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ABSTRACT
Papillary thyroid cancer (PTC) is considered a low hazard endocrine system cancer, but a considerable number
of patients have poor prognosis because of lymph node metastasis and invasion of surrounding tissues. In this
study, we analyzed the expression and function of the long non-coding RNA (lncRNA) AGAP2-AS1 in PTC. We
found that AGAP2-AS1 expression was significantly higher in human PTC tissues than adjacent noncancerous
tissues (n=110; p<0.01) and correlated with lymph node metastasis (p=0.01) and tumor-node-metastasis stage
(p=0.006). AGAP2-AS1 downregulation decreased migration and invasion by PTC cells, and reduced expression
of matrix metalloproteinase-2 (MMP2). AGAP2-AS1 upregulated MMP2 expression by competitively binding to
microRNA-425-5p. In addition, miR-424-5p expression was decreased in PTC tissues and correlates negatively
with the AGAP2-AS1 levels. These results demonstrate that AGAP2-AS1 expression is significantly elevated in
PTC tissues and that, by binding to miRNA-425-5p, it upregulates the MMP2 expression, thereby increasing the
invasiveness and migration capacity of PTC cells.

INTRODUCTION
Papillary thyroid cancer (PTC) is one the most common
malignant tumors of the endocrine system [1, 2].
Despite a good prognosis in most PTC patients,
some patients have unsatisfactory outcomes because of
tumor persistence, and have a recurrence rate of
approximatively 30% [3–5]. The 10-year survival rate
of patients who develop distant metastases is less than
40% [6]. Therefore, it is crucial to find new molecular
markers to improve the initial diagnosis, which could
reveal the mechanisms of PTC tumorigenesis, and
improve patient prognosis.
Deregulation of genes associated with MAPK and
PI3K/AKT serine/threonine kinase signaling pathways
accounts for 90–95% of thyroid cancer cases [7, 8].
Long non-coding RNAs (lncRNAs) are RNA molecules
of over 200 nucleotides; they are located in the cell nuc-
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leus and cytoplasm [9]. LncRNAs possess limited or no
protein-coding capacity, and function as regulators in
cancer progression [10–12]. They exert their functions
by regulating chromatin accessibility and gene
expression. For example, in hepatocellular carcinoma,
lncAKHE promotes cell growth and migration through
NOTCH-2 signaling [13]. In PTC, the lncRNA
NEAT1_2 inhibits apoptosis and promotes cell
migration, growth, and invasion by acting as a
competing endogenous RNA (ceRNA) to regulate the
expression of ATAD2 by sponging miR-106b-5p [14].
Thousands of lncRNAs are dysregulated in thyroid
cancer; however, the function of most of them in cancer
development is unknown.
The lncRNA AGAP2 antisense RNA 1 (AGAP2-AS1) is
a 1567 nt antisense lncRNA transcribed from a gene
located at 12q14.1. AGAP2-AS1 plays important roles in
hepatocellular carcinoma, pancreatic cancer, and gastric

AGING

cancer [15–17]; however, its role and mechanism
of function in PTC are not known. Matrix metalloproteinases (MMPs) comprise a family of zincdependent endoproteases that have important roles in
tissue remodeling and degradation of proteins of the
extracellular matrix (ECM) [18, 19].
The aim of this study was to determine the role of
AGAP2-AS1 in PTC, and to investigate whether it
might provide a new target for PTC diagnosis and
treatment. Our results demonstrate that the expression
of AGAP2-AS1 is increased in PTC tissues, and
by binding to miR-424-5p, it upregulates the
MMP2 expression, resulting in increased migration
and invasion of PTC cells. These findings indicate
that AGAP2-AS1 might serve as a novel target for
diagnosis and treatment of PTC.

RESULTS
AGAP2-AS1 expression is increased in PTC tissues
and correlates with TNM stage and lymph node
metastasis in PTC
Using qRT-PCR, we analyzed AGAP2-AS1 expression
in 110 paired PTC tissues and adjacent non-cancerous
tissues. Compared with non-cancerous tissues, the
AGAP2-AS1 expression was significantly increased in
PTC tissues (Figure 1A, 1B). The median value of
AGAP2-AS1 expression in PTC tissues was 0.6553.
Using this median, we divided the 110 patients into two
groups: Those with a high relative expression of
AGAP2-AS1 (≥ 0.6553; n = 56) and those with a low
relative expression of AGAP2-AS1 (< 0.6553; n = 54).
The results in Table 1 show that the relative expression

Figure 1. AGAP2-AS1 expression is increased in PTC tissues and cells. (A) The fold change of AGAP2-AS1 expression between
PTC tissues and paired non-cancerous tissues. (B) RT-PCR of AGAP2-AS1 levels in 110 pairs of PTC tissues and paired non-cancerous
tissues. The Wilcoxon signed-rank test was used to analyze the differences between the two groups; data are presented as the median
with a range. **P < 0.01. (C) RT-PRC of AGAP2-AS1 levels in TPC1, K1, BCPAP, and IHH4 PTC cells, and in a normal human thyroid
follicular epithelial cell line (Nthy-ori 3-1). Data were analyzed using an independent samples t-test. *P < 0.05, **P < 0.01 vs. the Nthyori 3-1 group.
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Table 1. Correlation between AGAP2-AS1 expression and clinicopathological features in papillary thyroid cancer
(PTC) (n = 110).
Characteristics
Gender
Male
Female
Age(years)
<45
≥45
Extrathyroidal extension
Yes
No
TNM staging
I-II
III-IV
Lymph node metastasis
Yes
No
Multicentricity
Yes
No
Tumor size(cm)
<2
≥2
Recurrence
Yes
No

n

High expression(%)

Low expression(%)

p

37
73

18(48.65)
37(50.68)

19(51.35)
36(49.32)

0.84

80
30

41(51.25)
14(46.67)

39(48.75)
16(53.33)

0.669

40
70

21(52.5)
34(48.57)

19(47.5)
36(51.43)

0.692

68
42

27(39.71)
28(66.67)

41(60.29)
14(33.33)

0.006

69
41

41(59.42)
14(34.15)

28(40.58)
27(65.85)

0.01

54
56

28(51.85)
27(48.21)

26(48.15)
28(51.79)

0.773

51
59

27(52.94)
28(47.46)

24(47.06)
31(52.54)

0.566

5
105

2(40.00)
53(50.48)

3(60.00)
52(49.52)

1

of AGAP2-AS1 was associated with the TNM stage (p =
0.006) and lymph node metastasis (p = 0.01). There was
no significant correlation between the two groups and
other clinicopathological characteristics.
In addition, we analyzed the relative expression of
AGAP2-AS1 in PTC cell lines (K1, TPC1, IHH4, and
BCPAP) and in normal human thyroid follicular
epithelial cells (Nthy-ori 3-1). Compared with Nthy-ori
3-1 cells, the AGAP2-AS1 expression was increased in
TPC1, K1, and IHH4 cells (Figure 1C).
Knockdown of AGAP2-AS1 impairs migration and
invasion of PTC cells
To investigate the role of AGAP2-AS1 in PTC cells, we
first used two short interfering RNA (siRNA) sequences
to knockdown the expression of AGAP2-AS1. As shown
in Figure 2A, siRNA1 efficiently suppressed the
AGAP2-AS1 expression in K1 and TPC1 cells; thus, it
was used to investigate the function of AGAP2-AS1 in
PTC. Importantly, AGAP2-AS1 suppression decreased
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invasion and migration of PTC cells analyzed by Transwell assay (Figure 2B). In addition, AGAP2-AS1
knockdown decreased PTC cell proliferation and
migration analyzed by wound-healing assay (Figure 2C,
2D). We also analyzed the levels of proteins involved in
migration and invasion using western blotting. While
there was no significant difference in the levels of Ecadherin, N-cadherin, MMP9, and vimentin between
AGAP2-AS1 knockdown and control cells, AGAP2-AS1
suppression significantly decreased the level of MMP2
(Figure 2E), indicating that AGAP2-AS1 promotes
migration and invasion of PTC cells by increasing the
expression of MMP2.
AGAP2-AS1 suppression decreases MMP2 expression
by upregulating miRNA-424-5p in PTC cells
MiRNAs and lncRNAs interact via miRNA recognition
sequences, in which the lncRNA acts as a competing
endogenous RNA (ceRNA), resulting in sequestration
of the miRNA, and inhibition of the miRNA regulatory
effect on the target mRNA [20, 21]. The ceRNA
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Figure 2. Knockdown of AGAP2-AS1 inhibits invasion and migration in PTC cells. (A) RT-PCR of AGAP2-AS1 after si-RNA suppression
in PTC cells; **P < 0.01 vs. NC. (B) Transwell assay in PTC cells after transfection with si-AGAP2-AS1 or NC. Data are presented as the mean ±
SD, analyzed using independent samples t-test. **P < 0.01 vs. NC. (C, D) Wound healing assay in PTC cells after transfection with si-AGAP2AS1 or NC. E. Western analysis of N-cadherin, E-cadherin, MMP2, MMP9, and Vimentin after transfection with si-AGAP2-AS1 or NC in PTC
cells; **P < 0.01, *P < 0.05 vs. NC.
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mechanism usually occurs in the cytoplasm; this is
consistent with the canonical view that miRNAs act in
the cytoplasm [22]. To elucidate the mechanism of how
AGAP2-AS1 upregulates the MMP2 expression, we first
analyzed the cellular localization of AGAP2-AS1 using
immunofluorescence. As shown in Figure 3A, AGAP2AS1 was localized mainly in the cytoplasm in TPC1 and
K1 cells. To investigate whether AGAP2-AS1 may
function as a ceRNA/miRNA sponge, we searched for
miRNAs that could bind to both AGAP2-AS1 and
MMP2, using the bioinformatics target prediction tools
Targetscan and MirDB. Altogether, 16 miRNAs were
identified that might target both AGAP2-AS1 and the 3′
UTR of MMP2. To test whether expression of these 16
miRNAs is regulated by AGAP2-AS1, we analyzed their
levels by qRT-PCR after AGAP2-AS1 knockdown in K1
and TPC1 cells. As shown in Figure 3B, high levels of
miR-106b-5p, miR-20a-5p, miR-29b-3p, miR-424-5p,
miR-4270, and miR-17-5p were observed in cells with
knocked-down AGAP2-AS1 compared with control
cells. To validate these results, we overexpressed these
six miRNAs, and analyzed the effect on MMP2
expression. As shown in Figure 3C, 3D, overexpression
of miR-424-5p had the most significant effect on the
suppression of MMP2 in K1 and TPC1 cells. Together,
these data demonstrate that AGAP2-AS1 is localized
mainly in the cytoplasm in PTC cells, and by
downregulating the expression of miR-424-5p, it
increases the MMP2 expression.
MiR-424-5p binds to AGAP2-AS1 and MMP2 to
suppress invasion and migration of PTC cells
Next, we analyzed the miR-424-5p levels in PTC
tissues. As shown in Figure 4A, the levels of miR-4245p were decreased in 40 paired PTC tissues compared
with adjacent non-cancerous tissues. Moreover, the
levels of AGAP2-AS1 and miR-424-5p negatively
correlated in these 40 pairs of PTC tissues (Figure 4B).
Overexpression of a miR-424-5p mimic decreased
invasion and migration of PTC cells in vitro, as
analyzed by Trans-well and wound-healing assays
(Figure 4C, 4D).
To assess whether miR-424-5p binds to both AGAP2AS1 and the 3′ UTR of MMP2, we used dual-luciferase
reporter assays. Simultaneous transfection of AGAP2AS1 wild-type (AGAP2-AS1 Wt) and the miR-424-5p
mimic distinctly decreased the luciferase activity;
however, the luciferase activity was not affected when
the miR-424-5p mimic and AGAP2-AS1 mutated-type
(AGAP2-AS1 Mt) were cotransfected. The miR-424-5p
mimic could also reduce the luciferase activity
controlled by wild-type MMP2-3′ UTR (MMP2-3′ UTR
Wt), but did not show any effect with the mutated-type
MMP2-3′ UTR in HEK 293T cells (MMP2-3′ UTR Mt).
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These results indicate that miR-424-5 binds to both
AGAP2-AS1 and MMP2, and suggest that AGAP2-AS1
upregulates MMP2 expression by sponging miR-425-5p
(Figure 4E, 4F).
Downregulation of miR-424-5p partly rescues siAGAP2-AS1-mediated inhibition of invasion and
migration in PTC cells
We performed a rescue experiment to validate the
interaction between AGAP2-AS1 and miR-424-5p.
When si-AGAP2-AS1 and miR-424-5p inhibitor were
expressed simultaneously, the suppressed invasion and
migration caused by si-AGAP2-AS were not observed
in TPC1 and K1 cells (Figure 5A, 5B). Wound assays
showed similar results: Downregulation of miR-424-5p
could partly rescue the impact of si-AGAP2-AS1
(Figure 5C, 5D). Western blotting verified the rescue
effect of miR-424-5p inhibitor, showing that MMP2
expression was distinctly suppressed when cells were
co-transfected with the miR-424-5p inhibitor and siAGAP2-AS1 compared to cells transfected with siAGAP2-AS1 alone (Figure 5E). Together, our findings
demonstrate that the lncRNA AGAP2-AS1 upregulates
invasion and migration of PTC cells by enhancing the
expression of MMP2 by sponging miR-424-5p.

DISCUSSION
The Human Genome Project provided some tantalizing
information regarding the human genome. For example,
> 90% of the genome is transcribed; however, only
about 2% of the genome is translated [23, 24]. Many of
the transcribed sequences and genes have been
investigated as diagnostic biomarkers or therapeutic
targets [25], including gene mutations, and protein and
mRNA markers. Some of them have shown diagnostic
value for PTC, including the B-Raf proto-oncogene
(BRAF), RAS (GTPases named after rat sarcoma),
RET/PTC (rearrangement of the RET proto-oncogene
that encodes a receptor tyrosine kinase), PAX8 (Paired
Box 8), peroxisome proliferator activated receptor
gamma (PPARγ), and galectin-3 [26–28]. In addition,
compared with protein-coding genes, many lncRNAs
exhibit a tissue-specific expression pattern in multiple
human cancers [29].
The lncRNA AGAP2-AS1 plays a vital role in several
types of cancer; it functions mainly as a protein scaffold
and ceRNA. AGAP2-AS1 regulates oncogenesis in nonsmall-cell lung cancer (NSCLC), in which it is
upregulated and binds to EZH2 (encoding enhancer of
zeste homolog 2) and LSD1 (encoding lysine-specific
histone demethylase 1), leading to silencing of LATS2
(encoding large tumor suppressor kinase 2) and KLF2
(encoding Kruppel like factor 2), and increased cell
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Figure 3. AGAP2-AS1 suppression decreases MMP2 expression by upregulating miRNA-424-5p in PTC cells. (A) FISH analysis
demonstrating cytoplasmic localization of AGAP2-AS1 in TPC1 and K1 cells. (B) qRT-PCR of miRNAs in TPC1 and K1 cells after AGAP2-AS1
knockdown. Data are presented as the mean ± S.D, analyzed using an independent samples t-test; **P < 0.01 vs. NC. (C, D) Western blotting
of MMP2 in TPC1 and K1 cells incubated with miR-424-5p mimic. Data are presented as the mean ± S.D, analyzed using an independent
samples t-test; *P < 0.05, **P < 0.01 vs. NC.
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Figure 4. MiR-424-5p is downregulated in PTC tissues, binds to AGAP2-AS1 and MMP2, and regulates invasion and migration
of PTC. (A) Expression of miR-424-5p in 40 pairs of PTC tissues and paired non-cancerous tissues, assessed using qRT-PCR. The Wilcoxon
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signed-rank test was used to analyze the differences between the two groups; data are presented as the median with a range. **P < 0.01.
(B) Pearson’s correlation analysis between AGAP2-AS1 and miR-424-5p expression in PTC tissues (R2 = 0.1046, p = 0.0418). (C) Trans-well
assay of invasion and migration of PTC cells after transfection with miR-424-5p mimic or NC. Data are presented as the mean ± S.D, analyzed
using an independent samples t-test. **P < 0.01 vs. NC. (D) Wound healing assay to assess the migration ability of PTC cells after transfection
with miR-424-5p mimic or NC. (E) Predicted miR-424-5p binding sites in AGAP2-AS1 (AGAP2-AS1-Wt) and the designed mutant sequence
(AGAP2-AS1-Mt) are indicated. HEK 293T cells were transfected with AGAP2-AS1-Wt, AGAP2-AS1-Mt, and the indicated miRNAs, and
luciferase reporter assay was conducted. Data are presented as the mean ± S.D, analyzed using an independent samples t-test; **P < 0.01 vs.
AGAP2-AS1-Wt + NC. (F) Predicted miR-424-5p binding sites in the 3′-UTR region of MMP2 (MMP2-3′UTR-Wt) and the designed mutant
sequence (MMP2-3′UTR-Mt) are indicated. HEK 293T cells were transfected with MMP2-3′UTR-Wt or ATAD2-3′UTR-Mt and the indicated
miRNAs, and luciferase reporter assay was conducted. Data are presented as the mean ± S.D., analyzed using independent samples t-test.
**P < 0.01 vs. MMP2-3′UTR-Wt + NC.

proliferation [30]. In addition, AGAP2-AS1 regulates
trastuzumab resistance by targeting MYD88 (encoding
MYD88 innate immune signal transduction adaptor) in
breast cancer [31]. AGAP2-AS1 also regulates gastric
cancer development and progression by suppressing p21
and E-cadherin [17]. Furthermore, AGAP2-AS1
promotes cell proliferation, migration, invasion, and
EMT progression in hepatocellular carcinoma via
AGAP2-AS1/miR-16-5p/ANXA11/AKT axis as ceRNA
[16]. Zheng et al. have found that AGAP2-AS1 regulates
glioma cell proliferation and apoptosis by sponging
miR-15a/b-5p to upregulate the expression of HDGF
[32]. In esophageal cancer, AGAP2-AS1 suppression
increases miR-195-5p expression, and decreases cell
proliferation, migration, and invasion [33]. However,
the function of AGAP2-AS1 in PTC was unknown. Our
present findings demonstrate that the AGAP2-AS1
expression is significantly increased in PTC tissues
compared with paired noncancerous tissues. The high
AGAP2-AS1 expression in PTC correlates with TNM
stage and tumor size. Downregulation of AGAP2-AS1 in
PTC cells inhibits their migration and invasion. Thus,
our data show that AGAP2-AS1 acts as a ceRNA to
promote proliferation, migration, and invasion in PTC
cells (Figure 5G).
MMPs have a major function in tissue remodeling
via enhancing ECM protein turnover, including
proteoglycans, elastin, gelatin, collagens and other matrix
glycoproteins [34]. MMP-2 is ubiquitously expressed in
various cells and tissues, and is involved in many
physiological and pathological processes. MMP-2 and its
inhibitors TIMP-1 and -2, also function in tumor invasion
and metastasis. Indeed, an imbalance between MMP-2
and TIMPs might contribute to tumor progression.
Several studies have shown that the expression of MMP2
correlates with lymphatic and vascular invasion, and
lymph node metastasis [35, 36]. MMP2 plays a vital role
also in thyroid cancer [37, 38]. Our results demonstrate
that AGAP2-AS1 upregulates the MMP2 expression, thus
promoting invasion and migration of PTC cells.
MiRNAs have important roles in cancer, and their
ectopic expression can result in cancer development
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[39]. A recent study has suggested that miR-424-5p
functions as a tumor suppressor in breast cancer [40].
MiR-424-5p inhibits CCNE1 expression (encoding
cyclin E1) in ovarian cancer, and inhibits cell cycle
by suppressing the E2F transcription factor 1 (E2F1)RB transcriptional corepressor (PRb) pathway,
which promotes apoptosis [41]. Progression of
malignant tumors, such as colon carcinoma, epithelial
ovarian cancer, and cervical cancer involves miR424-5p [42, 43]. Our data show that AGAP2-AS1 is
localized predominantly in the cytoplasm in TPC1
and K1 cells. In addition, our findings demonstrate
that the expression of miR-424-5p is increased in the
AGAP2-AS1 knockdown PTC cells, and that miR424-5p downregulates the MMP2 expression. The
levels of miR-424-5p inversely correlate with the
levels of AGAP2-AS1 in PTC tissues, and miR-4255p mimic decreases invasion and migration of PTC
cells. Our data suggest that miR-424-5p binds to
AGAP2-AS1 to promote MMP2 expression, resulting
in the increased migration and proliferation in PTC
cells.
CeRNAs were first described in 2011, and were proposed
to form a transcriptome-wide, large-scale regulatory
network. As such, they expand the scope of the
functional genetic information contained in the human
genome. LncRNAs also play important roles in
pathological conditions, especially cancer [44]. CeRNAs
produce their effects using microRNA response elements
(MREs) as the letters of a new language. This type of
noncoding transcript includes lncRNAs [45],
pseudogenes [46], and circular RNAs [47], which contain
binding sequences for microRNAs. The ceRNAs reduce
the action of their cognate miRNAs on their mRNA
targets by reducing the amount of free microRNAs.
Several lncRNAs, acting as ceRNAs, have been reported
to play a vital role in cancers, such as small cell lung
cancer [48] and pancreatic cancer [49]. The results
presented here show that miR-424-5 binds to both
AGAP2-AS1 and the 3′ UTR of MMP2. Downregulation
of miR-424-5p impairs the effect of si-AGAP2-AS1 on
PTC cells in terms of invasion, migration, and MMP2
expression.
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Figure 5. Downregulation of miR-424-5p partly rescues si-AGAP2-AS1 mediated inhibition of invasion and migration in PTC
cells. (A, B) Trans-well assays of PTC cell migration and invasion after transfection with si-AGAP2-AS1, or a co-transfection with miR-424-5p
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inhibitor and si-AGAP2-AS1 or NC. Data are presented as the mean ± S.D., analyzed using an independent samples t-test; **P < 0.01 vs. the siAGAP2-AS1 group. (C, D) Wound-healing assay of PTC cell migration and invasion after transfection with si-AGAP2-AS1, or co-transfection
with miR-424-5p inhibitor and si-AGAP2-AS1 or NC. (E) Western blotting of MMP2 after transfection with si-AGAP2-AS1 or co-transfection
with miR-424-5p inhibitor and si-AGAP2-AS1 or NC. Data are presented as the mean ± S.D., analyzed using an independent samples t-test;
**P < 0.01 vs. the si-AGAP2-AS1 group. (F) Schematic illustration of the proposed function of AGAP2-AS1 in PTC. AGAP2-AS1 functions as a
competing endogenous RNA that upregulates MMP2 expression and promotes PTC progression by sponging miR-424-5p. (G) AGAP2-AS1
played a role as ceRNA in different cancers.

In conclusion, our results demonstrate that the lncRNA
AGAP2-AS1 is highly expressed in PTC tissues, and
positively correlates with TNM stage and lymph node
metastasis in PTC. Knockdown of AGAP2-AS1 reduces
invasion and migration of PTC cells. These findings
indicate that AGAP2-AS1 functions as a ceRNA that
promotes MMP2 expression in PTC by sponging miR424-5p, and suggest that AGAP2-AS1 might serve as a
potential diagnostic and therapeutic target for PTC.

MATERIALS AND METHODS
Patient samples
Paired samples of PTC and adjacent non-cancerous
tissues were collected from patients who received surgery
at the First Hospital of China Medical University between
2010 and 2017. The sampled tissues were examined
pathologically, frozen in liquid nitrogen, and stored at
−80 °C. Their clinicopathological characteristics, such as
gender, age, extrathyroidal extension, lymph node
metastasis, multicentricity, tumor-node-metastasis (TNM)
stage, and tumor size, were recorded.
RNA extraction and qRT-PCR
RNAiso (Takara, Dalian, China) was used to isolate total
RNA. SYBR Premix Ex Taq II (Takara, Shiga, Japan)
was used to perform qRT-PCR on a LightCycler 480
system (Roche Molecular Systems Inc., Branchburg, NJ,
USA) according to the manufacturers' instructions. The
cycling conditions comprised an initial denaturation at
95 °C for 30 s; followed by 40 cycles of denaturation at
95 °C for 5 s, annealing at 60 °C for 30 s; and
dissociation at 95 °C for 60 s, 55 °C for 1 min, and
95 °C for 30 s. The primer sequences used were:
AGAP2-AS1 5′- TACCTTGACCTTGCTGCTCTC-3′
(forward) and 5′-TGTCCCTTAATGACCCCATCC-3′
(reverse), hsa-miR-424-5p 5′- GCCAGCAGCAATTCA
TGT-3′ (forward) and 5′- TATGGTTTTGACGACTGT
GTGAT-3′ (reverse), GAPDH 5′-CAGGAGGCATT
GCTGATGAT-3′ (forward) and 5′-GAAGGCTGGGG
CTCATTT-3′(reverse).
Cell culture
The European Collection of Authenticated Cell Culture
(ECACC, UK) provided the Nthy-ori 3-1 and K1 cell
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lines. Professor Meiping Shen (Department of General
Surgery, The First Affiliated Hospital of Nanjing
Medical University, Nanjing, Jiangsu) gifted the TPC1
cell line. DSMZ (Braunschweig, Germany) provided the
BCPAP cell line. The Health Science Research
Resources Bank (Osaka, Japan) provided the IHH4
cells. TPC1 cells were cultured in Dulbecco’s modified
eagle’s medium (DMEM) supplemented with 15% fetal
bovine serum (FBS). K1 cells were cultured in
DMEM:Ham’s F12:MCDB 105 (2:1:1) supplemented
with 2 mM glutamine and 10% FBS. BCPAP and Nthyori 3-1 cell lines were maintained in RPMI-1640
medium containing 10% FBS. IHH4 cells were cultured
in a 1:1 mixture of RPMI-1640 and DMEM with 10%
FBS. Short interfering RNA (siRNA) and negative
control (NC) were from Gene Pharma (Suzhou, China).
The si-AGAP2-AS1 (sense) sequence was: 5′- GGC
ACAACGACAAAUGUCUTT-3′. The negative control
(NC) sequence was 5′-UUC UCC GAA CGU GUC
ACG UTT-3′. Lipofectamine 2000 was from Invitrogen.
Cell invasion and migration assays
After 24 h transfection, cell concentration was adjusted to
5 × 104 cells/ml with serum-free medium. The upper
chamber of Transwell chamber (Costar; 24-well insert,
pore size: 8 μ m) was filled with 200 μl of cell
suspension, and the lower chamber was filled with 500 μl
of medium with 10% FBS. For the invasion assay,
polycarbonate filters coated with 50 μl Matrigel (1:9, BD
Bioscience) were placed in a Transwell chamber. Cells
were incubated for 12 h for the migration assay, and 36 h
for the invasion assay. Cells on the bottom surface of the
membrane were fixed with 4% paraformaldehyde and
stained with 0.5 % crystal violet. The migratory cells
were visualized and counted in five random visual
fields per insert under an inverted microscope at
100× magnification (Nikon MicrophotFX, Japan). The
experiment was repeated three times.
Wound healing assay
After 24 hours post-transfection, cells were plated in
six-well plates at 2 × 105 cells per well. When cells in
each well reached 80% confluence, a 200-μl pipette tip
was used to scratch the cell surface. PBS was used to
wash off free cells, and the wound was photographed;
three images were obtained for each wound. The
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difference in the wound width at 0 and 24 h was used to
measure the extent of wound healing. The experiment
was repeated three times.
Western blotting
A Total Protein Extraction Kit (KeyGEN, Nanjing,
China) was used to extract proteins from PTC cells.
Proteins (20–30 μg) were separated using 10% SDSPAGE and transferred onto polyvinylidene fluoride
membranes (Millipore, Billerica, MA, USA). The
membranes were blocked with 5% skim milk for 2 h, and
incubated overnight at 4 °C with primary antibodies
against MMP2, E-cadherin, MMP9, N-cadherin (1:2000
dilution; Abcam, Cambridge, MA, USA), and control
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
(ZSGB-Bio, Beijing, China; 1:1000 dilution). The
membranes were then incubated with secondary
antibodies (1:10,000 dilution; Cell Signaling Technology,
Danvers, MA, USA), followed by chemiluminescence
detection (Thermo Fisher Scientific, Waltham, MA,
USA). To quantify the intensity of the protein bands,
Image J (NIH, Bethesda, MD, USA) was used.
Fluorescence in situ hybridization analysis (FISH)
A PARIS kit (Life Technologies) was used to separate
the nuclear and cytosolic fractions, and RNA FISH
probes were designed and synthesized. Briefly, cells were
fixed with 4% formaldehyde for 15 min and washed with
PBS. After pepsin treatment, the fixed cells were
dehydrated through an ethanol series. The cells were airdried and then incubated with the FISH probes (40 nM)
in hybridization buffer (Life Technologies). Thereafter,
the slides were washed, dehydrated, and mounted using
Prolong Gold Antifade Reagent. Nuclei were stained
using 2-(4-amidinophenyl)-1H-indole-6-carboxamidine
(DAPI), and cells were visualized and photographed
under a fluorescence microscope (DMI4000B, Leica,
Wetzlar, Germany). The probe sequences are as follows:
(1) 5′-CGTCG ACACC CAGGA GATGC GACCA
CAGCT CGCCG GGCAC-3′
(2) 5′-TGCCG GAGCG CACAG CGAAA GGGTG
TGCGC CAACC GGCAC-3′
(3) 5′-TTTGA GAATG GAACT GGAAV GACGA
GAGTG TCGTA ACGTC -3′
Negative control is blank control.
Luciferase reporter assay

Statistical analysis
GraphPad Prism 6.0 (GraphPad Software, La Jolla, CA,
USA) and SPSS 21.0 software (IBM Corp. Armonk,
NY, USA) were used to perform the statistical analyses.
The relationship between AGAP2-AS1 expression and
the clinicopathological characteristics was examined
using the chi-squared test. The results were considered
statistically significant at a P-value < 0.05.
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