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Abstract. – OBJECTIVE: Increasing evidence 
indicated that small nucleolar RNA host gene 16 
(SNHG16) acted as a key regulator in the prolif-
eration and metastasis of several cancers, in-
cluding esophageal squamous cell carcinoma 
(ESCC). In this research, we aimed to explore bi-
ological functions, clinical significance and the 
underlying molecular mechanisms of SNHG16 in 
ESCC.

PATIENTS AND METHODS: qRT-PCR was per-
formed to examine the expression of SNHG16 in 
ESCC cell lines and clinical ESCC tissue sam-
ples. The association of SNHG16 expression 
with clinicopathological factors and prognosis 
was statistically analyzed. Cell Counting Kit-8, 
flow cytometry, and transwell invasion assays 
were performed to determine the effect of SN-
HG16 in the regulation of biological behaviors of 
ESCC cells. Luciferase assay and Western blot 
were performed to determine the activation of 
Wnt/β-catenin signaling pathway

RESULTS: We observed that SNHG16 ex-
pression levels were significantly upregulated 
in ESCC tissues and cell lines compared with 
the corresponding normal tissues and normal 
esophageal cell line, respectively. In addition, 
increased expression of SNHG16 were strongly 
linked to tumor stage (p = 0.019), lymph nodes 
metastasis (p = 0.007) and clinical stage (p = 
0.026). Kaplan-Meier assay showed that the sur-
vival time of patients with high SNHG16 expres-
sion was significantly shorter than those with 
low SNHG16 expression (p = 0.0017). Univariate 
and multivariate analyses showed that high SN-
HG16 expression in ESCC was an independent 
predictor of poor survival. Loss-of-function ex-
periments revealed that knockdown of SNHG16 
suppressed proliferation and invasion and in-
duced apoptosis of ESCC cells. Mechanistically, 
Wnt/β-catenin signaling pathways were actively 
modulated by SNHG16 in ESCC cells.

CONCLUSIONS: Our findings reveal that SN-
HG16 plays an important role in ESCC prolifer-
ation/metastasis via modulating Wnt/β-catenin 
signaling pathways and could represent a novel 
biomarker for predicting poor survival as well a 
promising therapeutic target.
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Introduction

Esophageal cancer is one of the most common 
malignancies worldwide1. Esophageal squamous 
cell carcinoma (ESCC) is one of the two most com-
mon histologic types of esophageal cancer2. China 
is one of the high incidence countries and ESCC 
accounts for approximately 150,000 deaths each 
year3. Recently, the application and development of 
PET-CT and minimally invasive esophagectomy 
have improved the prognosis of ESCC patients; 
however, five‑year survival rates for patients with 
ESCC remain low at around 10%, due to the proli-
feration and invasion of ESCC cells4-6. Thus, targe-
ting ESCC metastasis may be a promising strategy 
in the treatment of human ESCC. However, the 
potential molecular mechanism underlying ESCC 
metastasis remains largely unclear.

Long noncoding RNAs (lncRNAs) are a class 
of noncoding RNAs greater than 200 nucleotides 
in length with little or no protein-coding capaci-
ty7. Growing evidence 8 shows that lncRNAs have 
emerged as critical players in various biological 
progression, such as cell differentiation, cell pro-
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liferation and cell metastasis. In cancer research, 
several studies9 have reported that some lncR-
NAs serve as tumor promoters, tumor suppres-
sors, or both, depending on the circumstances. 
For instance, lncRNA CRNDE, a tumor-related 
lncRNA, has been found to be highly expressed 
in glioma and to serve as a tumor promoter by 
promoting the proliferation, migration and in-
vasion in glioma cells via negatively regulating 
miR-18610. AK093407, a cell cycle-associated ln-
cRNA, has been shown to be overexpressed in 
osteosarcoma. Its knockdown suppressed proli-
feration and promoted apoptosis of human oste-
osarcoma cells via STAT3 activation11. In ESCC, 
several lncRNAs, such as CASC2, HOTAIR and 
MIR31HG were also reported to be involved in 
the progression and development of ESCC12-14. 
However, there are still a large number of lncR-
NAs waiting for investigation and elucidating 
about their clinical significance and potential 
molecular in ESCC.

The novel lncRNA, small nucleolar RNA host 
gene 16 (SNHG16), was originally found as an 
upregulated gene in colorectal cancer15. Subse-
quent several studies showed dysregulation of 
SNHG16 was discovered in several tumors and 
its forced expression promote several tumorige-
nic features including survival, proliferation and 
invasion16-18. Of note, previous findings by Zhang 
et al19 firstly reported that SNHG16 was upregula-
ted in ESCC tissues and cells, and its knockdown 
suppressed ESCC cell proliferation, migration via 
modulating miR‑140‑5p/ZEB1 signal pathway. 
However, the role of SNHG16 in ESCC has not 
yet been elucidated. In addition, the prognostic 
value of SNHG16 in ESCC patients has not been 
investigated.

Patients and Methods

Patients and Specimens
Fresh samples from ESCC and corresponding 

normal tissues were obtained from 128 patients 
at Taizhou People’s Hospital between July 2010 
and November 2012. Each diagnosis was con-
firmed through microscopic examination by li-
censed pathologists. The ages of all the patients 
ranged from 33 to 72 years, with a median age of 
57 years. None of the ESCC patients had received 
any anticancer treatment prior to sampling. The 
clinical and pathologic data for the patients are 
provided in Table I. The Institute Research Medi-
cal Ethics Committee of Taizhou People’s Hospi-

tal granted approval for this study, and informed 
consent was obtained from all patients. The fresh 
samples were snap-frozen in liquid nitrogen and 
stored at -80°C until analysis.

Cell Culture and Transfection
Human ESCC cell lines (TE-13, TE-1, 

EC-1 and Eca-109) were purchased from Chi-
na Academy of Science cell library (Haidian, 
Beijing, China. Human esophageal epithe-
lial cells (HEEC) were obtained from Doctor 
Zhang (Zhongda Hospital, School of Medici-
ne, Southeast University, Nanjing, China). All 
cell lines were cultured in Dulbecco’s modi-
fied eagle medium (DMEM, Solarbio, Guan-
gzhou, Guandong, China) supplemented with 
10% (V/V) fetal bovine serum (FBS, Meilian 
Technology, Pudong, Shanghai, China) and 100 
units penicillin-streptomycin (Thermo Fisher 
Scientific, Waltham, MA, USA) at 37°C with 
5% CO2 atmosphere in a humidified incubator.

SiRNAs against SNHG16 (si-SNHG16) and 
its negative controls were purchased from Ge-
nePharma Company (Pudong, Shanghai, China). 
Typically, EC-1 and Eca-109 cells were seeded 
in eight-well plates and then transfected with si-
SNHG16 (80 nM) and si-con (80 nM) by using 
Lipofectamine RNAi MAX (Invitrogen, Carl-
sbad, CA, USA), according to the manufacturer’s 
protocol. After 48 h, the cells were harvested for 
further examination. SiRNA sequences were as 
follows: the si-SNHG16, GGAAUGAAGCAA-
CUGAGAUUU.

RNA Extraction and Real-Time PCR
Total RNAs were extracted form ESCC tissues 

and cell lines using TRIzol reagent (Invitrogen, 
Carlsbad, CA, USA) following the manufacture’s 
protocol. A total of 400 ng RNA was converted 
into cDNA using PrimeScriptTM RT reagent Kit 
with gDNA Eraser (TaKaRa, Dalian, China). 
SNHG16 expression levels were measured by 
qRT‑PCR using SYBR Green PCR Master Mix 
(TaKaRa, Dalian, China), which was performed 
on the ABI 7500 Fast Real‑Time PCR system 
(Sigma-Aldrich, St. Louis, MO, USA). GAPDH 
gene was used as an internal control. The rela-
tive gene expression was calculated using 2‑ΔΔCt 
method. The primers used for target genes were 
as following: SNHG16: forward, CAGAAT-
GCCATGGTTTCCCC, and reverse, TGGCA-
AGAGACTTCCTGAGG; GAPDH, 5’-CAT-
GTTCCAATATGATTCCACC-3’, and reverse, 
5’-GATGGGATTTCCATTGATGAC-3’.
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Cell Viability Assay
The Cell Counting Kit-8 (CCK-8) assay was 

used as a qualitative index of cell viability. After 
transfection for 2 days, 4×103 transfected cells/
well were seeded in 96-well plates. Cell prolife-
ration rates were documented every day for four 
days using a cell counting kit-8 (CCK-8). Absor-
bance with 450 nm wavelength was detected after 
incubation.

Transwell Assay
Cell invasion was measured using a Matrigel 

invasion assay (Biosystems, Foster City, CA, 
USA). EC-1 and Eca-109 cells were dissociated in 
100 ml serum-free medium and added to the up-
per chamber, while the lower chamber was filled 
with 500 ml of medium containing 10% fetal bo-
vine serum (FBS). The cells were then incubated 
for 16 h at 37°C and 5% CO2 in a tissue culture 
incubator. After incubating for 48 h, the cells in 
the lower membrane were stained with 1 % cry-
stal violet (Sigma-Aldrich, St. Louis, MO, USA) 
and then counted.

Flow Cytometry
The extent of apoptosis was evaluated using 

an Annexin V‑fluorescein isothiocyanate 
(FITC)/propidium iodide (PI) detection kit (In-
vitrogen, Carlsbad, CA, USA). A total of about 
5 ×104 EC-1 and Eca-109 cells were seeded into 
6-well plates for the cell apoptosis assay. The 
staining procedure was conducted with Annexin 
V-FITC Apoptosis Detection Kit as the manu-
facturer’s instructions. The apoptotic rate and 
cycle distribution and were analyzed using Cel-
lQuest software (BD Biosciences, San Jose, CA, 
USA). Each experiment was performed at least 
three times.

Luciferase Assay
The TOP/FOP Flash luciferase reporter pla-

smid system was purchased from Huayueyang 
Technology (Haidian, Beijing, China). EC‑1 and 
Eca-109 cells were cultured in 16-well plate (2×104 
cells/well) and transfected with the appropriate 
plasmids. 48 h after transfection, the cells were 
harvested and lysed for a luciferase assay. Renilla 

Table I. Correlation of SNHG16 expression with clinicopathological features of ESCC.

Clinicopathological Number SNHG16 expression   
features of cases High n (%) Low n (%) p value

Gender    
 Male 75 40 35 0.492
 Female 53 25 28 
Age (years)    0.993
 < 60 61 31 30 
 ≥ 60 67 34 33 
Tumor size (cm)    0.196
 < 4 76 35 41 
 ≥ 4 52 30 22 
Smoking status    0.295
 Ever/current 73 40 33 
 Never 55 25 30 
Depth of invasion    0.465
 T1/2 71 34 37 
 T3/4 57 31 26 
Histological grade    0.158
 G1 63 28 35 
 G2+G3 65 37 28 
Tumor stage    0.019
 T1-T2 74 31 43 
 T3-T4 54 34 20 
Lymph nodes metastasis    0.007
 Absence 70 28 42 
 Presence 58 37 21 
Clinical stage    0.026
 I-II 79 34 45 
 III-IV 49 31 18
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TK-luciferase vector (Qiagen, Hilden, Germany) 
was used a control.

Western Blot Analyses
Cells were lysed in RIPA buffer (Solarbio, 

Haidian, Beijing, China), and the protein con-
centrations determined using a protein assay 
kit (ThermoFisher Scientific, Waltham, MA, 
USA). Protein sample was separated by do-
decyl sulfate, sodium salt-polyacrylamide gel 
electrophoresis (SDS-PAGE), and then tran-
sferred onto nitrocellulose membrane. The 
membranes were blocked with 5% non-fat milk 
in Tris-buffered saline containing 0.05% Twe-
en-20 (Invitrogen, Carlsbad, CA, USA) and 
incubated with the primary antibody with the 
recommended dilution rate at 4°C for at least 
12 h, followed by incubation with horseradish 
peroxidase (HRP)‑conjugated secondary anti-
bodies for 2 h at room temperature. Band de-
tection via enzyme-linked chemiluminescence 
was performed according to the manufacturer’s 
protocol. All of the antibodies (anti‑β‑catenin, 
anti-c-myc and anti-cyclin D1) were purchased 
from ABclonal (Haidian, Beijing, China) and 
the GAPDH protein was used as a control.

Statistical Analysis
Statistical Product and Service Solutions 16.0 

(SPSS Inc., Chicago, IL, USA) was used for the 
data processing in this study. Differences in the 
mean of samples were analyzed by the student’s 
t-test. x2-test was used to compare the categori-
cal variables. The overall survival was analyzed 
by log-rank test, and survival curves were plotted 
according to Kaplan-Meier. A Cox proportional 
hazards model was used for univariate and multi-

variate analysis. p < 0.05 was considered as stati-
stically significant.

Results

Expression of SNHG16 is Up-regulated in 
ESCC Tissues and Cell Lines

In order to explore the role of SNHG16 in ESCC, 
its expression levels in 128 ESCC tissues and ma-
tched adjacent normal tissues were detected by 
qRT-PCR. The results were shown in Figure 1A. 
SNHG16 levels were significantly higher in ESCC 
tissues than in normal tissue. Subsequently, four 
ESCC cell lines were used for the detection of 
SNHG16 levels and the result was normalized to 
HEEC. As shown in Figure 1B, we observed that 
SNHG16 expression levels were higher in all four 
ESCC cell lines than in HEEC. Given EC-1 and 
Eca-109 cell lines expressed higher SNHG16 le-
vels in four ESCC cell lines, we chose them for 
following in vitro experiments.

Association Between SNHG16 
Expression and Clinical Features

In order to explore whether dysregulation of 
SNHG16 was involved in the clinical progres-
sion of ESCC, 128 ESCC patients were classi-
fied into high SNHG16 expression group (n=65) 
and low SNHG16 expression group (n=63) ac-
cording to the median SNHG16expression le-
vel. Chi-square test was conducted to analyze 
the association between SNHG16 expression 
levels and clinicopathological characteristics. 
As shown in Table I, increased expression of 
SNHG16 was positively associated with tumor 
stage (p = 0.019), lymph nodes metastasis (p = 

Figure 1. SNHG16 expression was increased in ESCC and correlated with poor overall survival. (A) Expression of SNHG16 
in ESCC tissues and matched normal tissues tested by RT-qPCR assays. (B) SNHG16 expression in ESCC cells (TE-13, TE-
1, EC-1 and Eca-109) and human esophageal epithelial cells (HEEC). Error bars represent ± S.E. (C) Correlation between 
SNHG16 expression and survival in patients. **p < 0.01.
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0.007) and clinical stage (p = 0.026). However, 
no significant difference was observed between 
SNHG16 expression levels and other clinicopa-
thological characteristics. 

Correlation Between SNHG16 Expression 
and Prognosis of ESCC Patients

Then, we performed Kaplan-Meier survival 
analysis and log-rank Tests to evaluate the corre-
lation of SNHG16 expression with patients’ ove-
rall survival. As shown in Figure 1C, we found 
that ESCC patients with high SNHG16 expression 
level had poorer overall survival than those with 
low SNHG16 expression (p = 0.0017). Furthermo-
re, Cox regression analysis was used to evaluate 
the possibility of SNHG16 as an independent risk 
factor for poor outcome. In univariate analysis for 
ESCC, tumor stage (p = 0.015), lymph nodes me-
tastasis (p = 0.003), clinical stage (p = 0.021) and 
SNHG16 expression (p = 0.001) predicted poor 
prognosis (Table II). Moreover, in multivaria-
te analysis for ESCC, SNHG16 expression (HR: 
3.163, 95% CI 1.213-4.842, p = 0.008) was con-
formed to be an independent predictor for overall 
survival of patients with ESCC (Table II).

Down-regulation of SNHG16 Inhibited 
Proliferation and Invasion and Promotes 
Apoptosis of ESCC cells

To confirm the functional effects of SNHG16 
on ESCC cells, si-SNHG16 or si-con were con-
structed and transfected into EC-1 and Eca-109 
cells. qRT-PCR showed that si-SNHG16 effecti-
vely knocked-down SNHG16 expression in EC-1 
and Eca-109 cells compared to si-con group (Fi-
gure 2A). Then, CCK-8 assay showed that knock-
down of SNHG16 expression significantly sup-
pressed cell proliferation both in EC-1 and Eca-109 
cells compared with control cells (Figure 2B and 

2C). In addition, SNHG16 knockdown attenuated 
invasion in EC-1 and Eca-109 cells, as measured 
by transwell invasion assays (Figure 2D and 2E). 
On the other hand, Flow cytometry analysis sug-
gested that the apoptotic rate of EC-1 and Eca-
109 cells in si-SNHG16 transfection group was 
significantly increased, compared to the si‑con 
group (Figure 2F and 2G). Taken together, our 
loss‑function assay confirmed that suppression 
of SNHG16 suppressed proliferation and invasion 
and induced apoptosis of ESCC cells.

Silencing of SNHG16 Decreased 
Wnt/β-Catenin Signaling Pathways 
in ESCC cells

To further investigate the molecular mechani-
sm of SNHG16 in ESCC, our attention focused on 
the association between SNHG16 levels and the 
activation of the Wnt/β‑catenin signaling pathway. 
TOP/FOP luciferase reporter system of common 
WNT pathway activation was performed and the 
results showed that the activation of the Wnt/β‑cat-
enin signaling was inhibited when SNHG16 was 
down-regulated in EC-1 and Eca-109 (Figure 3A). 
Subsequently, Western blot was performed to detect 
the expression of several indicators of Wnt/β‑Caten-
in activity. As shown in Figure 3B, we found that 
c‑myc, β‑catenin and cyclin D1expression were si-
gnificantly markedly reduced when SNHG16 was 
knocked down. Thus, our findings revealed that 
SNHG16 may promote proliferation and invasion of 
ESCC cells through Wnt/β‑catenin pathway.

Discussion

ESCC is one of the most common upper ga-
strointestinal tract cancers worldwide. Despite 
improvements in diagnosis and therapy, the sur-

Table II. Summary of univariate and multivariate Cox regression analyses of overall survival duration.

 Univariate analysis Multivariate analysis

Parameter p HR 95% CI p HR 95% CI

Gender 0.566 0.843 0.527-1.789 - - -
Age 0.212 0.785 0.428-1.557 - - -
Tumor size 0.268 0.898 0.644-1.832 - - -
Smoking status 0.139 0.773 0.428-1.658 - - -
Depth of invasion 0.317 1.139 0.672-2.231 - - -
Histological grade 0.114 1.452 0.833-1.954 - - -
Tumor stage 0.015 2.678 1.442-4.236 0.023 2.137 1.139-3.228
Lymph nodes metastasis 0.003 3.556 1.649-5.883 0.008 2.742 1.273-4.737
Clinical stage 0.021 2.563 1.389-4.633 0.038 1.893 1.032-3.718
SNHG16 expression 0.001 4.328 1.572-6.332 0.008 3.163 1.213-4.842
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vival rate of ESCC still remains low20. Understan-
ding the mechanism of ESCC progression is es-
sential for improving disease diagnosis, treatment 
and prevention21. More and more findings reveal 
that lncRNAs can play a role through a variety 
of mechanisms in cancer to influence its deve-
lopment. However, the roles of many lncRNAs in 
ESCC tumorigenesis and prognosis remain lar-
gely unknown. 

In this study, we performed RT-PCR to deter-
mine the expression level of SNHG16 in ESCC 
tissues, matched normal tissues and cell lines. 
Our results were in line with previous study, 
which also showed that SNHG16 expression was 
significantly up‑regulated in both ESSC tissues 
and cell lines. Then, we firstly explore whether 
SNHG16 levels were associated with the clinico-
pathologic characteristics. The results by analy-

zing the clinical samples showed that increased 
expression of SNHG16 was positively associated 
with tumor stage, lymph nodes metastasis and cli-
nical stage, suggesting that SNHG16 was invol-
ved in the clinical progression and metastasis of 
ESCC. Furthermore, we proved that high levels 
of SNHG16 expression was associated with po-
orer overall survival by Kaplan-Meier analysis, 
indicating that high SNHG16 expression maybe a 
marker of poor prognosis for patients with ESCC. 
More importantly, subsequent further multivaria-
te analysis revealed that SNHG16 expression an 
independent risk factor for ESCC. Taken together, 
our clinical assay revealed that SNHG16 upregu-
lation contributed to the malignancy of ESCC and 
associated with a poor prognosis.

Recently, scholars have found that SNHG16 
functions as an oncogene in a series of cancers. 

Figure 2. Knockdown of SNHG16 suppressed proliferation and invasion and promotes apoptosis of EC-1 and Eca-109 cells. 
EC-1 and Eca-109 cells were transfected with si-SNHG16 or si-con. (A) SNHG16 siRNA knockdown efficiency in EC‑1 and 
Eca-109 measured by qRT-PCR. (B-C) The results of CCK-8 cell proliferation assay were showed in EC-1 and Eca-109 cells 
after transfection. (D-E) Transwell invasion assay were performed to detect the invasive ability of EC-1 and Eca-109 cells 
after transfection. (F-G) Flow cytometry analysis was conducted to determine the apoptotic rate of EC-1 and Eca-109 cells 24 
h after transfection. **p < 0.01.
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For instance, Cao et al22 found that SNHG16 was 
significantly highly expressed in bladder cancer 
and may contribute to bladder cancer initiation 
through epigenetically silencing p21, and may be 
a novel prognostic marker. Cai et al23 found that 
the expression of SNHG16 in breast cancer was 
significantly higher and its knockdown suppres-
sed breast cancer cell migration by competitively 
binding miR-98 with E2F5. Lu et al24 showed that 
up-regulation of SNHG16 was observed in glio-
ma patients and associated with poorer clinico-
pathologic features and shorter survival time. In 
their loss-function experiment, it was observed 
that SNHG16 silencing could suppressed inhibi-
ted glioma cells proliferation by modulating miR-
4518. All those findings indicated SNHG16 as a 
tumor promoter in various tumors. In this study, 
we also found SNHG16 expression was up-re-
gulated in ESCC. Then, we used si-SNHG16 to 
down-regulate the levels of SNHG16 in ESCC 
cells and performed in vitro assay. Similarly, we 
also found that knockdown of SNHG16 suppres-
sed ESCC proliferation and invasion and induces 
apoptosis of ESCC. These results were in line with 
previous by Zhang et al19. In addition, to further 

identify the role of SNHG16 in ESCC cells, they 
performed in vivo assay and the findings was si-
milar. Overall, our results together with previous 
findings indicated that SNHG16 promoted ESCC 
cells proliferation, migration and invasion.

The Wnt/β‑catenin signaling pathway, a well‑k-
nown pathway associated with tumorigenesis and 
progression of cancers, plays a pivotal role in the 
regulation of cell growth, cell development and 
the differentiation of normal stem cells25-27. Re-
cently, many studies reported that several lncR-
NAs were involved in the regulation of several tu-
mor growth and metastasis. For instance, lncRNA 
UCA1 was found to oral squamous cell carcinoma 
cells proliferation and metastasis by regulating 
the WNT/β‑catenin signaling pathway28. LncR-
NA CASC11 was reported to promote growth and 
metastasis in colorectal cancer via activating the 
WNT/β‑catenin pathway29. In order to explore the 
potential mechanism by which SNHG16 promo-
ted ESCC proliferation and invasion and induced 
apoptosis of ESCC cells, our attention focused on 
the association between SNHG16 and Wnt/β‑cat-
enin signaling pathway. In this study, we found 
that knockdown of SNHG16 suppressed the Wn-

Figure 3. Knockdown of SNHG16 suppressed WNT/β‑catenin pathway in ESCC. (A) Luciferase reporter assay using TOP 
flash vectors was carried out to detect β‑catenin transcription factor/lymphoid enhancer binding factor (TCF/LEF) promoter 
activity in EC‑1 and Eca‑109 cells. (B) Western blot analysis showed changes in the Wnt/β‑catenin signaling pathway compo-
nents in EC-1 and Eca-109 cells. **p < 0.01.
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t/β‑catenin pathway, suggesting that SNHG16/
Wnt/β‑catenin pathway maybe potential thera-
peutic target for ESCC.

Conclusions

We demonstrated that SNHG16 was highly 
expressed in ESCC tissues and cell lines, and its 
overexpression was predictive of a worse pro-
gnosis in patients with ESCC. Moreover, ove-
rexpression of SNHG16 could promote ESCC 
proliferation and invasion by modulating the 
Wnt/β‑catenin signaling pathway. Our findings 
enlarge our knowledge in the molecular mechani-
sms of ESCC tumorigenesis.
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