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Abstract: Aim: To investigate the expression of lncRNA SNHG6 in esophageal squamous cell carcinoma (ESCC), the 
biological function of SNHG6 in ESCCs, and evaluate its diagnostic value in ESCC. Methods: SNHG6 expression in 
tissues and cells was detected by quantitative real-time polymerase chain reaction (qRT-PCR). The effect of SNHG6 
on the cell proliferation, migration and invasion was detected by CCK-8 assay and transwell assay, respectively. 
Results: SNHG6 expression was upregulated in ESCC tissues and ESCCs. Upregulated SNHG6 expression was corre-
lated with prognosis, lymph node metastasis, distant metastasis and TNM stage of ESCC patients. SNHG6 promoted 
the abilities of cell proliferation, migration and invasion in ESCCs, knockdown of SNHG6 reversed these effects. 
SNHG6 might serve as an independently diagnostic biomarker for lymph node metastasis, distant metastasis and 
TNM stage. Conclusion: SNHG6 may exert oncogenic function in ESCC and may be a potential diagnostic marker 
for this cancer.
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Introduction

Esophageal cancer (EC) is one of the most com-
mon aggressive malignancies and which is the 
eighth most common cancer and sixth leading 
cause of mortality in the world [1, 2]. EC mainly 
consists of squamous cell carcinoma and ade-
nocarcinoma according to histopathological 
types. China is the highest-risk areas, and more 
than 90% of esophageal cancer are esopha-
geal squamous cell carcinoma (ESCC) [3, 4]. 
Despite continuous advances in diagnostic 
techniques and therapeutic modalities, the 
prognosis of ESCC is still unsatisfactory [5]. 
Recently, targeted cancer therapy such as 
trastuzumab and ramucirumab bring a new 
hope to patients with esophageal cancer, how-
ever, which is only applicable to a small number 
of patients. Thus, the discovery of new molecu-
lar disease markers is still urgently needed, 
which will contribute to the diagnosis and prog-
nosis of complex ESCC.

Whole genome sequencing found that only 2% 
of the genome encoded proteins, remaining 

genome is transcribed into non-coding RNAs 
(ncRNAs). Long non-coding RNAs (lncRNAs) are 
a class RNA with more than 200 nucleotides 
and which is more than 76% of ncRNAs [6, 7]. 
Increasing evidence indicates that lncRNAs 
play a crucial role in various cellular process- 
es, such as development, differentiation and 
metabolism, and these effects may occur in 
various link such as epigenetic regulation, tran-
scription and post-transcriptional regulation 
[8-11]. Recently, lncRNAs have been demon-
strated to associated with the tumorigenesis 
and Progression in various tumors and to func-
tion as oncogenes or tumor suppressors in mul-
tiple signaling pathways [12, 13]. Increasing 
evidence has shown that some lncRNAs are 
high expression in esophageal cancer and func-
tion as oncogenes, such as lncRNA POU3F3, 
HOTAIR, MALAT1 [14-17]. LncRNA POU3F3 pro-
motes the methylation level of POU3F3 gene 
via interaction with histone methylase EZH2 
mRNA, which leads to abnormal expression of 
the POU3F3 and promotes the occurrence and 
development of ESCC [14]. LncRNA HOTAIR 
inhibits the expression of WIF-1 in ESCC by 
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binding to PRC2 complexes and then activates 
the histone of H3K27 promoter region and 
Wnt/β-catenin pathways [15]. In addition, some 
lncRNAs are down-regulated and function as 
tumor suppressors in esophageal cancer, such 
as lncRNA 91H [18]. LncRNA 91H expression 
may be related to H19 ICR methylation regula-
tion, and up-regulation of 91H and inhibition of 
IGF2 expression may inhibit the disease pro-
gression of ESCC.

Recent researches found that some snoRNAs 
exhibit an important biological role in various 
human cancers. SnoRNA host gene 6 (SNHG6) 
was up-regulated and identified as an onco-
gene in colorectal cancer, stomach cancer, 
hepatocellular carcinoma, osteosarcoma, et al. 
[19-22]. However, studies of SNHG6 in ESCC 
are still scarce. In this study, we investigated 
the expression of SNHG6 and its functional role 
in ESCC and ESCCs, and observed the effect of 
knockdown of SNHG6 on the cells proliferation, 
migration and invasion in ESCCs. In addition, 
we evaluated the diagnostic value of lncRNA 
SNHG6 for clinicopathologic characteristics of 
ESCC patients.

Materials and methods

Patients and tissue samples

Seventy-five human ESCC tissues and their cor-
responding noncancerous esophageal tissues 
were collected from Zhengzhou central hospi-
tal affiliated Zhengzhou university between 
October 2012 and February 2013. All tissue 
samples were stored in liquid nitrogen immedi-
ately after surgical resection and were trans-
ferred to -80°C freezer before use. The diagno-
sis of ESCC for all patients was confirmed by 
three professional pathologists. Written in- 
formed consent was obtained from all patients. 
This study was approved by the ethics commit-
tee of Zhengzhou central hospital affiliated 
Zhengzhou University. Survival time was calcu-
lated from the date of diagnosis to death, the 
last follow-up time was June 31, 2018.

Cell culture and transfection

The human ESCC cell lines (ESCCs) EC9706, 
EC109, EC1 and an immortalized normal 
esophagus epithelial cell line HET-1A were 
obtained from the Cell Bank of the Chinese 
Academy of Sciences (Shanghai, China). All 
cells were cultured in RPMI 1640 medium 

(GIBCO, HyClone, USA) containing 10% fetal 
bovine serum and 5% CO2 at 37°C. To ensure 
the efficiency of knockdown, three different siR-
NAs were designed, two of which were consid-
ered appropriate for SNHG6 knockdown, the 
knockdown efficiency above of 70%, si-
SNHG6-1 (sense: 5’-GCAGUUUACUGAGUCAUU- 
ACU-3’), si-SNHG6-2 (sense: 5’-UCGAAUAUG- 
UUCAAAACAGGU-3’), si-NC (sense: 5’-UUCUC- 
CGAACGUGUCACGUTT-3’) (Genechem, China). 
Si-SNHG6 or si-NC was transfected into EC- 
109 and EC1 cells with Lipofectamine 2000 
(Invitrogen, USA).

Cell proliferation, migration and invasion as-
says

Cell proliferation were measured by Cell Co- 
unting Kit-8 (CCK-8) (Beyotime, Jiangsu, China). 
In total, 5 × 103 cells were seeded into 96- 
well plates in 100 μL of medium, followed by 
incubation with 10 μL of CCK-8 per well at 24, 
48, 72 and 96 hours for 1 hour. For transwell 
migration assays, the cells were seeded in the 
upper chamber with the non-coated mem-
brane. For invasion assays, pre-coated with 
matrigel solution and polymerized in tran- 
swell inserts. The top chamber with FBS- 
free medium and the lower chamber filled with 
10% FBS. Cells were incubated for 48 h at  
37°C and the cells that had migrated or invad-
ed the lower surface of the membrane  
were fixed in paraformaldehyde and stained 
with 0.1% crystal violet (Sigma), and the cells 
were counted from five independent visual 
fields.

qRT-PCR

Total RNA from tissues specimens and cells 
were extracted by Trizol reagent (Thermo 
Scientific, USA) and which were treated with 
DNase I to eliminate the genomic DNA con- 
tamination. Total RNA reverse-transcribed into 
cDNA by PrimeScriptTM RT reagent Kit (Takara 
Bio Inc, Japan). Real-time PCR analysis at 
Roche 480 II real-time PCR detection system 
with 20 μL reaction mixtures. The PCR reac-
tions at 95°C for 5 minutes, followed by 40 
cycles of 95°C for 15 s, 60°C for 34 s and 72°C 
for 30 s. The relative expression levels were 
calculated by the 2-ΔΔCt method, with all experi-
ments repeated three times. The gene GAPDH 
was amplified as an endogenous control. The 
primers were as follows: SNHG6 forward prim-
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er: 5’-ATACTTCTGCTTCGTTACCT-3’, reverse pri- 
mer: 5’-CTCATTTTCATCATTTGCT-3’; GAPDH for-

ward primer: 5’-GGGAGCCAAAAGGGTCAT-3’, re- 
verse primer: 5’-GAGTCCTTCCACGATACCAA-3’.

Statistical analysis

SPSS 19.0 software (IBM, Chicago, IL, USA) and 
GraphPad Prism (GraphPad Software 5.0, La 
Jolla, CA) was used to perform statistical analy-
sis. Values were represented as mean ± stan-
dard difference (SD). Student’s t-test or one-
way ANOVA were used for comparisons between 
groups and correlation analysis was performed 
by chi-square (χ2) test. P < 0.05 was considered 
as statistically significant.

Results

SNHG6 is upregulated in ESCC and is associ-
ated with ESCC progression

To investigate SNHG6 expression in 75 pairs 
ESCC tissues, qRT-PCR analysis was per-
formed. Compared to the corresponding non-
cancerous tissues, SNHG6 expression was sig-
nificantly upregulated in ESCC tissues (Figure 
1A, P < 0.01). Then, the expression of SNHG6 
in ESCCs and HET-1A was detected, the result 
demonstrated that SNHG6 expression was 
higher in the ESCCs compared to immortalized 
normal esophagus epithelial cell line HET-1A 
(Figure 1C). Meanwhile, we evaluate the prog-
nostic value of SNHG6, the survival analysis 
indicated that ESCC patients with high SNHG6 
expression showed poor overall survival than 
those with low SNHG6 expression (log rank = 
5.812, P = 0.013, Figure 1B). The overall sur-

Figure 1. Relative expression of lncRNA SNHG6 in ESCC. A. SNHG6 expression in ESCC and para-cancerous tissues, 
**P < 0.01; B. Kaplan-Meier survival analysis revealed that high-level of SNHG6 was associated with poor prognosis 
of ESCC patients; C. The expression of SNHG6 in normal esophagus cell line (HET-1A) and ESCC cell lines. **P < 
0.01 vs HET-1A group.

Table 1. The correlations between SNHG6 
expression and clinicopathological character-
istics in ESCC patients

Variables Cases
SNHG6 expression

P value
Low High

Gender 0.300
    Male 51 24 27
    Female 24 9 15
Age (years) 0.115
    < 60 23 13 10
    ≥ 60 52 20 32
Smoking 0.359 
    Yes 38 18 20
    No 37 15 22
Drinking 0.137
    Yes 45 17 28
    No 30 16 14
Tumor size 0.081
    ≥ 4 cm 42 15 27
    < 4 cm 33 18 15
Lymph node metastasis 0.003
    Yes 44 13 31
    No 31 20 11
Distant metastasis 0.021
    Yes 13 2 11
    No 62 31 31
TNM stage 0.003
    I/II 23 16 7
    III/IV 52 17 35
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vival time of high and low SNHG6 expression 
group was 36.78±2.71 and 47.08±2.84 months 
in ESCC patients, respectively.

LncRNA SNHG6 expression and clinicopatho-
logical features

In order to investigate the relationship between 
SNHG6 expression and clinicopathological fea-
tures, the 75 ESCC patients were divided into 
two groups according to SNHG6 median expres-
sion: the high expression group (n = 42) and the 
low expression group (n = 33). Significant  
correlation were observed between SNHG6 
expression and lymph node metastasis, distant 
metastasis and TNM stage (P = 0.003, P = 
0.021, P = 0.003, respectively, Table 1). There 
were no significantly difference between the 
expression of SNHG6 and other clinical param-
eters such as gender, age, smoking, drinking 
and tumor size. In order to avoid bias caused by 
univariate analysis, multivariate analysis was 
performed to explore the relationship between 
various parameters and SNHG6 expression. 
Multivariate linear regression analysis revealed 
that lymph node metastases and TNM stage 
independently predicted the MALAT1 expres-
sion, the total R2 = 0.619 (Table 2).

Knockdown of SNHG6 inhibited proliferation, 
migration and invasion in ESCCs

To investigate the biological function of SNHG6 
in ESCCs, si-SNHG6 was transfected into 
EC109 and EC1 cells to knocked down SNHG6 
expression. First, to investigate the knockout 
efficiency, we analyzed SNHG6 expression in 
ESCCs and HET-1A cell by qRT-PCR. The results 
revealed that SNHG6 expression was signifi-

ESCCs. The transwell assays showed that 
SNHG6 enhance the migration abilities of 
EC109 and EC1 cells, the number of migrated 
cells in si-SNHG6-1 and si-SNHG6-2 groups 
were significantly decreased compared to the 
si-NC group (Figure 2E). Meanwhile, the inva-
sion abilities were significantly inhibited in si-
SNHG6-1 and si-SNHG6-2 groups compared to 
the si-NC group (Figure 2D). The above results 
indicated that SNHG6 may exerts oncogenic 
function in ESCCs.

Diagnostic value of lncRNA SNHG6

To investigate the diagnostic value of lncRNA 
SNHG6 for predict clinicopathological features, 
three receiver operating characteristic curves 
(ROCs) were generated. The results showed 
that SNHG6 might serve as a diagnostic bio-
marker for lymph node metastasis, distant 
metastasis and TNM stage. For lymph node 
metastasis, the area under the ROC curve 
(AUC) was 0.8326 (95% CI 0.7352-0.9300, P < 
0.001), when the cutoff value was 3.300, the 
sensitivity and specificity was 82.2 and 80.0% 
(Figure 3A), respectively. For distant metasta-
sis, the AUC was 0.8759 (95% CI 0.7717-
0.9802, P < 0.001), when the cutoff value was 
4.800, the sensitivity and specificity was 84.6 
and 87.1% (Figure 3B), respectively. Finally, for 
TNM stage, the AUC was 0.8838 (95% CI 
0.8108-0.9568, P < 0.001), when the cutoff 
value was 3.45, the sensitivity and specificity 
was 73.1 and 91.3% (Figure 3C), respectively.

Discussion

The emergence of new surgical methods and 
adjuvant therapies for ESCC has significant 

Table 2. Multivariate analysis of different clinicopatho-
logic factors for lncRNA SNHG6 expression

Variable Standardised
β-coefficient t P value

Gender 0.060 0.526 0.601
Age 0.030 0.339 0.736
Smoking 0.047 0.419 0.676
Drinking 0.019 0.158 0.875
Tumor size 0.001 0.012 0.991
Lymph node metastases 0.224 2.433 0.018
Distant metastasis 0.139 1.385 0.171
TNM stage 0.549 4.099 0.000
Total R2 = 0.619.

cantly decreased after transfected with si-
SNHG6-1 and si-SNHG6-2, the silence effi-
ciency was 75.4 and 77.3 in EC109 and 
the silence efficiency was 80.8 and 79.4 in 
EC1, respectively (Figure 2A).

We further analyzed the effect of knocked 
down SNHG6 on the cell proliferation, 
migration and invasion of EC109 and EC1 
cells. The CCK-8 assay revealed that 
knocked down SNHG6 decreased the OD 
value at every interval examined both in 
EC109 and EC1 cells compared with the 
si-NC group (Figure 2B, 2C), which means 
that knocked down SNHG6 significantly 
inhibited the proliferation abilities of 
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improved the 5-year survival rate of ESCC 
patients. However, the 5-year survival rate of 
malignant esophageal cancer patients is still 
less than 5% [23, 24]. Thus, the discovery of 

new molecular markers for early diagnosis and 
prognosis of complex esophageal cancer is still 
urgently needed. Recent study found that linc-
POU3F3 was detected in the tissues and plas-

Figure 2. Knockdown of SNHG6 inhibited proliferation, migration and invasion in ESCCs. A. The expression of SNHG6 
in EC109 and EC1 cells after cells transfected with si-SNHG6 or si-NC. B, C. The effect of SNHG6 knockdown on the 
proliferation of EC109 and EC1 cells detected by CCK-8 assay. D, E. The effect of SNHG6 knockdown on invasion 
and migration abilities of EC109 and EC1 cells detected by Transwell assays. **P < 0.01 vs si-NC group.

Figure 3. ROC curve analysis of SNHG6 as a diagnostic marker for ESCC. A-C. Predictive value of SNHG6 for lymph 
node metastasis, distant metastasis, TNM stage in ESCC patients, respectively.
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ma of ESCC patients, and its expression level in 
plasma of ESCC patients was significantly high-
er than that of normal control group. Therefore, 
lncRNA may be a potential biomarker for early 
diagnosis and prognosis of ESCC [25].

Emerging study has shown that SNHG6 can be 
influence on the occurrence and development 
of various tumor by multiple signaling path-
ways. SNHG6 functions as a competing endog-
enous RNA, regulating ZEB1 expression by 
binding miR-101-3p and which then inducing 
epithelial to mesenchymal transition in hepato-
cellular carcinoma [21]. SNHG6 regulates p21 
expression via activation of the JNK pathway 
and suppression of EZH2 expression in gastric 
cancer cells, which inhibits gastric cancer 
development [26]. SNHG6 suppressed cell pro-
liferation by regulating p21 and KLF2, and 
inducing cell apoptosis [22]. In addition, SNHG6 
may influence on tumor therapy by regulating 
the levels of genomic methylation. SNHG6 dys-
regulation can lead to genome-wide hypometh-
ylation via binding two miR-1297-mediated 
SAMe-dependent positive feedback loops in 
hepatocellular carcinoma cell and that exoge-
nous SAMe may be beneficial in the treatment 
of hepatocellular carcinoma [27]. In this study, 
we first observed the expression of SNHG6 in 
ESCC tissues and ESCCs, the results showed 
that SNHG6 expression were significantly up-
regulated both in ESCC tissues and ESCCs. 
Then, the SNHG6 expression were divided into 
two groups, we found that SNHG6 expression 
was closely related to prognosis of ESCC 
patients. In addition, we analyzed the relation-
ship between SNHG6 expression and clinico-
pathologic characteristics via univariate analy-
sis and multivariate analysis. The results 
showed that SNHG6 expression was significant 
correlation with lymph node metastasis, dis-
tant metastasis and TNM stage. Study by Zhang 
et al. also found that SNHG6 was significantly 
up-regulated in ESCC tissues and ESCCs, and 
SNHG6 expression associated with tumor size 
and tumor stage, these results was consistent 
with our research [28]. However, the study did 
not evaluate the diagnostic value of SNHG6 as 
a biomarker in ESCC. The above results indi-
cated that SNHG6 may exerts oncogenic func-
tion in ESCC.

Increasing evidence has shown that the change 
of SNHG6 expression may be related with the 

proliferative, migratory and invasive abilities of 
cancer cells [22, 29]. Study by Meng et al. 
found that SNHG6 promoted glioma cell prolif-
eration, migration and increased apoptosis by 
sponging miR-101-3p, knockdown of SNHG6 
reversed the effects of SNHG6 on cell malig-
nancy [29]. To investigate the effect of knock- 
ed down SNHG6 on the cell proliferation, migra-
tion and invasion, two si-SNHG6 were trans-
fected into ESCCs. Coincidentally, we identifi- 
ed that SNHG6 regulated the malignant abili-
ties of ESCCs. Knockdown of SNHG6 signifi-
cantly attenuated the ability of cell prolifera-
tion, migration and invasion of EC109 and EC1 
cells.

Recent study found that SNHG6 expression is 
highly cancer type specific, SNHG6 as a poten-
tial biomarker for hepatocellular carcinoma 
[30]. Since SNHG6 expression could affect the 
prognosis of ESCC patients and promoted 
ESCC cells malignancy, whether SNHG6 expres-
sion could independently predict the clinico-
pathological features of ESCC patients. We fur-
ther evaluated the diagnostic value of SNHG6 
as a biomarker of clinicopathological features 
by ROCs. We confirmed that SNHG6 can be 
serves as a diagnostic biomarker for lymph 
node metastasis, distant metastasis and TNM 
stage, the AUC more than 0.8. However, our 
results need further big sample research for 
verification and further exploration of the 
mechanisms of SNHG6 affect on biological 
characteristics of ESCC is needed.

In conclusion, lncRNA SNHG6 was upregulated 
in ESCC tissues and ESCCs, and its expression 
level was closely related to prognosis, lymph 
node metastasis, distant metastasis and TNM 
stage. In addition, SNHG6 could regulated the 
malignant abilities of ESCCs, which as a poten-
tial diagnostic marker for ESCC.
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