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Background: Esophageal cancer is one of the most frequent cancers with a higher mortality 
worldwide. Although many long non-coding RNAs (LncRNAs) are reported to play impor
tant roles in the progression of esophageal cancer, the function of lncRNA GIHCG in 
esophageal cancer remains unclear.
Methods: The expression of GIHCG in esophageal cancer tissues and cancer cell lines 
was detected by qRT-PCR. Cell proliferation was evaluated by Cell Counting Kit-8 (CCK- 
8) assay, EdU staining assay and colony formation assay. Cell invasion and migration were 
measured by transwell assay. Cell apoptosis was detected by a flow cytometer. Luciferase 
reporter assay and RIP assay were used to determine the interaction between GIHCG and 
miR-29b-3p, and their subsequent regulation of anoctamin 1 (ANO1). The expression of 
ANO1 in esophageal cancer tissues and cell lines was detected by Western blot. The effect 
of GIHCG/miR-29b-3p in tumor formation was assessed by the xenograft nude mice model 
in vivo.
Results: GIHCG was significantly upregulated in esophageal cancer tissues and relevant 
cancer cell lines. Downregulation of GIHCG significantly inhibited the growth, colony 
formation, invasion, migration and induced apoptosis of esophageal cancer cells in vitro. 
Bioinformatic analysis and RIP assay determined that GIHCG was a sponge of miR-29b-3p, 
and ANO1 was a direct target of miR-29b-3p. Moreover, functional experiments showed that 
GIHCG upregulated ANO1 expression by directly sponging miR-29b-3p. Furthermore, 
in vivo experiment revealed that knockdown of GIHCG significantly inhibited tumor growth 
in nude mice.
Conclusion: Our study revealed that lncRNA GIHCG promoted the progression of esopha
geal cancer by targeting the miR-29b-3p/ANO1 axis, suggesting that GIHCG might be 
a novel therapeutic target for esophageal cancer.
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Introduction
Esophageal cancer has become the sixth leading cause of death-related death and 
the eighth most common cancer worldwide.1 Recently, medical oncologists and 
radiation oncologists have been increasingly involved due to the implementation of 
neo-adjuvant therapy, which has been shown to efficiently improve the overall 
survival of patients with esophageal cancer.2 Despite many advantages in the 
management and treatment, the 5-year survival rates of patients with esophageal 
cancer are still poor with only approximately 10%.3,4 Hence, it is more urgent to 
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understand the underlying molecular mechanisms involved 
in esophageal cancer development, which may contribute 
to identify new targets for treating esophageal cancer.

Long-chain non-coding RNAs (lncRNAs) are a class 
of independent transcripts with more than 200 nucleo
tides in length and lack protein coding function.5 

Recently, lncRNAs have been identified to be signifi
cantly associated with tumor behaviors and 
prognosis.6–8 Gradually increased during hepatocarcino
genesis (GIHCG) is a newly identified lncRNA, and 
increasing studies demonstrated that it can promote the 
progression of various human cancers. For example, 
GIHCG is highly expressed in ovarian cancer tissues 
compared with normal tissues, and downregulation of 
GIHCG can efficiently inhibit the progression of ovarian 
cancer through stimulating cell cycle and cell prolifera
tion by targeting miR-429.9 GIHCG promotes cell pro
liferation and migration of gastric cancer cells by directly 
modulating miR-1281.10 GIHCG has been reported to 
enhance cell cycle, proliferation and migration of tongue 
squamous cell carcinoma cells through directly targeting 
miR-429 in vitro.11 In addition, GIHCG has also been 
found to play crucial oncogenic roles in several other 
malignancies such as breast cancer,12 hepatocellular 
carcinoma,13 colorectal cancer14 and renal cell 
carcinoma.15 Although GIHCG exhibits important roles 
in a series of human cancers, its role in esophageal 
cancer remains unclear.

MicroRNAs (miRNAs) are a group of widely known 
non-coding RNA with 22 nucleotides in length, and have 
been identified to play essential regulatory roles in the 
regulation of post-transcriptional gene expression.16 

Increasing reports have revealed that miRNAs can partici
pate in multiple biological processes during cancer devel
opment including cell growth, metastasis, invasion and 
migration.17 MiR-29b-3p is shown to be significantly 
involved in the progression of human tumors. For exam
ple, upregulation of miR-29b-3p induces chondrocyte 
apoptosis and promotes the progression of osteoarthritis 
through targeting PGRN.18 Downregulation of miR-29b- 
3p significantly inhibits the development of triple-negative 
breast cancer by directly targeting TRAF3.19 MiR-29b-3p 
is markedly overexpressed in plasma-derived extracellular 
vesicles of prostate cancer patients compared with that of 
healthy subjects, which may be considered as a potential 
biomarker for prostate cancer.20

Anoctamin 1 (ANO1), also named as TMEM16A, 
ORAOV2, TAOS2, DOG1 or FLJ10261, is located on 

human chromosome 11q13, which contains 26 exons and 
encode a 960 amino acid protein.21 ANO1 is related to 
calcium-dependent chloride channel activity and can par
ticipate in multiple biological processes including cell 
proliferation, motility and attachment.22,23 ANO1 has 
been found to be highly expressed in tumor tissues of 
esophageal carcinomas such as esophageal squamous cell 
carcinoma,24 head and neck squamous cell carcinoma25 

and squamous cell carcinoma,26 and is considered as 
a potential biomarker for prognosis of esophageal carcino
mas. Moreover, overexpression of ANO1 has been demon
strated to be associated with the occurrence, proliferation 
and migration of several tumor cells including esophageal 
cancer cells.27 However, the upstream regulatory axis of 
ANO1 in esophageal cancer has not been well studied.

In the present study, we firstly found that lncRNA 
GIHCG was significantly upregulated in esophageal cancer 
tissues and cancer cell lines. Moreover, our results demon
strated that downregulation of GIHCG inhibited the prolif
eration, invasion, migration while induced apoptosis of 
esophageal cancer cells in vitro, and also suppressed 
tumor growth in vivo by directly targeting miR-29b-3p/ 
ANO1 axis, suggesting that GIHCG/miR-29b-3p axis 
might be potential therapeutic targets for esophageal cancer.

Materials and Methods
Tissue Specimens
A total of 45 patients with esophageal cancer enrolled at 
Henan Provincial People’s Hospital, People’s Hospital of 
Zhengzhou University, People’s Hospital of Henan 
University, from 2017 to 2019 were recruited in this 
study. The clinicopathological features of esophageal can
cer patients are shown in supplementary Table 1. All 
participants had given their written informed consent. 
All tumor tissues and paired adjacent normal tissues 
were removed from bodies by surgical excision and 
then immediately snap-frozen in liquid nitrogen before 
storage at –80 °C. Meanwhile, all tissue samples were 
histologically confirmed by two pathologists. All paired 
tissue samples were used to compare the expression 
levels of GIHCG, miR-29b-3p and ANO1. In addition, 
the clinical significance and prognostic value of GIHCG 
was evaluated by Kaplan–Meier survival analysis as pre
viously described.28 This study was approved by the 
Ethics Committee of Henan Provincial People’s 
Hospital, People’s Hospital of Zhengzhou University, 
People’s Hospital of Henan University.
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Cell Culture
Human esophageal cancer cell lines (Eca-109, Ec-9706, 
EC8712, TE-13 and TE-10) and normal esophageal epithe
lial cell line HEEC were purchased from the Cell Bank of 
the Chinese Academy of Sciences (Shanghai, China) and 
cultured in DMEM medium (Invitrogen) supplementing 
with 10% FBS (Invitrogen) at 37°C with 5% CO2.

Cell Transfection
Ec-9706 and TE-10 cells were transfected with 50nM small 
interfering RNA targeting GIHCG (si-GIHCG), miR-29b-3p 
mimics, miR-29b-3p inhibitor and respective negative controls 
(si-NC, miR-NC and inhibitor NC) at the final concentration of 
100 nM transfection reagent by the Lipofectamine 2000 kit 
(Invitrogen) according to the manufacturer’s instructions. The 
sequence of si-GIHCG and si-NC were as follows: si-GIHCG: 
5′-GCATCCCGCGTCAATCTGAAGGAACCTCAAGGGA 
-3′; si-NC: 5′-GTTCCATCAGGATGACGCCCCTTTTG 
GGAAAGCCT3′. MiR-29-3p mimics, miR-NC, miR-29-3p 
inhibitor, and inhibitor NC were purchased from GenePharma 
(Suzhou, China). To construct GIHCG and ANO1 overexpres
sing vector, the cDNA sequences of GIHCG and ANO1 were 
amplified with human genome as the template and cloned into 
pcDNA3.1 expression vector (Geneseed Biotech, 
Guangzhou), and empty vector pcDNA3.1 was considered as 
the negative control. Plasmids were transfected into Ec-9706 
and TE-10 cells also by Lipofectamine 2000 kit (Invitrogen). 
Cells were harvested for analyses 48 h after transfections.

qRT-PCR Analysis
Total RNA of tissues or cultured cells was extracted by using 
TRIzol reagent (Invitrogen). Total RNA was reversely tran
scribed to cDNA by the Primescript RT Reagent (Takara Bio, 
Inc.), and qRT–PCR analysis was performed using SYBR® 

Green Real-time PCR Master Mix (Toyobo Co. Ltd., Osaka, 
Japan) on a 7500 Fast Real-Time PCR System (Applied 
Biosystems). The relative fold expression change of target 
genes was analyzed by using the 2−ΔΔCt method, with 
GAPDH and U6 as the internal reference.29 The primers 
used in this study were as follows: GIHCG forward: 5′- 
CTTTATCACCTGCCGGGAA-3′, reverse: 5′-CGGTAAGA 
ATCCAAAGG-3′; miR-29b-3p forward: 5′-CTGAATGTG 
GAGAGAATGT-3′, reverse: 5′-GTTCCTCGACATTCG 
GGCCG-3′; ANO1 forward: 5′-CCACAGGATT 
CGGGGAACT-3′, reverse: 5′-GAAGTCATTACAGCGG 
TGCC-3′; GAPDH forward: 5′-CGAGAGAATCC 
GCGGACAT-3′, reverse: 5′-TTGTGCAATACAGCGTGG 

AC-3′; U6 forward: 5′-GACAGATTCGGTCTGTGGCAC 
-3′, reverse: 5′-GATTACCCGTCGGCCATCGATC-3′.

Western Blot
Total protein of tissues or cultured cells was extracted by 
RIPA Lysis Buffer containing protease inhibitor PMSF 
(Thermo, USA). Subsequently, approximately equal 
amounts of protein were separated by 10% SDS-PAGE 
and transferred into PVDF membranes. After blocking 
with 5% non-fat milk for 5 min, the membranes were 
then incubated with primary antibody ANO1 (1:5000, 
AF6207, Beytotime) and GAPDH (1:1000, SG2267, 
RealJimes) at 4°C overnight. Of which, GAPDH was 
regarded as the internal reference. On the next day, the 
membranes were incubated with an appropriate HRP-con
jugated secondary antibody for 1 h at room temperature. 
Finally, the bonds were visualized by using the ECL kits 
(Amersham), and the optical density of the protein bands 
was quantified under the ImageJ software.

CCK-8 Assay
Cell proliferation was evaluated by using Cell Counting Kit- 
8 (Dojindo, Beijing, China) according to the manufacturer’s 
instructions as previously described.18 Approximately, 
a certain number of transfected cells were seeded into 96- 
well plates and maintained in DMEM medium containing 
10% FBS. Ten microliters of CCK-8 solution was added to 
each well at the time point of 24, 48, 72 and 96h, then the 
absorbance was detected by EnSpire Multimode Plate 
Reader (PerkinElmer, Waltham, Massachusetts, USA) at 
450 nm.

Colony Formation Assay
Briefly, approximately 1000 cells were seeded into 
a 6-well plate and cultured for 2 weeks. Subsequently, 
cells were fixed with 4% paraformaldehyde for 15 min 
and stained with 1% crystal violate for 10–30 min. The 
images of colony-forming units were captured by using 
a light microscope and the number of colonies was 
counted in three random wells.

Edu Staining Assay
The EdU (5-ethynyl-2′-deoxyuridine) proliferation assay was 
performed by using Cell-Light EdU Apollo 567 In Vitro 
Imaging Kit (Ribobio) as previously described.30 Briefly, 
1×105 cells were seeded into 96-well plates and cultured for 
24 h. Edu solution was added into each well with the final 
concentration at 50 μM and incubated for 2 h. Then, 4% 
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paraformaldehyde fixing solution was added for 20 min, 0.5% 
Triton X-100 was added for 15 min. Finally, 100 μL of Apollo 
reaction solution was added to each well and incubated for 30 
min, then Hoechst33342 staining solution (Beyotime, 
Shanghai, China) was added for another 30 min. Images 
were captured using fluorescence microscopy (Nikon) and 
merged using Adobe Photoshop 6.0 software. Afterwards 
EdU-positive cells and total cells were counted within each 
field.

Transwell Assay
Cell invasion and migration was evaluated by using trans
well assay as previously described.31 And, 3×105 Ec-9706 
and TE-10 cells transfected with si-GIHCG, miR-29p-3p 
mimics, miR-29p-3p inhibitor and corresponding negative 
controls were transferred to the upper Matrigel-coated or not 
Matrigel-coated invasion chambers (BD Biosciences, San 
Jose, CA, USA) in a serum-free DMEM medium, and 
DMEM medium containing 10% FBS was added to the 
lower chambers. After 24 h, non-migrated or non-invaded 
cells on the upper surface were removed, and the migrating 
or invading cells on the underside surface were fixed with 
4% paraformaldehyde, stained with 0.1% crystal violet, and 
then imaged in 10 random fields under a microscope.

Apoptotic Analysis
Cell apoptosis was analyzed by using Annexin V-FITC/PI 
apoptosis detection kit (Keygen Biot Solasodine, Nanjing, 
China) according to the manufacturer’s instructions. In 
brief, 1 × 106 transfected Ec-9706 and TE-10 cells were 
plated into 6 well plates and cultured for 24 h. After 
trypsinization, cell suspension was added with 5 μL 
Annexin V-FITC followed by 5 μL PI solution in dark 
and incubated for 20 min. Flow cytometric analysis for 
apoptosis rate was performed by using a FACSCalibur 
flow cytometer within 1 h.

Luciferase Reporter Assay
The wild type (WT) and mutant (MUT) of GIHCG or 
ANO1 containing the putative binding site with miR- 
29b-3p were amplified by PCR and cloned into 
pmirGLO luciferase reporter vector (Promega 
Corporation, Madison, WI, USA). Then, the luciferase 
reporter plasmids were co-transfected with miR-29b-3p 
mimics or miR-NC into Ec-9706 and TE-10 cells by 
using Lipofectamine 2000 kit (Invitrogen). Following 48 
h transfection, relative luciferase activity was determined 

using the Dual-Luciferase Reporter assay system and nor
malized to renilla luciferase activity, respectively.

The Construction of Stably Transfected 
Cell Line
To generate the stable knockdown of GIHCG in cell line Ec- 
9706, the lentivirus vectors expressing short hairpin RNA 
(shRNA) targeting GIHCG (sh-GIHCG) or scrambled oligo
nucleotides (sh-NC) were constructed and purchased from 
GenePharma (Shanghai, China). Lentivirus were transfected 
into Ec-9706 cells by using Lipofectamine 2000 kit 
(Invitrogen). In brief, cells were seeded in six-well plates, 
then transfected with 1×108 transducing units (TUs)/mL lenti
virus (10 μL). At 48h after transfection, cells were treated with 
puromycin (2 μg/mL) for 2 weeks to select for stable cell line. 
The sequence of sh-GIHCG was as follows:sh-GIHCG: sense: 
5′-GGATCGGGTTAGGAGCCTAGGATGCCTTCCAGG 
GA-3′, anti-sense: 5′-ACCATCCTTAGCTCCTGGAT 
TTTTGGGGAAAGCCT3′; To construct the Ec-9706 cells 
stably transfected miR-29b-3p inhibitor, Ec-9706 cells were 
transfected with 50 nM miR-29b-3p inhibitor by using 
Lipofectamine 2000 kit and selected with 2 μg/mL puromycin 
for 2 weeks. To construct concurrently stably knockdown of 
both miR-29b-3p and GIHCG in Ec-9706 cells, GIHCG stable 
knockdown Ec-9706 cells were transfected with 50 nM miR- 
29b-3p inhibitor by using Lipofectamine 2000 kit and selected 
with 2 μg/mL puromycin for 2 weeks.

Xenograft Tumor Model in Mice
A total of 12 BALB/c nude mice (female, 4–6 weeks and 
approximately 16–22g) were purchased from Beijing Vital 
River Laboratory Animal Technology Co., Ltd. The xeno
graft model with esophageal cancer was established as 
previously described.32 Briefly, approximately 5 × 106 

Ec-9706 cells stably transfected with sh-GIHCG, miR- 
29b-3p inhibitor, sh-NC, or co-transfected with sh- 
GIHCG and miR-29b-3p inhibitor were subcutaneously 
inoculated into the nude mice, and generated four groups 
(n = 3): sh-GIHCG group, miR-29b-3p inhibitor group, sh- 
NC group, sh-GIHCG + miR-29b-3p inhibitor group. 
Tumor volume of different groups was evaluated once 
a week for 5 weeks following the formula: V = 0.52 × L 
× W2 (L is the length of tumor and W is the tumor weight). 
After 5 weeks, mice were euthanized by cervical disloca
tion, and tumors of different groups were taken out, then 
tumor weight was evaluated. Finally, tumors were paraf
fin-embedded, cut into 4-μm thickness, and incubated with 
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monoclonal antibodies against human Ki-67 (1:200, 
Abcam) to perform the Ki-67 staining assay as previously 
described.33 This study was approved by the Animal 
Ethics Committee of Henan Provincial People’s Hospital, 
People’s Hospital of Zhengzhou University, People’s 
Hospital of Henan University. All animal studies were 
performed according to the Institutional Animal Care and 
Use Committee of Henan Provincial People’s Hospital, 
People’s Hospital of Zhengzhou University, People’s 
Hospital of Henan University. All animal procedures 
were performed in accordance with the Guidelines for 
Care and Use of Laboratory Animals of People’s 
Hospital of Henan University and approved by the 
Animal Ethics Committee of People’s Hospital of Henan 
University.

Statistical Analysis
Data were analyzed by SPSS19.0 statistical software and 
presented as mean ± SD method. All experiments have 
three replicates. Difference was determined by Student’s 
t-test (two groups) or two-way ANOVA (multiple groups). 
P value <0.05 was considered as significant threshold. 
Kaplan–Meier method was applied to perform the survival 
analysis of patients with esophageal cancer.

Results
LncRNA GIHCG Was Significantly 
Upregulated in Esophageal Cancer 
Tissues
To explore the role of GIHCG in esophageal cancer, we 
firstly detected the expression of GIHCG in esophageal 
cancer tissues by qRT-PCR and the results showed that 
GIHCG was highly overexpressed in tumor tissues com
pared with matched adjacent normal tissues (n = 45) (p < 
0.01) (Figure 1A). Meanwhile, the expression level of 
GIHCG in tumor tissues and matched normal tissues was 
analyzed, and the results indicated that the levels of GIHCG 
were almost all higher in tumor tissues than that in matched 
adjacent normal tissues (n = 45) (p < 0.01) (Figure 1B). 
Then, the expression of GIHCG in cancer cell lines was 
also detected and the results showed that GIHCG was also 
markedly upregulated in cancer cell lines Eca-109 (p < 
0.01), Ec-9706 (p < 0.001), EC8712 (p < 0.01), TE-13 (p 
< 0.01) and TE-10 cells (p < 0.001) compared with normal 
esophageal epithelial cell line HEEC (Figure 1C), and 
exhibited a highest expression in Ec-9706 and TE-10 
cells. Then, Ec-9706 and TE-10 cells were selected for the 

subsequent experiments. In addition, Kaplan–Meier survival 
curve indicated that esophageal cancer patients with high 
GIHCG level had a poorer prognosis compared with that 
with low GIHCG level (p < 0.01) (Figure 1D). These results 
suggested that GIHCG might play a potential oncogenic 
role in esophageal cancer.

Downregulation of GIHCG Inhibited the 
Growth of Esophageal Cancer Cells 
in vitro
To further confirm the oncogenic role in esophageal can
cer, si-GIHCG (small interfering RNA targeting GIHCG) 
or si-NC (negative control) was transfected into Ec-9706 
and TE-10 cells, and qRT-PCR indicated that si-GIHCG 
significantly decreased the expression of GIHCG com
pared with si-NC in both Ec-9706 (p < 0.001) and TE-10 
cells (p < 0.001) (Figure 2A). Downregulation of GIHCG 
obviously inhibited cell viability of Ec-9706 (p < 0.01) and 
TE-10 cells (p < 0.01) compared with si-NC (Figure 2B). 
Si-GIHCG significantly decreased colony number of both 
Ec-9706 (p < 0.01) and TE-10 cells (p < 0.01) compared 
with si-NC (Figure 2C). Meanwhile, si-GIHCG signifi
cantly decreased the EdU-positive cells of both Ec-9706 
(p < 0.01) and TE-10 cells (p < 0.01) compared with si-NC 
(Figure 2D). Transwell assay revealed that si-GIHCG not 
only inhibited the invasion of both Ec-9706 (p < 0.01) and 
TE-10 cells (p < 0.01) compared with si-NC (Figure 2E) 
but also inhibited the migration of both Ec-9706 (p < 0.01) 
and TE-10 cells (p < 0.01) compared with si-NC (Figure 
2F). In addition, downregulation of GIHCG significantly 
enhanced the apoptosis of both Ec-9706 (p < 0.01) and 
TE-10 cells (p < 0.01) compared with si-NC (Figure 2G). 
These results indicated that downregulation of GIHCG 
inhibited the growth of esophageal cancer cells in vitro.

GIHCG Served as a Sponge of miR-29b- 
3p
To explore the mechanism of GIHCG in esophageal cancer, 
Starbase was used to predict the potential targets of GIHCH 
and the results showed that there was a putative binding site 
between GIHCG and miR-29b-3p (Figure 3A), suggesting 
that miR-29b-3p might be a potential target of GIHCG. 
Then, Ec-9706 and TE-10 cells were transfected with 
miR-29b-3p mimics or miR-NC, and qRT-PCR revealed 
that miR-29b-3p mimics significantly increased the expres
sion of miR-29b-3p in both Ec-9706 (p < 0.01) and TE-10 
cells (p < 0.01) compared with miR-NC (Figure 3B). To 
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determine their relationship, luciferase reporter assay was 
performed and the results indicated that miR-29b-3p 
mimics significantly decreased the relative luciferase activ
ity of WT GIHCG vector in both Ec-9706 (p < 0.01) and 
TE-10 cells (p < 0.01), while exhibited no obvious change 
on MUT GIHCG vector in two cell lines (Figure 3C). 
Meanwhile, si-GIHCG significantly increased the expres
sion of miR-29b-3p in both Ec-9706 (p < 0.01) and TE-10 
cells (p < 0.01) compared with si-NC, and overexpression 
of GIHCG (pc-GIHCG) markedly decreased miR-29b-3p in 
both Ec-9706 (p < 0.01) and TE-10 cells (p < 0.01) com
pared with pc-NC (empty vector control) (Figure 3D). In 
addition, miR-29b-3p expression was markedly 

downregulated in cancer cell lines including Eca-109 (p < 
0.01), Ec-9706 (p < 0.001), EC8712 (p < 0.01), TE-13 (p < 
0.01) and TE-10 cells (p < 0.001) compared with that in 
HEEC cells (Figure 3E). Moreover, miR-29b-3p was mark
edly downregulated in tumor tissues compared with that in 
adjacent normal tissues (n = 45) (p < 0.01) (Figure 3F). 
Pearson’s correlation analysis showed that there was an 
obviously negative correlation between GIHCG and miR- 
29b-3p expression in esophageal cancer tissues (n = 45) (p 
< 0.01) (Figure 3G). These results revealed that GIHCG 
was a sponge of miR-29b-3p and the effect of GIHCG in 
esophageal cancer might be partially mediated by miR- 
29b-3p.

Figure 1 LncRNA GIHCG was significantly upregulated in esophageal cancer tissues. (A) The mRNA level of GIHCG between tumor tissues and normal tissues was 
evaluated by qRT-PCR (n = 45). (B) The expression level of GIHCG in tumor tissues and matched normal tissues was analyzed (n = 45). (C) The mRNA level of GIHCG in 
esophageal cancer cell lines including Eca-109, Ec-9706, EC8712, TE-13 and TE-10 cells and normal HEEC cells was evaluated by qRT-PCR (n = 3). (D) Kaplan–Meier survival 
analysis of GIHCG expression for esophageal cancer patients. **P < 0.01, ***P < 0.001.
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Downregulation of miR-29b-3p Reversed 
Si-GIHCG Induced Inhibitory Effect in 
Esophageal Cancer Progression in vitro
To explore whether the effect of GIHCG was mediated by 
miR-29b-3p, Ec-9706 and TE-10 cells were transfected with 
si-GIHCG, si-NC, miR-29b-3p inhibitor, or co-transfected 
with si-GIHCG and miR-29b-3p inhibitor. The results of 
CCK-8 assay (Figure 4A), colony formation assay (Figure 
4B) and EdU staining assay (Figure 4C) revealed that miR- 
29b-3p inhibitor significantly exacerbated the growth of Ec- 
9706 and TE-10 cells (p < 0.01), while co-transfection of si- 
GIHCG and miR-29b-3p inhibitor obviously attenuated the 
inhibitory effect of si-GIHCG on cell proliferation (p < 0.01). 
MiR-29b-3p inhibitor markedly promoted the invasion and 
migration capacity of Ec-9706 and TE-10 cells (p < 0.01), 
while co-transfection of si-GIHCG and miR-29b-3p inhibitor 

obviously attenuated the inhibitory effect of si-GIHCG on cell 
invasion and migration (p < 0.01) (Figure 4D and E). 
Meanwhile, miR-29b-3p inhibitor significantly decreased 
apoptosis rate of Ec-9706 and TE-10 cells (p < 0.05), while co- 
transfection of si-GIHCG and miR-29b-3p inhibitor obviously 
reversed the effect of si-GIHCG on apoptosis (p < 0.05) 
(Figure 4F). These results suggested that the effect of 
GIHCG in esophageal cancer might be partially mediated by 
miR-29b-3p.

ANO1 Was Target of miR-29b-3p
Next, TargetScan was used to predict the potential targets of 
miR-29b-3p, and the results showed that ANO1 might be 
a target of miR-29b-3p (Figure 5A). Then, luciferase reporter 
assay was performed and indicated that miR-29b-3p mimics 
significantly decreased the relative luciferase activity of WT 

Figure 2 Downregulation of GIHCG inhibited the growth of esophageal cancer cells in vitro. Ec-9706 and TE-10 cells were transfected with si-GIHCG or si-NC. (A) The 
transfection efficiency was evaluated by qRT-PCR. (B–D) Cell proliferation was evaluated by CCK-8 assay (B), colony formation assay (C) and Edu staining assay (D). (E and 
F) Cell invasion (E) and migration (F) was evaluated by transwell assay. (G) Cell apoptosis was evaluated by flow cytometry. N = 3, **P < 0.01, ***P < 0.001.
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ANO1 vector in both Ec-9706 (p < 0.01) and TE-10 cells (p < 
0.01) compared with the miR-NC group, while exhibited no 
obvious change in MUT ANO1 vector in two cell lines (Figure 
5B). Meanwhile, miR-29b-3p mimics significantly reduced the 
expression of ANO1 at both mRNA level and protein level in 
Ec-9706 and TE-10 cells compared with miR-NC (Figure 5C 
and D), while miR-29b-3p inhibitor increased the expression 
of ANO1 at both mRNA level and protein level in two cell 
lines compared with miR-NC (Figure 5C and D). In addition, 
the expression of ANO1 was significantly upregulated in 
tumor tissues compared with adjacent normal tissues (n = 45) 
(p < 0.01) (Figure 5E). Pearson’s correlation analysis indicated 
the there was also an obviously negative correlation between 
miR-29b-3p and ANO1 expression in esophageal cancer tis
sues (n = 45) (p < 0.01) (Figure 5F). These results suggested 
that ANO1 was the target of miR-29b-3p and the effect of miR- 
29b-3p in esophageal cancer might be mediated by ANO1.

Overexpression of ANO1 Reversed 
miR-29b-3p Mimics Induced Inhibitory 
Effect in Esophageal Cancer Progression 
in vitro
To further determine the effect of miR-29b-3p in esophageal 
cancer was mediated by ANO1, Ec-9706 and TE-10 cells 

were transfected with miR-29b-3p mimics, miR-NC, or co- 
transfected with miR-29b-3p mimics and pcDNA-ANO1 
(overexpression of ANO1). The results of CCK-8 assay 
(Figure 6A), colony formation assay (Figure 6B) and EdU 
staining assay (Figure 6C) showed that miR-29b-3p mimics 
significantly inhibited the proliferation of both Ec-9706 and 
TE-10 cells compared with miR-NC (p < 0.01), while co- 
transfection of miR-29b-3p mimics and pcDNA-ANO1 
obviously attenuated miR-29b-3p mimics induced inhibitory 
effect on cell proliferation (p < 0.05). Transwell assay indi
cated that miR-29b-3p mimics not only markedly decreased 
the invasion capacity (Figure 6D) but also decreased the 
migration capacity of Ec-9706 and TE-10 cells (Figure 6E), 
while co-transfection of miR-29b-3p mimics and pcDNA- 
ANO1 obviously reversed miR-29b-3p mimics induced inhi
bitory effect on invasion and migration (p < 0.05) (Figure 6D 
and E). Meanwhile, miR-29b-3p mimics significantly pro
moted the apoptosis of Ec-9706 (p < 0.01) and TE-10 cells (p 
< 0.01) compared with miR-NC, while co-transfection of 
miR-29b-3p mimics and pcDNA-ANO1 obviously reversed 
the effect of miR-29b-3p mimics on apoptosis (p < 0.05) 
(Figure 6F). These results revealed that overexpression of 
ANO1 efficiently reversed miR-29b-3p mimics induced inhi
bitory effect in esophageal cancer progression in vitro.

Figure 3 GIHCG served as a sponge of miR-29b-3p. (A) The putative binding site between GIHCG and miR-29b-3p was predicted by Starbase. (B) Ec-9706 and TE-10 cells 
were transfected with miR-29b-3p mimics or miR-NC, and transfection efficiency was evaluated by qRT-PCR (n = 3). (C) The relative luciferase activity of WT or MUT 
GIHCG vector was evaluated by Dual-Luciferase Reporter assay system (n = 3). (D) Ec-9706 and TE-10 cells were transfected with si-GIHCG, si-NC, pc-GIHCG or pc-NC, 
and the mRNA level of miR-29b-3p was evaluated by qRT-PCR (n = 3). (E) The mRNA level of miR-29b-3p in esophageal cancer cell lines including Eca-109, Ec-9706, 
EC8712, TE-13 and TE-10 cells and HEEC cells was evaluated by qRT-PCR (n = 3). (F) The mRNA level of miR-29b-3p in tumor tissues and normal tissues was evaluated by 
qRT-PCR (n = 45). (G) Pearson’s correlation analysis of GIHCG and miR-29b-3p expression levels in esophageal cancer tissues (n=45). **P < 0.01, ***P < 0.001.
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GIHCG/miR-29b-3p Modulated Tumor 
Growth in vivo
Finally, to confirm the role of GIHCG in esophageal 
cancer, a xenograft tumor model in vivo was established 
through subcutaneously injected with Ec-9706 cells stably 
transfected with sh-GIHCG, sh-NC, miR-29b-3p inhibitor, 
or co-transfected with sh-GIHCG and miR-29b-3p inhibi
tor. After 5 weeks, the tumors of different groups were 
removed and the representative images are shown in 
Figure 7A. Compared with the sh-NC group, tumor weight 
in the sh-GIHCG group was significantly reduced (p < 
0.01), and miR-29b-3p inhibitor increased tumor weight 
(p < 0.01), while co-transfection of sh-GIHCG and miR- 
29b-3p inhibitor obviously reversed sh-GIHCG induced 
inhibitory effect (p < 0.05) (Figure 7B). Similarly, sh- 
GIHCG decreased tumor volume compared with sh-NC 
group (p < 0.01), and miR-29b-3p inhibitor increased the 

tumor volume (p < 0.01), while co-transfection of sh- 
GIHCG and miR-29b-3p inhibitor obviously reversed sh- 
GIHCG induced inhibitory effect (p < 0.05) (Figure 7C). 
Meanwhile, Ki-67 staining assay in tumor tissues showed 
that sh-GIHCG obviously decreased the number of Ki-67 
positive cells compared with sh-NC, and miR-29b-3p inhi
bitor increased Ki-67-positive cells, while co-transfection 
of sh-GIHCG and miR-29b-3p inhibitor obviously 
reversed sh-GIHCG induced inhibitory effect on prolifera
tion in vivo (Figure 7D). In addition, the expression of 
ANO1 in tumor tissues was also detected by Western blot, 
and the results indicated that sh-GIHCG significantly 
decreased the protein level of ANO1 compared with si- 
NC (p < 0.01), and miR-29b-3p inhibitor increased ANO1 
expression (p < 0.05), while co-transfection of sh-GIHCG 
and miR-29b-3p inhibitor obviously reversed sh-GIHCG 
induced inhibitory effect on ANO1 expression (p < 0.05) 

Figure 4 Downregulation of miR-29b-3p reversed si-GIHCG induced inhibitory effect in esophageal cancer progression in vitro. Ec-9706 and TE-10 cells were transfected 
with si-GIHCG, si-NC, miR-29b-3p inhibitor, or co-transfected with si-GIHCG and miR-29b-3p. (A–C) Cell proliferation was evaluated by CCK-8 assay (A), colony 
formation assay (B) and Edu staining assay (C). (D and E) Cell invasion (D) and migration (E) was evaluated by transwell assay. (F) Cell apoptosis was evaluated by flow 
cytometry. *P < 0.05, **P < 0.01 vs si-NC group; #P < 0.05 vs si-GIHCG group.
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(Figure 7E). These results revealed that knockdown of 
GIHCG inhibited tumor growth through modulating miR- 
29b-3p in vivo.

Discussion
Esophageal cancer has become one of the most aggressive 
cancer types worldwide,34 and the etiology remains poorly 
understood. Previous studies have revealed that a large 
number of lncRNAs are closely associated with diverse 
cellular processes including proliferation, invasion, metas
tasis and so on in human cancers.35 In this study, our 
results revealed that GIHCG was significantly upregulated 
in esophageal cancer tissues and cancer cell lines. 
Moreover, knockdown of GIHCG markedly inhibited cell 
proliferation, invasion, migration and induced apoptosis of 
esophageal cancer cells in vitro, and also inhibited tumor 

growth in vivo, suggesting an oncogenic role of GIHCG in 
esophageal cancer.

In esophageal cancer, the dysregulation of many 
lncRNAs is often observed and some of which have been 
well studied. For instance, SNHG7 promotes the prolifera
tion and suppresses cell apoptosis of esophageal cancer 
cells via modulating the expression of p15 and p16 in 
vitro.36 H19 promotes epithelial-mesenchymal transition 
(EMT) and metastasis of esophageal cancer cells by tar
geting the STAT3/EZH2 axis.37 CASC9 has been revealed 
that can exacerbate the metastasis and EMT process 
through upregulating LAMC2 by directly interacting with 
the CREB-binding protein.38 MALAT1 promotes the EMT 
process of esophageal cancer cells by regulating the Ezh2- 
Notch1 signaling pathway.39 Su et al revealed that down
regulation of MIR22HG could efficiently inhibit the 

Figure 5 ANO1 was target of miR-29b-3p. (A) The putative binding site between miR-29b-3p and ANO1 was predicted by TargetScan. (B) The relative luciferase activity of 
WT or MUT ANO1 vector was evaluated by Dual-Luciferase reporter assay system (n = 3). (C and D) Ec-9706 and TE-10 cells were transfected with miR-29b-3p mimics, 
miR-NC, miR-29b-3p inhibitor, or inhibitor NC. (C) The mRNA level of ANO1 was evaluated by qRT-PCR (n = 3). (D) The protein level of ANO1 was evaluated by 
Western blot (n = 3). (E) The mRNA expression of ANO1 in tumor tissues and normal tissues was evaluated by qRT-PCR (n = 45). (F) Pearson’s correlation analysis of miR- 
29b-3p and ANO1 expression levels in esophageal cancer tissues (n=45). **P < 0.01 vs miR-NC group; ##P < 0 0.01 vs inhibitor NC group.
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proliferation and induce apoptosis of esophageal cancer 
cells by activating the STAT3/c-Myc/FAK signaling 
pathway.40 CCAT1 promotes the drug resistance of eso
phageal cancer cells through targeting the miR-143/PLK1/ 
BUBR1 axis, and CCAT1 may be considered as a potential 
biomarker for the proliferation of esophageal cancer 
cells.41 PVT1 has emerged as an newly identified onco
gene in many tumor types, and Xu et al found that upre
gulation of PVT1 predicted a poor prognosis and 
suggested that PVT1 might be a potential therapeutic 
target for esophageal cancer.42 In addition, lncRNAs 
have been identified as survival predictor and may be 
novel prognostic signatures in esophageal cancer.43,44 

Although lncRNA GIHCG has been reported that can 
participate in tumor progression of various types of 
human cancers, its role and underlying molecular mechan
isms in esophageal cancer remain unclear.

It has been reported that lncRNAs always serve as 
ceRNAs of miRNAs to play their essential roles in the 
pathogenesis of cancers.45 LncRNA MT1JP functions as 
a ceRNA to regulate FBXW7 expression by competitively 
binding to miR-92a-3p in gastric cancer.46 LncRNA TUG1 
influences cell proliferation, migration and EMT process of 
papillary thyroid cancer cells by directly targeting miR- 
145.47 To further explore the specific mechanism of 
GIHCG in esophageal cancer, Starbase was used to predict 
its targets. The results of prediction showed that miR-29b- 
3p might be a direct target of GIHCG, and luciferase 
reporter assay determined that miR-29b-3p mimics signifi
cantly decreased the relative luciferase activity of WT 
GIHCG vector in both Ec-9706 and TE-10 cells, while 
exhibited no obvious change in MUT GIHCG vector in 
two cell lines. Meanwhile, downregulation of GIHCG sig
nificantly increased the expression of miR-29b-3p in both 

Figure 6 Overexpression of ANO1 reversed miR-29b-3p mimics induced inhibitory effect in esophageal cancer progression in vitro. Ec-9706 and TE-10 cells were 
transfected with miR-29b-3p mimics, miR-NC, or co-transfected with miR-29b-3p mimics and pcDNA-ANO1. (A–C) Cell proliferation was evaluated by CCK-8 assay (A), 
colony formation assay (B) and Edu staining assay (C). (D and E) Cell invasion (D) and migration (E) was evaluated by transwell assay. (F) Cell apoptosis was evaluated by 
flow cytometry. **P < 0.01 vs mi-NC group; #P < 0.05, ##P < 0.01 vs miR-29b-3p mimic group.
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Ec-9706 and TE-10 cells compared with si-NC, and over
expression of GIHCG markedly decreased miR-29b-3p in 
two cell lines. Moreover, downregulation of miR-29b-3p 
could efficiently reverse si-GIHCG induced inhibitory effect 
in esophageal cancer progression including proliferation, 
invasion, migration and apoptosis in vitro. These results 
suggested that the effect of GIHCG in esophageal cancer 
was partially mediated by miR-29b-3p.

Increasing evidences have reported that miRNAs 
generally regulate the expression of targets to affect 
the development of human cancers by binding to the 
3UTR of targeted mRNAs.48,49 ANO1 has been identi
fied to act as direct targets of multiple miRNAs to 
participate in the biological process involved in cancer 
progression. For example, miR-144 inhibits aggressive 
phenotypes of tumor cells through directly targeting 
ANO1 in colorectal cancer.50 Park et al revealed that 
knockdown of miR-9 promoted the EMT process by 
targeting ANO1 in colorectal cancer.51 MiR-381 sup
presses the metastasis of gastric cancer cells through 
targeting ANO1.52 Here, our results identified that 
ANO1 was a target of miR-19b-3p, and overexpression 

of ANO1 significantly reversed miR-29b-3p mimics 
induced inhibitory effect in esophageal cancer progres
sion in vitro. Moreover, to confirm the oncogenic role of 
GIHCG in esophageal cancer, a xenograft tumor model 
was constructed and the results indicated that downre
gulation of GIHCG significantly inhibited tumor growth 
through modulating miR-29b-3p in vivo.

However, overexpression of ANO1 whether reversed 
the inhibitory effect of sh-GIHCG and miR-29b-3p 
mimics in tumor growth in vivo should be determined in 
the subsequent experiments.

Conclusion
In summary, our study provided a new mechanism of 
lncRNA GIHCG in esophageal cancer: GIHCG promoted 
the progression of esophageal cancer through upregulating 
ANO1 expression by directly sponging miR-29b-3p, sug
gesting that GIHCG might be a novel therapeutic target for 
esophageal cancer.

Disclosure
The authors declare that they have no competing interests.

Figure 7 GIHCG/miR-29b-3p modulated tumor growth in vivo. (A) Representative images of tumors from different groups. (B) Tumor weight. (C) Tumor volume. (D) Cell 
proliferation in vivo was evaluated by Ki-67 staining assay. (E) The protein level of ANO1 in tumor tissues was evaluated by Western blot. *P < 0.05, **P < 0.01 vs sh-NC 
group; #P < 0.05 vs sh-GIHCG group.
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