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Long noncoding RNA SNHG10 promotes colorectal cancer cells malignant 
progression by targeting miR-3690
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ABSTRACT
Long noncoding RNA small nucleolar RNA host gene 10 (SNHG10) has been suggested to function 
as tumor promoter in various human cancer types. Herein, the role of SNHG10 in colorectal cancer 
(CRC) was explored. Expression levels of genes in colorectal cancer tissues and cell lines were 
detected by Starbase and reverse transcription quantitative PCR (RT-qPCR) Cell Counting Kit-8 
(CCK-8), the BrdU incorporation assay and Transwell assays were explored to study the function of 
SNHG10 in HCT116 and DXH-1 cells. In addition, the interaction of SNHG10 and miR-3690 was 
analyzed by dual-luciferase reporter assays. SNHG10 had a high expression level in CRC tissues 
and cell lines. Meanwhile, knockdown of SNHG10 reduced cell viability, inhibited cell proliferation 
and decreased cell migration and invasion. Moreover, bioinformatics analysis revealed that one 
potential target gene of SNHG10 was miR-3690. Dual-luciferase reporter assay confirmed that miR- 
3690 directly targeted SNHG10. Importantly, SNHG10 could decrease the expression of miR-3690 
in HCT116 and DXH-1 cells. More importantly, the silencing of miR-3690 reversed the effect of the 
SNHG10 knockdown on the cell viability, proliferation, migration and invasion of HCT116 and 
DXH-1 cells. The present results demonstrated that SNHG10 promotes colorectal cancer cells the 
malignant progression by targeting miR-3690.
Abbreviations: CRC: Colorectal cancer; Lnc RNA: Long noncoding RNA; microRNAs: miRNAs/miRs; 
RT-qPCR: reverse transcription quantitative polymerase chain reaction; CCK-8: Cell Counting Kit-8
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Introduction

Colorectal cancer (CRC) is one of the most common 
malignant tumors and the second most common 
cause of death from malignant cancers all around 
the world [1]. Meanwhile, in China, there were about 
~388,000 cases of colorectal cancer and 187,000 col-
orectal cancer death cases were reported in 2015 [2]. 
The development and promotion of colorectal 
malignancy is multifactor, involve an unhealthy 
diet, smoking, physical inactivity, high alcohol con-
sumption, excess body weight and so on [3]. 
However, the essential reason of colorectal malig-
nancy is the abnormal expression of certain genes 
including protein coding genes [4], microRNAs [5] 
and long noncoding RNAs [6].

Long noncoding RNAs (lncRNAs) are non- 
coding RNAs with a length of over 200 nucleotides 
that modulate genes expression by act as trans 
regulators scaffolds [7] or microRNAs sponges 
[8]. During the past few decades, a great amount 

of reports has shown that lncRNAs play some vital 
roles in cell proliferation [9], differentiation [10] 
or apoptosis [11]. Numerous studies [12–14] have 
provided clear evidence that lncRNAs play tumor- 
suppressive or oncogenic roles in human color-
ectal cancer and the abnormally expressed 
lncRNAs could serve as potential prognostic and 
diagnostic biomarkers for colorectal cancer, as well 
as potential therapeutic targets. The RNA-seq data 
and miRNA-seq data from The Cancer Genome 
Atlas (TCGA, https://tcga-data.nci.nih.gov/tcga/) 
showed that Long noncoding RNA small nucleolar 
RNA host gene 10 (SNHG10) was differentially 
expressed in lung adenocarcinoma [15]. Then, 
SNHG10 was observed in several other tumors, 
for instance, SNHG10 was significantly up- 
regulation in hepatocellular carcinoma [16] and 
bladder cancer [17]. The investigation of the func-
tion and molecular mechanism showed SNHG10 
sponges miR-543 to upregulate tumor suppressive 
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SIRT1 to suppress cell proliferation in non-small 
cell lung cancer [18].

In this study, we checked the expression of 
SNHG10 in colorectal cancer using ENSEMBL, 
and revealed the function of SNHG10 in the 
pathogenesis of colorectal cancer. Our findings 
showed that knockdown SNHG10 reduced cell 
viability, inhibited cell proliferation and decreased 
cell migration and invasion in HCT116 and DXH- 
1 cells. Moreover, SNHG10 down-regulated miR- 
3690 expression by direct interaction. Meanwhile, 
the silencing of miR-3690 reversed the effect of the 
SNHG10 knockdown on the cell viability, prolif-
eration, migration and invasion of HCT116 and 
DXH-1 cells. These results indicated the role of 
SNHG10 as a potential therapeutic target in CRC.

Materials and methods

Cell culture and transfections

The human colorectal cancer cell lines, HCT116 
and DXH-1 cells along with the normal fetal 
human colon epithelial cell line FHC were bought 
from Procell Life Science&Technology Co.,Ltd. 
HCT116 and DXH-1 cells were maintained in 
McCoy’s 5A (PM150710A, ThermoFly) supple-
mented with 10% fetal bovine serum (FBS; S9020; 
Solarbio), 1% Penicillin-Streptomycin Liquid (P/S; 
P1400; Solarbio). FHC cells were maintained in 
Dulbecco’s modified Eagle’s medium (DMEM; 
11,995; Solarbio) supplemented with 10% FBS 
and 1% P/S. All the cells were cultured in 
a humidified incubator with 5% CO2 at 37°C. 
Cells were harvested at 85%–95% confluence to 
perform the following experiments.

MiR-3690 mimic, miR-3690 inhibitor and nega-
tive control (NC) miRNA mimic were synthesized 
in Shanghai GenePharma Co., Ltd. (Shanghai, 
China). The SNHG10 expression vector was con-
structed by cloning the fragment of SNHG10 gene 
(NCBI Reference Sequence: NR_003138.3) into 
pcDNA3.1 plasmid. Cell transfection was per-
formed on HCT116 and DXH-1 cells with the 
lipofectamine 3000 reagent (L3000008; 
Invitrogen; Thermo Fisher Scientific, Inc.) at the 
ratio of 10 nM vector and/or 40 nM miRNA per 
106 cells. The following experiments were per-
formed at 24 hours after transfections.

Rreal-time quantitative PCR (RT-qPCR)

Total RNA from HCT116, DXH-1 and FHC 
cells was isolated by Trizol® reagent (Thermo 
Fisher Scientific, Inc.). The total RNA was 
reverse-transcripted into cDNA with 
PrimeScript™ RT reagent Kit (RR037Q; 
Takara). For lncRNA and miRNA express mea-
sure, real-time quantitative PCR analysis was 
performed with Mir-X miRNA qRT-PCR TB 
Green® Kit (638,314; Clontech). 
Glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) and U6 were used as normalization 
controls. 2−ΔΔCt method was used for gene 
expression quantify [18]. The primers informa-
tion provided as follows:

SNHG10-Forward: 5ʹ- CCAGCTTAGATTCA 
TTGATTCC-3ʹ;

SNHG10-Reverse: 5ʹ- TTAAGTGCACCAGATG 
CTG-3ʹ;

miRNA-3690-Forward: 5ʹ- AGAGGATACCCT 
TTGTATG-3ʹ;

miRNA-3690- Reverse: 5ʹ- CAGTGCGTGT 
CGTGGAGT-3ʹ;

U6-Forward: 5ʹ- CTCGCTTCGGCAGCACA-3ʹ;
U6-Reverse: 5ʹ- AACGCTTCACGAATTTG 

CGT-3ʹ;
GAPDH-Forward: 5ʹ- GAACGGGAAGCTCAC 

TGG-3ʹ;
GAPDH-Reverse: 5ʹ- GCCTGCTTCACCAC 

CTTCT-3ʹ.
All of the primers were synthesized from 

GenePharma (Shanghai, China).

Cell viability assay
The Cell Counting Kit-8 (CCK-8; Beyotime 
Institute of Biotechnology) colorimetric assay was 
used to measure cell viability according to manu-
facturer’s instruction. Briefly, 12 hours before 
transfection, HCT116 and DXH-1 cells were 
seeded into 96-well plates at a density of 1 × 104 

cells/well. 48 hours after transfection by the lipo-
fectamine 3000 reagent, the cell supernatant was 
removed, and the cells were incubated with 100 µl/ 
well CCK-8 solution for 3 hours at 37°C. The 
optical density value at 450 nm was measured by 
a fluorescence spectrophotometer (F-7000; 
Hitachi-Hightech). Cell viability was assessed by 
the values constructed as growth curve.

BIOENGINEERED 6011



Colony proliferation assay
According to manufacturer’s instruction, the cell 
proliferation was measured using Cell 
Proliferation ELISA BrdU (colorimetric) kit 
(11,647,229,001; Roche). Briefly as describe, 
HCT116 or DXH-1 cells were seeded into 96-well 
plates at a density of 1 × 104 cells/well. 48 hours 
after transfection, the cells were incubated with 
BrdU-labeling solution (100 μM) for 4 hours at 
37°C. The absorbance was measured at 450 nm by 
a fluorescence spectrophotometer (F-7000; 
Hitachi-Hightech).

Transwell assay
A transwell assay was performed to evaluate the 
ability of CRC cells to migration and invade 
according to the previously described [19]. 
HCT116 and DXH-1 cells (1 × 105) were seeded 
in the upper chamber containing McCoy’s 5A. 
Meanwhile, the lower chamber was filled with 
complete culture medium. About 48 hours after 
transfection, cells in the lower chambers were 
incubated with 4% paraformaldehyde for 30 min-
utes at 4°C. After that, the cells were stained with 
5% crystal violet for 30 minutes at 4°C. Finally, cell 
colonies were counted via photographing under 
a light microscope.

Dual-luciferase reporter assay
Dual-luciferase reporter assay (Promega 
Corporation) was performed to study the interac-
tion between SNHG10 and miR-3690 according to 
the previously described [20]. The Dual-Luciferase 
system was generated by inserting the cDNA frag-
ments of the wild-type and mutant SNHG10 into 
pmirGLO Dual-Luciferase miRNA Target 
Expression Vectors (Promega, Madison, WI, 
USA). The wild-type and mutant SNHG10 repor-
ter plasmids were co-transfected into HCT116 and 
DXH-1 cells along with miR-3690 mimic or miR- 
NC, respectively. Meanwhile, Renilla luciferase 
expression plasmid was transfected into the 
HCT116 and DXH-1 cells as reference control. 
About 48 hours after transfection, the cells were 
lysed and collected to measure Firefly and Renilla 
luciferase activities by dual luciferase reporter 
assays. Finally, the relative luciferase activity of 
reporter plasmids was calculated with the ratio of 
Firefly and Renilla luciferase activities.

Online analysis
The profiling expression data of SNHG10 and 
miR-3690 in colorectal cancer and tumor- 
adjacent normal tissues in ENSEMBL (http://asia. 
ensembl.org/). The prediction of SNHG10 and 
miR-3690 interaction was performed by the 
starBase of ENCORI (http://starbase.sysu.edu.cn/).

Statistical analysis
All experiments were performed at least in tripli-
cate. The statistical analysis was performed by 
GraphPad Prism (version 6.01 for Windows; 
GraphPad Software, Inc.) statistical software. The 
differences between two groups were measured by 
student t-tests. P < 0.01 was considered as statisti-
cally significant difference.

Results

Upregulation of SNHG10 in colorectal cancer To 
confirm whether SNHG10 participated in CRC pro-
gression, we analyzed the profiling expression data 
of SNHG10 (ENSG00000247092.6) in colorectal 
cancer and tumor-adjacent normal tissues in 
ENSEMBL (http://asia.ensembl.org/). The results 
showed SNHG10 was dramatically up-regulated in 
colorectal cancer samples compared to normal con-
trol samples (Figure 1a). Besides that, Patients with 
high expression of SNHG10 showed a significantly 
poorer survival than those with low expression of 
SNHG10 (Figure 1b). Meanwhile, RT-qPCR was 
used to measure the expression level of SNHG10 
in HCT116, DXH-1 and FHC cells. The results 
indicated that SNHG10 expressed significantly 
higher level in HCT116, DXH-1 cells than that in 
FHC cells (P < 0.01; Figure 1c).

Knockdown of SNHG10 inhibits cell progression 
of HCT116 and DXH-1 cells

To evaluate the effect of SNHG10 in CRC progres-
sion, SNHG10 or NC siRNA were transfected into 
HCT116 and DXH-1 cells. The data from RT- 
qPCR showed that SNHG10 siRNA could signifi-
cantly down-regulate SNHG10 in HCT116 and 
DXH-1 cells (P < 0.01; Figure 1d). Firstly, the 
CCK-8 assay showed that si-SNHG10 could 
reduce the viability of HCT116 and DXH-1 cells 
(P < 0.05; Figure 2a). Then, the BrdU 
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incorporation assay found that si-SNHG10 
reduced the proliferation of HCT116 and DXH-1 
cells (P < 0.01; Figure 2b). In addition, Transwell 
assays was performed to further investigate the 
effect of SNHG10 on the migration and invasion 
in CRC cells. The result of Transwell assay demon-
strated that si-SNHG10 inhibited cell migration 
and invasion in HCT116 and DXH-1 cells 
(P < 0.001; Figure 2c). In combination, these data 
proved that knockdown of SNHG10 expression 
could inhibit cell proliferation, migration and 
invasion in CRC.

SNHG10 reduces expression of miR-3690 by 
interaction

The mechanism studies of LncRNAs showed that 
lncRNAs could regulate genes expression as 

miRNA sponges [21,22]. Therefore, the potential 
target miRNAs of SNHG10 were predicted by 
bioinformatics analysis. Interestingly, the results 
of bioinformatics analysis showed that one of the 
target miRNAs of SNHG10 was miR-3690 
(Figure 3a). Next, dual-luciferase reporter assay 
was performed to verify this prediction. The data 
of dual-luciferase reporter assay showed that the 
luciferase activity of SNHG10-WT reporter vector 
was significantly inhibited by miR-3690 mimic 
(Figure 3b). However, when the predicted binding 
site in SNHG10 was mutated, the inhibitory effect 
of miR-3690 mimic to the SNHG10 reporter vec-
tor’s luciferase activity was abrogated (Figure 3b). 
Meanwhile, using ENSEMBLanalysis the profiling 
the expression data of miR-3690 
(ENSG00000265658) in colorectal cancer and 
tumor-adjacent normal tissues in the database, 

Figure 1. SNHG10 is up-regulated in colorectal cancer. (a) Starbase analysis of the expression of SNHG10 in human colorectal cancer 
and tumor-adjacent normal tissues in the database. (b) The survival rate of patients with high and low expression of SNHG10. (c) RT- 
qPCR was used to assess the expression of SNHG10 in different human colorectal cancer (HCT116 and DXH-1 cells) and the normal 
fetal human colon epithelial cell line FHC cells. (d) HCT116 and DXH-1 cells were transfected with si-SNHG10 or NC. The results are 
representative of three independent experiments. The data are presented as the mean ± SD. n = 3 for each group. **P < 0.01 vs. si- 
NC group.
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Figure 2. Knockdown of SNHG10 inhibits cell progression of HCT116 and DXH-1 cells. (a) Cell Counting Kit-8 assay was explored to 
measure cell viability. (b) The BrdU incorporation assay was performed to assess cell proliferation. Magnification ×200. (c) Transwell 
assay was performed to assess cell migration. The results were representative of three independent experiments. The results were 
representative of three independent experiments. Magnification ×200. The data are presented as the mean ± SD. n = 3 for each 
group. **P < 0.01 vs. control group.
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we found that miR-3690 was significantly down- 
regulated in colorectal cancer samples compared 
to normal control samples (Figure 3c). Besides 
that, the detection of RT-qPCR indicated that the 
expression of miR-3690 was significantly down- 
regulated in HCT116 and DXH-1 cells compared 
to FHC cells (Figure 3d). In addition, our results 
show that the expression levels of miR-3690 in 
HCT116 and DXH-1 cells transfected with si- 
SNHG10 were upregulated, and the downregula-
tion of miR-3690 in HCT116 and DXH-1 cells 
transfected with miR-3690 inhibitor was reversed 
by co-transfected si-SNHG10 in (Figure 4a). Taken 
together, all of the above results indicate that 
SNHG10 interacts with miR-3690 and regulates 
its expression in human CRC cells.

miR-3690 overexpression reverses the effect of 
SNHG10 in HCT116 and DXH-1 cells

To confirm the interaction of SNHG10 and miR- 
3690, miR-3690 inhibitor or NC were co-transfected 
into HCT116 and DXH-1 cells with si-SNHG10, 
respectively. The data from CCK-8 assay showed 
that the viability of HCT116 and DXH-1 cells trans-
fection of miR-3690 inhibitor was enhanced com-
pared with the NC cells group, while the viability of 
cells co-transfection of miR-3690 inhibitor and si- 

SNHG10 was enhanced compared with the cells co- 
transfection of si-SNHG10 (P < 0.05; Figure 4b). 
Then, the BrdU incorporation assay found that 
miR-3690 inhibitor increased the proliferation of 
HCT116 and DXH-1 cells. As the proliferation of 
HCT116 and DXH-1 cells transfected miR-3690 inhi-
bitor was higher than the control cells, meanwhile, the 
proliferation of cells co-transfection of miR-3690 inhi-
bitor and si-SNHG10 was higher compared with the 
cells transfection of si-SNHG10 (P < 0.01; Figure 4c). 
Besides that, the results of Transwell assays demon-
strated that miR-3690 inhibitor reversed the effect of 
si-SNHG10 in HCT116 and DXH-1 cells migration 
and invasion ability. As the number of HCT116 and 
DXH-1 cells transfected si-SNHG10 migrated and 
invaded the chamber was lower than the control 
cells, while the migration and invasion of the cells co- 
transfected si-SNHG10 and miR-3690 inhibitor was 
higher than the cells co-transfected si-SNHG10 
(P < 0.001; Figure 5(a and b)). All of these results 
suggested that silenced of miR-3690 partially reversed 
the effect of SNHG10 down-regulation on CRC.

Discussion

Colorectal cancer is the third most common cause 
of cancer in men and women in the world [23]. To 
reduce the harm of colorectal cancer, prevention 

Figure 3. miR-3690 serves as a direct SNHG10 target in HCT116 and DXH-1 cells. (a) The putative binding sites between miR-3690 
and SNHG10 were predicted by StarBase. (b) Dual-luciferase reporter assay was performed to reveal the relationship between miR- 
3690 and SNHG10. (c) Starbase analysis of the expression of miR-3690 in human colorectal cancer and tumor-adjacent normal tissues 
in the database. (d) RT-qPCR was performed to assess the mRNA expression of miR-3690 in CRC cell lines. The results were 
representative of three independent experiments. The data are presented as the mean ± SD. **P < 0.01 vs. control group.
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Figure 4. miR-3690 downregulation reverses the effect of SNHG10 downregulation in HCT116 and DXH-1 cells. (a) HCT116 and DXH- 
1 cells were co-transfected miR-3690 inhibitor along with si-SNHG10, respectively. (b) Cell Counting Kit-8 assay was explored to 
measure cell viability. (c) the BrdU incorporation assay was performed to assess cell proliferation. Magnification ×200. The data are 
presented as the mean ± SD. n = 3 for each group. **P < 0.01 vs. control group, &P < 0.05, &&P < 0.05 vs. si- SNHG10 group.
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strategies such as eating habits improvement, 
high-quality screening and diagnosis have been 
suggested [24,25]. Since colorectal cancer is 
a multifactorial disease, studies aiming to reveal 
the molecular changes associated with this type of 
cancer can provide potential preventative and 
therapeutic strategies for this disease [26–28]. In 
colorectal cancer, a few lncRNAs have been iden-
tified as potential diagnostic and therapeutic tar-
gets [29,30]. In present study, we found that 
SNHG10 expression was up-regulated in colorectal 
cancer, and downregulation of SNHG10 inhibited 
the ability of HCT116 and DXH-1 cells 

proliferation, migration and invasion. This preli-
minary study indicated that SNHG10 might be 
a promising candidate in colorectal cancer 
treatment.

Increasing evidence indicates that lncRNAs are 
abnormal expression and plays important roles in 
human cancers progression and metastasis 
[9,31,32]. In colorectal cancer, several lncRNAs 
have been identified with high prognostic value. 
For examples, serum lncRNA NEAT1 was 
reported to have strong diagnostic values for pre-
dicting the existence of human colorectal cancer, 
as the CRC, especially in metastatic CRC were 

Figure 5. miR-3690 downregulation reverses the effect of SNHG10 in HCT116 and DXH-1 cells. (a, b) Transwell assay was performed 
to assess cell migration and invasion. The results were representative of three independent experiments. Magnification ×200. The 
data are presented as the mean ± SD. n = 3 for each group. **P < 0.01 vs. control group, &P < 0.05, &&P < 0.05 vs. si- SNHG10 group.
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detected higher expression levels of serum NEAT1 
than colorectal adenoma and healthy controls. 
Meanwhile, the CRC with poor clinical outcome 
was significantly associated with high expression 
level of serum NEAT1 [33]. Meanwhile, in non- 
small cell lung cancer, lncRNA MAGI2-AS3 was 
detected with lower expression level which may be 
a sponge of miR-25 [34]. The study of lncRNA 
SNHG10 in cancers progression and metastasis 
has been reported in several kinds of human 
tumors [18,20,35,36]. These reports showed that 
the expression level of SNHG10 in different 
tumors was diverse. In gastric cancer, SNHG10 
was up-regulated in gastric cancer cells, and 
SNHG10 promoted the gastric cancer cell prolif-
eration and migration [37]. However, SNHG10 
was down-regulated in non-small cell lung cancer 
(NSCLC) compared with non-tumor tissues, and 
overexpression of SNHG10 promoted cell prolif-
eration [38]. In present study, we demonstrated 
that expression of lncRNA SNHG10 was up- 
regulated in colorectal cancer samples and 
HCT116 and DXH-1 cells compared to normal 
control samples and FHC cells. Besides that, 
knockdown SNHG10 could inhibit the ability of 
HCT116 and DXH-1 cells proliferation, migration 
and invasion.

Increasing evidence suggests that lncRNAs 
could play as trans regulators scaffolds [7] or 
microRNAs sponges [8]. LncRNA SNHG10 has 
been reported dual-faced effects on cancer pro-
gress via different microRNAs in different 
human tumor [18,37,39]. SNHG10 was reported 
as oncogenic functions in glioma via targeting 
miR-532-3p/FBXL19 axis [39]. Meanwhile, in 
non-small cell lung cancer, SNHG10 was 
reported suppress cancer cell proliferation by 
upregulating tumor suppressive SIRT1 as miR- 
543 sponge [18]. Here, bioinformatics analysis 
identified miR-3690 as the target miRNAs of 
SNHG10, as they have complementary binding 
sites, and the direct binding relationship was 
validated with the luciferase assay. Besides that, 
si-SNHG10 could up-regulate the expression of 
miR-3690 by interaction in HCT116 and DXH-1 
cells.

MiR-3690 has been studied as potential biomar-
ker and therapeutic target for human thyroid can-
cer, as MiR-3690 promoted thyroid cancer cell 

proliferation and cell cycle progression by altering 
DKK3 expression [40]. In this study, miR-3690 
was found be down-regulated in colorectal cancer 
samples and HCT116 and DXH-1 cells compared 
to normal control samples and FHC cells. 
Knockdown miR-3690 could promote HCT116 
and DXH-1 cells proliferation, migration and 
invasion. Besides that, the knockdown the expres-
sion of miR-3690 could reverse the effect of 
SNHG10 down-expression.

Regrettably, our experiment did not analyzed 
the expression of SNHG10 and miR-3690 in 
a cohort of patients affected by colorectal cancer. 
Our results demonstrated the effect of SNHG10 on 
promotes colorectal cancer cells malignant pro-
gression by targeting miR-3690 in vitro. In the 
future research, we will focus on the underlying 
mechanisms of miR-3690 regulate mRNAs 
involved in cancer cells malignant progression. 
As there are little reports about the function of 
miR-3690 in cancer.

Conclusion

The present study provides evidence that knock-
down of lncRNA SNHG10 could upregulate the 
expression of miR-3690 to inhibit the malignant 
progression of colorectal cancer cells. Our data 
suggests that SNHG10/miR-3690 signal axis may 
provide a new therapeutic target for colorectal 
cancer prevention.

Highlights

SNHG10 had a high expression level in CRC tissues and cell 
lines.
Knockdown of SNHG10 reduced cell viability, inhibited cell 
proliferation and decreased cell migration and invasion in 
HCT116 and DXH-1 cells.
SNHG10 promotes colorectal cancer cells the malignant pro-
gression by targeting miR-3690.
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