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Previous study has explored that SNHG16, a long non-coding RNA (lncRNA), mediated cell
growth and proliferation. Yet, the role of SNHG16 in human colorectal cancer (CRC) still
remains to be explored. Therefore, we conducted the present study to explore the func-
tions of SNHG16 in CRC. In the present study, SNHG16 was significantly up-regulated in
CRC tissues and cell lines. Gain- and loss-of-function of SNHG16 further presented that
SNHG16 promoted the progression of CRC cells, including proliferation, migration, and in-
vasion. Further, in vivo study also revealed that overexpression of SNHG16 could promote
tumor growth. Bioinformatics analysis and luciferase reporter assay showed that SNHG16
was a direct target of miR-200a-3p. MiR-200a-3p was inversely correlated with SNHG16 ex-
pression in CRC tissues. In brief, the above results elucidate the important role of SNHG16
in CRC tumorigenesis, suggesting that SNHG16 might be quite vital for the diagnosis and
development of CRC.

Introduction
Colorectal cancer (CRC) is one of the most frequently diagnosed tumors, which ranks the third most
common in the world [1]. Despite substantial advances achieved in the treatment, the overall 5 year
survival rate of CRC patients still remains poor due to metastasis [2,3]. Although mounting evidence
has documented that alterations in many tumor-suppressor genes and oncogenes are associated with
CRC, the molecular and genetic bases of CRC remain largely unknown [4]. Therefore, identifying novel
biomarkers that could predict the prognosis of CRC is urgently needed. Recently, the regulation of the
non-protein-coding genome in normal physiology and the pathogenesis of diseases including cancer have
attracted growing attention [5–7].

Long non-coding RNAs (lncRNAs, >200 nt in length) are generally a class of transcripts without
protein-coding ability [8]. Previous studies have elucidated that lncRNAs are involved in several biological
processes, such as cell proliferation, cell cycle regulation, cell differentiation, cytoplasmic transport, chro-
mosome imprinting, and histone modification [9–12]. Increasing studies have suggested that dysfunction
of lncRNAs is associated with the development and progression of cancer. For example, overexpression of
lncRNA-MALAT1 was associated with poor prognosis of CRC [13]. However, an enormous number of
lncRNAs remain to be elucidated and characterized.

In our study, we attempted to investigate the correlations between the expression of SNHG16 and the
clinicopathological features and survival outcomes of CRC patients. Besides, the underlying molecules of
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SNHG16 in CRC progression were further investigated. Our results may provide new insights into understanding
the molecular mechanisms of SNHG16 in CRC.

Materials and methods
Tissue samples
Fifty-six tumors and their matched adjacent normal tissues were selected from patients who accepted routine surgery
in Union Hospital, between January 2012 and November 2016. No patients had been treated with radiotherapy or
chemotherapy before surgery. All collected specimens were immediately frozen in liquid nitrogen and further stored
at −80◦C. Before research, we gained agreement from all participants through their assigning written informed con-
sent. The research has been carried out in accordance with the World Medical Association Declaration of Helsinki.
The study was approved by the Institutional Review Boards of the Union Hospital, Tongji Medical College.

Cell culture
Four CRC cell lines (CaCO-2, SW480, HCT116, and LoVo cells), and the normal intestinal mucous cell line
CCC-HIE-2 were obtained from the Cell Bank of Type Culture Collection (Chinese Academy of Sciences, Shang-
hai, China). All cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM; Hyclone, Logan, UT, U.S.A.),
along with 10% fetal bovine serum (Invitrogen, Grand Island, NY, U.S.A.), 100 μg/ml streptomycin, and 100 U/ml
penicillin. Cells were kept at 37◦C, 5% CO2 in an incubator.

RNA isolation and qRT-PCR
Total RNA was extracted using Trizol reagent (Life Technologies, Carlsbad, CA, U.S.A.) using a standard procedure.
Then 1μg of RNA was reverse transcripted using PrimeScript™ RT Master Mix (TAKARA, Dalian, China), according
to the manufacturer’s instructions. Real-time PCR was employed to determine the relative expression level of target
genes by the SYBR-Premix ExTaq II kit (Takara) on 7900HT fast Real-time PCR system (Applied Biosystems, Foster
City, CA, U.S.A.). The relative expression level of lncRNA, and miRNA were normalized against GAPDH and U6
small nuclear RNA. The primers were SNHG16, F: CAGAATGCCATGGTTTCCCC, R: TGGCAAGAGACTTCCT-
GAGG; snRNA U6 F: GCTTCGGCAGCACATATACTAAAAT, R: CGCTTCACGAATTTGCGTGTCAT; GAPDH
F: GGGCTGCTTTTAACTCTGGTAAAG, R: CCATGGGTGGAATCATATTGG. Each assay was performed in trip-
licate independent experiments.

Transfection
All plasmid vectors for transfection were extracted by DNA Midiprep kit (Qiagen, Hilden, Germany). Three individ-
ual SNHG16 siRNAs (si-SNHG16) and scrambled negative control siRNA (si-NC) were purchased from Ribo Bio-
CoLTD (Guangzhou, China). The target sequences of siRNA were as follows: si-NC, 5′-UUCUCCGAACGUGUCA
CGUTT-3′; si-SNHG16 1, 5′-GGAAUGAAGCAACUGAGAUUU-3′; si-SNHG16 2, 5′-CATGTCCTTCTGATCA
CCAAGTTGACTTA-3′; si-SNHG16 3, 5′-GATATCTTAGTCCTAACCATATTGATCCC-3′. Lipofectamine™ 2000
transfection reagent (Invitrogen, U.S.A.) was used to transfected oligonucleotide and plasmid, followed by the man-
ufacturer’s protocol. After transfection for 48 h, cells were further used in the relevant experiments. Plasmid comple-
mentary DNA SNHG16 cDNA (pcDNA-SNHG16) was constructed by amplification and introduction of SNHG16
cDNA sequence into the pcDNA3.1 vector (Invitrogen).

Cell proliferation assay
The proliferation assay was evaluated using the MTT assay according to the manufacturer’s instructions. After trans-
fection with either pcDNA-SNHG16, pcDNA empty vector, siRNA SNHG16 or siRNA NC, LoVo and SW480 cells
were seeded in 96-well plates at a density of 5000 cells/well. After cultured for 24–96 h, the transfected cells prolifera-
tion was treated with 30 μl/well of MTT solutions. After an additional incubation for 4 h, the resulting formazan was
dissolved in 100 ml of DMSO. The spectrophotometric absorbance was measured at 570 nm. Each assay was repeated
three times.

Colony formation assays
Colony formation assay was performed as previously described [14]. Briefly, after transfection for 24 h, cells were
seeded into six-well plates at a density of 500 cells per well. After consecutively cultured for 14 days at 37◦C, the
cells were fixed with methanol and then stained with 0.2% crystal violet. Visible formed colonies with >50 cells were
counted by light microscopy.
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Migration and invasion assays
The migration and invasion abilities of cells were assessed using the transwell chamber (8 μm pore size, Millipore).
2 × 104 cells in serum-free medium were seeded into the upper chamber after transfection. The lower chamber was
supplied with medium containing 10% FBS. After incubation for 24 h, cells in the upper chamber were wiped out,
followed by fixation with 4% formaldehyde for staining with 0.1% crystal violet. As invasion assay, the upper chamber
was pre-coated with 30μl of Matrigel (BD Biosciences, Heidelberg, Germany) with the other experimental procedures
the same as the migration assay. The numbers of membrane-penetrating cells were snapped in three randomly fields
using an IX71 inverted microscope (Olympus, Tokyo, Japan).

Western blot analysis
After treatment, total proteins were extracted from cells using RIPA lysis buffer containing protease inhibitors. Pro-
tein concentrations were measured by Bradford dye (Bio-Rad). 40μg proteins were loading to the SDS-PAGE gel, and
then transferred to PVDF membranes (Millipore, Billerica, MA, U.S.A.). Then, the PVDF membranes were blocked
by 5% milk and further immersed in primary antibodies overnight at 4◦C. After washing with TBST, the membranes
were incubated with the secondary antibody (Cell Signaling, U.S.A.) (1:5000 dilution) for 1 h at RT. After TBST wash,
ECL solutions (Thermo Pierce) were used to detect the protein bands. GAPDH was served as an endogenous con-
trol. Antibodies used include E-cadherin (ab1416, 1:2000 dilution), Vimentin (ab92547, 1:2000 dilution), β-catenin
(ab32572, 1:2000 dilution), and GAPDH (ab8245, 1:3000 dilution) were purchased from Abcam (U.S.A.). α-SMA
was purchased from Cell Signaling (Cell Signaling 19245, 1:2000 dilution).

Dual luciferase reporter assay
Two reporter plasmids were constructed by inserting SNHG16 fragments with wild-type (WT) or mutant (MUT)
binding sites of miR-200a-3p into the pmiR-RB-REPORT™ (Ribobio, Guangzhou, China). Cells (2.0 × 104) cultured
in 96-well plates were co-transfected with 200 ng miR-200a-3p or empty vector, 50 ng firefly luciferase reporter con-
taining SNHG16 wild-type or SNHG16 mutant, and 2 ng of pRL-TK (Promega, Madison, WI, U.S.A.) using Trans-
fection reagent Lipofectamine 2000 (Invitrogen) according to the protocol. Luciferase activity was assayed 48 h after
transfection, using a dual luciferase reporter assay system (Promega).

RNA immunoprecipitation
RNA immunoprecipitation (RIP) was performed using thermo fisher RIP kit (Thermo, U.S.A.) based on the manufac-
turer’s protocol. The Ago2 antibodies are purchased from Abcam (U.S.A.). Purified RNA was subjected to qRT-PCR
analysis to demonstrate the presence of the binding targets using respective primers.

Animal work
Six male BALB/c nude mice aged 6 weeks were purchased from Slac Laboratory Animal Center (Shanghai, China)
and maintained under specific pathogen free (SPF) condition in the animal care facility. A total of 3 × 106 LoVo
cells transfected with pcDNA/SNHG16 or control were suspended in 0.2 ml Matrigel Matrix (BD Biosciences) and
then subcutaneously injected into the flanks of two group mice (n=3). Tumor diameter was recorded using a vernier
caliper every 3 days. Tumor volume was calculated follows formula: tumor volume (mm3) = (length × width2)/2. At
day 24, mice were killed and tumor weights were recorded.

Statistical analysis
starBase was used to predict the target of SNHG16. The significance of differences between two groups was estimated
using Student’s t-test and the χ2-test. Survival analysis was assessed using Kaplan–Meier method. The correlations
between SNHG16 expression and clinicopathologic factors were evaluated using Chi-Square test. P<0.05 was con-
sidered as statistically significant. The software GraphPad Prism 6 was used for statistical analyses.

Results
SNHG16 expression is up-regulated in CRC tissues and associated with
disease progression
The expression level of SNHG16 in 56 pairs of CRC tissues and adjacent non-tumor tissues was explored using
qRT-PCR. Figure 1A revealed that SNHG16 level was significantly higher in CRC tissues compared with normal
tissues. We further divided patients into two groups: high expression group (n=28) and the low expression group
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Figure 1. Expression of SNHG16 in CRC tissues and cell lines

(A) The expression of SNHG16 in 56 CRC tissues and adjacent noncancerous tissues was analyzed by qPCR and normalized

to GAPDH expression *P<0.05. (B) Fifty-six CRC patients were divided into SNHG16 high group (n=28) and SNHG16 low group

(n=28) according to the median expression level. (C) The relationship between levels of SNHG16 and overall survival was analyzed

by Kaplan–Meier survival analysis.

Table 1 Correlation between lncRNA-SNHG16 expression and clinical features (n=56)

Factor Relative SNHG16 expression level P value
High (n=28) Low (n=28)

Gender 0.0801

Males 20 19

Females 8 9

Age, year 0.5920

≤60 16 14

>60 12 14

Smoking 0.1789

No smoking 10 15

Smoking 18 13

Tumor range 0.1812

T1–T3 11 16

≥T4 17 12

Metastasis 0.0482

Negative 13 6

Positive 15 22

Lymph nodes 0.0002*

Negative 6 20

Positive 22 8

*P<0.05.

(n=28), based on the median value of SNHG16 (Figure 1B). The relationship of SNHG16 with various clinical fea-
tures of CRC was analyzed and is summarized in Table 1. It could be informed that the expression of SNHG16 was
related to metastasis (P=0.0482), and lymph node (P=0.0002). However, we failed to observe any relationship be-
tween SNHG16 and other clinicopathological characteristics (gender, age, smoking, and tumor range). We further
performed Kaplan–Meier analyses to further explore the correlation of SNHG16 expression with overall survival
of CRC patients. The results showed that overall survival time of high SNHG16 expression group was significantly
shorter than that of low SNHG16 expression group (P<0.05, Figure 1C).

SNHG16 promotes cell proliferation of CRC cells
Next, we determined the relative expressions of SNHG16 among four CRC cell lines (SW480, LoVo, CaCO-2, and
HCT116 cells), as well as the normal intestinal mucous cell line CCC-HIE-2. The results showed that SW480 ex-
pressed the highest levels of SNHG16 and LoVo expressed the lowest levels of SNHG16, compared with the other cell
lines, respectively (Figure 2A). To silence SNHG16 expression in SW480 cells, three siRNAs were synthesized and
transfected into SW480. siRNA 3 could decrease most, and thus was selected in the further experiments (Figure 2B).
After transfection for 48 h, qRT-PCR analysis revealed that SNHG16 expression was up-regulated in LoVo cells, com-
pared with control cells (Figure 2C). We further performed MTT assay to evaluate the potential effects of SNHG16
on cell proliferation. MTT assay showed that down-regulation of SNHG16 could inhibit cell growth of SW480 cells,
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Figure 2. Effect of SNHG16 on cell proliferation in CRC cells

(A) qRT-PCR was performed to detect the relative expression of SNHG16 in normal cell CCC-HIE-2 and CRC cells CaCO-2, LoVo,

SW480, and HCT116. (B) The knockdown efficiency of SNHG16 specific siRNA was determined by qRT-PCR. (C) The over-expres-

sion of SNHG16 was determined by qRT-PCR after transfection with pcDNA-SNHG16. (D,E) MTT assay was performed to detect

the proliferation ability of CRC cells after transfected with si-SNHG16 and pcDNA-SNHG16. (F,G) Colony formation assay was

performed to detect the proliferation ability of CRC cells after transfected with si-SNHG16 and pcDNA-SNHG16. *P<0.05 versus

controls.

while up-regulation of SNHG16 promoted LoVo cells growth, compared with respective controls (Figure 2D,E). Sim-
ilarly, colony formation assay results revealed that the colony numbers of SW480 cells transfected with si-SNHG16
and LoVo cells transfected with pcDNA/SNHG16 were significantly lower and higher than those transfected with
respective controls (Figure 2F,G).

SNHG16 promotes migration and invasion of CRC cells
We further performed the cell migration and invasion assay to determine the malignant characteristics of SNHG16.
The migration assays showed that the migratory ability of SW480 cells was inhibited as indicated by the decrease in
migrated cells, after transfected by si-SNHG16 (Figure 3A). A similar result also was observed in the invasion as-
say (Figure 3C). To the contrary, LoVo cells transfected with pcDNA/SNHG16 vector migrated more (Figure 3B).
Similar results were also obtained in invasion assay (Figure 3D). The results demonstrated that SNHG16 promotes
migration and invasion of CRC cell. Therefore, to further evaluate whether SNHG16 can promote epithelial to mes-
enchymal transition (EMT) processes in CRC cancer, we examined the expression of EMT markersα-SMA, vimentin,
E-cadherin, andβ-catenin expression by Western blotting. The data suggested that SNHG16 up-regulated mesenchy-
mal markers α-SMA and vimentin expression and promoted the nuclear translocation of β-catenin, while decreased
the expression of epithelial markers E-cadherin, indicating that it promotes EMT processes (Figure 3E,F).

SNHG16 promotes tumor growth in vivo
To examine the potential role of SNHG16 in tumorigenicity, we observed the growth process of a CRC cancer-cell
xenograft. Injection of LoVo cells with stably overexpressed SNHG16 resulted in a dramatic growth in tumor
size when compared with controls (Figure 4A–C). The expression of SNHG16 in tumor after transfected with
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Figure 3. Effects of SNHG16 on migration and invasion in CRC cells

(A,B) Detection for cell migration ability of CRC cells after transfected with si-SNHG16 and pcDNA-SNHG16. (C,D) Detection

for invasion ability of CRC cells after transfected with si-SNHG16 and pcDNA-SNHG16. *P<0.05. (E,F) The expression level of

EMT-related gene (E-cadherin, α-SMA, Vimentin, and β-catenin) was detected by Western blot.**P<0.05, ***P<0.05.

Figure 4. Effect of SNHG16 on tumor growth in vivo

(A) The tumor morphology was present. (B) Tumor size was measured every 3 days. (C) Tumor weight was detected. *P<0.05. (D)

The relative expression of SNHG16 was detected in the tumors. *P<0.05.

pcDNA/SNHG16 was higher than the controls (Figure 4D).

SNHG16 is a target of miR-200a-3p
Accumulating documents have been demonstrated that many lncRNAs are identified as ceRNAs for specific miR-
NAs. We used the online software starBase [15,16] to predict and select miRNAs interacted with SNHG16. SNHG16
was predicted as a target of miR-200a-3p using starBase (Figure 5A). We performed the luciferase reporter assay
to confirm such interaction. As shown in Figure 5B, CRC cells transfected with miR-200a-3p mimics and reporter
plasmids containing the wide type SNHG16 significantly suppressed the luciferase activity when compared with
cells transfected with scrambled miRNA and reporter plasmids containing the wild type SNHG16 in LoVo cells.
Co-transfection with miR-200a-3p mimics and mutated SNHG16 had no effect on the luciferase activity when com-
pare to cells co-transfected with scrambled miRNA and mutated SNHG16. miRNAs are present in the cytoplasm
in the form of miRNA ribonucleoprotein complexes (miRNPs) containing Ago2 protein, the core component of the
RNA-induced silencing complex (RISC). Moreover, lncRNAs can function as a molecular sponge or a ceRNA to reg-
ulate miRNA level by interacting with RISC. The RNA binding protein immunoprecipitation (RIP) experiments on
LoVo cell extracts were further performed. The Ago2 antibody precipitated the Ago2 protein was first confirmed
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Figure 5. Identification of SNHG16 as a target of miR-200a-3p

(A) The miR-200a-3p binding site predicted in the 3′UTR of SNHG16. (B) Relative Firefly/Renilla luminescence mediated by luciferase

plasmid harboring the wild-type or mutant SNHG16 sequence upon transfection with miR-200a-3p expression plasmid. Data are

means +− SD of three independent experiments. *P<0.05. (C) Cells lysates were collected for RIP using Ago2 antibody. IP-Western

blot and qRT-PCR were used to detect Ago2, SNHG16, and miR-200a-3p. (D) Relative expression of miR-200a-3p in CRC cell lines

compared with normal cell line. The relative level of miR-200a-3p was normalized against U6 small nuclear RNA. Data are means +−
SD of three independent experiments. (E) The level of miR-200a-3p in CRC tissues was measured. (F) The expression correlation

between miR-200a-3p and SNHG16 in CRC tissues was analyzed by Spearman’s correlation analysis (R2 = 0.2312, P=0.0002).
*P<0.05.

from our cellular extract (Figure 5C, upper panel). Moreover, we found that SNHG16 and miR-200a-3p were en-
riched significantly, in Ago2 pellets relative to control IgG immunoprecipitates (Figure 5C, lower panel). The level
of miR-200a-3p was lower in the CRC cell lines, compared with the normal cell line (Figure 5D). The PCR results
indicated that the level of miR-200a-3p was lower in the cancer tissues when compared with that in adjacent normal
tissues (Figure 5E). Finally, the Spearman’s correlation analysis showed that the level of miR-200a-3p was negatively
correlated with the level of SNHG16 (Figure 5F).

Discussion
As CRC is still prevailing in China, it remains an urgent clinical challenge to elucidate molecular mechanism under-
lying CRC carcinogenesis. In recent years, lncRNAs have attracted a lot of research interest from all over the world
[17,18]. Growing bodies of evidence suggest that some lncRNAs are associated with cancer development [19,20]. Yet,
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the role of lncRNA in cancer are different, some of them might be tumor suppressor, some might be tumor promoter.
Several lncRNAs have been found in playing critical role in CRC [21–23]. Therefore, further studies in identifying
more novel lncRNAs in CRC is of great need.

Previous studies have proved that lncRNA SNHG16 was increased in ovarian cancer tissues and cell lines, and
high SNHG16 expression in ovarian cancer was associated with poorer prognosis [24]. Cai et al. demonstrated that
lncRNA SNHG16 was frequently higher in breast cancer tissues than in the paired noncancerous tissues. Moreover,
they found that SNHG16 significantly promoted breast cancer cell migration by competitively binding miR-98 with
E2F5 [25]. However, the value of SNHG16 in clinical practice of CRC is unknown.

In the present study, we attempted to explore the functional role of SNHG16 in CRC. We first investigated the
relevant expression level of SNHG16 using the clinical samples. The clinical results showed that the expression of
SNHG16 in CRC tissues was significantly up-regulated, when compared with adjacent normal tissues. We further
explored the relationships between SNHG16 expression levels and clinicopathological characteristics. We found that
SNHG16 expression was significantly associated with remarkably associated with metastasis (P=0.0482), and lymph
node (P=0.0002). Moreover, we found that SNHG16 might act as a prognostic factor for survival in CRC patients.
However, we found that low expression of SNHG16 associates with patients being positive for metastasis. Such phe-
nomenon might be due to the relative small sample size. Further explorations still need to be performed.

To further elucidate the underlying mechanism of SNHG16 in CRC, we applied loss-of-function and
gain-of-function approaches. Down-regulation of SNHG16 could suppress cell proliferation, colony formation, mi-
gration and invasion in CRC cell lines in vitro. However, overexpression of SNHG16 promoted the growth, migration,
and invasion of CRC. It is well known that aberrant cadherins and vimentin expression was involved in metastasis. As
expected, the results showed that SNHG16 could promote cell migration and invasion with up-regulation of α-SMA,
β-catenin, and vimentin. Previous study revealed that miR-200a in vitro led to a significantly differential and con-
verse expression of EMT-related genes [26], whether SNHG16 functions through miR-200a-3p waits to reveal.

Inspired by the ‘competitive endogenous RNAs’ regulatory network and the growing proof about lncRNAs’ role in
regulatory circuitry [27–29], we proposed that SNHG16 might act as a ceRNA to regulate relevant cellular control.
Therefore, we adopted bioinformatics analysis and luciferase assays to verify the potential target of SNHG16. Inter-
estingly, we found that miR-200a-3p could form complementary base pairing with SNHG16 and induce translational
repression of a SNHG16 reporter gene. Moreover, SNHG16: miR-200a-3p coimmunoprecipitation with anti-Ago2
demonstrated a direct approval of interacting with each other. A study performed by Christensen et al. revealed that
SNHG16 is significantly up-regulated in adenomas and all stages of CRC [30]. Their results demonstrate that SNHG16
may play an oncogenic role in CRC and that it affects genes involved in lipid metabolism, possible through ceRNA
related mechanisms. Their conclusions were quite similar to ours, yet we further explore the in vivo role of SNHG16.

Conclusions
In all, here we first investigated the role of SNHG16 in CRC carcinogenesis. Our study revealed that SNHG16 could
promote CRC cell growth and invasion. We found that SNHG16 was associated with the malignancy and poor prog-
nosis in CRC. We also indicated miR-200a-3p was the target of SNHG16. These results may undoubtedly further help
to elucidate the etiology of CRC initiation and progression.
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