
ONCOLOGY LETTERS  22:  577,  2021

Abstract. Colorectal cancer (CRC) is the third most common 
cancer worldwide. Long non‑coding RNA (lncRNA) small 
nucleolar RNA host gene 8 (SNHG8) acts as an oncogene 
in different types of cancer, including prostate, breast and 
ovarian cancer. SNHG8 promotes the tumorigenesis of 
CRC; however, its underlying molecular mechanism remains 
unclear. The present study aimed to explore the mechanism 
of SNHG8 on CRC development via various assays, including 
western blot, pull‑down, PCR and immunofluorescence assays. 
The results of the present study demonstrated that SNHG8 
expression was substantially upregulated in primary tumor 
tissues from The Cancer Genome Atlas dataset. Western blot 
and immunofluorescence analyses demonstrated that SNHG8 
facilitated cell proliferation and autophagy in CRC cells. 
Notably, the function of SNHG8 in enhancing autophagy was 
dependent on autophagy‑related gene 7 (ATG7). In addition, 
western blot analysis indicated that the effect of SNHG8 on 
autophagy in CRC cells was dependent on the miR‑588/ATG7 
axis. Taken together, the results of the present study suggest 
that SNHG8 promotes autophagy in CRC cells.

Introduction

Colorectal cancer (CRC) is the third most common cancer and 
the fourth most common cause of cancer‑associated mortality 

worldwide; it is estimated that ~135,430 new cases of colon 
cancer are diagnosed and 50,260 deaths occur each year in the 
United States of America (1,2). Despite recent advancements 
in the therapeutic treatments for patients with CRC, the clinical 
outcome of this disease remains unsatisfactory (3). Thus, it is 
important to investigate the molecular mechanisms underlying 
the development of CRC to identify effective therapeutic 
targets.

Autophagy is a biological process involving several key 
genes named autophagy‑related genes (ATGs), and is involved 
in cellular metabolism, which depends on the lysosomal 
degradation of cargo (viruses, bacteria and proteins) (4). The 
main role of autophagy is to eliminate misfolded proteins, 
organelles or other factors that cannot be degraded by the 
proteasome (4). Autophagy protects cells from stress and helps 
cells survive under stressed conditions (4). Previous studies 
have demonstrated that autophagy mediates CRC metas‑
tasis and proliferation (5,6). Increasing the autophagy level 
promotes the growth of advanced cancer and enhances drug 
resistance of cells in different types of cancer (7). However, the 
molecular mechanisms underlying autophagy in CRC remain 
unclear.

Long non‑coding RNAs (lncRNAs) are a class of 
non‑protein coding RNAs >200 nucleotides in length  (8). 
Previous studies have reported the unique association between 
lncRNAs and the development of CRC (8,9). For example, it 
has been demonstrated that lncRNA small nucleolar RNA 
host gene 8 (SNHG8) mediates autophagy by upregulating 
autophagy‑related gene 7 (ATG7) expression in hepatic isch‑
aemia/reperfusion injury (10). In addition, lncRNA CDKN2B 
antisense RNA 1 promotes tumor growth and metastasis 
in hepatocellular carcinoma by upregulating the mRNA 
expression of nucleosome assembly protein 1‑like 1  (11). 
Several studies have reported that the regulatory network of 
lncRNAs is both conventional and crucial (8,9). SNHG8 is a 
novel lncRNA (12) that has been investigated in a number of 
studies (10,12‑14); however, its underlying molecular mecha‑
nisms in CRC progression and autophagy remain unclear.

MicroRNAs (miRNAs/miRs) are non‑coding RNAs that 
regulate gene expression by altering the 3'‑untranslated region 
(UTR) of specific genes, resulting in mRNA degradation (15). 
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Increasing evidence suggest that miRNAs can mediate carci‑
nogenesis by regulating tumor‑related genes (16). For example, 
a study demonstrated that miR‑588 expression is downregu‑
lated in lung cancer, and acts as a tumor suppressor that targets 
with progranulin (17). In addition, miR‑588 has been reported 
to regulate breast cancer, CRC and gastric cancer  (18,19). 
However, the underlying molecular mechanisms of miR‑588 
in CRC remain unclear, particularly in autophagy. Thus, the 
present study aimed to investigate the role of miR‑588 in CRC.

Materials and methods

Cell culture. Colorectal cell lines, HCT116, FHC, HCT8, 
HT29 and SW480, were purchased from the Cell Bank of 
Type Culture Collection of The Chinese Academy of Sciences. 
Cross‑contamination of the cell lines was excluded via short 
tandem repeat profiling (20,21). CRC cells were maintained 
in DMEM supplemented with 10% fetal bovine serum (both 
purchased from Gibco; Thermo Fisher Scientific, Inc.) and 1% 
penicillin‑streptomycin (Invitrogen; Thermo Fisher Scientific, 
Inc.), at 37˚C with 5% CO2.

Cell transfection. Plasmids, including SNHG8 cDNA and 
pcDNA‑3.1 (5  µg/1x104  cells), and miR‑588 mimics and 
negative control (mimic‑NC) (3 µg/1x104 cells) were purchased 
from Shanghai GeneChem Co., Ltd. Small interfering RNA 
(siRNA) and NC oligonucleotides of ATG7 were purchased 
from Sigma‑Aldrich (Merck KGaA) (3 µg/1x104 cells). HCT116 
and SW480 cells were transfected using Lipofectamine® 3000 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) for 6 h 
at 37˚C, according to the manufacturer's protocol. Subsequent 
experiments were performed 24  h after transfection. The 
following sequences were used: mimic‑NC forward, 5'‑UUC​
UCC​GAA​CGU​GUC​ACG​UTT‑3' and reverse, 5'‑ACG​UGA​
CAC​GUU​CGG​AGA​ATT‑3'; mimic‑miR‑588 forward, 5'‑GCU​
UCC​AAA​GAU​CAG​GUA​ACA​TT‑3' and reverse, 5'‑UGU​UAC​
CUG​AUC​UUU​GGA​AGC​TT‑3'; si‑ATG7 forward, 5'‑CAG​
CCU​GGC​AUU​UGA​UAA​ATT‑3' and reverse, 5'‑UUU​AUC​
AAA​UGC​CAG​GCU​GTT‑3'; and si‑NC forward, 5'‑UUC​UCC​
GAA​CGU​GUC​ACG​UTT‑3' and reverse, 5'‑ACG​UGA​CAC​
GUU​CGG​AGA​ATT‑3'.

Reverse transcription‑quantitative (RT‑q)PCR. Total RNA 
was extracted from HCT116 and SW480 cells using the 
TRIzol® reagent kit (Invitrogen; Thermo Fisher Scientific, 
Inc.), according to the manufacturer's protocol. Total RNA 
concentration was detected using a NanoDrop spectro‑
photometer (ND‑1,000; Thermo Fisher Scientific, Inc.), at 
a wavelength of 260 nm. Total RNA (0.5 µg) was reverse 
transcribed into cDNA using the PrimeScript RT reagent kit 
(Takara Biotechnology Co., Ltd.) at 25˚C for 10 min, 48˚C 
for 30  min and 95˚C for 5  min. qPCR was subsequently 
performed using the Power SYBR-Green PCR Master Mix 
(Thermo Fisher Scientific, Inc.), at a final volume of 10 µl, 
containing 0.04 µg cDNA. U6 was used as the internal control 
for miR‑588. The following thermocycling conditions were 
used: Initial denaturation at 95˚C for 10 min, followed by 
40 cycles for 15 sec at 95˚C and 60˚C for 1 min. The subse‑
quent melt curve stage consisted of 95˚C for 15 sec, 60˚C for 
1 min and 95˚C for 15 sec. Relative expression levels were 

calculated using the 2‑ΔΔCq method (22). The following primer 
sequences were used: SNHG8 forward, 5'‑AAG​TTT​ACA​AGC​
ATG​CGC​GG‑3' and reverse, 5'‑TCA​AAC​TGA​CGG​TTC​TCG​
GG‑3'; ATG3 forward, 5'‑GAG​CGG​CTC​CTC​AAG​GAA‑3' 
and reverse, 5'‑TGT​AGC​CCA​TTG​CCA​TGT​TGG‑3'; ATG5 
forward, 5'‑AAA​GAT​GTG​CTT​CGA​GAT​GTG​T‑3' and 
reverse, 5'‑CAC​TTT​GTC​AGT​TAC​CAA​CGT​CA‑3'; ATG7 
forward, 5'‑GAACAAGCAGCAAATGA‑3' and reverse, 
5'‑GAC​AGA​GGG​CAG​GAT​AG‑3'; ATG10 forward, 5'‑AAT​
GGA​AGG​GCG​ACA​GTG​AG‑3' and reverse, 5'‑AGT​CCT​ACA​
CGC​CAC​TTG​AC‑3'; ATG12 forward, 5'‑CTG​CTG​GCG​ACA​
CCA​AGA​AA‑3' and reverse, 5'‑CGT​GTT​CGC​TCT​ACT​GCC​
C‑3'; GAPDH forward, 5'‑GAC​TCA​TGA​CCA​CAG​TCC​ATG​
C‑3' and reverse, 5'‑AGA​GGC​AGG​GAT​GAT​GTT​CTG‑3'; 
miR‑588 forward, 5'‑TAC​TCA​ACT​CAC​TAC​TGC​ATG​G‑3' 
and reverse, 5'‑TAT​CGA​AGT​TCT​GCT​CTC​TGT​C‑3'; and 
U6 forward, 5'‑CTC​GCT​TCG​GCA​GCA​CA‑3' and reverse, 
5'‑AAC​GCT​TCA​CGA​ATT​TGC​GT‑3'.

Western blotting. Total protein was extracted from CRC 
cells (HCT116 and SW480) using RIPA lysis buffer (Cell 
Signaling Technology, Inc.). Protein concentration was 
quantified using the bicinchoninic acid assay kit (Beyotime 
Institute of Biotechnology), according to the manufac‑
turer's protocol, and 5 µl protein/lane was separated by 10% 
SDS‑PAGE gels. The separated proteins were subsequently 
transferred onto PVDF membranes (Sigma‑Aldrich; Merck 
KGaA) and blocked with non‑fat milk dissolved in TBST 
(10 mM Tris‑HCl, pH 7.4, 150 mM NaCl, 0.1% Tween‑20) 
for 2 h at room temperature. The membranes were incubated 
with primary antibodies against microtubule‑associated 
protein 1 light chain 3B (LC3) (cat. no. ab192890), ATG7 
(cat.  no.  ab52472) and β‑actin (cat.  no.  ab8226) for 16 h 
at 4˚C (all 1:1,000 and purchased from Abcam). Membranes 
were washed three times with TBST (0.01% Tween) (5 min 
each) and subsequently incubated with HRP‑conjugated goat 
anti‑rabbit IgG (1:5,000; Cell Signaling Technology, Inc.; 
cat. no. 7074) and anti‑mouse IgG (1:10,000; Cell Signaling 
Technology, Inc.; cat. no. 7076S) secondary antibodies at 
room temperature for 1.5‑2 h. Membranes were re‑washed 
three times with TBST and the protein bands were visual‑
ized using an electrogenerated chemiluminescence detection 
system (Tanon‑5200; Tanon Science and Technology Co., 
Ltd.). The rescue assays were performed by co‑transfection 
with SNHG8 and mimics‑miR‑588.

Immunofluorescence staining. Cells were fixed with 4% 
paraformaldehyde (Sigma‑Aldrich; Merck KGaA) for 20 min 
at 20˚C. Cells were subsequently permeabilized with 0.4% 
Triton X‑100 for 5 min at room temperature, and blocked 
with 5% BSA at 20˚C for 30 min. Cells were washed three 
times with PBS and incubated with LC3 primary antibody 
(1:100; Abcam; cat. no. ab192890) overnight at 4˚C. Cells were 
re‑washed three times with PBS (5 min each) and subsequently 
incubated with AlexaFluor® 488‑conjugated secondary anti‑
bodies (1:100; Abcam; cat. no. ab150077) for 1 h at 37˚C. 
Finally, cells were re‑washed three times with PBS. Nuclei 
were stained with DAPI for 3 min at room temperature and 
cells were washed three times with PBS, prior to observation 
under a confocal microscope (magnification, x400; Olympus 
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Corporation). Immunofluorescence analysis was performed 
using ImageJ v1.52 (National Institutes of Health).

Cell proliferation assay. Cell proliferation was assessed via the 
Cell Counting Kit‑8 (CCK‑8) assay (Beijing Solarbio Science 
& Technology Co., Ltd.). HCT116 and SW480 cells were 
seeded into 96‑well plates at a density of 0.5‑1x104 cells/well. 
Following transfection, cells were cultured for 24, 48 and 
72 h. Cells were subsequently incubated with 10 µl CCK‑8 
reagent for 2 h at 37˚C and cell proliferation was analyzed at a 
wavelength of 450 nm.

Dual‑luciferase reporter assay. The binding sites were 
constructed using the StarBase database (http://starbase.
sysu.edu.cn/). The luciferase reporter vector pmirGLO was 
purchased from Promega Corporation. Wild‑type (WT) 
ATG7 (ATG7‑WT) and the mutant (MUT) sequence of the 
miR‑588 binding site of the 3'‑UTR of ATG7 (ATG7‑MUT) 
were cloned and inserted into the luciferase gene sequence. 
The WT SNHG8 luciferase reporter construct (SNHG8‑WT) 
and mutant site (SNHG8‑MUT) were constructed by Shanghai 
GenePharma Co., Ltd. The following sequences were used: 
ATG7‑WT, 5'‑CUG​CUG​CCC​AGG​AGU​GGC​CAG‑3' and 
ATG7‑MUT, 5'‑CUG​GAG​CGG​AGG​AGC​ACC​GGU​G‑3'; 
and SNHG8‑WT, 5'‑CGU​CUG​UGU​CAU​GUG​GCC​AU‑3'; 
and SNHG8‑MUT, 5'‑CGU​CUG​UGU​CAA​CAC​CGG​UU‑3'. 
Luciferase activity was measured 24 h after transfection and 
was detected using the Luciferase Assay System kit (Promega 
Corporation), according to the manufacturer's protocol. Firefly 
luciferase activity was normalized to Renilla luciferase 
activity.

Pull‑down assay. Cellular lysates (50 µl) were pulled down 
using biotinylated control (NC‑Bio), miR‑588 (miR‑588‑Bio) or 
miR‑588 probes containing mutations in the SNHG8‑binding 
site (miR‑588‑Bio‑MUT). CRC cells (HCT116 and SW480) 
were cultivated with miR‑588‑Bio or miR‑588‑Bio‑MUT 
(Thermo Fisher Scientific, Inc.). Cells were lysed in lysis 
buffer (Thermo Fisher Scientific, Inc.) and the lysate was 
subsequently cultivated with magnetic beads (50 µl; Thermo 
Fisher Scientific, Inc.; cat. no. 65305) and RNA probe. The 
immunoprecipitate was obtained via magnetic forces and 
centrifugation at 1,000 x g for 20 min at room temperature, 
and was washed using the Pierce™ Magnetic RNA Pull‑Down 
kit (Thermo Fisher Scientific, Inc.; cat.  no.  20164). RNA 
was prepared using TRIzol® reagent, and SNHG8 enrich‑
ment was measured via PCR analysis. PCR was performed 
as aforementioned (RT‑qPCR). The following probes were 
used: miR‑588‑Bio, 3'‑CAA​GAU​UGG​GUA​ACA​CCG​GUU‑5' 
and miR‑588‑Bio‑MUT, 3'‑CAU​CUU​UGG​GUA​UGU​GGC​
CAU‑5'.

Fluorescence in situ hybridization (FISH). Visualization of 
lncRNA localization in HCT116 and SW480 cells was assessed 
via FISH. HCT116 and SW480 cells were seeded into 6‑wells 
plates and cultured until they reached 70% confluence. Cells 
were washed three times with PBS and subsequently fixed 
with 4% paraformaldehyde for 30 min at room temperature. 
FISH was performed using the BersinBio™ RNA FISH kit 
(BersinBio; cat. no. Bes‑nRRF‑HSA000002) according to the 

manufacturer's protocol. The RNase inhibitor was purchased 
from Thermo Fisher Scientific, Inc. (cat. no. AM2694). T7 
RNA polymerase was purchased from Xinhai Gene Testing 
Co., Ltd. (cat. no. A3601A). Restriction enzyme (T7) was 
used to linearize plasmid. RT‑qPCR was performed as 
aforementioned. The SNHG8 FISH probe (length, 2,067 nt) 
(DIG‑dUTP and DIG RNA Labeling kit; Wolcavi Biotech; 
cat. no. 11175025910) was constructed. Cells were maintained 
in prehybridization solution (BersinBio) and hybridized with 
RNA FISH solution (Wuhan Servicebio Technology Co., 
Ltd.), containing SNHG8 FISH probe (3'‑AAT​TCA​AAT​
GTT​CGT​ACG‑5'). Subsequently, cells were stained with 
6‑diamidino‑2‑phenylindole dye solution for 5 min at room 
temperature (5 µg/ml; Beyotime Institute of Biotechnology) 
and observed under a fluorescence microscope (magnification, 
x400; Olympus Corporation).

Bioinformatics analysis. The Cancer Genome Atlas (TCGA) 
dataset [colon adenocarcinoma (COAD)] was obtained 
and analyzed using the bioinformatics website UALCAN 
(http://ualcan.path.uab.edu/), including 41 normal tissues and 
286 primary CRC tumor tissues. TargetScan (http://www.
targetscan.org/mamm_31/) and StarBase (http://www.sysu.
edu.cn/) were used to predict potential binding sites.

Statistical analysis. Statistical analysis was performed 
using SPSS 21.0 software (IBM Corp.). All experiments 
were performed in triplicate and data are presented as the 
mean ± standard deviation. Unpaired Student's t‑test was used 
to compare differences between two groups, while one‑way 
ANOVA and Bonferroni post hoc test were used to compare 
differences between multiple groups. P<0.05 was considered 
to indicate a statistically significant difference.

Results

SNHG8 expression is upregulated in CRC tissues and cell 
lines. To further investigate SNHG8 expression in CRC, TCGA 
database was analyzed (41 normal tissues and 286 primary 
CRC tumor tissues). The results demonstrated that SNHG8 
expression was significantly upregulated in CRC tissues 
compared with in normal tissues (P<0.001; Fig. 1A), indicating 
that abnormal SNHG8 expression may serve an important role 
in patients with CRC. RT‑qPCR analysis was performed to 
detect SNHG8 expression in colorectal cell lines (HCT116, 
FHC, HCT8, HT29 and SW480). The results demonstrated that 
SNHG8 expression was significantly upregulated in CRC cells 
compared with FHC cells (P<0.05; Fig. 1B). In addition, the 
subcellular distribution of SNHG8 in CRC cells was assessed. 
The results indicated that SNHG8 was predominantly located 
in the cytoplasm of HCT116 and SW480 cells (Fig. 2A and B).

SNHG8 promotes the proliferation of CRC cells. To 
determine the effect of SNHG8 on the proliferation of CRC 
cells, SNHG8 overexpressing cell lines were constructed 
using transfecting plasmids, and the transfection increased 
efficiency was 35‑fold and 42‑fold in HCT116 and SW480 cells, 
respectively (P<0.01; Fig. 3A and B). The CCK‑8 assay was 
performed to assess the effect of SNHG8 on the proliferation 
of CRC cells. The result demonstrated that overexpression of 
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SNHG8 increased the proliferation of HCT116 and SW480 
cells (P<0.05; Fig. 3C and D).

SNHG8 promotes autophagy in CRC cells. Increasing evidence 
suggest that autophagy plays a vital role in tumor progres‑
sion (23). To investigate the association between SNHG8 and 
autophagy, ATGs were detected in the CRC cell lines. The 
results demonstrated that overexpression of SNHG8 enhanced 
the conversion of LC3‑I to LC3‑II in HCT116 and SW480 cells 

and quantitative analysis was performed, respectively (P<0.05; 
Fig. 4A and B). In addition, immunofluorescence analysis 
demonstrated that overexpression of SNHG8 increased LC3 
puncta in both HCT116 and SW480 cells (P<0.01; Fig. 4C). 
Taken together, these results suggest that SNHG8 promotes 
autophagy in CRC cells.

SNHG8 regulates autophagy by upregulating ATG7 expression 
in CRC cells. Previous studies have demonstrated that autophagy 

Figure 1. SNHG8 expression in COAD based on sample type. (A) lncRNA SNHG8 expression was significantly upregulated in primary CRC tumor tissues 
compared with normal tissues in The Cancer Genome Atlas COAD dataset (41 normal tissues and 286 primary CRC tumor tissues). (B) Reverse transcrip‑
tion‑quantitative PCR analysis was performed to detect SNHG8 expression in CRC cell lines, HT29, HCT8, HCT116 and SW480, and FHC cells were used 
as the control group. Data are presented as the mean ± standard deviation (n=3). *P<0.05, **P<0.01, ***P<0.001 vs. control. lncRNA, long non‑coding RNA; 
SNHG8, small nucleolar RNA host gene 8; CRC, colorectal cancer; COAD, colon adenocarcinoma.

Figure 2. SNHG8 is mainly localized in the cytoplasm. SNHG8 was predominantly localized in the cytoplasm of colorectal cancer (A) HCT116 and (B) SW480 
cells (magnification, x400). Data are presented as the mean ± standard deviation (n=3). SNHG8, small nucleolar RNA host gene 8.



ONCOLOGY LETTERS  22:  577,  2021 5

is a dynamic and continuous process that involves ATGs (24,25), 
with several ATGs participating in autophagosome 
formation (23). To further investigate the molecular mechanisms, 
RT‑qPCR analysis was performed to detect the potential targets, 
including ATG3, ATG5, ATG7, ATG10 and ATG12. The results 
demonstrated that overexpression of SNHG8 significantly 
upregulated ATG7 expression in HCT116 and SW480 cells 
(P<0.01; Fig. 5A). Consistent with these results, ATG7 protein 
expression was markedly upregulated following overexpression 
of SNHG8 (Fig. 5B and C). Subsequently, si‑ATG7 cell lines 
were constructed, and RT‑qPCR and western blot analyses 
were performed to detect ATG7 mRNA and protein expression 
levels following transfection with si‑ATG7 or si‑NC, respectively 
(HCT116, P<0.001; SW480, P<0.01; Fig. 5D and E). Specific 
siRNA for ATG7 was used to perform the rescue experiments, 
and quantitative analysis was performed (P<0.05; Fig. 5F and G). 
Collectively, these results suggest that SNHG8 promotes 
autophagy in CRC cells by upregulating ATG7 expression.

miR‑588 inhibits ATG7 expression. lncRNA SNHG8 has been 
reported to regulate gene expression as a ceRNA by sponging 
specific miRNAs (26). To further investigate the molecular mech‑
anisms underlying SNHG8 in autophagy, the potential binding 
sites between ATG7 and miRNAs were analyzed. The TargetScan 
and StarBase databases demonstrated that miR‑588 may have 
a potential binding site with SNHG8 or the 3'‑UTR of ATG7 
mRNA (Fig. 6A). The present study aimed to investigate whether 
miR‑588 can inhibit ATG7 expression, and thus miR‑588 overex‑
pressing cell lines were constructed using miR‑588 mimics. The 
transfection efficiency resulted in 6.3‑fold and 5.9‑fold increases 
in HCT116 and SW480 cells, respectively (P<0.01; Fig. 6B). The 

results demonstrated that miR‑588 significantly inhibited ATG7 
expression (Fig. 6C and D). The dual‑luciferase reporter assay 
was performed to confirm the binding sites between miR‑588 
and ATG7 (P<0.05; Fig. 6E and F).

SNHG8 mediates ATG7 expression via miR‑588. To further 
verify the underlying molecular mechanism of SNHG8 in 
CRC cells, the present study investigated the molecular 
mechanisms of SNHG8 in autophagy and analyzed the poten‑
tial binding sites between SNHG8 and miR‑588 using the 
StarBase database (Fig. 7A). RT‑qPCR analysis was performed 
to detect miR‑588 expression following overexpression of 
SNHG8. The results demonstrated that miR‑588 expression 
was inhibited following overexpression of SNHG8 (P<0.01; 
Fig. 7B). The dual‑luciferase reporter assay was performed 
to confirm the association between miR‑588 and SNHG8 
(P<0.05; Fig. 7C and D). In addition, the pull‑down assay was 
performed to assess the effect of miR‑588 on SNHG8. The 
results demonstrated that miR‑588 can bind with SNHG8 
(P<0.05; Fig. 7E and F). Western blot analysis was performed 
to detect ATG7 protein expression in cells under different 
conditions (Fig. 7G and H). The results demonstrated that 
overexpression of miR‑588 inhibited upregulation of ATG7 
expression via SNHG8. Taken together, these results suggest 
that SNHG8 regulates the occurrence of autophagy through 
the regulation of ATG7 via miR‑588.

Discussion

It is estimated that 135,430 new cases of CRC are diagnosed 
and 50,260 CRC‑associated mortalities are reported per year 

Figure 3. SNHG8 promotes the proliferation of colorectal cancer cells. Transfection of SNHG8 resulted in changes of 35‑fold and 42‑fold compared with 
the negative control (pcDNA3.1) in (A) HCT116 and (B) SW480 cells. Cell Counting Kit‑8 assay demonstrated that overexpression of SNHG8 increased the 
proliferation of (C) HCT116 and (D) SW480 cells. Data are presented as the mean ± standard deviation (n=3). *P<0.05, **P<0.01 vs. control. SNHG8, small 
nucleolar RNA host gene 8; OD, optical density.
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in the United States (1,2). Despite recent advancements in the 
treatment methods for CRC, the prognosis for patients with 
CRC remains unsatisfactory (27). Thus, the identification of 
novel biomarkers and therapeutic targets for CRC are urgently 
required.

Autophagy is a self‑digestion process that eliminates 
harmful cargo to protect cells from stress. lncRNAs are a 
class of RNA molecules that play important roles in tumor 
progression (28). Increasing evidence suggest that lncRNAs 
are involved in the tumor cell biology (29,30). SNHG8 is a 
novel oncogene that acts as a target to prevent tumor progres‑
sion, and some studies have indicated that SNHG8 induces 
cell proliferation, invasion and metastasis in different types of 

tumors (13,14,31). Thus, the present study aimed to investigate 
the molecular mechanism of SNHG8 in CRC to provide a 
target for future clinical treatment.

The present study analyzed SNHG8 expression in CRC 
tissues using TCGA dataset. The results demonstrated that 
SNHG8 expression was abnormally expressed in CRC tissues 
compared with normal tissues, suggesting the involvement of 
SNHG8 in tumor progression. Previous studies had demon‑
strated that SNHG8 serves as an oncogene, whereby its 
expression is upregulated in several types of solid tumors, such 
as breast cancer and osteosarcoma (13,14,31). In the present 
study, immunofluorescence and western blot analyses were 
performed to determine the molecular mechanisms of SNHG8 

Figure 4. SNHG8 promotes autophagy in colorectal cancer cells. Western blot analysis demonstrated that overexpression of SNHG8 increased the conversion 
of LC3‑I to LC3‑II in both (A) HCT116 and (B) SW480 cells. (C) Immunofluorescence analysis demonstrated that overexpression of SNHG8 increased 
LC3 puncta in both HCT116 and SW480 cells, and statistical comparison was performed using ImageJ software. Data are presented as the mean ± standard 
deviation (n=3). *P<0.05, **P<0.01 vs. control. SNHG8, small nucleolar RNA host gene 8; LC3, microtubule‑associated protein 1 light chain 3B.
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Figure 5. SNHG8 regulates autophagy by upregulating ATG7 expression in CRC cells. (A) RT‑qPCR analysis was performed to detect potential regulatory 
targets, including ATG3, ATG5, ATG7, ATG10 and ATG12. Western blot analysis was performed to detect ATG7 protein expression following overexpression 
of SNHG8 in (B) HCT116 and (C) SW480 cells. (D) RT‑qPCR and (E) western blot analyses were performed to detect ATG7 mRNA and protein expression 
levels following transfection with si‑NC and si‑ATG7, respectively. Rescue experiments demonstrated that SNHG8 promoted autophagy by upregulating 
ATG7 expression in (F) HCT116 and (G) SW480 cells. Data are presented as the mean ± standard deviation (n=3). *P<0.05, **P<0.01, ***P<0.001 vs. control. 
SNHG8, small nucleolar RNA host gene 8; ATG, autophagy‑related gene; CRC, colorectal cancer; RT‑qPCR, reverse transcription‑quantitative PCR; si, small 
interfering; NC, negative control; LC3, microtubule‑associated protein 1 light chain 3B.
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in CRC cells. The results demonstrated that SNHG8 promoted 
CRC cell proliferation and autophagy. Recently, it has been 
demonstrated that autophagy is a protective process in cells, 
particularly under stress; however, the excessive activation of 
autophagy may result in cell death (13). Autophagy is a highly 
conserved process that exerts a protective mechanism to 
promote drug resistance of cells (32). Furthermore, autophagy 
activation can promote malignant migratory and invasive 
abilities (33,34). However, the role of SNHG8 on CRC cellular 
autophagy remains unclear. Thus, the present study aimed to 
investigate the role of SNHG8 in autophagy.

In the present study, western blot and immunofluores‑
cence analyses demonstrated that the level of autophagy was 
enhanced following overexpression of SNHG8. Autophagy 
is a complex process involving several ATGs, such as ATG3, 
ATG5, ATG7, ATG10 and ATG12, which are associated with 
tumor progression (35). A previous study demonstrated that 
lncRNAs can mediate ATG expression to promote autophagy 
in tumors (36). For example, lncRNA KCNQ1OT1 promotes 
autophagy via ATG3 in lung cancer (37). In addition, lncRNA 
MEG3 promotes autophagy via the miR‑21/PTEN axis 

in nasopharyngeal carcinoma cells  (38). Taken together, 
these findings suggest that lncRNAs play important roles in 
tumor‑related autophagy.

To further investigate the molecular mechanisms of 
SNHG8 in autophagy, the expression levels of ATGs were 
measured, and ATG7 expression was upregulated in CRC 
cells following transfection with the SNHG8 plasmid. Taken 
together, the results of the present study demonstrated that 
ATG7 can be regulated by SNHG8.

LncRNAs sponge miRNAs to increase mRNA 
expression (39). miR‑588 is an important miRNA that has 
been reported to regulate different types of tumors, such as 
breast cancer, and it a well‑known prognostic marker (18,19). 
However, the association between SNHG8 and miR‑588 
remains unclear. To further investigate the potential molecular 
mechanisms, the binding sites between SNHG8 and miR‑588 
were predicted using the StarBase database. Bioinformatics 
analysis revealed that SNHG8 is a target of miR‑588, and 
miR‑588 can target ATG7 mRNA. The dual‑luciferase reporter 
assay was performed to confirm the association between 
miR‑588 and ATG7 mRNA. The results of the dual‑luciferase 

Figure 6. miR‑588 inhibits ATG7 expression. (A) The StarBase database revealed that miR‑588 has a potential binding site with the 3'‑untranslated region of 
ATG7 mRNA. (B) The transfection efficiency resulted in 6.3‑fold and 5.9‑fold increases in HCT116 and SW480 cells. Western blot analysis demonstrated that 
miR‑588 significantly inhibited ATG7 expression in (C) HCT116 and (D) SW480 cells. The dual‑luciferase reporter assay confirmed the binding sites between 
miR‑588 and ATG7 in (E) HCT116 and (F) SW480 cells. Mutant sites were used according to the StarBase database. Data are presented as the mean ± standard 
deviation (n=3). *P<0.05, **P<0.01 vs. mimic‑NC. miR, microRNA; ATG, autophagy‑related gene; NC, negative control; WT, wild‑type; MUT, mutant.
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reporter and pull‑down assays verified the association between 
SNHG8 and miR‑588. Collectively, these results suggest that 
SNHG8 can target miR‑588 and ATG7 is a target of miR‑588. 
To further clarify the regulatory network, a rescue assay was 

performed, which proved that SNHG8 promotes autophagy 
via the miR‑588/ATG7 axis. Taken together, the results of the 
present study suggest that SNHG8 can target miR‑588 to inhibit 
its expression, which enhances ATG7 mRNA expression.

Figure 7. SNHG8 mediates ATG7 expression via miR‑588. (A) The StarBase database revealed the potential binding sites between SNHG8 and miR‑588. 
(B) Reverse transcription‑quantitative PCR analysis demonstrated that miR‑588 expression was inhibited following overexpression of SNHG8. The dual‑lucif‑
erase reporter assay was performed to confirm the association between miR‑588 and SNHG8 in (C) HCT116 and (D) SW480 cells. The pull‑down assay was 
performed to confirm the association between miR‑588 and SNHG8 in (E) HCT116 and (F) SW480 cells. Cellular lysates were pulled down using biotinylated 
control (NC‑Bio), miR‑588 (miR‑588‑Bio) or miR‑588 probe containing mutations in the SNHG8‑binding site (miR‑588‑Bio‑MUT). Western blot analysis 
was performed to detect ATG7 protein expression in (G) HCT116 and (H) SW480 cells. Data are presented as the mean ± standard deviation (n=3). *P<0.05, 
**P<0.01 vs. control. SNHG8, small nucleolar RNA host gene 8; ATG, autophagy‑related gene; miR, microRNA; NC, negative control; WT, wild‑type; MUT, 
mutant.
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The present study is not without limitations. For example, 
only two CRC cell lines were used to prove the generality 
of these results and investigate the molecular mechanisms 
in vivo. However, the results provided a novel target in the 
tumorigenesis of CRC.

In conclusion, the results of the present study 
demonstrated that SNHG8 expression was substantially 
upregulated in CRC cells and tissues. Furthermore, overex‑
pression of SNHG8 enhanced autophagy in CRC cells via the 
miR‑588/ATG7 axis. Notably, the present study identified a 
target of autophagy, which may provide a novel therapeutic 
target for CRC and a promising autophagy‑related thera‑
peutic method.
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