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Abstract. The aim of the present study was to investigate 
the effect of hedgehog‑interacting protein antisense RNA 1 
(HHIP‑AS1) on epithelial‑mesenchymal transition (EMT) and 
cellular stemness of human lung cancer cells by regulating the 
microRNA (miR)‑153‑3p/PCDHGA9 axis. Reverse transcrip‑
tion‑quantitative PCR was used to compare the expression of 
HHIP‑AS1 in lung cancer and adjacent normal lung tissues. 
In addition, the correlation of HHIP‑AS1 with E‑cadherin, 
Vimentin, N‑cadherin and Twist1 was analyzed. HHIP‑AS1 
overexpression vector was transfected into lung cancer A549 
and NCI‑H1299 cell lines. Cell Counting Kit‑8 and Transwell 
and clonogenic assays were used to detect the proliferation, 
invasion and clonogenesis of the lung cancer cells, respec‑
tively. The associations among HHIP‑AS1, miR‑153‑3p and 
PCDHGA9 were predicted by bioinformatics analysis and 
verified by a dual‑luciferase reporter system. The results 
showed that the expression of HHIP‑AS1 in lung cancer tissues 
was significantly lower than that in normal tissues (P<0.001). 
HHIP‑AS1 was positively correlated with E‑cadherin and 
negatively correlated with Vimentin, N‑cadherin and Twist1. 
HHIP‑AS1 overexpression inhibited the proliferation, inva‑
sion and clonal formation of the A549 and NCI‑H1299 cells. 
The luciferase reporter system verified that HHIP‑AS1 could 
adsorb miR‑153‑3p and that PCDHGA9 was the target gene 

of miR‑153‑3p. A549 cells were transfected with HHIP‑AS1 
overexpression vector and miR‑153‑3p mimic, and the 
miR‑153‑3p mimic had a mitigating effect on HHIP‑AS1 
inhibition (P<0.001). In conclusion, HHIP‑AS1 inhibits the 
EMT and stemness of lung cancer cells by regulating the 
miR‑153‑3p/PCDHGA9 axis. Thus, HHIP‑AS1 may be a new 
potential target for lung cancer treatment.

Introduction

Lung cancer is the most common malignancy worldwide (1). 
Globally, >1.6 million new cases of lung cancer, which account 
for 12.7% of all new cancer cases, are reported each year, 
making this cancer type the most lethal malignancy (2). In 
total, >1.4 million patients with lung cancer succumb to the 
disease each year, and this number accounts for 19% of all 
cancer‑related deaths annually (3). Although the treatment 
of lung cancer has been improved in recent years, the 5‑year 
survival rate of patients with lung cancer, especially those with 
advanced stages, remains extremely low (4). Local recurrence, 
lymph node metastasis and distant metastasis are the main 
causes of death (5‑7).

Long non‑coding RNAs (lncRNAs) refer to functional 
RNA molecules with transcriptional lengths of >200 nucleo‑
tides that are not translated into proteins (8,9). lncRNA is 
closely related to human health and disease (10‑12). lncRNA 
plays an important role in the occurrence and develop‑
ment of tumors, including lung cancer (13,14). The lncRNA 
hedgehog‑interacting protein antisense RNA 1 (HHIP‑AS1) 
inhibits hepatocellular carcinoma progression by stabilizing 
hedgehog‑interacting protein mRNA (15). However, the 
mechanism of HHIP‑AS1 in lung adenoma has yet to be clari‑
fied. Thus, in the present study, the focus was on the role of 
HHIP‑AS1 in the occurrence and development of lung cancer.

MicroRNAs (miRNAs/miRs) are highly conserved 
non‑coding RNAs (16). miRNAs are involved in cell prolif‑
eration, apoptosis, cell differentiation and other biological 
behaviors by regulating the expression of corresponding genes. 
miRNAs can also be involved in the invasion and migration of 
malignant tumors, the regulation of the tumor microenviron‑
ment and the regulation of tumor stem cells (TSCs) (17,18). 
miR‑153‑3p is closely associated with tumor detection (19‑21). 
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However, the mechanism of miR‑153‑3p in the development 
and progression of lung cancer is unclear.

Protocadherin (PCDH), as a member of the cadherin family, 
may play an important role in the establishment and function 
of specific cell‑cell connections in the brain (22). The extracel‑
lular coding sequence of classical cadherin is interrupted by 
numerous introns (23). In comparison, the coding sequence of 
the corresponding part of PCDH does not contain introns (24). 
High levels of PCDH are produced in the brain in specific 
forms, but their function is unknown. At least one homophobic 
binding tendency has been observed in PCDH. This binding 
tendency is similar to that in classical cadherin (25). Little 
information is available on the relationship between PCDHs 
and tumorigenesis or nuclear signaling (26). Protocadherinγ 
subfamily A9 (PCDHGA9) is a potential new biomarker in 
gastric cancer and is closely associated with the outcome of 
patients with gastric cancer (27,28). However, to the best of our 
knowledge, the role and function of PCDHGA9 in lung cancer 
have not been reported.

The aim of the current study was to investigate the expres‑
sion level of HHIP‑AS1 in lung cancer tissues and adjacent 
tissues. HHIP‑AS1 was overexpressed in A549 and NCI‑H1299 
cells. Changes in cell proliferation, invasion, epithelial‑mesen‑
chymal transition (EMT) and cellular stemness were then 
investigated. The associations between HHIP‑AS1 and 
miR‑153‑3p and PCDHGA9 were further explored.

Materials and methods

Lung cancer tissue collection. A total of 20 patients, including 
12 males and 8 females, aged between 54‑82 years, (average 
age, 58.7±11.8 years) who were clinically and pathologically 
diagnosed with lung cancer and treated surgically between 
March and October 2020, were selected as the study subjects. 
Specimens were collected in the Department of Tumor Surgery 
of The Second Hospital of Tianjin Medical University. All 
patients met the following inclusion criteria: i) The selected 
specimens were pathologically confirmed as NSCLC and 
paracancer tissue; ii) All patients were not treated with radio‑
therapy or chemotherapy; and iii) Complete follow‑up data of 
patients. Exclusion criteria included: Presence of other tumors 
or systemic diseases that threaten life and health. Cancer 
tissues and adjacent tissues (5 cm away from the cancer tissue) 
were collected. Patients with a preoperative history of chemo‑
therapy were excluded.

All patients provided written informed consent. The 
present study was reviewed and approved by the Ethics 
Review Committee of the Second Hospital of Tianjin Medical 
University (Tianjin, China).

Cell culture. A549 and NCI‑H1299 cell lines were obtained 
from the Cell Bank of the Chinese Academy of Sciences 
(Shanghai, China). The cells were cultured in DMEM 
containing 10% FBS (both Gibco; Thermo Fisher Scientific, 
Inc.). The cells were placed in an incubator at 37˚C with 
5% CO2. Logarithmic growth cells were collected. Cell 
passage was performed every 2 days.

Cell transfection. Cells in the logarithmic phase and in good 
growth condition were inoculated into a six‑well plate a day 

before transfection. The cell density was 70‑80% after 12 h of 
adherence to the cell‑culture dish. Prior to transfection, the cells 
were replaced with a medium without penicillin‑streptomycin 
mixed solution. Lipofectamine® 3000 (Thermo Fisher Scientific, 
Inc.) transfection reagent was added according to the instruc‑
tions. The negative control (NC; empty vector, pcDNA3.1), 
pcDNA3.1‑HHIP‑AS1, pcDNA3.1‑PCDHGA9, mimic‑NC 
(5'‑UUGUACUACACAAAAGUACUG‑3'), miR‑153‑3p mimic 
(5'‑TTGCATAGTCACAAAAGTGATC‑3'), inhibitor‑NC 
(5'‑CAGUACUUUUGUGUAGUACAA‑3') and miR‑153‑5p 
inhibitor (5'‑GATCACTTTTGTGACTATGCAA‑3') were 
purchased from Shanghai GeneChem Co., Ltd., and separately 
transfected into the cells. The culture medium was replaced 
with DMEM (10% FBS) after 8 h. Cells were transfected with 
2 µg HHIP‑AS1 vector (1 µg/ml), 40 nM miR‑153‑3p mimic 
and 20 nM miR‑153‑3p inhibitor. After the cells had been incu‑
bated at 37˚C for 48 h, further experimentation was performed.

Reverse transcription‑quantitative (RT‑q)PCR experiments. 
The cancer tissues and adjacent tissues were washed with 
0.9% sodium chloride solution, placed into the RNA sample 
storage solution, and stored in a refrigerator at ‑80˚C. The 
total RNA of lung cancer tissue and cells was extracted with 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.). 
The integrity of the total RNA was determined by electropho‑
resis. cDNA was reverse transcribed using the Prime Script™ 
1st Strand cDNA Synthesis kit (Takara Bio, Inc.). The primer 
sequences are shown in Table I. The reaction system (20 µl) 
comprised 10 µl, 0.6 µl of upstream primer (10 µmol/l), 0.6 µl 
of downstream primer (10 µmol/l), 1 µl of cDNA and 7.8 µl 
of double distilled water. The reaction conditions were as 
follows: 95˚C for 10 min, 95˚C for 15 sec and 60˚C for 1 min 
(40 cycles). The coefficients of determination of the standard 
curves generated by the software were all >0.99, and the 
amplification efficiency was 90‑110%. The 2‑ΔΔCq method was 
used to calculate the difference in gene expression (29).

Cell proliferation assay. The cells were inoculated into a 
96‑well plate at a density of 5x103 cells/well. Fresh culture 
medium (90 µl) containing 10% FBS and 10 µl Cell Counting 
Kit‑8 (CCK‑8) solution (Dojindo Molecular Technologies, 
Inc.) was placed into each well. The CCK‑8 assay was used 
according to the manufacturer's protocols. The reaction was 
then placed in an incubator at 37˚C with 5% CO2 for 4 h. The 
optical density of each well at 450 nm was determined using 
an immunoplate reader. The average value of each group was 
used to reflect the proliferation ability of the cells.

Transwell invasion assay. All reagents and equipment were 
pre‑cooled on ice. The Transwell chamber was placed in a 
24‑well plate, and 50 µl (0.2 µg/µl) of Matrigel (BD Biosciences) 
was evenly spread on the membrane of the Transwell chamber 
(MilliporeSigma). The precoating occurred at 37˚C and was 
left for 15 min to solidify. The cells were digested using 
0.125% trypsin (37˚C, 5 min), centrifuged at 200 x g/min 
for 5 min at 4˚C, counted, and then diluted in serum‑free 
medium to 2.5x104 cells/ml to prepare a cell suspension. The 
cell suspension was added to the upper Transwell chamber at 
200 µl/well, and 500 µl medium with 10% FBS was added 
to the lower Transwell chamber. The Transwell chamber was 
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placed in a 37˚C incubator for culturing (48 h). The cells were 
fixed with 4% formaldehyde for 15 min at room temperature. 
Then, stained with 0.1% crystal violet for 15 min at room 
temperature. Next, the cells on the inner membrane were 
gently wiped with a cotton swab. The number of cells that had 
passed through the filter membrane was counted under a fluo‑
rescence microscope (Nikon Corporation) in four high‑power 
fields (magnification, x40). The experiment was repeated three 
times.

Clonogenic analysis. Cells at a density of 200 cells/well were 
inoculated into a 12‑well plate after 24 h of transfection. The 
cells were cultured in an incubator with 5% CO2 at 37˚C. The 
liquid was changed every 2 days. After 15 days, the medium 
was discarded and 10% precooled methanol (4˚C) was used 
for fixation for 20 min. A total of 400 µl 1% crystal violet 
(Solarbio) was added to each well. The cells were stained at 
room temperature for 10 min and rinsed with water for 5 min. 
Cell clones were counted under a fluorescence microscope 
(Nikon Corporation).

Western blotting analysis. The transfected cells were 
collected and lysed with RIPA buffer (Beyotime Institute 
of Biotechnology), and total protein was extracted. Protein 
concentration was determined by the BCA method. Loading 
buffer was added to denatured protein. 12% SDS‑PAGE 
was performed on 30 µg protein samples of each group. The 
cells were then transferred to PVDF membranes. Cells were 
then blocked using 5% skimmed milk powder (1X PBS) for 
2 h at room temperature. Primary antibodies for E‑cadherin 
(cat. no. ab40772, 1:1,000), Vimentin (cat. no. ab92547, 
1:1,000), N‑cadherin (cat. no. ab76011, 1:1,000), Snail1 (cat. 
no. ab216347, 1:1,000), Slug (cat. no. ab51772, 1:1,000), Twist1 
(cat. no. ab50887, 1:1,000), Oct4 (cat. no. ab200834, 1:1,000), 
SOX2 (cat. no. ab171380, 1:1,000), CD44 (cat. no. ab189524, 
1:1,000) and CD133 (cat. no. ab222782, 1:1,000) were added 

and incubated overnight at 4˚C. All antibodies were purchased 
from Abcam. HRP‑labeled secondary antibodies (1:10,000, 
Thermo Fisher Scientific, Inc.; cat. nos. A16072 and A16104) 
were added and incubated at room temperature for 2 h. After 
washing in TBST (0.1% Tween‑20; Thermo Fisher Scientific, 
Inc.), cells were developed in ECL solution (MilliporeSigma; 
cat. no. MA01821). The images were exposed and analyzed 
using a Bio‑Rad gel imaging system.

Online database analysis. In this study, two database 
websites, StarBase (version: v2.0; http://starbase.sysu.edu.
cn/) (30) and TargetScan (version: 7.1; http://www.targetscan.
org/vert_71/) (31), were used simultaneously. The binding 
sites of HHIP‑AS1 and miR‑153‑3p were analyzed through 
StarBase. The binding sites of miR‑153‑3p and PCDHGA9 
were analyzed by TargetScan. The Cancer Genome Atlas data 
were used to analyze the expression of PCDHGA9 in lung 
adenocarcinoma (LUAD) tissues and normal tissues. Data 
were obtained from the UALCAN website (http://ualcan.path.
uab.edu/analysis.html) (32). Immunohistochemical images of 
PCDHGA9 were downloaded from The Human Protein Atlas 
(https://www.proteinatlas.org/) website (33).

Double luciferase reporter gene detection experiment. The 
pmirGLO dual‑luciferase reporter gene detection system from 
Promega Corporation was used. The 3'‑untranslated regions 
of HHIP‑AS1 and PCDHGA9 and the sequence fragments 
of the binding site of miR‑153‑3p were chemically synthe‑
sized. The pmirGLO luciferase expression vector (Promega 
Corporation) was inserted to obtain the wild‑type vectors, 
pmirGLO/HHIP‑AS1‑wt and pmirGLO/PCDHGA9‑wt. 
The mutant sequence was synthesized in the same way 
to obtain the mutant vectors pmirGLO/HHIP‑AS1‑mt 
and pmirGLO/PCDHGA9‑mt. pmirGLO/HHIP‑AS1‑wt, 
pmirGLO/PCDHGA9‑wt, pmirGLO/HHIP‑AS1‑mt, 
pmirGLO/PCDHGA9‑mt, miR‑153‑3p mimic and the 

Table I. Primer sequences for reverse transcription‑quantitative PCR.

Gene Forward primer (5'‑3') Forward primer (5'‑3')

HHIP‑AS1 GGCTGAAGAAGCAGAGGATAG TTCACCACTCTGTCGGTTTAG
miR‑153‑3p GGGTTGCATAGTCACAAAAG TTTGGCACTAGCACATT
PCDHGA9 GCTCATTTCGGTGGAAGAT CACTGGGCTAAACAGAGAT
N‑cadherin GGTGGAGGAGAAGAAGACCAG GGCATCAGGCTCCACAGTG
Vimentin GAGAACTTTGCCGTTGAAGC GCTTCCTGTAGGTGGCAATC
Snail CCTCCCTGTCAGATGAGGAC CCAGGCTGAGGTATTCCTTG
Slug GGGGAGAAGCCTTTTTCTTG TCCTCATGTTTGTGCAGGAG
E‑cadherin TGCCCAGAAAATGAAAAAGG GTGTATGTGGCAATGCGTTC
CD44 TTGCAGTCAACAGTCGAAGAAG CCTTGTTCACCAAATGCACCA
Oct4 CTTGCTGCAGAAGTGGGTGGAGGAA CTGCAGTGTGGGTTTCGGGCA
CD133 TGGATGCAGAACTTGACAACGT ATACCTGCTACGACAGTCGTGGT
SOX2 GCCGATGTGAAACTTTTGTCG GGCAGCGTGACTTATCCTTCT
GAPDH TGCACCACCAACTGCTTAGC GGCATGGACTGTGGTCATGAG
U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT

PCDHGA9, protocadherinγ subfamily; HHIP‑AS1, hedgehog‑interacting protein antisense RNA 1.
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mimics‑NC were separately mixed with Lipofectamine 3000 
for cell transfection. The cells were collected after 48 h of 
transfection, as per the instructions of the dual luciferase 
reporter gene kit, and Renilla was used as the internal refer‑
ence. A total of 150 µl 1X lysis buffer PLB was added to each 
well of 24‑well plate to cover cells, following which they were 
completely lysed. Then, 50 µl LAR II was added to 1.5 ml EP 
tubes. Next, 10 µl cell lysate was added to the 1.5 ml EP tube 
containing LAR II, the solution was then mixed and placed 
in detector for analysis. After the measurement, the EP tube 
was removed and 50 µl Stop & GloR reagent was added and 
mixed, following which it was placed in the detector again 
(Promega Corporation). The ratio of the fluorescence value 
of the luciferase to the fluorescence value of the Renilla was 
calculated, and the relative viability of the reporter gene in the 
cell was evaluated.

Statistical analysis. SPSS19.0 software (IBM Corp.) was used 
for statistical processing. Each set of experiments was repeated 
three times. Measurement data are expressed as the mean ± SD. 

The paired Student's t‑test was used in Figs. 1A and 6A. The 
other data with two groups were compared using unpaired 
Student's t‑test. One‑way ANOVA followed by Tukey's multiple 
comparisons test was used for the comparisons among groups. 
Spearman's correlation analysis was used for assessing the 
correlation between expression levels. P<0.05 was considered 
to indicate a statistically significant difference.

Results

HHIP‑AS1 is poorly expressed in lung cancer. In this study, the 
expression of HHIP‑AS1 in lung cancer tissues and adjacent 
tissues was first measured. The detection results showed that 
the expression level of HHIP‑AS1 in lung cancer tissues was 
decreased compared with that in adjacent tissues (Fig. 1A). The 
correlation of HHIP‑AS1 with E‑cadherin, Vimentin, N‑cadherin 
and Twist1 was also analyzed. The experimental results showed 
that the expression of HHIP‑AS1 and E‑cadherin was positively 
correlated (Fig. 1B), whereas HHIP‑AS1 was negatively corre‑
lated with Vimentin, N‑Cadherin and Twist1 (Fig. 1C‑E).

Figure 1. Low expression of HHIP‑AS1 in lung cancer. (A) The expression level of HHIP‑AS1 in lung cancer tissues was lower than that of adjacent tissues. 
(B) The expression level of HHIP‑AS1 was positively correlated with the expression level of E‑cadherin. (C) The expression of HHIP‑AS1was negatively 
correlated with the expression of Vimentin. (D) HHIP‑AS1 expression was negatively correlated with N‑cadherin expression. (E) HHIP‑AS1 expression was 
negatively correlated with Twist1 expression. Error bars represent the mean ± SD values. HHIP‑AS1, hedgehog‑interacting protein antisense RNA 1.
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HHIP‑AS1 overexpression inhibits the proliferation, inva‑
sion and clonal formation of lung cancer cells. The effect of 
HHIP‑AS1 overexpression on lung cancer cell lines was studied 
to investigate its biological role. First, the transfection effi‑
ciency of overexpressing HHIP‑AS1 in A549 and NCI‑H1299 
cells was detected. The experimental results showed that 
the expression of HHIP‑AS1 was higher in the HHIP‑AS1 
transfection group than that in the NC group (pcDNA3.1‑NC) 
after pcDNA3.1‑HHIP‑NC was transfected into the A549 
and NCI‑H1299 cell lines (P<0.01; Fig. 2A and B). The 
CCK‑8 results showed that the proliferation of the A549 and 
NCI‑H1299 cells was significantly lower after HHIP‑AS1 
overexpression compared with that of the control group 
(P<0.01; Fig. 2C and D). The Transwell test results showed 
that the invasion ability of the A549 and NCI‑H1299 cells was 
significantly lower after HHIP‑AS1 overexpression than that 
in the control group (P<0.01; Fig. 2E and F). The results of the 
clonal formation experiment showed that the number of colony 
formations of A549 and NCI‑H1299 cell lines overexpressing 
HHIP‑AS1 was significantly lower than that of the control 
group (P<0.01; Fig. 2G and H).

HHIP‑AS1 overexpression inhibits the EMT and cell stemness 
of lung cancer cells. The effect of HHIP‑AS1 overexpression on 
EMT and stem cell markers in lung cancer cells was examined. 

RT‑qPCR analysis confirmed that the overexpression of the 
HHIP‑AS1 gene significantly increased the expression of the 
epithelial marker, E‑cadherin (P<0.01; Fig. 3A) and decreased 
the expression of mesenchymal markers (Fig. 3B‑F). RT‑qPCR 
analysis showed that the upregulation of HHIP‑AS1 signifi‑
cantly reduced the expression of stemness‑related genes Oct4 
and SOX2 (Fig. 3G and H) and CD44‑ and CD133‑related 
surface antigens in cancer stem cells (P<0.01; Fig. 3I and J). In 
order to further verify the role of lncRNA HHIP‑AS1, changes 
in the expression levels of E‑cadherin, Vimentin, N‑cadherin, 
Snail1, Slug, Twist1, Oct4, SOX2, CD44 and CD133 after the 
overexpression of HHIP‑AS1 were identified using western blot 
analysis. The results showed that overexpression of HHIP‑AS1 
increased the expression of the epithelial marker E‑cadherin. 
However, overexpression of HHIP‑AS1 inhibited the expres‑
sion of the mesenchymal marker Vimentin and N‑cadherin. 
In addition, after overexpression of HHIP‑AS1, the expression 
levels of Snail1, Slug, Twist1, Oct4, SOX2, CD44 and CD133 
were also downregulated (Fig. 3K‑L).

miR‑153‑3p is the target gene of HHIP‑AS1. Bioinformatics 
analysis was performed using the StarBase database (http://star‑
base.sysu.edu.cn/) to predict the binding sites of miR‑153‑3p and 
HHIP‑AS1 (Fig. 4A). Further experiments showed that HHIP‑AS1 
overexpression inhibited the expression of miR‑153‑3p (Fig. 4B). 

Figure 2. Overexpression of HHIP‑AS1 inhibits lung cancer proliferation, invasion and clone formation. (A) Detection of the efficiency of overexpression of 
HHIP‑AS1 in A549 cells. The results showed that the overexpressed plasmid could upregulate the expression of HHIP‑AS1. (B) Detection of the efficiency of 
overexpression of HHIP‑AS1 in NCI‑H1299 cells. Overexpression of HHIP‑AS1 inhibited the proliferation of (C) A549 and (D) NCI‑H1299 cells. Overexpression 
of HHIP‑AS1 inhibited the invasion of (E) A549 and (F) NCI‑H1299 cells. Overexpression of HHIP‑AS1 inhibited the colony formation ability of (G) A549 and 
(H) NCI‑H1299 cells. Error bars represent the mean ± SD values. **P<0.01. HHIP‑AS1, hedgehog‑interacting protein antisense RNA 1; NC, negative control.
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The pmirGLOdual‑luciferase reporter system was used for 
further verification. The results showed that miR‑153‑3p could 
inhibit the luciferase expression of wild‑type HHIP‑AS1 
(P<0.01). However, the inhibitory effect disappeared when the 

HHIP‑AS1 binding site was mutated (Fig. 4C). The double lucif‑
erase reporter gene assay showed that HHIP‑AS1 could adsorb 
miR‑153‑3p. The correlation test results of miR‑153‑3p and 
HHIP‑AS1 expression showed a negative correlation (Fig. 4D).

Figure 3. Overexpression of HHIP‑AS1 inhibits EMT and cell stemness of lung cancer cells. (A) Detection of E‑cadherin expression in lung cancer cells. 
Overexpression of HHIP‑AS1 upregulated the expression of E‑cadherin. Detection of (B) Vimentin, (C) N‑cadherin, (D) Snail1, (E) Slug, (F) Twist1, (G) Oct4, 
(H) SOX2, (I) CD44and (J) CD133 expression in lung cancer cells. (K) Western blotting detected the changes in the expression levels of E‑cadherin, Vimentin, 
N‑cadherin, Snail1, Slug, Twist1, Oct4, SOX2, CD44 and CD133 after the overexpression of HHIP‑AS1. (L) The semi‑quantification for the western blotting 
results. Error bars represent the mean ± SD values. *P<0.05, **P<0.01. HHIP‑AS1, hedgehog‑interacting protein antisense RNA 1; NC, negative control.
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miR‑153‑3p directly targets PCDHGA9 in lung cancer. 
TargetScan (http://www.targetscan.org/vert_72/) predicted 
that miR‑153‑3p could bind to PCDHGA9. Fig. 5A shows 
the schematic diagram of the binding site of miR‑153‑3p 
with PCDHGA9. The RT‑qPCR results showed that 
overexpression of miR‑153‑3p inhibited the expression 
of PCDHGA9 (Fig. 5B and C). Subsequently, the pmirG‑
LOdual‑luciferase reporter system was used for further 
verification. The results showed that miR‑153‑3p inhibited 
the luciferase expression of wild‑type PCDHGA9 (P<0.01). 
However, the inhibitory effect disappeared when the binding 
site of PCDHGA9 was mutated (Fig. 5D). The correlation test 
results of miR‑153‑3p and PCDHGA9 expression showed a 
negative correlation (Fig. 5E). The expression of PCDHGA9 
in 515 patients with lung cancer was lower and the difference 
was statistically significant (Fig. 5F), based on data from The 
Cancer Genome Atlas (http://ualcan.path.uab.edu/analysis.
html).Transfection experiments using PCDHGA9 expression 
vector and PCDHGA9 + miR‑153‑3p mimic were performed. 
CCK‑8 was used to detect the change in cell proliferation 
ability after different treatments. The transfection efficiency 
results for the overexpression of PCDHGA9 are provided 
in Fig. 5G. The results showed that the proliferation ability of 
A549 and NCI‑H1299 cells was decreased after PCDHGA9 
overexpression compared with the control group. However, 
cell proliferation ability was enhanced by the simultaneous 
transfection of PCDHGA9 overexpression plasmid and 
miR‑153‑3p mimic compared with the PCDHGA9 overexpres‑
sion group (Fig. 5H‑K).

PCDHGA9 expression mediates the biological ef fect 
of HHIP‑AS1. The Human Proteins Atlas database 
(http://www.proteinatlas.org/) in data analysis was employed 
and the results showed that PCDHGA9 was decreased in 
LUAD tissue compared with normal lung tissue (Fig. 6A) (33). 
Immunohistochemical images of PCDHGA9 were downloaded 
from The Human Protein Atlas (https://www.proteinatlas.
org/ENSG00000261934‑PCDHGA9/pathology/lung+cancer) 
website. Subsequently, PCDHGA9 expression was detected 
in A549 and NCI‑H1299 cells after different transfections. 
The results showed that HHIP‑AS1 overexpression upregu‑
lated the expression of PCDHGA9. However, miR‑153‑3p 
overexpression inhibited the expression of PCDHGA9. A549 
and NCI‑H1299 cells were simultaneously transfected with 
HHIP‑AS1 overexpression vector and miR‑153‑3p, and the 
result showed that miR‑153‑3p could reverse the effect of 
HHIP‑AS1 (Fig. 6B and C). Cell proliferation and invasion 
experiments showed that HHIP‑AS1 overexpression could 
inhibit the proliferation and invasion of A549 and NCI‑H1299 
cells. miR‑153‑3p overexpression promoted cell proliferation 
and invasion. A549 and NCI‑H1299 cells were simultane‑
ously transfected with HHIP‑AS1 overexpression vector and 
miR‑153‑3p, and the results showed that miR‑153‑3p could 
reverse the anticancer effect of HHIP‑AS1 (Fig. 6D‑G).

Discussion

Tumor invasion and metastasis are the main causes of death 
in patients with lung cancer (34). The manner in which to 

Figure 4. miR‑153‑3p is the target gene of HHIP‑AS1. (A) Schematic diagram of the binding site of miR‑153‑3p and HHIP‑AS1. (B) Overexpression of HHIP‑AS1 
inhibited the expression of miR‑153‑3p. (C) The dual luciferase reporter gene detection experiment verified the binding of miR‑153‑3p and HHIP‑AS1. (D) The 
expression of miR‑153‑3p and HHIP‑AS1 was negatively correlated. Error bars represent the mean ± SD values. **P<0.01. HHIP‑AS1, hedgehog‑interacting 
protein antisense RNA 1; NC, negative control; miR, microRNA; wt, wild‑type; mt, mutant.
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inhibit the growth of lung cancer cells and block the inva‑
sion and metastasis of cancer cells remains an urgent issue to 
address (35). EMT is a process in which epithelial cells are 
transformed into mesenchymal cells and gain mesenchymal 

properties (36). EMT can enable epithelial tumor cells to 
acquire a mesenchymal phenotype and further enhance the 
invasion and metastatic abilities of tumor cells to obtain 
self‑renewal ability and other stem‑like characteristics. EMT 

Figure 5. In lung cancer, miR‑153‑3p directly targets PCDHGA9. (A) Schematic diagram of the binding site of miR‑153‑3p and PCDHGA9. (B) Verification of 
the transfection efficiency of miR‑153‑3p mimics. (C) Overexpression of miR‑153‑3p inhibited the expression of PCDHGA9. (D) The dual luciferase reporter 
gene detection experiment verified the binding of miR‑153‑3p to PCDHGA9. (E) The expression of miR‑153‑3p and PCDHGA9 was negatively correlated. 
(F) TCGA data were used to analyze the expression of PCDHGA9 in LUAD tissues and normal tissues. Data from UALCAN website (http://ualcan.path.
uab.edu/analysis.html). (G) The transfection efficiency results for the overexpression of PCDHGA9.After transfection with PCDHGA9 expression vector and 
PCDHGA9+miR‑153‑3p mimics', the expression level of PCDHGA9 in (H) A549 and (I) NCI‑H1299 cells was detected. After transfection with PCDHGA9 
expression vector and PCDHGA9+miR‑153‑3p mimics, the cell proliferation ability of (J) A549 and (K) NCI‑H1299 cells was detected. Error bars represent 
the mean ± SD values. *P<0.05, **P<0.01. HHIP‑AS1, hedgehog‑interacting protein antisense RNA 1; NC, negative control; miR, microRNA; wt, wild‑type; 
mt, mutant; PCDHGA9, protocadherinγ subfamily A9; LUAD, lung adenocarcinoma.
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promotes the ability of tumor cells to acquire stem cell proper‑
ties; thus, making tumor therapy more difficult (37‑41).

Evidence shows that lncRNAs are involved in the self‑renewal 
of embryonic and pluripotent stem cells, but whether lncRNAs 
drive the stem cell transformation process and their role in main‑
taining stem cell stemness are still unknown (42). Therefore, a 
better understanding of the molecular regulatory mechanisms 
and pathways of lncRNA in tumorigenesis provides a guarantee 
for the establishment of new treatment strategies and more effec‑
tive cancer treatment methods (43). HHIP‑AS1 is widely involved 
in tumor development. HHIP‑AS1 inhibits the progression of 

hepatocellular carcinoma by stabilizing HHIP mRNA (15). 
However, it has also been reported that in Hedgehog (Hh)‑driven 
human brain tumors, HHIP‑AS1 promotes tumor survival by 
stabilizing the dynein complex 1 (15). In addition, HHIP‑AS1 
plays an important role in oncogenesis driven by the Sonic Hh 
pathway, an attractive therapeutic target (15). Thus, HHIP‑AS1 
can regulate cell proliferation and metastasis in a variety of 
tumors. Exploring the mechanism of HHIP‑AS1 in inhibiting 
EMT and stem cell function in lung cancer is of great importance.

The mechanism of action of lncRNA is complex. One of 
its important mechanisms is to bind miRNA as a molecular 

Figure 6. PCDHGA9 expression mediates the biological effects of long non‑coding RNA HHIP‑AS1. (A) Detection of PCDHGA9 expression in lung cancer 
tissues and adjacent tissues. Immunohistochemical results from The Human Proteins Atlas database (http://www.proteinatlas.org/). Detection of PCDHGA9 
expression in (B) A549 and (C) NCI‑H1299 cells after different treatments. After different treatments, cell proliferation of (D) A549 and (E) NCI‑H1299 was 
detected. After different treatments, cell invasion of (F) A549 and (G) NCI‑H1299 was detected. Error bars represent the mean ± SD values. *P<0.05, **P<0.01. 
HHIP‑AS1, hedgehog‑interacting protein antisense RNA 1; NC, negative control; miR, microRNA; PCDHGA9, protocadherinγ subfamily A9.
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sponge to inhibit its silencing effect on the corresponding 
target mRNA downstream (44). A retrieval of TargetScan 
online bioinformatics indicated that miR‑153‑3p may be one of 
the binding molecules of HHIP‑AS1 (45). Thus, we speculated 
that the anti‑lung cancer cell effect of HHIP‑AS1 may be real‑
ized through the adsorption of miR‑153‑3p. This hypothesis 
was verified through the overexpression of HHIP‑AS1 in A549 
cells. RT‑qPCR detection showed that HHIP‑AS1 overexpres‑
sion markedly inhibited the expression level of miR‑153‑3p in 
A549 cells. TargetScan analysis indicated that PCDHGA9 was 
the downstream inhibition target of miR‑153‑3p. The present 
study preliminarily indicated that the mechanism of action of 
HHIP‑AS1 is the adsorption of miR‑153‑3p and the release 
of the inhibitory effect on PCDHGA9. The dual‑luciferase 
reporter system was used to further verify the targeted rela‑
tionship between miR‑153‑3p and PCDHGA9. lncRNA can 
regulate the expression of target genes through competing 
endogenous RNAs (ceRNAs). In the present study, it was found 
that HHIP‑AS1 could target miR‑153‑3p and regulate the 
expression of PCDHGA9. HHIP‑AS1/miR‑153‑3p/PCDHGA9 
constituted the regulatory mechanism of ceRNA. PCDHGA9, 
as a tumor suppressor gene, can regulate the expression 
of E‑cadherin. In the present study, the overexpression of 
PCDHGA9 upregulated the expression of E‑cadherin.

EMT is essential for the maintenance of stem cell iden‑
tity (46). Multipotent transcription factors, such as Oct4, Sox2, 
Fascin1 and Nanog, are highly expressed in TSCs (CD133+ 
side population cells) (47). Transcription factors inhibits the 
expression of E‑cadherin by acting on EMT‑related regulatory 
factors and increases the expression levels of N‑cadherin, 
E‑box‑binding homeobox 2 and Vimentin (48). These regula‑
tory factors promote the occurrence of EMT and thus promote 
the invasion, metastasis and self‑renewal of stem cells. The 
results of the present study showed that HHIP‑AS1 inhibited 
the expression of stem cell markers. HHIP‑AS1 can target 
Oct4, Sox2 and Nanog to decrease the sphere formation effi‑
ciency and colony formation of lung cancer cells. In addition, 
HHIP‑AS1 upregulated the expression of epithelial markers 
while inhibiting the expression of mesenchymal markers. 
Thus, HHIP‑AS1 can inhibit the EMT of lung cancer.

PCDHGA9 can induce autophagy, apoptosis and cell cycle 
arrest in gastric cancer cells, and inhibit EMT through the 
TGF‑β/Smad2/3 pathway (27). In addition, PCDHGA9 over‑
expression in gastric cancer cells can enhance the expression 
of E‑cadherin and decrease the expression of N‑cadherin, 
Vimentin, Slug and Twist. PCDHGA9 knockdown has the 
opposite effect (28). Slug and Twist are key transcription 
factors in EMT. In the present study, HHIP‑AS1 expression 
inhibited the expression of Slug and Twist by regulating the 
expression of PCDHGA9. HHIP‑AS1 upregulated the expres‑
sion of E‑cadherin. These two factors are important for EMT 
in lung cancer progression. Cadherin downregulation leads 
to the disruption of cell‑cell junctions, which is a key step in 
EMT that promotes tumor metastasis. PCDHGA9 is a member 
of the cadherin family, and PCDHGA9 overexpression can 
upregulate the expression of E‑cadherin. The expression of 
Vimentin decreased after the overexpression of PCDHGA9. 
PCDHGA9 interacts directly with β‑catenin and weakens 
the EMT‑induced effect of the TGF‑β and Wnt/β‑catenin 
pathways (28). Therefore, PCDHGA9 inhibits EMT. This 

effect may also be the downstream molecular mechanism of 
PCDHGA9 regulated by HHIP‑AS1 in targeting miR‑153‑3p.

In summary, HHIP‑AS1 expression was decreased in 
lung cancer tissues. Mechanism of action studies have shown 
that HHIP‑AS1 exerts an antitumor effect by inhibiting the 
EMT and cellular stemness of lung cancer cells through the 
adsorption of miR‑153‑3p and the inhibition of PCDHGA9 
expression. As a new molecule closely related to lung cancer, 
HHIP‑AS1 is a potential target for lung cancer treatment.
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