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Abstract. Long non‑coding (lnc)RNA small nucleolar RNA 
host gene 12 (SNHG12) has an oncogenic role in various 
common human cancer types, including colorectal cancer 
(CRC). However, the detailed regulatory mechanisms of 
SNHG12 in CRC cells have remained largely elusive, and the 
investigation thereof was the purpose of the present study. 
Polymerase chain reaction analysis was performed to examine 
the expression of lncRNA and microRNA (miR). Cell Counting 
Kit‑8 and Transwell assays were used to assess cell prolifera-
tion and invasion. A luciferase reporter assay was performed 
to confirm a predicted targeting association between lncRNA 
and miR. It was observed that SNHG12 was markedly upregu-
lated in CRC tissues when compared with that in adjacent 
non‑tumour tissues, and its high expression was associated 
with CRC progression, as well as poor prognosis of patients. 
In addition, the expression of SNHG12 was higher in CRC cell 
lines when compared with that in a normal intestinal epithelial 
cell line. Knockdown of SNHG12 significantly inhibited CRC 
cell proliferation and invasion, while ectopic overexpression 
of SNHG12 had the opposite effect. A Bioinformatics analysis 
predicted that SNHG12 and miR‑16 have complementary 
binding sites, which was confirmed by a luciferase reporter 
gene assay. The expression levels of miR‑16 were markedly 
decreased in CRC tissues and cell lines compared with those 
in normal tissues or cells, and were inversely correlated with 
the expression levels of SNHG12 in CRC tissues. Furthermore, 
silencing of miR‑16 eliminated the suppressive effects of 
SNHG12 knockdown on CRC cell proliferation and invasion. 
In conclusion, the present study demonstrated that SNHG12 

promotes CRC cell proliferation and invasion, at least in part, 
by acting as a molecular sponge of miR‑16, suggesting that 
SNHG12 may be a promising therapeutic target for CRC.

Introduction

Colorectal cancer (CRC) is one of the most common types 
of human malignancy worldwide (1). In recent decades, the 
combined treatment for CRC has improved, which includes 
surgical resection, radiotherapy and chemoradiotherapy; 
however, the prognosis of patients with advanced CRC 
remains poor (2). It has been demonstrated that CRC is driven 
by a series of successive genetic and epigenetic changes, 
which cause malignant transformation and metastasis (3‑5). 
Non‑coding RNAs are important epigenetic factors associated 
with cancer development (6‑10), but the functions of various 
non‑coding RNAs in CRC remain to be fully elucidated.

Long non‑coding RNAs (lncRNAs), a class of non‑coding 
RNAs longer than 200 nucleotides, are 10‑fold lower in abun-
dance than mRNAs (11). It has been demonstrated that there 
are thousands of lncRNA small nucleolar RNA host gene 12 
(SNHG12) sequences in mammals and that the majority of 
lncRNAs are likely to be functional; however, only a small 
proportion of lncRNAs have been studied (12). Through regu-
lation of gene expression at transcriptional, post‑transcriptional 
and epigenetic levels, lncRNAs have important roles in various 
physiological and pathological processes, including cell 
growth, proliferation, differentiation, apoptosis and tumouri-
genesis (13,14). Numerous lncRNAs have been reported to 
function as promoters during cancer development and progres-
sion (15,16). Therefore, these lncRNAs may become promising 
biomarkers and/or therapeutic targets for various cancer types.

Recently, several studies have indicated that the lncRNA 
SNHG12 functions as an oncogene in certain, common cancer 
types, including osteosarcoma, hepatocellular carcinoma, 
breast cancer, lung cancer, gastric cancer, glioma, cervical 
cancer, papillary thyroid carcinoma and CRC (17‑25). For 
instance, Lei et al (20) reported that SNHG12 promoted the 
proliferation and migration of glioma cells by binding to ELAV 
like RNA binding protein 1. Ding et al  (21) indicated that 
SNHG12 enhanced the proliferation and metastasis of papil-
lary thyroid carcinoma cells by regulating the Wnt/β‑catenin 
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signalling pathway. Furthermore, Wang et al (17) reported that 
SNHG12 promotes the proliferation and inhibits apoptosis 
of CRC cells. However, the regulatory mechanisms of how 
SNHG12 affects CRC growth and metastasis have remained 
elusive.

MicroRNAs (miRs), a class of small non‑coding RNAs of 
22‑25 nt in length, are key regulators of gene expression (26). 
They directly bind to the 3'‑untranslated region (3'‑UTR) of 
their target mRNAs to thereby cause translational repression 
or mRNA degradation (26). A large number of studies have 
reported that miRs have key roles in the development and 
progression of human cancer types, including CRC (27,28). 
In recent years, Qian et al  (29) reported that miR‑16 was 
significantly downregulated in CRC tissues compared with 
that in normal colonic mucosa, and miR‑16 expression was 
associated with tumour differentiation, lymph node metastasis, 
TNM stage and tumour recurrence in CRC. Furthermore, low 
miR‑16 expression is an independent factor predicting a poor 
prognosis for CRC patients (29). In addition, miR‑16 has been 
indicated to inhibit CRC cell growth in vitro by regulating the 
p53‑survivin signalling pathway (30). However, the association 
between SNHG12 and miR‑16 in CRC has remained elusive.

Therefore, the present study was performed to explore the 
association of SNHG12 and miR‑16 in CRC and the underlying 
molecular mechanisms in CRC cells in vitro.

Materials and methods

Clinical tissue samples. A total of 53 CRC tissues and their 
matched adjacent non‑tumour tissues were obtained from 
primary CRC patients at the Second Xiangya Hospital, Central 
South University (Changsha, China) between April 2011 and 
June 2012. These 53 CRC patients included 31 males and 
22 females aged between 34 to 71 years (mean age, 53.7 years). 
The tissue samples were immediately snap‑frozen in liquid 
nitrogen after surgical resection and stored until use.

Cell culture. Normal intestinal epithelial NCM460 cells and 
CRC cell lines, including HT‑29, SW480, SW620 and LOVO, 
were obtained from the Cell Bank of Central South University 
and were cultured in Dulbecco's modified Eagle's medium 
(Thermo Fisher Scientific, Inc.) with 10% foetal bovine serum 
(FBS; HyClone; GE Healthcare) in a humidified atmosphere 
with 5% CO2 at 37˚C.

Cell transfection. For cell transfection, SW620 and HT‑29 
cells (1x106 per well) were seeded into 6‑well plates, 
cultured overnight and transfected with 100 nM non‑specific 
short interfering (si)RNA (NC siRNA; cat. no. 12935300; 
Thermo Fisher Scientific, Inc.), 100 nM SNHG12‑specific 
siRNA (SNHG12 siRNA; cat. no. AM16708; Thermo Fisher 
Scientific, Inc.), 100 nM pcDNA3.1 vector (cat. no. V00008; 
Yearthbio, Inc.), 100 nM pcDNA‑SNHG12 expression plasmid 
(cat. no. P00951; Yearthbio, Inc.), 100 nM miR‑16 inhibitor 
(cat. no. 4464084; Thermo Fisher Scientific, Inc.) and/or 
100 nM negative control (NC) inhibitor (cat. no. 4464076; 
Thermo Fisher Scientific, Inc.) by using Lipofectamine® 
2000 (Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol. The subsequent experiments were 
performed a 48 h after transfection.

Reverse transcription‑quantitative (RT‑q)PCR. Total RNA 
was extracted from tissues and cells using TRIzol reagent 
(Thermo Fisher Scientific, Inc). To detect the expression 
of miR‑16 or SNHG12, RNA was reverse‑transcribed into 
complementary (c)DNA using the PrimeScript™ II 1st Strand 
cDNA Synthesis kit (Takara Bio, Inc.) according to the manu-
facturer's protocol. Subsequently, qPCR was performed using 
the SYBR Premix kit (Takara Bio, Inc.) or the SYBR Prime 
Script miRNA RT‑PCR kit (Takara Bio, Inc.). U6 and GAPDH 
were used as internal references. The relative expression 
was determined using the 2‑∆∆Cq method (31). The following 
primers were used: GAPDH forward, 5'‑CTG​GGC​TAC​
ACT​GAG​CAC​C‑3' and reverse, 5'‑AAG​TGG​TCG​TTG​AGG​
GCA​ATG‑3'; and SNHG16 forward, 5'‑GTG​CCT​CAG​GAA​
GTC​TCT​TGC​C‑3' and reverse, 5'‑ATC​CAA​ACA​AGT​TAT​
CAC​ACA​GCA​C‑3'. Primers for U6 (cat. no. HmiRQP9001) 
and miR‑16 (cat.  no.  HmiRQP0226) were obtained from 
Guangzhou FulenGen, Co., Ltd.

Bioinformatics analysis and luciferase reporter gene assay. 
TargetScan (www.targetscan.org) software predicted that 
SNHG12 was a potential target gene of miR‑16. SW620 and 
HT‑29 cells were transfected with a wild‑type (WT) or a 
mutant (MT) SNHG12 pMIR‑REPORT™ miRNA Expression 
Reporter Vector (Ambion; Thermo Fisher Scientific, 
Inc.) containing a 4‑bp mutation at the predicted miR‑16 
binding site within SNHG12, along with miR‑16 mimics 
(cat. no. 4464066; Thermo Fisher Scientific, Inc.) or miR‑NC 
mimics (cat. no. 4464058; Thermo Fisher Scientific, Inc.) using 
Lipofectamine 2000. After transfection for 48 h, a luciferase 
reporter gene assay was performed using the Dual‑Luciferase® 
Reporter Assay System (Promega Corporation). The activity 
of firefly luciferase was normalized to the activity of Renilla 
luciferase.

Cell Counting Kit (CCK)‑8 assay. The transfected cells 
(2,000 cells/well) were seeded in 96‑well plates and cultured at 
37˚C with 5% CO2 for 0, 24, 48, 72 and 96 h, respectively. The 
cell proliferation was then assessed using a CCK‑8 (Thermo 
Fisher Scientific, Inc.), according to the manufacturer's 
protocol. The optical density value was read at a wavelength of 
450 nm using a microplate reader (Bio‑Rad Laboratories, Inc.).

Cell invasion assay. Cell invasion was assessed using Transwell 
chambers pre‑coated with Matrigel® (BD Biosciences). The 
transfected cells (1x105 per chamber) were re‑suspended in 
300 µl serum‑free DMEM and added to the upper chamber, 
and the lower chamber was filled with medium containing 10% 
FBS. After incubation at 37˚C for 48 h, cells that had trans-
gressed through the membrane were fixed with 37% methanol 
at room temperature for 30 min, and stained with 0.5% crystal 
violet at room temperature for 10 min. The invaded cells were 
counted under a microscope.

Stat ist ical analysis.  Values a re expressed as the 
mean ±  standard deviation. SPSS 19.0 (IBM Corp.) was 
used for statistical analysis. An unpaired or paired Student's 
t‑test was used for comparison between two groups. 
One‑way analysis of variance followed by Tukey's post‑hoc 
test was used for comparisons of more than two groups. A 
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chi‑square test was used to analyse the association between 
SNHG12 expression and clinicopathological characteristics 
in patients with CRC. Pearson correlation analysis was used 
to determine the association between miR‑16 and SNHG12 
expression in CRC tissues. The Kaplan‑Meier method and 
a log‑rank test were used to analyse the overall survival 
of patients with CRC. P<0.05 was considered to indicate 
statistical significance.

Results

Upregulation of SNHG12 in CRC tissues and cell lines. First, 
the expression of lncRNA SNHG12 in CRC and adjacent 
non‑tumour tissue samples was examined using RT‑qPCR. As 
indicated in Fig. 1, the levels of SNHG12 were significantly 
higher in CRC tissues compared with those in adjacent 
non‑tumour tissue samples. Consistently, the expression levels 
of SNHG12 were also markedly increased in CRC cell lines, 
including HT‑29, SW480, SW620 and LOVO, when compared 
with those in NCM460 cells (Fig. 1B).

To further assess the clinical significance of SNHG12 
expression in CRC, the CRC patients were divided into high and 
low SNHG12 expression groups using the mean expression level 
of SNHG12 as the cut‑off value. As presented in Table I, high 
expression of SNHG12 was significantly associated with lymph 
node metastasis and advanced clinical stage. Furthermore, 
the CRC patients with high SNHG12 expression had a poorer 
overall survival when compared with that in the group with low 
SNHG12 expression (Fig. 1C), suggesting that high SNHG12 
expression may predict poor prognosis for CRC patients.

Function of SNHG12 in CRC cell proliferation and invasion. 
Next, the function of SNHG12 in the proliferation and inva-
sion of CRC cells was examined. As the above results had 
indicated that SNHG12 was upregulated in CRC, SW620 and 
HT‑29 cells were transfected with SNHG12 siRNA to reduce 
its expression. After transfection, the expression of SNHG12 
was markedly downregulated in the siSNHG12 group when 
compared with that in the siNC group (Fig. 2A). A CKK‑8 
assay indicated that the proliferation of SW620 and HT‑29 
cells was significantly decreased in the siSNHG12 group 
compared with that in the siNC group, indicating that knock-
down of SNHG12 expression inhibits CRC cell proliferation 
(Fig. 2B and C). Similarly, the Transwell assay suggested that 
the invasive capacity of SW620 and HT‑29 cells was markedly 
decreased after silencing of SNHG12 expression (Fig. 2D).

To further confirm the above results, the effects of SNHG12 
overexpression on the proliferation and invasion of CRC cells 
were then assessed. SW620 and HT‑29 cells were transfected 
with SNHG12 plasmid or blank vector. After transfection, 
SNHG12 was significantly upregulated in the SNHG12 group 
when compared with that in the blank vector group (Fig. 2E). 
Furthermore, as indicated in Fig. 2F‑H, the proliferation and 
invasion of SW620 and HT‑29 cells was significantly increased 
in the SNHG12 group compared with that in the blank vector 
group. These results suggest that SNHG12 may have a role in 
promoting CRC growth and metastasis.

Targeting association between SNHG12 and miR‑16 in 
CRC cells. Next, a Bioinformatics analysis was performed 
to identify miRs targeted by SNHG12, and it was indicated 

Figure 1. SNHG12 is upregulated in CRC. (A) SNHG12 is upregulated in CRC tissues compared with that in adjacent non‑tumour tissues. **P<0.01 vs. 
Adjacent. (B) SNHG12 is upregulated in CRC cell lines compared with that in NCM460 cells. **P<0.01 vs. NCM460 cells. (C) Kaplan‑Meier analysis indicated 
that CRC patients with high SNHG12 expression had a significantly poorer overall survival when compared with that of the group with low SNHG12 expres-
sion. SNHG12, small nucleolar RNA host gene 12; CRC, colorectal cancer.
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that miR‑16 and SNHG12 had complementary binding sites 
(Fig. 3A). Therefore, the expression levels of miR‑16 in CRC 
tissue and cell lines were examined. As indicated in Fig. 3B 
and C, the expression levels of miR‑16 were markedly reduced 
in CRC tissues and cell lines when compared with those in 
adjacent non‑tumour tissues and NCM460 cells, respectively. 
Furthermore, a significant inverse correlation was observed 
between SNHG12 and miR‑16 expression in CRC tissues 
(Fig. 3D). To further confirm the association between SNHG12 
and miR‑16 in CRC, luciferase reporter plasmids containing 
WT or MT miR‑16 binding sites of SNHG12 were constructed 
(Fig. 3E). The luciferase reporter assay indicated that transfec-
tion with miR‑16 mimics markedly decreased the luciferase 
activity of the vector containing WT SNHG12 but had no 
effect on that in the vector carrying MT SNHG12 in SW620 
and HT‑29 cells (Fig. 3F‑G), suggesting that SNHG12 acts as a 
sponge for miR‑16 in CRC cells.

SNHG12 inhibits miR‑16 expression in CRC cells. The effects 
of SNHG12 on miR‑16 expression in CRC cells were then 
further studied. As presented in Fig. 4A, silencing of SNHG12 
increased the expression of miR‑16 in SW620 and HT‑29 cells. 
Furthermore, overexpression of SNHG12 markedly reduced 
the expression of miR‑16 in CRC cells (Fig. 4B). It was there-
fore indicated that SNHG12 negatively affects the miR‑16 
levels in CRC cells.

miR‑16 is involved in SNHG12‑induced CRC cell proliferation 
and invasion. Based on the above results, it was speculated 
that SNHG12 promotes CRC cell proliferation and invasion 
by acting as a sponge of miR‑16. To validate this specula-
tion, SW620 and HT‑29 cells were co‑transfected with NC 

siRNA and NC inhibitor (siNC+NC in group), NC siRNA and 
miR‑16 inhibitor (siNC+miR‑16 in group), SNHG12 siRNA 
and NC inhibitor (siSNHG12+NC in group), or with SNHG12 
siRNA and miR‑16 inhibitor (siSNHG12+miR‑16 in group). 
As presented in Fig. 5A, the expression levels of miR‑16 were 
markedly lower in the siNC+miR‑16 in group, while they were 
higher in the siSNHG12+NC group, when compared with 
those in the siNC+NC in group. Furthermore, the expression 
levels of miR‑16 were lower in the siSNHG12+miR‑16 in 
group when compared with those in the siSNHG12+NC in 
group. CKK‑8 assay and Transwell assays further indicated 
that the proliferation and invasion of CRC cells were signifi-
cantly reduced in the siSNHG12+NC in group when compared 
with those in the siNC+NC in group, while these effects were 
rescued in the siSNHG12+miR‑16 in group (Fig. 5B‑E). These 
results suggested that knockdown of SNHG12 inhibited CRC 
cell proliferation and invasion by upregulating miR‑16.

Discussion

The regulatory mechanism of SNHG12 in CRC cells has 
remained largely elusive. In the present study, SNHG12 
was identified to be markedly upregulated in CRC tissue 
when compared with adjacent non‑tumour tissues, and its 
upregulation was markedly associated with CRC progression, 
as well as poor prognosis of patients. In addition, SNHG12 
expression was higher in CRC cell lines when compared 
with that in normal intestinal epithelial cells. Knockdown 
of SNHG12 significantly repressed CRC cell proliferation 
and invasion, while SNHG12 overexpression significantly 
increased the proliferation and invasion of CRC cells. A 
Bioinformatics analysis indicated that SNHG12 and miR‑16 

Table I. Association between SNHG12 expression and clinicopathological characteristics in patients with colorectal cancer 
(n=53).

	 SNHG12 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 N	 Low (n=27)	 High (n=26)	 Chi‑square value	 P‑value

Age (years)				    0.930	 0.335
  ≤55	 27	 12	 15		
  >55	 26	 15	 11		
Sex				    0.195	 0.442
  Male	 31	 15	 16		
  Female	 22	 12	 10		
Differentiation				    2.163	 0.141
  Well and moderate	 43	 24	 19		
  Poor 	 10	 3	 7		
Lymph node metastasis				    2.419	 0.016
  Present	 18	 5	 13		
  Absent	 35	 22	 13		
Tumor, nodes and metastasis stage				    2.419	 0.016
  I‑II	 35	 22	 13		
  III‑IV	 18	 5	 13

SNHG12, small nucleolar RNA host gene 12.
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had complementary binding sites, which was confirmed by a 
luciferase reporter gene assay. The expression levels of miR‑16 
were markedly downregulated in CRC tissues and cell lines, 
and were inversely correlated with the expression of SNHG12 
in CRC tissues. In addition, silencing of miR‑16 eliminated the 
suppressive effects of SNHG12 downregulation on CRC cell 
proliferation and invasion.

It has been reported that SNHG12 has a role in promoting 
certain common human cancer types. For instance, SNHG12 
has been indicated to promote cell proliferation and migration 
by increasing the expression of angiomotin in osteosarcoma 
cells (19). It was also reported to promote tumourigenesis and 
metastasis by targeting miR‑199a/b‑5p in hepatocellular carci-
noma (18). Furthermore, SNHG12 contributes to multidrug 
resistance by activating the MAPK/Slug pathway by sponging 
miR‑181a in non‑small‑cell lung cancer  (32). In addition, 
C‑MYC‑induced upregulation of lncRNA SNHG12 promoted 

cell proliferation and migration, while inhibiting cell apop-
tosis in triple‑negative breast cancer (25). Thus, SNHG12 has 
been suggested as a promising therapeutic target for specific 
cancer types (18,32,33). Furthermore, knockdown of SNHG12 
was demonstrated to inhibit non‑small cell lung cancer cell 
growth and induce apoptosis by upregulating miR‑138 (33). 
Recently, Wang et al (17) reported that SNHG12 promotes the 
proliferation and inhibits apoptosis of CRC cells. However, the 
underlying mechanisms of the regulatory function of SNHG12 
during CRC growth and metastasis has remained elusive. The 
present study confirmed that the expression of SNHG12 was 
markedly upregulated in CRC tissues and cell lines when 
compared with that in adjacent normal tissues and normal intes-
tinal epithelial cells, respectively. Consistent with the present 
results, Wang et al (17) also observed an increased expression 
of SNHG12 in CRC tissues and cell lines. Furthermore, the 
present study revealed that high expression of SNHG12 was 

Figure 2. Inhibition of SNHG12 inhibits colorectal cancer cell proliferation and invasion. (A‑D) SW620 and HT‑29 cells were transfected with SNHG12 
siRNA or NC siRNA, respectively. (A) RT‑qPCR was used to examine the levels of SNHG12. CCK‑8 assay using (B) SW620 and (C) HT‑29 cells, and (D) a 
Transwell assay (magnification, x200) were performed to assess cell proliferation and invasion, respectively. For A‑D, **P<0.01 vs. NC siRNA. (E‑H) Next, 
SW620 and HT‑29 cells were transfected with SNHG12 expression plasmid or a blank vector, respectively. (E) RT‑qPCR was used to determine the levels of 
SNHG12. CCK‑8 assay using (F) SW620 and (G) HT‑29 cells, and (H) a Transwell assay (magnification, x200) were performed to study cell proliferation and 
invasion. For E‑H, **P<0.01 vs. Blank. Groups: siNC, cells transfected with NC siRNA; siSNHG12, cells transfected with siRNA targeting SNHG12; SNHG12, 
cells transfected with SNHG12 overexpression vector; Blank, cells transfected with empty vector. SNHG12, small nucleolar RNA host gene 12; CKK‑8, Cell 
Counting Kit 8; siRNA, small interfering RNA; NC, negative control; OD, optical density; RT‑qPCR, reverse transcription‑quantitative polymerase chain 
reaction. 
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associated with lymph node metastasis, advanced clinical 
stage and poor overall survival of CRC patients.

Next, the exact roles of SNHG12 to regulate CRC 
cell proliferation and invasion were investigated. It was 

Figure 4. SNHG12 inhibits miR‑16 expression in CRC cells. (A) Silencing of SNHG12 increased the expression of miR‑16 in SW620 and HT‑29 cells. **P<0.01 
vs. NC siRNA. (B) SW620 and HT‑29 cells were transfected with SNHG12 expression plasmid or a blank vector, respectively. The expression of miR‑16 
was then examined using reverse transcription‑quantitative polymerase chain reaction. **P<0.01 vs. Blank. Groups: siNC, cells transfected with NC siRNA; 
siSNHG12, cells transfected with siRNA targeting SNHG12; SNHG12, cells transfected with SNHG12 overexpression vector; Blank, cells transfected with 
empty vector. SNHG12, small nucleolar RNA host gene 12; siRNA, small interfering RNA; NC, negative control; miR, microRNA.

Figure 3. Targeting association between SNHG12 and miR‑16 in CRC cells. (A) miR‑16 was predicted to bind to SNHG12 by a Bioinformatics analysis. 
(B) miR‑16 is downregulated in CRC tissues compared with that in adjacent non‑tumour tissues. **P<0.01 vs. Adjacent. (C) miR‑16 is downregulated in CRC 
cell lines compared with that in NCM460 cells. **P<0.01 vs. NCM460 cells. (D) Inverse correlation between SNHG12 and miR‑16 expression in CRC tissue. 
(E) A luciferase reporter plasmid containing WT or MT miR‑16 binding sites of SNHG12 was constructed. A luciferase reporter gene assay was performed in 
(E) SW620 and (F) HT‑29 cells by co‑transfection of the respective reporter plasmids and miR‑16 mimics or miR‑NC. WT, wild‑type; MT, mutant type; miR, 
microRNA; SNHG12, small nucleolar RNA host gene 12; NC, negative control; CRC, colorectal cancer.
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demonstrated that inhibition of SNHG12 expression led to 
a significant reduction in CRC cell proliferation and inva-
sion. Consistent with these results, Wang  et  al  (17) also 
reported that SNHG12 promoted CRC cell proliferation 
and that overexpression of SNHG12 enhanced the cell cycle 
progression of SW480 CRC cells, while knockdown of 
SNHG12 repressed the cell cycle progression of HT29 CRC 
cells. Furthermore, they demonstrated that SNHG12 also 
inhibited CRC cell apoptosis by increasing the expression 
of cell cycle‑associated proteins and suppressing the expres-
sion of caspase 3 (17). These previous and the present results 

indicated that SNHG12 may have a role in promoting CRC 
proliferation and metastasis.

Next, the underlying mechanisms of the regulatory effect of 
SNHG12 on CRC cell proliferation and invasion were assessed 
in vitro. TargetScan software predicted that miR‑16 and SNHG12 
had complementary binding sites. To confirm this predicted 
binding interaction, the expression of miR‑16 was examined in 
CRC, revealing that miR‑16 was markedly downregulated in 
CRC tissues and cell lines. Furthermore, an inverse correlation 
was observed between miR‑16 and SNHG12 in CRC tissues. To 
further clarify the association between miR‑16 and SNHG12 in 

Figure 5. miR‑16 is involved in SNHG12‑mediated colorectal cancer cell proliferation and invasion. SW620 and HT‑29 cells were co‑transfected with NC 
siRNA and NC inhibitor (siNC+NC in), NC siRNA and miR‑16 inhibitor (siNC+miR‑16 in), SNHG12 siRNA and NC inhibitor (siSNHG12+NC in), or with 
SNHG12 siRNA and miR‑16 inhibitor (siSNHG12+miR‑16 in). After transfection, (A) reverse transcription‑quantitative polymerase chain reaction was used 
to examine the levels of miR‑16. CCK‑8 assay using (B) SW620 and (C) HT‑29 cells, and (D and E) a Transwell assay (magnification, x200) were performed 
to examine cell proliferation and invasion, respectively. **P<0.01 vs. siSNHG12+NC. siSNHG12, siRNA targeting SNHG12; in, inhibitor; SNHG12, small 
nucleolar RNA host gene 12; siRNA, small interfering RNA; NC, negative control; OD, optical density; miR, microRNA. 
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CRC, a luciferase reporter gene assay was performed, and the 
results indicated that transfection with miR‑16 mimics mark-
edly reduced the luciferase activity of WT SNHG12 reporter 
vector but did not affect the luciferase activity of MT SNHG12 
in SW620 and HT‑29 cells. These results suggest that SNHG12 
may sponge miR‑16 in CRC cells. As it was further observed 
that miR‑16 expression was negatively regulated by SNHG12 
in CRC cells, it was speculated that miR‑16 is involved in 
SNHG12‑mediated CRC cell proliferation and invasion, which 
was further confirmed by the result that inhibition of miR‑16 
expression abrogated the suppressive effects of SNHG12 down-
regulation on CRC cell proliferation and invasion.

In summary, the present study demonstrated that SNHG12 
is upregulated in CRC and has a role in promoting CRC cell 
proliferation and invasion by acting as a sponge of miR‑16. 
Thus, SNHG12 may be a promising therapeutic target for CRC.
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