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HNF1A-AS1 is a cancer-related IncRNA. Elevated expression of HNF1A-AS1 has been observed in various malignan-
cies including esophageal squamous cell carcinoma (ESCC). However, the role of HNF1A-AS1 in ESCC has not been fully
understood. This study aimed to investigate the potential role of HNF1A-AS1 in ESCC. Expression of HNF1A-AS1, miRNA
(miR)-298, and transcription factor 4 (TCF4) was detected using qRT-PCR. The interactions between HNF1A-ASI and
miR-298 or miR-298 and TCF4 were evaluated. Short hairpin RNAs (shRNAs) were used to knock down HNF1A-AS1
(sh-HNF1A-AS1). The EMT and stemness of ESCC cells were detected. HNF1A-AS1 was overexpressed in ESCC tumor
tissues and cells. miR-298 was validated as a direct target of HNF1A-AS1. sh-HNF1A-AS1 significantly inhibited EMT and
stemness of ESCC cells. The high expression of miR-298 significantly inhibited the expression of TCF4, and further inhib-
ited the expression of N-cadherin and stemness-related genes. Animal experiments showed that sh-HNF1A-ASI signifi-
cantly inhibited tumor growth and increased the level of miR-298 in tissues. In conclusion, knockdown of HNF1A-AS1
could inhibit EMT and stemness by regulating the miR-298/TCF4 axis.
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Esophageal squamous cell carcinoma (ESCC) is a highly
aggressive malignant disease, which is the major patholog-
ical type of esophageal cancer in Chinese patients [1]. The
median overall survival (OS) of ESCC patients is 4-6 months
[2]. High aggressiveness and early metastasis contribute to
the poor prognosis of ESCC.

Increasing evidence has demonstrated that IncRNAs had
a regulating role in cancer development and progression,
functioning as both tumor suppressors and oncogenes in a
variety of cancer types [3]. HNF1A-ASI is a cancer-related
IncRNA. Elevated expression of HNF1A-AS1 has been
observed in various malignancies including ESCC [1, 4,
5]. Zhao et al. indicated that upregulation of HNF1A-AS1
contributed to cell proliferation and metastasis in osteosar-
coma [6]. Guo et al. found that HNF1A-ASI was upregulated
in colorectal cancer (CRC) tissues with a role in regulating
CRC cell migration, invasion, and glycolysis [4]. Further-
more, the inducing role of HNF1A-ASI on epithelial-mesen-
chymal transition (EMT) has been observed by Wu et al. [7].
And knockdown of HNF1A-AS1 has been demonstrated
to suppress tumor cell proliferation and metastasis, thereby
suppressing tumor progression [1, 8]. But the role of HNF1A-
AS1 in ESCC has not been fully understood.

LncRNAs have been confirmed to function as competing
endogenous RNAs (ceRNAs) to participate in modulating
the expression of the downstream targets of microRNAs
(miRNAs) [9]. Previous studies have revealed that HNF1A-
AS1 could regulate the expression of several miRNAs,
including miR-214 [1], miR-17-5p [8], and miR-124 [4].
miR-298 is a molecular hub that involves in the invasiveness
and metastasis of cancer cells [10, 11]. In a study conducted
by Mo et al., a IncRNA named LINC01287 could regulate the
EMT phenotype in hepatocellular carcinoma (HCC) cells via
miR-298/STAT?3 axis [12]. The result indicated that miR-298
might involve in the process of EMT. However, whether
HNF1A-AS1 could function on miR-298 to regulate EMT
has not been determined before.

Therefore, the aim of this study was to explore the poten-
tial role of HNF1A-AS1 in ESCC and to detect the under-
lying molecular mechanism.

Patients and methods

Patients and specimens. Fifty pairs of ESCC tumor
tissues and matched adjacent non-tumorous tissues were
collected from patients who had undergone surgery at the
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Department of Thoracic Surgery, Cancer Hospital of China
Medical University (Shenyang, China) between Sept 2016
and Dec 2017. The survival time of these 50 patients was also
recorded and analyzed. The study was approved by the Ethics
Committee of Cancer Hospital of China Medical University
(Shenyang, China). All patients provided written informed
consent.

Cell culture. In the present study, the human ESCC cell
lines (EC109, EC9706, KYSE-30, and KYSE-70) and normal
human esophageal epithelial cell line (HEEC) were purchased
from the Type Culture Collection of the Chinese Academy
of Sciences (Shanghai, China). EC109, EC9706, and HEEC
were grown in DMEM (Gibco, MA, USA). KYSE-30 and
KYSE-70 were cultured with RPMI-1640 (Gibco). All kinds
of cells were cultured in a humidified atmosphere of 5% CO,
at 37°C.

Quantitative real-time polymerase chain reaction
(qQRT-PCR). Total RNAs were extracted from cell lines
and tissues using TRIZOL reagent (Invitrogen, Carlsbad,
CA, USA). RNA was reverse-transcribed using the cDNA
Synthesis Kit (TaKaRa Bio, USA). qRT-PCR was performed
with an ABI StepOnePlus™ real-time PCR System (Applied
Biosystems, USA). The relative gene expression was calcu-
lated using the 274 method. Primers used are as follows:
HNF1A-AS1, 5-TCAAGAAATGGTGGCTAT-3" (forward
primer) and 5-GCTCTGAGACTGGCTGAA-3’ (reverse
primer); miR-298, 5-GATTAGCACCGACTCTA-3’
(forward primer) and 5-GAAGCCATCTGACATAG-3
(reverse primer); TCF4, 5-AGAAACGAATCAAAA-
CAGCTCCT-3" (forward primer) and 5-CGGGATTT-
GTCTCGGAAACTT-3  (reverse primer); GADPH,
5-AGAAGGCTGGGGCTCATTTG-3" (forward primer)
and 5-AGGGGCCATCCACAGTCTTC-3’ (reverse primer);
U6, 5-GCGCGTCGTGAAGCGTTC-3" (forward primer)
and 5-GTGCAGGGTCCGAGGT-3’ (reverse primer). All
experiments were performed independently in triplicate.

Transfection assay. miR-298 negative control (NC),
miR-298 mimic, miR-298 inhibitor, and NC mimic were
obtained from the GenePharma Company (Shanghai,
China). Short hairpin RNAs (shRNAs) for HNF1A-AS1
knockdown (sh-HNF1A-AS1-1, sh-HNF1A-AS1-2, and
sh-HNF1A-AS1-3) and scrambled negative control (sh-NC)
were synthesized by Invitrogen (Carlsbad, CA, USA). Recom-
binant adenoviral vectors containing TCF4 (Ad-TCF4) and
blank vectors (Ad-vectors) were constructed by the GenePh-
arma Company.

EC109 and KYSE-70 cells were seeded in 24-well plates.
The aforementioned plasmids were transfected into EC109
or KYSE-70 cells using Lipofectamine 2000 (Invitrogen)
according to the manufacturer’s instructions.

Dual-luciferase reporter assay and RNA binding protein
immunoprecipitation (RIP). The wild type (WT) and
mutant (MUT) of HNF1A-AS1 were constructed and inserted
into the luciferase reporter assay vector pmirGLO (Promega
Corp., Madison, WI, USA) as described previously [13]. The

Luc-TCF4-WT and Luc-TCF4-MUT were constructed using
the same method. The EC109 and KYSE-70 cells were seeded
overnight and co-transfected with NC mimics or miR-298
mimics. Then, a Dual-Luciferase Reporter Assay System
(Promega) was used to detect the luciferase activity of cells.
All assays were performed independently in triplicate.

RIP assay was performed using RNA-Binding Protein
Immunoprecipitation Kit (Millipore, USA). AntiAgo2 (Milli-
pore) was used to enrich HNF1A-AS1 and miR-298. The
negative control was normal mouse Anti-IgG (Millipore). All
assays were performed independently in triplicate.

Spheroid formation assay. 24 h after transfection, EC109
or KYSE-70 cells were collected and resuspended in 20 pl
of culture media containing Proliferation Supplements
(Stem Cell Technologies, Canada) as described previously
[14]. After 2 weeks of incubation at 37°C, the spheres were
counted and images were obtained using a light stereomi-
croscope (Olympus Corporation). The diameters of spher-
oids were measured using Image] Software. All assays were
performed independently in triplicate.

Flow cytometric analysis of the aldehyde dehydroge-
nase activity. Aldehyde dehydrogenase 1 (ALDH1) activity
in this study was assessed using the ALDEFLUOR kit (Stem
Cell Technologies, Durham, NC, USA). After transfec-
tion, cells were suspended in 1 ml ALDEFLUOR buffer and
incubated at 37°C for 45 min. And then cells were centri-
fuged and resuspended in 0.5 ml ALDEFLOUR assay buffer.
The ALDHI* population was measured by flow cytom-
etry (Becton Dickinson). All experiments were performed
independently in triplicate.

Western blotting. The proteins extracted from tissues and
cellswere separated by SDS-PAGE. And then the proteins were
transferred onto polyvinylidene fluoride (PVDF) membranes
(Millipore, MA, USA). After being blocked for 1 h, blots
were incubated with primary antibodies overnight at 4°C.
Antibodies against Snail (1:1000, Cat. # 3895, Cell Signaling
Technology, Danvers, MA, USA), E-cadherin (E-cad, 1:1000,
Cat. # 14472, Cell Signaling Technology), N-cadherin (N-cad,
1:1000, Cat. # 14215, Cell Signaling Technology), Vimentin
(Vim, 1:1000, Cat. # 3390, Cell Signaling Technology), sex-
determining region Y-box 2 (SOX2, 1:400, Cat. # ab79351,
Abcam, Cambridge, UK), Nanog homeobox (NANOG,
1:400, Cat. # ab80892, Abcam), octamer-binding protein 4
(OCT4, 1:400, Cat. # ab19857, Abcam), TCF4 (1:1000, Cat.
# 2953, Cell Signaling Technology), and f-actin (1:30000,
Cat. # bsm-33036M, Bioss, Beijing, China) were incubated.
Then, membranes were incubated with anti-rabbit or anti-
mouse IgG-HRP-conjugated secondary antibodies (1:10000,
Wuhan Boster Biological Technology, Wuhan, China) for 1
hour at room temperature. All experiments were performed
independently in triplicate.

Tumor growth assay. Animal experiments were
performed under a project license granted by the Animal
Care and Use Committee of China Medical University. Four-
week-old male Nu/nu athymic nude mice (Weitonglihua
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Biotechnology, Beijing, China) were raised under specific
pathogen-free conditions. EC109 or KYSE-70 cells were
transfected with sh-HNF1A-AS1 for 24 h. Then, a total of
1x10° cells (EC109 and KYSE-70 cells with stable expression
of sh-HNF1A-AS1 or control cells) were injected into the left
forelimb in nude mice. Ten mice were assigned per group.

Mice in each group were sacrificed four weeks after injec-
tion, and the tumor nodules were harvested. Then, the tumor
weight of each mouse was immediately measured. And the
tumor tissues were collected for further analysis including
qRT-PCR, Western blotting, and immunohistochemistry.

Immunohistochemistry.  Formalin-fixed  paraffin-
embedded sections (5 pm) from tissues were incubated with
rabbit anti-mouse primary antibodies directed against E-cad
and Vim (Cell Signaling Technology) overnight at 4 °C. Bioti-
nylated goat anti-rabbit anti-immunoglobulin G (Wuhan
Boster Biological Technology) was used as the secondary
antibody. Proteins were visualized under a light microscope.
Each sample was analyzed in triplicate.

Bioinformatics analysis. The potential pairing bases
between HNFIA-AS1 and miR-298 were predicted by
MIRDB (http://mirdb.org/). Target genes of miR-298 were
predicted by TargetScan 5.1 (http://www.targetscan.org/).

Statistical analysis. The statistical analyses were conducted
by SPSS 22.0 software (Chicago, USA). All results were
presented as mean * standard deviation (SD). A Student’s
t-test or one-way analysis of variance (ANOVA) was used to
evaluate the differences between groups. The Kaplan-Meier
method was used to estimate the survival time of 50 patients
with ESCC, with log-rank tests being used to assess signifi-
cance. A p-value <0.05 was considered to be significant.

Results

The expression of HNF1A-AS1 was elevated in ESCC.
The expressions of HNF1A-AS1 and miR-298 in 50 ESCC
tumor tissues and matched adjacent non-tumorous tissues
were detected by qRT-PCR. As shown in Figure 1, HNF1A-
ASI1 levels were strongly increased in ESCC tumor tissues, as
compared to the normal tissues (p<0.01, Figure 1A). But the
miR-298 levels showed a reverse trend. The relative expres-
sion of miRNA-298 in ESCC tumor tissues was much lower
than that in normal tissues (p<0.01, Figure 1B). The correla-
tion analysis indicated that the expression of HNF1A-ASI in
tumor tissues was negatively correlated with the expression
of miR-298 (R?*=-0.696, p<0.001, Figure 1C). In addition,
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Figure 1. HNF1A-AS1 was highly expressed in esophageal squamous cell carcinoma (ESCC). A) Relative expression of HNF1A-AS1 in ESCC tumor
tissues and normal tissues was detected by qRT-PCR. **p<0.01 vs. normal tissues. B) Relative expression of miR-298 in ESCC tumor tissues and normal
tissues was detected by qRT-PCR. **p<0.01 vs. normal tissues. C) The correlation analysis of HNF1A-AS1 expression and miR-298 expression in tumor
tissues. D) The survival analysis of patients with a high HNF1A-AS1 expression and a low HNF1A-AS1 expression. E) The survival analysis of patients
with a high miR-298 expression and a low miR-298 expression. F) Relative expression of HNF1A-AS1 in ESCC cell lines was detected by qRT-PCR.
*p<0.05 vs. HEEC; **p<0.01 vs. HEEC G) Relative expression of miR-298 in ESCC cell lines was detected by qRT-PCR. *p<0.05 vs. HEEC; **p<0.01 vs.

HEEC.
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patients with stage ITI/IV were prone to have high expression
of HNF1A-AS1 and low expression of miRNA-298 (Table 1).
The survival analysis of the 50 patients showed that patients
with high HNF1A-AS1 expression had a shorter median
survival time than those with low HNF1A-AS1 expression (24
months vs. 36 months, HR=1.84, p=0.020, Figure 1D), while
patients with high miR-298 expression had a longer median
survival time than those with low miR-298 expression (38
months vs. 23 months, HR=0.29, p<0.001, Figure 1E).

Then, the expressions of HNF1A-ASI and miR-298 in
human ESCC cell lines (EC109, EC9706, KYSE-30, and
KYSE-70) and HEEC were also detected. As expected,
compared with HEEC cells, the expression of HNF1A-AS1
was much higher (p<0.05, Figure 1F), while the expression
of miRNA-298 was much lower in ESCC cell lines (p<0.05,
Figure 1G).

miR-298 was a direct target of HNF1A-AS1. Bioinfor-
matics tools were utilized to predict the potential pairing
bases between HNF1A-AS1 and miR-298. MIRDB showed
a putative targeting site of miR-298 in the HNF1A-AS1
transcript (Figure 2A). Then, miR-298 mimic, miR-298
inhibitor, NC inhibitor, and NC mimic were transfected into
EC109 or KYSE-70 cells, and the miR-298 levels were detected
by qRT-PCR. As expected, the expression of miR-298 was
decreased in the miR-298 inhibitor group as compared to the
control group (p<0.01). And the expression of miR-298 was
strongly increased in the miR-298 mimic group (p<0.001,
Figures 2B, 2C). HNFI1A-AS1 knockdown significantly
inhibited the HNF1A-AS1 expression (Figures 2D-2F).
Then, HNF1A-AS1-wt and HNF1A-AS1-mut were cloned
into a dual-luciferase system. The results revealed that EC109
or KYSE-70 cells co-transfected with HNF1A-AS1-Wt and
miR-298 mimics strongly decreased the luciferase activity,

Table 1. The features of 50 patients with esophageal squamous cell car-
cinoma.

HNF1A-AS1 miR-298
Features Cases — p-value - p-value
High Low High Low
Age (year) 0.738 0.670
=50 32 18 14 14 18
<50 18 11 7 9 9
Gender 0.536 0.266
Male 24 15 9 13 11
Female 26 14 12 10 16
Tumor size (mm) 0.598 0.982
<3 26 16 10 12 14
>3 24 13 11 11 13
Lymphatic invasion 0.239 0.247
Yes 24 16 8 9 15
No 26 13 13 14 12
TNM stage 0.015 0.005
/11 24 8 13 16 8
1I/1V 26 21 8 7 19

while those co-transfected with HNF1A-AS1-Mut and
miR-298 mimics did not affect the luciferase activity (p<0.05,
Figures 2H, 2I). RIP assay revealed that both HNF1A-AS1 and
miR-298 were in the same RNA-induced silencing complex
(RISC), as these two RNAs were enriched in Ago2 immuno-
precipitates compared to IgG-pellet (p<0.001, Figures 2F
2G). Next, sh-HNF1A-AS1 and/or miR-298 inhibitor were
transfected into EC109 or KYSE-70 cells. After cells were
transfected with sh-HNF1A-AS1, miR-298 expression was
significantly increased as compared to control (p<0.01,
Figures 2], 2K). Interestingly, sh-HNF1A-AS1 could reverse
the inhibition effect of the miR-298 inhibitor on miR-298
expression. Compared with the miR-298 inhibitor group,
the sh-HNF1A-AS1+miR-298 inhibitor group had a much
higher miR-298 expression (p<0.01, Figures 2], 2K). Collec-
tively, those findings indicated that miR-298 could directly
target HNF1A-ASI specifically.

sh-HNF1A-AS1 inhibited EMT in ESCC cells.
sh-HNF1A-AS1 and/or miR-298 inhibitor were transfected
into EC109 or KYSE-70 cells to show the role of HNF1A-
AS1 on EMT. 48 h after transfecting, cell morphology was
observed (Figure 3A). Cells in the control group exhibited a
typical polygonal cobblestone epithelial morphology. Some
cells in the miR-298 inhibitor group exhibited elongated
spindle shape and cell-cell inter-contact became loose. But
sh-HNF1A-AS1 could reverse this change caused by the
miR-298 inhibitor in EC109 and KYSE-70 cell lines.

Western blot analysis of the EMT associated proteins
showed that the epithelial biomarker E-cad was increased,
while the mesenchymal biomarkers N-cad and Vim, and
Snail, an EMT driver transcription factor, were appreciably
decreased in cells transfected with sh-HNF1A-AS1 (p<0.05
vs. control, Figures 3B, 3C). But the expression of these
EMT-associated proteins in cells transfected with miR-298
inhibitor had an opposite tendency (p<0.05 vs. control,
Figures 3B, 3C). As compared to the miR-298 inhibitor
group, the expression of E-cad was increased and the expres-
sion of N-cad, Vim as well as Snail was '05, Figures 3B, 3C).
Our results indicated that sh-HNF1A-AS1 could reverse the
function of miR-298 inhibitor on EMT in both EC109 and
KYSE-70 cells.

sh-HNF1A-AS1 inhibited stemness in ECSS cells.
sh-HNF1A-AS1 and/or miR-298 inhibitor were trans-
fected into EC109 or KYSE-70 cells to show the function
of HNF1A-AS1 on stemness. The representative images of
the spheroid formation assay are shown in Figure 4A. The
diameter of a sphere in the sh-HNF1A-AS1 group was much
smaller than that in the control group (p<0.05, Figure 4A).
Furthermore, miR-298 inhibitor strongly increased the
sphere diameter (p<0.001 vs. control group), which could be
reversed by sh-HNF1A-AS1. The diameter of a sphere in the
sh-HNF1A-AS1+miR-298 inhibitor group was much smaller
than that in the miR-298 inhibitor group (p<0.001, Figure
4A). The number of ALDH* cells in each group had a similar
tendency in both cell lines (Figure 4B). SOX2, NANOG, and
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Figure 2. miR-298 was a direct target of HNF1A-AS1. A) Bioinformatics analysis showed a putative targeting site of miR-298 in the HNF1A-AS1
transcript. B) miR-298 mimic, miR-298 inhibitor, NC inhibitor, and NC mimic were transfected into EC109 cells and the miR-298 levels were detected
by qRT-PCR. **p<0.01 vs. control group; ***p<0.001 vs. control group. C) miR-298 mimic, miR-298 inhibitor, NC inhibitor, and NC mimic were
transfected into KYSE-70 cells and the miR-298 levels were detected by qRT-PCR. **p<0.01 vs. control group; ***p<0.001 vs. control group. D) Three
sh-HNF1A-AS1s were transfected into EC109 cells and the expression of HNF1A-AS1 was detected by qRT-PCR. *p<0.05 vs. control group; **p<0.01
vs. control group. E) Three sh-HNF1A-AS1s were transfected into KYSE-70 cells and the expression of HNF1A-AS1 was detected by qRT-PCR. *p<0.05
vs. control group; **p<0.01 vs. control group. F) The RIP assays of EC109 cells found that HNF1A-AS1 and miR-298 were in the same RNA-induced
silencing complex (RISC). ***p<0.001 vs. anti-IgG. G) The RIP assays of KYSE-70 cells found that HNF1A-AS1 and miR-298 were in the same RNA-
induced silencing complex (RISC). ***p<0.001 vs. anti-IgG. H) The luciferase reporter assay was conducted to detect the luciferase activity in EC109
cells. *p<0.05 vs. NC mimic. I) The luciferase reporter assay was conducted to detect the luciferase activity in KYSE-70 cells. *p<0.05 vs. NC mimic. J)
sh-HNF1A-AS1 and/or miR-298 inhibitor were transfected into EC109 cells. And the expression of miR-298 was detected by qRT-PCR. **p<0.01 vs.
control group; *p<0.01 vs. miR-298 inhibitor group. K) h-HNF1A-AS1 and/or miR-298 inhibitor were transfected into KYSE-70 cells. And the expres-
sion of miR-298 was detected by qRT-PCR. **p<0.01 vs. control group; “*p<0.01 vs. miR-298 inhibitor group.

OCT4 are markers of cancer stem cells. In the present study, had the highest levels of these three proteins in both cell
the levels of these proteins were detected by western blot. As  lines (p<0.05 vs. control group). And sh-HNF1A-AS1 could
shown in Figures 4C and 4D, the miR-298 inhibitor group  decrease their expression. The relative levels of these proteins
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in the sh-HNF1A-AS+miR-298 inhibitor group were much
lower than those in the miR-298 inhibitor group (p<0.05).
Thus, these results demonstrated that sh-HNF1A-AS1 could
suppress the stemness of EC109 and KYSE-70 cells. And this
effect might relate to its role on miR-298.

TCF4 was a potential target of miR-298. Target Scan
was employed to search for the potential target genes of
miR-298. TCF4 was a candidate target gene (Figure 5A).
The expressions of TCF4 in human ESCC cell lines (EC109,

EC9706, KYSE-30, and KYSE-70) and HEEC were detected
by qRT-PCR. As expected, relative expression of TCF4 was
strongly increased in ESCC cell lines (p<0.05 vs. HEEC,
Figure 5B). The Dual-Luciferase reporter assay revealed that
EC109 or KYSE-70 cells co-transfected with TCF4-Wt and
miR-298 mimics decreased luciferase activity remarkably
(p<0.01, Figures 5C, 5D), further confirming that TCF4 was
a potential target gene for miR-298. Next, sh-HNF1A-AS1
and/or miR-298 inhibitor were transfected into EC109 or
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Figure 3. sh-HNF1A-AS1 inhibited epithelial-mesenchymal transition (EMT). A) sh-HNF1A-AS1 and/or miR-298 inhibitor were transfected into
EC109 and KYSE-70 cells. 48 h after transfecting, cell morphology was observed under an invert phase-contrast microscope (200x). B) sh-HNF1A-AS1
and/or miR-298 inhibitor were transfected into EC109 cells. The expression of EMT-associated proteins was evaluated by western blot analysis. *p<0.05
vs. control group; “p<0.05 vs. miR-298 inhibitor group. C) sh-HNF1A-AS1 and/or miR-298 inhibitor were transfected into KYSE-70 cells. The expres-
sion of EMT-associated proteins was evaluated by western blot analysis. *p<0.05 vs. control group; “p<0.05 vs. miR-298 inhibitor group.
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KYSE-70 cells. After cells were transfected with sh-HNF1A-
AS]1, the expressions of TCF and -catenin were significantly
decreased as compared to control (p<0.05, Figures 5E, 5F).
However, the miR-298 inhibitor could strongly increase
the TCF4 and [-catenin expressions (p<0.05 vs. control,
Figures 5E, 5F). Furthermore, compared with the miR-298
inhibitor group, the sh-HNF1A-AS1+miR-298 inhibitor
group had a much lower TCF4 expression as well as p-catenin
expression (p<0.05, Figures 5E, 5F). These results indicated
that TCF4 was a potential target of miR-298. And HNF1A-
AS]1 could regulate the miR-298/TCF4 axis in ESCC cells.
sh-HNF1A-AS1 inhibited tumor growth in vivoe. To
investigate the effects of HNFIA-ASI on tumor growth

in vivo, EC109 or KYSE-70 cells were pre-treated with
sh-HNF1A-AS1 and the xenograft mouse model was created.
Compared to the control group, the average tumor weight
in the sh-HNF1A-AS1 group was much smaller (p<0.05,
Figures 6A-6D). Consistent with the results obtained from in
vitro studies, sh-HNF1A-AS1 could also decrease the expres-
sion of HNF1A-AS1 and TCF4 (p<0.01, Figures 6E-6F), and
increase the expression of miR-298 (p<0.01, Figures 6E, 6F)
in vivo. Besides, the expression of stemness-related proteins
(SOX2, NANOG, and OCT4) was strongly suppressed by
sh-HNF1A-AS1 (p<0.05, Figures 6G, 6H). And the results of
immunohistochemistry revealed that sh-HNF1A-ASI could
increase the expression of E-cad (p<0.01) and decrease the
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Figure 4. sh-HNF1A-AS1 inhibited stemness. A) The diameter of the sphere in each group was measured. B) The number of ALDH1* cells in each group
was detected by flow cytometric analysis. C) The expression of stemness markers in EC109 cells was detected by western blot. D) The expression of
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group; **p<0.001 vs. miR-298 inhibitor group.



SH-HNF1A-AS1 INHIBITS ESOPHAGEAL CANCER CELLS

567

A

Position 2443-2449 of TCF4 3' UTR

hsa-miR-298 3'

5 ...CCUUUUAGUGGUACAUUCUGCAC...

RINRN
ACCCUCUUGGAGGGACGAAGACGA

E3 miR-298 mimic

E= miR-298 mimic

g3 NC mimic NC mimic
B veee C EC109 D
¥ 25 B3 EC109 o 4 >4 KYSE-70
o E3 Ec9706 3 2
5 20 * D KYSE30 § 3. & 3
< * ) - [} Q
5 .5 + KYSE-70 8 8
o £ 2- £ 21
2 1.04 3 3
[ g [J
o | 21 2 17
2 05 5 5
K S 2
] i 4 ;
& g0k 7 04 S . o4 5
TCF4-MUT X TCF4-MUT  TCF4-WT
E EC109 TCF4-WT
B-catenin | s --l 92 kDa Em@ Control
3 Control sh-HNF1A-AS1
Tora [ == ] 79 k0a e
. =3 sh-HNF1A-AS1 E3 miR-298 inhibitor
p-actin [S=======] 45 kDa 157 B3 miR-298 inhibitor 1.5 [ sh-HNF1A-AS1+inhibitor
sh-HNF1A-AS1 — + — + 2 I sh-HNF1A-AS1+inhibitor 5
>
miR-298 inhibitor — — + + 3 . 2 .
€ 1.0 * £ 1.01 * I
F KYSE-70 () T 2 —
o # = g £
B-catenin |=== === | 92 kDa g = g # = "
TCF4 | == - == «w | 79 kDa 2 0.5 # 2 0.5 =
K] K] —
pactin [s=eme=e=]s5kDa @ e B
sh-HNF1A-AST - + - + 0.0LE e 0.04 i =
miR-298 inhibitor - - + + ’ B-ca;enin TCF4 B-catenin TCF4
EC109 KYSE-70

Figure 5. miR-298 affected the expression of TCF4. A) Bioinformatics analysis identified TCF4 as a candidate target gene for miR-298. B) Relative
expression of TCF4 in ESCC cell lines was detected by qRT-PCR. *p<0.05 vs. HEEC; **p<0.01 vs. HEEC C) The luciferase reporter assay was conducted
to detect the luciferase activity in EC109 cells. *p<0.05 vs. NC mimic. D) The luciferase reporter assay was conducted to detect the luciferase activity
in EC109 cells. *p<0.05 vs. NC mimic. E) sh-HNF1A-AS1 and/or miR-298 inhibitor were transfected into EC109 cells. The expressions of TCF4 and
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group; “p<0.05 vs. miR-298 inhibitor group.

Vim level (p<0.01, Figures 61, 6]) in tumor tissues. The above
results showed that sh-HNF1A-AS1 played a role in EMT
and stemness in ESCC, thus inhibiting tumor growth in vivo.

Discussion

HNF1A-AS1 is a newly discovered IncRNA, playing an
important regulatory role in the progression of many types
of human cancers including lung cancer [7], gastric cancer
[5], and colorectal cancer [4]. In 2017, Wang et al. found
that HNF1A-AS1 was overexpressed in ESCC [1]. And
knockdown of HNF1A-AS1 could target miR-214 to inhibit
cell viability and motility [1]. Consistently, we showed that
HNF1A-AS1 was markedly upregulated in ESCC tumor
tissues and cell lines (EC109, EC9706, KYSE-30, and
KYSE-70) in the present study. The elevated expression of
HNF1A-AS1 suggested that HNF1A-AS1 was involved in
the pathogenesis of ESCC. Additionally, we also found that
knockdown of HNF1A-AS1 could inhibit EMT and stemness

by targeting miR-298/TCF4, suggesting HNF1A-ASI is a
promising therapeutic target for ESCC treatment.

In the current study, the data indicated that miR-298
expression in human ESCC cell lines was significantly
downregulated compared with that in normal controls.
Downregulation of miR-298 has been reported to promote
cancer cell proliferation and metastasis [10, 11]. Thus,
miR-298 was regarded as a suppressor in tumor progression.
LncRNAs are located upstream of miRNA, which may act
as endogenous molecular sponges to compete for miRNAs,
regulating miRNA expression negatively [15]. miRNAs, such
as miR-124, miR-214, and miR-30b-30p, have been reported
to act as direct targets of HNF1A-ASI [1, 4, 16]. And overex-
pression of these miRNAs could suppress the role of HNF1A-
ASI in tumor cell viability, migration, and invasion [4, 17].
In this study, miR-298 was also validated as a direct target
of HNF1A-AS1 based on the following results: first, bioin-
formatics tools showed a putative targeting site of miR-298
in the HNF1A-AS1 transcript; second, the direct binding
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Figure 6. sh-HNF1A-AS]1 inhibited tumor growth in vivo. A) Representative images of EC109 xenograft tissues are presented (n=5). B) Representative
images of KYSE-70 xenograft tissues are presented (n=5) C) Tumor weight of EC109 xenograft in each group is presented in the histogram. D) Tumor
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munohistochemistry. Representative images of each group are presented (400x). J) The expression of stemness markers in KYSE-70 tumor tissues was
evaluated by immunohistochemistry. Representative images of each group are presented (400x). *p<0.05 vs. control group; **p<0.01 vs. control group.

ability of the predicted miR-298 binding site on HNF1A-AS1
was confirmed by the luciferase activity assay; third, the RIP
assays found that HNF1A-AS1 and miR-298 were in the same
RISC; finally, the knockdown of HNF1A-ASI (sh-HNF1A-
AS1) directly increased the expression of miR-298.

EMT is a highly conserved cellular process, in which loss
of the epithelial marker E-cad and gain of the mesenchymal
markers N-cad and Vim converts epithelial cells from nonin-
vasive to invasive [18]. In Wu’s study, they found HNFI1A-
AS1 could induce the EMT process, thus promoting the
proliferation and metastasis of lung adenocarcinoma [7].
And Mo et al. found that miR-298 could act as a target of
IncR-LINC01287 to promote EMT in HCC cells [12]. In this
study, some of EC109 and KYSE-70 cells transfected with

miR-298 inhibitor exhibited mesenchymal morphology, but
sh-HNF1A-AS1 could reverse this morphologic change.
Furthermore, our results also revealed that HNF1A-ASI
knockdown increased the expression of E-cad, while it
decreased the expression of N-cad, Vim, and Snail. The
miR-298 inhibitor had a reverse function on these proteins.
These data suggested that HNF1A-AS1 and miR-298 both
played important roles in EMT. HNF1A-AS1 might promote
an EMT phenotype of EC109 cells by targeting miR-298.
The process of EMT is often associated with the acquire-
ment of cancer stemness [19, 20]. The term ‘stemness’ refers
to the feature of cancer stem cells (CSCs) that control and
maintain the stem cell state [21]. Increasing evidence
suggested that CSCs with self-renewal properties might be
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a promising explanation for the recurrence and metastasis
of cancer [22]. Thus, inhibiting the proliferation of CSCs
has an important role in cancer treatment. ALDH activity
is a specific marker of normal stem cells and various types
of CSCs including ESCC [23, 24]. Except for ALDH, SOX2,
NANOG, and OCT4 are other makers of cancer stem cells
[25]. In this study, we found that sh-HNF1A-AS1 could
decrease the diameter of the sphere in the spheroid formation
assays, reduce the number of ALDH cells, and downregulate
the expression of stemness markers in EC109 and KYSE-70
cells. Our results indicated that the knockdown of HNF1A-
ASI1 could inhibit cancer stemness in ESCC cells.

TCF4 is one of the most important components in the
Wnt/B-catenin signaling pathway [26], which plays an
important role in EMT and stemness [27]. Previous studies
reported that some miRNAs, such as miR-155 [28], miR-495
[29], and miR-139-5p [30], could target TCF4 to regulate the
Wnt/B-catenin signaling pathway. In our study, the predictive
bioinformatics analysis suggested that TCF4 was the most
likely target of miR-298, which was confirmed by the lucif-
erase reporter assays. And the expression of TCF4 was found
decreased in ESCC cells co-transfected with sh-HNF1A-ASI
and increased in ESCC cells co-transfected with miR-298
inhibitor. The results above validated that TCF4 was a direct
target of miR-298. HNFIA-ASI may suppress miR-298
expression and consequently upregulates its target gene
TCF4 in ESCC.

The in vivo effect of HNF1A-ASI on ESCC was also
explored in this study. Previously, it has been reported that
a high level of HNF1A-ASI in tumor tissues predicted poor
prognosis [31, 32]. And knockdown of HNF1A-AS1 has
been reported to impede tumor growth in tumor-bearing
mice [1, 13, 33]. In support of previous concepts, sh-HNF1A-
AS1 was identified to suppress tumor growth in the ESCC
xenograft mouse model in this study. And the inhibition role
of sh-HNF1A-AS1 on EMT and stemness was also found in
vivo. Our animal study data indicated that the knockdown of
HNF1A-AS1 contributed to ESCC treatment.

In conclusion, HNFIA-AS1 was overexpressed in
ESCC cell lines. miR-298 was validated as a direct target
of HNF1A-AS1. Knockdown of HNF1A-AS1 could inhibit
EMT and stemness by regulating the miR-298/TCF4 axis.
These findings provide a novel HNF1A-AS1/miR-298/TCF4
pathway in ESCC and suggest HNF1A-AS1 could be a poten-
tial target for the occurrence, development, and treatment of
human ESCC.
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