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SEC61G is upregulated and required for tumor
progression in human kidney cancer

HUI MENG', XUEWEN JIANG', JIAN WANG?, ZUNMENG SANG', LONGFEI GUO', GANG YIN! and YU WANG®

1Department of Urology, Qilu Hospital, Cheeloo College of Medicine, Shandong University, Jinan,
Shandong 250012; 2Department of Urology, People's Hospital of Laoling, Laoling, Shandong 253600;
3Reproductive Medicine Center, Department of Obstetrics and Gynecology, Qilu Hospital,
Cheeloo College of Medicine, Shandong University, Jinan, Shandong 250012, P.R. China

Received December 16, 2019; Accepted January 29, 2021

DOI: 10.3892/mmr.2021.12066

Abstract. Kidney cancer is a malignant tumor of the urinary
system. Although the 5-year survival rate of patients with
kidney cancer has increased by ~30% in recent years due to
the early detection of low-grade tumors using more accurate
diagnostic methods, the global incidence of kidney cancer
continues to increase every year. Therefore, identification of
novel and efficient candidate genes for predicting the prog-
nosis of patients with kidney cancer is important. The present
study aimed to investigate the role of SEC61 translocon
subunit-y (SEC61G) in kidney cancer. The Cancer Genome
Atlas database was screened to obtain the expression profile
of SEC61G and identify its association with kidney cancer
prognosis. Furthermore, the in vitro effect of SEC61G knock-
down on kidney cancer cell proliferation, migration, invasion
and apoptosis was investigated using a Cell Counting Kit-8
assay, wound healing assay, Transwell assay and flow cytom-
etry. The results demonstrated that compared with healthy
tissues, SEC61G was upregulated in human kidney tumor
tissues, which was associated with poor prognosis. In addition,
SEC61G knockdown significantly inhibited kidney cancer
cell proliferation, migration and invasion compared with
the negative control (NC) group. Furthermore, E-cadherin
expression was significantly upregulated, and N-cadherin and
[-catenin expression levels were significantly downregulated
in SEC61G-knockdown kidney cancer cells compared with
the NC group. In addition, compared with the NC group,
SEC61G knockdown significantly promoted cell apoptosis
in a caspase-dependent manner. The aforementioned results
suggested that SEC61G might serve as a proto-oncogene to
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promote kidney tumor progression. Therefore, the present
study provided a novel candidate gene for predicting the
prognosis of patients with kidney cancer.

Introduction

Kidney cancer is a malignant tumor of the urinary system,
accounting for 2.2% of all adult malignancies worldwide (1).
The most common type of kidney cancer is renal cell carci-
noma (RCC), which accounts for 85-90% of all cases (2).
According to the classification of International Society of
Urological Pathology, RCC is primarily divided into three
subtypes: i) Clear cell (ccRCC); ii) papillary; and iii) chromo-
phobe (3), of which ccRCC is the most common subtype (4). In
the past two decades, the incidence of kidney cancer has been
increasing by 2% each year worldwide (5). Although progress
has been made and the 5-year survival rate of patients with
kidney cancer has increased by ~30% in recent years due to
the early diagnosis of low-grade tumors, there were 403,262
new cases of kidney cancer and 175,098 related deaths world-
wide in 2018 based on the GLOBOCAN 2018 estimates (1).
Therefore, the identification of novel prognostic candidate
genes for predicting the prognosis of patients with kidney
cancer is important.

SEC61 translocon subunit-y (SEC61G) is a member of
the SEC61 translocon, which is composed of three subunits
in mammals, namely Sec6la, Sec61ff and Sec6ly (6). SEC61
translocon is the central component of the protein transloca-
tion apparatus of the endoplasmic reticulum (ER) membrane,
which mediates the integration of ribosomally synthesized
unfolded proteins into the ER membrane and the translocation
of nascent polypeptides into the ER lumen (7). It has been also
reported that SEC6I directly interacts with SEC62 and SEC63
to promote protein folding, modification and translocation (8).

Over the past few years, mutations in the SEC61A1 gene
have been associated with autosomal dominant tubulointer-
stitial kidney disease in humans, diabetes and hepatosteatosis
in mice, and professional secretory cell apoptosis (9-11).
In addition, SEC63 gene mutations were associated with
autosomal dominant polycystic liver disease (12,13).
Furthermore, amplification and upregulation of SEC genes,
primarily SEC62 and SEC63, was detected in several types
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of human cancer, including gastric, colorectal, cervical
and non-small cell lung cancer, as well as small bowel
cancer associated with hereditary non-polyposis colorectal
cancer and hepatocellular carcinoma associated with Lynch
syndrome (14-19). Regarding SEC61G, a previous study
reported that SEC61G was remarkably overexpressed in 77%
of glioblastoma multiforme cases, whereas SEC61G knock-
down attenuated tumor cell proliferation and induced cell
apoptosis (20). However, whether SEC61G is upregulated in
kidney cancer tissues and associated with tumor progression
is not completely understood.

In the present study, The Cancer Genome Atlas (TCGA)
database was screened to obtain the expression profile of
SEC61G and identify its association with kidney cancer prog-
nosis. Furthermore, SEC61G was knocked down in kidney
cancer cells and the in vitro effect of SEC61G knockdown on
kidney cancer cell proliferation, migration, invasion and apop-
tosis was investigated. All these efforts aimed to investigate
the role of SEC61G in kidney cancer, which will provide a
novel target or biomarker for the treatment and prognosis of
kidney cancer.

Materials and methods

Cell culture. A498 and 769-P cell lines were purchased
from The Cell Bank of Type Culture Collection of The
Chinese Academy of Sciences. A498 cells were cultured in
DMEM (Hyclone; Cytiva) supplemented with 10% FBS
(Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml penicillin
(Sigma-Aldrich; Merck KGaA) and 100 mg/ul streptomycin
(Sigma). 769-P cells were cultured in RPMI-1640 (Gibco;
Thermo Fisher Scientific, Inc.) supplemented with 10% FBS,
100 U/ml penicillin and 100 mg/ml streptomycin. Cells were
maintained at 37°C with 5% CO,. Cells were mycoplasma free
and authenticated by STR assay. Cells were seeded into 6-well
plates and allowed to grow to 80% confluence prior to use in
subsequent experiments.

Bioinformatics analysis. The University of Alabama Cancer
Database (UALCAN; ualcan.path.uab.edu/index.html) (21)
was used to assess the expression of SEC61G in kidney cancer
based on TCGA (https://cancergenome.nih.gov/) data. The
Gene Expression Profiling Interactive Analysis (GEPIA;
gepia.cancer-pku.cn/index.html) (22) was used to construct
survival curves based on SEC61G gene expression data and
clinical data in kidney cancer samples obtained from TCGA
database, which were analyzed using the log-rank test. The
cut-off value for overall survival (OS) was set to the median
SEC61G gene expression value. The expression profile of
SEC61G was clearly defined in human renal cancer using
UALCAN and GEPIA.

Small interfering (si)RNA transfection. A498 and 769-P cells
were seeded into 6-well plates at a density of 4-8x10° cell/well.
At 2 h prior to transfection, culture medium was replaced
with fresh complete medium (RPMI-1640 supplemented with
10% FBS, 100 U/ml penicillin and 100 mg/ml streptomycin).
Subsequently, cells were transfected with 5 ul siRNAs against
SEC61G (5'-CAUUGUUGGUGGCUGAAUATT-3") or scram-
bled NC siRNA (5-TTCTCCGAACGTGTCACGT-3') at room

temperature (~25°C) using Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.) according to the manufacturer's
protocol. Following incubation for 6 h, cells were supplemented
with fresh complete culture medium and cultured for an addi-
tional 48 h. Then, cells were used for subsequent experiments.
siRNAs were purchased from Oligobio Biotechnology Co.,
Ltd. (http://www.oligobio.com.cn/).

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from different transfected A498 and
769-P cells using an Ultrapure RNA kit (CoWin Biosciences)
according to the manufacturer's protocol. Total RNA was
reverse transcribed into cDNA using HiFiScript cDNA
synthesis kits (CoWin Biosciences) following the manufac-
turer's protocol. Subsequently, with the SYBR Master Mixture
(CoWin Biosciences), qPCR was performed to assess the effect
of SEC61G knockdown on SEC61G mRNA gene expression
levels. The following primers were used for qPCR (synthesized
by Genewiz, Inc.): GAPDH forward, 5"TGACTTCAACAG
CGACACCCA-3'andreverse,5-CACCCTGTTGCTGTAGCC
AAA-3"; and Sec61G forward, 5"TGGATCAGGTAATGC
AGTTT-3" and reverse, 5"-TCAGCCACCAACAATGATG-3'.
The PCR reaction was as follows: Pre-incubation at 95°C for
10 min and incubation at 95°C for 30 sec, followed by 40 cycles
of 95°C for 15 sec, 60°C for 1 min and a final dissociation stage
(95°C for 15 sec, 60°C for 1 min and 95°C for 15 sec). mRNA
expression levels were quantified using the 2244 method (23)
and normalized to the internal reference gene GAPDH.

Western blotting. Total protein was isolated from A498 and
769-P cells using RIPA lysis buffer. The concentration of
total protein was detected using the BCA method. Proteins
(20 pug per lane) were separated via 10% SDS-PAGE and
transferred to PVDF membranes (EMD Millipore). After
blocking with TBS containing 0.1% Tween-20 containing
5% skimmed milk at room temperature for 1 h, the
membranes were incubated with primary antibodies targeted
against: SEC61G (Rabbit; 1:500; cat. no. 11147-2-AP;
ProteinTech Group, Inc.), E-cadherin (Rabbit; 1:1,000;
cat. no. 20874-1-AP; ProteinTech Group, Inc.), N-cadherin
(Rabbit; 1:2,000; cat. no. 22018-1-AP; ProteinTech Group,
Inc.), Bax (Rabbit; 1:2,000; cat. no. 50599-2-1g; ProteinTech
Group, Inc.), GAPDH (Mouse; 1:5,000; cat. no. 60004-1-1g;
ProteinTech Group, Inc.), f-catenin (Rabbit; 1:1,000;
cat. no. AF6266; Affinity Biosciences), BCL-2 (Rabbit;
1:1,000; cat. no. AF6139; Affinity Biosciences), Cleaved
Caspase-3 (Rabbit; 1:1,000; cat. no. AF7022; Affinity
Biosciences), AKT (Rabbit; 1:1,000; cat.no. AF6261; Affinity
Biosciences), and p-AKT (Rabbit; 1:1,000; cat. no. AF0016;
Affinity Biosciences) overnight at 4°C. Following primary
antibody incubation, the membranes were incubated with
corresponding HRP-conjugated anti-rabbit IgG (Goat;
1:5,000; cat. no. SO001; Affinity Biosciences) or anti-mouse
IgG (Goat; 1:5,000; cat. no. S0002; Affinity Biosciences)
secondary antibodies at room temperature for 2 h. Protein
bands were visualized using an ECL detection kit (Pierce;
Thermo Fisher Scientific, Inc.). Protein expression levels
were semi-quantified using Quantity One Software
(version 4.2.2; Bio-Rad Laboratories, Inc.) with GAPDH as
the loading control.



; DIDOS
EJ PUBLICATIONS

Cell proliferation assay. A498 and 769-P cell proliferation was
evaluated by performing a Cell Counting Kit-8 (CCK-8) assay.
Briefly, cells were harvested, resuspended in 100 ul medium
(1.5x10* cells/ml), seeded into 96-well plates (2,000 cells/well)
and incubated at 37°C. At 24 h intervals, 10 ul CCK-8 reagent
(Beijing TransGen Biotech Co., Ltd.) was added to each well
and incubated at 37°C for an additional 1.5 h. Absorbance was
measured at a wavelength of 450 nm using a microplate reader.

Cell apoptosis assay. Flow cytometry was performed to deter-
mine A498 and 769-P cell apoptosis using the FITC-Annexin V
Apoptosis Detection kit (BD Biosciences) according to the
manufacturer's protocol. At 24 h post-transfection, cells
(1-5x10° cells/ml) were supplemented in serum-free medium
and cultured for an additional 24 h. Subsequently, cells were
harvested, resuspended, incubated with 5 ul FITC-conjugated
Annexin V at room temperature for 5 min and then incubated
with 10 pl PI in the dark at room temperature for 5 min. Cell
apoptosis was analyzed using FACSCalibur flow cytom-
eter (BD Biosciences) and FlowJo software (version 7.6.1;
FlowJo LLC). The percentage of total apoptotic events was
defined as the sum of the apoptotic cells in the early stage
(Annexin V positive/PI negative) and late stage (Annexin V
positive/PI positive).

Cell invasion and migration assay. A498 and 769-P cell
migration and invasion were assessed using 24-well Transwell
chambers. To assess cell invasion, 100 ul Matrigel was added
to the upper chamber and incubated for 2 h. Subsequently,
500 ul serum-free medium was plated into a 24-well
Transwell chamber for 30 min. Then, 100 pl cell suspension
(5x10* cells) was plated into the upper chamber, and 600 ul
complete medium containing 10% FBS was plated into the
lower chamber. Following incubation at 37°C for 24 h, cells
on the upper surface of the filter membrane were removed
using cotton swabs. Invading cells were fixed with 4% para-
formaldehyde at room temperature for 15 min and stained
with 0.1% Giemsa at room temperature for 5 min. Stained
cells were quantified in five randomly selected fields of view
per filter under a fluorescence microscope (CKX 51; Olympus
Corporation). To assess cell migration, the aforementioned
protocol was performed, but the upper chamber was not
precoated with Matrigel.

Wound healing assay. Cells were seeded (5x10° cells/well) into
6-well plates containing RPMI-1640 with 10% FBS to form
a confluent cell monolayer. The following day, an artificial
wound was created using a sterile 200-u1 pipette tip. Following
washing with PBS, cells were cultured for 24 h. Wounds were
observed at 0 and 24 h using an inverted fluorescence micro-
scope (CKX51; Olympus Corporation). The wound closure
area of the migrating monolayer of cells was quantified using
ImagelJ software (version 1.49; National Institutes of Health).

Statistical analysis. All experiments were repeated three
times. Statistical analyses were performed using SPSS soft-
ware (version 18.0; SPSS, Inc.). Comparisons between groups
were analyzed using the unpaired Student's t-test. Data are
presented as the mean + SD. P<0.05 was considered to indi-
cate a statistically significant difference.
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Results

SEC6I1G expression and its association with survival in
patients with kidney cancer. To investigate whether SEC61G
served as a novel and efficient candidate gene for predicting
kidney cancer, the expression profile of SEC61G was obtained
using the UALCAN web-tool based on TCGA database. The
results demonstrated that SEC61G expression was significantly
increased in human kidney tumor tissues compared with
healthy tissues (P<0.001; Fig. 1A). Subsequently, the asso-
ciation between increased expression levels of SEC61G and
the survival of patients with kidney cancer was investigated.
Kaplan-Meier curve analysis revealed that high SEC61G
expression levels were significantly associated with poor OS
in patients with kidney cancer compared with low SEC61G
expression levels (Fig. 1B). The results indicated that SEC61G
might serve as a biomarker for kidney cancer.

SEC61G knockdown attenuates human kidney cancer cell
proliferation. Tumor progression is a complex process, which is
characterized by tumor cell proliferation, migration, invasion,
metastasis, colony formation and adhesion (24,25). Therefore,
the present study investigated the effects of SEC61G on cell
proliferation, migration, invasion and survival.

To determine the role of SEC61G in human kidney cancer
cell proliferation, A498 and 769-P cells were transfected with
SEC61G siRNA. Following transfection with SEC61G siRNA,
SEC61G expression levels were dramatically decreased at
the mRNA and protein levels in A498 (Fig. 2A) and 769-P
(Fig. 2B) cells compared with the NC group. Subsequently,
the present study examined whether SEC61G was essential for
cell proliferation. The CCK-8 assay results demonstrated that
SEC61G knockdown significantly inhibited A498 (Fig. 2C) and
769-P (Fig. 2D) cell proliferation compared with the NC group.

The PI3K/AKT signaling pathway promotes cell prolif-
eration in the majority of cell types, including kidney cancer
cells (26,27). In addition, it has been reported that the
PI3K/AKT signaling pathway is activated in ~50% of RCC
cases (28-30). Therefore, the effect of SEC61G knockdown
on the activation status of AKT in A498 and 769-P cells was
assessed. The results revealed that AKT phosphorylation was
significantly decreased by SEC61G knockdown in both kidney
cancer cell lines compared with the NC group (Fig. 2E and F).
The results indicated that SEC61G affected human kidney
cancer cell proliferation via the PI3K/AKT signaling pathway.

SEC61G knockdown inhibits human kidney cancer cell
migration. Subsequently, the effect of SEC61G on cell migra-
tion was investigated. Compared with the NC group, SEC61G
knockdown significantly decreased A498 (Fig. 3A) and 769-P
(Fig. 3B) cell migration. The effect of SEC61G on cell migra-
tion was further assessed by performing wound healing assays.
Consistent with the previous findings, SEC61G knockdown
significantly decreased the area of wound healing compared
with the NC group (Fig. 3C and D). Therefore, the results
suggested that SEC61G knockdown inhibited kidney cancer
cell migration compared with the NC group.

SEC61G knockdown inhibits human kidney cancer cell
invasion. To evaluate the effect of SEC61G on kidney cancer
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Figure 1. SEC61G is a potential novel candidate gene for the prognosis of patients with kidney cancer. (A) SEC61G expression in human kidney tumor tissues
(n=290) and healthy tissues (n=32). ““P<0.001 vs. healthy controls. (B) Overall survival was analyzed by Kaplan-Meier analysis based on the median expres-
sion of SEC61G in patients with kidney cancer. SEC61G, SEC61 translocon subunit-y; TPM, transcripts per million; HR, hazard ratio.
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Figure 2. SEC61G knockdown suppresses human kidney cancer cell proliferation. A498 and 769-P cells were transfected with siSEC61G or NC. Transfection efficiency
of siSEC61G in (A) A498 cells and (B) 769-P cells. Effect of SEC16G knockdown on (C) A498 cell proliferation and (D) 769-P cell proliferation. Effect of SEC16G
knockdown on AKT phosphorylation in (E) A498 cells and (F) 769-P cells. Data are presented as the mean + SD from three independent experiments. 'P<0.05,
“P<0.01 and *"P<0.001 vs. NC. SEC16G, SEC61 translocon subunit-y; si, small interfering RNA; NC, negative control; OD, optical density; p, phosphorylated.
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Figure 3. SEC61G knockdown inhibits human kidney cancer cell migration. A498 and 769-P cells were transfected with siSEC61G or NC. (A) Effect of
SEC61G knockdown on A498 cell migration that was assessed by performing Transwell migration assay. (B) Effect of SEC61G knockdown on 769-P cell
migration that was assessed by performing Transwell migration assay. (C) Effect of SEC61G knockdown on A498 cell migration that was assessed by
performing wound healing assay. (D) Effect of SEC61G knockdown on 769-P cell migration that was assessed by performing wound healing assay. Data are
presented as the mean + SD of the number of cells in five randomly selected fields of view from three independent experiments (magnification, x200). “P<0.01

and “"P<0.001 vs. NC. SEC61G, SEC6I translocon subunit-vy; si, small interfering RNA; NC, negative control.
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Figure 4. SEC61G knockdown suppresses human kidney cancer cell invasion. A498 and 769-P cells were transfected with siSEC61G or NC. Effect of SEC61G
knockdown on (A) A498 cell invasion and (B) 769-P cell invasion. In the two panels, data are presented as the mean + SD of the number of cells in five
randomly selected fields of view from three independent experiments (magnification, x200). (C) Effect of SEC61G knockdown on E-cadherin, N-cadherin
and PB-catenin protein expression levels in A498 cells. (D) Effect of SEC61G knockdown on E-cadherin, N-cadherin and -catenin protein expression levels
in 769-P cells. Data are presented as the mean + SD of three independent experiments. “P<0.01 and ““P<0.001 vs. NC. SEC61G, SEC61 translocon subunit-y;
si, small interfering RNA; NC, negative control; E-cad, E-cadherin; N-cad, N-cadherin.

cell invasion, a cell invasion assay was performed. The results
demonstrated that SEC61G knockdown significantly inhibited
A498 (Fig. 4A) and 769-P (Fig. 4B) cell invasion compared
with the NC group.

Several transcriptional factors are involved in cancer cell
invasion and migration, including E-cadherin, N-cadherin

and (-catenin (31,32). It has been reported that during cell
invasion and migration, E-cadherin is downregulated,
whereas N-cadherin and [-catenin are upregulated (33).
Therefore, the expression levels of E-cadherin, N-cadherin
and B-catenin were assessed following SEC61G knockdown
in A498 and 769-P cells. Compared with the NC group,
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Figure 5. SEC61G knockdown promotes human kidney cancer cell apoptosis. A498 and 769-P cells were transfected with siSEC61G or NC. Effect of SEC61G
knockdown on (A) A498 cell apoptosis and (B) 769-P cell apoptosis. (C) Effect of SEC61G knockdown on BCL-2, Bax, Cleaved caspase-3 protein expression
levels in A498 cells. (D) Effect of SEC61G knockdown on BCL-2, Bax, Cleaved caspase-3 protein expression levels in 769-P cells. Data are presented as the
mean + SD of three independent experiments. ““P<0.001 vs. NC. SEC61G, SEC61 translocon subunit-y; si, small interfering RNA; NC, negative control.

SEC61G knockdown significantly increased E-cadherin
expression levels, and significantly decreased N-cadherin and
[-catenin expression levels (Fig. 4C and D). The aforemen-
tioned results indicated that SEC61G enhanced kidney cancer
cell invasion.

SEC61G knockdown promotes human kidney cancer
cell apoptosis. To further explore the role of SEC61G
in kidney cancer cell apoptosis, Annexin V/PI staining
was performed. Compared with the NC group, SEC61G
knockdown significantly increased A498 and 769-P cell
apoptosis (Fig. 5A and B). In addition, the expression levels
of the apoptosis-related proteins BCL-2, Bax and Cleaved
caspase-3 were also determined. The western blotting results
demonstrated that compared with the NC group, SEC61G
knockdown significantly downregulated the expression of the
antiapoptotic protein BCL-2 and significantly upregulated the
expression of the proapoptotic protein Bax (Fig. 5C and D). In
addition, the protein expression levels of the apoptosis-related
marker Cleaved caspase-3 were also significantly increased in
SEC61G-knockdown A498 and 769-P cells compared with
the NC group. Collectively, the results suggested that SEC61G
promoted human kidney cancer cell survival.

Discussion

By using TCGA database, it was found that SEC61G was
upregulated in kidney cancer tissues compared with healthy
tissues. Additionally, high SEC61G expression levels were
associated with poor survival rates in patients with kidney
cancer. Moreover, SEC61G knockdown significantly inhibited
kidney cancer cell proliferation, migration and invasion, and
enhanced cell apoptosis via a caspase-dependent signaling
pathway. Taken together, the present study demonstrated that
SEC61G might be a proto-oncogene in human kidney cancer.

The results suggested that SEC61G might serve as a novel
candidate gene for predicting the prognosis of patients with
kidney cancer.

The SEC61 complex, composed of SEC61 a, § and v, is
the central component of the protein translocation apparatus
for the translocation of nascent polypeptides into the ER
lumen and the integration of transmembrane proteins into
the ER bilayer (6,7). SEC61G is frequently amplified and
overexpressed in several types of tumors, such as glioblas-
toma (20) and hepatocellular carcinoma (34). The present
study demonstrated that SEC61G was upregulated in kidney
cancer tissues compared with healthy tissues. High expression
levels of SEC61G were associated with poor overall survival
in patients with kidney cancer, suggesting that SEC61G might
serve as a marker of poor prognosis for patients with kidney
cancer.

The uncontrolled proliferation of cancer cells is consid-
ered as a hallmark of cancer (35). Previous studies have
reported that SEC61f is involved in the trafficking of EGFR
and EGFR-mediated activation of the PI3K/AKT signaling
pathway (36,37). The PI3K/AKT signaling pathway promotes
cell proliferation and inhibits apoptosis in the majority of cell
types, including kidney cancer cells (26,27). In addition, AKT
is a serine-threonine kinase downstream of the PTEN/PI3K
signaling pathway (38). The PI3K/AKT signaling pathway was
activated in ~50% of RCC cases (28-30). To reveal the roles
and mechanism underlying SEC61G in kidney cancer cell
proliferation, cell proliferation, apoptosis and AKT phosphor-
ylation were assessed in SEC61G-knockdown kidney cancer
cell lines. The results demonstrated that SEC61G knockdown
significantly inhibited kidney cancer cell proliferation and
AKT phosphorylation, and promoted cell apoptosis compared
with the NC group. Therefore, the results suggested that
SEC61G promoted kidney cancer cell proliferation via the
PI3K/AKT signaling pathway.



Emerging evidence has indicated that increased tumor cell
migration and invasion are hallmarks of cancer, resulting in
tumor dissemination and aggressiveness (35,39,40). However, the
effect of SEC61G on kidney tumor cell migration and invasion
is not completely understood. In the present study, the Transwell
and wound healing assay results demonstrated that SEC61G
knockdown significantly suppressed kidney cancer cell migra-
tion and invasion compared with the NC group. In addition, the
expression levels of E-cadherin were significantly upregulated,
and the expression levels of N-cadherin and p-catenin were
significantly decreased following SEC61G knockdown in human
kidney cancer cells compared with the NC group. Overall, the
results indicated that SEC61G knockdown inhibited kidney
cancer cell migration and invasion compared with the NC group.

siRNA technology is widely used to inhibit the expression
of cancer-specific genes for cancer treatment, and is considered
a feasible strategy (41). The present study demonstrated that
SEC61G knockdown significantly attenuated cell proliferation,
migration and invasion, and induced cell apoptosis in human
kidney cancer cells compared with the NC group. Therefore,
the development of novel drugs containing SEC61G siRNA
or inhibitor may be considered as a promising therapeutic
strategy for patients with kidney cancer.

Tumor progression is a complex process, which is charac-
terized by cell proliferation, migration, invasion, metastasis,
colony formation and adhesion (24,25). A study reported that
SEC61G was required for tumor cell survival in glioblastoma
multiforme (20). In addition, the present study demonstrated
that compared with healthy tissues, SEC61G was upregulated
in kidney tumor tissues, which promoted tumor progression
and predicted poor prognosis in patients with kidney cancer.
However, the molecular signaling pathways underlying the
effects of SEC61G are not completely understood. Furthermore,
the expression of SEC61G in other types of cancer, including
breast, lung and gastric cancer, as well as its role in cancer cell
migration, invasion, metastasis and colony formation require
further investigation. Therefore, further studies are required to
reveal the effects of SEC61G in tumor progression.

Collectively, the present study demonstrated that compared
with healthy tissues, SEC61G was upregulated in human renal
tumor tissues, which was associated with poor overall survival
in patients with kidney cancer based on data obtained from
TCGA database. In addition, compared with the NC group,
SEC61G knockdown significantly inhibited kidney cancer cell
proliferation, migration and invasion, and induced cell apop-
tosis. Therefore, SEC61G may serve as a novel candidate gene
for predicting the progression of patients with kidney cancer.
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