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TFPI2AS1, a novel lncRNA that inhibits cell proliferation and migration in lung cancer
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ABSTRACT
Accumulating evidence demonstrates that a series of differentially expressed lncRNAs is important in
tumorigenesis. However, the function of many of the lncRNAs in lung cancer remains elusive. In the
present study, we used microarray analysis to identify lncRNAs that are dysregulated in non-small-cell lung
cancer (NSCLC) as compared with normal tissues. Among the dysregulated lncRNAs, we identified
TFPI2AS1, an antisense transcript of the tumor suppressor TFPI2 (tissue factor pathway inhibitor 2).
TFPI2AS1 was shown to be markedly upregulated in NSCLC patient tumors as compared to paired non-
tumor samples. TFPI2AS1 knockdown increased NSCLC cell proliferation and migration, which was
associated with enhanced G1/S transition and downregulation of cyclin D1 and cyclin-dependent kinases
2 (CDK2), while TFPI2AS1 overexpression had the opposite effect. Knockdown and overexpression
experiments also suggested that TFPI2AS1 regulates NSCLC cell migration and AKT activation. Moreover,
TFPI2AS1 is a positive regulator of TFPI2. Our findings bring new insights for understanding the role of
TFPI2AS1 in mediating the proliferation and migration of NSCLC cells by regulating TFPI2 expression.
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Introduction

Lung cancer, one of the most frequent malignancies, has
become the leading cause of cancer-associated mortality, with
approximately 1.8 million new cases annually throughout the
world.1 Among all lung cancer cases, non-small-cell lung can-
cer (NSCLC) constitutes approximately 85%.2 Despite consid-
erable advances in curative protocols, the prognosis for lung
cancer remains unfavorable, with a patient 5-year survival rate
of about 15%.3 Therefore, it is urgent to identify the underlying
mechanisms of lung cancer development and exploit new
diagnostic biomarkers and therapeutic strategies for treating
lung cancer.

Long non-coding RNAs (lncRNAs) are evolutionarily con-
served transcripts of greater than 200 nucleotides in length
with no capacity to code proteins. They are involved in a wide
range of biologic functions such as cell cycle progression, cell
growth, cell proliferation and apoptosis.4 Therefore, dysregu-
lated lncRNAs play pivotal roles in a variety of human diseases,
and especially cancer, for which they are associated with devel-
opment, invasion, and metastasis of tumors.5 For example,
upregulated lncRNA HOTAIR contributes to the metastasis of
breast cancer cells by transcriptionally modulating important
developmental genes6; the lncRNA metastasis-associated lung
adenocarcinoma transcript 1 (MALAT1) is highly expressed in
multiple types of cancer, including lung adenocarcinoma and

hepatocellular carcinoma, and can promote proliferation and
metastasis of cancer cells, suggesting that MALAT1 exerts
oncogenic effects7; GAS5 (growth arrest-specific transcript 5)
functions as a tumor suppressor and is decreased in breast can-
cer.8,9 Aberrant lncRNA expression also plays a regulatory role
in lung cancer. It has been reported that 2,420 lncRNAs are
expressed differentially between lung adenocarcinoma and
normal lung tissue, suggesting that lncRNAs may represent
novel molecular biomarkers for diagnosing lung adenocarci-
noma.10 At present, however, only a few lncRNAs have been
identified in lung cancer, including MALAT1, ANRIL, H19,
and HOTAIR 11, GAS6-AS1 (GAS6 antisense RNA1)12, and
AK126698 13, lncRNA CAR intergenic 10 (CAR10)14, lncRNA
ZNRD1-AS115, and linc0067316. Therefore, identification of
additional lncRNAs with roles in lung cancer needs further
exploration.

In the present study, by analyzing lncRNA microarray data
from human lung cancer tissues, we characterized a series of
cancer-related lncRNAs. Among the differentially expressed
lncRNAs, we identified TFPI2 antisense RNA 1 (TFPI2AS1;
AC002076.1), which is an antisense transcript of tissue factor
pathway inhibitor 2 (TFPI2). TFPI2 is a Kunitz-type serine pro-
tease inhibitor with inhibitory activity against tumor growth
and metastasis.17 Analysis of lncRNA microarray data verified
that TFPI2AS1 was overexpressed in human lung cancer tissues
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compared with matched non-tumor tissues. To explore
TFPI2AS1 function in regulating the metastatic properties of
NSCLC cells, the effects of TFPI2AS1 siRNA-mediated silenc-
ing and overexpression were assessed. Furthermore, we
explored the relationship between TFPI2AS1 and TFPI2
expression. Our observations may provide novel direction for
understanding the underlying mechanisms in lung cancer.

Results

TFPI2AS1 is upregulated in NSCLC tissues

To investigate the potential biological functions of lncRNAs in
lung cancer, we examined the lncRNA expression profile in
human lung cancer tissues by microarray analysis. Several
lncRNAs were identified that were differentially expressed
between lung cancer tissues and non-tumorous tissue specimens
(data not published). One previously uncharacterized lncRNA
(AC002076.1) was markedly upregulated in three sets of tumor
tissues compared with matched non-tumor tissues (Figure 1A).
Bioinformatics analysis showed that AC002076.1 is an antisense
partner of tissue factor pathway inhibitor 2 (TFPI2), a putative
tumor suppressor gene.18,19 Therefore, we named AC002076.1 as
TFPI2 antisense RNA 1 (TFPI2AS1; AC002076.1). Subsequently,
we also measured the background expression of TFPI2AS1 in
HBE cells, 293T cells, HeLa cells as well as lung cancer cell lines
including A549, H1299 and H441. We found that there existed
background expression of TFPI2AS1 in all three NSCLC cell
lines; HBE cells, 293T as well as HeLa cells (Figure 1B). Addi-
tionally, we selected A549 cell line, the relative expression level
of TFPI2AS1 in which is higher than the two other NSCLC cell
lines including H1299 and H441 cells, for further study to deter-
mine whether TFPI2AS1 expression may correlate with malig-
nant behavior in lung cancer.

TFPI2AS1 knockdown promotes growth of A549 cells

To further explore the role of TFPI2AS1 in lung cancer, we
transiently transfected TFPI2AS1 siRNA into A549 cells to
reduce the expression of TFPI2AS1. The knockdown efficiency
was verified by qRT-PCR (Figure 2A). Subsequently, we inves-
tigated the effect of TFPI2AS1 knockdown on the proliferation
of A549 cells by MTT assay. As shown in Figure 2B, the

TFPI2AS1 siRNA significantly augmented the proliferation of
A549 cells. We further studied the effect of downregulating
TFPI2AS1 on the capacity of colony formation in A549 cells.
The number of colonies was increased in TFPI2AS1 siRNA-
transfected A549 cells (Figure 2C). We also measured cell pro-
liferation using Brdu incorporation assays. The results showed
that TFPI2AS1 deficiency markedly increased DNA synthesis
in A549 cells. Collectively, these results suggest that knockdown
of TFPI2AS1 can promote cell proliferation of lung cancer.

TFPI2AS1 overexpression suppresses cell growth in A549
cells

To confirm the function of TFPI2AS1 in mediating cell prolifera-
tion, we established TFPI2AS1 overexpression A549 cells. Full
length TFPI2AS1 was recombined with eukaryotic expression
plasmid pcDNA3.1 (C) and transfected into A549 cells with Lip-
ofectamine 2000 (Figure 3A). MTT assay indicated that the pro-
liferation ability of A549 cells was markedly reduced after
transfection of TFPI2AS1 expression vector for 72 h (Figure 3B).
Furthermore, TFPI2AS1 overexpressing cells had decreased
number of colonies in the colony formation assay (Figure 3C).
Consistently, upregulation of TFPI2AS1 in A549 cells inhibited
DNA synthesis (Figure 3D). Taken together, these data confirm
that TFPI2AS1 suppresses cell growth of A549 cells.

TFPI2AS1 suppresses cell cycle progression of A549 cells

To explore the mechanism by which TFPI2AS1 modulates cell
growth, we evaluated the cell cycle progression of TFPI2AS1
siRNA-transfected A549 cells by flow cytometry. TFPI2AS1
knockdown obviously decreased the population of cells in G1
phase and had a tendency to increase the population of cells in
S phase (Figure 4A). We further evaluated the effects of
TFPI2AS1 knockdown on CyclinD1 and CDK2, each of which
is involved in the regulation of G1 phase progression.20,21 West-
ern blotting analyses (Figure 4B) demonstrated that the expres-
sion levels of each of these proteins were significantly decreased
by TFPI2AS1 downregulation in A549 cells.

To further support these findings, we studied the effect of
TFPI2AS1 upregulation on cell cycle progression in A549 cells.
TFPI2AS1 overexpressing cells had a tendency to accumulate
cells in the G1 phase with a reduced population of cells in

Figure 1. Relative expression levels TFPI2AS1 in lung cancer tissues and cell lines. (A) TFPI2AS1 expression was assessed by microarray analysis of lung cancer tumor speci-
mens as compared to normal adjacent lung tissue (n D 3). (B) The expression of TFPI2AS1 was measured by qRT-PCR in A549, H1299, H441 lung cancer cell lines and HBE
cells, 293T cells and HeLa cells. �P< 0.05 vs normal group. Data are expressed as the means § SD of triplicate experiments.
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S phase (Figure 4C). In addition, the expression levels of
CyclinD1 and CDK2 were increased following TFPI2AS1 over-
expression in A549 cells (Figure 4D). These data suggested
that upregulating TFPI2AS1 arrests cell cycle progression by
arresting G1/S transition.

TFPI2AS1 suppresses cell migration of A549 cells

One of the features of metastasis, the main cause of death
among patients diagnosed with cancer, is the conversion to a
malignant cell phenotype.22 To evaluate the effect of silencing
TFPI2AS1 on cell metastasis, we carried out transwell assays in
A549 cells after transfection of TFPI2AS1-specific siRNA. The
number of migrated was clearly augmented for TFPI2AS1
knockdown cells (Figure 5A), indicating that knockdown of
TFPI2AS1 promotes the migration capacity of NSCLC cells.

We also explored the effect of TFPI2AS1 overexpression on
cell metastasis of A549 cells. The result showed that the number
of migrated A549 cells with TFPI2AS1 overexpression was signif-
icantly decreased (Figure 5B), indicating that the overexpression
of TFPI2AS1 inhibits the migration capacity of A549 cells.

TFPI2AS1 modestly inhibits AKT signaling in A549 cells

To explore the influence of TFPI2AS1 on the AKT signaling
pathway, which has been implicated in the proliferation and
migration of cancer cells, we measured the expression levels of
phosphorylated AKT and total AKT by Western blotting. As
shown in Figure 6A, the ratio of phosphorylated AKT/total
AKT in A549 cells was increased after TFPI2AS1 downregula-
tion. Furthermore, the ratio of phosphorylated AKT/total AKT
in A549 cells was modestly decreased after TFPI2AS1 overex-
pression (Figure 6B). These observations suggested that
TFPI2AS1 mediates a slight inhibition of AKT activation,
which could contribute to its ability to suppress proliferation
and migration of A549 cancer cells.

TFPI2AS1 expression is positively corrected with TFPI2
expression

Antisense oligonucleotides often serve to regulate their comple-
mentary sense mRNAs. Therefore, we examined the possibility
that TFPI2 may be a downstream effector that mediates the

Figure 2. TFPI2AS1 knockdown promotes cell proliferation in A549 cells. (A) A549 cells were transfected with control siRNA or TFPI2AS1 siRNA for 48 h and then cells were
harvested for examining efficiency of knockdown. (B) A549 cells transfected with control siRNA or TFPI2AS1 were trypsinized and plated into 96-well plates for MTT assay.
(C) Colony formation of A549 cells 14 days after transfection with the indicated oligonucleotides. (D) After transfection with control siRNA or TFPI2AS1 siRNA for 48 h,
A549 cell proliferation was measured by a Brdu incorporation assay. The proliferating cells that recently underwent DNA synthesis were labeled with Brdu (red), and total
nuclei were visualized by DAPI (blue) staining. % Brdu presented as percent of Brdu incorporated cells within the siRNA-treated A549 cell population. �P < 0.05 vs NC.
Data are expressed as the mean § SD of the experiments performed in triplicate.
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function of TFPI2AS1 on the cell proliferation and migration of
NSCLC cells in a feedback loop. To this end, we determined the
impact of TFPI2AS1 knockdown or overexpression on the levels
of TFPI2 mRNA and protein expression. Our results showed that
downregulation of TFPI2AS1 obviously decreased the levels of
TFPI2 mRNA and protein in A549 cells, and overexpression of
TFPI2AS1 obviously increased the levels of TFPI2 mRNA and
protein in A549 cells (Figure 7). These results indicate that TFPI2
expression is positively correlated with TFPI2AS1 expression.

Discussion

In the present study, we found that a novel lncRNA, TFPI2AS1,
is upregulated in NSCLC tissues. Downregulation of TFPI2AS1
by siRNA transfection promoted the growth of A549 cells by
facilitating the G1/S transition, while overexpression of
TFPI2AS1 by pcDNA3.1-TFPI2AS1 had the opposite effect.
We also observed effects of modulating TFPI2AS1 expression
on migration and AKT activation. Silencing of TFPI2AS1
caused a decrease in the expression of the tumor suppressor

TFPI2, whereas overexpression of TFPI2AS1 increased TFPI2
expression. Collectively, these findings indicate that the effects
of TFPI2AS1 on cell proliferation and migration of A549 cells
may be achieved through targeting of TFPI2 expression.

Lung cancer is the primary cause of cancer-associated mortality
around the world, accounting formore than 25% of the total deaths
caused by cancer23. It is a persistent challenge to develop effective
therapeutics for treating lung cancer, which is characterized by
shared features of other cancers, including unlimited proliferation,
metastasis and invasion, and resistance to apoptosis24. Therefore, it
is of great importance to find novel molecular biomarkers for early
diagnosis, prognosis and potentially, treatment of lung cancer.

lncRNAs, which are non-coding transcripts with a length of
greater than 200 nt and ranging up to 100 kilobases25, are well
documented for their involvement in a variety of cellular pro-
cesses, including proliferation26, apoptosis27 cell cycle regula-
tion28, survival29, and migration.6,30 Mounting studies have
demonstrated that aberrant lncRNAs have critical roles in
many complicated human diseases including cancer. 31-33 Fur-
thermore, dysregulated lncRNAs in cancer often function as

Figure 3. TFPI2AS1 overexpression inhibits cell proliferation in A549 cells. (A) The expression of TFPI2AS1 in A549 cells at 24 h-96 h post-transfection with pcDNA3.
1/ TFPI2AS1-full was measured by qRT-PCR. (B) A549 cells transfected with pcDNA3.1/ TFPI2AS1-full were trypsinized and plated into 96-well plates for MTT assay. (C) Col-
ony formation of A549 cells 14 days after transfection with pcDNA3.1/TFPI2AS1-full. (D) After transfection with pcDNA3.1/TFPI2AS1-full for 48 h, A549 cell proliferation
was measured by a Brdu incorporation assay. The proliferating cells that recently underwent DNA synthesis were labeled with Brdu (red), and total nuclei were visualized
by DAPI (blue) staining. % Brdu presented as percent of Brdu incorporated cells within the transfected A549 cell population. �P < 0.05 vs control group. Data are
expressed as the mean § SD. of the experiments performed in triplicate.
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oncogenes or tumor suppressor genes. 34,35 However, the mech-
anisms of biological activity and the related signaling pathways
for most lncRNAs are not known. In the current study, we ana-
lyzed the expression profiles of lncRNAs in lung cancer tissues
to find the potential biological function of lncRNAs in the

pathogenesis of lung cancer. The resulting group of differen-
tially expressed lncRNAs included TFPI2AS1. Bioinformatics
analysis further showed that TFPI2AS1 is an antisense lncRNA
of TFPI2 gene, suggesting that TFPI2 gene may be a target gene
of TFPI2AS1. TFPI2 is a Kunitz-type serine protease inhibitor

Figure 4. TFPI2AS1 knockdown or overexpression modulates the G1/S transition in A549 cells. A549 cells were transfected with siRNA or pcDNA3.1/TFPI2AS1-full for 48 h.
The population of cells at the G1, S and G2/M phase was detected by flow cytometry (A and C). The levels of CyclinD1 and CDK2 were detected by Western blotting assay
(B and D). GAPDH protein was used as endogenous normalize. �P < 0.05 vs control group. Data are expressed as the mean § SD of the experiments performed in
triplicate.

Figure 5. TFPI2AS1 knockdown or overexpression modulates cell migration in A549 cells. (A) A549 cells were transfected with control siRNA or TFPI2AS1 siRNA for 48 h.
Representative images of the migration transwell assay; the number of migrated cells was randomly measured by photograph at 200 £ magnification in five different
views each chamber. (B) A549 cells were transfected with pcDNA3.1/TFPI2AS1-full for 48 h migrated cells was randomly measured by photograph at 200 £ magnification
in five different views each chamber. �P < 0.05 vs control group. Data are defined as mean § SD of independent experiments.
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that has been reported to have inhibitory activity against tumor
growth and metastasis.19,36 The results of microarray analysis
showed its upregulation in NSCLC tumor compared to normal
lung tissues. These findings suggested that TFPI2AS1 may have
a potential role in the development of lung cancer. Thus, we
focused on the role and the possible mechanism of TFPI2AS1
in NSCLC.

To understand the biological action of TFPI2AS1 in NSCLC cell
lines, we established siRNA-mediated TFPI2AS1 knockdown and
TFPI2AS1 overexpression induced by pcDNA3.1/TFPI2AS1
expression vector. Our results show that downregulation of
TFPI2AS1 by siRNA transfection promoted cell proliferation and
migration in A549 cells, while upregulation had the opposite
effects. Loss of control of the cell cycle is a common mechanism of
tumorigenesis, and dysregulation of cell cycle progression plays a
key role in the development of cancer.37 We further explored the

effect of TFPI2AS1 on the cell cycle in A549 cells and determined
that TFPI2AS1 downregulation promotes cell cycle progression,
and TFPI2AS1 upregulation arrests cell cycle progression at G1.It
has been reported that CyclinD1 and CDK2 play regulatory roles
in the G1 phase of cell cycle.20,21 Thus, we further investigated the
impact of TFPI2AS1 on the expression of CyclinD1 and CDK2
protein. Our results demonstrate that TFPI2AS1 knockdown indu-
ces downregulation of both CyclinD1 and CDK2 protein, whereas
TFPI2AS1 overexpression exerts the opposite effects. These data
suggest that the TFPI2AS1-arrestedG1/S transitionmay contribute
to the inhibitory effects of TFPI2AS1 against lung cancer cell
growth.

To unravel the possible pathway involved in the mediatory
role of TFPI2AS1 on A549 cell proliferation and metastasis, we
measured the expression levels of phosphorylated AKT and
total AKT by Western blotting. The PI3K-AKT pathway is

Figure 6. TFPI2AS1 mildly attenuates activation of the AKT signaling pathway in A549 cells. After transfected with control siRNAs or TFPI2AS1 siRNA (A) or with pcDNA3.
1/TFPI2AS1-full (B) for 48 h, the protein level of p-AKT and AKT in A549 cells was examined by Western blotting analysis. GAPDH protein was used as endogenous normal-
ize. �P < 0.05 vs control group. Data are expressed as the mean § SD of the experiments performed in triplicate.

Figure 7. TFPI2AS1 is positively associated with the expression level of TFPI2 in A549 cells. A549 cells were transfected with siRNA or pcDNA3.1/TFPI2AS1-full. TFPI2 mRNA
level was measured by qRT-PCR assay (A and C). TFPI2 protein level was determined by Western blotting assay (B and D). GAPDH was regarded as endogenous normalize.
�P < 0.05 vs control group. Data are expressed as the mean § SD of the experiments performed in triplicate.
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known to play a significant role in cancer progression, cell
growth, proliferation, invasion and metastasis of tumor
cells.38,39 Our results show that TFPI2AS1 knockdown dramati-
cally enhances the level of phosphorylated AKT, while
TFPI2AS1 upregulation slightly decreases the level of phos-
phorylated AKT. Taken together, these findings suggest that
the role of TFPI2AS1 on cell proliferation and metastasis of
A549 cells may be mediated, at least in part, through the AKT
signaling pathway.

Tissue factor pathway inhibitor-2 (TFPI-2) is secreted
within the extracellular matrix and is downregulated in most
aggressive tumors including non-small cell lung cancer
(NSCLC).40,41 To unravel whether the possible mechanism
underlying the impact of TFPI2AS1 on A549 cell proliferation
and metastasis involves modulation of TFPI2, we assessed the
effects of TFPI2AS knockdown and overexpression on the
TFPI2 expression. Knockdown of TFPI2AS1 decreased levels of
TFPI2 mRNA and protein, while TFPI2AS1 overexpression
had the opposite effects. These observations indicate that
TFPI2AS1 positively regulates TFPI2; this positive regulation of
antisense lncRNA on its target gene was previously reported by
Zhang CL et al..42 and Liu W et al.43 Taken together, TFPI2AS1
inhibits the proliferation and migration of NSCLC cells by
regulating TFPI2 expression. However, the precise mechanism
of TFPI2AS1 in modulating TFPI2 is unclear.

Collectively, in this study, a series of in vitro assays demon-
strated that TFPI2AS1 acted as tumor suppressor genes in
NSCLC cells. Additionally, these findings are surprising in that
its upregulation in lung cancer tissues in our primal findings,
which usually suggest the oncogene specificity of TFPI2AS1 in
the development of lung cancer. We speculate that the increases
in TFPI2AS1 in NSCLC tissues are analogous to the role of
insulin on blood sugar. When the level of blood sugar is ele-
vated, insulin release from beta cells in the Islets of Langerhans
in the pancreas is increased, resulting in a decrease in the levels
of blood sugar.44 Thus, our results might be explained by a par-
adigm in which increased numbers of lung cancer cells induce
an increase in TFPI2AS1 to modulate the growth of lung cancer
cells, whereas the function of oncogenes is far stronger than the
impact of TFPI2AS1 on lung cancer cells. There is another
explanation that the expression of TFPI2AS1 might be associ-
ated with the stage of tumors and thus TFPI2AS1 upregulation
in lung cancer tissues cannot simply suggest its oncogene speci-
ficity. This is a limitation of our study that did not the study
the relation of TFPI2AS1 expression levels with stage of lung
tumors. Another limitation is that the role of TFPI2AS1 in lung
cancer should be verified in animal models.

In conclusion, we identified TFPI2AS1 as an upregulated
lncRNA in NSCLC tissues and determined that downregulation
of TFPI2AS1 increases cell proliferation and metastasis of A549
cells, whereas upregulation of TFPI2AS1 inhibits cell prolifera-
tion and metastasis of A549 cells. We also provided evidence
demonstrating the probable association between lncRNA
TFPI2AS1 and TFPI2. According to these findings, we propose
that TFPI2AS1 and TFPI2 may provide a novel direction for
future research of NSCLC. More elaborated studies are needed
for determining the mechanism of TFPI2AS1-modulated
TFPI2 gene transcription as well as the potential function of
their interaction in the development of lung cancer.

Materials and methods

Patients and specimens

Lung cancer samples and matched adjacent normal lung tissues
samples were obtained from patients at the Affiliated Hospital
of Guangdong Medical University, China. None of the patients
were subjected to preoperative chemotherapy and/or radiother-
apy and all patients were diagnosed with NSCLC according to
histopathology. Of the samples, three were used for lncRNAs
microarray analysis. All obtained samples were immediately
snap-frozen in liquid nitrogen after resection. This work was
approved by the Ethics Committee of the Affiliated Hospital of
Guangdong Medical College, and all patients provided written
informed consent prior to sample collection.

Reagents

Oligonucleotides, including negative control siRNA and
TFPI2AS1 siRNA were synthesized by GenePharma (Shanghai,
China). 3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetra-
zolium bromide (MTT) was obtained from Sigma (St Louis,
USA). Primary antibodies against p-AKT, AKT and Brdu (5-
bromo-2-deoxyuridine) were purchased from Cell Signaling
Technology, Inc (Beverly, MA, USA). anti-cyclin D1 antibody
and anti-cyclin-dependent kinases 2 (CDK2) antibody were
purchased from Invitrogen (California, USA). Anti-TFPI2 anti-
body was obtained from Sangon Biotech (Shanghai, China).
Anti- glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
antibody was purchased from Abgent (San Diego, USA).
Annexin V-FITC/ propidium iodide (PI) apoptosis test kit was
obtained from MultiSciences Biotech (Hangzhou, China).

Cell culture and transfection

Human lung cancer-derived cell line A549 was obtained from
the Shanghai Cell Institute Country Cell Bank (Shanghai,
China). Cells were cultured in RPMI-1640 medium with 10%
fetal bovine serum (Gibco/BRL, MD) and grown at 37 �C in a
humidified atmosphere containing 5% CO2. Negative control
siRNA, TFPI2AS1 siRNA, pcDNA3.1 vector, TFPI2AS1 over-
expression vector were transfected to cells using Lipofectamine
2000 Reagent (Invitrogen, California, USA) according to the
manufacturer’s standard protocol.

Microarray analysis

Three pairs of matched samples were used for microarray analysis.
RNA was purified from total RNA after removal of rRNA
(mRNA-ONLYTM Eukaryotic mRNA Isolation Kit, Epicentre).
Then, each sample was transcribed into fluorescent cRNA along
the entire length of the transcripts without 3’ bias utilizing a
random priming method. The labeled cRNAs were hybridized
onto the Human lncRNA Array v2.0 (8£ 60 K, Arraystar)

RNA extraction and quantitative real-time PCR

Total RNA was extracted from cultured cells according to the
manufacturer’s protocol using Trizol reagent (Invitrogen,
California, USA). 2 mg of total RNA were subsequently reverse
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transcribed using a PrimeScriptTM RT reagent kit with gDNA
Eraser (Takara, Otsu, Shiga, Japan) in a total volume of 20 mL
according to the manufacturer’s protocol. Real-time quantita-
tive polymerase chain reaction (qRT-PCR) was then conducted
using SYBR Premix Ex TaqTM II PCR Kit (Takara, Otsu, Shiga,
Japan) following the manufacturer’s instrument. Results were
normalized to the content of GAPDH. All experiments were
performed in triplicate. The gene expression fold-change values
are represented using the2¡DDCt method. Primers used in qRT-
PCR were as follows: TFPI2AS1 5’-CCAGCAATCGGAAGT-
GAGC-3’ (forward) and 5’-TTCAAGAGGTGGATTCCGGC-
3’ (reverse); TFPI2 5’-TCCATCATTTTGCTACAGTCCA-3’
(forward) and 5’-ATTGTCATTCCCTCCACAGC-3’(reverse).
Human glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
5’-GACCTGACCTGCCGTCTA-3’(forward) and 5’-AGGAGT
GGGTGTCGCTGT-3’(reverse).

Cell proliferation assay

Cell proliferation was measured using MTT assay. In brief,
5000 cells per well were plated into 96-well plates. MTT stock
solution (0.5 mg/ml in PBS) was added to each well, and the
cells were cultured for an additional 4 h. Dimethyl sulfoxide
(DMSO) was added to dissolve the resulting crystals before
reading the absorbance at a wavelength of 490 nm in a plate
reader. Three independent experiments were performed.

Brdu immunofluorescence assay

Cells were plated on laser confocal dishes. Brdu Sigma (St Louis,
USA) stock solution (10 mg/ml) dissolved in PBS was added at
1:1000 to each dish. After 1 h incubation, the cells were washed
with PBS and subsequently fixed with 4% paraformaldehyde.
20 min later, the samples were denatured with HCl at 37�C for
15min and incubated with blocking solution for 1 h. The cells were
then incubated with a primary mouse antibody against Brdu
(1:200) at 4�C overnight, followed by treatment with Cy5-conju-
gated secondary antibody for 2 h. After staining with 4',6-diami-
dino-2-phenylindole (DAPI) and washing with PBS, the dishes
were incubated with fluorescence quenching agent and visualized
using confocal microscopy. Eight microscopic fields were
randomly selected for calculating Brdu.

Cell cycle analysis

Cells were plated onto a 6-well plate at a density of 5 £ 105 cells/
well and grown for 24 h. The cells were then starved with serum-
free culture medium for 24 h to synchronize them at the G1/S
boundary, followed by transfection. 48 h later, the cells were col-
lected, washed twice with ice‑cold PBS, and fixed with 70% ice-cold
ethanol at 4�C overnight. After rehydration in PBS for 15 min, the
cells were stained for 30 min in the dark with PI solution and then
analyzed by flow cytometry (BD Biosciences, USA).

Colony formation assay

500 cells were plated in 6-well plates in triplicate. After 14-days of
incubation, the cells were washed with PBS, fixed with 4% parafor-
maldehyde and subsequently stained using 0.1% crystal violet

Sigma (St Louis, USA). The colony numbers were counted, and
colonies consisting of more than 50 cells were defined as effective.

Transwell assay

Cell migration was evaluated using 8-mm pore size polycarbon-
ate filter transwell inserts on the upper chamber with non-
coated membranes. After transfection for 24 h, the cells were
digested with trypsin and then 5 £ 104 transfected cells were
diluted with serum-free culture medium and plated onto the
upper chamber in 200 mL RPMI 1640 without fetal bovine
serum. 600-mL of 10% fetal bovine serum medium was added
to the bottom chamber. After incubating for 18 h, the non-
migrated cells in the upper chamber were removed with a cot-
ton swab and the migrated cells in the lower chamber were
fixed with 4% paraformaldehyde. All cells were stained using
0.1% crystal violet Sigma (St Louis, USA), and the cell numbers
were counted in five random views of each chamber under a
phase contrast microscope. The migrated cells were determined
by photographing at 200 £ magnification with an Olympus
Microscope. Each experiment was repeated three times.

Western blotting analysis

Treated cells were collected and lysed in Radio-Immunoprecip-
itation Assay (RIPA) buffer containing 1 mM Phenylmethane-
sulfonyl fluoride (PMSF). After centrifugation at 12000 rpm for
15 min, supernatants were collected. Then the total protein
concentration of each sample was determined by Bicinchoninic
acid (BCA) protein assay according to the manufacturer’s pro-
tocols. Equal amounts of cell extracts were dissolved in
SDS-PAGE loading buffer and boiled at 100�C for 5 min. The
samples were separated on 12% SDS-PAGE gels and then
transferred onto polyvinylidene fluoride (PVDF) membranes.
After blocking with 5% nonfat milk, the membranes were
incubated with rabbit anti-p-AKT, rabbit anti-AKT, rabbit
anti-TFPI2, rabbit anti-cyclin D1 and rabbit anti- CDK2 or
mouse anti-GAPDH antibodies with gentle agitation at 4�C
overnight. After washing with Tris-buffered Saline with Tween
20 (TBST) three times, the membranes were incubated with
secondary antibodies (1:5000) for 60 min. The signals of the
target proteins were visualized by enhanced chemilumines-
cence (Pierce), with GAPDH as a control.

Statistical analysis

Statistical analyses were performed using SPSS 18.0. Data are
presented as the mean § SD. The Student’s t-test was used for
analyzing statistical differences between groups. Differences
were considered significant at P < 0.05.
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