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Introduction: LEF1-AS1 is a characterized oncogenic lncRNA in oral cancer. Analysis of

TCGA dataset revealed the upregulation of LEF1-AS1 in non-small-cell lung cancer

(NSCLC). This study was therefore carried out to investigate the involvement of LEF1-

AS1 in NSCLC.

Methods: A total of 62 NSCLC patients were included to collect paired cancer and non-

tumor tissues. RT-qPCR was performed to measure levels of LEF1-AS1 and miR-221

expression. Transient transfections were performed to explore the interactions between

LEF1-AS1, miR-221 and PTEN. Cell proliferation and apoptosis were analyzed by cell

proliferation assay and cell apoptosis assay, respectively.

Results: We found that LEF1-AS1 was upregulated in NSCLC patients. In addition,

expression of LEF1-AS1 was negatively correlated with the expression of PTEN but

positively correlated with the expression of miR-221 in NSCLC tissue samples. In NSCLC

cells, overexpression of LEF1-AS1 led to downregulated expression of PTEN but upregu-

lated expression of miR-221, which can directly target PTEN. Overexpression of LEF1-AS1

and miR-221 promoted cancer cell proliferation and inhibited apoptosis. PTEN played an

opposite role and reduced the effects of overexpressing LEF1-AS1 and miR-221.

Conclusion: LEF1-AS1 may promote the proliferation and induce apoptosis of NSCLC

cells by regulating miR-221/PTEN signaling.
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Background
Lung cancer is the most common type of malignancy in males and the third most

common type of malignancy in females.1 In 2018 only, lung cancer caused

1,761,007 deaths, which accounted for 18.4% of all cancer-related deaths, and it

affected 2,093,876 new cases, accounting for 11.6% of all new cancer cases in the

same year.2 The most common type of lung cancer is non-small-cell lung cancer

(NSCLC), which accounts for more than 85% of all lung cancer cases.3 Smoking is

the major risk factor for NSCLC, while NSCLC also affects never-smokers,4

indicating the complicated pathogenesis of this disease. In addition, NSCLC can

be divided into two major subtypes, lung adenocarcinoma (LUAD) and lung

squamous cell carcinoma (LUSC), which have different pathogenesis.5,6 The treat-

ment of NSLC is also complicated.

Molecular signaling pathways are crucial players in the pathogenesis of

NSCLC.7 Analysis of the functions of the molecular pathways in the occurrence,
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development and progression of NSCLC provides novel

insights into the development of targeted therapies.8 Long

non-coding RNAs (lncRNAs) in recent years have been

shown to have critical functions in cancer biology.9

LncRNAs do not encode proteins but regulate protein

synthesis at different levels to regulate cancer-related

gene expression.10 Therefore, functional characterization

of lncRNAs in cancer biology will provide novel targets

for anti-cancer therapy. However, the roles of most

lncRNAs in cancer biology are still unknown. LEF1-AS1

is a recently characterized oncogenic lncRNA in different

types of cancer including lung cancer.11–13 We analyzed

the TCGA database and observed the upregulation of

LEF1-AS1 in both LUAD and LUSC. In addition, our

preliminary RNA-seq data revealed positive correlation

between LEF1-AS1 and miR-221, which plays oncogenic

roles mainly by targeting tumor suppressor PTEN.14 This

study was therefore carried out to investigate the interac-

tions among LEF1-AS1, miR-221 and PTEN in NSCLC.

Methods
NSCLC Patients
This study enrolled 62 cases of NSCLC patients (48 males

and 14 females; age range 48 to 67 years old; mean age

55.3 ± 5.0 years old) at the First Hospital of Shijiazhuang

between March 2017 and March 2019. This study was

approved by the Ethics Committee of this hospital. All

the NSCLC patients were diagnosed for the first time and

no other clinical disorders were observed. No therapy was

initiated before the enrollment. The 62 NSCLC patients

included 34 cases of LUAD and 28 cases of LUSC. All

patients signed the informed consent.

Specimens and Cell Lines
Before therapy, all patients were subjected to fine needle

aspiration biopsy to collect paired cancer and adjacent

(within 3cm around tumors) non-cancer tissue samples

from each patient. All tissue samples were confirmed by

histopathological exam and the fresh samples were stored

in liquid nitrogen before use. NSCLC cell lines NCI-

H1993 (H1993, LUAD) and NCI-H1581 (H2170, LUSC)

were used in this study. Cells of both cell lines were

obtained from ATCC (USA). Cells were cultivated in

a mixture composed of 90% RPMI-1640 medium and

10% FBS. Cell culture conditions were 37°C, 5% CO2

and 95% humidity. Cells were collected at about 85%

confluence to perform the following experiments.

Transient Cell Transfection
With pcDNA3.1 vector (Invitrogen) as the backbone, expres-

sion vectors of LEF1-AS1 and PTEN were constructed. MiR-

221mimic andmiRNA negative control (NC) were purchased

from Sigma-Aldrich. H1993 andH2170 cells were transfected

with 10 nM vector or 45 nM miRNA using Lipofectamine

2000 reagent (Invitrogen). Untransfected cells were used as

control (C) cells. Cells transfected with miRNANC- or empty

vector-transfected were used as NC cells. Cells were collected

at 48 h after transfection.

RNA Preparations and RT-qPCR
Tissue samples and cells were subjected to total RNAs

extraction using Ribozol reagent (Invitrogen). All RNA

samples were subjected to genomic DNA removal using

gDNA eraser (Takara). RNA precipitation and washing

steps were performed using 85% ethanol to harvest

miRNAs. The QuantiNova Reverse Transcription Kit

(QIAGEN) was used to reverse transcribe total RNAs

into cDNAs. The qPCR reactions were performed using

the PowerUp SYBR™ Green Master Mix (Thermo Fisher

Scientific) to measure the expression levels of LEF1-AS1

and PTEN. GAPDH was used as endogenous control for

LEF1-AS1 and PTEN mRNA. The 18S rRNA was also

used as the endogenous control of LEF1-AS1. Similar

results were obtained. The expression levels of mature

miR-221 were measured using the All-in-One™ miRNA

qRT-PCR Reagent Kit (Genecopoeia) with U6 as endogen-

ous control. All PCR reactions were performed in tripli-

cate manner and the 2−ΔΔCT method was used for data

normalization.

Western Blot
Proteins were isolated from H1993 and H2170 cells using

RIPA buffer (Invitrogen). Protein concentration was mea-

sured using BCA assay (Invitrogen). Protein denaturation

was performed in boiling water for 8 min. Protein separa-

tion was performed using SDS-PAGE gel (8%), and the

separated proteins were transferred to PVDF membranes.

Membrane blocking was performed using PBS containing

5% non-fat milk at room temperature for 2 h. After that,

PTEN (ab31392, Abcam) and GAPDH (ab9485, Abcam)

rabbit primary antibodies were used to incubate with the

membranes at 4 °C for 14 h, followed by incubation with

HRP Goat Anti-Rabbit secondary antibody (IgG, ab97051,

Abcam) at room temperature for another 2 h. Signals were
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produced using ECL (Sigma-Aldrich) and data were quan-

tified using Quantity One software (Bio-Rad).

Cell Counting Kit-8 (CCK-8) Analysis
The proliferation of H1993 and H2170 cells after transfec-

tion was assessed by CCK-8 assay (Dojindo). Each well of

a 96-well plate was filled with 0.1 mL medium containing

5000 cells. Cells were cultivated at 37 °C and CCK-8

solution was added into each well to reach 10% final

concentration at 4 h before the measurement of OD values.

OD values were measured every 24 h for a total of 4 days.

Cell Apoptosis Analysis
H1993 and H2170 cells were subjected to cell apoptosis assay

at 48 h post-transfection. Cells were treatedwith 0.25% trypsin

digestion, followed by staining with propidium iodide and

Annexin V-FITC (Dojindo, Japan) for 15 min in dark. Flow

cytometry was performed to separate apoptotic cells.

Statistical Analysis
Mean ± SD values were used to express data from three

independent replicates. Paired t-test was used to compare

differences between paired tissues. ANOVA Tukey’s test

was used to compare differences among multiple groups.

Correlations were analyzed by linear regression. P < 0.05

was considered as statistically significant.

Results
LEF1-AS1 Was Upregulated in Both

LUAD and LUSC Patients
The differential expression of LEF1-AS1 in NSCLC was

first assessed by exploring the TCGA dataset. It was

observed that expression levels of LEF1-AS1 were higher

in both LUAD (0.32 vs.0.18) and LUSC (0.59 vs. 0.18)

tissues than in non-tumor tissues. To further confirm the

upregulation of LEF1-AS1 in NSCLC, expression levels

of LEF1-AS1 in paired tissue samples from both 34 cases

of LUAD and 28 cases of LUSC were measured by RT-

qPCR. Compared to non-tumor tissues, the expression

levels of LEF1-AS1 were significantly higher in cancer

tissues in both LUAD (Figure 1A, p < 0.01) and LUSC

(Figure 1B, p < 0.01) patients.

LEF1-AS1 Was Inversely Correlated with

PTEN but Positively Correlated with

miR-221
Expression levels of PTENandmiR-221 in cancer tissueswere

also measured by RT-qPCR. Linear regression was performed

to analyze the correlation between the expression of LEF1-

AS1 and PTENormiR-221. It was observed that expression of

LEF1-AS1 and PTEN were inversely correlated (Figure 2A),

while expression of LEF1-AS1 and miR-221 were positively

correlated (Figure 2B) across cancer tissue samples.

Overexpression of LEF1-AS1 Led to

Downregulated PTEN but Upregulated

miR-221 in NSCLC Cells
H1993 and H2170 cells were transfected with LEF1-AS1

expression vector, and the overexpression of LEF1-AS1

was confirmed by RT-qPCR at 48 h post-transfection

(Figure 3A, p < 0.05). RT-qPCR and Western blot were

performed to assess the effects of overexpression of LEF1-

AS1 on the expression of miR-221 and PTEN, respectively.

Compared to C and NC group, overexpression of LEF1-

AS1 led to upregulated miR-221 (Figure 3B, p < 0.05). In

contrast, overexpression of LEF1-AS1 resulted in

Figure 1 LEF1-AS1 was upregulated in both LUAD and LUSC patients. Expression levels of LEF1-AS1 in paired tissue samples from both 34 cases of LUAD (A) and 28 cases

of LUSC (B) were measured by RT-qPCR. PCR reactions were repeated 3 times and mean values were presented and compared. **p < 0.01.
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downregulated PTEN in cells of both cell lines (Figure 3C,

p < 0.05).

LEF1-AS1 Promoted NSCLC

Proliferation and Inhibited Cell Apoptosis

Through miR-221/PTEN Axis
Cell proliferation and apoptosis assays were performed to

evaluate the effects of overexpressing LEF1-AS1, miR-

221 and PTEN on the proliferation (Figure 4A) and apop-

tosis (Figure 4B) of NSCLC cells. It was observed that

overexpression of LEF1-AS1 and miR-221 promoted

cancer cell proliferation and inhibited apoptosis. PTEN

played an opposite role and reduced the effects of over-

expressing LEF1-AS1 and miR-221 (p < 0.05).

Discussion
In this study, the interactions among LEF1-AS1, miR-221

and PTEN were investigated. The results revealed that

LEF1-AS1 was upregulated in NSCLC and it may upre-

gulate miR-221 to downregulate PTEN, which resulted in

inhibition of cancer cell apoptosis and promotion of cell

proliferation.

Figure 2 LEF1-AS1 was inversely correlated with PTEN but positively correlated with miR-221. Expression levels of PTEN and miR-221 in cancer tissues were also

measured by RT-qPCR. Linear regression was performed to analyze the correlation between LEF1-AS1 and PTEN mRNA (A) or miR-221 (B).

Figure 3 Overexpression of LEF1-AS1 led to downregulated PTEN but upregulated miR-221 in NSCLC cells. H1993 and H2170 cells were transfected with LEF1-AS1

expression vector, and the overexpression of LEF1-AS1 was confirmed by RT-qPCR at 48h post-transfection (A). RT-qPCR and Western blot was performed to analyze the

effects of overexpressing LEF1-AS1 on the expression of miR-221 (B) and PTEN (C), respectively. All experiments were repeated 3 times and mean values were presented

and compared. *p < 0.05.
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The oncogenic function of LEF1-AS1 has been character-

ized in several types of cancer.11–13 For instance, LEF1-AS1 is

upregulated in oral cancer and its knockdown led to inhibited

cancer progression through the Hippo signaling pathway.11

LEF1-AS1 is also upregulated in glioblastoma and promotes

tumor growth through the interactions with ERK and Akt/

mTOR signaling.12 A recent study reported that overexpres-

sion of LEF1-AS1 in lung cancer regulated miR-544a/FOXP1

axis to promote cancer cell invasion and proliferation.13

However, lung cancer has several subtypes, for example,

NSCLC has LUAD and LUSC two major subtypes.5,6

Therefore, the molecular pathogenesis of different subtypes

of NSCLC should be studied separately. In this study, we

showed that LEF1-AS1 was upregulated in both LUSC and

LUAD. In addition, overexpression of LEF1-AS1 led to inhib-

ited apoptosis and promoted proliferation of both LUAD and

LUAS cells. Therefore, LEF1-AS1 may play similar roles in

different subtypes of NSCLC.

A recent study reported that miR-221 played an onco-

genic role in NSCLC by targeting TIMP2.15 In another

study, miR-221 was reported to promote the progression of

cutaneous squamous cell carcinoma by directly targeting

PTEN.14 In the present study, the results demonstrated that

miR-221 could also regulate apoptosis and proliferation of

NSCLC cells by targeting PTEN. The key finding of the

present study is that LEF1-AS1 may upregulate miR-221

to downregulate PTEN. However, the mechanism remains

unclear. Our future studies will focus on elucidating the

mediated regulation of miR-221 expression by LEF1-AS1.

In conclusion, LEF1-AS1 is upregulated in NSCLC and it

can upregulate miR-221 to downregulate PTEN, thereby inhi-

biting cancer cell apoptosis and promoting cell proliferation.
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NSCLC, non-small-cell lung cancer; LUAD, lung adeno-

carcinoma; LUSC, lung squamous cell carcinoma;

lncRNAs, Long non-coding RNAs.
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