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Abstract: Colon cancer is a common gastrointestinal tumor with complex pathological process. Recently, the rela-
tionship between long non-coding RNA (lncRNA) and colon cancer has attracted more and more attention, whereas 
the underlying molecular mechanism is still poorly understood. Here, we found that the expression of lncRNA small 
nucleolar RNA host gene 12 (SNHG12) was markedly upregulated in colon cancer samples compared to normal 
adjacent tissues. Notably, patients with low expression of SNHG12 displayed higher survival rate than those with 
high expression of SNHG12. Further researches revealed that knockdown of SNHG12 suppressed the malignant 
phenotype of colon cancer cells. Interestingly, SNHG12 could function as a sponge to specifically bind to microRNA-
15a (miR-15a). Moreover, we confirmed that pyruvate dehydrogenase kinase 4 (PDK4) is a direct target gene of 
miR-15a. Finally, inhibiting miR-15a expression largely abolished the effect of SNHG12 silencing on colon cancer 
cells. In conclusion, our data uncovered the critical role of SNHG12 in the development and progression of colon 
cancer through regulating the miR-15a/PDK4 axis, therefore providing a promising target for treating this disease.
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Introduction

Colon cancer is recognized as one of the most 
common gastrointestinal malignancies in 
human beings [1, 2]. With the increase of mor-
bidity and mortality of colon cancer, it has 
become a serious public health problem world-
wide, ranking fourth among cancer deaths [3, 
4]. Although current strategies for treating 
colon cancer have been greatly improved, the 
five-year survival rate of patients in China 
remains only about 31% because of early 
metastasis and high recurrence rates [5]. 
Hence, it is required to clarify the underlying 
mechanism and explore new strategies for the 
treatment of colon cancer.

It is well known that the pathogenesis of colon 
cancer is extremely complicated, which is the 
consequence of the accumulation of multigene 
mutations. Although many critical genes have 
been identified in colon cancer [6, 7], the 
underlying molecular mechanism has not been 

completely uncovered. In recent years, the rela-
tionship between long non-coding RNAs (lnc- 
RNAs) and colon cancer has been paid more 
and more attention. LncRNA is defined as a 
type of non-protein coding RNA with more than 
200 nucleotides [8-10]. Numerous researches 
show that lncRNA plays a variety of biological 
functions in the development and progression 
of various human diseases, including tumors 
[11, 12]. In fact, several lncRNAs, such as 
LINC01234, SNHG15 and MALAT1 [2, 13, 14], 
have critical regulatory functions in pathologi-
cal process of colon cancer. However, due to 
the diversity of species and functions, a large 
number of lncRNAs have not been fully 
studied. 

Small nucleolar RNA host gene 12 (SNHG12) 
located on human chromosome 1p35.3 is a 
newly identified lncRNA [15]. In recent years, 
researches have shown that SNHG12 partici-
pates in regulating the progression of many 
types of tumors. For example, SNHG12 contrib-
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utes to the occurrence and metastasis of cervi-
cal cancer through sponging miR-424-5p [16]. 
Meanwhile, SNHG12 plays a crucial role in 
osteosarcoma development via the miR-195-
5p/Notch2 signaling pathway [17]. In addition, 
SNHG12 modulates cell proliferation and apop-
tosis by negative regulation of miR-199a/b-5p 
expression in hepatocellular carcinoma [18]. 
Nevertheless, the exact role of SNHG12 in 
colon cancer, as well as underlying mechanism, 
has not been revealed.

In this study, we first used a public database 
and observed that SNHG12 is highly expressed 
in colon cancer. Consistently, similar results 
were obtained from colon cancer specimens 
and multiple colon cancer cell lines. Of note, 
increased SNHG12 expression was positively 
related to the poor prognosis of colon cancer 
patients. Mechanistically, SNHG12 promoted 
colon cancer progression by targeting the 
microRNA-15a (miR-15a)/pyruvate dehydroge-
nase kinase 4 (PDK4) axis. Collectively, the 
present study demonstrates that SNHG12 
functions as an oncogenic gene in colon cancer 
and may be used as a novel target for develop-
ing anti-tumor drug.

Materials and methods

Tissue samples

Clinical colon cancer tissues as well as tumor-
adjacent tissues were obtained from 134 colon 
cancer patients who had undergone surgical 
treatment. Patients were enrolled between 
January 2012 and December 2016 (Caoxian 
People’s Hospital, Heze, Shandong Province, 
China). The informed consents were signed by 
all participants. This study was approved by the 
Ethics Committee of Caoxian People’s Hospital 
(Approval number: 2018121001).

Cell culture and transfection

Human colon cancer cell lines (Lovo, HCT116, 
SW480 and HT29) and normal human in- 
testinal epithelial cell line (HIEC) (Shanghai 
Institutes for Biological Science, Shanghai, 
China) were cultured in DMEM/High Glucose 
(HyClone, Logan, UT, USA) in the presence of 
10% fetal bovine serum (FBS; Gibco, Waltham, 
MA, USA) and grown in 37°C incubator contain-
ing 5% CO2.

Lentivirus containing small hairpin RNA (shRNA) 
against SNHG12 (sh-SNHG12, 5’-CCCGGCG- 
TACTTAAGCAGATGAAGA-3’) or shRNA-negative 
control (sh-NC, 5’-CCGGTTTCTCCGAACGTGTC- 
3’) were generated at the GenePharma Co., Ltd 
(Shanghai, China). The transduction of lentivi-
rus into colon cancer cell lines was conducted 
in the presence of polybrene (GenePharma  
Co., Ltd). In addition, the transfections of miR-
15a-inhibitor, miR-15a-mimic or corresponding 
negative controls (Ribobio Co., Ltd, Guangzhou, 
China) were performed in the presence of 
Lipofectamine 3000 (Invitrogen, Carlsbad, CA, 
USA). 

Animal experiments

BALB/c nude mice (six-week-old; male; weigh-
ing 18±2 g) were purchased from Hua-Fu-Kang 
Biosciences (Beijing, China). The mice were 
kept in the specific pathogen free (SPF) labora-
tory animal room (Laboratory Animal Center) 
with the following conditions: temperature 
22-24°C, 12/12 hours day/night cycle and  
eating and drinking freely. SW480 cells (5× 
105) transfected with lentivirus containing 
sh-NC or sh-SNHG12 were implanted into 
BALB/c nude mice via subcutaneous injection. 
The tumor volume in each group was detected 
every 5 days. The formula is as follows: V = 
(L×W2)/2. L presents the length of each tumor 
and W presents the width of each tumor. All 
mice were euthanized 30 days after implanta-
tion via intraperitoneal injection of pentobarbi-
tal sodium (100 mg/kg). Then, tumors were 
isolated from mice and their weight was mea-
sured. The animal experiments were authorized 
by the Animal Ethics Committee of Caoxian 
People’s Hospital.

MTT assay

This assay was carried out using a 3-(4,5- 
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) kit (Sigma, St. Louis, MO, USA). 
Briefly, colon cancer cells were grown in 96- 
well plates (3×103/per well) for 24 hours. Then, 
each well was added with 0.5 mg/ml MTT and 
incubated at 37°C for 4 hours. After adding 
200 μl of dimethyl sulfoxide (DMSO; Sigma),  
the absorbance of samples at 570 nm was 
measured using a microplate reader (Bio-Rad, 
Hercules, CA, USA).
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Colony formation assay

Cells (5×103) were seeded into 6-well plates. 
After cultured for 2 weeks, cell fixation was con-
ducted using 4% paraformaldehyde (Beyotime 
Biotechnology, Shanghai, China). Subsequently, 
0.1% crystal violet (Beyotime Biotechnology) 
was used to stain the cells. Finally, colony num-
bers were determined under light microscopy.

Cell invasion/migration assay

Cells were seeded on the upper chamber with 
(invasion) or without (migration) containing 
Matrigel (Corning, NY, USA). The lower compart-
ment of chamber was filled with medium con-
taining 10% FBS. After cultured at 37°C for  
24 hours, invaded or migrated cells were fixed 
with 4% paraformaldehyde (Beyotime Biote- 
chnology), stained with 0.2% crystal violet 
(Beyotime Biotechnology), and washed with 
PBS. Finally, cell imaging and counting were 
performed under an inverted microscope.

Cell apoptosis analysis

Cultured cells were collected and stained with 
Annexin V-FITC and 7-AAD (BD Biosciences, 
San Diego, CA, USA) at room temperature for 
30 min. The apoptosis rate was detected us- 
ing the FACSCanto flow cytometer (BD 
Biosciences) and then analyzed by the 
FlowJo10.0 software (TreeStar, San Carlos, CA, 
USA).

Luciferase reporter assay

In brief, wild-type or mutant SNHG12 or PDK4 
(Sangon Biotech, Shanghai, China) was trans-
fected into 293T cells in the presence of 
Lipofectamine 3000 (Invitrogen). Forty-eight 

hours later, detection of luciferase activity was 
performed using a dual-luciferase reporter 
assay kit (Promega Biotech Co., Ltd, Madison, 
Wisconsin, USA) following the manufacturer’s 
instructions.

Quantitative RT-PCR (qRT-PCR)

Total RNA was isolated from cells or tumor tis-
sues using TRIzol reagent (Invitrogen) follow- 
ing the instructions. For detection of mRNA 
expression, cDNA was converted with a 
PrimeScript RT kit (Takara, Tokyo, Japan). Then, 
quantitation was performed using a SYBR 
Premix Ex Taq kit (Takara). The detection of 
microRNA (miRNA) expression was performed 
using a mirVana qRT-PCR miRNA detection kit 
(Invitrogen). The following reaction procedure 
was used: pre-denaturation at 95°C for 3 min, 
40 cycles of denaturation at 95°C for 15 sec, 
and annealing and extension at 60°C for 30 
sec. 2-ΔΔCt method was used to determine  
the relative expression of lncRNA or miRNA 
(GAPDH and small RNA U6 was used as internal 
reference, respectively). All primer sequences 
are provided in Table 1.

Immunohistochemical staining

Paraffin-embedded tissues were sliced, de- 
waxed and rehydrated, and were then stained 
with anti-Ki-67 antibody (dilution 1:500; 
#ab15580; Abcam, Cambridge, UK). Subse- 
quently, tissue sections were stained with the 
goat anti-rabbit IgG secondary antibody 
(Beyotime Biotechnology). After counterstain-
ing with hematoxylin, the color development 
was carried out using 3,3’-diaminobenzidine 
(Beyotime Biotechnology). Image J software 
(version. 1.53i, National Institutes of Health) 
was used to analyze the percentage of Ki-67+ 
cells in each section.

Western blotting

Western blotting was carried out as previously 
reported [19]. The following antibodies were 
used in the present study: Caspase-3 (dilution 
1:1000; #9962S; Cell Signaling Technology, 
Danvers, MA, USA), Clvaved caspase-3 (dilution 
1:1000; #9961S; Cell Signaling Technology), 
Caspase-9 (dilution 1:1000; #9502S; Cell 
Signaling Technology), Clvaved caspase-9 (�����dilu-
tion 1:1000; #9507S; Cell Signaling Tech- 
nology), PDK4 (dilution 1:1000; #ab110336; 

Table 1. Primer sequences for qRT-PCR 
analysis
Names Sequences (5’-3’)
SNHG12: F TCTGGTGATCGAGGACTTCC-3
SNHG12: R ACCTCCTCAGTATCACACACT
GAPDH: F TGTTCGTCATGGGTGTGAAC
GAPDH: R ATGGCATGGACTGTGGTCAT
miR‑15a: F TCCAGCTGGCAGCATG
miR‑15a: R GTCGTGGAGTCACTCG
U6 snRNA: F ATTGGAACGATACAGAGAAGATT
U6 snRNA: R GGAACGCTTCACGAATTTG
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Abcam), HIF1α (dilution 1:500; #ab216842; 
Abcam), VEGFA (dilution 1:2000; #ab52917; 
Abcam), and GAPDH (dilution 1:5000; #AF11- 
86; Beyotime Biotechnology). Quantification of 
band intensities was performed using the 
Image J software (version. 1.53i, National 
Institutes of Health, Bethesda, MD, USA).

Statistical analysis

All experiments were independently perform- 
ed at least three times and shown as mean ± 
standard deviation (SD). Experimental data 
analysis was carried out using SPSS 19.0 
(SPSS Inc., Chicago, IL, USA) and Graph Prism 
6.0 (GraphPad Software, Inc., La Jolla, CA, 
USA). The difference between two groups was 
determined by Student’s t-test. The difference 
among multiple groups was determined by 
One-way ANOVA followed by Tukey’s post-hoc 
test. The overall survival rates of patients  
were compared by long-rank analysis and 
shown as Kaplan-Meier curve. *P<0.05 and 
**P<0.01 were considered as significant.

Results

SNHG12 was upregulated in colon cancer 
samples and various colon cancer cell lines

In order to assess the potential role of SNH- 
G12 in colon cancer, we first screened its 
expression using the Starbase 3.0 database. It 
was noticed that SNHG12 expression was 
increased in patients with colon cancer com-
pared with that in healthy controls (Figure 1A). 
Then, the strikingly elevated expression of 
SNHG12 in colon cancer specimens was veri-
fied by qRT-PCR (Figure 1B). Similarly, it was 
exhibited that colon cancer cell lines (Lovo, 
HCT116, SW480 and HT29) expressed higher 
level of SNHG12 than normal human intestinal 
epithelial cell line (HIEC) (Figure 1C). Of note, 
patients with low expression of SNHG12 dis-
played higher survival rate than those with high 
SNHG12 expression (Figure 1D). These data 
suggest that SNHG12 may participate in the 
modulation of the development and progres-
sion of colon cancer.

SNHG12 knockdown inhibited the malignant 
phenotype of colon cancer cells

To determine whether SNHG12 modulates 
pathological process of colon cancer, SNHG12 

expression were knocked down in HCT116 and 
SW480 cells by lentivirus transduction (Figure 
2A). The results showed that inhibition of 
SNHG12 evidently impaired the in vitro colony 
formation and proliferation of colon cancer 
cells (Figure 2B and 2C). In addition, we 
observed that the expression levels of cleaved 
caspase-3 and cleaved caspase-9, which are 
crucial proteins to mediate cell apoptosis, were 
upregulated in colon cancer cells following 
silence of SNHG12 (Figure 2D). As anticipated, 
flow cytometric results exhibited that the  
apoptosis rate was substantially increased in 
SNHG12-knockdown colon cancer cells (Figure 
2E). Moreover, knockdown of SNHG12 resulted 
in a markedly reduced number of invasive and 
migratory colon cancer cells, as determined by 
Transwell assays (Figure 2F and 2G). These 
results indicate that SNHG12 may contribute to 
the malignant phenotype of colon cancer cells.

Knockdown the expression of SNHG12 sup-
pressed the colon cancer progression in a xe-
notransplants mouse model

To further confirm if knockdown of SNHG12 has 
a negative effect on in vivo tumorigenesis, 
HCT116 cells following sh-NC or sh-SNHG12 
transfection were implanted into BALB/c nude 
mice via subcutaneous injection. As shown in 
Figure 3A and 3B, tumor volume was substan-
tially lower in sh-SNHG12 group than that in 
sh-NC group. Meanwhile, compared with sh-NC 
group, sh-SNHG12 group displayed evidently 
reduced tumor weight (Figure 3C and 3D). 
Consistent with above data, immunohisto-
chemical analysis showed that Ki-67 expres-
sion was evidently reduced in tumor tissues 
obtained from mice inoculated with sh-
SNHG12-transfected HCT116 cells (Figure 3E). 
These findings illustrate that decreasing the 
expression of SNHG12 can suppress the prolif-
eration of colon cancer cells in vivo.

SNHG12 could negatively regulate the expres-
sion of its target gene miR-15a

It has been well established that lncRNAs can 
bind to specific miRNAs like sponges [20, 21]. 
We then used bioinformatics analysis to predict 
candidate target miRNAs and noticed that  
miR-15a, a critical tumor suppressor, has the 
potential binding site in SNHG12. In line with 
this finding, the expression level of miR-15a 
was elevated in SNHG12-knockdown colon 
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Figure 1. SNHG12 was upregulated in colon cancer tissues and various colon cancer cell lines. A. The expression level of SNHG12 in 471 colon cancer samples and 
41 normal samples. Data was obtained from the Starbase 3.0 database (http://starbase.sysu.edu.cn). B. Quantification of the relative SNHG12 expression in colon 
cancer samples and corresponding adjacent tissues obtained from 134 patients by qRT-PCR. C. Quantification of the relative SNHG12 expression in HIEC, Lovo, 
HCT116, SW480 and HT29 cell lines by qRT-PCR (n=4). D. The overall survival rates of 134 colon cancer patients undergoing surgery, which were divided into two 
groups based on the median SNHG12 expression levels. Data are shown as Kaplan-Meier curve (long-rank analysis). **P<0.01.
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Figure 2. SNHG12 knockdown inhibited the malignant phenotype of colon cancer cells. (A) Quantification of the relative SNHG12 expression in HCT116 and SW480 
cells after silence of SNHG12 by qRT-PCR (n=4). (B) The number of colonies formed from HCT116 and SW480 cells after silence of SNHG12 (n=5). (C) MTT analysis 
of the proliferation of HCT116 and SW480 cells following silence of SNHG12 (n=5). (D) The protein levels of cleaved caspase-3 and cleaved caspase-9 in HCT116 
and SW480 cells following silence of SNHG12 were measured by Western blot (n=3). (E) The apoptosis rates of HCT116 and SW480 cells following silence of 
SNHG12 were measured by flow cytometry (n=5). (F, G) Transwell assays showing the (F) invasion and (G) migration of HCT116 and SW480 cells after silence of 
SNHG12 (n=5). **P<0.01.
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cancer cells (Figure 4A). Meanwhile, compared 
with adjacent normal tissues, miR-15a was sig-
nificantly downregulated in colon cancer sam-
ples (Figure 4B), consistent with a previous 
finding [22]. As expected, the expression level 
of miR-15a was also lower in colon cancer cell 
lines (Figure 4C). In particular, we found that 
miR-15a level was negatively associated with 
SNHG12 expression in colon cancer samples 
(Figure 4D). To further confirm this finding, we 
conducted a luciferase reporter assay. It was 

observed that SNHG12 could directly bind to 
miR-15a (Figure 4E). Thus, our data indicate 
that SNHG12 may facilitate colon cancer pro-
gression by targeting miR-15a.

SNHG12/miR-15a/PDK4 axis modulated co-
lon cancer progression

miRNA is well-known for its role in inhibiting 
gene expression via post-transcriptional regula-
tory mechanisms. Based on bioinformatics 

Figure 3. Knockdown of SNHG12 suppressed colon cancer progression in a xenotransplants mouse model. A-D. 
BALB/c nude mice were subcutaneously injected with saline (control), sh-NC-transducted HCT116 cells or sh-SN-
HG12-transducted CT116 cells (n=5 mice per group). A. The tumor volume detected every 5 days. B. The mice 
images 30 days after injection. C. The tumor images 30 days after injection. The scale bar indicates 1.0 cm. D. 
The tumor weight 30 days after injection. E. Immunohistochemical analysis of Ki-67 expression in tumor tissues 
obtained from these groups. **P<0.01.
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analysis by TargetScan database, we observed 
that PDK4 was a direct target gene of miR-15a 
(Figure 5A). Subsequent luciferase reporter 
assay further verified this finding (Figure 5A). It 
was reported that the PDK4 facilitated colon 
cancer development by upregulating HIF1α 
expression [23]. Consistent with these results, 
we found a reduced PDK4 expression in colon 
cancer cells after knockdown of SNHG12, 
accompanied by decreased expression of 
HIF1α and its target VEGFA (Figure 5B). Finally, 
we sought to validate whether SNHG12 facili-
tates colon cancer progression through modu-
lating the miR-15a/PDK4 axis. We then used a 
miR-15a-inhibitor that markedly decreased 
miR-15a expression in colon cancer cells  
transducted with sh-SNHG12 (Figure 5C). 
Importantly, miR-15a inhibition significantly 
rescued the colony formation, proliferation, 
apoptosis, invasion as well as migration of 
colon cancer cells with SNHG12 knockdown 
(Figure 5D-H). Furthermore, miR-15a suppres-

sion largely restored the expression of PDK4, 
HIF1α and VEGFA in SNHG12-knockdown colon 
cancer cells (Figure 5I). Collectively, our find-
ings demonstrate that upregulation of SNHG12 
is responsible for the progression of colon can-
cer by regulating the miR-15a/PDK4 axis.

Discussion

In recent years, many non-coding RNAs 
(ncRNAs), such as lncRNA, miRNA and circular 
RNA (circRNA), have been discovered due to 
the rapid development of high-throughput 
sequencing technology [24, 25]. These ncRNAs 
were initially considered to be genomic “junk” 
with no biological function, whereas recent 
researches have shown that they are involved 
in the tumorigenesis and progression of various 
cancers [10, 26]. In this paper, we demonstrate 
for the first time that SNHG12 plays a critical 
role in regulating colon cancer progression by 
targeting the miR-15a/PDK4 pathway.

Figure 4. SNHG12 could negatively regulate the expression of its target gene miR-15a. A. Quantification of the rela-
tive miR-15a expression in HCT116 and SW480 cells after SNHG12 knockdown by qRT-PCR (n=4). B. Quantification 
of the relative miR-15a expression in 134 colon cancer samples and adjacent tissues by qRT-PCR. C. Quantification 
of the relative miR-15a expression in HIEC, Lovo, HCT116, SW480 and HT29 cell lines by qRT-PCR (n=4). D. The 
negative association between SNHG12 and miR-15a expression in colon cancer patient samples, as determined by 
Pearson correlation analysis (r=-0.5611, P<0.01). E. The binding detail of SNHG12 to miR-15a. Data was obtained 
from StarBase 3.0 database. 293T cells were co-transfected with WT-SNHG12 or MUT-SNHG12 and miR-15a-mimic 
or miR-NC, followed by luciferase activity measurement (n=4). WT-SNHG12, wild-type-SNHG12; MUT-SNHG12, mu-
tant-SNHG12; miR-NC, miRNA-mimic negative control. **P<0.01.
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LncRNAs play different roles in various diseas-
es due to the complexity of function and he- 
terogeneity of expression pattern [27-29]. For 
instance, upregulation of H19 promotes the 
metastasis of lung cancer [30]. In addition, 
downregulation of GAS5 contributes to cell pro-
liferation and predicts the adverse conse-
quence of cervical cancer [31]. In our study, we 
used a public database and noticed that 
SNHG12 expression was significantly increas- 
ed in colon cancer patients. Afterwards, qRT-
PCR analysis confirmed that SNHG12 expres-
sion was evidently higher in colon cancer sam-
ples than that in normal tissues adjacent to 
tumors. On the other hand, a distinct increase 
in the expression of SNHG12 was observed in 
different colon cancer cell lines. It is worth not-
ing that the patients with high SNHG12 expres-
sion had good prognosis. Therefore, these 
results hint that SNHG12 may be served as a 
potential prognostic marker of colon cancer.

The uncontrollable proliferation and metasta-
sis and the decrease of apoptosis rate are the 

gression of colon cancer. Indeed, previous 
studies have reported that SNHG12 regulates 
the progression of several types of cancers, 
such as diffuse large B-cell lymphoma, gastric 
and prostate cancer [33-35], which finding is 
consistent with our data.

As we know, lncRNA can interact with miRNA to 
participate in the pathogenesis of cancers [36]. 
In fact, it has been reported that SNHG12 is 
implicated in many kinds of cancers by regulat-
ing specific miRNAs, including miR-125b, miR-
199a and miR-129 [18, 37, 38]. Interestingly, 
we observed that silence of SNHG12 caused a 
significantly increased expression of miR-15a. 
Meanwhile, a negative association was seen 
between the expression of SNHG12 and miR-
15a in colon cancer samples. Subsequently, 
the binding of SNHG12 to miR-15a was verified 
by luciferase reporter gene experiment. 
Consistent with our results, a recent study 
reported that miR-15a, a critical tumor sup-
pressor, is significantly decreased in colon can-
cer [39]. It has been well-accepted that miRNA 

Figure 5. SNHG12/miR-15a/PDK4 axis modulated colon cancer progression. (A) The binding detail of miR-15a 
to PDK4 mRNA. Data were obtained from TargetScan database (http://www.targetscan.org/vert_71/). 293T cells 
were co-transfected with WT-PDK4 or MUT-PDK4 and miR-15a-mimic or miR-NC, followed by luciferase activity 
measurement (n=4). (B) The protein levels of PDK4 and its specific downstream targets HIF1α and VEGFA in colon 
cancer cells following knockdown of SNHG12 were measured by Western blot (n=3). (C-I) SNHG12-knockdown 
HCT116 and SW480 cells were treated with miR-15a-inhibitor or miR-inhibitor-NC. (C) The expression level of miR-
15a was then detected by qRT-PCR (n=4). (D) Colony number, (E) proliferation, (F) apoptosis, (G) invasion as well as 
(H) migration were subsequently determined (n=5). Furthermore, the expression levels of PDK4, HIF1α and VEGFA 
was detected by Western blot (I) (n=3). **P<0.01.

Figure 6. Schematic diagram of SNHG12 in promoting colon cancer progres-
sion via the miR-15a/PDK4 axis.

main reasons for the develop-
ment and deterioration of 
cancers [32]. In this study, we 
found that silence of SNHG12 
can inhibit the proliferation, 
colony formation, invasion as 
well as migration of colon 
cancer cells. Besides, SNHG- 
12 silencing induced colon 
cancer cell apoptosis. Addi- 
tionally, upregulation of cle- 
aved caspase-3 and -9 may 
be responsible for this phe-
nomenon. More importantly, 
decreasing the expression of 
SNHG12 also compromised 
the proliferation of colon can-
cer tumors in BALB/c nude 
mice. Taken together, these 
data indicate that inhibiting 
SNHG12 can slow the pro-
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regulates cell biological function mainly by 
inhibiting the expression of target gene at the 
post-translational level [40, 41]. As a conse-
quence, we identified a new target gene of miR-
15a, PDK4, which plays an oncogenic role in 
colon cancer cells [23]. Specifically, the expres-
sion of PDK4 and its downstream molecule 
HIF1α was decreased in SNHG12-knockdown 
colon cancer cells. HIF-1α signaling has 
received a lot of attention regarding its role in 
facilitating colon cancer tumorigenesis [42]. 
Specifically, downregulation of HIF-1α target 
VEGFA was observed in colon cancer cells with 
SNHG12-knockdown. Furthermore, suppres-
sion of miR-15a expression largely recovered 
the malignant phenotype, as well as the expres-
sion of PDK4, HIF1α and VEGFA, in colon can-
cer cells with SNHG12-knockdown. These data 
indicate that SNHG12 may facilitate the pro-
gression of colon cancer via the miR-15a/PDK4 
axis. On the other hand, it has been shown that 
lncRNA can modulate the biological functions 
of cells in multiple ways, including changing 
gene expression, altering protein location and 
affecting chromatin remodeling [43]. Thus, we 
cannot rule out the possibility that other mech-
anisms may also mediate the regulatory role of 
SNHG12 in colon cancer cells, which still needs 
further researches.

Conclusions

Our findings underscore the importance of 
SNHG12/miR-15a/PDK4 axis in the modula-
tion of colon cancer progression (Figure 6). 
Hence, this research not only uncovers the 
intrinsic regulatory mechanism of colon cancer 
development but also provides a novel molecu-
lar target for treating this disease.
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