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Silencing of the long non-coding RNA GHET1 inhibits
cell proliferation and migration of renal cell carcinoma
through epithelial-mesenchymal transition
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Abstract. Long non-coding RNAs (IncRNAs) have been
demonstrated to serve vital roles in renal cell carcinoma
(RCC) development. Gastric carcinoma high expressed tran-
script 1 (GHET1) regulates numerous biological processes in
cancer cells. However, the biological role of GHET1 in RCC
has not yet been identified. This study aimed to investigate the
role of GHET1 in RCC. In the present study, the expression
of GHET1 in RCC tissues and the 786-O, A498 and 293 cell
lines was assessed by reverse transcription-quantitative poly-
merase chain reaction. Cell Counting Kit-8, colony formation
and cell scratch assays were used to determine the effects of
GHET!1 on tumorigenesis. Western blotting was performed
to examine the effect of GHET1 on epithelial-mesenchymal
transition (EMT) in RCC cells. GHET1 expression was
significantly increased in the RCC samples in comparison
with adjacent tissues. High expression levels of GHET1 were
associated with distant metastasis and clinical stage severity,
thus, high GHET1 expression may serve as a predictor for
a poor prognosis. In addition, RCC cells presented higher
GHET1 mRNA and protein expression levels compared
with in 293 cells. Furthermore, silencing GHET1 suppressed
cell growth, weakened cell migration and inhibited EMT of
RCC cells in vitro. In conclusion, the present study suggested
that GHET1 may be considered a therapeutic target for the
treatment or prevention of RCC.
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Introduction

In 2018, renal cancers were reported to be among the 10 most
common types of cancer in men and women; in addition,
65,340 newly diagnosed cases renal cancer and 14,970 cases of
associated mortality are predicted to occur in the United States
in 2018 (1). Renal cell carcinoma (RCC) is the most common
and lethal among urological cancers, with a mortality rate
of ~90%. Localized RCC can be successfully managed with
surgery, whereas up to 30% of patients develop metastasis (2)
and ~40% of patients relapse (3), due to high resistance to
conventional chemotherapy. Therefore, the development of
effective therapy for RCC is crucial.

Gastric carcinoma high expressed transcript 1 (GHET1)
is a long non-coding RNA (IncRNA), which is upregulated
in gastric cancer. Non-coding RNAs account for ~98% of
the human genome, including microRNAs and a large class
of IncRNAs (4,5). Increasing evidence has demonstrated that
IncRNAs may serve an important role in the progression
of numerous types of carcinoma (6-8). Yang et al demon-
strated that high expression levels of GHET1 are correlated
with tumor size, tumor invasion and poor survival, and that
GHET1 promotes cancer cell proliferation by increasing
c-Myc stability and expression (9). Zhou et al confirmed the
inhibitory effects of GHET1 on colorectal cancer (10). In this
study, authors demonstrated that GHET1 is overexpressed in
colorectal cancer, and that GHET!1 silencing suppresses cell
proliferation, cell cycle arrest, cell migration and cell invasion.
GHETI1 may therefore represent a novel therapeutic target for
the treatment of colorectal cancer. Epithelial-mesenchymal
transition (EMT) has been demonstrated to be essential for
development and physiological response in carcinogenesis,
particularly during the complex initial processes of tissue
invasion and extravasation (11,12). Furthermore, EMT is
characterized by the loss of epithelial markers, including
E-cadherin, and the upregulation of mesenchymal markers,
such as Fibronectin and Vimentin (13). However, to the best of
our knowledge, the expression and function of GHET1 in RCC
remain unknown.

The aim of the present study was to investigate the role
of GHETI in RCC. It was demonstrated that RCC tissues
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and cell lines presented high expression levels of GHET1. In
addition, GHET1 knockdown suppressed RCC cell prolifera-
tion and migration, thus suggesting that GHET1 may act as
an oncogene. The underlying mechanisms of GHET1 in RCC
were further investigated.

Materials and methods

Tissue samples. This study was approved by the Human Ethics
Committee of The First Affiliated Hospital of Nanchang
University (Nanchang, China). A total of 40 RCC tissues and
paired adjacent healthy tissues were obtained from patients
undergoing primary RCC resection between April 2010 and
August 2015. No chemotherapy was administered to patients
prior to sample collection. Clinicopathological characteristics
were also collected. All patients provided written informed
consent. All samples were identified by histopathological
evaluation and stored at -80°C. The overall survival (OS) of
patients was defined as the time interval between surgery and
either mortality or the latest follow-up examination.

Cell culture. The human RCC cell lines 786-O and A498,
and 293 cells were obtained from the American Type Culture
Collection (Manassas, VA, USA). All cells were cultured in
Dulbecco's modified Eagle's medium (DMEM,; Gibco; Thermo
Fisher Scientific, Inc., Waltham, MA, USA), supplemented
with 10% (v/v) fetal bovine serum (Gibco; Thermo Fisher
Scientific), 1% 100 U/ml penicillin and 1% 100 mg/ml strep-
tomycin sulfate (Sigma-Aldrich: Merck KGaA, Darmstadt,
Germany) at 37°C in a humidified atmosphere containing 5%
CO,.

Cell treatment. Small interfering RNA (siRNA) specifically
targeting GHET1 was provided by Shanghai GenePharma
Co., Ltd. (Shanghai, China). The interference sequence was
5-CGGCAGGCATTAGAGATGAACAGCA-3'. A negative
control siRNA was purchased from Shanghai GenePharma
Co. Ltd. (Cat. No. A06001), which was used as a negative
control (NC). Cells were seeded in 6-well plates at 50-70%
confluence and transfected with either the negative control
siRNA or GHETI1-siRNA (200 nM) using Lipofectamine®
2000 (Invitrogen; Thermo Fisher Scientific, Inc.), according to
the manufacturer's protocol. After 48 h transfection, cells were
harvested for subsequent analyses.

Reverse transcription-quantitative polymerase chain reaction
(RT-qPCR). Total RNA was isolated from RCC or adjacent
tissues, and cells using TRIzol® reagent (Invitrogen; Thermo
Fisher Scientific, Inc.). RNA concentration was measured
by reading the absorbance at 260/280 nm using a Nanodrop
Spectrophotometer (ND-100; NanoDrop; Thermo Fisher
Scientific, Inc., Wilmington, DE, USA). cDNA was generated
using a PrimeScript™ RT kit (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol.
RT-qPCR reactions were performed as follows: 2 min at 50°C,
10 min at 95°C, followed by 40 cycles at 95°C for 15 sec and
1 min at 60°C, and an extension step at 72°C for 5 min using
the ABI 7500 Real-Time PCR system (Applied Biosystems,
Foster City, CA, USA). Each sample was analyzed at least
three times. The relative expressions levels were normalized to
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endogenous controls and were expressed as 222 (14). GHET1
and GAPDH primers were designed as follows: GHETI,
forward 5'-TACCACACCCTTTCTTGCCC-3', reverse
5'-GGGAGCCAAAAGGGTCA-3"; and GAPDH, forward
5-GGGAGCCAAAAGGGTCAT-3' and reverse 5-GAGTCC
TTCCACGATACCAA-3.

Western blot analysis. Cells were lysed using radioimmunopre-
cipitation assay buffer (Beyotime Institute of Biotechnology,
Shanghai, China) and the protein concentration was measured
using Bradford Protein Assay kit (Beyotime Institute of
Biotechnology), according to the manufacturer's protocol.
Proteins (50 ug) were prepared in 1X sodium dodecyl sulfate
buffer, separated by 8-12% SDS-PAGE and transferred onto
polyvinylidene fluoride membranes. The membranes were
blocked with 5% nonfat milk in Tris-buffered saline-Tween
(25 mm Tris, pH 8.0, 150 mm NaCl, and 0.05% Tween-20)
for 2 h at 37°C, then incubated with primary antibodies
overnight at 4°C: E-cadherin (Cat. No. 14472S; 1:1,000; Cell
Signaling Technology, Inc., Danvers, MA, USA), Fibronectin
(Cat. No. F0916; 1:1,000; Sigma-Aldrich), Vimentin
(Cat. No. 49636; 1:1,000, Cell Signaling Technology, Inc.)
and GAPDH (Cat. No. 97166; 1:10,000; Cell Signaling
Technology, Inc.), and with horseradish peroxidase-conjugated
goat anti-mouse immunoglobulin G antibody (Cat. No. 7076;
1:10,000; Cell Signaling Technology) for 1 h at 37°C.
Enhanced chemiluminescence reagent (Merck KGaA) was
used to detect the signal on the membrane. The data were
analyzed via densitometry using Image-Pro Plus software 6.0
(Media Cybernetics, Rockville, MD, USA) and normalized to
the expression of the internal control (B-actin).

Cell Counting Kit-8 (CCK-8) cell proliferation assay. The
proliferation of 786-O and A498 cells was assessed using
the CCK-8 assay, according to the manufacturer's protocol.
Cells in the logarithmic growth phase were seeded into a
96-well culture plate at 3.5x10%/well, and at 12 h, the cells
were transfected with either the negative control siRNA
or the GHET1-siRNA for 12 h. After 0, 24, 48 or 72 h of
transfection, 10 ul CCK-8 reagents (Dojindo Molecular
Technologies, Inc., Kumamoto, Japan) were added to each
well, and absorbance was measured at 450 nm using an
enzyme immunoassay analyzer (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA). Each experiment was repeated at least
three times.

Colony formation assay. 786-O and A498 cells (500/well)
in the logarithmic growth phase were transfected with
the control siRNA or GHET1 siRNA, and were plated in
6-well plates. After 2 weeks, cells were washed twice with
phosphate-buffered saline (PBS, Sigma-Aldrich), then fixed
with 4% paraformaldehyde (Sigma-Aldrich) for 15 min
and stained with 0.5% crystal violet (Sigma-Aldrich) for
20 min at 37°C. The number of colonies was calculated by
use of ImagelJ software V.1.48 (National Institutes of Health,
Bethesda, MD, USA). The experiment was performed in
triplicate.

Cell migration assay. A total of 1x10° 786-O and A498 cells
were transfected with GHET1-siRNA or control siRNA
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Figure 1. GHET!1 is significantly upregulated in RCC tissues and cell lines. (A) Relative expression of GHETI in RCC tissues (n=40) compared with the corre-
sponding normal tissues (n=40). GHETI expression was assessed by reverse transcription-quantitative polymerase chain reaction and normalized to GAPDH
expression. (B) mRNA expression levels of GHETI in two RCC cell lines (786-0 and A498) and normal 293 cells. (C) Protein expression levels of GHETI in
two RCC cell lines (786-0 and A498) and normal 293 cells. Assays were performed in triplicate. "P<0.05, “P<0.01. GHET1, gastric carcinoma proliferation

enhancing transcript 1; RCC, renal cell carcinoma.

for 6 h, and a scratch was made in the cell monolayer. Cell
debris was washed by PBS and cells were incubated at 37°C
for 48 h. Images of the cells were captured under an inverted
microscope (x10 magnification, Leica Microsystems GmbH,
Wetzlar, Germany) O and 24 h after scratching.

Statistical analysis. GraphPad Prism 5 software (GraphPad
Software, Inc., La Jolla, CA, USA) was used for statistical
analysis, and data are presented as the means + standard devia-
tion from three independent experiments. All P-values were
calculated using unpaired Student's t-test or one-way analysis
of variance with Tukey's post hoc test. Paired Student's t-test
was applied to analyze the differences of GHET1 expression
levels between RCC tissues and adjacent normal tissues. The
Pearson's i test was used to determine the difference between
GHET!1 expression levels and clinicopathological factors.
P<0.05 was considered to indicate a statistically significant
difference.

Results

GHET]I is upregulated in RCC tissues and cell lines. In order
to investigate the biological function of GHETI in RCC, the
expression levels of GHET1 were assessed in 40 RCC tissues
and adjacent normal tissues by RT-qPCR. As illustrated in
Fig. 1A, GHETI expression was significantly increased in the
RCC samples compared with the adjacent tissues (P<0.001).
The expression levels of GHET1 in 293, 786-O and A498
cell lines were also measured. When normalized to 293

levels, GHET1 was overexpressed in 786-O and A498 cells
(Fig. 1B). Relative protein expression levels of GHET1 were
similar, as determined by western blotting (Fig. 1C). These
results indicated that GHET1 may act as an oncogene in RCC
progression.

Association between GHETI expression and clinical
characteristics in RCC. The possible association between
the expression levels of GHET1 and the clinicopathological
characteristics of patients was then measured. A total of
40 RCC tissues were classified into two groups, based on the
median ratio of relative GHET1 expression (6.2), as follows:
The high-GHET1 group (n=29) with GHET1 expression
ratio=median ratio; and the low-GHET1 group (n=11) with
GHET]1 expression ratio<median ratio. As demonstrated
in Table I, upregulated GHET1 expression was associated
with histological grade, clinical stage and metastasis, but not
with age and sex. Notably, a higher number of patients with
increased GHET1 expression levels were in the III-IV phases
(P<0.05) or suffered from cancer metastasis (P<0.05). These
results suggested that GHET1 may serve an important role in
RCC development.

GHETI-siRNA induces effective silencing of GHETI. To
investigate the role of GHET1 in RCC cells, GHET1-siRNA
or control siRNA (NC group) plasmids were transfected
into 786-O and A498 cells (Fig. 2). After 48 h, the interfer-
ence efficiency was demonstrated to be significant in the
GHETI1-siRNA group compared with in the NC group
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Table I. Association between GHET1 expression and clinical characteristics in renal cell carcinoma.

Relative expression of

GHETI1
Clinicopathological characteristic Number High (n) Low (n) x> P-value®
Sex 1.189 0916
Male 28 21 7
Female 12 8 4
Age (years) 1.332 0.818
<60 24 15 9
=60 16 14 2
Histological grade 7.122 0.035*
I-11 7 5 2
II-1v 33 24 9
Clinical stage 8.322 0.029*
I-11 10 6 4
II-1v 30 23 7
Metastasis 6.977 0.034*
Yes 31 22 9
No 9 7 2

GHET]1, gastric carcinoma proliferation enhancing transcript 1. “P<0.05.
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Figure 2. GHET1-siRNA induces effective silencing of GHETI. (A) RT-qPCR demonstrated that the relative expression levels of GHETI were decreased
following transfection of 786-0 cells with GHETI-siRNA, compared the transfection with NC-siRNA. (B) Western blotting revealed that the relative expres-
sion levels of GHETI were decreased following transfection of 786-0 cells with GHETI-siRNA, compared with transfection with NC-siRNA. (C) RT-qPCR
results demonstrated that the relative expression levels of GHETI were decreased following transfection of A498 cells with GHETI-siRNA, compared with
transfection with NC-siRNA. (D) Western blotting revealed that the relative expression levels of GHETI were decreased following transfection of A498
cells with GHETI-siRNA, compared with transfection with NC-siRNA. ““P<0.001, vs. paired NC group. GHETI, gastric carcinoma proliferation enhancing
transcript 1; NC, negative control; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; siRNA, small interfering RNA.
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Figure 3. GHETI knockdown inhibits cell proliferation. (A) Cell Counting Kit-8 assays were performed to measure the proliferative ability of RCC cells
transfected with GHETI-siRNA compared with cells transfected with NC-siRNA. (B) Colony formation assay was performed on RCC cells transfected with
GHETI-siRNA or NC-siRNA (magnification, x10). “P<0.01; *"P<0.001, vs. paired NC group.

(P<0.05; Fig. 2A and C). Similar results were detected with
regards to GHET1 protein expression (P<0.05; Fig. 2B and D),
confirming effective siRNA silencing.

GHETI knockdown inhibits cell proliferation and migration.
The CCK-8 assay was used to detect cell proliferation. After
48 h GHET1-siRNA transfection, proliferation was signifi-
cantly inhibited in the 786-O and A498 cell lines (P<0.05;
Fig. 3A). GHET]1 silencing had a similar effect on the colony
formation of 786-O and A498 cell lines (P<0.01; Fig. 3B).
The scratch assay demonstrated that cell migratory ability
was significantly decreased in the GHET1-siRNA group
compared with the NC group (P<0.01 Fig. 4A; (P<0.05,
Fig. 4B).

GHETI regulates epithelial-mesenchymal-transition
(EMT)-associated protein expression. The EMT has been
reported to serve a crucial role in cancer metastasis and expan-
sion of the cancer stem cell population (15). In the present
study, the possible effects of GHET1 on EMT were therefore
assessed. Western blotting confirmed that GHET1 knockdown
induced a significant increase in E-cadherin expression,
whereas fibronectin and vimentin protein levels were signifi-
cantly reduced (P<0.05; Fig. 5A and B).

Discussion

Although various treatment methods are available for RCC,
including surgery, chemotherapy and minor biotherapy, the
prognosis of advanced or metastatic RCC remains poor. In
the past 20 years, cytokine treatment has become a standard
therapy for metastatic RCC. Interferon-a, interleukin-2,
sunitinib, sorafenib and bevacizumab have demonstrated
favorable results in clinical trials involving patients with
metastatic RCC, although the drug toxicity has not been
established (16-19). A better understanding of the mechanisms
underlying RCC and the identification of novel therapeutic
targets are therefore a priority to develop novel metastatic
RCC treatments and improve prognosis. The incidence and
development of RCC being very complex, various factors,
such as IncRNAs, have been considered to serve a role in RCC
diagnosis and therapy.

The analysis of extensive gene expression and copy
number variation of IncRNAs has demonstrated that altera-
tion of their expression is associated with tumor development.
Cao et al reported that downregulation of cancer susceptibility
candidate 2 (CASC2) IncRNA by microRNA-21 increases
RCC proliferation and migration, thus suggesting that CASC2
may be a tumor suppressor gene in RCC (20). In addition,
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Figure 4. GHETI knockdown inhibits cell migration. (A) Cell migration scratch assay was performed on 786-0 cells transfected with GHETI-siRNA or
NC-siRNA. (B) Cell migration scratch assay was performed on A498 cells transfected with GHETI-siRNA or NC-siRNA. Cell images were captured by an

inverted microscope (magnification, x10). ‘P<0.05, “P<0.01, vs. paired NC group. GHET1, gastric carcinoma proliferation enhancing transcript 1; NC, negative
control; siRNA, small interfering RNA.
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Figure 5. GHET]I regulates EMT-associated expression. (A) Western blot analysis was used to detect the effects of GHET] silencing on cell epithelial markers
(E-cadherin and fibronectin), and mesenchymal markers (vimentin) in 786-0 cells. (B) Western blotting was used to detect the effects of GHETI silencing on
cell epithelial markers (E-cadherin and fibronectin) and mesenchymal markers (vimentin) in A498 cells. "P<0.05, “P<0.01; ““P<0.001, vs. paired NC group.
GHET], gastric carcinoma proliferation enhancing transcript 1; NC, negative control; siRNA, small interfering RNA.
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the suppressing androgen receptor in renal cell carcinoma
(SARCC) IncRNA has been demonstrated to attenuate RCC
cell invasion, migration and proliferation in vitro and in vivo
via altering androgen receptor miRNA-143-3p signals; SARCC
may therefore be associated with a better prognosis in patients
with RCC (21). HOX transcript antisense RNA (HOTAIR)
is another IncRNA involved in RCC. Its expression has been
demonstrated to be increased in RCC, thus promoting cell
proliferation, migration and the EMT process, and inhibiting
cell apoptosis via microRNA-217/hypoxia-inducible factor
1-o/AXL receptor tyrosine kinase signaling (22). In addition,
GHET1 has been identified as a tumor promoter and prognostic
biomarker in various types of cancer, including hepatocel-
lular carcinoma (23), pancreatic ductal adenocarcinoma (24),
non-small cell lung cancer (25) and breast cancer (26).

The present study aimed to characterize the role of
GHETI in RCC. GHET1 was significantly overexpressed
in RCC tissues and 786-O and A498 cell lines, compared
with in adjacent normal tissues and 293 cells, respectively.
Furthermore, the knockdown of GHET1 in 786-O and A498
cells significantly inhibited cell proliferation and migration.
These findings suggested that downregulation of GHET1 may
inhibit the development and progression of RCC.

Although EMT was originally defined in the context of
developmental stages, its evolution from normal to trans-
formed cell phenotype has been associated with carcinoma
progression (27). Essential hallmarks of EMT include loss
of E-cadherin, and increased vimentin and fibronectin (28).
In addition, numerous transcription factors including snail,
slug, zing finger E-box binding homeobox 1 and twist have
been demonstrated to be involved in the EMT process (29). A
previous study identified that some IncRNAs serve a role in the
regulation of EMT. For example, the suppression of HOTAIR
can reverse EMT in gastric cancer and reduce invasiveness,
thus suggesting that HOTAIR may be a novel target in the
diagnosis and treatment of gastric cancer (30). In the present
study, the expression of hallmarks and transcription factors
associated with EMT were examined following GHET1
silencing in RCC cells. Knockdown of GHET1 was revealed
to downregulate vimentin and fibronectin expression, and to
upregulate E-cadherin. These results suggested that GHET1
knockdown was associated with EMT modifications.

In conclusion, to the best of our knowledge, the present study
is the first to explore the expression and biological functions of
GHET!1 in RCC. The results demonstrated that GHET1 was
highly expressed in RCC tissues and cells, which was positively
associated with the histological grade and clinical stage of
cancer, and the presence of metastasis. In addition, inhibition of
GHET!1 expression decreased cell proliferation and migration.
This inhibitory effect on tumor progression may be mediated by
the EMT process, and may lead to the development of a novel
diagnostic marker and therapeutic strategy for RCC.
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