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ABSTRACT
Accumulating evidence suggests that long noncoding RNAs (lncRNAs) play an important role in
oncogenesis and tumor progression. However, our knowledge of lncRNAs in thyroid cancer is still
limited. To explore the crucial lncRNAs involved in oncogenesis of papillary thyroid cancer (PTC), we
acquired data of differentially expressed lncRNAs between PTC tissues and paired adjacent
noncancerous thyroid tissues through lncRNA microarray. In the microarray data, we observed that a
newly identified lncRNA, HIT000218960, was significantly upregulated in PTC tissues and associated
with a well-known oncogene, high mobility group AT-hook 2 (HMGA2) gene. Both in normal thyroid
tissues and PTC tissues, the expression of HIT000218960 was significantly positively correlated with
that of HMGA2 mRNA. Knockdown of HIT000218960 in PTC cells resulted in downregulation of
HMGA2. In addition, functional assays indicated that inhibition of HIT000218960 in PTC cells
suppressed cell proliferation, colony formation, migration and invasion in vitro. Increased
HIT000218960 expression in PTC tissues was obviously correlated with lymph node metastasis and
multifocality, as well as TNM stage. Those findings suggest that HIT000218960 might acts as a tumor
promoter through regulating the expression of HMGA2.

KEYWORDS
HIT000218960; HMGA2; long
noncoding RNA;
oncogenesis; papillary
thyroid cancer

Introduction

Thyroid cancer is the most common endocrine malignancies
and represents approximately 1–5% of newly diagnosed can-
cers. Contrary to many other cancers, the incidence of thy-
roid cancer is increasing rapidly in the last 3 decades.1

Papillary thyroid carcinoma (PTC) is the most common
type, accounting for about 80–90% of all thyroid cancers in
the United States.2 Although the majority of PTCs are cur-
able, there is approximately 30% cases with lymph node
metastases which prognoses unfavorable outcomes.3The bio-
logical behavior of PTC varies widely. However, the ideal
genetic marker for PTC prognosis has not yet been identi-
fied. Therefore, it is essential to understand the molecular
mechanisms that underlie thyroid cancer, as a primary step
to find valuable biomarkers.

Long noncoding RNAs (lncRNAs) are a class of transcripts
that are 200 nucleotides in length or larger and have limited
protein coding potential.4 Many studies have demonstrated
that lncRNAs associate with a surprisingly wide array of cell-
uer functions, such as proliferation, apoptosis, or cell migra-
tion.5 Although the precise mechanisms of lncRNAs remain
poorly understood, there is accumulating evidence to suggest

that the aberrant expression of lncRNAs in certain diseases
may have excellent diagnostic and prognostic values.6-10 At
present, a few of lncRNAs were reported to play an important
role in oncogenesis and progress of thyoid cancer. For
instance, papillary thyroid carcinoma susceptibility candidate
3 (PTCSC3), which is exclusively expressed in thyroid
tissue and downregulated in PTC tissue, was found to impact
PTC carcinogenesis through the S100A4 pathway.11,12 And
lncRNA NONHSAT037832 was reported to have a high diag-
nostic value for differentiating between PTC and noncancer-
ous disease.13 However, relative to other malignant diseases,
our knowledge of lncRNAs in thyroid cancer is still limited.
It necessary to identify more lncRNAs associated thyroid can-
cer and research into their functional mechanisms.

In the present study, we investigated the different expression
profiles of lncRNAs between PTC tissue and paired adjacent
noncancerous thyroid tissue using microarray. Quantitative
real time polymerase chain reaction (qRT-PCR) was applied
for validation of the differentially expressed lncRNAs. In addi-
tion, we identified lncRNA-HIT000218960 associated with
PTC, and focus on the role of lncRNA-HIT000218960 in the
oncogenesis and progress of PTC.
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Results

LncRNAs and mRNAs expression profiles in PTC

The microarray analysis dectected a total of 1593 lncRNAs and
1952 mRNAs which were differentially expressed (fold change
� 2.0 and P < 0.05) in PTC tissues compared with paired adja-
cent noncancerous thyroid tissues. The top 20 differentially
expressed lncRNAs and mRNAs were listed in Table S1 and
Table S2. Hierarchical clustering analysis was used to arrange
specimens into groups according to their expression levels
(Fig. 1).

Validation of the microarray data

To validate microarray analysis findings, we selected the top 3 up-
and downregulated lncRNAs and another random 4 differentially
expressed lncRNAs (TCONS_00028337, TCONS_00020457,
ENST00000539653.1, and uc.324) and measured their expression
in 55 pairs of PTC and corresponding noncancerous thyroid tissues
using qRT-PCR. These qRT-PCR results are consistent with the
microarray data, in that all 10 lncRNAs were differentially
expressed with the same trend (up- or downregulated) and reached
statistical significance (P< 0.05) (Fig. S1). In addition, themicroar-
ray includes probes of 10 lncRNAs which have been reported to be
associated with PTC in previous study. Although some of the
reported lncRNAs were not significantly differentially expressed,
perhaps because of the small sample size, their microarray results
showed the same trend of up- or downregulation as previous stud-
ies (Table S3).

Gene ontology (GO) and kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analysis

To explore potential biological associations, we ran GO and
KEGG pathway analysis with the differentially expressed
lncRNAs and mRNAs. GO analysis indicated several categories
of biological process, cellular component, and molecular

function were enriched. The resulted GO terms with 20 mini-
mum P values were summarized in Fig. S2. Among them, sin-
gle-organism process, glycosaminoglycan binding, and intrinsic
to membrane were the most closely associated with PTC.
KEGG Pathway analysis showed that 35 pathways were signifi-
cantly enriched among the differentially expressed transcripts
(Fig. S3). Many of there pathways were associated with cancer,
such as “P53 signaling pathway,” “Pathways in cancer,” “PI3K-
Akt signaling pathway,” “TGF-b signaling pathway” and
“Transcriptional misregulation in cancer.”

Identification of lncRNA-HIT000218960 potentially
associated with PTC oncogenesis

In order to select lncRNAs with fundamental biological func-
tions for further investigation, we explore into the detailed
information of the first 5 up- or downregulated lncRNAs in
microarray (Table 1). Among that, we noticed an unannotated
lncRNA-HIT000218960, the second most upregulated in
microarray data (fold change D 44.14, p D 0.0011), putatively
targets a well-known oncogene, high mobility group AT-hook
2 (HMGA2) gene. It has been reported that HMGA2 is overex-
pressed in PTC and can be used as a biomarker for distinguish-

Figure 1. Microarray analysis of lncRNA and mRNA expression in thyroid tissues. Hierarchical clustering analysis of differentially expressed lncRNA (A) and mRNA (B)
between PTC tissues and noncancerous thyroid tissues (Fold change � 2, p < 0.05). Red indicates high relative expression, while green indicates low relative expression.
In the heat map, columns represent samples and rows represent each lncRNA or mRNA.

Table 1. Target gene prediction of top 5 differently expressed lncRNAs in
microarray.

lncRNA ID Regulatio Fold change Associated gene Correlation

ENST00000417422.1 up 76.11499 CITED1 0.990679
HIT000218960 up 54.76752 HMGA2 0.999083
ENST00000457989.1 up 53.23125 GALE 0.990641
ENST00000420058.1 up 51.98406 FBXL13 0.99208
TCONS_00016117 up 39.9991 —
ENST00000436132.1 down 16.318804 —
TCONS_00013521 down 14.498516 —
ENST00000440512.1 down 12.797414 SLC26A4 0.992699
TCONS_00028337 down 12.519498 FOXA2 0.991376
XR_426964.1 down 11.682231 —
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ing benign from malignant thyroid tumors.14,15,22,25,27 The
KEEG pathway analysis in this study showed that HMGA2 was
enriched in the pathway of “transcriptional misregulation in
cancer” .The correlation coefficient between HIT000218960
and HMGA2 was 0.999083. In addition, qRT-PCR results indi-
cated that HIT000218960 was significantly upregulated in PTC
tissues compared with noncancerous thyroid tissues, which was
consistent with microarray data (Fig. 2A).Therefore, we specu-
lated that HIT000218960 may play an important role in PTC
and deserve further research.

To validate the correlation between HIT000218960 and
HMGA2, we first examined the expression of HIT000218960 and
HMGA2mRNA in 2 PTC cell lines (TPC1 and BCPAP) and a nor-
mal human thyroid follicular epithelial cell line (Nthy-ori3–1) by
qRT-PCR. Results showed that HIT000218960 and HMGA2
expression were obviously overexpressed in PTC cell lines
(Fig. 2C). Then we examined the expression of HIT000218960 and

HMGA2 mRNA in 55 pairs of PTC and adjacent noncancerous
thyroid tissues.We found thatHMGA2mRNA expressionwas sig-
nificantly upregulated in PTC specimens in comparison with non-
cancerous thyroid tissues, with the same trend of HIT000218960
(Fig. 2B). Both in PTC tissues and noncancerous thyroid tissues,
a significant positive correlation was observed between
HIT000218960 and HMGA2 mRNAs (Spearmen’s correlation, in
noncancerous thyroid tissues, r D 0.518, p D 0.000, Fig. 2D; in
PTC tissues, r D 0.553, p D 0.000, Fig. 2E), supporting the role of
HIT000218960 in the expression of HMGA2.

Furthermore, we established HIT000218960 knockdown
PTC cell lines using TPC1 and BCPAP cells and lentivirus vec-
tors. Decreased expression of HIT000218960 in cells infected
with LV-sh HIT000218960 was confirmed by qRT-PCR
(Fig. 2F). Then we examined HMGA2 levels in TPC1-
shHIT0002189 and BCPAP-shHIT0002189 cells compared
with TPC1-NC and BCPAP-NC cells. The results showed that

Figure 2. Expression of HIT000218960 and HMGA2 mRNA in papillary thyroid cancer (PTC) specimens and cells. (A, B) Relative expression of HIT000218960 and HMGA2
mRNA in PTC tissues compared with paired noncancerous thyroid tissues (T: PTC tissues, N: noncancerous thyroid tissues, n D 55). (C) Results from qRT-PCR showing
HIT000218960 and HMGA2 mRNA expression levels in PTC cell lines (TPC1 and BCPAP) compared with normal human thyroid follicular epithelial cell line (Nthy-ori3–1).
(D, E) Correlation between expression of HIT000218960 and HMGA2 in tissue specimens. (F, G) Relative expressions of HIT000218960 and HMGA2 mRNA in TPC1 and
BCPAP cell lines infected with LV-shHIT000218960 or LV-NC. (H) Expression of HMGA2 protein in PTC cell lines infected with LV-shHIT000218960 or LV-NC. �P < 0.05,
�� P < 0.01.
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both mRNA (Fig. 2G) and protein expression (Fig. 2H) levels
of HMGA2 were significantly downregulated in the
shHIT0002189 group, which verified that HMGA2 was a
potential target gene of HIT000218960 and suggested the
potential role of HIT000218960 in PTC.

HIT000218960 promotes PTC cell proliferation, colony
formation, migration and invasion in vitro

To evaluate the biological effects of HIT000218960 in PTC cells, we
compared the proliferation, colony formation, migration and inva-
sion ability of TPC1-shHIT0002189 and BCPAP-shHIT0002189
cells with TPC1-NC and BCPAP-NC cells. CCK-8 assays revealed

that cell proliferation was suppressed in cells infected with LV-
shHIT000218960 compared with negative controls (Fig. 3A). The
colony numbers of cells infected with LV-shHIT000218960 were
notably lower than those infected with LV-NC (Fig. 3B). Further-
more, knockdown of HIT000218960 resulted in attenuated migra-
tion and invasion of PTC cells measured by wound healing
(Fig. 3C) and transwell assays (Fig. 3D).

Upregulation of HIT000218960 correlates with lymph node
metastasis, multifocality and TNM stage in PTC patients

To investigate the roles of HIT000218960 in PTC, we examined the
correlation between clinical characteristics and HIT000218960

Figure 3. Tumor promoting effects of HIT000218960 in PTC cell lines. (A) The proliferation curve of TPC1 and BCPAP cells after infected with LV-shHIT000218960 or LV-NC
by CCK8 assay. (B) Colony formation assay after knockdown of HIT000218960 expression. (C) Wound healing assays demonstrated that inhibition of HIT000218960 attenu-
ated motility of PTC cells. (D) The effects of HIT000218960 knockdown on invasive ability of PTC cells were assessed by transwell method. Quantification was performed by
counting the stained cells that invaded to the lower chamber under a light microscopy. �P < 0.05, �� P < 0.01.
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expression in 55 PTC patients. We used the mean expression level
of HIT000218960 in cancerous tissues to dichotomise the PTC
cases. Univariate analysis showed that high HIT000218960 expres-
sion group displayed a higher incidence of increased lymph node
metastasis (p D 0.009), multifocality (p D 0.005) and advanced
TNM stage (p D 0.022). However, no significant differences were
observed with regard to age, gender, or T stage (Table 2).

Discussion

Papillary thyroid cancer (PTC) is the most common type of
thyroid malignancies and has attracted increasing attention for
its increased incidence over the last 3 decades. Knowledge
about molecular biology of PTC has significant increased but
the exact molecular mechanisms underlying PTC initiation and
progress remain unclear. Long noncoding RNAs (lncRNAs)
have been confirmed to play critical roles in numerous biologi-
cal processes including oncogenesis. However, our knowledge
of lncRNAs in thyroid cancer is still limited.

In this study, we performed microarray assay to explore the
aberrant expression profile of lncRNAs and mRNAs in PTC tis-
sue compared with adjacent noncancerous thyroid tissue. The
results that a large number of lncRNAs were significantly dif-
ferently expressed suggested the important role of lncRNAs in
PTC. Applying bioinformatics approach, we noticed that
lncRNA HIT000218960 was significantly upregulated in PTC
and predicted to regulate a member of the high mobility group
AT-hook (HMGA) gene family, HMGA2, which had been
reported to be overexpressed in several cancers including thy-
roid cancer and function as an oncogene.16-18

HIT000218960 is a lncRNA located on chromosome 11 and
had never been reported before. In the present study, we first
validated that the expression of HIT000218960 was

significantly increased in PTC tissues compared with normal
thyroid tissues. In addition, inhibition of HIT000218960 was
demonstrated to suppress proliferation, colony formation,
migration and invasion of PTC cells in vitro. High
HIT000218960 expression in PTC tissues was correlated with
increased lymph node metastasis, multifocality and advanced
TNM stage. These results imply that HIT000218960 acts as a
promoter of PTC progress.

In this study, we also showed for the first time that the
expression of HMGA2 might be regulated by a lncRNA-
HIT000218960. The expression of HIT000218960 in PTC
tissues was positively correlated with HMGA2 mRNA
expression. Knockdown of HIT000218960 resulted in down-
regulation of HMGA2. HMGA proteins are knowed as
architectural transcription factors influencing a diverse array
of normal biological processes.19 Overexpression of HMGA2
was observed in numerous human malignancies including
thyroid cancer, suggesting causal role of HMGA2 for onco-
genesis and tumor progression.16 With regard to the roles
in PTC, HMGA2 protein has been demonstrated to play a
key role in the neoplastic transformation of thyroid
cells.18,20 HMGA2 knockdown cells showed an epithelial
morphology and suppressed proliferative ability,16 suggest-
ing the similar biological function of HMGA2 with that of
HIT000218960 showed in our study. The reported studies
on the association between HMGA2 and clinicopathological
features mostly focused on the diagnostic utility of HMGA2
to distinguish between benign and malignant thyroid
tumors.21-26 In other malignancies, such as nasopharyngeal
carcinoma, high HMGA2 expression is correlated with N
stage, 2-year metastasis status and poor survival progno-
sis.27,28 The correlation between HIT000218960 expression
and clinicopathological features observed in our study was
consistent with that of HMGA2. Taken together, these find-
ings indicate that HIT000218960 plays its tumor promoting
function via upregulation of HMGA2.

Although HIT000218960 has been suggested to have a role
in upregulating the expression of HMGA2 and promoting pro-
gression of PTC, its mechanisms of modulating HMGA2
expression remains undetermined. Previous researches
highlighted the post-transcriptional repression of HMGA2 by
several miRNAs, such as let-729, miR-33a30 and miR-20431.
Gong et al found that lncRNA H19 promoted HMGA2-medi-
ated epithelial-mesenchymal transition through antagonizing
let-732. Study of Deng et al also showed that a lncRNA, CCAT1
functions as a molecular sponge for let-7 and leads to the de-
repression of its endogenous targets HMGA233. Does HALNR
also function as an endogenous competitor with miRNAs tar-
geting HMGA2? The mechanisms underlying the relationship
between HALNR and HMGA2 must be explored in future
studies.

In summary, this study demonstrated that HIT000218960 is
significantly upregulated in PTC and the increased
HIT000218960 expression levels was associated with metastatic
phenotype such as lymph node metastasis and multifocality.
Further more, our results showed the expression of
HIT000218960 was significantly associated with HMGA2,
which indicates that HIT000218960 may promote tumor prog-
ress of PTC putatively through upregulating HMGA2.

Table 2. Clinical characteristics of 55 PTC patients according to HIT000218960
expression levels.

HIT000218960 expression

Feature Low, n (%) High�, n (%) P valuey

All cases 28(100) 27(100)
Age 0.891

<45 14 (50.0) 14 (51.9)
�45 14 (50.0) 13 (48.1)

Gender 0.380
Male 8 (28.6) 5 (18.5)
Female 20 (71.4) 22 (81.5)

T-stage 0.304
T1 23 (82.1) 19 (70.4)
T2–4 5 (17.9) 8 (29.6)

Lymph node metasitasis 0.009
No 22 (78.6) 12 (44.4)
Yes 6 (21.4) 15 (55.6)

TNM stage group 0.022
I 25 (89.3) 17 (63)
II-VI 3 (10.7) 10 (37)

Multifocality 0.005
No 25 (89.3) 15 (55.6)
Yes 3 (10.7) 12 (44.4)

�The median expression level was used as the cutoff. Low expression of
HIT000218960 in 27 patients was classified as values below the 50th percentile.
High HIT000218960 expression in 28 patients was classified as values at or above
the 50th percentile.

yP values were calculated by Pearson’s chi-square tests. A value of P < 0.05 was
considered statistically significant.
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Materials and methods

Patient samples

Sixty-one PTC tissue and paired adjacent noncancerous thyroid
tissue samples were obtained from the Department of General
Surgery, Peking University Peoples’ Hospital. The samples were
immediately snap-frozen in liquid nitrogen after surgical resec-
tion, and then transferred to the freezer at ¡80�C until RNA
extraction. The diagnosis of PTC was confirmed pathologically.
Six pairs of samples were used for microarray analysis, while the
other 55 pairs were used for qRT-PCR validation. The clinico-
pathologic characteristics of the 61 patients were shown in
Table S4. None of the patients had received preoperative radio-
therapy or chemotherapy. All patients provided written informed
consent before samples were collected. The study was approved
by the local research Ethics Committee of Peking University.

Cell lines and cell culture

Human PTC cell lines TPC1 and BCPAP were purchased from
the Cell Bank of the Chinese Academy of Sciences (Shanghai,
China). They were all tested and authenticated for genotypes
by DNA fingerprinting. These cell lines were passaged for less
than 6 months after resuscitation, and no reauthorization was
done. TPC1 was cultured in RPMI1640 medium supplemented
with 10% fetal bovine serum (FBS) (all from Gibco), and
BCPAP was cultured in RPMI1640 medium supplemented
with 10% FBS and 1% non-essential amino acid at 37�C with
5% CO2.

RNA extraction and purification

Total RNA containing small RNA was extracted from tissue
samples by using the Trizol reagent (Invitrogen) and purified
with mirVana miRNA Isolation Kit (Ambion, Austin, TX,
USA) according to manufacter’s protocol. The purity and con-
centration of RNA were determined from OD260/280 readings
using spectrophotometer (NanoDrop ND-1000). RNA integrity
was determined by 1% formaldehyde denaturing gel
electrophoresis.

LncRNA and mRNA microarray expression profiling

The microarray profiling was conducted in the laboratory of
Capitalbio Technology Corporation in Beijing, China. The
sample labeling, microarray hybridization and washing were
performed based on the manufacturer’s standard protocols.
Briefly, each purified RNA sample was transcribed to double
strand cDNA, then synthesized into cRNA and labeled with
Cy3-dCTP. The labled cRNAs were hybridized onto the human
lncRNA C mRNA Array V4.0 (4 £ 180 K, Agilent), including
the global profiling of 40,916 human lncRNAs and 34,235
mRNAs. Then the arrays were washed and scanned with the
Agilent Scanner G2505C (Agilent Technologies). The
lncRNACmRNA array data were analyzed for data summariza-
tion, normalization and quality control by using the Gene-
Spring software V13.0 (Agilent). To select the differentially
expressed genes, we used thresholdvalues of � 2 and �¡2-fold
change and a Benjamini-Hochberg corrected p vlaue of 0.05.

Functional group analysis

Gene ontology (GO) analysis was applied to analyze the main
function of the differentially expressed mRNAs according to
the Gene Ontology, which is the key functional classification of
NCBI.34,35 Similarly, pathway analysis was used to find out the
significant pathway of the differentially expressed mRNAs
based on the latest KEGG (Kyoto Encyclopedia of Genes and
Genomes) database.36-38 Fisher’s exact test and x2 test were
used to select the significant function and pathway, the thresh-
old of significance was defined by P-value and the false discov-
ery rate (FDR).39

Quantitative real-time reverse transcription polymerase
chain reaction (qRT-PCR)

The reverse transcription was performed using a reverse transcrip-
tion kit (Takara, Japan). The expression of lncRNAs were mea-
sured by qRT-PCR with SYBR Green PCR Kit (Takara) on CFX96
Real-Time PCTDetection System (Bio-Rad, Hercules, CA). Primer
sequences are shown in Table S5. Human b-Actin RNA was
amplified as an internal control respectively for lncRNA. The
lncRNA levels were calculated according to 2¡44Ct.

LncRNA target prediction

To identify the target genes of differentially expressed lncRNAs
via cis- or trans- regulatory effects. The Cis-acting lncRNA pre-
diction were performed by their tight correlation (Pearson’s
correlation coefficient minimum of 0.99) to a group of
expressed protein-coding genes. The lncRNA resided at geno-
mic loci where a protein-coding gene and an lncRNA gene
were within 10 kb of each other along the genome.40 The trans-
prediction was conducted using blat tools (Standalone BLAT v.
35 £ 1 fast sequence search command line tool, download
from: http://hgdownload.cse.ucsc.edu/admin/exe/) to compare
the full sequence of the lncRNA with the 30 UTR of its co-
expression mRNAs, with the default parameter setting.

Generation of HIT000218960 knockdown cell lines

The short hairpin RNA (shRNA) sequences against
HIT0002189 were designed, synthesized and inserted into lenti-
viral vector by GenePharma Corporation (Suzhou, China).
Empty vectors were used as negative control. TPC1 and BCPAP
cells were seeded onto plate wells, and infected with either LV-
shHIT0002189 or LV-NC plus 5 mg/ml polybrene (Gene-
Pharma Co., Suzhou, China) the next day. Then the cells were
selected with 5 mg/ml puromycin to create stable knockdown
cell lines. The infected TPC1 and BCPAP cells were designated
as TPC1-shHIT0002189, BCPAP-shHIT0002189, TPC1-NC
and BCPAP-NC in accordance with the lentiviral construct
used in each. The expression of HIT0002189 in the infected
cells was confirmed by qRT-PCR.

Western blot analysis

The total protein from the cells was extracted using cell lysis
buffer with proteinase inhibitors (Roche Diagnostics, Basel,
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Switzerland). Lysates were denatured with sodium dodecyl sul-
fate (SDS) buffer at 100�C for 10 min, separated in 10% or 15%
polyacrylamide gels and then transferred to polyvinylidene
difluoride (PVDF) membranes (Millipore, Hertfordshire, UK).
The membranes were blocked with 5% non-fat milk powder in
Tris-buffered saline containing 0.1% Tween 20 (TBST) and
probed with HMGA2 antibody (ab184616; Abcam plc., Cam-
bridge, UK) overnight at 4�C. The following day, the mem-
branes were treated with secondary antibodies. The band
signals were visualized through enhanced chemiluminescence
(ECL; Pierce, Rockford, IL, USA) after exposure to a Chem-
iDocTM XRSC system (Bio-Rad).

Cell proliferation assay

Cells were seeded onto 96-well plates and incubated at 37�C
after transfection. After incubation for 1 to 5 days, each well
was added 10 ml of CCK8 solution and the plates were contin-
ued to be incubated for another 4 h at 37�C. The absorbance
was measured at 450nm using a microplate reader (Bio-Rad).
The CCK8 assay was repeated 3 times with 6 replicates.

Colony formation assay

The colony formation was performed as follows: after transfec-
tion, cells were seeded onto each well of 6-well plate and then
incubated for another 6 d. The wells were then washed with
PBS, fixed with 1% paraformaldehyde, and stained with 0.1%
crystal violet. The colony assay was repeated 3 times in
duplicate.

Wound healing assay

Cells were seed in 6-well plates and incubated until 100% con-
fluent. The confluent monolayer of cells was scratched with a
plastic apparatus to create a cell-free clear zone, about 1mm in
width. Subsequently, the cells were incubated in medium with-
out FBS and the wound distance was measured regularly.

Matrigel invasion assay

The Matrigel invasion chamber was used to assess cell invasion
ability (24-well plates, 8-mm pore size, Corning). In brief, cells
were seeded in the upper chamber with the media containing
0.1% bovine serum albumin, while the media containing 30%
FBS was placed in the lower well. After incubation for 24 h at
37�C, the non-invading cells were removed with cotton swabs.
Invasive cells at the bottom of the membrane were fixed with
1% formalin, stained with 0.1% crystal violet and counted
under microscopic observation. This invasion detection was
repeated 3 times in duplicate.

Statistical analysis

All results are expressed as mean § SD. Difference between
groups were assessed using Student’s t-test and Fisher’s exact
test. P < 0.05 was considered to be statistically significant. All
data, unless otherwise explained specifically, were analyzed
using the SPSS 20.0 software.
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