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Abstract
Background: Gastric Cancer (GC) is one of the leading causes of cancer-related deaths and mortality.
Long non-coding RNAs (lncRNAs) such as SNHG12 play important roles in the pathogenesis and
progression of cancers. However, the role and signi�canve of SNHG12 in the metastasis of GC has not
yet been thoroughly investigated.

Methods: The SNHG12 expression pattern was detected in GC tissue samples from our faculty and cell
lines using quantitative reverse transcription PCR. In vivo and in vitro gain and loss assays were
conducted to observe the effects of SNHG12 regulation on GC cell metastasis potential. The underlying
mechanisms of SNHG12 regulation on EMT and metastatic potential of GC cells were further determined
by quantitative reverse transcription PCR, western blotting, dual luciferase reporter assays, co-
immunoprecipitation, immunoprecipitation, RIP assays, TOPFlash/FOPFlash reporter assays and Ch-IP
assays.

Results: SNHG12 was upregulated in GC tissues and cell lines. The expression levels of SNHG12 in GC
samples was signi�cantly related to tumor invasion depth, TNM staging and lymph node metastasis, and
was associated with poorer DFS and OS in the GC patients. SNHG12 was signi�cantly highly expressed
in peritoneal metastatic tissues from GC patients and mice subjects, suggesting a possible role of
SNHG12 in peritoneal carcinomatosis from GC. Further in vivo and in vitro gain and loss assays indicated
that SNHG12 promoted GC metastasis and EMT. Based on hypothetical bioinformatic analysis �ndings,
our mechanistic analyses revealed that miR-218-5p was a direct target of SNHG12 and suggested that
both SNHG12 and miR-218-5p could collectively regulate YWHAZ, forming the SNHG12/ miR-218-
5p/YWHAZ axis, hereby decreasing the ubiquitination of β-catenin, thus activating the β-catenin signaling
pathway and facilitating metastasis and EMT. Further analysis also revealed that the transcription factor
YY1 could negatively modulate SNHG12 transcription.

Conclusions: Our �ndings demonstrate that SNHG12 is be a potential prognostic marker and therapeutic
target for GC. Negatively modulated by transcription factor YYI, SNHG12 promotes GC metastasis and
EMT by regulating the miR-218-5p/YWHAZ axis and hence activating the β-catenin signaling pathway.
Furthermore, we discovered high SNHG12 expression could be related to peritoneal carcinomatosis from
GC but this requires further validation. 

Background
Gastric Cancer (GC) is the 5th most common malignancy and 3rd leading cause of cancer deaths in the
world(1). The prognosis of GC remains poor due to tumor metastasis and recurrence and the potential
underlying factors, including the heterogeneity in the functions of key genes and interlink signaling
molecules and regulatory networks involved in the initiation, progression and invasion of GC(2, 3). In this
regard, the role of regulatory molecules in the tumor microenvironment such as long non-coding RNAs
(lncRNAs), microRNAs (miRNAs), and other non-coding RNAs (ncRNAs) has been scrutinized, and recent
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�ndings have shown that lncRNAs play important roles in a wide range of physiological and
pathophysiological processes, and act as oncogenes or tumor suppressor genes in tumorigenesis and
cancer metastasis(4–6).

LncRNA small nucleolar RNA host gene 12 (SNHG12) is located on chromosome 1 in the 1p35.3 region,
and was �rst reported to be signi�cantly upregulated in endometrial cancer in human(7). Recent studies
have shown that the altered expression of SNHG12 could be correlated with the viability, proliferation,
metastasis, and invasion of tumor cells, impacting the prognosis and survival by diverse pathways(8).
Although several studies suggest that SNHG12 could promote GC progression by sponging miR-320, miR-
199a/b-5p, miR-16 or activating the PI3K/AKT pathway(9–12), the role of SNHG12 in the metastasis of
GC has not yet been thoroughly.

Tyrosine 3 monooxygenase/tryptophan 5-monooxygenase activation protein zeta, also named YWHAZ or
14-3-3ζ, is a key modulator on the β-catenin signaling pathway and is closely associated with
tumorigenesis and cancer metastasis(13). YWHAZ has been shown to be overexpressed in multiple types
of cancers and regulated by miRNAs or lncRNAs (14). Zeng Y et al reported that lncRNA LUCAT1/miR-
134-5p/YWHAZ axis can promote proliferation and invasion of GC(15); Wang H et al found circ-
SERPINE2/miR-375/YWHAZ axis promote proliferation(16) and Jin CX et al clari�ed how YWHAZ effects
apoptosis and autophagy in GC(17). In this study, we demonstrate that SNHG12 shows promise as a
possible biomarker and therapeutic target in GC and how SNHG12 regulates the β-catenin signaling
pathway by modulating the YWHAZ protein.

Yin Yang 1 (YY1) belongs to the GLI-Kruppel class of Zinc-�nger proteins and acts as transcription
repressor or activator to regulate a series of biological processes, such as embryogenesis, cellular
proliferation, differentiation, and tumorigenesis. Nevertheless, its role in the regulation of tumor
progression remains controversial(18). In GC, miRNA-584-3p was shown to inhibit GC progression by
repressing YY1-facilitated MMP-14 expression and Zou X et al reported that the expression of YY1 was
negatively related to ATP6V1A, suggesting potential mechanistic and clinical implications in GC(19, 20).

Henceforth, in the present study, we pro�led SNHG12, miR-218-5p, YWHAZ and YY1 expression in GC
tissues and cells and investigated the role and underlying mechanisms of SNHG12 in GC metastasis. We
demonstrate that SNHG12 is upregulated in GC cells, and its expression level is signi�cantly related to GC
malignant characters and short survival of GC patients. SNHG12 is critical in GC metastasis. Suppression
of SNHG12 expression leads to impaired GC cell invasion and EMT in vitro, and inhibits tumor metastasis
in vivo. SNHG12 directly sponges miR-218-5p to upregulate YWHAZ expression, which activates the β-
catenin signaling pathway to facilitate GC cell invasion and EMT. Furthermore, SNHG12 expression is
negatively regulated by transcription repressor YY1. These results indicate an important role for SNHG12
in regulating GC metastasis.

Materials And Methods
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GC patients and tissue specimens
A total of 54 GC tissues and pair-matched normal gastric epithelial tissues were obtained from GC
patients who underwent radical surgery at Ruijin Hospital a�liated to Shanghai Jiao Tong University
School of Medicine from 2015 to 2019. No radiotherapy or chemotherapy was given to the patients
before surgery. All cases were independently diagnosed histologically by two experienced pathologists
and staged according to the TNM staging of the American Joint Committee on Cancer (AJCC 7th ed.,
2010). All tissue samples were immediately frozen in liquid nitrogen after resection from GC patients and
stored at − 80 °C for further analysis. The acquisition of the tissues was approved by the Ruijin Hospital
Ethics Committee.

Cell lines and culture conditions
Six human GC cell lines (AGS, MGC-803, MKN-45, SGC-7901, HS-746T and HGC-27), HEK-293T and a non-
malignant gastric mucosal epithelial cell line GES-1 were purchased from the Cell Bank of the Chinese
Academy of Sciences (Shanghai, China). Cells were cultured in DMEM (Gibco, BRL, San Francisco, USA)
medium supplemented with 10% fetal bovine serum (Hyclone, Carlsbad, CA, USA) and 5 µg/ml penicillin
and streptomycin maintained in a humidi�ed atmosphere at 37 °C in 5% CO2.

RNA extraction and quantitative reverse transcription PCR
(qRT-PCR)
Total RNA was isolated from patient tissues and cultured cells using Trizol reagent (Invitrogen, Carlsbad,
CA, USA) as per the manufacturer’s instructions. Total RNA was reverse transcribed into cDNA using
HiScript III RT SuperMix for qPCR (Vazyme, Nanjing, China) while micro RNA was reverse transcribed into
cDNA using miRNA First Strand cDNA Synthesis (Sangon Biotech, Shanghai, China). cDNA was
quanti�ed by RT-PCR and the data were acquired with SYBR Green (Vazyme, Nanjing, China) using
Applied Biosystems 7500 instrument. GAPDH, U6 and ACTB were used as internal controls. Primers are
listed in Additional �le 1.

Lentivirus production, siRNA, plasmids and cell transfection
The lentivirus-containing short hairpin RNA (shRNA) targeting SNHG12 was purchased from OBiO
(Shanghai, China), and the pCDH-CMV-Human vector for SNHG12 overexpression was purchased from
Allwin (Shanghai, China). The miR-218-5p mimics, miR-218-5p inhibitors, and negative control (NC)
oligonucleotides were obtained from GenePharma (Shanghai, China). SiRNAs for YY1 and YWHAZ were
obtained from Sangon Biotech (Shanghai, China) (Additional �le 2). GC cells were transfected with the
above-mentioned oligonucleotides and plasmids using Lipofectamine 2000 (Invitrogen) according to the
manufacturer’s protocol.

Cell migration
Cell migration ability was measured using transwell chambers (8-µm pore size; Corning Costar,
Cambridge, MA, USA). For the transwell assay, 6⋅104 cells suspended in serum-free DMEM medium were
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seeded into the upper chamber. The lower chamber contained DMEM medium supplemented with 5%
serum. After 10 h incubation, the �lters were �xed in methanol and stained with 0.1% crystal violet. The
upper faces of the �lters were gently abraded, and the lower faces with cells migrated across the �lters
were imaged and counted under the microscope. These experiments were performed in triplicate and
repeated three times.

Western blotting
Total proteins from cells were extracted using RIPA buffer supplemented with protease inhibitors and
phosphatase inhibitors. The primary anti-bodies used in this assay included E-cadherin (ABclonal),
vimentin (CST), N-cadherin (Proteintech), β-catenin (Proteintech), YWHAZ (ABclonal), GAPDH
(Proteintech), Lamin B (Proteintech).

Fluorescence in situ hybridization (FISH)
The FISH assays of GC cells and tissues were conducted according to the method described as
previously(21).

Luciferase reporter and TOPFlash/FOPFlash reporter assays
The luciferase reporter plasmid carrying the WT or mutated (MUT) 3’-UTR of SNHG12 and WT or mutated
(MUT) 3’-UTR of YWHAZ were purchased from Public Protein/Plasmid Library (Nanjing, China). The
above plasmids were transfected into GC cells along with the miR-218-5p mimics using lipofectamine
2000. After transfection (36–48 h), the cells were lysed, and luciferase activity was measured with the
Dual-Luciferase Reporter Assay system (Promega). The TOPFlash/FOPFlash reporter assay were
conducted according to the manufacturer’s instructions of TCF Reporter Plasmid Kit (Millipore).

Co-immunoprecipitation and immunoprecipitation
Co-immunoprecipitation (Co-IP) and immunoprecipitation (IP) were conducted using the IP/Co-IP kit
(ABsin) according to the manufacturer’s instructions. The primary anti-bodies used in this assay included
β-catenin (ABclonal), YWHAZ (Proteintech), Ubiquitin (CST), β-tubulin (ABclonal).

ChIP assay
ChIP assays were performed using the EZ-Magna ChIP Kit (Millipore 17-10086), as previously
described(22).

RNA Binding Protein Immunoprecipitation
RNA Binding Protein Immunoprecipitation (RIP) were performed using the EZ-magna RIP Kit (Millipore
17–700), the antibody used in this assay include Ago2 (ABcam).

In vivo metastasis assays
Four-weeks-old immunode�cient BABL/c female nude mice were purchased and maintained under
speci�c pathogen-free conditions. MGC-803 cells (2⋅106) with stable sh-SNHG12 or empty vector were
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separately injected into the abdomen of the mice and their body weight was measured and recorded
every 3 days. After 1 month, the mice were sacri�ced and the tumors in abdominal were dissected for
immunohistochemistry and FISH assays.

Statistical analysis
All statistical analyses were conducted using SPSS 23.0 (SPSS, Chicago, IL, USA) or GraphPad PrismV8
(GraphPad Prism, Inc., La Jolla, CA, USA). Each experiment was performed at least in triplicate, and data
are presented as the mean ± SD of three independent experiments. Student’s t-test or one-way ANOVA was
used to compare the means of two or three groups. P values less than 0.05 were considered statistically
signi�cant.

Results
Overexpression of SNHG12 is associated with advanced staging of GC and indicates poor prognosis in
GC patients.

Previous studies have shown that SNHG12 plays a critical role in GC progression, however, the role of
SNHG12 in regulating GC metastasis is yet unclear. To address this issue, we �rst determined the
expression of SNHG12 in human GC samples and GC cell lines by qRT-PCR assays. As shown in Fig. 1a,
SNHG12 was markedly highly expressed in tumor tissues than in the matched normal gastric epithelial
tissues, suggesting that SNHG12 acted as an oncogene in GC. Further investigation in GC cell lines
demonstrated that compared with the GES-1 normal gastric epithelial cell line, SNHG12 was signi�cantly
highly expressed in HS-746T, MGC-803, SGC-7901, AGS, and HGC-27 but poorly expressed in MKN-45
(Fig. 1b). Based on their SNHG12 expression pattern, MGC-803 and AGS were selected for further
experiments. Based on their SNHG12 expression pattern, MGC-803 and AGS were selected for vitro
experiments. FISH assays showed that the �uorescence intensity of SNHG12 in GC tissues was much
higher than that in matched normal gastric epithelial tissues (Fig. 1c).

Since peritoneal metastasis still resides as one of the main forms of disease progression, we additionally
investigated the expression of SNHG12 in peritoneal metastases obtained from our sample pool by FISH,
as shown in Fig. 1c and the �uorescence intensity of SNHG12 in GC peritoneal metastasis tissues and GC
tissues was much higher than that in primary tumor and matched normal gastric epithelial tissues,
suggesting a possible underlying role of SNHG12 in the progression of peritoneal carcinomatosis from
GC.

In order to verify the clinical signi�cance of SNHG12, we analyzed the correlation between the expression
levels of SNHG12 and the clinicopathological characteristics of the 54 GC patients. The results showed
that higher SNHG12 expression was signi�cantly related to depth of tumor invasion, extent of lymph
node metastasis and the TNM staging of GC patients (Table 1). Moreover, Kaplan-Meier analysis
indicated that patients with high SNHG12 expression had poorer survival outcome, and the respective 5-
year disease free survival (DFS) of the high and low SHNG12 expression groups was 72.2% vs. 94.4%
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respectively (p = 0.0112) (Fig. 1d) while the corresponding 5-year overall survival (OS) was 72.2% and
94.4% respectively (p = 0.0266) (Fig. 1e). Further analysis of the nature of disease progression revealed
that most of the patients with poor survival showed disease progression involving the peritoneum.

SNHG12 promotes GC cell migration and EMT in vitro.

To verify the role of SNHG12 in GC metastasis, loss-and-gain assays were conducted in GC cells by
shRNA and pCDH-CMV-Human vector. The knockdown and overexpression e�ciencies of SNHG12 in GC
cells were validated by RT-qPCR (Additional �le3 �gure S1). Since sh-SNHG12-2 manifested the optimal
knockdown e�ciency, it was used for the subsequent investigations. Transwell assays indicated that
knockdown of SNHG12 signi�cantly suppressed GC cell migration (Fig. 2a). Conversely, overexpression
of SNHG12 promoted GC cell migration (Fig. 2b).
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Epithelial-Mesenchymal Transition (EMT), a process in which epithelial cells transdifferentiated into
motile mesenchymal cells, endows cancer cells with high invasion and mobility. We therefore
investigated the effects of SNHG12 on EMT of GC cells. As shown in Fig. 2c, knockdown of SNHG12
induced morphological changes in GC cells, from a spindle-shaped mesenchymal appearance to a
cobble-like and spherical epithelial phenotype. Western blotting (WB) results showed that knockdown of
SNHG12 decreased the expression of the mesenchymal markers N-cadherin, vimentin and elevated the
epithelial marker E-cadherin expression, while overexpression of SNHG12 demonstrated the opposite
effects (Figs. 2d,e).

SNHG12 promotes GC metastasis in vivo.

To further investigate the metastatic potential of SNHG12 in vivo, a peritoneal metastasis mice model
was constructed. Signi�cant differences were noted in the body weight of the subjects: After 9 days, it
was noted that the control mice (NC) weighed more than the sh-SNHG12 mice, most probably due to
possible mass formation (Fig. 3a). After 1 month, the mice were sacri�ced and the anatomical dissection
�ndings were as follows: in the NC mice, there was notable in�ammatory adhesion in the mesentery with
nodular formations in the mesentery and intestinal surface (around 6 to 8 masses in each mouse) while
in the sh-SNHG12 mice, the abdominal cavity was clear with rare nodular �ndings (3 masses obtained
from 3 of the subjects) (Figs. 3b,c). FISH hybridization of the masses obtained from all the subjects were
further investigated and the SNHG12 signals were higher in the NC group (Fig. 3d).

SNHG12 acts as a competitive endogenous RNA for miR-218-5p to regulate YWHAZ expression in GC
cells.

FISH assays showed that SNHG12 is mainly located in cytoplasm (Fig. 4a). Further cytoplasmic and
nuclear RNA puri�cation assays further con�rmed that the majority of SNHG12 transcripts were detected
in cytoplasm instead of nucleus (Fig. 4b). This result suggested that SNHG12 mainly exerted its function
at the post-transcriptional level and may sponge miRNAs to regulate downstream molecules.
Bioinformatics databases (Starbase and miRcode) indicated that miR-218-5p exhibited the
complementary binding sites with the 3’-UTR of SNHG12, suggesting the direct sponging of miR-218-5p
by SNHG12 (Additional �le3 �gure S2). Moreover, YWHAZ was chosen as the putative downstream genes
of SNHG12 and miR-218-5p by using the databases TargetScan Human 7.2 and Starbase (Additional
�le3 �gure S3). The regulation of miR-218-5p was implemented in the MGC-803 and AGS cell lines by
using miR-218-5p mimics for overexpression and inhibitors for suppression assays. Compared with miR-
NC groups, the expression of SNHG12 and YWHAZ was suppressed in miR-218-5p mimics group while
overexpressed in inhibitors group (Fig. 4c). We further investigated whether miR-218-5p could directly
bind to the 3’-UTR of SNHG12 and YWHAZ and dual-luciferase reporter assays indicated a signi�cant
reduction in luciferase activities after the co-transfection of miR-218-5p-mimics and a wild-type SNHG12
reporter vector or a wild-type YWHAZ reporter vector, but this reduction was not observed upon
transfection with mutant 3’-UTR of SNHG12 reporter vector or mutant 3’-UTR of YWHAZ reporter vector
(Figs. 4d, e, f and g). To further elucidate the relationship between SNHG12, miR-218-5p and YWHAZ,
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pCDH-CMV-SNHG12 or miR-218-5p mimics were transfected into MGC-803 and AGS cells, qRT-PCR
assays indicated the expression of SNHG12 and YWHAZ was signi�cantly increased or decreased
respectively. On the other hand, when MGC-803 and AGS cells were co-transfected with pCDH-CMV-
SNHG12 and miR-218-5p mimics, both of the above effects could be inverted (Fig. 4 h). In parallel, sh-
SNHG12-2 or si-YWHAZ or miR-218-5p inhibitors were transfected into MGC-803 and AGS cells, the
relative expression of SNHG12 and YWHAZ was decreased or increased respectively. Sh-SNHG12-2 or si-
YWHAZ and miR-218-5p inhibitors were co-transfected into cells, both of the above trends could be
inverted (Figs. 4i, j). RIP assays on Ago2, a component of the RNA-induced silencing complex (RISC), were
conducted and the results revealed that SNHG12, miR-218-5p and YWHAZ could bind to Ago2,
knockdown SNHG12 in MGC-803 and AGS cells led to the increase enrichment of YWHA (Fig. 4k). These
results suggested that SNHG12 may compete with YWHAZ for miR-218-5p containing Ago2-based RISC.

SNHG12 activates β-catenin via YWHAZ encoded protein stabilizing β-catenin and reducing its
ubiquitination degradation.

Wnt/β-catenin signaling pathway is well-established in cancer cell invasiveness and EMT. YWHAZ
encoded protein, 14-3-3ζ, can interact β-catenin to increase its expression via decreasing its
ubiquitination. According to previous studies, we determined the focused on the effects of SNHG12 on
regulating β-catenin signaling activity via YWHAZ encoding protein, 14-3-3ζ. As shown in Figs. 5a, b,
YWHAZ knockdown led to a decrease of β-catenin at protein level, while no obvious change at RNA level.
In parallel, SNHG12 knockdown resulted in the decrease of β-catenin at both of RNA and protein levels
(Figs. 5c, d). The nuclear expression of β-catenin dramatically decreased when SNHG12 knockdown,
while, its nuclear expression increased when SNHG12 overexpressed (Fig. 5e). Moreover, Co-IP assays
validated the interaction of YWHAZ protein and β-catenin in GC cells (Fig. 5f), and IP assays proved the
ubiquitination level increased in YWHAZ or SNHG12 knockdown group, compared with mock control
group (Figs. 5 g, h). Furthermore, TOPFLASH and FOPFLASH reporters were constructed to verify whether
SNHG12 expression modulated the activation of β-catenin pathway, and as expected, the overexpression
of SNHG12 in MGC-803 and AGS cells resulted in the remarkable increase in TOP/FOP reporter activity
(Fig. 5i), suggesting activation of β-catenin-dependent transcription.

SNHG12/miR-218-5p/YWHAZ axis positively regulates GC
cell metastatic potential via β-catenin pathway
To further understand the involvement of miR-218-5p/YWHAZ/β-catenin pathway in regulating
metastatic potential of GC cells induced by SNHG12, transwell assays were performed in MGC-803 and
AGS cells transfected with pCDH-CMV-SNHG12 or/and miR-218-5p mimics, respectively. Figures 6a, b
showed that migrated cell count was signi�cantly increased or decreased in MGC-803 and AGS cells
transfected with pCDH-CMV-SNHG12 or miR-218-5p mimics only, however, when GC cells were co-
transfected with pCDH-CMV-SNHG12 and miR-218-5p mimics, the increased migrated cells induced by
SNHG12 overexpression could be inverted by overexpressing miR-218-5p and had no signi�cant
difference from control groups. In addition, we observed the abnormal expression of EMT-related proteins,
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β-catenin and YWHAZ encoded protein induced by SNHG12 overexpression was reversed after
introduction of miR-218-5p mimics (Fig. 6c). Similarly, transwell assays showed that migrated cell count
was signi�cantly decreased or increased in MGC-803 and AGS cells transfected with sh-SNHG12/si-
YWHAZ or miR-218-5p inhibitors only. On the other hand, when GC cells were co-transfected with sh-
SNHG12/si-YWHAZ and miR-218-5p inhibitors, the decreased migrated cells induced by SNHG12
knockdown could be inverted by inhibiting miR-218-5p and had no signi�cant difference from control
groups (Figs. 6d,e,g,h). Therefore, abnormal expression of EMT-related proteins, β-catenin and YWHAZ
encoded protein induced by SNHG12 knockdown was reversed after introduction of miR-218-5p inhibitors
(Fig. 6f).

Transcription factor YY1 modulates SNHG12 expression
To further elucidate the mechanism underlying SNHG12 overexpression in GC, we investigated the
involvement of transcription factors in regulating the transcription of SNHG12. JASPAR and PROMO
databases were used to analyze the potential TFs that may bind to the region of SNHG12 promotor, and
the transcription factor YYI showed similar a�nity to the binding site on the promotor of SNHG12. Ch-IP
assays results showed that site1 (+ 232 to + 237) and site2 (+ 1357 to + 1362) regions in the SNHG12
promotor might mediate YY1 binding to the endogenous SNHG12 promotor (Fig. 7a,b). Initially, RT-qPCR
was performed to determine YY1 expression in GC cell lines and tissues. As shown in Fig. 7c, compared
with GES-1, YY1 was relatively poorly expressed in most of GC cell lines (MGC-803, AGS, MKN-28, HS-
746T, and SGC-7901) except for MKN-45 and HGC-27. Moreover, YY1 expression was signi�cantly lower
in GC tissue samples than that in paired normal gastric epithelial tissues (Fig. 7d). Furthermore, the
results from transwell assays indicated that YY1-silencing led to signi�cant decrease in the migration of
MGC-803 and AGS cells (Fig. 7e). Nevertheless, upon treatment with si-YY1, the expressions of SNHG12
and YWHAZ increased while that of miR-218-5p decreased (Fig. 7f), which was veri�ed by RT-qPCR. Thus,
these results suggested that low expressed YY1 in GC promotes the transcription of SNHG12.

Discussion
Previous reports have con�rmed the role of SNHG12 in the tumorigenesis of several cancers but its
signi�cance in GC still needs further elucidation(8). In this study, we con�rmed that SNHG12 is highly
expressed in GC cell lines and tissues, and further analysis revealed that its high expression was clinically
closely related to the invasion depth, TNM staging and extent of lymph node metastasis, �ndings which
complement previous literature(12). Kaplan-Meier survival analysis con�rmed that GC patients with high
SNHG12 expression pro�le had poorer DFS and OS rates. While investigating the metastatic potential of
SNHG12 in a mice model, we discovered that inhibiting the latter could decrease the metastatic activity of
the GC cells. On the other hand, in peritoneal metastatic tissues obtained from GC patients, FISH assays
revealed much stronger SNHG12-positive staining than the control, further con�rming the role of SNHG12
in GC metastasis. Therefore, based on our results, of pivotal clinical signi�cance, SNHG12 can be a
promising prediction marker for peritoneal metastasis and poor survival in GC.
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The elevated expression of SNHG12 has been reported in several types of cancers, and SNHG12 may
affect proliferation, metastasis, apoptosis and cell cycle of cancer cells. Herein, we found SNHG12
promoted GC cell metastatic potential in vitro and in vivo, and these results indicated that SNHG12 acts
as an important contributor to GC progression. There has been a lot of speculations about the underlying
mechanisms behind the involvement of SNHG12 in regulating tumor progression. In this study, we
clari�ed that SNHG12 mainly located in the cytoplasm, and sponged miR-218-5p. We �rst noted that the
level of miR-218-5p expression in GC cell lines was low, suggesting that as a suppressor gene, it could
negatively regulate metastasis. Hence, for the �rst time, it has been shown that SNHG12 and miR-218-5p
have the negative correlation in GC where miR-218-5p can directly bind to the 3’UTR of SNHG12.

Further investigation using the TargetScan Human 7.2 and Starbase databases revealed YWHAZ as the
downstream molecule of both SNHG12 and miR-218-5p. YWHAZ encoded protein, 14-3-3ζ is a member of
the 14-3-3 family proteins affecting diverse vital biological processes, such as metabolism, signal
transduction, apoptosis and cell cycle. YWHAZ expression is upregulated in multiple types of cancer
including GC, and YWHAZ has been identi�ed as potential biomarker for predicting prognosis of GC
patients. Consistent with the previous studies, we here con�rmed that YWHAZ was highly expressed in
GC cell lines and tissues, and its expression level was signi�cantly related with tumor invasion depth,
TNM staging, lymph node metastasis and poor prognosis (Additional �le 4). Dual-luciferase reported
assays and Transwell assays in GC cell lines support that the SNHG12/miR-218-5p/YWHAZ axis forms a
ceRNA net and positively regulates GC metastasis and EMT.

Wnt/β-catenin signaling pathway is well-established in regulating cancer cell EMT and invasiveness.
lncRNAs can regulate tumor progression via activating β-catenin signaling pathway (23) and YWHAZ
protein (14-3-3ζ) is capable of activating β-catenin pathway by inducing the accumulation of β-catenin in
cytosol and nucleus(24). In this study, we discovered that SNHG12 could activate the β-catenin signaling
pathway in GC cells by not only increasing the transcriptional level of β-catenin, but also regulating
YWHAZ which binds to β-catenin to reduce the ubiquitination degradation of β-catenin, resulting in the
over-expression of β-catenin, thus activating the downstream pathway and promoting metastasis and
EMT, such as for instance via activating TCF/LEF transcription element.

Although SNHG12 is critical in regulating the metastasis of GC, the mechanisms underlying SNHG12
overexpression in GC cells have not been elucidated. In our study, we discovered that YY1, which can
regulate many lncRNAs as a transcription factor, was poorly expressed in GC with the potential of
inhibiting SNHG12 transcription. We cannot exclude other mechanisms behind the transcriptional
suppression of SNHG12 by YY1, as YY1 can bind to HDAC which inhibits histone acetylation(25), we
speculate that YY1 may suppress the transcription of SNHG12 via direct binding to SNHG12 promotor
region and inducing epigenetic modi�cation. However, this hypothesis requires more veri�cation and the
detailed mechanisms of the transcriptional suppression of SNHG12 by YY1 remain to be discovered in
the future.
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With the role of SNHG12 established in the GC, we assume that that based on the in vivo, in vitro and
clinical analyses, the clinical signi�cance of SNHG12 in the diagnosis, target therapy and combined
therapy is promising, hence setting the foundation to more clinical studies.

Conclusion
Our �ndings demonstrate that SNHG12 is be a potential prognostic marker and therapeutic target for GC.
Negatively modulated by transcription factor YYI, SNHG12 promotes GC metastasis and EMT by
regulating the miR-218-5p/YWHAZ axis and hence activating the β-catenin signaling pathway (Fig. 7 g).
Furthermore, we discovered high SNHG12 expression could be related to peritoneal carcinomatosis from
GC but this requires further validation.
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shRNA
short hairpin Ribonucleic Acid
FISH
Fluorescence in situ Hybridization
RIP
RNA-Binding Immunoprecipitation
ceRNA
Competing Endogenous Ribonucleic Acid
TCF/LEF
T-Cell Factor/Lymphoid Enhancer Factor
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Figure 1

SNHG12 is overexpressed in GC tissues and cell lines and indicates poor prognosis in GC. a SNHG12
expression in 54 pairs GC tissues and matched normal gastric epithelial tissues. b qRT-PCR assays
showing the relative SNHG12 expression in GC cell lines and GES-1. c FISH assays showing SNHG12
expression in GC metastatic peritoneal, non-tumor and tumor tissues, magni�cation 200. d,e Kaplan-
Meier analysis showing the 5-year DFS and OS of GC patients with high SNHG12 expression or low
SNHG12 expression. Scale bar, 50μm. Signi�cant results were presented as **P<0.01, ***P<0.001.
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Figure 2

SNHG12 promotes GC cell migration and EMT in vitro. a,b Transwell assays showing the effects of the
regulation of SNHG12 on GC cell migration. Magni�cation 200, Scale bar 20μm. Signi�cant results were
presented as *P<0.05, **P<0.01, ***P<0.001. c Morphological change of the cells with stable SNHG12
knockdown (sh-SNHG12) compared with mock control cells (NC). Magni�cation 200, Scale bar 100μm.
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d WB assays exhibit change of EMT markers among stable SNHG12 knockdown cells (sh-SNHG12),
stable SNHG12 overexpressed cells (SNHG12) and mock control cells (NC).

Figure 3

SNHG12 promotes GC metastasis in vivo. a Body weight of the animal subjects were recorded every 3
days for 1 month. b,c Obvious peritoneal metastatic formations in the control group (NC) as compared
with the SNHG12 knockdown group (sh-SNHG12). d FISH assays showing SNHG12 �uorescence
intensity between control groups (NC) and stable SNHG12 knockdown groups (sh-SNHG12).
Magni�cation 200, Scale bar 50μm.
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Figure 4

SNHG12 acts as a competitive endogenous RNA for miR-218-5p to regulate YWHAZ expression in GC
cells. a, b FISH assays and cytoplasmic and nuclear RNA puri�cation assays indicate that SNHG12 is
located in GC cell cytoplasm. c qRT-PCR assays showing relative expression of miR-218-5p, SNHG12 and
YWHAZ in GC cells transfected with miR-218-5p mimics or inhibitors. d,e Luciferase assays revealed the
interaction between miR-218-5p and SNHG12. f,g Luciferase assays revealed the interaction between
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miR-218-5p and YWHAZ. h, i, j qRT-PCR assays indicated the relative expression of SNHG12 and YWHAZ
in GC cells transfected with miR-218-5p mimics or pCDH-CMV-SNHG12 and sh-SNHG12-2 or si-YWHAZ or
miR-218-5p inhibitors. k RIP assays indicated the binding of SNHG12, miR-218-5p, or YWHAZ with Ago2.
Signi�cant results were presented as *P<0.05, **P<0.01, ***P<0.001.

Figure 5

SNHG12 increases the expression of β-catenin via YWHAZ stabilizing β-catenin. a, b The RNA and protein
expressions of β-catenin after YWHAZ knockdown were veri�ed by qRT-PCR and WB. c, d The RNA and
protein expressions of β-catenin after SNHG12 knockdown were veri�ed by qRT-PCR and WB. e The
nuclear expression of β-catenin after SNHG12 knockdown and overexpression was tested by western
blotting. f Co-IP assays showing the interaction between YWHAZ and β-catenin. g,h Ubiquitination
changes after knockdown YWHAZ and SNHG12 tested by IP in GC cells. i Luciferase assays showing the
effects on TOP/FOP reporter activity in MGC-803 and AGS cells with SNHG12 overexpression. Signi�cant
results were presented as *P<0.05, **P<0.01, ***P<0.001.
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Figure 6

SNHG12/miR-218-5p/YWHAZ axis positively regulates GC cell metastatic potential via β-catenin
pathway. a,b Transwell assays transfected with pCDH-SNHG12 or miR-218-5p mimics or both in MGC-
803 and AGS. c WB assays showing the expression of EMT-related proteins, YWHAZ encoded protein and
β-catenin transfected with pCDH-SNHG12 or miR-218-5p mimics or both in MGC-803 and AGS. d,e
Transwell assays transfected with sh-SNHG12-2 or miR-218-5p inhibitors or both in MGC-803 and AGS. f
WB assays showing the expression of EMT-related proteins, YWHAZ encoded protein and β-catenin
transfected with sh-SNHG12-2 or miR-218-5p inhibitors or both in MGC-803 and AGS. g,h Transwell
assays transfected with si-YWHAZ or miR-218-5p inhibitors or both in MGC-803 and AGS. Scale bar,
20μm. Signi�cant results were presented as *P<0.05, **P<0.01, ***P<0.001.
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Figure 7

Transcription factor YY1 regulates the expression of SNHG12. a, b Bioinformatics analysis and CHIP
assay showing YY1 binds to the promotor of SNHG12. c, d The expression of YY1 in GC tissues and cell
lines. e Transwell assays showing the effects of the regulation of YY1 on GC metastasis. f RT-qPCR
assays showing the expression of YY1, SNHG12, YWHAZ, miR-218-5p after YY1 knockdown. g Schematic
illustration of the mechanism underlying SNHG12 regulation of GC metastasis and EMT. Scale bar, 20μm.
Signi�cant results were presented as *P<0.05, **P<0.01, ***P<0.001.
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