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Knockdown of IncRNA HNF1A-AS1 inhibits oncogenic
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Abstract. Long non-coding RNAs (IncRNAs) have been
demonstrated to serve important roles in the development
and progression of cancer. Recently HNF1A antisense RNA 1
(HNF1A-AS1), a IncRNA, has been reported as exhibiting a
potential oncogenic role in the development of many types of
cancer. However, the expression and the role of HNFI1A-AS1
in colorectal carcinoma (CRC) remains unclear. In the present
study, the role of HNF1A-ASI in CRC was examined for the
first time and its correlation with CRC cell biological behaviors
was analyzed. The results demonstrated that HNF1A-AS1 was
distinctly upregulated in CRC tissues and associated with CRC
metastasis to the lymph nodes. Reverse transcription-quanti-
tative polymerase chain reaction revealed that HNF1A-AS1
was also upregulated in CRC cell lines and localized in the
nucleus. In addition, knockdown of HNF1A-ASI1 expression
notably inhibited CRC cell proliferation, migration, invasion
and colony formation, and suppressed S-phase entry in vitro.
Taken together, these results suggested that HNF1A-AS1 might
serve as a promising prognostic marker for CRC tumorigenesis
and progression.

Introduction

Colorectal carcinoma (CRC) is one of the most common
cancers worldwide. It is one of the five most commonly diag-
nosed cancers and leading causes of cancer death in China (1).
Despite its common occurrence, the underlying mechanisms
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of CRC pathogenesis remain poorly understood (2). Thus,
discovering molecular markers and studying their functions
in CRC may be of help to understand this neoplasm and to
develop novel targets for targeted therapeutic interventions.

Long noncoding RNAs (IncRNAs) are a class of
transcribed RNA molecules >200 nucleotides with no protein-
coding capacity (3). In the past few years, studies have
confirmed that IncRNAs are indispensable in many biological
events, including cell differentiation, cell cycle and apoptosis,
through comprehensive mechanisms (4). LncRNAs have
been discovered to serve important roles in the genesis and
progression of various types of cancer, acting as either onco-
genes or tumor suppressors (2,5). For example, the IncRNA
HOXA cluster antisense RNA 2 promotes gastric cancer cell
proliferation and tumorigenesis via epigenetically silencing
cyclin-dependent kinase inhibitor 1A, polo-like kinase 3 and
DNA damage-inducible transcript 3 transcription by binding
with enhancer of zeste 2 polycomb repressive complex 2
subunit (6). Another IncRNA, FEZF1 antisense RNA 1, was
confirmed to participate in colorectal tumorigenesis and
progression through Fez family zinc finger protein 1 induc-
tion (7). Nonetheless, a large number of IncRNAs are probably
still undiscovered and their functions in various biological
events, including tumorigenesis, still remain unclear.

The IncRNA HNFI1A antisense RNA 1 (HNF1A-AS]) is
located on chromosome 12 and is transcribed as a 2,455 bp
IncRNA. Recently, a next-generation sequencing analysis iden-
tified HNF1A-AS1 as a non-coding oncogene involved in the
tumorigenesis of esophageal adenocarcinoma (8). Wu et al (9)
reported that increased HNF1A-AS1 expression promotes cell
proliferation and metastasis and identified HNF1A-ASI as a
poor prognostic biomarker in lung adenocarcinoma. In addi-
tion, previous studies have demonstrated that HNF1A-AS1
functions as an oncogene and a promoter of autophagy
in hepatocellular carcinoma (HCC), through repressing
hsa-miR-30b-5p and activating BCL2 apoptosis regulator (10).
These results suggest that dysregulation of HNF1A-AS1 may
participate in tumorigenesis or tumor progression. However,
the functional role and underlying mechanism of HNF1A-AS1
in CRCs remain unclear.

In the present study, the effects of HNF1A-AS1 expres-
sion were examined on CRC. The results indicated that
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HNF1A-ASI1 expression was upregulated in human CRC
tissues and associated with lymph node metastasis. Further
functional experiments revealed that HNF1A-AS1 may be
important for increased cell proliferation, migration and
invasiveness. Taken together, the present data indicated that
HNF1A-ASI may participate as a non-coding oncogene in
CRC tumorigenesis.

Materials and methods

Cell culture. The human CRC cell lines SW480, SW620,
DLD-1, HT29, HCT116, Ls-174T and LOVO were obtained
from the Cell Bank of Type Culture Collection of the Chinese
Academy of Sciences (Shanghai, China). All CRC cell lines
were cultured in RPMI 1640 medium (Gibco; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) with 10% fetal bovine
serum (FBS; HyClone; GE Healthcare Life Sciences, Logan,
UT, USA) at 37°C in a humidified incubator containing 5% CO,.

Clinical samples. Fresh colorectal tumor tissue samples and
adjacent non-tumor tissues were obtained from patients who
were diagnosed with primary CRC from January to June
in 2010. Elective surgery was carried out on these patients at
Nanfang Hospital, Southern Medical University (Guangzhou,
China). In total, 14 cases of fresh CRC tissue and adjacent
non-tumor tissues were freshly frozen in liquid nitrogen and
stored at -80°C until further use. The mean age of the patients
was 60.1£12 .4 years; 5 of the 14 patients (35.7%) were female
and the remaining 9 were male (64.3%). According to the tumor
size, lymph node and metastasis classification system (11),
among the patients the following was observed: 2 patients
(14.3%) were T stage 2 (T2), 9 patients (64.3%) were T3 and
3 patients (21.4%) were T4; 8 patients (57.1%) had lymph-node
metastasis and 6 patients (42.9%) did not; 2 patients (14.3%)
developed a distant metastasis while the remaining patients
did not. The use of tissues for this study has been approved by
the Ethics Committee of Nanfang Hospital, Southern Medical
University. Prior to using these clinical materials for research
purposes, all the patients signed an informed consent.

RNA extraction and reverse transcription-quantitative
polymerase chain reaction (RT-gPCR). Total RNA was
extracted using TRIzol reagent (Invitrogen; Thermo Fisher
Scientific, Inc.). cDNA was synthesized using the PrimeScript
RT reagent kit (Takara Biotechnology Co.,Ltd., Dalian, China).
gPCR was performed with the SYBR Premix Ex Taq kit
(Takara Biotechnology Co., Ltd.) on an ABI 7500 Real-Time
PCR system (Applied Biosystems; Thermo Fisher Scientific,
Inc.). 3-step qPCR was performed with the following thermo-
cycling conditions: 95°C for 10 min, followed by 40 cycles of
amplification (95°C for 5 sec, 60°C for 20 sec and 72°C for
34 sec) and then a dissociation stage profile (95°C for 15 sec,
60°C for 1 min and 95°C for 15 sec). GAPDH and U6 were
used as an endogenous controls. Fold changes were calculated
through the relative quantification 224 method (12). Primer
sequences are listed in Table I. To account for technical vari-
ability, the assay was performed in triplicate for each sample.

Subcellular fractionation. Nuclear and cytosolic RNA isola-
tion was performed as described previously (13), with some
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Table I. Primer sequences used for reverse transcription-
quantitative polymerase chain reaction.

Gene Primer Sequence (5'-3")
HNF1A-ASI  Forward TCAAGAAATGGTGGCTAT
Reverse GATCTGAGACTGGCTGAA
GAPDH Forward ACAGTCAGCCGCATCTTCTT
Reverse GACAAGCTTCCCGTTCTCAG
U6 Forward CTCGCTTCGGCAGCACA
Reverse AACGCTTCACGAATTTGCGT

HNF1A-AS1,HNF1A antisense RNA 1; U6, U6 small nuclear RNA.

modifications. Briefly, cells were rinsed twice with ice-cold
PBS centrifuged at 111.8 x g at 4°C for 5 min. Cell pellets
were resuspended by gentle pipetting in 150 pl 0.1% NP-40
(dissolved in water), and incubated on ice for 5 min, followed
by centrifugation at 5,000 x g at 4°C for 1 min. The resulting
lysate was the cytosolic fraction of cells, which was added in
TRIzol reagent for cytosolic RNA extraction. Following gentle
rinsing and centrifugation at 111.8 x g at 4°C for 5 min twice,
the cell pellets were resuspended by gentle pipetting in 75 ul
0.1% NP-40 and incubated on ice for 5 min. TRIzol reagent
was then added to the lysate for nuclear RNA purification.

Transfection of CRC cells. HCT116 and HT29 cells were
seeded into six-well plates. The sequence of the small inter-
fering RNA (siRNA) to knockdown HNF1A-ASI1 was: 5'-CAC
CUGCAUUCAAACUCGGACUGUU-3". The target sequence
of siRNA-HNF1A-AS1 was: 5-CACCTGCATTCAAACTCG
GACTGTT-3'". The sequence of the negative control siRNA
was: 5'-UUGUACUACACAAAAGUACUG-3". HNF1A-ASI
siRNA and negative control siRNA were transfected
(0.1 nmol siRNA/well) into HCT116 and HT29 cells using
Lipofectamine 3000 (Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturer's instructions. Cells were
harvested 48 h post-transfection for RT-qPCR and functional
experiments.

Cell proliferation assay. Cell Counting Kit-8 (CCK-8) assay
(Dojindo Molecular Technologies, Inc., Rockville, MD, USA)
was used in order to evaluate the rate of cell proliferation,
according to manufacturer's instructions. Briefly, log-phase
cells were trypsinized into a single-cell suspension and plated
into 96-well plates at a density of 1,000 cells/well. CCK-8
solution was added to each well. After 2 h, the absorbance of
each well was measured at 450 nm using a microplate reader
(Enspire 2300 Multimode plate reader; PerkinElmer, Inc.,
Waltham, MA, USA).

Colony formation assay. Experiments were performed based
on those previously described (14). The cells were plated in
6-well plates at 2x10? cells/well and maintained in RPMI 1640
containing 10% FBS for 2 weeks. After 2 weeks, the cells
were washed twice with PBS, fixed with methanol and stained
with Giemsa. The number of colonies with diameter >150 ym
was counted using Image Pro Plus v6.0 (Media Cybernetics,
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Inc., Rockville, MD, USA); whole plates were counted and
3 replicate plates were performed per sample. A total of
3 independent experiments were performed.

Cell migration assay. Cell motility was measured using a
wound healing assay by measuring the movement of cells
in a scraped, acellular area created by a 10 ul pipette tube.
Wound closure was observed at 0 and 48 h. Photographs were
captured in order to assess the level of migration in each group
of transfected cells. The migration was quantified by counting
the total number of cells that migrated toward the original
wound field. A total of 5 random fields were measured per
plate, 3 plates per sample, and 3 independent experiments were
performed using Image Pro Plus v6.0 (Media Cybernetics
Corporation, USA) for analysis.

Cell invasion assay. For invasion assay, Matrigel-coated
chambers (BD Biosciences, San Jose, CA, USA) containing
8-pum pores were used. Cells were seeded in the upper cham-
bers (coated in Matrigel) at 1x10° concentration in serum-free
medium. The lower chamber of the transwells was filled with
culture media containing 10% FBS as a chemoattractant. After
incubation at 37°C for 48 h, non-invaded cells on the top of the
transwells were scraped off with a cotton swab. The success-
fully invaded cells at the bottom of the transwells were fixed
with methanol and stained with Giemsa for 15 min, prior to
counting under a light microscope. A total of 5 random fields
were measured per plate, 3 plates per samples, and 3 indepen-
dent experiments were performed.

Flow cytometric analysis. Cells were seeded at a density
of 1x10° cells/well in six-well plates. After 48 h, cells were
washed with PBS and then treated with a Cell Cycle Staining
kit [MultiSciences (Lianke) Biotech Co., Ltd., Hangzhou,
China] for 30 min at 4°C in the dark. The cell cycle profiles
were analyzed using a Elite ESP flow cytometer (Beckman
Coulter, Inc., Brea, CA, USA) at 488 nm, and data were
analyzed with the CellQuest software v3.1 (BD Biosciences).

Statistical analysis. All statistical analyses were performed
using the SPSS v16.0 statistical software package (SPSS, Inc.,
Chicago, IL, USA). Data were presented as mean + standard
error of the mean from at least three independent experiments.
The differences between variables were assessed using the
following statistical tests: t-test, factorial analysis, y>-test,
Fisher's exact test, or one-way analysis of variance. Multiple
comparisons between groups were performed using the
Student-Newman-Keuls post hoc test. P<0.05 was considered
to indicate a statistically significant difference.

Results

LncRNA HNF1A-ASI is upregulated in CRC tissues and asso-
ciated with metastasis. As a first step towards understanding
the role of IncRNA HNF1A-AS1 in CRC, the expression of
HNF1A-ASI was examined in CRC tissues. RT-qPCR was
performed to detect the expression of HNF1A-ASI in a total
of 14 paired clinical CRC tissues and adjacent non-tumor
tissues. The results revealed that HNF1A-AS1 expression
levels in tumors were significantly higher compared with the
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paired normal tissues (Fig. 1A). Next, the association between
HNF1A-ASI expression and the lymph-node metastasis status
of the CRC samples was examined. The results revealed that
upregulation of HNF1A-ASI1 was significantly associated with
lymph-node metastasis of CRC (Fig. 1B). Taken together, these
results suggested that HNF1A-AS1 might have an important
role in CRC pathogenesis and progression.

HNFI1A-ASI is upregulated in CRC cell lines and localized
in the nucleus. Since HNF1A-ASI was highly expressed in
CRC tissues, the role of HNF1A-AS1 was further examined
in CRC cell lines. RT-qPCR was used to examine the expres-
sion levels of HNF1A-AS1 in seven CRC cell lines (SW480,
SW620, DLD-1, HT29, HCT116, Ls-174T and LOVO). The
results demonstrated that the HCT116 and HT?29 cell lines
displayed the highest expression levels of HNF1A-ASI1
(Fig. 1C). In order to determine the subcellular localiza-
tion of HNF1A-ASI, a nuclear/cytosolic fractionation was
performed on HT116 and HT29 cells, followed by RT-qPCR.
The differential enrichment of GAPDH and U6 RNAs were
used as fractionation indicators for the cytosolic and nuclear
extracts respectively. The results revealed markedly higher
levels of HNF1A-ASI in the nucleus compared with the
cytosol in both cell lines tested (Fig. 1D), which indicated
that HNF1A-AS1 was mainly localized in the nuclear frac-
tion of CRC cells.

Knockdown of HNFI1A-ASI inhibits CRC cell proliferation
and colony formation in vitro. To further investigate the impact
of HNF1A-ASI1 on CRC cell biological behaviors, specific
siRNA was employed to knockdown HNF1A-ASI expression
in CRC cells. According to endogenous HNF1A-ASI1 expres-
sion in the CRC cell lines mentioned above, the HCT116 and
HT?29 cell lines were selected for HNF1A-AS1 knockdown
by RNA interference. RT-qPCR analysis revealed that
HNF1A-AS1 expression was downregulated by 62.13% in
HCT116 cells and by 52.18% in HT29 cells following specific
siRNA transfection compared with negative control siRNA
transfection (Fig. 1E). Growth curves determined by CCK-8
assay indicated that cell proliferation was reduced following
HNF1A-AS1 knockdown in HCT116 and HT29 cells (Fig. 2A
and B). Notably, the results from the colony formation assay
also demonstrated that decreased HNF1A-ASI expression
resulted in a decreased colony formation ability in HCT116
and HT?29 cells (Fig. 2C).

HNFIA-ASI promotes CRC cell migration and invasion
in vitro. The effect of HNF1A-ASI on cell migration and
invasion was next assessed in vitro. The migration ability
of HCT116 and HT29 cells was determined by wound
healing assay. The results demonstrated that knockdown
of HNF1A-ASI1 significantly inhibited HCT116 and HT29
cell migration compared with the negative control cells
(Fig. 2D). Furthermore, Matrigel invasion assay revealed that
knockdown of HNF1A-AS1 inhibited the invasion ability
of HCT116 cells by 74.62% and of HT?29 cells by 57.23%
compared with the negative control cells (Fig. 2E). These
results indicated that the downregulation of HNF1A-AS1
expression effectively reduced both migration and invasion
of CRC cells in vitro.
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Figure 1. Analysis of HNF1A-AS] expression in CRC tissues and cells. (A) Relative expression of HNF1A-ASI in paired CRC tissues and adjacent non-tumor
tissues (n=14). HNF1A-ASI expression was examined by RT-qPCR and normalized to GAPDH expression. (B) The HNF1A-AS1 expression in CRC tissues
with (mCRC) or without (nmCRC) lymph-node metastasis. (C) Relative expression of HNFIA-ASI in seven CRC cell lines. HNF1A-AS1 expression was
examined by RT-qPCR and normalized to GAPDH expression. (D) HNF1A-ASI cell localization, as identified using RT-qPCR in fractionated HCT116 and
HT?29 cells. GAPDH and U6 were used as cytosolic and nuclear fractionation indicators, respectively. (E) Relative expression of HNF1A-AS1 was measured
in HCT116 and HT29 cells by RT-qPCR following transfection with either a specific siRNA (si) or a negative control siRNA (nc). "P<0.05 vs. nc group.
HNFI1A-ASI1, HNFI1A antisense RNA 1; CRC, colorectal carcinoma; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; m, metastatic;
nm, non-metastatic; U6, U6 small nuclear RNA; siRNA, small interfering RNA; nc, negative control.

Knockdown of HNFIA-ASI promotes GI arrest. To further
examine the role of HNF1A-AS1 in CRC, the relationship
between HNF1A-AS1 knockdown and cell cycle progression
was assessed. Cell cycle phase distribution was evaluated
in HCT116 and HT29 cells by flow cytometry. The results
demonstrated that knockdown of HNF1A-ASI resulted in a
significant increase of the % of cells at GO/G1 phase, but a

significant decrease in the % of cells in the S phase of the cell
cycle (Fig. 3).

Discussion

Colorectal carcinoma (CRC) has a high occurrence world-
wide, however, the mechanisms underlying its pathogenesis
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Figure 2. HNF1A-ASI1 knockdown inhibits CRC cell migration, invasion, proliferation and colony formation in vitro. HCT116 and HT29 cells were transfected
with either a HNF1A-ASI specific siRNA or a negative control siRNA. (A) Cell proliferation was evaluated by CCK-8 assay in HCT116 cells. (B) Cell
proliferation was evaluated by CCK-8 assay in HT29 cells. (C) Colony-forming assays were performed to determine the growth of CRC cells. (D) Migration
ability was tested by a scratch-wound healing assay (magnification, x100). (E) Invasion ability was tested in matrigel-coated transwell invasion chambers
(magnification, x200). "P<0.05, “P<0.01 and ““P<0.001 vs. NC. HNF1A-AS1, HNFIA antisense RNA 1; CRC, colorectal carcinoma; siRNA, small interfering
RNA; CCK-8, Cell Counting Kit-8; SI, siRNA; NC, negative control.

are still unclear. LncRNAs are a recently discovered class of  have identified HNF1A-AS1 as important in cell proliferation,
transcribed RNA molecules that have been implicated in the  cell cycle regulation, migration and invasion of human esopha-
etiology and progression of cancer (15-18). Previous studies  geal adenocarcinomas, lung adenocarcinomas and HCC (8-10).
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Figure 3. Effect of HNF1A-ASI1 knockdown on CRC cell cycle progression in vitro. (A) HCT116 and (B) HT29 cells were transfected with either a HNF1A-AS1
specific siRNA or a negative control siRNA and cell cycle analysis was performed at 48 h post-transfection by flow cytometry. Data were presented as the
mean + standard deviation from three independent experiments. "P<0.05, “P<0.01 and ““P<0.001 vs. NC. HNF1A-AS1, HNFIA antisense RNA 1; CRC,
colorectal carcinoma; siRNA, small interfering RNA; SI, siRNA; NC, negative control.

However, the potential role and associated molecular mecha-
nisms of HNF1A-AS1 in CRC are yet to be clarified.

In order to explore the relationship of HNF1A-ASI in
CRC, clinical tissues from patients with CRC were analyzed
for HNF1A-ASI expression by RT-qPCR. HNF1A-ASI levels
were significantly higher in tumors compared with paired
normal tissues, and its high expression was also significantly
associated with lymph node metastasis. The present study
therefore suggests that HNF1A-AS1 might be important in the
progression of CRC.

Next, the expression of HNF1A-ASI was examined in
seven CRC cell lines and it was discovered that HNF1A-AS1
localized in the nucleus. Specific siRNA was employed to
knockdown HNF1A-ASI expression in HCT116 and HT29
cells, in order to test its function in key tumor cell behaviors.
The present results revealed that HNF1A-AS1 knockdown
significantly inhibited CRC cell proliferation, migration and
invasion, and suppressed S-phase entry in vitro. These find-
ings indicate that HNF1A-AS1 may serve as an oncogene by
promoting CRC development and progression.

The importance of IncRNAs in human cancer may be
associated with their abilities to impact cellular functions
through various mechanisms. Previous studies have shown that
HNF1A-AS1 knockdown inhibited cell proliferation in vitro
in human esophageal adenocarcinoma cells, lung adenocar-
cinoma cells and HCC models (8-10). In the present study,
HNF1A-ASI was also demonstrated to act as an oncogene
in CRC. LncRNAs can function in cooperation with various

molecules to promote tumorigenesis. Therefore, the next step
for future studies exploring the role of HNF1A-AS1 in CRC
will be to identify its potential interacting partners or targets.
Based on previous studies, it is hypothesized that HNF1A-AS1
might contribute to CRC development and progression
through regulating HNF1A. To this end, future studies should
investigate the relationship of these two molecules and their
expression in CRC tissues and cell lines, and loss-of-function
experiments for HNF1A would be crucial in order to determine
its functional role. In addition, IncRNA H19 has been reported
to be significantly inhibited by HNF1A-ASI1 knockdown
in esophageal adenocarcinoma cells (8). HNF1A-ASI also
influences lung adenocarcinoma cell epithelial-mesenchymal
transition by regulating cyclin D1, E-cadherin, N-cadherin
and p-catenin expression (9). Furthermore, HNF1A-ASI
serves as an autophagy promoter in HCC through repressing
miR-30b-5p (10). Therefore, all these molecules may be
important functional targets of HNF1A-AS1 in CRC cells.
Future studies will be required to fully elucidate the molecular
mechanisms by which HNF1A-AS1 may promote pathogen-
esis and progression in CRC.
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