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Esophageal squamous cell carcinoma (ESCC) is one of the most common
malignant tumors around the world. Numerous studies have revealed the
function of long noncoding RNAs (IncRNAs) in cancers, including ESCC.
In this study, IncRNA small nucleolar RNA host gene 12 (SNHGI2),
mainly distributed in ESCC cell cytoplasm, was overexpressed in ESCC
specimens and CD133™ cells. In CD133" ESCC cells, SNHG12 overexpres-
sion promoted cell proliferation, migration, epithelial-mesenchymal transi-
tion (EMT), and stemness and SNHGI2 silencing led to opposite results.
Furthermore, SNHG12 sequestered miR-6835-3p and induced the proto-
oncogene, polycomb ring finger (BMI1). SNHG12 also enhanced the stabil-
ity of CTNNBI, the mRNA encoding B-catenin, via recruiting insulin-like
growth factor 2 mRNA-binding protein 2 (IGF2BP2) in ESCC. Rescue
assays indicated that CTNNBI and BMII1 were targets for SNHGI12 to
regulate ESCC cell proliferation, migration, EMT, and stemness. Further-
more, SOX4 (sex-determining region Y-box 4) bound with the SNHGI12
promoter to transcriptionally activate SNHG12 in ESCC. Finally, in vivo
data showed SNHGI12 knockdown retarded tumorigenesis and metastasis
in ESCC. In summary, SNHGI12 induces proliferation, migration, EMT,
and stemness of ESCC cells via post-transcriptional regulation of BMI1
and CTNNBI, indicating that targeting SNHGI12 might be a novel target
for ESCC treatment.

1. Introduction

median survival of ESCC patients in terminal stage is
shorter than 1 year (Lv et al., 2013; Rustgi and El-

Esophageal squamous cell carcinoma (ESCC), one of
the most common and major malignant tumors world-
wide, is the main histological type of esophageal can-
cer, and its mortality rate is unexpectedly high (Jemal
et al., 2011). Clinically, prognosis in ESCC is poor
with S5-year survival less than 10% despite the great
advancement in operative treatments. Besides, the
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Serag, 2014). Owing to the lack of specific symptoms
in early cancer stage, most ESCC patients are usually
diagnosed at the later stage with abundant regional
invasion and local lymph node metastasis (Li et al.,
2016; Miyazaki et al., 2003). Therefore, discovery of
fresh and accurate early diagnostic molecular markers
and better understanding of the important molecular

AS, antisense; EMT, epithelial-mesenchymal transition; ESCA, esophageal carcinoma; ESCC, esophageal squamous cell carcinoma; RBP,
RNA-binding protein; RIP, RNA immunoprecipitation; RISC, RNA-induced silencing complex; SNHG12, small nucleolar RNA host gene 12;
SOX4, sex-determining region Y-box 4; TCGA, The Cancer Genome Atlas.

2332 Molecular Oncology 14 (2020) 2332-2351 © 2020 The Authors. Published by FEBS Press and John Wiley & Sons Ltd.
This is an open access article under the terms of the Creative Commons Attribution License, which permits use,

distribution and reproduction in any medium, provided the original work is properly cited.


https://orcid.org/0000-0002-9594-3137
https://orcid.org/0000-0002-9594-3137
https://orcid.org/0000-0002-9594-3137
mailto:

D. Wu et al

mechanisms of ESCC are essential for improving the
prognosis and survival of patients with ESCC.

Long noncoding RNAs (IncRNAs) belong to a
group of evolutionarily conserved RNA molecules
with a length of more than 200 nucleotides, which lack
protein-coding ability (Ma et al., 2013). Numerous evi-
dences indicate that IncRNAs play various functional
roles in multiple kinds of biological processes, includ-
ing cell growth, invasion, migration, and tumorigenesis
(Gibb et al., 2011; Huarte and Rinn, 2010). Addition-
ally, aberrant expression of IncRNAs has been associ-
ated with the occurrence and progression of multiple
tumors, including ESCC (Hao et al., 2015; Li et al.,
2013). The oncogenic role of IncRNA small nucleolar
RNA host gene 12 (SNHGI12) has been verified in
recent researches. For example, IncRNA SNHGI2
contributes to the development of cervical cancer by
regulating miR-125b/STAT3 axis (Jin et al., 2019).
LncRNA SNHGI2 is related to the poor prognosis of
prostate cancer patients and facilitates tumorigenesis
through sponging miR-133b (Cheng er al., 2019).
LncRNA SNHGI2 motivates cell proliferation and
invasion in colorectal cancer via serving as the sponge
of miR-16 (Liu et al., 2019). Nevertheless, the function
of SNHG12 in ESCC is poorly comprehended.

The Wnt/B-catenin pathway is implicated in many
vital cellular functions such as maintaining cancer stem
cells and facilitating epithelial-to-mesenchymal transi-
tion (EMT) (Krishnamurthy and Kurzrock, 2018; Le
et al., 2019). For instance, IncRNA SNHG16 promotes
bladder cancer progression through modulating miR-
98/STAT3/Wnt/B-catenin pathway axis (Feng et al.,
2018). LncRNA ZEB2-ASI stimulates the initiation of
gastric cancer by activating the Wnt/B-catenin pathway
(Wang et al., 2019a). Knockdown of IncRNA SNHGS5
represses the development of glioma through Wnt/
CTNNBI signaling pathway (Hu et al., 2019). More-
over, the interaction between SNHGI12 and Wnt path-
way has been researched in papillary thyroid carcinoma
and prostate cancer (Ding et al., 2018; Song et al.,
2019). Hence, it is worthy to explore the effects of
SNHG12 on Wnt pathway downstream target in ESCC.

In this study, we planned to research the effects of
SNHG12 in ESCC cell proliferation, migration, EMT,
and stemness via post-transcription regulation mechanism.

2. Materials and methods

2.1. Tissue collection

The primary ESCC specimens (n = 70) and the paired
adjacent normal specimens (n = 70) were resected from

SNHG12 promotes esophageal squamous cell carcinoma

70 patients who were diagnosed with ESCC referring
to histopathologic evaluation and received surgery at
Sun Yat-sen Memorial Hospital. Experiment protocols
received approval from the Ethics Committee of Sun
Yat-sen Memorial Hospital, and the signed informed
consents were collected from all ESCC patients. No
participants underwent any other treatment before sur-
gery. The study methodologies conformed to the stan-
dards set by the Declaration of Helsinki.

2.2. Cell culture and treatment

Human ESCC cell lines including EC9706, EC109,
KYSE410, KYSE150, and KYSE450 were all available
from the ATCC (Manassas, VA, USA) for cell culture
with 5% CO, at 37 °C. RPMI-1640 medium (Gibco,
Carlsbad, CA, USA) was acquired commercially, with
1% Pen/Strep mixture and 10% FBS as supplements.
Medium was changed every 3 days. After cells had
reached about 80% confluence at the 3rd passage,
CDI133" cancer cells were obtained by treating with
MACS CDI133 kit (Miltenyi Biotec, Teterow, Ger-
many). ESCC cells without treatment were termed
CD133" cancer cells as control. About 2 mg-mL™" of
actinomycin D was procured from Sigma-Aldrich (St.
Louis, MO, USA) to treat cells.

2.3. Total RNA extraction and quantitative real-
time polymerase chain reaction

Total RNA extraction was performed in cells using
TRIzol method (Invitrogen, Carlsbad, CA, USA). The
synthesis of cDNA template was achieved based on
instruction of PrimeScript RT Reagent Kit (Takara,
Shiga, Japan). After that, the SYBR® Premix Ex
Taq™ II (Takara) was used to prepare the PCR sys-
tem. Using 2-AACt ethod, data normalization was
performed and relative to U6 or GAPDH.

2.4. Subcellular fractionation

Using PARIS™ Kit (Ambion, Austin, TX, USA), the
nucleus or cytoplasm of CDI33’EC109/KYSE410 and
CDI133"EC109/KYSE410 cell samples was severally
separated as per instruction. The isolated SNHG12 was
assayed by quantitative real-time polymerase chain reac-
tion (QRT-PCR), with GAPDH and U6 as indictors.

2.5. Fluorescence in situ hybridization

The specific fluorescence in situ hybridization (FISH)
probe of SNHGI2 was produced by RiboBio
(Guangzhou, China) and employed according to user
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manual. After staining nuclei with Hoechst solution,
stained cell samples were visualized with Olympus fluo-
rescence microscope (Tokyo, Japan).

2.6. Plasmid transfection

The specific shRNAs and control shRNAs were avail-
able from GenePharma (Shanghai, China) to silence
SNHG12, BMII, IGF2BP2, CTNNBI, SOX2, and
SOX4 in processed cells using Lipofectamine 2000
(Invitrogen).  Besides, the pcDNA3.1/SNHGI2,
pcDNA3.1/BMI1, pcDNA3.1/IGF2BP2, pcDNA3.1/
IGF2BP3, pcDNA3.1/SOX2, pcDNA3.1/SOX4, and
their relative control pcDNA3.1 vectors were all pro-
cured from GeneChem (Shanghai, China). The miR-
6835-3p mimics and NC mimics were also from Gene-
Pharma. After 48 h of transfection, cells were reaped.

2.7. Colony formation

Clonogenic cells from various groups were plated at
500 cells per well into 6-well plates for the 14-day
incubation. Thereafter, cells were fixed with 4%
paraformaldehyde and stained with 0.1% crystal violet
for counting.

2.8. EdU assay

Processed cells of EC109 and KYSE410 were seeded in
96-well plates for EdU assay by using the EAU detec-
tion kit from RiboBio. Cells were visualized under flu-
orescent microscope after adding Hoechst 33342
solution.

2.9. Transwell migration and invasion assay

1 x 10° cells from each group were placed into the
upper chamber inserted in Transwell apparatus (Corn-
ing Incorporated, Corning, NY, USA), precoated with
(for invasion) or without (for migration) Matrigel (BD
Biosciences). Lower chamber was supplemented with
complete medium. Migrating cells to the bottom were
stained after 24 h in 0.5% crystal violet for observa-
tion with microscope.

2.10. Western blot

Total protein samples were prepared using RIPA lysis
buffer on ice, and then, 50 pg of protein was separated
on 12% SDS/PAGE, shifted to PVDF membranes.
After culture with 5% skimmed milk, membranes were
probed all night with the diluted primary antibody
against internal control GAPDH or vimentin, N-
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cadherin, E-cadherin, SOX2, SOX4, OCT4, Nanog, C-
myc, MMP7, and B-catenin. The HRP-labeled sec-
ondary antibody was used after washing in TBST. All
antibodies were available from Abcam (Cambridge,
MA, USA). Proteins were finally subjected to ECL
Prime Western Blotting Detection Reagent (GE Health-
care, Chicago, IL, USA).

2.11. Sphere formation assay

Cells at 10 cells/well were placed to the 96-well ultra-
low attachment plates (Corning Inc.) adding sphere
medium for 7-day incubation. Sphere cells with diame-
ter> 50 mm were counted. Sphere formation efficiency
equaled to sphere number/seeded cell num-
ber x 100%, and the control group was set as 1.

2.12. Flow cytometry analysis

To sort CD133 + ESCC cells, phosphate-buffered saline
(PBS; Sigma-Aldrich) was applied to wash cells and then
bovine serum albumin (BSA; Sigma-Aldrich) was used
to fix. Thereafter, cells were stained with FITC mouse
anti-CD133 (Abcam) and sorted by the FACSAria 11
instrument (BD Biosciences, Franklin Lakes, NJ, USA).

2.13. RNA immunoprecipitation assay

RNA immunoprecipitation (RIP) assay was imple-
mented as per the instruction of Magna RIP™ RNA-
Binding Protein Immunoprecipitation Kit (Millipore,
Bedford, MA, USA). Magnetic beads were bound to
human Ago2 antibody or IGF2BP2 antibody at room
temperature for 1 h. Normal mouse IgG antibody was
taken as control. Following immunoprecipitation,
RNA enrichment was assayed by qRT-PCR.

2.14. Pull-down assay

For RNA pull-down, protein extracts from different
cell samples were mixed with bead-bound biotinylated
SNHGI12 probes or control probes. For DNA pull-
down, DNA pull-down test kit (Gzscbio, Guangzhou,
China) was employed as per instruction. SNHG12 pro-
moter was amplified by PCR, biotinylated, and bound
with beads. The nonbiotinylated promoter was taken
as control probe. Both pull-downs were analyzed for
detecting RNA enrichment.

2.15. Luciferase reporter assay

SNHG12 or BMII fragments covering miR-6835-3p
wild-type and mutant binding sequences were used to
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construct reporter vectors with luciferase reporter
pmirGLO (Promega, Madison, WI, USA). The
acquired SNHG12-WT/Mut and BMII-WT/Mut were
cotransfected with indicated transfection plasmids in
HEK 293T cells. Besides, the wild-type or mutant
SOX4 binding sites to SNHG12 promoter were cloned
to pGL3 vector (Promega) and then transfected into
CD133"EC109 or CDI133'EC109 cells. All of the luci-
ferase activities were monitored using Luciferase
Reporter Assay System (Promega).

2.16. Chromatin immunoprecipitation assay

After cross-linking protein and DNA, samples were
randomly fragmented to 200-1000 bp by ultrasonic for
immunoprecipitation with target protein-specific anti-
body to SOX4. Anti-IgG antibody served as control.
The binding of SOX4 to SNHGI12 was assessed by
qRT-PCR.

2.17. Animal assays

The BALB/c nude mice (male, 4-5 weeks old) were
provided by the Shanghai Experimental Animal Center
of the Chinese Academy of Sciences. All mice were
kept with sterilized water and food. CD133" EC109
cells (3 x 10° transfected with sh-NC or sh-
SNHGI13#1 were injected into each mouse subcuta-
neously. The tumor volume (length x width?x0.5.) of
mice was examined every 4 days. Mice were sacrificed
through cervical dislocation after 28 days, and weight
of tumors was evaluated.

To establish metastasis model, the CD133" EC109
cells transfected with sh-NC or sh-SNHGI13#1 were
injected from the tail vein of mice. After killing the mice,
lungs were removed and subjected to paraffin embed-
ding. The consecutive sections (4 pm) underwent hema-
toxylin and eosin (HE) staining. The metastatic nodules
were counted. All experiments were performed referring
to the Guide for the Care and Use of Laboratory Ani-
mals of the National Institutes of Health. Protocols
received the approval of the committee of animal experi-
mentation of Sun Yat-sen Memorial Hospital.

2.18. Immunohistochemistry

Mouse tissues were paraffin-embedded, and level of Ki-
67 and PCNA was examined by Immunohistochemistry
(IHC). Each section was treated with 3% H,0, as well as
5% BSA and was incubated with the primary antibodies
against Ki-67 and PCNA (Abcam) for 12 h at 4 °C, fol-
lowed by incubation with the HRP-conjugated secondary
antibody for 1 hunder 37 °C. After washing the sections,
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sections were counterstained using hematoxylin and
observed under the microscope (Olympus, Japan).

2.19. Statistical analyses

Results were all exhibited as the mean + SD of inde-
pendent bio-triplicates, with data analysis using PRISM
5.0 software (GraphPad Software, Inc., La Jolla, CA,
USA). The P-value was calculated by Student’s z-test
for two groups or one-way ANOVA for multiple
groups, with values below 0.05 indicating statistical
significance.

3. Results

3.1. SNHG12 expression is upregulated in ESCC
tissues and cells

First, to confirm the regulatory pattern of SNHGI12 in
ESCC, we found that SNHGI1, SNHG7, and SNHG12
were three upregulated IncRNAs in ESCC tissues
through Cancer RNA-Seq Nexus analysis (Fig. 1A).
The carcinogenesis function of SNHG family in cancers
has been widely reported (Cai et al., 2017; Dong et al.,
2018), and the participation of SNHG1 and SNHG?7 in
ESCC has been researched (Xu et al., 2018a; Zhang
et al.,2017), so we focused on SNHG12 in our research.
Then, qRT-PCR data depicted that SNHGI12 was
higher in ESCC tissues than paired para-tumor speci-
mens (Fig. S1A). According to Kaplan—Meier analysis,
high SNHG12 level was linked to unsatisfactory survival
in ESCC patients (Fig. SI1B), indicating that SNHG12
was a prognostic marker in ESCC. Through analyzing
the pathological features in ESCC specimens, we
showed that SNHG12 expression was related to tumor
size (P =0.001), TNM stage (P = 0.016), and lymph
node metastasis (P = 0.003) in ESCC patients (Table 1),
indicating that SNHGI2 potentially participated in
tumorigenesis and metastasis in ESCC.

To explore the relation between SNHG12 and stem
cell-like properties in ESCC cells, we sorted CD133"
cells from 5 ESCC cell lines using flow cytometry
(Fig. S2A). Then, we enriched the stem cell-like ESCC
cells through sphere formation assay. Flow cytometry
confirmed that CDI133 + cell ratio in ESCC cell-
derived spheres was higher than parental ESCC cells
(Fig. S2B). The levels of stem-like cell-specific markers
(SOX2, SOX4, OCT4, and Nanog) were higher in
tumorspheres than in parental ESCC cells (Fig. S2C).
Therefore, CDI133+ cells sorted from the tumor
spheres were used in subsequent assays, and the paren-
tal ESCC cells, named as CD133- cells, were taken as
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Fig. 1. SNHG12 expression is upregulated in ESCC tissues and cells. (A) The upregulated IncRNAs in ESCA (esophageal carcinoma) tissues
were obtained by Cancer RNA-Seq Nexus analysis. (B) gRT-PCR of SNHG12 level in CD133" cancer cells and CD133" cancer cells (n = 5;
Student’s ttest). (C) IncLocator predicted that SNHG12 expression was mainly distributed in cytoplasm. (D,E) Subcellular fraction (n=5;
Student’s t-test) and FISH (bar value = 20 pm) assays measured the distribution of SNHG12 in ESCC cells. Results were all exhibited as the
mean =+ standard deviation (SD) and taken from more than three independent experiments. *P < 0.05, **P < 0.01

control cells. According to qRT-PCR data, SNHGI12
expression was obviously upregulated in CDI33"
ESCC cells compared with the CDI133" cancer cell
group. CDI33'EC109 and CDI33'KYSE410 cells
expressed the highest SNHGI12 expression (Fig. 1B).
Next, bioinformatics tool IncLocator predicted that
SNHG12 expression is mainly distributed in cytoplasm
(Fig. 1C), and this was verified by subcellular fraction
and FISH assays (Fig. 1D,E). Additionally, we could
see that the FISH intensity of SNHGI12 was stronger
in CD133" ESCC cells than in CD133" ESCC cells
(Fig. 1E). Totally, SNHG12 was upregulated in ESCC
tissues and cells, and mainly distributed in cytoplasm.

2336

3.2. SNHG12 upregulation promotes cell
proliferation, migration, and EMT as well as cell
stemness in ESCC

To comprehend the impact of SNHGI12 in ESCC, we
confirmed a satisfactory overexpression efficiency of
SNHG12 in CDI33°’EC109 and CDI133'’KYSE410 cells
(Fig. 2A). Subsequently, several gain-of-function
assays were employed. SNHGI2 upregulation
increased colonies and EdU-stained ESCC cells, indi-
cating that SNHG12 facilitated proliferation of CS133"
ESCC cells (Fig. 2B,C). Transwell assays explained
that cell migration and invasion were expedited by
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Table 1. Correlation between SNHG12 Expression and Clinical
Features of ESCC (n = 70).

SNHG12
Variable Low High P-value
Age
<60 19 17 0.811
>60 16 18
Gender
Male 12 9 0.602
Female 23 26
Smoking status
No 11 9 0.791
Yes 24 26
Tumor size
<3cm 24 8 0.001**
>3cm 1 27
TNM
[l 22 11 0.016**
-1V 13 24
Lymph node metastasis
No 23 10 0.003**
Yes 12 25
Differentiation
Moderate and high 14 12 0.804
Low 21 23

Low/high expression groups were divided by the sample median.
Pearson’s chi-square test. *P < 0.05, **P < 0.01 were considered
to be statistically significant.

SNHGI12 overexpression (Fig. 2D and S3A). The
EMT (epithelial-mesenchymal transition) markers
were also tested. SNHGI12 upregulation increased N-
cadherin and vimentin levels, but lessened E-cadherin
level (Fig. 2E). Additionally, sphere formation assay
illustrated that upregulating SNHG12 strengthened the
sphere formation efficiency of ESCC cells (Fig. 2F).
Flow cytometry showed the increase of CD133" cell
ratio in ESCC cells under SNHGI12 overexpression
(Fig. S3B). Western blot assay also tested the protein
expression of stem cell markers (SOX2, SOX4, OCT4,
and Nanog) was increased when overexpressing
SNHG12 (Figs 2G and S3C). In the whole, SNHGI12
upregulation promoted cell proliferation, migration,
and EMT as well as cell stemness in ESCC.

3.3. SNHG12 downregulation suppresses cell
proliferation, migration, and EMT as well as cell
stemness in ESCC

Furthermore, loss-of-function assays were carried out
in CD133"EC109 and CD133"KYSE410 cells. First, a
pleasing knockdown efficiency of SNHGI2 was
obtained (Fig. 3A). Colony formation and EdU
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experiments depicted that SNHGI12 downregulation
suppressed cell proliferation (Fig. 3B,C). Transwell
and western blot demonstrated that cell migration,
invasion, and EMT process were hindered by silencing
SNHGI12 (Fig. 3D,E and S4A). Moreover, sphere for-
mation efficiency declined and levels of stem cell mark-
ers (SOX2, SOX4, OCT4, and Nanog) were reduced in
sh-SNHG12#1 /#2-transfected ESCC cells (Fig. 3F,G).
CD133" ratio in ESCC cells decreased under SNHG12
knockdown (Fig. S4B). In a summary, SNHGI2
downregulation suppressed cell proliferation and
migration, retarded EMT, and weakened cell stemness
in ESCC cells.

3.4. SNHG12 upregulates BMI1 expression via
sequestering miR-6835-3p in ESCC

Thereafter, we aimed to explore the downstream reg-
ulation mechanism of SNHGI2. Based on the previ-
ous observation of the cytoplasmic distribution of
SNHG12, we deduced that SNHG12 regulated certain
genes post-transcriptionally. Since IncRNAs were
extensively supported to participate in post-transcrip-
tional regulation through ceRNA mechanism, we
screened out a cluster of microRNA (miRNAs) possi-
bly bind with SNHGI12 from starBase. Then, qRT-
PCR identified the top five miRNAs (miR-330-5p,
miR-3605-3p, miR-1908-5p, miR-326, and miR-6835-
3p) with the lowest expression in ESCC cells, and
miR-6835-3p exhibited the lowest expression among
the 5 miRNAs (Fig. 4A). RNA pull-down data sup-
ported that only miR-6835-3p was enriched in
SNHG12 biotin probe but not SNHGI12 no-biotin
probe group among above miRNAs (Fig. 4B). Fur-
ther, the predicted miR-6835-3p sites in SNHGI12
were obtained from starBase and were mutated to
generate SNHGI12-Mut (Fig. 4C). Besides, the satisfy-
ing overexpression efficiency of miR-6835-3p was
obtained by miR-6835-3p mimics in HEK 293T cells
(Fig. 4D). Overexpressing miR-6835-3p inhibited the
luciferase activity of SNHG12-WT and failed to alter
SNHGI12-Mut activity (Fig. 4E). Moreover, three
messenger RNAs (mRNAs) (SUGTI1, CPEB2, and
BMI1) potently binding with miR-6835-3p were
screened out by starBase. Data from qRT-PCR
demonstrated BMI1 expression was downregulated
most significantly by miR-6835-3p mimics and upreg-
ulated most significantly by miR-6835-3p inhibitors
(Fig. 4F). According to TCGA public database
GEPIA, BMI1 level was upregulated in ESCA (eso-
phageal carcinoma) tissues, and ESCA patients in ter-
minal stage (IV) presented higher BMII1 level than
those in earlier stages (I-II) (Fig. 4G). RIP assay

Molecular Oncology 14 (2020) 2332-2351 © 2020 The Authors. Published by FEBS Press and John Wiley & Sons Ltd. 2337
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SNHG12 overexpression by pcDNA3.1/SNHG12 (n = 5; Student’'s ttest). (B-C) Colony formation and EdU (bar value = 100 um) assays
detected ESCC cell proliferation when cells were transfected with pcDNA3.1/SNHG13 (n = 5; Student’'s ttest). (D) Transwell assay
measured ESCC cell migration ability when overexpressing SNHG12 (bar value = 100 um; n = 5; Student’s ttest). (E) Western blot assay
tested the expression of EMT-related proteins (E-cadherin, N-cadherin, and vimentin; n = 5). (F) Sphere formation assay detected the ESCC
cell sphere formation efficiency (bar value = 100 um; n = 5; Student's ttest). (G) Western blot assay measured the protein expression of
stem cell markers (SOX2, SOX4, OCT4, and Nanog; n = 5). Results were all exhibited as the mean =+ standard deviation (SD) and taken
from more than three independent experiments. **P < 0.01
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Fig. 3. SNHG12 downregulation suppresses cell proliferation, migration, and EMT and strengthens cell stemness in ESCC. (A) gRT-PCR
validated SNHG12 knockdown by sh-SNHG12#1/2 (n = 5; one-way ANOVA). (B-C) Colony formation and EdU (bar value = 100 um) assays
detected ESCC cell proliferation under SNHG12 knockdown (n = 5; one-way ANOVA). (D) Transwell assay measured ESCC cell migration
ability when inhibiting SNHG12 (bar value = 100 um; n = 5; one-way ANOVA). (E) Western blot assay tested the expression of EMT-related
proteins (E-cadherin, N-cadherin, and vimentin; n = 5). (F) Sphere formation assay detected the ESCC cell sphere formation efficiency (bar
value = 100 um; n = 5; one-way ANOVA). (G) Western blot assay measured the protein expression of stem cell markers (SOX2, SOX4,
OCT4, and Nanog; n = 5). Results were all exhibited as the mean + standard deviation (SD) and taken from more than three independent
experiments. **P < 0.01
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showed the obvious enrichment of SNHGI12, miR-
6835-3p, and BMII1 in the Ago2 group (Fig. 4H).
Additionally, starBase was utilized to predict the
binding sites between miR-6835-3p and BMII
(Fig. 4I). Then, we verified that pcDNA3.1/SNHGI12
increased SNHGI2 expression in HEK 293T cells
(Fig. 4)). Overexpressing miR-6835-3p suppressed
BMII-WT luciferase activity, and this inhibitory
impact was offset by SNHGI12 overexpression, with
the luciferase activity of BMII-Mut unaffected
(Fig. 4K). Finally, the positive correlation between
SNHG12 and BMI1 expressions in tissues was
obtained by TCGA database (Fig. 4L). To sum up,
SNHGI12 upregulated BMI1 expression via sequester-
ing miR-6835-3p in ESCC.

3.5. BMI1 is a target for SNHG12 to regulate the
development of ESCC

To detect whether SNHGI12 regulated cellular activi-
ties in ESCC via BMI1, rescuing experiments were per-
formed. Firstly, we verified that BMII expression was
remarkably downregulated or upregulated by sh-BMI1
or pcDNA3.1/BMI1 in ESCC cells (Fig. SA). After-
ward, we observed that sh-BMI1 partially alleviated
the stimulating effect of pcDNA3.1/SNHGI12 on cell
proliferation, and pcDNA3.1/BMII partially reversed
the repressive impact of sh-SNHGI12#1 on cell prolif-
eration (Fig. 5B,C). Besides, overexpression of BMII
partly restored cell migration and invasion that was
repressed by sh-SNHGI12#1, and silence of BMI1
partly abrogates migration and invasion encouraged
by pcDNA3.1/SNHG12 (Figs SD and S5A). More-
over, upregulation of E-cadherin and decline of N-cad-
herin and vimentin caused by pcDNA3.1/SNHGI12
were partially rescued by BMII deficiency. In the
meantime, BMI1 overexpression partially reversed the
decline of E-cadherin and upregulation of N-cadherin
and vimentin caused by sh-SNHGI12#1 (Fig. 5E).

D. Wu et al.

Moreover, BMI1 silence partly counteracted the
encouraging effect of pcDNA3.1/SNHGI2 on sphere
formation and expression of stemness markers (SOX2,
SOX4, OCT4, and Nanog), and BMII1 overexpression
partly rescued sphere formation and expression of
stemness genes that were repressed by SNHGI2
knockdown (Fig. 5F,G). Knockdown of BMII partly
reversed the increase of CD133" ratio in ESCC cells
with  SNHG12 overexpression, and overexpressing
BMI1 partly restored CD133" ratio in ESCC cells with
SNHG12 knockdown (Fig. S5B). Overall, BMI1 was a
target for SNHGI12 to regulate the development of
ESCC, and the partial rescue presented by these data
indicated that SNHG12 might have alternate targets in
ESCC.

3.6. SNHG12 enhances the mRNA stability of
CTNNB1 via recruiting IGF2BP2 in ESCC

It was reported that BMII can activate Wnt pathway
(Li et al., 2018a; Yu et al., 2018), and Wnt/B-catenin
pathway was extensively supported as a contributing
signaling for cancer cell growth, stemness, and EMT
(Fodde and Brabletz, 2007; Reya and Clevers, 2005).
Therefore, we speculated that SNHGI2 modulated
Wnt/B-catenin pathway through BMII. Interestingly,
we found that sh-SNHG12#1 reduced Wnt-associated
genes (B-catenin, SOX2, SOX4, C-myc, and MMP?7),
and such effect was partly reversed by overexpressing
BMI1. Overexpressing SNHG12 increased the Wnt-re-
lated proteins, and such effect was partly counter-
acted by BMIl knockdown (Fig. S6A). Hence, we
deduced that the SNHGI12 had alternate target genes
to regulate Wnt signaling. As axiomatically known,
B-catenin, encoded by CTNNBI, was the main factor
in canonical Wnt signaling. Data of qRT-PCR
revealed that SNHGI12 depletion decreased CTNNBI
expression (Fig. 6A). Furthermore, 14 common RBPs
(RNA-binding proteins) binding to SNHGI12 and

Fig. 4. SNHG12 upregulates the expression of BMI1 via sequestering miR-6835-3p in ESCC. (A) gRT-PCR data of fold change of several
miRNA levels CD133"ESCC versus CD133” ESCC cells (n = 5; Student's ttest). (B) RNA pull-down assay tested the relative enrichment of
above-mentioned miRNAs in the SNHG12 biotin probe group and the SNHG12 no-biotin probe group (n = 5; Student's t-test). (C) starBase
predicted the binding sites between SNHG12 and miR-6835-3p. (D) gRT-PCR measured the overexpression efficiency of miR-6835-3p
(n = 5; Student's t-test). (E) Luciferase reporter assay measured the luciferase activity of SNHG12-WT and SNHG12-Mut under miR-6835-3p
overexpression (n = 4; Student's t-test). (F) gRT-PCR data of the fold change of SUGT1, CPEB2, and BMI1 levels in CD133" ESCC cells with
miR-6835-3p mimics or miR-6835-3p inhibitors versus NC mimics or NC inhibitors (n = 5; Student’s t-test). (G) The expression of BMI1 in
ESCA (esophageal carcinoma) tissues versus corresponding normal tissues and the expression of BMI1 in ESCA patients at different cancer
stages were obtained from TCGA database. (H) RIP assay detected the relative enrichment of SNHG12, miR-6835-3p, and BMI1 in the
Ago2 group (n =5; Student's t-test). (I) starBase predicted the binding sites between BMI1 and miR-6835-3p. (J) gRT-PCR measured the
overexpression efficiency of SNHG12 (n = 5; Student’s ttest). (K) Luciferase reporter assay measured the luciferase activity of BMIT-WT
and BMI1-Mut (n = 4; one-way ANOVA). (L) The positive correlation between SNHG12 expression and BMI1 expression was obtained from
TCGA database. Results were all exhibited as the mean + standard deviation (SD) and taken from more than three independent
experiments. **P < 0.01
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CTNNBI were predicted by starBase (Fig. 6B). Based
on TCGA database, we discovered that expressions
of IGF2BP2 and IGF2BP3 were significantly upregu-
lated in ESCA tissues compared with normal tissues
(Fig. 6C), and the expressions of the other 12 RBPs
were not altered in tumor tissues versus normal tis-
sues (Fig. S7A-L). Later on, the knockdown and
overexpression efficiency of IGF2BP2/IGF2BP3 were
verified (Fig. 6D). The expression of CTNNBI was
upregulated or downregulated by pcDNA3.1/
IGF2BP2 or sh-IGF2BP2, but was not affected by
pcDNA3.1/IGF2BP3  or sh-IGF2BP3  (Fig. 6E).
Besides, RIP assay showed the high enrichment of
CTNNBI in anti-IGF2BP2 precipitates (Fig. 6F).
RNA pull-down and western blot assay also verified
that the pulled down products of the SNHGI12/
CTNNBI1 (sense) group showed obvious IGF2BP2
enrichment (Fig. 6G). Additionally, RIP assay con-
firmed that the enrichment of CTNNBI in the anti-
IGF2BP2 group was decreased when knocking down
SNHGI12 (Fig. 6H). Finally, after actinomycin D
treatment, qRT-PCR showed that silencing SNHG12
or IGF2BP2 accelerated the degradation of CTNNBI
(Fig. 61,]). In a summary, SNHGI12 could enhance
the mRNA stability of CTNNBI via recruiting
IGF2BP2 in ESCC.

3.7. CTNNB1 and BMI1 mediate the regulatory
function of SNHG12 in ESCC

Later, we determined whether SNHG12 functioned in
ESCC through CTNNBI and BMI1. Firstly, CTNNBI
expression was downregulated or upregulated by sh-
CTNNBI1 or pcDNA3.1/CTNNBI1 (Fig. 7A). Conse-
quently, sh-CTNNBI partly abrogated the prolifera-
tion promoted by pcDNA3.1/SNHGI2, and co-
overexpression of CTNNBI and BMIl further
strengthened such counteraction (Fig. 7B,C). CTNNBI1
overexpression partly restored proliferation repressed
by sh-SNHGI2#1, and joint overexpression of
CTNNB! and BMII furthered the restoration
(Fig. 7B,C). Sh-CTNNBI impaired ESCC cell migra-
tion, invasion, and EMT process that was facilitated
by pcDNA3.1/SNHG12, and such impairment was
strengthened by jointly knocking down CTNNBI and
BMI1. CTNNBI overexpression counteracted repress-
ing effect of sh-SNHGI12#1 on migration, invasion,
and EMT in ESCC cells, and such counteraction was
furthered by co-overexpression of CTNNBI and BMI1
(Figs 7D,E  and S8A). Transfecting sh-CTNNBI
impaired sphere formation that was facilitated by
pcDNA3.1/SNHG12 in ESCC cells, and cotransfection
of sh-BMII strengthened such impairment. Sphere

D. Wu et al.

formation repressed by sh-SNHG12#1 was restored by
CTNNBI1 overexpression, and such restoration was
enhanced by cotransfection of pcDNA3.1/BMI1
(Fig. 7F,G). CDI133 + ratio increased by SNHGI2
overexpression was partly reversed by CTNNBI
knockdown and was fully reversed by the knockdown
of CTNNBI1 and BMII. The effect of SNHG12 knock-
down on reducing CD133 + ratio was partly counter-
acted by CTNNBI overexpression and was fully
counteracted by co-overexpression of CTNNBI and
BMII1 (Fig. S8B). Altogether, CTNNBI and BMII
mediated the regulatory function of SNHGI2 in
ESCC.

3.8. SOX4 binds with SNHG12 promoter to
transcriptionally activate SNHG12 in ESCC

Moreover, the effects of Wnt pathway downstream
mRNAs on SNHGI2 promoter were confirmed.
Among the key downstream genes, we found that
SOX2 or SOX4 expression changes could influence the
expression of SNHGI12. First of all, the knockdown
and overexpression efficiency of SOX2/SOX4 were
measured. Sh-SOX2 and sh-SOX4 declined, and
pcDNA3.1/SOX2 or pcDNA3.1/SOX4 increased
(Fig. 8A). Subsequently, qRT-PCR showed that
SNHG12 expression was downregulated by sh-SOX4
and upregulated by pcDNA3.1/SOX4, but was not
affected by sh-SOX2 or pcDNA3.1/SOX2 (Fig. §B).
Through JASPAR and UCSC websites, the motif of
SOX4 and the binding site of SOX4 in SNHGI12 pro-
moter were obtained (Fig. 8C). Further, DNA pull-
down-western blot assay revealed the obvious enrich-
ment of SOX4 in the bio-SNHGI12 promoter group
rather than the non-bio-SNHGI2 promoter group
(Fig. 8D). Chromatin immunoprecipitation (ChIP)
assay confirmed the high enrichment of SNHGI2 pro-
moter in the anti-SOX4 group (P2 area) (Fig. 8E).
Lastly, luciferase activity of SNHGI12 promoter was
inhibited or stimulated by sh-SOX4 or pcDNA3.1/
SOX4 (Fig. 8F). Thus, SOX4 binds with SNHGI12
promoter to transcriptionally activate SNHGI12 in
ESCC.

3.9. SNHG12 knockdown retards tumorigenesis
and reduces metastasis in ESCC in vivo

Finally, we determined whether SNHGI12 functioned
in ESCC via establishing animal model. To monitor
tumorigenesis, CD133" EC109 cells transfected with
sh-NC or sh-SNHGI12#1 were subcutaneously inocu-
lated into mice to generate xenografts. As observed,
growth of tumors in mice was slower in the sh-
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Fig. 5. BMI1 is a target for SNHG12 to regulate ESCC development. (A) gRT-PCR measured the knockdown and overexpression efficiency
of BMI1 (n=5; Student's ttest). (B,C) Colony formation and EdU (bar value = 100 pm) assays detected ESCC cell proliferation under
different transfecting conditions (n = 5; one-way ANOVA). (D) Transwell assay measured ESCC cell migration ability (bar value = 100 pm;
n = 5; one-way ANOVA). (E) Western blot assay tested the expression of EMT-related protein (E-cadherin, N-cadherin, and vimentin; n = 5).
(F) Sphere formation assay detected the ESCC cell sphere formation efficiency (bar value = 100 um; n = 5; one-way ANOVA). (G) Western

blot assay measured the protein expression of stem cell markers (SOX2, SOX4, OCT4, and Nanog; n =

5). Results were all exhibited as the

mean + standard deviation (SD) and taken from more than three independent experiments. **P < 0.01
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Fig. 6. SNHG12 enhances the mRNA stability of CTNNB1 via recruiting IGF2BP2 in ESCC. (A) gRT-PCR measured the expression of
CTNNB1 when silencing SNHG12 (n = 5; Student’s ttest). (B) Fourteen RBPs interacting with CTNNB1 and SNHG12 were screened out
through starBase. (C) The expression of IGF2BP2 and IGF2BP3 in ESCA (esophageal carcinoma) tissues and corresponding normal tissues
was obtained from TCGA database. (D) qRT-PCR measured the overexpression and knockdown efficiency of IGF2BP2 and IGF2BP3 (n = 5;
one-way ANOVA). (E) gRT-PCR measured the expression of CTNNB1 under IGF2BP2/3 overexpression or knockdown (n=5; one-way
ANOVA). (F) RIP assay detected the relative enrichment of CTNNB1 in the anti-IGF2BP2 group (n = 5; Student’s t-test). (G) RNA pull-down—
western blot assay measured IGF2BP2 enrichment in the SNHG12 or SNHG12 antisense group (n = 5). (H) RIP assay detected the relative
enrichment of CTNNB1 in the anti-IGF2BP2 group when knocking down SNHG12 (n = 5; Student’s t-test). (I,J) gRT-PCR measured CTNNB1
expression after actinomycin D treatment in different transfecting conditions (n = 5; Student’s ttest). Results were all exhibited as the
mean + standard deviation (SD) and taken from more than three independent experiments. *P < 0.05, **P < 0.01
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Fig. 7. CTNNB1 and BMI1 mediate the regulation of SNHG12 in ESCC. (A) qRT-PCR measured the knockdown and overexpression
efficiency of CTNNB1 (n=5; Student's ttest). (B,C) Quantification of colony numbers and EdU-positive cell ratio reflected ESCC cell
proliferation under different transfecting conditions (n = 5; one-way ANOVA). (D) Transwell assay measured ESCC cell migration ability
(n = 5; one-way ANOVA). (E) Western blot assay tested the expression of EMT-related proteins (E-cadherin, N-cadherin, and vimentin;
n=25). (F) Sphere formation efficiency of ESCC cells with indicated transfections (n=5; one-way ANOVA). (G) Western blot assay
measured the protein expression of stem cell markers (SOX2, SOX4, OCT4, and Nanog; n=5). Results were all exhibited as the
mean + standard deviation (SD) and taken from more than three independent experiments. **P < 0.01
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Fig. 8. SOX4 binds with SNHG12 promoter to transcriptionally activate SNHG12 in ESCC. (A) gRT-PCR measured the knockdown and
overexpression efficiency of SOX2/SOX4 (n = 5; one-way ANOVA). (B) gRT-PCR measured SNHG12 expression when knocking down or
overexpressing SOX2/SOX4 (n = 5; one-way ANOVA). (C) JASPAR and UCSC websites were utilized to obtain the motif of SOX4 as well as
the binding site of SOX4 in SNHG12 promoter. (D) DNA pull-down-western blot assay detected the enrichment of SOX4 in SNHG12
promoter pull-down (n = 5). (E) ChlP assay tested the relative enrichment of SNHG12 promoter fractions (P1 without predicted site and P2
with predicted site) in SOX4 ChIP products (n = 5; Student’'s ttest). (F) Luciferase reporter assay measured the luciferase activity of
SNHG12 promoter-WT and SNHG12 promoter-Mut (n = 5; Student’s ttest). Results were all exhibited as the mean + standard deviation
(SD) and taken from more than three independent experiments. **P < 0.01

SNHGI12#1 group than in the sh-NC group
(Fig. S9A). At day 28, the weight of resected tumors
from mice in the sh-SNHGI13#1 group was lighter
than that in the sh-NC group (Fig. S9B). qRT-PCR
results validated that levels of SNHGI12, BMII1, and
CTNNBI were lower in xenografts with SNHGI2

2346

knockdown than control (Fig. S9C). Besides, the pro-
tein levels of BMI1, B-catenin, the downstream factors
c-Myc and MMP7, and EMT-related N-cadherin and
vimentin were reduced but level of E-cadherin was
increased in  xenografts  with  sh-SNHGI2#1
(Fig. S9D). Stemness-specific proteins including SOX2,
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SOX4, OCT4, and Nanog were lessened under
SNHG12 knockdown in vivo (Fig. SOE). Through ITHC
staining, we discovered that proliferation indexes
including Ki-67 and PCNA declined in xenografts with
SNHGI12 knockdown (Fig. S9F). Additionally, mice
were subjected to tail-vein injection of CD133* EC109
cells with sh-NC or sh-SNHG12#1 to establish metas-
tasis model. Consequently, sh-SNHG12#1 led to less
metastasis nodules in mice (Fig. S9G). Together,
SNHGI12 knockdown retards tumorigenesis and
reduces metastasis in ESCC in vivo.

4. Discussion

Abundant evidences illustrate that IncRNAs usually
exhibit aberrant expression in various tumors and
serve as a vital modulator of biological process,
including cell proliferation, migration, and stemness
as well as EMT process. For illustration, IncRNA
MEGS3 suppresses cell proliferation and metastasis in
gastric cancer through p53 pathway (Wei and Wang,
2017). LncRNA UCAI facilitates the migration and
invasion of pancreatic cancer cells through Hippo
signaling pathway (Zhang et al.,, 2018). LncRNA
PTAR accelerates epithelial-mesenchymal transition
and cell invasion—metastasis in serous ovarian cancer
via sponging with miR-101-3p to modulate the
expression of ZEB1 (Liang et al., 2018a). LncRNA
MALATI1 strengthens cell stemness in gastric cancer
by enhancing the mRNA stability of SOX2 (Xiao
et al., 2019). Similarly, in ESCC, the participation of
IncRNAs has been documented. For instance,
IncRNA CASC9 contributes to ESCC development
via regulating PDCD4 expression through EZH?2
(Wu et al., 2017). LncRNA CASC9 motivates ESCC
metastasis by upregulating LAMC2 expression
through the interaction with the CREB-binding pro-
tein (Liang et al., 2018b). Linc-ROR expedites ESCC
progression via the inhibition of SOX9 (Wang et al.,
2017a). In our research, we discovered that 3
IncRNAs from SNHG family (SNHG1, SNHG7, and
SNHG12) were upregulated in ESCA (esophageal
carcinoma) tissues based on Cancer RNA-Seq Nexus
analysis. Previously, the 3 IncRNAs have been exten-
sively reported to contribute to carcinogenesis (Li
et al., 2018b; Lin et al., 2017; Wang et al., 2019b;
Wang et al., 2017b; Wang et al., 2018; Xu et al.,
2018b). Among them, SNHG1 and SNHG7 have
been related to ESCC by former studies (Xu et al.,
2018a; Yan et al, 2017), but SNHGI12 was first
linked to ESCC in our study. We confirmed that
SNHGI12 expression was upregulated in CDI133"
ESCC cells compared with CD133™ cancer cells, and

SNHG12 promotes esophageal squamous cell carcinoma

we also validated that SNHGI2 was mainly dis-
tributed in cytoplasm. Functional assay illustrated
that SNHGI12 upregulation promoted cell prolifera-
tion, migration, EMT, and stemness in CD133’ESCC
cells, and SNHG12 depletion brought about on the
contrary results in CD133" cells, suggesting the onco-
genic role of SNHGI12 in ESCC.

The LncRNAs usually serve as the sponge of micro-
RNAs (miRNAs) to modulate the downstream target
gene expression in cancers (Zhao et al., 2017). This
study first discovered that SNHGI12 could interact
with miR-6835-3p which was significantly lowly
expressed in ESCC cells. MiRNAs affect gene expres-
sion by binding to the 3’ UTRs of target mRNAs
(Ambros, 2004; Bartel, 2004). Here, among a group of
predicted mRNAs, BMII1 was found to be the most
significantly affected under miR-6835-3p overexpres-
sion or knockdown in ESCC cells. According to
TCGA database, BMII1 expression was upregulated in
ESCA tissues and was highly expressed in ESCA
patients in terminal stage (IV), indicating its involve-
ment in ESCC. Further, we first showed that SNHG12
could modulate BMII expression via sponging miR-
6835-3p in ESCC cells. Besides, analysis based on
TCGA database indicated that SNHGI2 expression
was positively correlated with BMI1 expression in
ESCA tissues.

The effects of Wnt pathway in cancer development
are extensively supported (Feng et al., 2018; Gao
et al., 2018). Notably, Wnt/B-catenin signaling is
widely reported to regulate EMT and cell stemness in
cancers by transcriptionally activating EMT and
stemness-related genes (Fodde and Brabletz, 2007
Reya and Clevers, 2005). For instance, IncRNA
DANCR induced CTNNBI to enhance the stemness
of hepatocellular cancer cells and drive tumorigenesis
(Yuan et al., 2016). FOXP1 activates Wnt/B-catenin
in lung cancer to promote EMT (Yang et al., 2017).
In ESCC, IncRNA TUGI increases EMT markers
through Wnt/B-catenin (Tang et al., 2020). MiR-942
enhances stem cell-like characteristics in ESCC cells
via Wnt/B-catenin activation (Ge et al., 2015). Mem-
bers of SNHG family, including SNHGI12, are sup-
ported to promote cancer development via regulating
Wnt/B-catenin pathway (Feng et al, 2018; Shao
et al., 2019; Song et al, 2019). As previously
reported, BMII upregulation could activate Wnt
pathway (Li et al., 2018a; Yu et al., 2018). Therefore,
it is reasonable to suggest that SNHGI12 contributed
to stemness and EMT in ESCC cells through BMI/
Wnt/B-catenin pathway.

Interestingly, we elucidated that pcDNA3.1/BMII
or sh-BMI1 only partially offset the suppressing or
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stimulating influence of SNHG12 depletion or upreg-
ulation in Wnt pathway. Therefore, we further
explored whether SNHGI12 regulated Wnt pathway-
associated protein expression via post-transcriptional
mechanism in ESCC progression. We found that
RBP (RNA-binding protein) IGF2BP2 could cooper-
ate with SNHGI12 to enhance the mRNA stability of
CTNNBI. Further, we suggested through rescue
assay that BMI1 and CTNNBI were two targets for
SNHGI12 to regulate ESCC progression. Subse-
quently, among the Wnt pathway downstream target
genes, the transcription factor role of SOX4 in regu-
lating expression of noncoding RNAs (ncRNAs) has
been widely researched (Ding et al., 2019). Our data
first supported that SOX4 could transcriptionally acti-
vate SNHGI12 and bind with SNHGI12 promoter in
ESCC. Finally, we provided in vivo data to prove
that SNHG12 drove tumorigenesis and metastasis in
ESCC.

5. Conclusion

This study first discovered that IncRNA SNHGI2
induced proliferation, migration, EMT, and stemness
of ESCC cells in vitro and drives tumorigenesis and
metastasis in vivo. Mechanistically, SNHGI12 seques-
ters miR-6835-3p to induce BMII and interacted with
IGF2BP2 to stabilize CTNNBI and activated Wnt/f-
catenin pathway (Fig. S10). These findings provided
innovative thoughts for advancing the treatment of
ESCC.
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Fig. S1. SNHG12 level in ESCC specimens and its
prognostic value. (A) qRT-PCR of SNHGI12 level in
ESCC specimens versus paired para-tumor tissues
(n = 5; Paired student’s t-test). (B) Kaplan—Meier
analysis of correlation between SNHGI12 level and
overall survival in ESCC patients (log-rank test).
Results were all exhibited as the mean 4 Standard
Deviation (SD) and taken from more than three inde-
pendent experiments. **P < 0.01.

Fig. S2. Sorting and enriching of CD133™ ESCC cells.
(A) CDI133" ESCC cells were sorted by flow cytome-
try analysis. (B) Sphere formation was used to enrich
CDI133" ESCC cells, and CDI133" ratio in tumor-
spheres derived by ESCC cells versus the parental cells
was analyzed by flow cytometry (n = 5; Student’s t-
test). (C) Western blot of stemness specific genes in
tumorspheres derived by ESCC cells versus the paren-
tal cells (n = 5). Results were all exhibited as the
mean + Standard Deviation (SD) and taken from
more than three independent experiments. **P < 0.01.

Fig. S3. Effect of SNHGI12 overexpression on cell
invasion and CDI133% ratio. (A) Pictures (bar
value = 100 pm) of invasive ESCC cells in transwell
system under SNHG12 overexpression and the number
of cells per field was quantified (n = 5; Student’s ¢-
test). (B) CD133" ratio in ESCC cells with SNHG12
overexpression was quantified by flow cytometry anal-
ysis (n = 5; Student’s t-test). (C) Original data of
western blot in Figure 2G (n = 5). Results were all
exhibited as the mean + Standard Deviation (SD) and
taken from more than three independent experiments.
**P < 0.01.

Fig. S4. Effects of SNHG12 knockdown on cell inva-
sion and CDI133" ratio. (A) Pictures (bar
value = 100 um) of invasive ESCC cells in transwell
system under SNHG12 knockdown and the number of
cells per field was quantified (n = 5; one-way
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ANOVA). (B) CDI133" ratio in ESCC cells with
SNHG12 knockdown was quantified by flow cytome-
try analysis (n = 5; one-way ANOVA). Results were
all exhibited as the mean + Standard Deviation (SD)
and taken from more than three independent experi-
ments. **P < 0.01.

Fig. S5. BMII rescued SNHGI12 function in cell inva-
sion and CDI133™ ratio in ESCC. (A) Pictures (bar
value = 100 pm) of invasive ESCC cells in transwell
system with indicated transfections and the number of
cells per field was quantified (n = 5; one-way
ANOVA). (B) CD133™ ratio in ESCC cells with indi-
cated transfections was quantified by flow cytometry
analysis (n = 5; one-way ANOVA). Results were all
exhibited as the mean + Standard Deviation (SD) and
taken from more than three independent experiments.
**P < 0.01.

Fig. S6. Western blot of key factors in Wnt pathway.
(A) Western blot assay measured the Wnt pathway-re-
lated protein level in different transfected groups
(n = 5). Results were all exhibited as the
mean + Standard Deviation (SD) and taken from
more than three independent experiments.

Fig. S7. Analysis of RBP expressions in ESCA samples
from GEPIA. (A-L) The expression of the expression
of other twelve RBPs in ESCA (esophageal carcinoma)
tissues and corresponding normal tissues was obtained
from TCGA database. Results were all exhibited as
the mean + Standard Deviation (SD) and taken from
more than three independent experiments.

Fig. S8. BMI1 and CTNNBI rescue SNHGI12 function
in cell invasion and CD133™ ratio in ESCC. (A) Num-
ber of invasive ESCC cells in transwell system with
indicated transfections per field was quantified (n = 5;

SNHG12 promotes esophageal squamous cell carcinoma

one-way ANOVA). (B) CDI33™ ratio in ESCC cells
with indicated transfections was quantified by flow
cytometry analysis (n = 5; one-way ANOVA). Results
were all exhibited as the mean + Standard Deviation
(SD) and taken from more than three independent
experiments. **P < 0.01.

Fig. S9. Function of SNHGI2 in vivo. (A) Growth
curve of xenografts in mice subcutaneously injected
with CD133" EC109 cells with sh-NC or sh-
SNHGI12#1 (n = 5; Student’s f-test). (B) Tumor
weight at day 28 after injection was detected (n = 5;
Student’s #-test). (C) qRT-PCR of SNHGI12, BMII,
and CTNNBI Ilevels in xenografts of each group
(n = 5; Student’s t-test). (D-E) Western blots of
BMI1, B-catenin, c-Myc, MMP7, E-cadherin, N-cad-
herin, Vimentin, SOX2, SOX4, OCT4, and Nanog in
xenografts of each group (n = 5). (F) IHC picture of
Ki-67 and PCNA in xenografts of each group. Scale
bar: 100 pm (n = 5; Student’s -test). (G) Pictures and
quantification of HE staining of metastatic nodules in
mice intravenously injected with CD133" EC109 cells
with sh-NC or sh-SNHGI12#1. (Scale bar: 100 pm;
n = 5; Student’s 7-test). Results were all exhibited as
the mean + Standard Deviation (SD) and taken from
more than three independent experiments. **P < 0.01.

Fig. S10. In esophageal squamous cell carcinoma,
SNHGI12 regulates BMII1 expression via sponging
miR-6835-3p, and enhances CTNNBI stability via
recruiting IGF2BP2. Thus, SNHG12 activates Wnt/[-
catenin signaling and facilitates proliferation, metasta-
sis and stemness. Downstream of the Wnt pathway,
SOX4 binds with SNHG12 promoter to transcription-
ally activate SNHG12.
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