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gration and invasion were explored by Transwell migration and invasion assays, respectively. TGF-b1 expres-
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Background

Lung cancer is a frequently diagnosed human malignancy that 
is a leading cause of cancer-related deaths in China and world-
wide [1,2]. Non-small cell lung cancer (NSCLC) is the most com-
mon type of lung cancer and accounts for more than 85% of 
all cases [3]. In spite of progress made in the treatment and 
prevention of NSCLC, the prognosis of this disease is still poor. 
Surgical resection is the only radical treatment, but it is not 
suitable for most patients with NSCLC by the time of diagno-
sis due to distant tumor metastasis [4], which is reported to 
be responsible for more than 90% deaths among NSCLC pa-
tients [5]. Therefore, in-depth studies on the molecular mech-
anism of the metastasis of NSCLC may provide new insights 
into its treatment.

TGF-b signaling pathway interacts with multiple signaling path-
ways to participate in the development and progression of dif-
ferent types of human malignancies [6]. TGF-b functions as a 
tumor suppressor gene in the early stage of tumor develop-
ment by inhibiting cell proliferation [7] and TGF-b also induc-
es epithelial-mesenchymal transition (EMT) to promote tu-
mor cell invasion [8]. TGF-b signaling in some cases achieves 
its biological functions through interactions with lncRNAs [9]. 
lncRNA ANCR is a tumor suppressor gene only in breast can-
cer and colorectal cancer [10,11]. In breast cancer, it has been 
reported that downregulation of ANCR is related to accelerat-
ed TGF-b-induced EMT and metastasis [10]. In our study, we 
observed that ANCR is likely an upstream inhibitor of TGF-b in 
NSCLC. Our study first investigated the functionality of ANCR 
in NSCLC and provides evidence for the possible mechanism 
of its action in this disease.

Material and Methods

Patients and specimen collection

Clinical data of all NSCLC (adenocarcinoma) patients who were 
diagnosed and treated in the Second Affiliated Hospital of 
Zhejiang University School of Medicine from January 2011 to 
March 2013 were reviewed and 72 of those patients were in-
cluded in this study according to inclusion and exclusion crite-
ria. Inclusion criteria: 1) patients pathologically diagnosed as 
having NSCLC; 2) patients diagnosed and treated for the first 
time; 3) patients with complete clinical data; 4) patients with 
high-quality tumor biospies and plasma samples in the spec-
imen labrotary of the Second Affiliated Hospital of Zhejiang 
University School of Medicine; 5) patients who completed 
the whole treatment and follw-up procdedure in the Second 
Affiliated Hospital of Zhejiang University School of Medicine. 
Exclusion criteria: 1) patients without tumor biospies and plas-
ma samples or the quality of samples was poor; 2) patients 

had from other maligancies or lung diseases; 3) patients re-
cived any treatment before admission; 4) patients died of oth-
er casues during follow-up. Among thhe 72 patients who were 
included in the study, 44 were males and 28 were females, 
and the ages ranged from 22 to 68 years, with an average 
age of 44.1±6.1 years. There were 8 patients in AJCC stage IIB, 
6 in AJCC stage IIIA, 2 in stage AJCC stage IIIB, 4 in AJCC stage 
IIIC, 32 in AJCC stage IVA, and 22 in AJCC stage IVB. Patients 
received chemotherapy or radiation therapy. Surgical resec-
tion was only performed in 19 cases. At the same time, bio-
spies and plasma samples of 44 healthy people were also ob-
tained from the specimen labrotary of the Second Affiliated 
Hospital of Zhejiang University School of Medicine to serve 
as a control group. Those healthy people received lung biop-
sy to detect potentoal lung lesions, which were finally exclud-
ed by pathological examanitions. The control group includ-
ed 30 males and 14 females, age range 26–69 years, average 
age 45.4±5.7 years. No significant differences in age, sex, his-
tories of diseases, living habits (including drinking and smok-
ing) or other basic characteristics were found between the 2 
groups. This study was approved by the Ethics Committee of 
the Second Affiliated Hospital of Zhejiang University School 
of Medicine, and all participants and/or their families signed 
informed consent.

Real-time quantitative PCR (qRT-PCR)

Total RNA extractions were performed using Trizol reagent 
(Invitrogen, USA) in strict accordance with the instructions of 
the kit. A NanoDrop™ 2000 Spectrophotometer (Thermo Fisher 
Scientific, USA) was used to measure RNA concentration and 
detect RNA quality. cDNA was synthesized through reverse tran-
scription. SYBR Green PCR Master Mix (Thermo Fisher Scientific) 
was used to prepare the PCR reaction system. Primers used 
in PCR reactions were: 5’-GCCACTATGTAGCGGGTTTC-3’ (up-
stream) and 5’-ACCTGCGCTAAGAACTGAGG-3’ (downstream) 
for human ANCR; 5’-GACCTCTATGCCAACACAGT3’ (forward) and 
5’- AGTACTTGCGCTCAGGAGGA3’ (reverse) for b-actin. PCR re-
actions were performed on an ABI PRISM 7500 qRT-PCR de-
vice (Applied Biosystems, Rockford, IL, USA). Conditions of PCR 
reactions were: 40 s at 95°C, followed by 40 cycles of 10 s at 
95°C and 30 s at 60°C. 2–DDCT method was utilized to analyze 
all Ct values, and ANCR expression was normalized to b-actin 
endogenous control.

Cell line, cell culture and transfection

Human NSCLC (adenocarcinoma) cell lines NCI-H23 [H23] (ATCC® 
CRL-5800™) and NCI-H522 [H522] (ATCC® CRL-5810™) were 
purchased from ATCC. Cells of both lines were cultured with 
ATCC-formulated RPMI-1640 medium (ATCC 30-2001) contain-
ing 10% fetal bovine serum (FBS, ATCC 30-2020) in an incuba-
tor (37°C, 5% CO2). The lncRNA ANCR overexpression vector 
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was constructed by inserting ANCR cDNA into pIRSE2-EGFP vec-
tor (Clontech, Palo Alto, CA, USA). Lipofectamine 2000 reagent 
(11668-019, Invitrogen, Carlsbad, CA, USA) was used to trans-
fect vector (negative control) into 5×105 cells. Empty pIRSE2-
EGFP vector transfection was performed to serve as a nega-
tive control. Cells without transfection were used as controls.

Transwell migration and invasion assay

After transfection, cells of the 2 cell lines were collected and 
mixed with RPMI-1640 medium containing 1% FBS to make 
a single-cell suspension with a final density of 4×104 cells/ml. 
Transwell migration and invasion assays were then performed 
to evaluate cell migration and invasion abilities. In the migration 
assay, 4×103 cells in 0.1 ml cell suspension were transferred to 
the upper chamber, while RPMI-1640 medium (Thermo Fisher 
Scientific, USA) containing 20% FBS (Sigma-Aldrich, USA) was 
used to fill the lower chamber. Cell culture was performed for 
24 h, followed by incubating membranes with 0.5% crystal vi-
olet (Sigma-Aldrich, USA) at room temperature for 15 min. The 
upper chamber was coated with Matrigel (356234, Millipore, 
USA) before adding cells in the invasion assay. Stained cells 
were counted under an optical microscope.

Western blot analysis

Protein extractions were performed using RIPA solution (Thermo 
Fisher Scientific) in strict accordance with the instructions of 
the kit. Protein concentrations were measured by BSA assay. 
After that, SDS-PAGE gel (10%) electrophoresis was performed 
with 20 µg protein per lane to separate proteins with differ-
ent molecular weights. Gel transfer was performed to PVDF 
membranes (Bio-Rad, USA), followed by blocking with skimmed 
milk (5%) for 2 h at room temperature. After that, membranes 
were incubated with primary antibodies of TGF-b1 (rabbit an-
ti-human, ab9758, 1: 1200; Abcam) and GAPDH (rabbit anti-
human, ab9485, 1: 1400, Abcam) overnight at 4°C. IgG-HRP 
secondary antibody (1: 1000, MBS435036, MyBioSource) was 

then incubated with the membranes at room temperature 
for 3 h. ECL (Sigma-Aldrich, USA) was dropped on the mem-
branes to develop signals, and TGF-b1 expression was normal-
ized to GAPDH using Image J software.

Statistical analysis

All statistical analyses were performed using GraphPad Prism 
6 software. Expression and cell migration and invasion data 
were compared by one-way analysis of variance (among mul-
tiple groups) and the unpaired t test (between 2 groups). 
Correlations between ANCR expression and patients’ clinico-
pathological data were analyzed by chi-square test. p<0.05 
was considered to be statistically significant.

Results

Comparison of ANCR expression in NSCLC patients and 
healthy controls

Differential expression of a gene in patients and healthy people 
indicates the potential involvement of this gene in certain dis-
eases. As shown in Figure 1, expression of ANCR in NSCLC pa-
tients was significantly downregulated compared with healthy 
controls in lung biopsies (Figure 1A) and plasma (Figure 1B), 
which indicates that downregulation of ANCR is likely to be 
involved in the pathogenesis of NSCLC.

Potentials of the application of ANCR in the diagnosis of 
NSCLC

ROC curve analysis was performed to evaluate the diagnos-
tic value of differential expression of ANCR in NSCLC patients 
and healthy controls for NSCLC. Regarding ANCR expression 
in lung biopsies, the area under the curve (AUC) was 0.9265, 
with standard error of 0.02464 and 95% confidence interval 
of 0.8782 to 0.9748 (p<0.0001) (Figure 2A). The AUC of plasma 
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Figure 1. �Comparison of ANCR expression in NSCLC patients and healthy controls. This figure shows the comparison of ANCR 
expression in NSCLC patients and healthy controls in lung biopsies (A) and plasma (B). * p<0.05.
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ANCR was 0.8831, with a standard error of 0.03253 and 95% 
confidence interval of 0.8193 to 0.9469 (p<0.0001) (Figure 2B).

Correlations between ANCR expression and patients’ 
clinicopathological data

Correlations between ANCR expression and patients’ clinico-
pathological data were analyzed by chi-square test followed 
by Bonferroni correction. Results showed than ANCR expres-
sion in lung biopsies (Table 1) and plasma (Table 2) were not 
significantly correlated with patients’ age, sex, smoking and 
drinking habits, or tumor size (p>0.05). In contrast, ANCR ex-
pression in lung biopsies (Table 1) and plasma (Table 2) were 
found to be significantly correlated with distant tumor me-
tastasis (p<0.05).

Potential application of ANCR in the prognosis of NSCLC

Expression levels of ANCR were significantly correlated with 
distant tumor metastasis, which is a major cause of death 
among patients with NSCLC. In this study, distant tumor metas-
tasis was observed in 52 patients. Therefore, follow-up data of 
those 52 patients were analyzed. Those patients were divided 
into high- and low-expression groups (n=26) according to the 
median serum level of ANCR in lung biopsies (Figure 3A) and 
plasma (Figure 3B). No significant differences in disease stag-
es and therapy options were found between high- and low-
expression groups. Survival curves of these 2 groups of pa-
tients were plotted by Kaplan-Meier method. Survival curves 
were compared by log rank t test. As shown in Figure 3, the 
overall survival time of patients in the high-expression group 
was significantly longer than that of patients in the low-ex-
pression group (p<0.05).
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Figure 2. �Potentials of the application of ANCR in the diagnosis of NSCLC. This figure shows ROC curve analysis of the potentials of the 
application of ANCR expression in lung biopsies (A) and plasma (B) for the diagnosis of NSCLC.

Items Groups Cases High-expression Low-expression c2 p Value

Age
>45 (years) 38 17 21

0.89 0.37
<45(years) 34 19 15

Sex
Males 44 20 24

0.94 0.33
Females 28 16 12

Smoking
Yes 48 21 27

2.25 0.15
No 24 15 9

Drinking
Yes 43 20 23

0.52 0.48
No 29 16 13

Primary tumor 
diameter

>4 cm 46 20 26
2.17 0.15

<4 cm 26 16 10

Distant tumor 
metastasis

Yes 52 21 31
6.92 0.011

No 20 15 5

Table 1. Correlations between ANCR expression in lung biopsies and patients’ clinicopathological data.
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Effects of ANCR overexpression on TGF-b1 expression and 
migration and invasion of NSCLC cells

From the data in Tables 1 and 2, we can speculate that ANCR 
is likely to be involved in the regulation of tumor metasta-
sis in NSCLC. Activation of TGF-b signaling plays pivotal roles 
in NSCLC metastasis [12]. Therefore, the potential interac-
tions between ANCR and TGF-b1 were explored. As shown in 
Figure 4A, ANCR overexpression (confirmed by qRT-PCR) led 
to significantly downregulated expression of ANCR in cells of 
NSCLC cell lines NCI-H23 and NCI-H522 (p<0.05), while treat-
ment with TGF-b1 (Sigma-Aldrich) for 12 h at the doses of 5, 
10, and 50 ng per ml showed no significant effects on ANCR 
expression (Figure 4B). In addition, treatment with TGF-b1 at 
a dose of 10 ng/ml promoted the migration (Figure 5A) and 
invasion (Figure 5B) of cells of these 2 cell lines (p<0.05). 
In addition, compared with cells with ANCR overexpression only, 
cells with both ANCR overexpression and TGF-b1 treatment 

showed significantly increased migration (Figure 5A) and in-
vasion (Figure 5B) ability (p<0.05).

Discussion

The main finding of this study is that ANCR, which is a recog-
nized tumor suppressor lncRNA in breast cancer and colorectal 
cancer [10,11], also inhibits the progression of NSCLC. ANCR is 
likely to be involved in the metastasis but not the growth of 
NSCLC. In addition, the action of ANCR in NSCLC is likely to be 
achieved through the inactivation of TGF-b signaling.

Differential expression of certain genes in lesion tissues and 
healthy tissues indicate the involvement of the genes in dis-
eases. In addition, detecting the differential expression of 
genes also provides guidance for the diagnosis of human 
diseases. ANCR is a tumor suppressor gene that showed 
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Figure 3. �Potentials of the application of ANCR in the prognosis of NSCLC. This figure shows the comparison of survival curves of 
patients in groups with low and high expression of ANCR in biopsies (A) and plasma (B).

Items Groups Cases High-expression Low-expression c2 p Value

Age
>45 (years) 38 18 20

0.22 0.71
<45(years) 34 18 16

Sex
Males 44 21 23

0.02 0.82
Females 28 15 13

Smoking
Yes 48 21 27

2.25 0.14
No 24 15 9

Drinking
Yes 43 19 24

1.44 0.25
No 29 17 12

Primary tumor 
diameter

>4 cm 46 20 26
2.17 0.16

<4 cm 26 16 10

Distant tumor 
metastasis

Yes 52 20 32
9.97 0.002

No 20 16 4

Table 2. Correlations between ANCR expression in plasma and patients’ clinicopathological data.
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downregulated expression pattern in different types of ma-
lignancies [10,11,13,14]. In this study, expression of ANCR in 
lung tissues was found to be significantly downregulated in 
NSCLC patients compared with healthy controls, indicating the 
involvement of ANCR in this disease. Pathological examination 
through biopsies is the criterion standard for diagnosis of ma-
lignant diseases, but the application of this technique is chal-
lenged by its invasive nature. Therefore, circulating biomarkers, 
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Figure 4. �ANCR overexpression inhibited TGF-b1 expression. This figure shows the effects of ANCR overexpression on TGF-b1 
expression (A) and the effects of TGF-b1 treatment on ANCR expression (B). * p<0.05.

which are sensitive substances in blood that reflect the de-
velopment of diseases, have been widely used to assist dis-
ease diagnosis [15]. In this study, ANCR was detected in plas-
ma of all patients with NSCLC. ROC curve analysis showed that 
downregulated ANCR in plasma effectively distinguished pa-
tients with NSCLC from healthy controls. In addition, ANCR was 
not significantly correlated with age or smoking and drinking 
habits, which are known factors that affect the expression of 
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Figure 5. �Effects of ANCR overexpression and TGF-b1 treatment on migration and invasion of NSCLC cells. Data here show the effects 
of ANCR overexpression and TGF-b1 treatment on migration (A) and invasion (B) of NSCLC cells. * p<0.05.

certain genes [16–18], indicating the high stability of ANCR as 
a biomarker. In this manner, detecting plasma ANCR may be 
performed to assist the diagnosis of NSCLC.

ANCR in cancers has been proved to be involved in tumor me-
tastasis of colorectal cancer [11] and breast cancer [13,14]. 
A recent study reported that ANCR may also be involved in 
tumor growth of osteosarcoma [14]. In our study, ANCR was 
found to be significantly correlated with tumor distant metas-
tasis but not with tumor size. To our surprise, the difference 
between ANCR expression and metastasis is more significant in 
plasma than in biopsy. In theory, expression in biopsies should 
be more diagnostic of disease condition compared with ex-
pression in plasma. This outcome was possibly caused by the 
small sample size. In vitro cell invasion and migration assay 

further proved than ANCR is an inhibitor of NSCLC cell migra-
tion and invasion. Those data suggest the different functions 
of the same lncRNA in different types of cancers. However, 
all previous studies proved that ANCR is a tumor suppressor 
lncRNA in cancers.

TGF-b signaling promotes EMT in NSCLC [19]. TGF-b is a cen-
tral signaling molecule in cancers that regulates tumor devel-
opment and progression through a variety of intermediates, 
including lncRNAs [9]. However, studies on the role of lncRNAs 
as upstream regulators of TGF-b signaling are extremely rare. 
Another key finding of our study is that ANCR is likely to be an 
upstream inhibitor of TGF-b signaling. The role of ANCR in the 
regulation of NSCLC cell migration and invasion is at least par-
tially achieved through the downregulation of TGF-b1. However, 
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whether the regulatory role of ANCR on TGF-b1 is direct or in-
direct is still unknown. Our study only suggests the sequential 
ANCR – TGF-b1 signaling in a specific type of cancer.

Conclusions

Downregulation of ANCR is involved in the pathogenesis of 
NSCLC. Reduced ANCR expression level can be used to dis-
tinguish NSCLC patients from healthy people and it also pre-
dicts poor survival of NSCLC patients. ANCR inhibits NSCLC 
cell migration and invasion, at least partially by downregulat-
ing TGF-b1 expression.
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