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Abstract. – OBJECTIVE: This study aimed to
investigate whether long-chain non-coding ANCR is involved in the progression of non-small
cell LCa (NSCLC) and its possible molecular
mechanisms.
PATIENTS AND METHODS: Quantitative Real Time-Polymerase Chain Reaction (qRT-PCR)
was applied to examine ANCR expression in 48
cases of NSCLC and adjacent normal tissues.
In addition, ANCR level in patients of different
tumor staging was analyzed. The Kaplan-Meier
method was applied to analyze the interplay between ANCR expression and the prognosis of
patients with NSCLC. Subsequently, qRT-PCR
was performed to detect ANCR level in LCa cell
lines. After knocking down ANCR in A549 cells,
ANCR and E-Ca mRNA expression were examined by qRT-PCR, while the expression levels of
epithelial-mesenchymal transition (EMT)-related proteins were detected by Western blot. At
the same time, cell viability and migration ability
were analyzed through cell counting kit-8 (CCK8) and cell wound healing assay, respectively.
RNA immunoprecipitation (RIP) test was performed to verify the binding of ANCR to EZH2.
After knocking down EZH2 in A549 cells, E-Ca
messenger ribonucleic acid (mRNA) expression
was detected. Additionally, Chromatin immunoprecipitation (ChIP) assay was performed to detect the binding of EZH2 to the E-Ca promoter
region. When E-Ca and ANCR were simultaneously knocked down in A549 cells, Western blot
investigation was performed to examine the expression of EMT-related proteins, while CCK-8
and wound healing assays were applied to figure out the changes in cell viability and cell migration capacity.
RESULTS: ANCR level was conspicuously
higher in NSCLC tissues than that in normal
tissues, and that in T3 and T4 tumors was also
higher than that in T1 and T2. Meanwhile, ANCR
expression in the tissues of patients with lymph
node metastasis was conspicuously higher than
those without metastasis. Survival analysis revealed that the overall survival of patients with
NSCLC with high expression of ANCR was con1250

spicuously lower than patients with low expression of ANCR. The qRT-PCR study verified that
ANCR was highly expressed in the LCa cell line
A549. After knocking down ANCR in A549 cells,
ANCR and E-Ca mRNA levels were found conspicuously decreased, and so were the expression levels of EMT-related proteins, as well as
the cell viability and migration ability. The RIP
assay result indicated that ANCR can indeed
bind to EZH2. E-Ca mRNA expression was elevated after the knockdown of EZH2 in A549
cells. In addition, the result of CHIP test demonstrated that EZH2 could combine with E-Ca. Simultaneous down-regulation of ANCR and E-Ca
in A549 cells could reverse the influence of
knocking down ANCR alone on cell viability and
migration ability.
CONCLUSIONS: Long-chain non-coding RNA
ANCR was highly expressed in NSCLC tissues
and could enhance the viability and malignancy of NSCLC cells by inhibiting the expression
of E-Ca, thereby promoting the progression of
NSCLC.
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Introduction
Lung cancer (LCa) is the main cause of cancer-related morbidity and mortality, accounting
for more than a quarter of all cancer diagnoses1.
Non-small cell lung cancer (NSCLC) is the most
important pathological subtype, accounting for
about 85% of LCa cases2,3. Despite advances in
treatment techniques and strategies, the prognosis of this disease remains poor, with a 5-year
survival rate of only 15% for NSCLC4-6.The development of drug resistance, metastasis, and
recurrence is the main obstacle to the improvement of patients’ survival7,8.Therefore, it is of
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Cell Culture
HBE, A549, NCI-H1650, and HCC827 LCa
cells were purchased from the Shanghai Cell Bank
of the Chinese Academy of Sciences (Shanghai,
China). The cells were cultured in Roswell Park
Memorial Institute-1640 (RPMI-1640; Hyclone,
South Logan, UT, USA) medium containing 10%
fetal bovine serum (FBS; Hyclone, South Logan,
UT, USA) and 1% streptomycin and penicillin at
37°C, with 5% CO2 saturated humidity. The cells
in the exponential growth phase were digested,
plated into appropriate cell dishes, and cultured
in an incubator until the cell density reaches 60%.
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great significance to further clarify the molecular
mechanism of NSCLC progression and provide a
scientific basis for new treatment strategies.
Long non-coding RNAs (lncRNAs) are defined
as transcriptional classes of over 200 nucleotides
lacking protein-coding potential9. LncRNAs have
been demonstrated as fine tuners and regulators
of key biological processes in various cancers,
such as cell growth, apoptosis, differentiation,
invasion, and metastasis10,11. There is evidence
that lncRNA is involved in cancer development
by altering DNA repair, membrane effusion, drug
metabolism, apoptosis, and epithelial-mesenchymal transformation (EMT)12. LncRNA ANCR
has been reported to inhibit the proliferation,
migration, and invasion of osteosarcoma cells
by interacting with EZH2 and regulating the
expression of p21 and p2713. However, the role of
LncRNA ANCR in the development of NSCLC
is unclear.
EMT is the transformation of cell morphology
and function from epithelium to mesenchymal
phenotype, and is involved in the early malignant
transformation of tumors14-16. During EMT, cells
lose or redistribute epithelial proteins and acquire
mesenchymal proteins, resulting in loss of epithelial polarity and a high-motion fibroblast phenotype17-19. Several studies20-23 have shown that
EMT plays an important role in many cancers,
such as pancreatic cancer, gastric cancer, and
colorectal cancer. Also, EMT is often associated
with cancer invasion and metastasis. In this work,
LCa cells were used as research objects to explore
whether the long non-coding RNA ANCR could
promote the development of NSCLC by inhibiting the expression of E-Ca.

Patients and Methods
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Patients and Clinical Samples
From July 2016 to December 2018, 48 patients
with NSCLC admitted to our hospital underwent
surgical resection of tumor tissues and adjacent
non-tumor tissues. A pair of adjacent normal tissues are separated at least 3 cm from the tumor
boundary. The surgically removed tissue was
rapidly frozen in liquid nitrogen until analysis.
All the 48 patients had no history of treatment
and no history of other malignancies. This investigation was approved by the Ethics Committee of
Ningbo Medical Center Eastern Hospital. Signed
written informed consents were obtained from all
participants before the study.

Cell Transfection
LCa cells were plated in a cell plate and the
transfection of si-ANCR, si-EZH2, si-E-Ca, and
their relative negative controls were performed
with Lipofectamine 2000 (Invitrogen, Carlsbad,
CA, USA) transfection reagent when cell density
reached 60%. After 48h, cells were collected for
subsequent investigations.
RNA Extraction and Quantitative
Real Time Polymerase Chain Reaction
(qRT-PCR) Detection
Cells and tissue total RNA were extracted using the TRIzol (Invitrogen, Carlsbad, CA, USA)
method. The RNA purity was measured by an
ultraviolet spectrophotometer and was stored at
–80°C until the use. The complementary deoxyribonucleic acids (cDNAs) was reverse transcribed,
and the SYBR Green method was used for PCR
detection. The primer sequences were shown in
Table I.
Western Blot
The total protein was extracted from each
group and subjected to dodecyl sulfate and sodium salt-polyacrylamide gel (SDS-PAGE) electrophoresis. After transferred to the polyvinylidene
difluoride (PVDF) membranes, the immunoblots
were blocked for 2 h at room temperature with
a specific primary antibody overnight. Then,
they were incubated with horseradish peroxidase
(HRP)-labeled secondary antibody at room temperature for 2 h. Next, the protein bands were detected using enhanced chemiluminescence (ECL)
detection.
Cell Counting Kit-8 (CCK-8) Assay
Differently treated cells were plated in 96-well
plates with 5 replicates in each group and cultured for 6, 24, 48, 72, 96 h, respectively. 10 mL of
1251
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Table I. Primers used for qRT-PCR.
Gene

Sequence
F: 5’-TGCACATCCTGACTTCTGTG-3’
R: 5’-AAGGGCATTCACCAACTCC-3’
F: 5’-AAAGGCCCATTTCCTAAAAACCT-3’
R: 5’-TGCGTTCTCTATCCAGAGGCT-3’
F: 5’-GACATTTCCTGAGTCGTCTTCGAACGGAC-3’
R: 5’-TAGTGCGATTTAGAGCTGTACAAGTTTC-3’
F: 5’-CGGAGTCAACGGATTTGGTCGT-3’
R: 5’-GGGAAGGATCTGTCTCTGACC-3’
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EZH2
E-ca
ANCR
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GAPDH

CCK-8 reagent (Dojindo Laboratories, Kumamoto, Japan) was added to each well, and cells were
further incubated at 37°C for 1 h. The OD values
were measured at 450 nm.
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Cell Wound Healing Assay
The cells in log phase were collected and
seeded in 24-well plates at a density of approximately 5 × 105 cells per well. Then, they were
incubated overnight. The tip of the liquid pipe
was drawn across the bottom of the well. Subsequently, the cells at the scratches were washed as
much as possible with phosphate-buffered saline
(PBS), cultured in a serum-free medium, and
photographed under a microscope at 0 and 24 h,
respectively. The scratch distance in each group
was measured, and the average cell mobility was
calculated by averaging. Cell mobility = (initial
scratch average distance - average scratch distance measured) / initial scratch average distance
× 100%.
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RNA Binding Protein
Immunoprecipitation (RIP) Assay
We performed RIP experiments according to
the manufacturer’s instructions of Magna RIP
RNA Binding Protein Immunoprecipitation Kit
(Perkin-Elmer, Waltham, MA, USA). After the
cell lysate was obtained, the magnetic beads were
prepared and finally resuspended in Wash Buffer
and placed on ice. RNA-binding protein immunoprecipitation was then performed. RNA purification was carried out by phenol, chloroform, Salt
Solution I, Salt Solution II, Precipitate Enhancer,
absolute ethanol (no RNAse), dissolved in 10-20
ul of diethyl pyrocarbonate (DEPC) water (Beyotime, Shanghai, China), and stored at –80°C. The
expression of ANCR in co-precipitated EZH2
protein and IgG protein precipitate was detected
by qRT-PCR.
1252

Chromatin Immunoprecipitation (ChIP)
Chromatin immunoprecipitation was performed using a Magna ChIP A/G One-Color
Chromatin Immunoprecipitation Kit (Millipore,
Billerica, MA, USA) according to the manufacturer’s instructions. Chromatin immunoprecipitated DNA was eluted, reverse X-linked, purified,
and analyzed by qRT-PCR.

Statistical Analysis
All data were statistically analyzed by Statistical Product and Service Solutions (SPSS) 16.0
(SPSS, Chicago, IL, USA) statistical software
package. The data of each group were expressed
as mean ± standard deviation (x– ± s). The independent sample t-test was used to compare the quantitative data of the two groups. The cumulative
survival rate was assessed by the Kaplan-Meier
method, and the difference was determined by
the log-rank test. p<0.05 was considered significant (*p<0.05, **p<0.01, ***p<0.001).

Results
ANCR is Highly Expressed in NSCLC
Tissues and Negatively Correlated
with Prognosis
To explore the relation between the expression of ANCR and the development of NSCLC,
we used qRT-PCR to detect the expression of
ANCR in NSCLC tissues and adjacent normal
lung tissues. The experimental results show that
the expression level of ANCR in NSCLC tissues
was conspicuously higher than normal lung tissues (Figure 1A). We, then, performed a paired
analysis of the tissue samples and found that the
expression levels of ANCR in T3 and T4 tumors
were conspicuously higher than those in T1 and
T2 (Figure 1B). At the same time, we found that
ANCR was higher in metastasis group than in
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Figure 1. ANCR was found highly expressed in non-small cell lung cancer tissues and negatively correlated with prognosis
of patients with NSCLC. A, ANCR was highly expressed in non-small cell lung cancer tissues. B, Expression levels of ANCR
in the T1 and T2 phases were higher than those in the T3 and T4 phases. C, Expression of ANCR in the metastatic group
was higher than that in the non-metastatic group. D, Overall survival rate of patients with high expression of ANCR was
significantly lower than that of patients with low expression.
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NSCLC group (Figure 1C). Kaplan-Meier analysis showed that the overall survival of patients
with NSCLC in high expression group of ANCR
was conspicuously lower than that in patients
with low expression (Figure 1D). The above results indicated that the long-chain non-coding
RNA ANCR was highly expressed in NSCLC
tissues and negatively correlated with prognosis.
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Low Expression of ANCR blocks EMT
and malignancy in NSCLC
To observe the role of lncRN ANCR in the
development of NSCLC, we used qRT-PCR to
observe the expression of ANCR in lung normal
cell HBE and LCa cells A549, NCI-H1650, and
HCC827. QRT-PCR results showed that ANCR
was highly expressed in LCa cells, and had the
highest expression level in A549 cell line. Therefore, we chose A549 cells for subsequent investigations (Figure 2A). Subsequently, we knocked
down the expression of ANCR in A549 cells

(Figure 2B). The results of Western blots showed
that the level of E-Ca protein in epithelial cells
increased after knockdown of ANCR, and the
expression of N-ca, and Vimentin proteins in
mesenchymal cells decreased (Figure 2C). The
results of the CCK-8 experiment evidenced that
the cell viability of A549 LCa cells was conspicuously reduced after knocking down ANCR (Figure 2D). In addition, the results of the cell scratch
test highlighted that the migration ability of A549
LCa cells was conspicuously reduced after interfering with ANCR (Figure 2E). The above results
indicated that low expression of ANCR can inhibit the proliferation and malignancy of NSCLC.
ANCR Binds to EZH2 to Regulate the
Expression of E-Ca
To further explore the molecular mechanism of
lncRNA ANCR in the development of NSCLC,
qRT-PCR results showed that E-Ca mRNA expression was elevated after interference with AN1253
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Figure 2. Interfering with the expression of ANCR inhibited EMT of non-small cell lung cancer, and thus reduced its
malignancy. A, Expression of ANCR in normal cell HBE and non-small cell lung cancer cell lines including A549, NCI-H1650,
and HCC827. B, Interference sequences were constructed to knock down the expression level of ANCR. C, Results of Western
blots showed that the level of E-ca protein in epithelial cells was increased in A549 cells after interfering with ANCR, and
the expression levels of N-ca and Vimentin proteins in mesenchymal cells were decreased. D, CCK-8 results indicated
that interference with ANCR significantly inhibited cell viability of A549 cells. E, Cell wound healing assay revealed that
interference with ANCR significantly inhibited the migration ability of A549 cells (magnification: 40×).
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CR in A549 cells (Figure 3A). At the same time,
the RIP research results suggested that ANCR
can be combined with EZH2 (Figure 3B). Subsequently, we constructed the interference sequence
of EZH2 and knocked down EZH2 in A549 cells
(Figure 3C), and qRT-PCR results detected that
E-Ca mRNA expression levels increased (Figure
3D). The CHIP test showed that EZH2 could
be combined with E-Ca. After interfering with
ANCR, the combination of EZH2 with E-Ca
decreased conspicuously (Figure 3E). The above
results indicated that ANCR could bind to EZH2
in LCa cells to regulate the expression of E-Ca.
ANCR Promotes the Malignancy of
NSCLC by Inhibiting the Expression
of E-Ca
To observe the role of ANCR and E-Ca in
tumor progression, we constructed an interfering
sequence to interfere with the expression level of
E-Ca in A549 cells (Figure 4A). Subsequently, we
interfered with E-Ca after ANCR knockdown in
A549 cells. The results of Western blots showed
interference with E-Ca reversed the level of E-Ca
1254

protein in epithelial cells in A549 cells caused by
ANCR silencing. Besides, the expression levels
of mesenchymal cell markers, N-ca and Vimentin
proteins decreased (Figure 4B). CCK-8 investigations showed interference with E-Ca reversed the
decrease in A549 cell viability caused by interference with ANCR (Figure 4C). Meanwhile, cell
scratch test results revealed that interference with
E-Ca reversed the inhibition effect of ANCR silencing on cell migration (Figure 4D). The above
results indicated that ANCR promoted the proliferation and malignancy of NSCLC by inhibiting
the expression of E-Ca.

Discussion
NSCLC is the most common type of LCa and
the leading cause of cancer death worldwide24.
However, there has been relatively little research
on the potential importance of long non-coding
RNAs in determining their biology and outcomes.
We found that ANCR was highly expressed in
NSCLC tissues, and ANCR expression in T3 and
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Figure 3. ANCR could combine with EZH2 to regulate E-ca expression. A, E-ca mRNA expression level was increased after
ANCR was inhibited in A549 cells. B, RIP experiment results showed that ANCR can combine with EZH2. C, In A549 cells,
interference sequences were constructed to knock down the expression level of EZH2. D, After interfering with the expression
level of EZH2 in A549 cells, qRT-PCR results showed that the mRNA expression level of E-ca increased. E, CHIP test showed
that EZH2 could combine with E-ca; however, interfering with ANCR decreased such ability.

Figure 4. ANCR promoted the malignancy of non-small cell lung cancer by inhibiting the expression of E-ca. A, Interfering
sequences were constructed in A549 cells to down-regulate the expression level of E-ca. B, Western blots showed that
interference with E-ca could reverse the increased protein level of E-Ca and decreased protein levels of N-ca and Vimentin
caused by downregulation of ANCR. C, CCK8 experiments showed that interference with E-ca reversed the decrease in A549
cell viability caused by interference with ANCR. D, Results of cell wound healing assay showed that interference with E-ca
reversed the weakened migration ability of A549 cells induced by interference of ANCR (magnification: 40×).
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expression of E-Ca. In addition, ANCR could be
used as a potential prognostic marker and a new
therapeutic target for patients with NSCLC.
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T4 LCa tissues was conspicuously higher than
that in T1 and T2 LCa tissues. Survival analysis
disclosed that the overall survival time of patients
with high ANCR expression was conspicuously
lower than that of patients with low ANCR expression, suggesting that ANCR plays an important role in the development of NSCLC.
LncRNAs have been reported to be associated with a survival rate of LCa patients, which
may be a biomarker for prognosis of NSCLC
patients25. LncRNA regulates gene expression by
binding to transcription factors, RNA splicing,
DNA, and histone modifications26-28. EZH2 (enhancer of zeste homolog 2), a 751-amino acid histone-lysine methyltransferase, is located on human chromosome 7q3529. EZH2 is an important
component of PRC2’s catalytic complex, which
catalyzes trimethylation of lysine 27 of histone 3
and mediates target gene silencing30-32. Sun et al33
have found that lncRNA hoxa11-as can combine
with PRC2 to promote the proliferation and invasion of gastric cancer. In this report, it was found
that low ANCR expression in LCa cells could
inhibit the EMT level and malignancy degree of
LCa cells, and the combination of ANCR and
EZH2 silenced the E-Ca gene.
Calcium-adhesive proteins (cagps) are cell-tocell adhesion molecules that are essential for the
tight connections between cells34,35. E-Cadherin
is the most important one in epithelial cells. Cadherin forms complexes with cytoplasmic proteins
and these molecular complexes, together with
other cytoskeletal components form intercellular
adhesion junctions22,36. EMT is characterized by
the loss of E-Cadherin expression in epithelial
cells37. In this research, it was found that after
the knockdown of ANCR, epithelial cells in
A549 showed increased levels of Peugeot E-Ca
protein, decreased expression levels of mesenchymal markers n-ca, and Vimentin protein. Furthermore, knockdown of ANCR reversed the
EMT process of cancer cells and conspicuously
decreased cell viability and migration ability of
A549 cells. This work showed that ANCR induced EMT and promoted the proliferation and
malignancy of NSCLC by inhibiting the expression of E-Ca.

Conclusions

We demonstrated that long non-coding RNA
ANCR could promote the development of NSCLC by binding to EZH2 and downregulating the
1256
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