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Abstract
Purpose  Esophageal squamous cell cancer (ESCC) has high rates of recurrence and mortality. Small nucleolar RNA host 
gene 12 (SNHG12) is known to promote the progression of several cancers. Therefore, we aimed to investigate the expres-
sion and role of SNHG12 in ESCC.
Methods  The expression and clinical value of SNHG12 in esophageal cancer were explored using data from The Cancer 
Genome Atlas (TCGA) and the online server GEPIA. Real-time quantitative polymerase chain reaction (qRT-PCR) was 
used to verify the expression levels of SNHG12 in ESCC tissues and cell lines. Furthermore, loss-of-function assays were 
performed to examine the effect of SNHG12 on ESCC cells in vitro and in vivo. The potential competing endogenous RNA 
networks of SNHG12 in ESCC were explored.
Results  SNHG12 was downregulated in human ESCA tissues compared to control tissues. The expression of SNHG12 
was strongly associated with T stage, N stage, and TNM stage. Low SNHG12 expression in esophageal tumor tissues was 
significantly correlated with poor prognosis. Furthermore, knockdown of SNHG12 not only promoted proliferation, colony 
formation, migration, and invasion and inhibited apoptosis in ESCC cells in vitro, but also increased tumor growth in vivo. 
Additionally, this proves that the SNHG12/miRNA-195-5p/BCL9 network might be involved in ESCC.
Conclusion  This is the first study to reveal that SNHG12 is downregulated in ESCC tissues and could be used as a prognostic 
tool. SNHG12 suppressed tumor progression in ESCC cells, serving as a potential biomarker. The SNHG12/miRNA-195-5p/
BCL9 network is proposed to be the mechanism leading to ESCC progression.
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lncRNAs	� Long non-coding RNAs
SNHG12	� Small nucleolar RNA host gene 12
ESCA	� Esophageal cancer

ESCC	� Esophageal squamous cell cancer
TCGA​	� The Cancer Genome Atlas
GEPIA	� Gene Expression Profiling Interactive 

Analysis
qRT-PCR	� Real-time quantitative polymerase chain 

reaction
CCK-8	� Cell counting kit-8
OS	� Overall survival
ceRNA	� Competing endogenous RNA

Introduction

Esophageal cancer (ESCA) is the seventh most common type 
of cancer and the sixth most common cause of cancer-related 
deaths worldwide [1]. Esophageal squamous cell carcinoma 
(ESCC) is the main subtype of ESCA in eastern countries, 
including China [2]. Although the therapeutic efficacy of 
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early treatment against ESCC has been improving [3], the 
5-year overall survival (OS) is still approximately 20–30% 
[4]. It is, therefore, crucial explore the molecular mecha-
nisms underlying this disease and to seek novel therapeutic 
approaches for ESCC.

Long non-coding RNAs (lncRNAs) are a class of non-
coding RNAs, which have a length of over 200 nucleotides 
and which are transcribed by RNA polymerase II [5]. They 
are located in the nucleus or in the cytoplasm and lack 
protein-coding function [6–8]. Although it was originally 
believed that lncRNAs were only transcriptional noise, a 
large number of studies have confirmed that lncRNAs are 
involved in tumor invasion, metastasis, autophagy, differ-
entiation, and other biological processes and that they play 
an important role in the development and progression of 
certain diseases in humans, especially cancer [9, 10]. For 
example, the lncRNA HOX Transcript Antisense RNA 
(HOTAIR) is upregulated in hepatocellular carcinoma cells; 
knockdown of HOTAIR inhibits cancer cell migration and 
invasion [11]. Furthermore, the expression of the lncRNA 
metastasis-associated lung adenocarcinoma transcript 1 
(MALAT1) was found to be upregulated in several types of 
cancer cells. Moreover, MALAT1 may control cell prolifera-
tion and inhibit the proliferation of cancer cells by regulating 
the expression of the transcription factor B-Myb [12]. In 
addition, the lncRNA XLOC_010588 is downregulated in 
cervical cancer and modulates cell proliferation by regulat-
ing the expression of c-Myc [13].

LncRNA small nucleolar RNA host gene 12 (SNHG12) 
is located on chromosome 1, in the 1p35.3 region, and has 
a length of 963 bp. SNHG12 was first reported to be sig-
nificantly upregulated in endometrial cancer in human [14]. 
Similarly, in osteosarcoma [15, 16], cervical cancer [17, 18], 
glioma [19], and colon cancer [20] in humans, the overex-
pression of SNHG12 suggests that it acts as an oncogene, 
promoting the development of tumors. However, the expres-
sion levels and biological effects of SNHG12 in ESCC have 
not yet been reported. Therefore, in this study, we aimed to 
analyze the expression and role of SNHG12 in ESCC.

Materials and methods

Gene Expression Profiling Interactive Analysis 
(GEPIA)

GEPIA is an innovative new interactive web server devel-
oped to analyze RNA sequencing data from 9,736 tumors 
and 8,587 healthy samples. GEPIA provides customizable 
functions such as tumor/normal differential expression anal-
ysis, profiling according to cancer type or pathological stage, 
patient survival analysis, genetic similarity detection, cor-
relation analysis, and dimensionality reduction analysis [21]. 

We used this open-access website to explore the expression 
and prognostic effect of SNHG12 in ESCA.

ESCC tissue samples

Samples of cancerous tissues and healthy cells adjacent to 
these were resected from 85 patients with ESCC at Fujian 
Medical University Union Hospital between July 2014 and 
December 2015. The status of all samples was confirmed by 
pathological diagnosis. The patients did not receive chemo-
therapy, radiotherapy, immunotherapy, or other treatments 
for ESCC before the operation. Ethical approval for this 
study and patient consent were obtained.

Cell culture and transfection

ESCC cell lines (KYSE140, KYSE510, Eca9706, and 
Ec109) and one normal esophageal cell line (Het-1A) were 
purchased from the Institute of Biochemistry and Cell Biol-
ogy, Chinese Academy of Sciences. Cells were cultured in 
1640 medium (GIBCO-BRL) supplemented with 10% fetal 
bovine serum (FBS), 100 U/mL penicillin and 100 mg/mL 
streptomycin (Invitrogen, Carlsbad, CA, USA), and were 
maintained in 5% CO2, at 37 °C. All cell lines tested nega-
tive for the presence of mycoplasma.

Small interfering RNA sequences against SNHG12 (si-
SNHG12) and nonspecific negative control sequences (si-
NC) were obtained from Sangon Biotech (Shanghai, China). 
The sense and antisense strands of the siRNAs are shown 
in Table S1. Cells were cultured and transfected with si-
SNHG12 or si-NC using Lipofectamine 3000 (Invitrogen), 
following the manufacturer’s instructions.

Quantitative reverse transcription‑polymerase 
chain reaction (qRT‑PCR)

Total RNA was extracted using the TRIzol reagent (Invit-
rogen), according to the manufacturer’s instructions. cDNA 
was synthesized from 1000 µg of total RNA, using the 
Prime-Script™ One Step RT-PCR Kit (TaKaRa, Dalian, 
China). SNHG12 levels were determined using the SYBR 
Premix Ex Taq II Kit (TaKaRa) and the Applied Biosystems 
7500 Real-Time PCR system (Applied Biosystems, Foster 
City, CA, USA). The relative expression level of the target 
gene was presented as 2−∆∆Ct, using the relative quantifica-
tion method. The expression levels of SNHG12 were normal-
ized to GAPDH.

The following primer sequences were used for SNHG12 
and GAPDH:

SNHG12 (forward): 5′-TCT​GGT​GAT​CGA​GGA​CTT​
CC-3′;

SNHG12 (reverse): 5′-ACC​TCC​TCA​GTA​TCA​CAC​
ACT-3′;
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GAPDH (forward): 5′-ACA​CCC​ACT​CCT​CCA​CCT​
TT-3′;

GAPDH (reverse): 5′-TTA​CTC​CTT​GGA​GGC​CAT​
GT- 3′.

The above sequences were synthesized by Sangon Bio-
tech (Shanghai, China).

Cell Counting Kit‑8 (CCK‑8) assay

SNHG12-silenced cells and control cells were inoculated 
onto a 96-well plate (3 × 103 cells/well), and 100 µL culture 
medium was added to each well. After 0 h, 24 h, 48 h and 
72 h in culture, 10 µL CCK-8 solution was added to each 
well. After 2 h of culturing, the absorbance of each well was 
measured at the wavelength of 450 nm using the microplate 
reader.

Colony formation assay

For the colony formation assay, cells were trypsinized into 
single-cell suspensions. Then, 5 × 102 cells were plated into 
each plate and maintained in complete culture medium. The 
culture medium was refreshed every 3 days. After 2 weeks, 
colonies were fixed with formaldehyde and stained with 
0.1% crystal violet respectively, for 20 min. Finally, visible 
colonies were photographed and manually counted. Each 
experiment was conducted in triplicate.

Apoptosis via flow cytometry

After transfection for 48 h, cells from the two groups were 
collected and placed in the dark for 15 min. The apoptotic 
rate of each group was detected using flow cytometry after 
double staining with Annexin V and propidium iodide.

Transwell assay

Cell migration or invasion assay was carried out respec-
tively, using a 24-well transwell chamber (Corning, Ken-
nebunk, ME, USA), coated with or without Matrigel 
(BD Biosciences, Bedford, MA, USA). The interference 
sequences and control sequences were transiently trans-
fected into ESCC cells. After 48 h, a single-cell suspen-
sion was prepared and the density was adjusted to 1 × 105 
cells/mL. Then, 200 µL of the cell suspension was added 
into the upper chamber of the transwell plate, and 600 µL 
of 1640 medium containing 20% FBS was added into the 
lower chamber. The cells were then incubated for 36 h under 
conventional conditions. We performed three technical repli-
cates for each group, after which cells were fixed in formal-
dehyde and stained with 0.1% crystal violet.

Xenograft studies

The study was approved by Medical Laboratory Animal 
Welfare and Ethics Committee of Fujian Medical Univer-
sity. Five- to six-week-old male BALB/c nude mice were 
used, with each experimental group consisting of five mice. 
2 × 106 cells were suspended with 200 μl PBS, and injected 
subcutaneously into the right armpit of each mouse. The 
volume and weight of the tumors were measured every 3 
days with calipers and an electronic scale. The volume of the 
tumors was calculated using the formula: length × width2/2. 
The mice were euthanized 3 weeks after injection, and 
the tumors were harvested. The methods were performed 
according to the National Guidelines for the Care and Main-
tenance of Laboratory Animals.

RNA interactome analysis

starBase v3.0 is an open-source platform for studying 
miRNA-ncRNA, miRNA-mRNA, ncRNA-RNA, RNA-
RNA, RBP-ncRNA, and RBP-mRNA interactions from 
CLIP-seq, degradome-seq, and RNA-RNA interactome data 
[22]. Using this database, we explored the potential compet-
ing endogenous RNAs (ceRNA) of SNHG12 in ESCC. We 
first investigated candidate targeted mRNAs of SNHG12. We 
then identified candidate miRNAs of SNHG12 and targeted 
mRNA. The interactions between the mRNAs and miR-
NAs were then detected. Finally, the exact binding sites of 
SHNG12, miRNAs, and mRNAs were analyzed.

Statistical analysis

All experiments were performed in triplicate and were ana-
lyzed using SPSS version 23.0 (IBM Corporation, Armonk, 
NY, USA). Data were expressed as mean ± standard devia-
tion, and the Student’s t test was used to assess statistical 
significance. Clinicopathological factors were compared 
between the groups using either the Pearson’s chi-square 
test or the Fisher’s exact test. The Kaplan–Meier method and 
log-rank tests were conducted for survival curve analysis and 
statistical differences, using GraphPad Prism 7.0 (GraphPad 
Software Inc., San Diego, CA, USA). Two-tailed p values 
of < 0.05 were considered to indicate statistical significance.

Results

Downregulated expression of SNHG12 in ESCA 
is correlated with poor prognosis in data 
from the TCGA database

The expression of SNHG12 in ESCA in TCGA was explored 
through GEPIA. SNHG12 expression was significantly 
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downregulated in ESCA tissues compared with healthy tis-
sues (Fig. 1a). Moreover, low expression of SNHG12 was 
significantly associated with the poor OS of patients with 
ESCA (hazards rate = 0.6, p = 0.045, Fig. 1b).

Downregulated expression of SNHG12 in ESCC 
from our data

To verify the previous results, tissue samples from 85 cases 
of ESCC and adjacent healthy tissues were collected. The 
relative expression level of SNHG12 in ESCC tissues was 
detected via qRT-PCR. The results showed that SNHG12 
expression was downregulated in 85 cases of ESCC tissues 
compared to adjacent healthy tissues (Fig. 1c). Besides, low 
expression of SNHG12 was found in 60.0% specimens from 
ESCC patients (51 of 85 patients). The correlations between 
SNHG12 expression and clinicopathological features are 
shown in Table 1. SNHG12 expression was strongly associ-
ated with T stage (p = 0.024), N stage (p = 0.033), and TNM 
stage (p = 0.016). Furthermore, the 3-year OS rate of patients 
with low SNGH12 expression was significantly lower than 

that of patients with high SNHG12 expression (p = 0.0467, 
Fig. 1d).

SNHG12 knockdown SNHG12 in Ec109 cells

We selected four different ESCC cell lines (KYSE140, 
KYSE510, Eca9706, and Ec109) and one normal esophageal 
cell line (Het-1A) and analyzed the relative expression levels 
of SNHG12 in these cells by qRT-PCR. The results showed 
that the relative expression levels of SNHG12 were lower in 
the four ESCC cell lines (Fig. 2a). Ec109 cells were used for 
follow-up experiments. The SNHG12 interference sequences 
were designed and synthesized, and transiently transfected 
into Ec109 cells. After 48 h, the transfection efficiency was 
analyzed via qRT-PCR (Fig. 2b).

Knockdown of SNHG12 promotes cell proliferation 
and colony formation

The CCK-8 assay was used to detect the effect of SNHG12 on 
the proliferation capacity of ESCC cells. The results showed 

Fig. 1   SNHG12 expression 
was significantly decreased in 
esophageal cancer tissues and 
low expression levels were 
correlated with poor prognosis. 
a Downregulation of SNHG12 
in ESCA tissues (n = 182) 
compared with normal tissues 
(n = 286) from the TCGA data-
base (*= p < 0.05). b Kaplan–
Meier curve of the overall 
survival rate of patients with 
ESCA from the TCGA database 
shows that the prognosis of 
patients with low SNHG12 lev-
els (n = 73) is poorer than that 
of patients with high SNHG12 
levels (n = 73, p = 0.045). c 
Downregulation of SNHG12 in 
ESCC tissues (n = 85) compared 
with normal tissues (n = 85, 
*= p < 0.05). d Kaplan–Meier 
curve of the overall survival rate 
of patients with ESCC with low 
SNHG12 levels (n = 51) was 
poorer than that of those with 
high SNHG12 levels (n = 34) in 
this study (p = 0.0467)
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that the cell proliferation capacity in the experimental group 
was significantly increased compared to that of the control 
group (Fig. 2c). Further, the colony formation assay was per-
formed to study the effect of SNHG12 on the proliferation 
capacity of ESCC cells. The number of colony foci in experi-
mental group was significantly more than that of the control 
group (Fig. 2d, e).

Knockdown of SNHG12 inhibits cell apoptosis

Furthermore, we examined the effect of SNHG12 on apoptosis 
in ESCC cells using flow cytometry. Cells were collected after 
being transfected for 48 h. Flow cytometry showed that the 
apoptotic rate of Ec109 cells in the experimental group was 
decreased compared to that of the control group (Fig. 2f, g).

Knockdown of SNHG12 promotes cell migration 
and invasion

A transwell assay was used to detect the changes in the 
migration and invasion capacity of ESCC cells after 
SNHG12 silencing. After being transfected for 48 h, cells 
passing through the chamber were stained with crystal vio-
let. Our results show that both the cell migration capacity 
(Fig. 3a, b) and the cell invasion capacity (Fig. 3c, d) in the 
experimental group were markedly increased compared with 
that in the control group.

Knockdown SNHG12 significantly boosts cellular 
growth in vivo

To investigate the effects of SNGH12 expression on ESCC 
cell growth in vivo, the Ec109 cell line was chosen to assess 
tumorigenicity. Cell lines of SNHG12-shRNA and SNHG12-
shNC were thus xenografted into nude mice. Tumors har-
vested from nude mice with knockdown of SNHG12 were 
much larger than those in the control group. This suggested 
that the tumors grew at a much faster rate in the mice with 
SNHG12 knockdown (Fig. 4, all P < 0.001).

Identifying potential ceRNA networks involving 
SNHG12/miRNA‑195‑5p/BCL9 in ESCC

First, we identified 15 potential mRNAs of SNHG12 
(Fig. 5a). BCL9 [23], a part of the Wnt pathway, was cho-
sen as the target mRNA. Second, we searched for candidate 
miRNAs of SNHG12 and BCL9 (Table S2) and found 43 
interactions of miRNAs (Fig. 5b). miRNA-195-5p, which 
had been identified in a previous study, was set as the target 
miRNA in ESCC. Third, we carefully explored the binding 
site between SNHG12 and miRNA-195-5p and the binding 
site between miRNA-195-5p and BCL9 (Fig. 5c).

Discussion

Accumulating evidence has suggested that multiple onco-
genes and tumor suppressor genes, including lncRNAs, a 
subgroup of non-coding RNAs that are over 200 nucleo-
tides in length, participate in the molecular pathogenesis 
of tumors [24]. SNHG12 is a novel lncRNA found to be 
upregulated and to function as an oncogene in several can-
cers. For instance, SNHG12 is significantly upregulated in 
endometrial cancer. Knockdown of SNHG12 suppresses pro-
liferation and increases cell apoptosis and G1 phase arrest 
in endometrial cancer cells [14]. SNHG12 has also been 
reported to be upregulated in triple-negative breast cancer 
tissues compared to normal tissues. Enforced expression of 

Table 1   Association between SNHG12 and clinicopathogical features 
in 85 ESCC patients

* indicates statistical significance (p < 0.05 )

Variables No. of 
patients

SNHG12 expression P value

Low (n = 51) High (n = 34)

Age
  ≤ 60 26 15 11 0.773
  > 60 59 36 23

Gender
 Female 47 33 14 0.117
 Male 38 18 20

Tumor size
 ≤ 4 cm 58 33 25 0.392
 > 4 cm 27 18 9

Tumor location
 Upper/mid-

dle
58 32 26 0.183

 Lower 27 19 8
Tumor grading
 G1 28 16 12 0.706
 G2/3 57 35 22

T stage
 T1 28 12 16 0.024*
 T2/3 57 39 18

N stage
 N- 47 33 14 0.033*
 N +  38 18 20

TNM stage
 ≤ II 49 24 25 0.016*
 > II 36 27 9
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SNHG12 enhanced proliferation and migration, and reduced 
apoptosis of triple-negative breast cancer cells [25]. Simi-
larly, SNHG12 knockdown inhibits cell growth and induces 
cell apoptosis by upregulating miR-138 in non-small cell 
lung cancer [26]. However, the expression and the effect of 
SNHG12 in esophageal cancer has not yet been reported, 
which is why we found this important to investigate.

In this study, we first examined the expression of SNHG12 
in TCGA data, and our results showed that SNHG12 is 

underexpressed in ESCA tissues. Moreover, low expression 
of SNHG12 is a poor prognostic factor. These results were 
inconsistent with previous studies, suggesting that SNHG12 
might play a different role in esophageal cancer than in other 
cancers. We then performed further experiments on our own 
set of samples. These also showed that SNHG12 is downreg-
ulated in ESCC tissues compared to adjacent healthy tissue. 
Moreover, expression of SNHG12 was strongly associated 

Fig. 2   Knockdown of SNHG12 promotes ESCC cell proliferation and 
inhibits ESCC cell apoptosis. a mRNA expression levels of SNHG12 
in KYSE140, KYSE510, Eca9706, Ec109, and Het-1A cells. b qRT-
PCR was used to analyze the expression of SNHG12 in Ec109 cells 
transfected with SNHG12 siRNA and scramble negative control (NC) 
siRNA. c CCK-8 assay was used to detect the proliferation rates. d, 
e A colony formation assay was used to detect the colony formation 
efficiency. Images of the colony formation of each group have been 
presented. The average colony formation number among different 
experimental groups are shown. f, g Cell death was monitored by 

flow cytometry after staining with Annexin V-fluorescein isothio-
cyanate and propidium iodide (FITC/PI). Quadrant statistics: early 
apoptosis cells on the lower right side (LR), late apoptosis on the 
upper right side (UR), and viable cells and necrotic cells separately 
on the lower left (LL) and upper left side (UL). Flow cytometry anal-
ysis of Ec109 cells in the different experimental groups is shown. The 
percentage of total apoptotic cells in each group has been presented. 
Experiments were performed in triplicate and data were expressed as 
mean ± SD (**= p < 0.01, ***= p < 0.001, ****= p < 0.0001)



Clinical and Translational Oncology	

1 3

Fig.3   Knockdown of SNHG12 promotes ESCC cell migration and 
invasion. a A transwell assay was used to detect cell migration (× 20 
magnification). Images of the migration ability of each group are 
presented. b The average migration cell number per field among dif-
ferent experimental groups. c A transwell assay was used to detect 

cell invasion (× 20 magnification). Images of the invasion ability of 
each group are presented. d The average invasion cell number per 
field among different experimental groups. Data were expressed 
as mean ± SD from three independent experiments (**= p < 0.01, 
***= p < 0.001, ****= p < 0.0001)

Fig.4   Knockdown of SHNG12 significantly boosted cellular growth 
in vivo. a Representative images of the nude mice and bearing subcu-
taneous tumors. b The tumor volume curves were summarized at the 

indicated number of days after mice were injected with tumor cells. c 
The tumor weight was measured for each group. Data were collected 
from experiments and expressed as mean ± SD (***= p < 0.001)
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with T stage, N stage, and TNM stage. Here as well, low 
SNHG12 expression was associated with poor prognosis.

To verify these clinical findings, we designed and per-
formed several in vitro and in vivo experiments. The expres-
sion of SNHG12 was lower in four ESCC cell lines compared 
to normal esophageal cells. Knocking down SNHG12 in 
ESCC cells promoted proliferation and inhibited apoptosis, 
suggesting SNHG12 is correlated with T stage. Moreover, 
SNHG12 knockdown promoted migration, suggesting that 
SNHG12 is associated with N stage. Taken together, these 
indicate that SNHG12 acts as a tumor suppressor in ESCA.

Based on these results, we believe that SNHG12 could 
serve as a prognostic biomarker that is able to monitor the 
post-operative recurrence or metastasis of ESCA. How-
ever, this needs to be confirmed by additional data from the 
peripheral blood of patients with ESCA in future studies.

The limitation of this study is that the underlying 
molecular mechanisms of SNHG12 in ESCC are unclear. 

Previous studies have revealed that aberrant overexpres-
sion of SNHG12 in several cancers occurs through distinct 
mechanisms. For example, SNHG12 promotes tumorigen-
esis and metastasis by targeting miR-199a/b-5p in hepa-
tocellular carcinoma [27]. Furthermore, c-Myc-mediated 
upregulation of long non-coding RNA SNHG12 regulates 
proliferation and drug sensitivity in natural killer/T-cell 
lymphoma [28]. In addition, SNHG12 promotes tumor 
progression in papillary thyroid carcinoma [5] and pros-
tate cancer [29] by regulating the Wnt/β-catenin signaling 
pathway. Hence, we suggest that the potential mechanism 
of SNHG12 in ESCC might involve competitive endog-
enous RNA networks and the Wnt/β-catenin pathway. 
This, together with our informatics analysis, suggest 
that SNHG12/miRNA-195-5p/BCL9 may be a candidate 
pathway in ESCC, which will need to be validated in the 
future.

Fig.5   The potential ceRNA networks involving SNHG12/miRNA-
195-5p/BCL9 in ESCC. a The potential 15 mRNAs of SNHG12. b 
The interaction of candidate miRNAs of SNHG12 and BCL9. c The 

binding site between SNHG12 and miRNA-195-5p, and the binding 
site between miRNA-195-5p and BCL9
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In conclusion, this is the first study to reveal that 
SNHG12 is downregulated in ESCC tissues. SNHG12 was 
significantly associated with excellent prognosis. SNHG12 
suppressed tumor progression in ESCC cells and can serve 
as a prognostic biomarker. The SNHG12/miRNA-195-5p/
BCL9 network as potentially the mechanism involved in 
ESCC progression.
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