability, migration and invasion of NSCLC cells in vivo and in vitro. A, 
qRT-PCR detected the expression levels of MIR155HG in NCI-H1975 and A549 cells transfected with si-NC, si-MIR155HG 
#1, #2, #3. **p<0.01, ***p<0.001 compared with si-NC group. B-C, Cell viability of NCI-H1975 and A549 cells transfected 
with si-MIR155HG. *p<0.05, **p<0.01 compared with si-NC group. D-E, The migration (magnification: 40x) and invasion 
(magnification: 40x) of NCI-H1975 and A549 cells transfected with si-MIR155HG. *p<0.05, **p<0.01 compared with si-NC 
group. F-G, si-MIR155HG transfected with 1 × 106 A549 cells and injected into the right flank of nude mice (6 per group), the 
mean tumor size (mm3) was analyzed. H, Immunohistochemistry of Ki67 in nude mice tissues (magnification: 40x). **p<0.01 
compared with si-NC group.
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Figure 3. miR-155-3p and 
miR-155-5p were derivatives of 
MIR155HG. A-B, The relative ex-
pression levels of miR-155-3p and 
miR-155-5p in NSCLC tumor tis-
sues. N = 62. **p<0.01 compared 
with adjacent tissues. C-D, The rel-
ative expression levels of miR-155-
3p and miR-155-5p in NCI-H1975 
and A549 cells after knockdown 
of MIR155HG. **p<0.01 com-
pared with si-NC group. E-F, The 
proliferation of NCI-H1975/A549 
cells transfected with miR-155-3p/
miR-155-5p mimics were estimat-
ed by MTT assays. **p<0.01 com-
pared with NC group. G-H, The 
migration (magnification: 40x) and 
invasion (magnification: 40x) of 
NCI-H1975/A549 cells transfect-
ed with miR-155-3p/miR-155-5p 
inhibitor were analyzed treatment 
via transwell assay. **p<0.01 
compared with NC group. I-J, 
The proliferation of NCI-H1975 
and A549 cells transfected with 
si-MIR155HG, si-MIR155HG + 
miR-155-3p/miR-155-5p mimics 
were estimated by MTT assays. 
*p<0.05, **p<0.01. K-L, The mi-
gration (magnification: 40x) and 
invasion (magnification: 40x) of 
NCI-H1975/A549 cells transfected 
with si-MIR155HG, si-MIR155HG 
+ miR-155-3p/miR-155-5p mimics 
were analyzed using transwell as-
say. **p<0.01, ***p<0.001. 
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TP53INP1 Suppress the Viability, 
Migration and Invasion of NSCLC Cells

Next, we also examined the expression of 
TP53INP1 in NSCLC tissues and cell lines. As ex-
pected, TP53INP1 was aberrantly downregulated 
in NSCLC tumor specimens in comparison with 

adjacent non-cancerous tissues (Figure 5A). Fur-
thermore, TP53INP1 levels were found to be neg-
atively associated with tumor grade, which was 
supported by the fact that the lower expression 
of TP53INP1 primarily found in late stage (III) 
compared with early stage (I/II) tissues (Figure 

Figure 4. MiR-155-3p and miR-155-5p directly targeted TP53INP1. A-B, Sequence alignment of putative of miR-155-3p/
miR-155-5p binding sites in the TP53INP1 3'-UTRs. C-F, The relative luciferase activity of NCI-H1975 and A549 cells were 
transfected with wild type or mutant of TP53INP1. **p<0.01, ***p<0.001 compared with NC group. G-H, The relative of 
TP53INP1 expression of NCI-H1975 and A549 cells transfected with miR-155-3p/miR-155-5p mimics and miR-155-3p/miR-
155-5p inhibitor. **p<0.01 compared with NC group. I-J, The relative of TP53INP1 expression of NCI-H1975 and A549 cells 
transfected with miR-155-3p/miR-155-5p mimics and miR-155-3p/miR-155-5p inhibitor. **p<0.01 compared with NC group.
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5B). In vitro, TP53INP1 was found to be overex-
pressed in both A549 and H1975 cell lines trans-
fected with the TP53INP1 plasmid, compared 
with negative controls (NC) (Figure 5C). These 
results indicate that TP53INP1 may act as a sup-
pressor of NSCLC progression. MTT assay and 
transwell assay were performed on the NSCLC 
cell lines to further verify these results. As shown 
in Figure 5D-G, NSCLC cell viability, migration 
and invasion ability were found to be significant-
ly inhibited when TP53INP1 was upregulated in 
different NSCLC cell lines. Taken together, these 

results demonstrated that TP53INP1 could effec-
tively inhibit NSCLC cell viability, migration and 
invasion abilities.

MIR155HG/miR-155 axis Promotes 
NSCLC Progression by Down-regulating 
TP53INP1

Our results verified the function of 
MIR155HG, miR-155-3p, miR-155-5p and 
TP53INP1 in NSCLC. MIR155HG was found 
to promote the expression of miR-155-3p and 
miR-155-5p, while TP53INP1 was directly tar-

Figure 5. TP53INP1 suppressed the viability, migration and invasion of NSCLC cells. A, The relative of TP53INP1 ex-
pression in NSCLC tumor tissues. N = 62. **p<0.01 compared with adjacent tissues. B, The correlation between TP53INP1 
expression and TNM stage was determined by qRT-PCR. N (I/II stage) = 34, N (III) = 28. **p<0.01 compared with I/II stage 
group. C, The relative of TP53INP1 expression in NCI-H1975 and A549 cells. ***p<0.001 compared with NC group. D-E, 
Cell viability after overexpression of TP53INP1 in NCI-H1975 and A549 cells. *p<0.05, **p<0.01, ***p<0.001 compared with 
NC group. F-G,  The migration (magnification: 40x) and invasion (magnification: 40x) of NCI-H1975 and A549 cells after 
overexpression of TP53INP1 were analyzed treatment via transwell assay. **p<0.01 compared with NC group. 
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geted by miR-155-3p and miR-155-5p. There-
fore, we validated whether miR-155-5p and 
miR-155-3p contributes to the biological func-
tion of MIR155HG in NSCLC by modulating 
TP53INP1. Our results demonstrated that the 
transfection of miR-155-3p and miR-155-5p 
mimics decreased the TP53INP1 expression, 
while the simultaneous transfection of miR-
155-3p and miR-155-5p mimics and MIR155HG 
overexpression restored TP53INP1 expression 
at both mRNA (Figure 6A and 6B) and protein 
levels (Figure 6C and 6D). As expected, cell vi-
abilities were decreased by the transfection of 
miR-155-3p and miR-155-5p inhibitor, while ef-
fectively reversed by transfection of pcDNA3.1 
MIR155HG (Figure 6E-H). Similarly, the mi-
gratory (Figure 6I) and invasive (Figure 6J) 
capabilities of NCI-H1975 and A549 cells were 
reduced by the knockdown of miR-155-3p and 
miR-155-5p, while offset by MIR155HG over-
expression.

As shown in Figure 6E-G, cell viability, mi-
gration and invasion ability were found to be en-
hanced, compared with the NC group, and down-
regulated when the MIR155HG overexpression 
plasmid were added together with miR-155-3p or 
miR-155-5p mimics. These results suggest that 
MIR155HG, miR-155-3p and miR-155-5p syner-
gistically inhibit tumor cell viability, migration 
and invasion ability. Overall, the results of this 
study suggest that MIR155HG, miR-155-3p and 
miR-155-5p promote NSCLC progression by syn-
ergistically inhibiting TP53INP1.

Discussion

A number of lncRNAs have been found to 
be involved in the development and progres-
sion of lung cancer. In a recent study, lncRNA 
LINC00336 was found to be overexpressed in 
lung cancer and inhibit ferroptosis by func-
tioning as a competing endogenous RNA28. 
Wei et al29 showed that LncRNA-SVUGP2 
was insufficiently expressed in NSCLC cells 
and lncRNA-SVUGP2 knockdown promoted 
the development and progression of NSCLC 
by interacting with EZH2 and activating the 
Wnt/β-catenin pathway. LINC-PINT was found 
to be downregulated in both NSCLC tissues 
and cells and proved to play the role of a tu-
mor suppressor in NSCLC progression30. In our 
study, we found for the first time that lncRNA 
MIR155HG, which has not yet been studied in 

NSCLC, was overexpressed in NSCLC tissues 
and cells. Moreover, our results show that high-
er expression of MIR155HG is positively asso-
ciated with advanced tumor stage and a poorer 
prognosis.

LncRNA MIR155HG has been found to play 
vital roles in a variety of biological processes in 
cancerous cells. In 2017, Wu et al27 demonstrated 
that NSC141562 inhibited the MIR155HG/miR-
155 axis targeted by PCDH9 and PCDH7, to inhib-
it epithelial-to-mesenchymal transition in glioma. 
Then, in 2019, Wu et al31 found that MIR155HG, 
miR-185 and ANXA2 could function as a loop, 
which may promote glioblastoma multiform 
progression. Later, MIR155HG was found to be 
upregulated in laryngeal squamous cell carcino-
ma and its upregulation was able to promote ep-
ithelial-to-mesenchymal transition progression in 
laryngeal squamous cell carcinoma32. Qin et al33 
demonstrated that miR-802 negatively regulates 
MIR155HG and downregulation of MIR155HG 
could promote pancreatic tumor progression. 
Tam34 referred that lncRNA MIR155HG lacks 
an extensive open reading frame and an in-depth 
study of its secondary structure revealed that it 
formed a hairpin containing imperfectly base-
paired stem-loops, which highlighted that it might 
act as precursor to miR-155. Consistent with the 
published literature, our experiments found that 
downregulated MIR155HG directly decreases the 
expression of miR-155-3p and miR-155-5p, which 
indicated that miR-155-3p and miR-155-5p are 
key derivatives of MIR155HG. In other words, 
MIR155HG acts as a precursor of miR-155-3p and 
miR-155-5p, to promote NSCLC cell viability, mi-
gration and invasion.

As a tumor suppressor, TP53INP1 has been ex-
amined in a number of studies. In 2017, Ng et al35 
showed that TP53INP1 promotes the metastasis of 
human HCC cell by activating the phosphorylation 
of DUSP10. In 2013, Zhang et al36 demonstrated 
that estradiol (E2) inhibits the mRNA and protein 
expressions of TP53INP1 to promote breast cancer 
cell proliferation. Seux et al37 found that TP53INP1 
inactivation correlated with increased pancreat-
ic cancer cell migration both in vivo and in vitro. 
Inconsistent with these studies, we discovered that 
TP53INP1 was a downstream factor of miR-155-3p 
and miR-155-5p, through the possible binding sites 
of miR-155-3p and miR-155-5p predicted by se-
quence alignment. This postulation was validated 
in our study by showing that miR-155-3p and miR-
155-5p promoted NSCLC cell viability, migration 
and invasion by suppressing TP53INP1.
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Figure 6. MIR155HG/miR-155 axis promotes NSCLC progression through down-regulating TP53INP1 levels. After 
NCI-H1075 and A549 cells transfection with miR-155-3p and miR-155-5p inhibitor, miR-155-3p or miR-155-5p inhibitor + 
pcDNA3.1 vector and miR-155-3p or miR-155-5p inhibitor + MIR155HG overexpression plasmid, A-B, The relative expression 
of TP53INP1 at mRNA level was examined by qRT-PCR. *p<0.05 compared with NC group. C-D, The relative of TP53INP1 
protein expression levels were analyzed by Western blotting. *p<0.05, **p<0.01 compared with NC group. E-H, The prolifer-
ation of NCI-H1975 and A549 cells. *p<0.05, **p<0.01 compared with NC group. I-J, The migration (magnification: 40x) and 
invasion (magnification: 40x) of NCI-H1975 and A549 cells. *p<0.05, **p<0.01 compared with NC group.
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Conclusions

We identified the novel role of lncRNA 
MIR155HG, which has never been studied in 
NSCLC. Through the production of its deriv-
atives, miR-155-3p and miR-155-5p, lncRNA 
MIR155HG suppresses TP53INP1 to promote 
NSCLC progression. We proved for the first time 
that the knockdown of lncRNA MIR155HG in-
hibits cell proliferation, migration and invasion in 
NSCLC cells through modulation of TP53INP1 
by miR-155-3p and miR-155-5p. Therefore, ln-
cRNA MIR155HG may serve as a biological 
marker for both the diagnosis and treatment of 
NSCLC. Nevertheless, due to the complexity of 
cancer development and progression, the applica-
tion of MIR155HG in clinical setting still needs to 
be investigated in further studies.
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