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Background: ANCR IncRNA has been reported to participate in many cancers, but its role in lung cancer
remains unclear. FOXOL1 is involved in the growth inhibition and prognosis of lung cancer. We aimed to
evaluate the effects of ANCR IncRNA on the biological behaviors of lung cancer cells and the mechanism.
Methods: The lung cancer and paracancerous tissues of 50 patients were collected. The expression levels
of ANCR IncRNA and FOXO1 were detected by RT-qPCR and subjected to Pearson’s correlation analysis.
The correlations between ANCR IncRINA expression and clinicopathological features of lung cancer patients
were analyzed. The interaction between FOXO1 and ANCR IncRNA was studied by RNA pull-down and
RNA immunoprecipitation assays. Human lung cancer A549 cells were transfected with lentiviral plasmids
packaging ANCR IncRNA and FOXOI1. The cells were divided into control group (untransfected), NC
group (transfected with empty lentiviral plasmid), ANCR IncRNA group (transfected with pHRi-ANCR
IncRNA), sh-ANCR IncRNA group (transfected with pHRi-sh-ANCR IncRNA), FOXO1 group (transfected
with pHRi-FOXO1) and sh-ANCR IncRNA + sh-FOXOL1 group (transfected with pHRi-sh-ANCR IncRNA
and pHRi-sh-FOXO1). The expression levels of FOXO1 after ANCR IncRNA overexpression or inhibition
were measured by RT-qgPCR. Cell proliferation, cell cycle and apoptosis were detected with 5-ethynyl-2'-
deoxyuridine labeling and flow cytometry respectively. Bcl-2, Bax, cyclin D1 and P27 protein expressions
were detected by Western blot.

Results: Compared with paracancerous tissue, ANCR expression in lung cancer tissue significantly
increased, and FOXOL significantly decreased (P<0.01), being negatively correlated (P<0.01). The patients
with higher TNM stage, lower differentiation degree and lymph node metastasis had higher relative
expression of ANCR IncRNA. ANCR IncRNA bound FOXO1 and inhibited its expression. Compared with
the NC group, sh-ANCR IncRNA and FOXO1 groups had fewer proliferative cells, more significant arrest
in the GO/G1 phase, more apoptotic cells, increased expressions of Bax and P27, and reduced expressions
of Bcl-2 and cyclin D1 (P<0.05). Compared with the sh-ANCR IncRNA group, the above results of the sh-
ANCR IncRNA + sh-FOXO1 group were reversed (P<0.05).

Conclusions: ANCR IncRNA had high expression in lung cancer, and regulated the proliferation and

apoptosis of lung cancer cells by modulating FOXO1 expression.
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Introduction

Malignant tumors have seriously threatened human health,
especially in developing countries. According to the World
Health Organization, there are 14 million new cancer cases
worldwide annually, and the number of cancer deaths soars
in the same period. Particularly, lung cancer has become
one of the most common malignant tumors worldwide (1).
Therefore, early diagnosis and targeted treatment of lung
cancer have attracted widespread attention.

Due to limited means of screening, most patients with
lung cancer have already been in the advanced stage upon
diagnosis. Therefore, finding effective biomarkers for
screening and early diagnosis is of great significance. With
in-depth study on the pathogenesis of lung cancer, long
non-coding RNA (IncRNA) has been highlighted (2,3).
Non-coding RNAs are a class of RNAs with a length of
over 200 nucleotides, and IncRNA plays important roles
in many life activities such as dose compensation, as well
as regulation of epigenetics, cell cycle and differentiation.
ANCR IncRNA, which is located on human chromosome
4q12, has been reported to participate in many cancers
such as rectal cancer, liver cancer and breast cancer (4-6),
but its role in lung cancer remains unclear. FOXO1, as a
transcription factor, is involved in the growth inhibition and
prognosis of lung cancer (7). ANCR IncRNA can specifically
bind FOXO1 and regulate osteoblast differentiation (8). In
this study, the expressions of ANCR IncRNA and FOXO1
in lung cancer and adjacent tissues of patients undergoing
surgeries in our hospital were detected, and the effects of
ANCR IncRNA on the biological behaviors of lung cancer
cells, aiming to provide a new target for diagnosis and
treatment.

Methods
Materials and reagents

The lung cancer and paracancerous (distance: >5 cm)
tissues of 50 patients receiving surgeries in our hospital
from January 2016 to December 2017 were collected. All
cases were pathologically diagnosed as primary lung cancer,
without complication with other primary tumors. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). The study was approved by
the institutional ethics committee of our hospital (approval
No. ZUCM-FAH-201601003), and written informed
consents were obtained from all patients.

Human lung cancer A549 cells (ATCC Cat# CCL-
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185, RRID: CVCL_0023) were purchased from Cell
Bank, Shanghai Institutes for Biological Sciences
(China). Lentiviral plasmids packaging ANCR IncRNA
and FOXO1 (pHRi-ANCR IncRNA, pHRi-FOXO1),
and short hairpin RNA (shRNA) lentiviral expression
plasmids (pHRi-sh-ANCR IncRNA, pHRi-sh-FOXO1)
were bought from Shanghai GenePharma Co., Ltd.
(China). DMEM and fetal bovine serum (FBS) were
obtained from Gibco (USA). Reverse transcription kit
was provided by Sigma (USA). Lipofectamine 3000
transfection reagent was purchased from Vector (USA).
Trizol kit was bought from TaKaRa (Japan). ANCR
IncRNA fragment was obtained from Sangon Biotech
(Shanghai) Co., Ltd. (China). T7 RNA polymerase was
provided by Promega (USA). Biotin RNA Labeling
Mix was purchased from Roche (Germany). RNase-free
DNase I was bought from Millipore (USA). 5-Ethynyl-
2'-deoxyuridine (EdU) kit for cell proliferation detection
was obtained from Guangzhou RiboBio Co., Ltd.
(China). Apoptosis and cell cycle detection kits were
provided by Beyotime Institute of Biotechnology Co.,
Ltd. (Shanghai, China). Western blot kit was supplied
by BD (USA). Rabbit polyclonal antibody anti-FOXO1
(Abcam Cat# ab39670, RRID: AB_732421), as well as
rabbit monoclonal antibodies anti-Bax (Abcam Cat#
ab32503, RRID: AB_725631), anti-Bcl-2 (Abcam Cat#
ab32124, RRID: AB_725644), anti-P27 (Abcam Cat#
ab32034, RRID: AB_2244732) and anti-cyclin D1 (Abcam
Cat# ab16663, RRID: AB_443423) were purchased from
Abcam (USA). Goat anti-rabbit IgG secondary antibody
(Signalway Cat# L3011, RRID: AB_895489) was bought
from Beijing Zhongshan Jingiao Biological Technology
Co., Ltd. (China). Western blotting was performed by

the chemiluminescence method.

Detection of ANCR IncRNA and FOXO1 mRNA
expressions in lung cancer tissue by RI-gPCR

ANCR IncRNA: FP: 5'-GCCACTATGTAGAG
GGTTTC-3", RP: 5'-ACCTGCGCTAAGAA-CTGA
GG-3'; FOXO1: FP: 5'-GGCTGAGGGTTAG
TGAGCAG-3', RP: 5'-AAAGGGAGTTGGTG
AAAGACA-3"; B-actin: FP: 5'-GCCCATCTAT
GAGGGTTACGC-3', RP: 5'-GCTTTAGCCACGCTCG
GTC-3". Total RNA was extracted by the Trizol method
for the preparation of reverse transcription reaction system
and reverse transcription PCR by Go Script™ Reverse
Transcription System (Promega, USA). Reaction system:
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2 pL of total RNA, 1 pL of primers and 7 pL of RNase-
free H,0O. The reaction solution was mixed, centrifuged at
low speed, incubated at 70 °C for 5 min and immediately
cooled on ice. Afterwards, the solution was added 4 pL of
5% GoScript™ reaction buffer, 1 uL. of PCR nucleotide mix,
1 pL of GoScript'™ reverse transcription buffer, 0.5 pL. of
ribonuclease inhibitor, 1.5 pL. of RNase-free H,O and 2 pLL
of MgCl,. Reaction conditions: Reaction at 25 °C for 5 min,
42 °C for 60 min and 70 °C for 15 min. The obtained cDNA
was diluted twice to 5-fold and subjected to real-time PCR
with LightCycler 480 PCR System (Roche, Switzerland).
PCR system: 10 pL of 2x Taq DNA mix, 1 pL of PCR
forward primer (10 pM), 1 pL. of PCR reverse primer
(10 pM) and c¢cDNA solution. PCR conditions: Pre-
denaturation at 75 °C for 2 min, followed by 40 cycles of
denaturation at 90 °C for 5 min, annealing at 60 °C for 60 s
and extension at 72 °C for 30 s. Relative expression was
represented as 2°*““, Each sample was tested three times
independently.

Cell culture and transfection

A549 cells were cultured in DMEM containing 10% FBS,
and the medium was refreshed every two days. The cells
were passaged when the confluence reached about 90%.
A549 cells in the logarithmic growth phase were transfected
with Lipofectamine 3000 according to the manufacturer's
instructions.

The cells were divided into control group (untransfected),
NC group (transfected with empty lentiviral plasmid),
ANCR IncRNA group (transfected with pHRi-ANCR
IncRNA), sh-ANCR IncRNA group (transfected with
pHRi-sh-ANCR IncRNA), FOXO1 group (transfected with
pHRi-FOXO1) and sh-ANCR IncRNA + sh-FOXO1 group
(transfected with pHRi-sh-ANCR IncRNA and pHRi-sh-
FOXO1).

RNA pull-down assay

RNA pull-down assay was performed according to the kit’s
instructions. Total protein was extracted, and a part of the
protein lysate was collected as the input control. ANCR
IncRNA was labeled with T7 RNA polymerase, and the
unlabeled one was used as the negative control. ANCR
IncRNA was mixed with streptavidin magnetic beads,
left overnight at 4 °C, and placed on ice in cell lysate with
labeled RNA for 1 h. RNA-protein binding mixtures were
detected by Western blot.
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RNA immunoprecipitation (RIP) assay

RIP assay was conducted according to the kit’s instructions.
When A549 cells were cultured to 90% confluence, cell
suspension was prepared and added RIP buffer. FOXO1
antibody and cell suspension were incubated overnight at
4 °C. Protease K was added for digestion. The supernatant
containing RNA was collected and extracted with Trizol.
RNA precipitate was analyzed by RT-qPCR. Isotype IgG
was used as the negative control, and input was employed as
the total protein control.

Detection of cell proliferation by EAU assay

The cells were digested with trypsin, inoculated in 96-well
plates at a density of 5x10*/well, cultured for 24 h, stained
and rinsed according to the kit’s instructions. The cells
were thereafter paragraphed under an inverted fluorescence
microscope.

Detection of cell cycle and apoptosis by flow cytometry

The cells were digested with trypsin, washed twice with pre-
cooled PBS, resuspended with binding buffer and gently blown
into a single cell suspension at the concentration of about
1x10’. For cell cycle detection, each group was added 5 pL. of
PI, mixed and left still for 15 min before flow cytometry. For
cell apoptosis detection, each group was added 5 pL of annexin
V-FITC, mixed, then added 5 pL of 7-AAD and left still at

room temperature for 15 min before flow cytometry.

Detection of expressions of FOXO1 and proteins related to
cell cycle and apoptosis

Total protein was extracted from tissues and cells with
a total protein extraction kit, and the concentration
was measured by a BCA protein quantification kit. The
protein samples were resolved by 10% SDS-PAGE, and
the products were transferred to a PVDF membrane.
Subsequently, the membrane was blocked with blocking
buffer containing 5% BSA at room temperature for 2 h,
incubated with primary antibodies against FOXO1 (1:500),
Bax (1:800), P27 (1:1000), Bcl-2 (1:800), cyclin D1 (1:500)
and GAPDH (1:1000) overnight at 4 °C, washed three
times with buffer, incubated with secondary antibody
at room temperature for 1 h, and finally exposed and
developed with color development solution. Images were
obtained by an automatic gel imaging system, and protein
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Figure 1 ANCR IncRNA and FOXO1 mRNA expressions in lung cancer and paracancerous tissues detected by RT-qPCR and their
correlation. (A) ANCR IncRNA mRNA expression; (B) FOXO1 mRNA expression; (C) Pearson’s correlation analysis of ANCR IncRNA
and FOXO1 mRNA expressions. LncRINA: long non-coding RINA. Lung cancer tissue vs. paracancerous normal tissue, **P<0.01.

expression levels were measured by using GAPDH as the
internal reference.

Statistical analysis

All data were statistically analyzed by SPSS 19.0 software
(RRID: SCR_002865), and images were plotted with
Graphpad Prism 5.01 software (RRID: SCR_002798).
Intergroup comparisons were performed by the t test, and
Pearson’s correlation analysis was conducted. P<0.05 was
considered statistically significant.
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Results

ANCR IncRNA and FOXO1 mRNA expressions in lung
cancer and paracancerous tissues and their correlation

RT-qPCR showed that compared with paracancerous
tissue, the ANCR IncRNA expression in lung cancer
tissue significantly increased (Figure 1A4), whereas that
of FOXO1 mRNA significantly decreased (P<0.01)
(Figure 1B). Pearson’s correlation analysis revealed that
their expressions were negatively correlated (R=-0.858;
P<0.01) (Figure 1C).
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Table 1 Correlations between ANCR IncRNA expression and
clinicopathological features of lung cancer patients

Clinicopathological feature n ANCR IncRNA P
expression
Gender 0.293
Male 30 3.16+0.98
Female 20 3.21+0.71
Age (year)
<60 28 3.18+0.87
>60 22 3.20+0.96
Tumor diameter (cm) 0.327
<3 15 3.15+0.92
>3 35 3.24+0.85
Pathological type 0.765
Adenocarcinoma 40 3.18+0.94
Squamous carcinoma 10 3.24+0.79
TNM stage 0.000
| 8 2.16+0.71
Il 18 3.01+0.99
1] 16 3.51+0.71
\% 8 4.24+0.29
Differentiation degree 0.000
Low 28 4.35+0.92
Moderate 15 3.11+0.89
High 7 2.14+0.76
Lymph node metastasis 0.000
Yes 37 4.02+0.92
No 13 2.96+0.43

LncRNA, long non-coding RNA.

Correlations between ANCR IncRNA expression and
clinicopathological features of lung cancer patients

The relative expressions of ANCR IncRNA in the lung
cancer tissues of patients with different gender, age, tumor
diameter and pathological type were similar (P>0.05), but
such expressions of patients with different TNM stages,
differentiation degree and lymph node metastasis had
significant differences (P<0.05). In other words, the patients
with higher TNM stage, lower differentiation degree and
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lymph node metastasis had higher relative expression of
ANCR IncRNA (Tible 1).

ANCR IncRNA bound FOXO1 and inhibited its expression

RNA pull-down assay showed that there was no FOXO1
protein expression in the NC group, whereas FOXO1
protein was significantly expressed in the ANCR IncRNA
group (Figure 2A4), indicating that FOXOL1 protein was able
to bind ANCR IncRNA. RIP assay exhibited that compared
with the IgG group, ANCR IncRNA was significantly
expressed in the FOXO1 group (Figure 2B), suggesting
that ANCR IncRNA can bind FOXO1 protein. The
protein expression level of FOXO1, which significantly
decreased after overexpression of ANCR IncRNA (P<0.05),
significantly increased after knock-down of ANCR IncRNA
(P<0.05) (Figure 2C). Collectively, ANCR IncRNA bound
FOXOL protein and suppressed its expression.

Effects of ANCR IncRNA and FOXO1 on A549 cell
proliferation

EdU assay showed that compared with the NC group, the
percentage of EdU-positive cells in sh-ANCR IncRNA and
FOXO1 groups significantly reduced (P<0.05). Compared
with the sh-ANCR IncRNA group, the percentage of the
sh-ANCR IncRNA + sh-FOXO1 group was significantly
higher (P<0.05) (Figure 3). Therefore, knockdown of ANCR
IncRNA obviously inhibited the proliferative ability of A549
cells, which was reversed by inhibiting FOXO1 protein.

Effects of ANCR IncRNA and FOXO1 on A549 cell cycle

Compared with the NC group, the number of cells in the
GO0/G1 phase increased significantly in sh-ANCR IncRNA
and FOXOL1 groups, and the number of cells in the S phase
decreased significantly. Compared with the sh-ANCR IncRNA
group, the number of cells in the GO/G1 phase of the sh-
ANCR IncRNA + sh-FOXOL1 group significantly reduced,
and the number of cells in the S phase significantly increased
(Figure 4). Thus, after knocking down ANCR IncRNA, the
A549 cell cycle was mainly arrested in GO/G1 phase, which
was reversed through further knockdown of FOXOL1 protein.

Effects of ANCR IncRNA and FOXO1 on A549 cell
apoptosis

Compared with the NC group, the number of apoptotic
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Figure 2 ANCR IncRNA bound FOXO1 and inhibited its expression. (A) Binding of ANCR IncRNA to FOXO!1 detected by RNA pull-
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Figure 3 A549 cell proliferation detected by EdU assay (vs. NC group, *P<0.05; vs. ANCR IncRNA group, *P<0.05). Magnification: 100x.
LncRNA, long non-coding RNA.

cells in sh-ANCR IncRNA and FOXO1 groups significantly the sh-ANCR IncRNA + sh-FOXO1 group (P<0.05)
increased (P<0.05). Compared with the sh-ANCR IncRNA (Figure 5). Accordingly, knocking down ANCR IncRNA

group, there were significantly fewer apoptotic cells in obviously promoted the apoptosis of A549 cells, which was
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reversed by further suppressing FOXO1 protein.

ANCR IncRNA regulated A549 cell apoptosis- and cycle-
related protein expressions through FOXO1 protein

Western blot exhibited that compared with the NC group,
the protein expressions of Bax and P27 increased in sh-
ANCR IncRNA and FOXO1 groups, but those of Bel-2

© Translational Cancer Research. All rights reserved.

and cyclin D1 decreased significantly (P<0.05). Compared
with the sh-ANCR IncRNA group, the expressions of Bax
and P27 reduced, whereas those of Bcl-2 and cyclin D1
increased in the sh-ANCR IncRNA + sh-FOXO1 group
(P<0.05) (Figure 6). Hence, knockdown of ANCR IncRNA
facilitated the expressions of FOXO1 protein, Bax and
P27, but inhibited those of Bcl-2 and cyclin D1, thereby
suppressing cell cycle progression and promoting apoptosis.
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Discussion

The occurrence and development of lung cancer are
influenced by many factors. LncRNA, as a genetic
molecule involved in cancer biology, has attracted wide
attention in recent years. ANCR IncRNA can play a role
in promoting or inhibiting cancer in different tumors.
For example, Yang et a/l. found that down-regulating the
expression of ANCR IncRNA can inhibit the invasion
and metastasis of rectal cancer cells by regulating the
expression of EZH2 (4). Li et a/. found that ANCR
IncRNA was lowly expressed in breast cancer tissues.
Overexpression of ANCR IncRNA can inhibit the
invasion and metastasis of breast cancer by promoting
the ubiquitination and degradation of EZH2 (6). The
role of ANCR IncRNA in lung cancer remains unclear.
Therefore, in this study, the expression of ANCR IncRNA
in lung cancer patients was detected by RT-qPCR, and
it was found that the expression of ANCR IncRNA was
increased in lung cancer tissues compared with adjacent
tissues. Meanwhile, the patients with higher TNM stage,
lower differentiation degree and lymph node metastasis
had higher relative expression of ANCR IncRNA.
Therefore, ANCR IncRNA may play a promotive role in
lung cancer.

Tumorigenesis is often accompanied by changes in cell
proliferation and growth mode (9). To verify the biological
behavior of ANCR IncRNA, in this study, it was knocked
down in lung A549 adenocarcinoma cell line, and we
found that knockdown of ANCR IncRNA can reduce the

© Translational Cancer Research. All rights reserved.

proliferation of A549 cells. Furthermore, the number of
cells in GO/G1 phase was increased and the number of
apoptotic cells was increased. Thus, the inhibition of the
ANCR IncRNA expression can inhibit the proliferation of
cancer cells, arrest the cancer cell cycle in the G0/G1 phase,
and promote the apoptosis of cancer cells.

FOXO1 is an important tumor-negative regulatory
transcription factor, which is widely expressed in various
human tissues such as lung, heart, and liver (10). It can
participate in cell cycle arrest, apoptosis, DNA damage
repair by regulating the expression of target genes,
inhibit the growth of tumor cells and play an important
role in the occurrence, development and prognosis of
tumors. Low-level FOXO1 can promote the proliferation
of non-small cell lung cancer cells, and FOXO1 has an
important blocking effect on the cycle process of lung
cancer cells, and induces apoptosis (11,12). Tang et al.
found that ANCR IncRNA interacted with FOXO1 and
regulated the expression of FOXO1 to inhibit osteoblast
differentiation (8).

In order to investigate the role of FOXO1 in lung cancer,
this study analyzed whether ANCR IncRNA can play a role
in lung cancer by regulating the expression of FOXO1. RT-
qPCR showed that FOXO1 was under-expressed in lung
cancer tissues. Pearson’s correlation analysis showed that
FOXOI1 and ANCR IncRNA expressions were negatively
correlated in lung cancer tissues. Moreover, RNA pull-down
and RIP assays showed that ANCR IncRNA and FOXO1
were bound. Overexpression of ANCR IncRNA can inhibit
the expression of FOXO1 expression, while inhibition of
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ANCR IncRNA can promote the expression of FOXO1.
Accordingly, ANCR IncRNA can bind to and inhibit
FOXOL expression in lung cancer A549 cells. Through
the measurement of cell proliferation, cycle, and apoptosis,
it was further found that overexpression of FOXO1 can
inhibit cell proliferation, arrest cells in the GO0/G1 phase,
and promote apoptosis. Inhibition of FOXO1 on the basis
of inhibition of ANCR IncRNA can reverse the inhibition
of cell proliferation, cycle arrest and increase of apoptosis,
suggesting that inhibition of ANCR IncRNA can regulate
cell proliferation, cell cycle and apoptosis by promoting
FOXOL expression, and may inhibit the progression of lung
cancer.

P27 protein is a negative regulator of cell cycle, cyclin
D1 is a key protein of G1 cell proliferation signal, P27
and cyclin complex can inhibit its activity, prevent the
cell cycle from GI1 phase to S phase, and thus inhibit
cell proliferation (13). Bax and Bcl-2 are both important
proteins of apoptosis pathway, which have a greater impact
on tumor cell apoptosis (14). To further explore the
regulatory mechanism of ANCR IncRNA on lung cancer,
this study detected the expression of cycle-related proteins
P27, cyclin D1 and apoptosis-related proteins Bax and
Bcl-2 in A549 cells after different treatments. Suppression
of ANCR IncRNA and overexpression of FOXO1 could
promote the expression of P27 and Bax, and inhibit the
expression of cyclin D1 and Bel-2. Compared with the
sh-ANCR IncRNA group, the expression of P27 and Bax
decreased, and the expression of cyclin D1 and Bel-2
increased in the sh-ANCR IncRNA + sh-FOXO1 group.
Hence, inhibiting ANCR IncRNA can promote the
expression of transcription factor FOXO1, activate the
expressions of P27 and Bax, and inhibit those of cyclin D1
and Bcl-2, thereby blocking the cell cycle of lung cancer,
inhibiting its proliferation and promoting apoptosis.
Zhang et al. also showed that inhibiting the expression
of ANCR IncRNA in osteosarcoma can promote the
expression of P27 (15). Sun ez 4/. found that FOXO1
can be inhibited by miR-27a in liver cancer, leading to a
decrease in P27 expression and an increase in cyclin D1
expression, the promotion of the cell cycle transition in
G1/S phase, and the induction of proliferation of liver
cancer cells (16).

Conclusions

In conclusion, ANCR IncRNA can regulate the
proliferation and apoptosis of lung cancer by regulating the
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expression of FOXO1 in lung cancer, thereby affecting the
progression of the disease. ANCR IncRNA is expected to
be a potential target for clinical diagnosis of lung cancer,
but further in vitro studies using other lung cancer cells and
in vivo tests are needed to learn about its role in lung cancer
in an in-depth way.
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