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Long non-coding RNA SNHG1 predicts a poor prognosis
and promotes colon cancer tumorigenesis
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Abstract. Colon cancer is the main cause of cancer mortality
worldwide. Its poor prognosis is mainly ascribed to high
recurrence rates. Identifying novel prognostic biomarkers
and therapeutic key points for management is crucial and
important. Long non-coding RNAs (IncRNAs) are a class
of RNAs, which have various roles in carcinogenicity and
molecular mechanisms. The IncRNA small nucleolar RNA
host gene 1 (SNHG1) contributes to the promotion of tumor
development, however, the connections between SNHGI1 and
colon cancer are still unclear. The aim of the present study
was to investigate the clinical significance, the biological func-
tions, and the potential mechanism of SNHGI in colon cancer.
In the present study, we referred to the Oncomine database
and used RT-qPCR to determine that SNHGI expression was
significantly higher both in colon cancer tissues and cancerous
cell lines than in normal samples. Cell functional experiments
were performed after knockdown of SNHGI, including Cell
Counting Kit-8 assay, colony formation assay, Transwell®
assay, and flow cytometric analyses of cell apoptosis, which
suggested that SNHG1 stimulated colon cancer cell prolif-
eration, promoted cell invasion and migration, and inhibited
apoptosis. Immunohistochemical staining and western blot-
ting experiments revealed that in colon cancer cells with
SNHGI knockdown, (-catenin, c-Myc and cyclin D1 protein
levels were decreased, while E-cadherin was increased, which
suggested that SNHGI1 promoted colon cancer cell prolif-
eration, migration and invasion through the Wnt/B-catenin
signaling pathway. Our results indicated that SNHGI and its
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interrelated components may be future therapeutic targets of
carcinoma of the colon.

Introduction

Colon cancer has a high incidence and mortality rate, and
it is the second most common malignancy in the Western
world (1). Despite recent improvements in treatments, early
diagnostic techniques are still required, and tumor cell metas-
tasis and postoperative recurrence remain challenges. Thus,
early detection and diagnosis is vital for prognosis, and has
great potential to reduce the burden of this disease (2). Long
non-coding RNAs (IncRNAs) are a class of RNAs whose tran-
scripts are over 200 nucleotides in length, which do not have a
protein coding capacity (3). Studies have shown the diversity
and complexity of IncRNA functions and mechanisms. The
functions of IncRNAs have been ascertained in many cancers,
including gastric cancer, hepatocellular carcinoma, cervical
and lung cancer (4-9). For example, increased IncRNA-ATB
[IncRNA activated by transforming growth factor § (TGF-f)],a
mediator of TGF-f signaling, induced epithelial-mesenchymal
transition (EMT) and invasion, and indicated hepatocellular
carcinoma metastases and poor prognoses, in addition to
promoting organ colonization of disseminated tumor cells (4).
In non-small cell lung cancer (NSCLC), smoking history, infil-
tration degree, lymph node metastasis, and distant metastasis
are all related with the expression of IncRNA AFAPI-ASI,
and a high expression of IncRNA AFAP1-ASI may be asso-
ciated with the short survival times of NSCLC patients (6).
Dysregulation and aberrant expression are important causes
of tumorigenesis, and promote relevant tumor progression.
Notably, the roles that IncRNAs play are vital in nearly every
aspect of tumor biology. However, the clinical prognostic
significance and potential functions of IncRNAs are still not
understood in colon tumorigenesis.

The IncRNA small nucleolar RNA host gene 1 (SNHGI)
(Gene ID: 23642, HGNC: 32688, MIM: 603222, Location:
11q12.3, Exon count: 11) has been reported to play a role in
cancer carcinogenesis. Cui et al revealed that in NSCLC,
SNHGTI indicated a poor prognosis and promoted NSCLC
development via the SNHG1/miR-101-3p/SOX9/Wnt/B3-catenin
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axis (10). Yan et al further revealed that SNHGI1 directly
bound miR-338 and promoted esophageal carcinoma cell
growth by alleviating cell apoptosis of CST3 cells caused
by miR-338 (11). Li et al determined that SNHGI acted as a
competing endogenous (ce) RNA for miR-199a-3p in prostate
cancer, by inhibiting the activity of miR-199a-3p, and reducing
the suppression of CDK7 by miR-199a-3, thus promoting cell
proliferation and cell cycle progression in prostate cancer (12).
However, studies in colon cancer on SNHGI1 expression,
biological function, and tumor correlation mechanisms are
few. We referred to the Oncomine database, and determined
the expression of SNHGI in human normal colon tissues,
cancerous colon tissues, and colon cancerous cell lines. We
then used cell function tests to identify potential molecular
mechanisms in cells before and after knockdown of SNHGI,
to determine if SNHGI influenced colon cancer cell prolifera-
tion, apoptosis, migration, and invasion. In addition, possible
pathways involved in the mechanism of colon cancer carcino-
genesis were suggested.

Materials and methods

Database and patient tissue samples. Oncomine is a bioin-
formatics database of abundant DNA microarrays used in
collecting, standardizing, and as an analyzing platform, aimed
at facilitating the discovery of the functions from genome-wide
expression analysis (13,14). We used the Oncomine database
(www.oncomine.org) to identify differentially expressed genes
between colon cancer tissues and normal tissues. By searching
‘Gene: SNHGUI’; ‘Analysis Type: cancer vs. normal analysis’;
‘Cancer Type: colorectal cancer’; and setting ‘P value: all’;
‘Fold Change: all’; ‘Gene rank: all’; ‘Sample Type: Clinical
Specimen’; and ‘Data Type: mRNA’, we obtained seven useable
studies as follows: three out of seven related to the colon, and
1,352 samples in total. We analyzed SNHGI differential expres-
sion in these three datasets between normal and colon cancer
tissues, then used GraphPad Prism 5 (GraphPad Software,
Inc., La Jolla, CA, USA) and SPSS version 19.0 (SPSS, Inc.,
Chicago, IL, USA) to analyze the statistical differences. We
also randomly acquired 13 colon cancer patient tissues, who
underwent surgical treatment at the First Affiliated Hospital
of Chongqing Medical University from January 2015 to
December 2016. None of the patients involved in this study had
undergone radiation or chemotherapy prior to surgery. Every
excised colon tissue, no matter if cancerous or adjacent normal
colon tissue, was immediately stored in liquid nitrogen, and
saved at the Chongqing Medical University Laboratory. The
histopathological features of cells in these tissue samples were
observed by pathologists at Chongqing Medical University
who used standard methods to diagnose colon cancer. There
were no obvious tumor cells in adjacent non-cancerous tissues,
which were included as standard control samples. The use of
the human tissues was approved by the Ethics Committee of
Chongging Medical University (Chongqing, China).

Cell culture. The colon cancer cell lines HCT-116, Caco-2
and HT-29, were obtained from the Molecular Tumor and
Epigenetics Laboratory at the First Affiliated Hospital
of Chongqing Medical University. All the cell lines were
cultured in RPMI-1640 medium (Hyclone™; GE Healthcare
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Life Sciences, Logan, UT, USA) supplemented with 10%
fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific,
Inc., Grand Island, NY, USA), 100 mg/ml streptomycin
and 100 ug/ml penicillin (both from Beyotime Institute of
Biotechnology, Beijing, China), in an incubator at 37°C with
5% CO,. The medium was changed each day and cells were
subcultured every 2-3 days.

RNA extraction, reverse transcription and real-time quantita-
tive PCR (RT-gPCR). RNAiso Plus (Takara Bio USA, Inc.,
Mountain View, CA, USA) was used to isolate total RNA from
all tissues and cell lines following the manufacturer's instruc-
tions. All RNA concentrations and purities were examined
with ultraviolet spectrometry (ND-1000 spectrophotometer;
NanoDrop Technologies, Wilmington, DE, USA). The reverse-
transcribed extracted RNA was produced from cDNA using
the GoScript™ Reverse Transcription System (Promega Corp.,
Sunnyvale, CA, USA) according to the manufacturer's instruc-
tions, and RT-qPCR was used to compare SNHGI1 expression.
RT-qPCR primer sequences were designed by Takara Bio, Inc.
(Shiga, Japan) as follows: SNHGI: 5"-TTGCTGCCTTTCTTA
CATGATCC-3' (sense primer), 5-"AGACACGAAGTGGA
GTTATGGGAA-3' (antisense primer). 3-actin was employed
as an internal control. The B-actin primer sequences were
5'"TCCTGTGGCATCCACGAAACT-3' (sense primer) and
5'-GAAGCATTTGCGGTGGACGAT-3' (antisense primer).
The concentration of primers was 10 gmol/l. The RT-qPCR
steps were in accordance to the standard SYBR-Green
(BioTool, Kirchberg, Switzerland) instructions and were
performed on a Real-Time PCR System (Applied Biosystems,
Foster City, CA, USA). The thermal cycler protocol was as
follows: step 1, repeated once, 50°C for 2 min; step 2, repeated
once, 95°C for 10 min; step 3, repeated 40 times, 95°C for
15 sec, and 60°C for 1 min; step 4, repeated once, 95°C for
15 sec, 60°C for 1 min and 95°C for 15 sec.

Plasmid construction, transfection, G418 selection. To assess
if SNHGI influenced colon cancer cell biological functions,
we acquired plasmid pPRNAT-U6.1/Neo-vector and pRNAT-
U6.1/Neo-sh-SNHGI, which were synthesized by Guangzhou
RiboBio, Co., Ltd. (Guangzhou, China), and transfected them
into colon cancer cells. Sequences were as follows:
GATCCCGAGGACATCAGAAGGTGAATTGATATCCGT
TCACCTTCTGATGTCCTCTTTTTTCCAAA (forward) and
AGCTTTTGGAAAAAAGAGGACATCAGAAGGTGAAC
GGATATCAATTCACCTTCTGATGTCCTCGG (reverse).
Regarding the transfections, we plated the cells (Caco-2 and
HCT-116 cells) into 6-well plates; transfection was performed
at 40% cell density, at room temperature. Initially 5 ul
Lipofectamine™ 2000 reagent (Invitrogen; Thermo Fisher
Sientific, Shanghai, China) was mixed with 500 x1 RPMI-1640
medium (Hyclone; GE Healthcare Life Sciences) for 5 min,
then 4 pg plasmid (vector or sh-SNHGI) (Guangzhou RiboBio,
Co., Ltd.) with 500 ul RPMI-1640 was added for 5 min. Two
500-ul samples were added to 1 ml of the mixture for 20 min,
then 1 ml of RPMI-1640 medium was added to a total 2 ml
final volume. The samples were added into every well at 40%
cell density. After culturing the dilution at 37°C containing 5%
CO, for 4-6 h, 2 ml of medium with 10% FBS was used to
replace the medium. Then, 48 h later, we used fluorescence
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microscopy to observe plasmid transfection efficiency. When
the efficiency reached 30-40%, G418 (Amresco, LLC, Solon,
OH, USA) was added into the medium (G418 at 300 pg/ml for
Caco-2 cells and 400 pg/ml for HCT-116 cells) to select stably
transfected cells. The medium containing G418 was changed
every 3 days until the non-transfected cells died. To further
confirm that the plasmids were successfully transfected into
colon cancer cells after G418 selection, RT-qPCR was
performed to detect SNHGI differential expression between
the vector group and the sh-SNHGTI cell group. The RT-qPCR
in this step was performed as aforementioned.

Cell proliferation assays [Cell Counting Kit-8 (CCK-8) and
clone formation assays]. To assess cell proliferation before
and after SNHG1 knockdown, the cells (HCT-116 and Caco-2)
were divided into the HCT-116-vector, HCT-116-sh-SNHGI1,
Caco-2-vector and Caco-2-sh-SNHGI groups. They were
plated at a density of 5x10* cells/well in triplicate in 96-well
plates. The cells were all stably transfected. After culturing at
0,24,48 and 72 h, 10 pl of CCK-8 reagent (Dojindo Molecular
Technologies, Rockville, MD, USA), was added to each well
for 2 h and the OD (optical density) at 450 nm was recorded
for growth density. The absorbances at 0, 24, 48 and 72 h were
plotted. By comparing each point-in-time OD value the statis-
tical differences between the vector group and sh-SNHG1
groups were identified.

In another colony formation assay study, the cells (HCT-
116 and Caco-2 cells) were divided into the HCT-116-vector,
HCT-116-sh-SNHGI1, Caco-2-vector and Caco2-sh-SNHG1
groups. Each cell group was plated at 5x107 cells/well in 6-well
plates, and cultured in RPMI-1640 medium with 10% FBS.
G418 was added (G418 300 ug/ml for Caco-2 and 400 pg/
ml for HCT-116 cells) and exchanged for fresh medium every
3 days until single colonies (=50 cells) formed. The number of
colonies in each group was counted by eyes and ImagelJ version
2.1.4.7 software (National Institutes of Health, Bethesda, MD,
USA) after fixing with paraformaldehyde and staining with
crystal violet. We conducted statistical analyses to compare
the proliferation differences between the vector and experi-
mental cell groups.

Flow cytometric analyses of the cell cycle and apoptosis
assays. Stably transfected HCT-116 and Caco-2 cells were
cultured at 37°C in 5% CO, for 48-72 h until 70% confluence,
then harvested with trypsin without EDTA, harvested by
centrifugation (120 x g, 5 min), resuspended in 1 ml of phos-
phate-buffered saline (PBS), and 5x10° cells from each group
were used. Binding buffer (500 ul) was used to resuspend
the cells, then 5 ul of Annexin V-fluorescein isothiocyanate
(Annexin V-FITC) and 5 ul of propidium iodide were added
and incubated without light at room temperature for 5-15 min,
and finally analyzed by flow cytometry. The Annexin V-EGFP
Apoptosis Detection kit was purchased from Beyotime
Institute of Biotechnology.

Transwell® migration and invasion assays. The migration
ability of the cells (HCT-116 and Caco-2 cells) was assessed
using 24-well Transwell (Corning 3422; Corning Inc., Corning,
NY, USA) plates. Medium (700 ul) containing 10% FBS
was added into the lower chamber, and 200 ul of serum-free
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medium with 6x10* transfected cells were added to the upper
chamber. After 48 h, the cells still remaining in the upper
chamber were discarded; cells migrating to the lower chamber
were fixed with paraformaldehyde and stained by hematoxylin
and eosin.

The invasion assays required the stimulation of cancer
cells to migrate in the 24-well Transwell plates. Therefore,
Matrigel (BD Biosciences, San Jose, CA, USA) was diluted
1:7 with serum-free medium at 4°C according to the manufac-
turer's instructions. Then, 100 ul of the diluted Matrigel was
added into the upper chamber at 37°C until the Matrigel had
solidified. Subsequently, 700 gl of medium containing 10%
FBS was added to the lower chamber, and 100 ul of serum-
free medium with 8x104 stably transfected cells were added
to the upper chamber (on the surface of the Matrigel). Each
sample was plated in triplicate. After incubation for 48 h, the
stained cells were counted under a light microscope (magni-
fication, x200).

Western blotting. RIPA lysis buffer and phenylmethanesul-
fonyl fluoride were used to extract cell proteins, and the protein
concentrations were determined using a BCA protein assay
kit (all from Beyotime Institute of Biotechnology). Protein
(40 ug) was separated by electrophoresis (5% stacking gel and
12% separating gel) and transferred onto PVDF membranes
(EMD Millipore, Billerica, MA, USA). Non-specific binding
was blocked with 5% evaporated milk and the membranes
were reacted with primary antibodies overnight at 4°C. The
primary antibodies were all obtained from Cell Signaling
Technology (Danvers,MA, USA) and included anti-E-cadherin
(1:500 dilution; cat. no. 3195), anti-B-catenin (1:500 dilution;
cat. no. 8480), anti-cyclin D1 (1:500 dilution; cat. no. 2978)
and anti-c-Myc (1:500 dilution; cat. no. 13987). The secondary
antibodies (1:3,000 dilution; cat. no. 7074; Cell Signaling
Technology) were incubated for 2 h. They were decided by
the corresponding primary antibodies. After washing the blots
with TBST three times, the target proteins were detected using
BeyoECL Plus reagent (Beyotime Institute of Biotechnology,
Shanghai, China) using a FUSION FX imager instrument
(Vilber Lourmat, Marne-la-Vallée, France). The electropho-
resis and blotting were assessed on the basis of each target
protein's molecular weight.

Immunohistochemistry. We obtained 20 paired colon cancer
and corresponding normal paraffin sections from Chongqing
Medical University from January 2015 to December 2016.
Sections were placed in an oven at 60°C for 2 h, dewaxed
with water and rinsed with PBS (pH 7.4) 3 times. Then, the
sections were dehydrated through a series of concentration
gradient ethanol (100, 95 90, 80 and 70%). Subsequently, we
added 3% hydrogen peroxide to each section and incubated the
sections for 10 min at room temperature. Then, the sections
were rinsed with PBS. The primary mouse monoclonal
antibody E-cadherin (1:100 dilution; cat. no. WL00941),
B-catenin (1:100 dilution; cat. no. WL0962a), cyclin D1 (1:100
dilution; cat. no. WL01435a) and c-Myc (1:100 dilution;
cat. no. WL01781) all purchased from Wanleibio (Beijing,
China) were added to sections and incubated at 4°C overnight.
The following morning, we washed the sections 3 times with
PBS, and the corresponding secondary antibody (80 yl) was
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Figure 1. Statistical analysis results of the expression of SNHGI in 3 datasets obtained from the Oncomine database, and the expression of SNHGI in 13 pairs
of patient tissues and 3 cell lines. (A) TCGA colorectal: cecum adenocarcinoma vs. normal: 2.697-fold (P<0.001); (B) colon adenocarcinoma vs. normal:
2.806-fold (P<0.001); (C) colon mucinous adenocarcinoma vs. normal: 2.241-fold (P<0.001). (D) Except for 2 colon cancer patients, all of the colon cancer
cases indicated a significantly higher expression of SNHGI in cancer tissues compared with adjacent non-cancer tissues (P<0.01). (E) SNHG1 was upregulated
in HCT-116, Caco-2, HT-29 cell lines than in human normal colon tissues (““P<0.001).

added to each section. The sections were then incubated
for 30 min at room temperature. 3,3'-Diaminobenzidine
tetrahydrochloride (DAB) was used to stain the sections and
hematoxylin was used to counterstain the cell membrane and
cytoplasm for 15 sec. The sections were then immediately
rinsed with water. Finally, the sections were treated with a
series of gradient alcohol, xylene and neutral gum in order to
be dehydrated and sealed. We used PBS instead of a primary
antibody as a blank control, and known positive staining as a
positive control. Immunohistochemical staining of the sections
was observed under light microscope by three pathologists
independently.

Assessment of immunohistochemistry. The evaluations were
as follows: i) B-catenin: strong nuclear staining and cyto-
plasmic staining of >10% of cells was considered aberrant
positive expression in colon cancer tissues (15); ii) E-cadherin:
a membranous stain of >60% of cells was considered to be a
score 3+; a score 2+ was considered as a stain of 20-60% of
cells; a stain of <20% of cells was considered as a score 1+; a
score 0 was used for a 0% stain. A score of 3+ was classified
as having positive expression, and all others were classified as

having decreased expression (16); iii) c-Myc: strong nuclear
staining of >25% of cells was considered positive expres-
sion (17); iv) cyclin DI: nuclear staining of >5% of cells was
considered as positive expression, while negative expression
was considered as a stain of <5% of cells (18).

Statistical analysis. We used SPSS, version 19.0 software
(IBM Corp., Armonk, NY, USA), ImagelJ version 2.1.4.7 soft-
ware (National Institutes of Health, Bethesda, MD, USA) and
GraphPad Prism version 5.0 software (GraphPad Software,
Inc., La Jolla, CA, USA) to perform statistical analyses. The
independent samples t-test was applied to intra-group differ-
entiation. The Chi-squared test analysis was used to assess
clinicopathological relationships. Repeated measures analysis
of variance (ANOVA) was used for several groups. P<0.05 was
considered to indicate a statistically significant difference.

Results
SNHGI expression is upregulated in colon cancer tissues

compared to adjacent non-cancerous tissues, and is higher
in colon cancer cells than in normal cells. All the samples
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Table I. Clinicopathological characteristics of the 13 patients with colon cancer.
Sex Age Weight Smoking TNM stage Differentiation
Female Male (years) (kg) Yes No 1 II I IV Middle Middle-low Low
Number 7/13 6/13 56+14 55+7 413 913 0 7 4 2 9 3 1
Before transfection After transfection
Caco-2
HCT-116

Figure 2. Flourescence counting roughly examined plasmid transfection efficiency and it was revealed to be ~30-40%.

identified from the Oncomine database revealed that the
expression of SNHGI in colon cancer tissues was significantly
higher than in normal colon tissues (P<0.05; P-value for the
median-ranked analysis: 2.31E-19). The sample microarrays
of three datasets (TCGA colorectal: cecum adenocarcinoma
vs. normal; colon adenocarcinoma vs. normal; and colon
mucinous adenocarcinoma vs. normal) exhibited respective
fold changes between cancer and normal tissues of 2.697-
fold (Fig. 1A; P<0.001), 2.806-fold (Fig. 1B; P<0.001), and
2.241-fold (Fig. 1C; P<0.001), respectively. All the dataset
microarray results revealed that SNHGI expression in colon
cancer samples was at least 2-fold higher than the normal
sample levels.

To further ascertain SNHGI1 expression differences in
patient tissues, RT-qPCR was used to examine SNHGI1 expres-
sion in 13 pairs of colon cancer patient tissues compared with
adjacent non-cancer tissues. Since SNHGI1 belongs to Inc-
RNAs and does not encode a protein, in tissues and cells it can
be measured and analyzed by RT-qPCR. The results revealed
that except for 2 colon cancer patients, all of the colon cancer
cases indicated a significantly higher expression of SNHGI1
in cancer tissues compared with adjacent non-cancer tissues
(Fig. 1D; P<0.01). Table I contains the clinicopathological
characteristics of the 13 patients with colon cancer.

The differences in the expression of SNHGI not only
existed in the tissues, but also in different colon cancer cell
lines. RT-qPCR was performed on three colon cancer cell
lines (HCT-116, HT29 and Caco-2) and three control colon

tissue sample. We found that SNHGI was upregulated in
HCT-116, Caco-2 and HT-29 cells compared with the human
normal colon tissue (Fig. 1E; P<0.001).

In summary, SNHGI1 was upregulated in colon cancer
tissues and cell lines compared to normal tissues and cells.
SNHGI may therefore be an oncogene playing a role in the
promotion of colon cancer development, as has also been
reported in NSCLC and prostate cancer.

Recombinant plasmidis successfully transfected. The transfec-
tion of recombinant plasmids into colon cancer cells was used
to observe if SNHGI1 downregulation influenced cell biological
functions. To verify transfection success, fluorescence cell
counting was used to examine plasmid transfection efficiency,
and the results revealed ~30-40% efficiency (Fig. 2). We added
G418 to select stably transfected cells, and RT-qPCR detected
plasmid transfection in the stably transfected cells. The results
revaled that SNHGI1 was significantly decreased in Caco-2
and HCT-116 cells transfected with pRNAT-U6.1/Neo-sh-
SNHGI1 when compared with the pPRNAT-U6.1/Neo-vector
transfected cells (Fig. 3A; Caco-2, P<0.01; HCT-116, P<0.05).
These results indicated that recombinant plasmid transfection
decreased SNHGI.

CCK-8 and colony formation assays reveal that SNHGI
promotes colon cancer cell proliferation. The CCK-8 and
colony formation assay results confirmed that SNHGI influ-
enced CaCo-2 and HCT-116 cell proliferation in the sh-SNHG1
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Figure 3. Plasmid transfection results and a series of cell function experiments including CCK-8, colony formation, apoptosis assay between the sh-SNHGI
group and the vector. (A) The plasmid pPRNAT-U6.1/Neo-sh-SNHG1 and pRNAT-U6.1/Neo-vector transfection results were detected by RT-qPCR, and they
revealed that SNHGI was significantly decreased in cells (Caco-2 and HCT-116) transfected with pRNAT-U6.1/Neo-sh-SNHGI than those with pRNAT-U6.1/
Neo-vector (Caco-2: “P<0.01; HCT-116: "P<0.05). These results indicated that the recombinant plasmid had interfered with SNHGI successfully. (B) The
result of the CCK-8 assay. Cells proliferated slower at 24, 48 and 72 h in the sh-SNHGI1 group than the vector group. (C) The different number of colonies in
the vector and the sh-SNHG1 group in Caco-2 and HCT-116 cell lines. (D) The statistical analysis of the colony formation assay. The sh-SNHG1 group formed
fewer colonies compared with the vector (Caco-2: “P<0.01; HCT-116: "P<0.05). (E) Cell apoptosis images detected by combining flow cytometry and Annexin
V-FITC/PI staining. (F) The statistical analysis of E. The apoptosis rate in the vector group was lower than the sh-SNHG1 group (Caco-2: “P<0.05; HCT-116:

"P<0.01).

transfected group. The CCK-8 results presented in Table 1I,
revealed that cell proliferation was slower at 24, 48 and 72 h
in the sh-SNHGI group compared to the vector group. The
results were also revealed in Fig. 3B for both Caco-2 and
HCT-116 cells (Caco-2, P<0.001; HCT-116, P<0.001).

The colony formation assay results further ascertained the
proliferation abilities of Caco-2 and HCT-116 cells. Fig. 3C
revealed the colony formation results of the vector and
sh-SNHGI-transfected groups in the two cell lines. Similar
to the results presented in Fig. 3D, the Caco-2 vector group
vs. the sh-SNHGI group was 328+23 vs. 207+6 (P<0.01), and
the HCT-116 vector group vs. the sh-SNHGI group was 336+7
vs. 122454 (P<0.05), respectively, which confirmed that colon
cancer cell proliferation was decreased in the sh-SNHGI1
group. The results from both assays demonstrated that SNHG1
played a role in promoting colon cancer cell proliferation.

Flow cytometry: the effects of SNHGI on cell apoptosis. Flow
cytometric analyses were used to identify whether SNHGI1
was associated with colon cancer cell apoptosis. As revealed
in Fig. 3E and F, the apoptosis level in the Caco-2 vector
group vs. the sh-SNHGI group was 4.18+1.03 vs. 18.07+7.19
(P<0.05), and the HCT-116 vector group vs. the sh-SNHG1
group was 5.78+0.83 vs. 14.08+1.14 (P<0.01). These data
further demonstrated that SNHGI reduced colon cancer cell
apoptosis in both HCT-116 and Caco-2 cells.

Transwell assay results reveal that SNHGI promotes colon
cancer cell migration and invasion abilities. Transwell
migration and invasion assays are based on the medium
concentration difference between the upper and lower side of
the chambers. Cells migrate from a nutrient-poor side chamber
to a nutrient-rich side chamber (the lower side). The migration
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Figure 4. Transwell® assays of the migration and invasion in Caco-2 and HCT-116 cells. (A) The migration assay in Caco-2 and HCT-116 cells. (B) The statis-
tical analysis of (A). The migration ability in the vector group was higher than that of the sh-SNHGI1 group (HCT-116: “P<0.01; Caco-2: ““P<0.001). (C) The
invasion assay in Caco-2 and HCT-116 cells. (D) The statistical analysis of (C). The invasion ability in the vector group was higher than that of the sh-SNHGI1

group (HCT-116: "P<0.05; Caco-2: ““P<0.001).

Table II. Effect of recombinant plasmids on cell proliferation.

A, Effect of recombinant plasmids on HCT-116 cell prolifera-
tion (means + SD)

Time (h) Vector group sh-SNHG1 group
0 0.2277+0.0020 0.2644+0.0015
24 0.3796+0.0123 0.3655+0.0193
48 0.6093+0.0179 0.5722+0.0571
72 0.9510+0.0089 0.8267+0.0136

B, Effect of recombinant plasmids on Caco-2 cell proliferation
(means + SD)

Time (h) Vector group sh-SNHG1 group
0 0.2341+0.0091 0.2438+0.0057
24 0.3420+0.0112 0.3514+0.0051
48 0.5264+0.0131 0.4845+0.0146
72 0.8685+0.0106 0.7076+0.0260

assay results revealed that the HCT-116 sh-SNHGI group cell
counts (104+29 cells) were significantly decreased compared
to the HCT-116 vector group (2548 cells) (P<0.01), in addition,

the cell counts for the Caco-2 sh-SNHGI group were 102+13
vs. the CacCo-2 vector group 368+25 (P<0.001). The invasion
experiment results from the HCT-116 sh-SNHGI group vs. the
vector group were 137+8 cells vs. 285+35 (P<0.05) and the
CacCo-2 sh-SNHGI group vs. the vector group were 95+7 vs.
43049 (P<0.001). These results were in agreement with the
images displayed in Fig. 4A-D, which revealed that HCT-116-
and Caco-2-vector transfected cells had greater migration
and invasion abilities than the sh-SNHGI-transfected cells,
and further suggested the important carcinogenenic role of
SNHGTI in colon cancer cell migration and invasion.

Key markers of SNHGI in cell metastatic diffusion and
proliferation. The Transwell results confirmed that SNHG1
could facilitate colon cancer cell invasion and migration.
The CCK-8 and colony assays revealed that SNHGI could
promote colon cancer cell proliferation. We next performed
immunohistochemistry and western blot analysis to explore
the underlying mechanisms. E-cadherin, $-catenin, cyclin DI
and c-Myc proteins were detected in these experiments. The
immunohistochemistry experiment revealed that the expres-
sion of B-catenin, cyclin DI and c-Myc in colon cancer tissues
was significantly higher than that in normal tissues, while
E-cadherin expression was lower in colon cancer tissues
compared to normal tissues (Fig. 5; Table III). In addition,
western blotting indicated that both in HCT-116 and Caco-2
cell lines with sh-SNHGI transfection, proteins f-catenin,
cyclin D1 and c-Myc were significantly decreased, while
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Figure 5. Immunohistochemical staining of E-cadherin, $-catenin, cyclin D1 and c-Myc proteins in colon cancer tissues and normal tissues. The expression of
B-catenin, cyclin D1, and c-Myc in colon cancer tissues was significantly higher than that in normal tissues, while E-cadherin expression was lower. (A, C, E
and G) B-catenin, E-cadherin, cyclin DI and c-Myc protein expression in colon cancer tissues and normal tissues, and (B, D, F and H) the quantitative analysis
of A,C,E and G).

Table III. Expression of (3-catenin, E-cadherin, cyclin-D1 and c-Myc in colon cancer tissues and colon normal tissues.

[-catenin E-cadherin Cyclin D1 c-Myc
% (n/total) % (n/total) % (n/total) % (n/total)
Positive Negative Positive Negative Positive Negative Positive Negative

Cancer  85(17/20) 15 (3/20) 0 (0/20) 100 (20/20) 65 (13/20) 35 (7/20) 100 (20/20) 0 (0/20)
Normal 25 (5/20) 75 (15/20) 95 (19/20) 5 (1/20) 30 (6/20) 70 (14/20) 15 (3/20) 85 (17/20)

P-value P<0.01 P<0.01 P<0.05 P<0.01

E-cadherin exhibited a higher expression than the vector group ~ corresponded to the trends in colon normal tissues, which
(Fig. 6; P<0.05, P<0.01). These results implied that the trends  further confirmed the carcinogenic characteristics of SNHG1
observed while investigating the expression of E-cadherin, and suggested that the Wnt/B-catenin signaling pathway may
B-catenin, cyclin D1 and c-Myc in the sh-SNHGI1 group participate in SNHGI-induced carcinogenesis.
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Figure 6. Western blot analysis of E-cadherin, 3-catenin, cyclin D1 and c-Myc protein expression in the sh-SNHGI1 group and the vector group. (A) B-catenin,
cyclin D1, c-Myc were significantly decreased while E-cadherin was significantly increased in the sh-SNHG1 group compared to the vector goup in HCT-116
and Caco-2 cell lines. (B and C) The statistical quantitative analysis of (A). “P<0.05, “P<0.01.

Discussion

Colon cancer is one of the most common gastrointestinal
malignancies and the third leading cause of cancer-related
mortality among males and females worldwide (19,20). The
high rate of relapse and unfavorable prognoses suggest a
need for novel molecular biomarkers for the diagnosis and
therapeutic treatment of colon cancer to increase disease
survival (21). IncRNAs have specific expressions in tissues
and cell lines (22), and may have uses in the dysregulation of
cancer cells, including epigenetic effects, biological effects,
and other potential antitumor properties (23,24). SNHGI is a
novel biomarker that may play a role in lung cancer, hepatocel-
lular carcinoma, and neuroblastoma. Its mechanism of action
has been reported (25-28). SNHGI has a cancer-inducing role
on different target genes, but its regulatory mechanism in
colon cancer is unknown.

We used a database (Oncomine) to identify differentially
expressed genes in colon cancer tissues vs. normal tissues, and
it was determined that SNHGI expression was statistically
higher in cancer than in normal tissues. SNHGI1 expres-
sion in cancer vs. normal tissues was at least 2-fold higher,
and this was in agreement with the microarray GSE31737
analyses (19). However, database or chip accession is always
an initial determination, therefore we then verified SNHGI1
expression in colon cancer tissues and normal tissues using
RT-qPCR, and found that except for 2 colon cancer patients,
all of the colon cancer cases indicated a significantly higher

expression of SNHGI in cancer tissues compared with adjacent
non-cancer tissues, which was consistent with the Oncomine
database and statistically significant. However, this study
lacked sufficient tissue samples from patients to analyze and
correlate the clinical characteristics of patients, such as age,
sex, tumor size, or aggressive stages, therefore more studies
with a larger patient population are necessary for further
investigation. Normal colon tissues consist of various normal
colon cells, thus we also compared the expression of SNHG1
between three colon cancer cell lines (HCT-116, Caco-2 and
HT-29 cells) with normal colon tissues. It was revealed that
SNHGI was upregulated in colon cancer cells, which implied
that SNHGI1 may be a biomarker for colon cancer. This result
was in agreement with the SNHGI levels in other cancers,
such as in esophageal and lung cancer (10,11). Knockdown of
SNHGI was used to investigate SNHGI biological functions,
and the results revealed that SNHGI1 promoted cell prolifera-
tion and colony formation, favored cell migration and invasion
abilities, but reduced cell apoptosis in colon cancer cells.
These results demonstrated that SNHGI played an oncogenic
role in colon cancer, and that suppressing SNHGI1 expression
and interfering with its function may be possible new thera-
peutic approaches.

The canonical WNT pathway (Wnt/B-catenin signaling)
participates in a variety of cellular processes including embry-
onic development, maintenance of tissue homeostasis, and
cancer pathogenesis, among which B-catenin is the key regula-
tory factor (29). In Homo sapiens, 3-catenin is a multifunctional
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protein (30) consisting of 781 amino acids. When the Wnt
pathway is inactivated, the destruction complex, composed of
CSNK1A1, AXINI1, GSK3b and APC phosphorylates serine
residues and stabilizes B-catenin ubiquitination. Once the Wnt
pathway is activated, the stabilization of B-catenin leads to its
translocation from the cytoplasm to the nucleus, causing its
association with high-mobility group domain factors such as
T-cell factor (Tcf)/lymphocyte enhancer factor, resulting in
transcriptional activation of target genes leading to aberrant
cell proliferation, differentiation, migration, and invasion to
causing carcinogenesis and poor prognoses (30). B-catenin is a
pivotal protein in Wnt/B-catenin signaling (31).

In a recent study, IncRNA SNHGI1 and Wnt/B-catenin
signaling were linked to carcinogenesis. SNHG1 promoted
NSCLC progression via miR-101-3p and SOX9 activating
the Wnt/B-catenin signaling pathway (10). In our study,
SNHGI1 promoted colon cancer cell aberrant proliferation,
migration, and invasion. In addition, a significant decrease
of B-catenin in the sh-SNHGI group was observed compared
to the vector group. This suggested that [3-catenin played a
role in the molecular mechanism of SNHGI action, and the
Wnt/f-catenin signaling pathway may be involved. Previous
studies have described [-catenin as part of the E-cadherin
complex (32), and this specific complex may link the actin
cytoskeleton to accommodate cell adhesive abilities, stabilize
integrity, and alter cellular functions. E-cadherin loss is a
critical factor of EMT, a fundamental process that facilitates
tumor cell migration and invasion into surrounding tissues
during tumor metastasis (33,34). If E-cadherin lacks enough
[-catenin its target genes or other affiliated proteins may be
affected and this could cause carcinogenesis, thus, E-cadherin
and (-catenin expression may have opposite effects (29). Our
western blotting results revealed that E-cadherin expression
was significantly higher in the sh-SNHGI group than the vector
group. B-catenin decreased after SNHG1 was downregulated,
which was in agreement with our Transwell assay results which
revealed that SNHGI inhibition induced decreased invasion
and migration abilities of colon cancer cells. This further
suggested that in the vector-transfected colon cancer cells,
knockdown of SNHGI influenced EMT and the Wnt/f3-catenin
pathway to reduce the migration and invasion of colon cancer
cells. In summary, SNHGI led to colon cancer invasion and
migration possibly via the Wnt/p-catenin pathway.

To further study this pathway, we detected c-Myc and
cyclin D1, the downstream targets of the Wnt/B-catenin
pathway (35,36), which are involved in Wnt and B-catenin
signaling and are known as cell cycle modulators showing
accumulated expression during accelerated cell prolifera-
tion (37,38). Our western blot analyses revealed that cyclin D1
and c-Myc decreased in Caco-2 and HCT-116 cells with
SNHGI1 downregulation; which was also in agreement with
our CCK-8 and colony formation assays. SNHGI1 reduced
E-cadherin but increased (3-catenin protein levels, cyclin D1
and c-Myc expression, supporting our hypothesis that SNHG1
promoted colon cancer cell migration, invasion, and prolifera-
tion possibly via the Wnt/B-catenin pathway. Concurrently, the
immunohistochemical experiment revealed that the expression
of B-catenin, cyclin D1 and c-Myc in colon cancer tissues was
significantly higher than in normal tissues, while E-cadherin
expression was lower, which implied that the trends of those
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proteins in normal colon tissues corresponded to the trends
of sh-SNHGI group in the western blots. Combining the
results of two experiments further confirmed the oncogenic
role of SNHGI. Further investigations such as examining the
phosphorylation of key proteins, and inhibiting or positively
stimulating specific pathways, and detecting more sufficient
efficacious pathway signaling factors should be performed in
the future.

The data demonstrated that SNHGI1 functioned as an
oncogene in colon cancer and may act via the Wnt/B-catenin
pathway to promote carcinogenesis. SNHGI could be a poten-
tial predictor for colon cancer patient prognosis and may be a
therapeutic target.
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