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Background: Various evidences showed that abnormally expressed long non-coding RNAs

(lncRNAs) play important roles in the tumorigenesis and progression of malignancies.

However, the exact role and regulatory mechanism of lncRNATP73-AS1 in the pathogenesis

and progression of lung adenocarcinoma remain to be further elucidated.

Purpose: The aim of this study was to investigate the functional role and underlying

mechanism of lncRNA TP73-AS1 in lung adenocarcinoma progression.

Methods: RT-PCR assay was employed to detect TP73-AS1 expression in lung adenocar-

cinoma tissues and cells. The function of TP73-AS1 in lung adenocarcinoma progression

was estimated by MTT assay, EdU assay, flow cytometry, Western blot, wound-healing assay

and transwell assay.

Results: LncRNATP73-AS1 expression was significantly increased in lung adenocarcinoma

tissues and cell lines. Moreover, functional assays revealed that silencing of lncRNA TP73-

AS1 could attenuate cell proliferation, migration, invasion and epithelial–mesenchymal

transition of lung adenocarcinoma, while enhanced expression of lncRNA TP73-AS1 led to

the opposite results. Additionally, lncRNA TP73-AS1 knockdown could facilitate cell apop-

tosis and overexpression of lncRNA TP73-AS1 inhibited cell apoptosis. In addition, we

further determined that lncRNA TP73-AS1 regulated cell metastasis through inducing the

activation of Wnt/β-catenin signaling pathway in lung adenocarcinoma.

Conclusion: Our results indicated that lncRNA TP73-AS1 may play an oncogenic role in

lung adenocarcinoma progression, which provided a promising therapy strategy for the

treatment of lung adenocarcinoma.

Keywords: lncRNATP73-AS1, proliferation, apoptosis, EMT, Wnt/β-catenin pathway, lung

adenocarcinoma

Introduction
Lung cancer is themost common cause of cancer-related deaths worldwide.1 Small-cell

lung cancer and non-small cell lung cancer (NSCLC) are two main histological

categories of lung cancer. Lung adenocarcinoma is most common histological type

of NSCLC.2 Despite advancements in treatments for lung adenocarcinoma, the 5-year

survival rate remains as low as 16%. Lung adenocarcinoma can develop a high

metastatic potential, which is the major cause of treatment failure. Tumor metastases

in the progression of lung adenocarcinoma are responsible for approximately 90% of

patients succumbed to lung cancer.3 Therefore, further investigation of the regulators

and molecular mechanisms underlying lung adenocarcinoma pathogenesis is crucial

for improving the therapy and prognosis in lung adenocarcinoma.
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Cancer cell metastasis is a complex process by which

involving many factors. The epithelial–mesenchymal tran-

sition (EMT) is regarded as one of the most critical mole-

cular mechanisms during tumor metastasis.4–6 Cell

migration and invasion abilities are critical to understand

the cancer metastasis.7 In addition, the EMT is character-

ized by important molecules change including the expres-

sion of E-cadherin, N-cadherin and vimentin.8

Long non-coding RNA (lncRNA) is one kind of non-

encoding RNA transcripts which is over 200 nucleotides

(nt).9–11 Increasing evidences suggested that lncRNAs parti-

cipate in a variety of cellular biological processes, including

cell proliferation, differentiation and apoptosis.12–14

LncRNA P73 antisense 1T (TP73-AS1) is located on

human chromosomal band 1p36.32.15 Previous studies

reported that TP73-AS1 was closely associated with tumor

progression and poor prognosis in esophageal squamous cell

carcinoma, breast cancer, brain glioma, gastric cancer and

hepatocellular carcinoma.16–23 These reports demonstrated

that lncRNATP73-AS1 acted as one oncogene in the tumor-

igenesis of cancer. Unfortunately, the biological function and

underlying mechanism of lncRNATP73-AS1 in lung adeno-

carcinoma are rarely explored and more researches are

needed to be clarified. In the present study, we demonstrated

that lncRNA TP73-AS1 exerted enhanced effects on tumor

progression of lung adenocarcinoma. Function al assays

showed that lncRNA TP73-AS1 could lead to significant

promotion of cell proliferation and EMT and suppression of

apoptosis by Wnt/β-catenin signaling pathway in lung ade-

nocarcinoma. Our findings provide new insights into the

biological function and underlying mechanism of lncRNA

TP73-AS1 in lung adenocarcinoma and will give a novel

therapeutic target for lung adenocarcinoma.

Materials And Methods
Patient Tissues Samples
A total of 30 tissues and paired adjacent noncancerous

tissues were collected from Liyang People’s Hospital

between January 2017 and July 2018 and this study was

approved by the Liyang People’s Hospital Ethics

Committee (Nanjing, People’s Republic of China). All

the procedures of this work were in compliance with the

criterions of the Declaration of Helsinki. All patients

signed the written informed consent and did not receive

any radiotherapy or chemotherapy treatment before sur-

gery. These tissue samples were rapidly frozen in liquid

nitrogen and stored in the –80°C refrigerator.

Cell Culture
All the cell lines used in our study consisted of three human

lung adenocarcinoma cell lines (H1299, H1793 and A549)

and human lung epithelial cell line BEAS-2B, which were

obtained from the American Type Culture Collection

(ATCC, Manassas, VA, USA). Then, A549 and H1299

cells were both cultured with RPMI-1640 medium (Gibco,

USA) supplemented with 10% FBS (Gibco, USA). H1793

cells were grown in DMEM/F12 medium (Gibco, USA)

containing 5% FBS, 0.005 mg/mL insulin, 0.01 mg/mL

transferrin, 2 mM l-glutamine, 10 nM hydrocortisone and

30 nM sodium selenite. BEAS-2B cells were cultivated in

DMEM (Gibco, USA) with 10% FBS and 1% penicillin/

streptomycin (Sigma, USA). All cells were incubated in a

humidified incubator at 37°C with 5% CO2.

Cell Proliferation Assay
MTT assay was used to detect cell proliferation ability

according to the manufacturer’s instructions (Dojindo

Laboratories, Japan). Briefly, 1×105 cells were plated into

96-well plates and cultured for 0, 24, 48, 72 and 96 hrs after

transfected with si-TP73-AS1, si-NC, Lv-TP73-AS1 or Lv-

NC. MTT solution (Sigma, USA) was added into each well

and incubated for 4 hrs. The absorbance was measured by the

EnSpireMultimode Plate Reader (PerkinElmer, CA, USA) at

570 nm. Data represent at least three separate experiments

independently. For cell colony formation assay, cells were

plated into 6-well plate (500 cells/well) and incubated for 7–

14 days. At the endpoint of incubation, the cells were fixed

with paraformaldehyde and stained with crystal violet.

Colonies were counted under a light microscope. Each

experiment was performed three times independently.

5-Ethynyl-2ʹ-Deoxyuridine (EdU) Assay
1×104 A549 and H1299 cells were seeded in a 96-well

plate and cultured for 24 hrs at 37°C with 5% CO2. A

quantity of 100 μL of EdU (50 μM) was added and

cultured for another 2 hrs following fixation with 4%

paraformaldehyde for 20 mins. The cells were stained by

Cell-Light™ EdU Apollo®488 In Vitro Imaging Kit (Life

Technologies, New York, USA) and DAPI staining was

performed according to the instructions. EdU positive cells

were detected under a fluorescence microscope.

RT-PCR Analysis
Total RNAs were extracted from cells or tumor tissues with

Trizol reagent (Invitrogen) and were reversed transcribed
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into cDNA using the Reverse Transcription Kit (Applied

Biosystems, USA). For RT-PCR, the cDNA was amplified

using SYBR Premix Ex Taq (Takara, Dalian, People’s

Republic of China) and run on LightCycler 480 II (Roche,

Germany). Relative mRNA expression was counted using

the 2−ΔΔCT method. All the reactions were performed in

triplicates.

Western Blot Analysis
Proteins were extracted from cells using RIPA lysis buffer

(Beyotine, Shanghai) and supernatant was collected by

centrifuging at 12,000× g for 15 mins at 4°C. Protein

concentrations were determined by BCA protein assay

(Thermo, USA). Briefly, equal amounts of samples were

transferred to PVDF membranes, which were blocked with

5% nonfat milk and incubated with primary antibodies at

4°C overnight. Then, the membranes were incubated with

horseradish peroxidase-conjugated species-specific sec-

ondary antibodies. Bands were visualized using enhanced

chemiluminescence (ECL, Beijing, People’s Republic of

China) and all data were normalized to the mean value of

GAPDH.

Cell Cycle And Apoptosis Analysis
H1299 and A549 cells were collected after si-TP73-AS1,

si-NC, Lv-TP73-AS1 or Lv-NC transfection for flow cyt-

ometer analysis and then stained with 50 µg/mL propi-

dium iodide (PI) for 15 mins at room temperature in the

dark. Cell apoptosis was performed with Annexin V

Apoptosis Detection kit Ⅰ (BD Biosciences, USA).

Cells were processed as described early and incubated

with FITC annexin V and PI for 15 mins in the dark. A

total number of 1×104 cells were subjected to the cell

cycle and apoptosis analysis by the flow cytometer

(Becton Dickinson, NJ, USA).

Wound-Healing Assay
The migratory ability of H1299 and A549 cells was assessed

by scratch wound assay. Cells (1×105/mL) were seeded in a

6-well plate and cultured overnight. Then, the cells were

carefully wounded using a pipette tip and washed with

DMEM. The crosses of each well were photographed with

microscope at 0, 24 and 48 hrs after scratching. Each experi-

ment was performed three times independently.

Transwell Assays
Transwell assay was used to evaluate the migratory and

invasive capacities of H1299 and A549 cells using 24-well

migration chamber with or without matrigel. Briefly,

1×105 cells were added to the upper chamber and 600

μL 10% FBS medium was added into the lower chamber.

After incubation for 24 hrs, those cells not passing through

the pore were wiped out with a cotton swab and the

migrated or invaded cells were stained with crystal violet,

following the cells were counted and photographed under

a light microscope. Each experiment was performed three

times independently.

Statistical Analysis
Data analyses were performed using the SPSS 18.0 statis-

tical software. All data were presented as mean±SD.

Student’s t-test and two-way ANOVA were performed to

determine statistical significance. All of the experiments

were repeated for at least three times, P<0.05 was consid-

ered to demonstrate statistically significant.

Results
LncRNA TP73-AS1 Was Upregulated In

Lung Adenocarcinoma Tissues And Cell

Lines
First, the proliferation, migration and invasion abilities of

these cells were detected. As shown in Figure 1A, lung

adenocarcinoma cells (H1299, H1793 and A549) pre-

sented stronger proliferative capacity compared with nor-

mal epithelial cells BEAS-2B. Likewise, transwell assays

showed that lung adenocarcinoma cell lines expressed

more positive abilities of migration and invasion than

BEAS-2B cell line (Figure 1B and C). Subsequently, we

examined the expression of lncRNA TP73-AS1 in lung

adenocarcinoma tissues and normal adjacent tissues using

RT-PCR. The data demonstrated that lncRNA TP73-AS1

was significantly upregulated in lung adenocarcinoma tis-

sues compared with those in the matched adjacent normal

tissues (Figure 1D). Furthermore, the expression of

lncRNA TP73-AS1 in human lung adenocarcinoma cell

lines and normal epithelial cell line was also evaluated.

Similarly, the expression level of lncRNA TP73-AS1 in

lung adenocarcinoma cell lines was higher than that in

normal cell line (Figure 1E).

Silencing lncRNA TP73-AS1 Inhibited

Lung Adenocarcinoma Cell Proliferation
H1299 and A549 were chosen for the loss- or gain-of-function

experiments to determine the role of lncRNA TP73-AS1 in

lung adenocarcinoma cells. LncRNATP73-AS1 knockdown
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Figure 1 LncRNA TP73-AS1 was upregulated in lung adenocarcinoma tissues and cell lines. (A–C) The proliferative, migratory and invasive abilities of cell lines were

evaluated by MTT and transwell assays. (D) Expression levels of lncRNA TP73-AS1 in human lung adenocarcinoma tissues and corresponding adjacent tissues were

determined by RT-PCR. (E) LncRNA TP73-AS1 expression in lung adenocarcinoma cell lines and human epithelial cell was examined by RT-PCR. *P<0.05, **P<0.01.
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or upregulation was achieved by si-TP73-AS1 or Lv-TP73-

AS1 transfection. The transfection efficiency was validated by

GFP and RT-PCR (Figure 2A and B). The effects of lncRNA

TP73-AS1 on the proliferation of H1299 and A549 cell lines

were examined by MTT, colony formation and EdU assays.

Data of MTT assay exhibited that the knockdown of TP73-

AS1 remarkably attenuated the proliferation rate of H1299

and A549 cells compared with matched control group,

while ectopic expression of TP73-AS1 prompted cell prolif-

eration (Figure 2C). Additionally, colony formation assay

demonstrated that silencing of TP73-AS1 contributed to the

suppression of colony formation, whereas cells transfected

with Lv-TP73-AS1 exhibited stronger colony formative capa-

city than corresponding control group (Figure 2D). EdU assay

further confirmed the promoting proliferative role of TP73-

AS1 in lung adenocarcinoma cells (Figure 2E). These results

revealed that lncRNATP73-AS1 fortified the proliferation of

H1299 and A549 cells and suggested that lncRNATP73-AS1

functioned as an oncogenic molecule in lung adenocarcinoma.

Effects Of lncRNA TP73-AS1 On Cell

Cycle And Apoptosis
Effects of lncRNA TP73-AS1 on cell cycle distribution

and apoptosis were analyzed using flow cytometry. The

results illustrated that silencing expression of lncRNA

TP73-AS1 significantly induced the cycle arrest at G1

phase compared with control group, while no significant

alterations were viewed in S phase and G2/M phase.

Inversely, upregulation of lncRNA TP73-AS1 caused the

opposite results (Figure 3A). Meanwhile, the expression of

cell cycle associated proteins p21, p27 and cyclinD1 was

measured by Western blot. We observed that the levels of

p21 and p27 were downregulated while cyclin D1 expres-

sion was increased in H1299 and A549 cells after transfec-

tion with Lv-TP73-AS1 compared with the matched

control group. Adversely, the expression of p21 and p27

was remarkably promoted while cyclin D1 level was

downregulated due to knocking down of lncRNA TP73-

AS1 (Figure 3B).

Figure 2 LncRNA TP73-AS1 promoted cell growth of lung adenocarcinoma cells. (A, B) The transfection efficiency was validated by GFP and RT-PCR. (C–E) Cell

proliferation in H1299 and A549 cells was assessed by the MTT, colony formation and EdU assays. All data were shown as the mean fold change±SD from three experiments.

*P<0.05, **P<0.01.
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To confirm the quantity of cell apoptosis, Annexin V-

FITC/PI dual staining was performed by flow cytometry.

As shown in Figure 3C, the apoptosis rate of H1299 and

A549 cells transfected with si-TP73-AS1 was higher than

the control, whereas we observed that overexpression of

TP73-AS1 lessened cell apoptosis. To confirm the impacts

of TP73-AS1 on cell apoptosis, the expression levels of

apoptosis-related proteins Bax, Bcl-2, Caspase-3 and

Caspase-9 were estimated. It was indicated that TP73-

AS1 knockdown remarkably declined Bcl-2 expression
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Figure 3 Effects of lncRNA TP73-AS1 on cell cycle and cell apoptosis. (A) The cell cycle progression was detected by flow cytometry. (B) The expression of cell cycle-

related proteins was analyzed by Western blot. (C) The cell apoptosis was detected by flow cytometry. (D) The expression of cell apoptosis-related proteins was analyzed

by Western blot. **P<0.01.
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and increased the levels of Bax, Caspase-3 and Caspase-9.

However, enhanced expression of TP73-AS1 produced the

opposite results (Figure 3D). In summary, these data indi-

cated that lncRNA TP73-AS1 had promotive effects on

lung adenocarcinoma cells progression.

LncRNA TP73-AS1 Boosted Cell

Migration And Invasion In Lung

Adenocarcinoma
We next explored the effects of lncRNATP73-AS1 on cell

migratory and invasive abilities using a scratch wound

assay and transwell assay in lung adenocarcinoma. The

wound-healing and transwell assays demonstrated that

silencing lncRNA TP73-AS1 markedly reduced the num-

ber of migrated and invaded cells compared with the

control group. Contrarily, transfection with Lv-TP73-AS1

could enhance the cell migration and invasion abilities

(Figure 4A and B). In addition, the expression of proteins

(MMP-2 and MMP-9) which were related to migration and

invasion was investigated using Western blot. Compared

with control group, MMP-2 and MMP-9 levels were mark-

edly heightened in cells transfected with Lv-TP73-AS1. In

contrast, the protein expression of MMP-2 and MMP-9

was remarkably lowered in si-TP73-AS1 group (Figure

4C). These results revealed that lncRNA TP73-AS1 had

an important role in promoting cell migration and invasion

of lung adenocarcinoma.

Effects Of lncRNA TP73-AS1 On Cell

EMT In Lung Adenocarcinoma
EMT plays a critical role in cancer dissemination and

metastatic spread, we investigated the expression of the

EMT markers using RT-PCR, Western blot and immuno-

fluorescence analysis. As shown in Figure 5A–C, the

epithelial marker E-cadherin mRNA and protein levels

were apparently upregulated in cells which transfected

with si-TP73-AS1, while decreased in Lv-TP73-AS1

group compared with the corresponding control group.

By contrast, the mesenchymal markers Snail, N-cadherin

and vimentin were downregulated in cells which were

transfected with si-TP73-AS1, while increased in Lv-

TP73-AS1 group compared with matched control group.

Taken together, these findings indicated that silencing of

lncRNATP73-AS1 inhibited the EMT progression in lung

adenocarcinoma cells.

Figure 4 LncRNATP73-AS1 regulated themigratory and invasive abilities of cells. (A) The migratory ability of H1299 and A549 was evaluated by wound-healing assay. (B) The cell
migratory and invasive abilities were evaluated by transwell assay of H1299 and A549 cells. (C) The protein expression levels of MMP-2 and MMP-9 were analyzed byWestern blot.

All experiments were performed in triplicate and results were presented as the mean±SD.
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Figure 5 Effects of lncRNA TP73-AS1 on EMT and Wnt/β-catenin signaling pathway in lung adenocarcinoma. (A–C) The expression of the EMT markers (E-cadherin, Snail,

N-cadherin and vimentin) was detected by using RT-PCR, Western blot and immunofluorescence analysis. (D, E) The expression of some related mRNA and proteins was

explored via RT-PCR and Western blot. The results were expressed as mean±SD of three independent experiments. **P<0.01.
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LncRNA TP73-AS1 Activated Wnt/β-
Catenin Signaling Pathway
TheWnt/β-catenin signaling pathway plays an important role

in maintaining an epithelial cell phenotype, so we examined

the expression of key proteins (Wnt, GSK3 and β-catenin) in
Wnt/β-catenin signaling pathway in H1299 and A549 cells.

As expected, RT-PCR experiment showed that knockdown

of lncRNATP73-AS1 significantly decreased the expression

of Wnt and β-catenin while augmented the level of GSK3 in

H1299 and A549 cells (Figure 5D). As shown in Figure 5E,

the protein expression of Wnt and β-catenin was increased in
lncRNA TP73-AS1 overexpressed cells, while the protein

levels of p-GSK3 and GSK3 were diminished in Lv-TP73-

AS1 group in contrast with matched control group. All these

findings indicated that lncRNA TP73-AS1 regulated EMT

and Wnt/β-catenin signaling pathway.

LncRNA TP73-AS1 Regulated Wnt/β-
Catenin Signaling Pathway To Prompt

EMT Of Lung Adenocarcinoma Cells
In order to validate whether TP73-AS1 executed its role via

Wnt/β-catenin pathway, we further investigated the effects of
si-β-catenin in the presence of Lv-TP73-AS1 and si-TP73-

AS1 in H1299 and A549 cells using RT-PCR, Western blot

and immunofluorescence assays. As shown in Figure 6, the

expression of β-catenin was detected after transfected si-β-
catenin and we observed that N-cadherin and vimentin

expression was dramatically decreased. si-β-catenin in the

presence of Lv-TP73-AS1 reversed the effects of si-β-cate-
nin on H1299 and A549 cells. In contrast, the expression of

E-cadherin was increased in cells transfected with si-β-cate-
nin compared with control group. These observations were

further verified the efficiency of lncRNATP73-AS1 on EMT

by regulating Wnt/β-catenin signaling pathway.

Discussion
Lung cancer is the most common cause of cancer-related

deaths worldwide, which is generally diagnosed at an

advanced stage. So finding new molecular targets for its

diagnosis and treatment has the potential to improve the

clinical strategies and outcomes of lung cancer.24

LncRNAs are a class of non-coding RNA transcripts

longer than 200 nucleotides. In recent years, many studies

have shown that lncRNAs are aberrantly expressed in

human cancer25 and participate in the regulation of cellular

growth and metastasis.26–29 In addition, Wang et al found

that overexpression of lncRNA HOTAIR promoted tumor

growth and metastasis in human osteosarcoma30 and

Zhang et al found that upregulation of lncRNA MALAT1

was correlated with tumor progression and poor prognosis

in clear cell renal cell carcinoma.31 Therefore, the investi-

gation of cancer-associated lncRNAs may provide novel

prognostic biomarkers or therapeutic targets for lung ade-

nocarcinoma. LncRNA antisense RNA to TP73 gene

(TP73-AS1) is located on human chromosomal band

1p36.3232 and identified as an oncogenic RNA in breast

cancer, esophagus cancer, glioma, hepatocellular carci-

noma and lung cancer.16,17,19,33,34 Nevertheless, more

detailed functional effects and associated molecular regu-

latory mechanism of lncRNATP73-AS1 in lung adenocar-

cinoma remain largely to be explored.

In the present study, we found that lncRNA TP73-AS1

expression in lung adenocarcinoma tissues was signifi-

cantly higher than that in matched adjacent non-tumor

tissues. In addition, lncRNATP73-AS1 knockdown signifi-

cantly inhibited cellular proliferation through arresting cell

cycle, migration, invasion as well as stimulating cell apop-

tosis of lung adenocarcinoma, implying that lncRNATP73-

AS1 may play an oncogenic role in lung adenocarcinoma.

Cancer metastasis is a complex process of cancer-

related death.35 EMT is a critical process providing epithe-

lial-derived tumor cells with the abilities of increased

migration and invasion, contributing to tumor metastasis36

and characterized by loss of epithelial features and obtain-

ment of mesenchymal characteristics. The dysregulation of

the Wnt/β-catenin pathway has been observed in various

cancers and regulated cancer metastasis.37,38 In this study,

we observed that overexpression of lncRNA TP73-AS1

dramatically enhanced cell migratory and invasive abilities.

Furthermore, the expression of EMT-associated proteins

was explored. Our results showed that lncRNA TP73-AS1

knockdown increased E-cadherin expression and decreased

the expression of Snail, N-cadherin, vimentin. What is

more, our data indicated that overexpression of lncRNA

TP73-AS1 could activate Wnt/β-catenin pathway to pro-

mote EMT of lung adenocarcinoma cells.

In summary, this study indicated that lncRNA TP73-

AS1 may serve as an oncogene and may play an important

role in lung adenocarcinoma development and progres-

sion. The results showed that lncRNA TP73-AS1 drama-

tically promoted cell proliferation, migration, invasion,

EMT and inhibited cell apoptosis by Wnt/β-catenin path-

way in lung adenocarcinoma. Therefore, our findings
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might provide a promising new therapeutic target and

strategy for the treatment of lung adenocarcinoma.
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Figure 6 LncRNA TP73-AS1 regulated Wnt/β-catenin signaling pathway to prompt EMT of lung adenocarcinoma cells. (A–C) The expression of EMT-related mRNA and

proteins was explored via RT-PCR, Western blot and immunofluorescence assays. *P<0.05 versus control group. #P<0.05 versus si-β-catenin group.
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