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Abstract
Background: Zinc �nger and scan domain containing 18 (ZSCAN18) belongs to the zinc �nger
transcription factor superfamily, which consists of hundreds of members that play critical roles in all
steps of tumorigenesis. Although hypermethylation of the ZSCAN18 promoter and its consequent
de�ciency in a variety of malignancies have been reported recently, its functions and mechanisms in the
initiation and progression of gastric cancer (GC) are not clear. This study aims to investigate the roles of
ZSCAN18 in gastric carcinogenesis.

Methods: Methylation of ZSCAN18 promoter in GC cell lines was analyzed via MassARRAY and treatment
with 5-aza-2′-deoxycytidine. Bioinformatics analysis, quantitative real-time polymerase chain reaction
(qRT-PCR), western blot, immunohistochemistry, Cell Counting Kit 8, colony formation, and an in vivo
xenograft tumor model were used to examine the expression and function of ZSCAN18. Survival analysis
was performed to determine the correlation between ZSCAN18 expression and the prognosis of patients
with GC. Genes modulated by ZSCAN18 in NCI-N87 cells were identi�ed through RNA next-generation
sequencing and veri�ed by qRT-PCR in AGS and NCI-N87 cells.

Results: ZSCAN18 expression was markedly reduced in GC tissues compared with adjacent normal
tissues as a result of hypermethylation in GC. Likewise, ZSCAN18 expression was signi�cantly reduced in
a panel of GC cell lines as a result of the densely methylated ZSCAN18 promoter. Forced expression of
ZSCAN18 inhibited proliferation in AGS and NCI-N87 cells in vitro. Additionally, ZSCAN18 impaired the
growth of NCI-N87 cells in immunode�cient mice. Survival analysis showed that ZSCAN18 expression
was positively associated with favorable outcomes in patients with GC. RNA next-generation sequencing
showed three representative genes (FGF20, CEACAM5, and TP53INP2) involved in downstream signaling
pathways modulated by ZSCAN18.

Conclusions: Collectively, this study unveils the anti-cancer role of ZSCAN18 in GC and provides a
promising diagnostic and therapeutic target.

1 Background
Gastric cancer (GC), as a complex heterogeneous disease, is the �fth most common cancer and the third
most common cause of cancer deaths globally [1–3]. Although diagnostic and therapeutic strategies for
advanced GC have improved signi�cantly in recent years, the treatment remains unsatisfactory, and the
prognosis remains poor. Therefore, the molecular mechanisms of GC pathogenesis should be elucidated
to explore potential therapeutic targets for clinical use.

It has already been con�rmed that nonmutation events, such as epigenetic dysregulation, play
substantial roles in carcinogenesis [4–6]. Aberrant promoter DNA hypermethylation is a well-
characterized epigenetic hallmark and leads to a series of malignant tumors. Hypermethylation of CpG
islands in the promoter region usually results in inactivation of tumor-related genes, affecting human
cells via subsequent dysfunctional transcription. Different genes are frequently methylated in GC, but few
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of them may be used as cancer biomarkers to detect disease or predict therapeutic e�cacy [7–10]. In this
regard, the identi�cation of novel genes silenced by promoter methylation may provide new insights to
determine potential diagnostic markers and therapeutic targets for GC.

Zinc �nger (ZNF) transcription factors (TF) represent the largest TF superfamily, and its members play
critical roles in all aspects of cellular processes. Zinc �nger and scan domain containing 18 (ZSCAN18) is
a ZSCAN TF (a subfamily of ZNF TFs). ZSCAN18 is also known as ZNF447 and is located in
chromosome 19q13.43. Recently, hypermethylation in the promoter of ZSCAN18 has been identi�ed in
various types of cancers, such as esophageal cancer [11], renal cell carcinoma [12], cholangiocarcinoma
[13, 14], colorectal cancer [15, 16], gastric cancer [16–18], hepatocellular carcinoma [18], and pancreatic
cancer [16–18]. Low protein expression of ZSCAN18 is reported in these malignancies, especially in
gastrointestinal cancers. These �ndings strongly suggest that ZSCAN18 exerts anti-tumor effects.
However, the mechanisms and functions of hypermethylated ZSCAN18 in GC remain poorly understood.

In this study, we analyzed the epigenetic regulation and functions of ZSCAN18 and revealed that
promoter hypermethylation contributes to low ZSCAN18 expression in GC. We also con�rmed that
ZSCAN18 depletion inhibited the proliferation of GC cells, both in vitro and in vivo. Most importantly, we
showed that prognostic outcomes correlated with ZSCAN18 hypermethylation in GC.

2 Materials And Methods

2.1 Data availability
The mRNA expression data and methylation data were obtained from the Gene Expression Omnibus
(GEO) database with the login numbers GSE33335 and GSE30601.

2.2 Tissue sample collection and follow-up
The tissues used for immunohistochemistry (IHC) were composed of 83 pairs of tumor and adjacent non-
tumor tissues that were collected from patients with GC who underwent curative gastrectomy at Tianjin
Medical University Cancer Hospital (Tianjin, China) between January 2004 and August 2007. All patients
underwent standard follow-up after curative surgery. The median follow-up time was 26 months (range:
3–70 months). The tissue used for the MassARRAY methylation test consisted of 97 cancerous tissues
and 6 paracancer tissues from patients undergoing radical gastrectomy between January 2003 and July
2007 at Tianjin Medical University Cancer Hospital (Tianjin, China), of which 97 cancerous tissues were
closely observed. The median follow-up time was 18 months (range: 2–85 months). The clinical data
included the patient’s age, sex, endoscopy result, chest X-ray, B-mode ultrasound, and surgical methods.
Between August and November 2019, we collected 30 pairs of GC and adjacent non-tumor tissues for
RNA extraction. The study was conducted with patient consent. The experimental study protocol and the
use of clinical data were approved by the Ethics Committee of the Cancer Institute of Tianjin Medical
University and the Cancer Hospital of Tianjin Medical University (Tianjin).

2.3 Cell culture and transfection
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The cell lines of MKN45, NCI-N87, BGC-823, MGC-803, SGC-7901, SNU-1, KATO-III, HGC-27, and GES-1
were cultured in RPMI 1640 medium (Gibco, Carlsbad, CA, USA) supplemented with 10% fetal bovine
serum (FBS, HyClone) and 1% antibiotics (penicillin/streptomycin) (Gibco). AGS cells were cultured in
F12k (Gibco) with 10% FBS and 1% antibiotics. The HEK293T cell line was cultured in Dulbecco's
modi�ed Eagle medium (DMEM) (Gibco) with 10% FBS and 1% antibiotics. Cells were maintained at
37℃ with a 5% CO2 atmosphere. The expression level of ZSCAN18 was upregulated by a plasmid (pLVX-
IRES-Puro-ZSCAN18), and an empty vector was transfected into the cells (pLVX-IRES-Puro-vector).
Western blot and quantitative real-time polymerase chain reaction (qRT-PCR) were used to verify the
transfection e�ciency.

2.4 Immunohistochemistry
We prepared 83 para�n-embedded primary gastric tumor tissues and adjacent non-tumor tissues. The
ZSCAN18 antibody concentration was 1:150. The staining intensity of ZSCAN18 was estimated by three
independent pathologists without knowledge of the clinical data. The staining intensity was divided into
0 (negative), 1 (weak), 2 (medium), and 3 (strong) ranks. Zero and 1 were considered negative; 2 and 3,
positive.

2.5 Western blot
The western blot experiment was conducted in accordance with standard procedures. The primary
antibodies used for this research were the ZSCAN18 antibody (TA505326, OriGene), VINCULIN
(ab219649, Abcam), AURORA (ab52973, Abcam), GEMINI (ab195047, Abcam), and LAMIN-B1 (660951-1-
AP, Proteintech).

2.6 Cell viability assay
Cell viability was detected using a Cell Counting Kit 8 (CCK-8) reagent. After the cell count, cells were
placed in a 96-well culture plate; the AGS cell line had 1 × 103 cells per well, and the NCI-N87 cell line had
3 × 103 cells per well. Testing started 2 h after the addition of 10 µl of the CCK-8 reagent. AGS was tested
once a day, and NCI-N87 was tested once every other day.

2.7 Colony formation assay
The colony-forming method was used to detect the proliferation of GC cells. We conducted experiments
on AGS and NCI-N87 cell lines using 1000 AGS cells per well and 8000 NCI-N87 cells per well. After the
cell count, the cells were inoculated into 6-well plates and incubated at 37℃ for 12 to 14 days. Cell �uid
was changed periodically until a visible clone formed.

2.8 Animal experiment
Ten 4-week-old female BALB/C nude mice (Vital River) were purchased to construct a subcutaneous
tumor xenograft. A total of 3 × 106 overexpressed ZSCAN18 and control NCI-N87 cells were injected into
the lateral dorsal subcutaneous �ank of nude mice. Xenograft tumor formation was measured every 4
days. Three weeks after injection, the nude mice were euthanized by cervical-dislocation sacri�ce after
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intraperitoneal injection of 2% pentobarbital sodium (0.5 mL), and the tumor volume (V) was measured
by the formula: V = 1/2 × length × (width)2. Tumor tissues were excised for immunohistochemistry.

2.9 5-Aza-2′-deoxycytidine treatment
AGS and NCI-N87 cells were laid 12 h in advance, and the cell density was approximately 30% on the next
day. Cells were incubated with a concentration of 2 µM of 5-aza-2′-deoxycytidine (DAC, Sigma, St. Louis,
MO). The liquid was changed every 24 h. The treatment lasted for 96 h.

2.10 RNA sequencing and analysis
NCI-N87 cells were stably transfected with PLVX-IRES-Puro-ZSCAN18 or empty vector (PLVX-IRES-Puro).
RNA from total samples was isolated and puri�ed using TRIzol (Invitrogen, CA, USA). Then, NanoDrop
ND-1000 (NanoDrop, Wilmington, DE, USA) was used to control the quantity and purity of total RNA. The
captured mRNA was fragmented at 94℃ for 5 to 7 min using a magnesium ion fragmentation kit
(NEBNext® RNA Fragmentation Module, article no. E6150S, USA). cDNA was synthesized from the
segmented RNA using Invitrogen SuperScript™ II Reverse Transcriptase (article no. 1896649, CA, USA).
Illumina Novaseq™ 6000 (LC Bio Technology Co, Ltd, Hangzhou, China) was used for double-terminal
sequencing according to the standard operation, and the sequencing mode was PE150. Cutadapt
(https://cutadapt.readthedocs.io/en/stable, version for cutadapt 1.9) was used to remove the joint plane
raw data processing software. A signi�cant difference was analyzed between samples, and the multiple
of the difference (fold change [FC] > 2 or [FC] < 0.5 with a p value < 0.05) de�ned differentially expressed
genes (DEGs), which were analyzed for Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) enrichment using R packs.

2.11 MassARRAY analysis of the methylation level of ZSCAN18

Instructions to extract cells or tissues using the DNA extraction kit (BioTeKe Corporation) were observed.
The DNA samples to be tested were processed using a commercial NaHSO3 kit (ZYMO). The gene
fragments to be detected were enriched and ampli�ed by PCR reaction, and the product length was 200 to
700 bp. The PCR product was treated with shrimp alkaline phosphatase to remove free
deoxyribonucleoside-5′-triphosphates (dNTPs) in the system. A transcriptase digestion reaction was
followed by resin puri�cation. The puri�ed products of the resin were transported to a 384-well
SpectroCHIP® bioarray (Agena, Inc) using an Agena NanodispenserRS1000 dot sampling instrument
(Agena, Inc). EpiTYPER™ software provided advanced and convenient quantitative analysis of DNA
methylation.

2.12 Statistical analysis

IBM SPSS Statistics (version 24.0; Armonk, NY, USA) and GraphPad Prism 8 software (GraphPad
Software Inc, La Jolla, CA, USA) were used to analyze the data for this study. The t-test was used to
compare statistical differences between the two groups. The chi-squared test and Fisher’s exact test were
used to analyze the relationship between methylation and various clinicopathological parameters. Overall



Page 7/21

survival was determined by log-rank test and the Kaplan-Meier method. The Spearman correlation test
was used to analyze the correlation between gene expression and the methylation level. A receiver
operating characteristic (ROC) curve was used to evaluate the diagnostic value of methylation sites in
cancerous and adjacent tissues. In univariate analysis, survival differences were estimated using the
Kaplan-Meier method (log-rank test), and independent prognostic factors were subsequently identi�ed in
Cox proportional risk regression models for multivariate analysis. p < 0.05 was considered statistically
signi�cant.

3 Results

3.1 Downregulation of ZSCAN18 in primary GC is
associated with poor survival
Initially, bioinformatics analysis of the data from The Cancer Genome Atlas (TCGA) datasets showed that
expression of ZSCAN18 was depressed in a variety of cancers (Fig. 1A), and analysis from the public
datasets (GSE33335) showed that ZSCAN18 is downregulated in GC samples (Fig. 1B). Subsequently, we
compared the mRNA expression of ZSCAN18 in 30 GC tissue samples and matched adjacent non-tumor
tissue samples by qRT-PCR. Accordingly, ZSCAN18 was downregulated signi cantly in primary tumor
compared with in the adjacent non-tumor tissues (Fig. 1C). Next, using IHC analysis, we semi-quanti�ed
ZSCAN18 protein levels of 83 fresh gastric adenocarcinoma tissues and matched adjacent non-tumor
tissues. IHC demonstrated that ZSCAN18 was positively stained in the nuclei of gastric mucosal cells and
that its protein levels were considerably lower in GC tissues than in matched adjacent non-tumor tissues
(Fig. 1D, E). Kaplan-Meier analysis showed that the overall survival of patients with negative expressions
of ZSCAN18 was signi�cantly shorter than survival of patients with positive expressions (Fig. 1F). Tumor
size, depth of tumor invasion (pT3−4 vs pT2), lymph node metastasis (pN1−3 vs pN0), and low expression
of ZSCAN18 predicted an increased risk of cancer-related death in univariate analysis (Table 1).
Multivariate analysis revealed that depth of tumor invasion (pT3−4 vs pT2), lymph node metastasis (pN1−3

vs pN0), and expression of ZSCAN18 were independent prognostic factors (Fig. 1G). These results
demonstrate that ZSCAN18 is downregulated in primary GC and is associated with poor survival.

 



Page 8/21

Table 1
Univariate Cox proportional hazard models for overall

survival of gastric cancer patients
Predictor Univariate analysis

HR(95% CI) p

Gender    

Female vs Male 0.880(0.516-1.499) 0.637

Age (year)    

<65 vs ≥65 0.755(0.458-1.242) 0.268

Tumor size (cm)    

>4 vs ≤4 3.561(2.045-6.201) <0.001***

Lauren type    

Intestinal vs diffuse 1.234(0.687-2.214) 0.482

Tumor location    

Middle 1/3 vs up 1/3 0.663(0.274-1.605) 0.363

Low 1/3 vs up 1/3 1.228(0.586-2.571) 0.587

>2/3 stomach vs up 1/3 1.262(0.585-2.720) 0.553

Tumor invasion    

pT3−4 vs pT2 4.976(2.473-10.014) <0.001***

Lymph node metastasis    

pN1−3 vs pN0 2.714(1.488-4.949) 0.001**

Expression level of ZSCAN18

High vs low 0.258(0.141-0.471) <0.001***

** p < 0.01; ***p < 0.001

3.2 ZSCAN18 is frequently hypermethylated in primary GC
and is associated with poor survival
To explore the regulation mechanism of ZSCAN18 in GC, we focused on epigenetic alterations, especially
DNA promoter methylation. Bioinformatics analysis of the data from the public dataset (GSE30601)
con�rmed a high methylation level of ZSCAN18 in GC (Fig. 2A). The MassARRAY analysis spanned the
promoter region from −209 to 280, including 50 CpG islands (of which 41 were detectable), and was used
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to evaluate the methylation level (Fig. 2B). The level of ZSCAN18 methylation was investigated in 97
primary GC tissues and 6 adjacent non-tumor tissues by MassARRAY analysis, which identi�ed
signi�cantly higher methylation of ZSCAN18 in GC (Fig. 2C). Aberrant ZSCAN18 promoter
hypermethylation in various CpG islands (CpG11.19.39, CpG23.37.44, CpG26.27, and CpG45.46) was
detected more often in GC tissues than in adjacent non-tumor tissues (Fig. 2D). The ROC curve suggested
that the methylation level of CpG islands (CpG11.19.39, CpG23.37.44, CpG26.27, and CpG45.46) could
distinguish patients with or without GC (Fig. 2E). As shown in the Kaplan-Meier survival curves, patients
with GC and high ZSCAN18 methylation had signi�cantly shorter survival times compared with those
with GC who had low ZSCAN18 methylation (Fig. 2F). The association between clinicopathologic
features and ZSCAN18 methylation in GC tissues is listed in Table 2; the expression of ZSCAN18
correlated with tumor size, which suggests that hypermethylation of ZSCAN18 may be involved in GC
proliferation. Tumor size, depth of tumor invasion (pT3−4 vs pT2), lymph node metastasis (pN1−3 vs pN0),
and hypermethylation in CpG45.46 predicted an increased risk of cancer-related death in univariate
analysis (Table 3). Additional multivariate analysis showed that ZSCAN18 promoter hypermethylation in
CpG45.46, depth of tumor invasion (pT3−4 vs pT2), and lymph node metastasis (pN1−3 vs pN0) were
independent prognostic factors (Fig. 2G). Collectively, these results reveal that ZSCAN18 is frequently
hypermethylated in primary GC and that hypermethylation contributes to poor survival in patients with
GC; also, the methylation level of CpG45.46 may be an important marker of prognosis.

3.3 Promoter hypermethylation inhibits ZSCAN18
expression in GC cells
We examined the mRNA expression of ZSCAN18 in 9 GC cell lines by qRT-PCR. Reduced expression of
ZSCAN18 was found in 8 GC cell lines (AGS, MGC-803, MKN45, SNU-1, BGC-823, NCI-N87, KATO-III, and
SGC-7901); in contrast, ZSCAN18 was overexpressed in only 1 cell line (HGC-27) compared with the
human gastric epithelial cell line (GES-1) (Fig. 3A). We next explored the role of promoter methylation in
the regulation of ZSCAN18 by MassARRAY analysis. Consistent with the reverse tendency of ZSCAN18
expression, hypermethylation was detected in 8 of 9 GC cell lines (AGS, MGC-803, MKN45, SNU-1, BGC-
823, NCI-N87, KATO-III, and SGC-7901), and hypomethylation (equal to the level in GES-1 cells) was found
only in HGC-27 cells (Fig. 3B). A signi�cant negative correlation was observed between mRNA expression
and the methylation level of ZSCAN18 in all cell lines (GES-1, HGC-27, AGS, MGC-803, MKN45, SNU-1,
BGC-823, NCI-N87, KATO-III, and SGC-7901) (Fig. 3C). To con�rm whether promoter methylation mediated
ZSCAN18 silencing, 2 methylated cell lines (AGS and NCI-N87) that showed silencing of ZSCAN18 were
treated with the DNA methyltransferase inhibitor DAC, and the mRNA expression of ZSCAN18 was
restored in both lines (Fig. 3D). The change in the ZSCAN18 methylation level was synchronously
validated by MassARRAY analysis in AGS cells (Fig. 3E). Furthermore, the decreased methylation level of
ZSCAN18 was con�rmed in a variety of CpG islands (Fig. 3F). These results indicate that promoter
hypermethylation is associated with the transcriptional silence of ZSCAN18 in GC cells; moreover,
additional demethylation restores the expression of ZSCAN18.
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3.4 Overexpression of ZSCAN18 inhibits GC cell
proliferation in vitro and in vivo
To elucidate the functional signi�cance of ZSCAN18 in GC, we �rst upregulated ZSCAN18 in AGS and
NCI-N87 cells, and overexpression of ZSCAN18 was identi�ed by qRT-PCR and western blot (Fig. 4A). The
CCK-8 assay showed that ZSCAN18 overexpression could inhibit the proliferation of both AGS and NCI-
N87 cells (Fig. 4B). This inhibitory effect on cell growth was also con�rmed with a colony formation
assay in both AGS and NCI-N87 cells (Fig. 4C). Western blot showed that ZSCAN18 overexpression led to
a decrease in the level of GEMINI and AURORA in both AGS and NCI-N87 cells (Fig. 4D), suggesting that
ZSCAN18 overexpression in the nucleus might disrupt circadian rhythms in GC cells.

Subsequently, NCI-N87 cell lines transfected with ZSCAN18 overexpression or empty vector control cells
were used to establish xenograft tumors in mice to examine whether ZSCAN18 could suppress the
growth of GC cells in vivo. The tumor volumes were 52.67 ± 13.575 mm3 in xenografted mice with
ZSCAN18-overexpressed NCI-N87 cells and 167.69 ± 10.893 mm3 in xenografted mice with empty vector
control NCI-N87 cells (Fig. 4E, F). IHC analysis of NCI-N87/ZSCAN18 tissues and NCI-N87/control tissues
taken from nude mice revealed remarkable overexpression of ZSCAN18 in NCI-N87/ZSCAN18 tumor
tissues (Fig. 4G). The tumor growth was signi cantly lower in ZSCAN18-transfected nude mice than in the
vector control mice, suggesting that ZSCAN18 does function as a tumor suppressor in gastric
carcinogenesis.

3.5 Identi�cation of genes modulated by ZSCAN18 in GC
cell lines
As IHC results showed, ZSCAN18 localized mainly to the nucleus; thus, it is reasonable to speculate that
ZSCAN18 might be implicated in the regulation of gene expression. To gain insights into the molecular
mechanisms underlying the tumor inhibition of ZSCAN18, we analyzed the downstream signaling
pathways modulated by ZSCAN18 through RNA next-generation sequencing in ZSCAN18-overexpressed
and control NCI-N87 cells. GO enrichment revealed that gene functions focused on cell division and
telomere alteration (Fig. 5A). These DEGs were classi�ed by GO into different KEGG enrichment
pathways, including the Wnt signaling pathway, the MAPK signaling pathway, and the nuclear factor
kappa B signaling pathway—all of which are well established as playing important roles in
carcinogenesis (Fig. 5B). We found that the expressions of 510 genes (DEGs) were signi�cantly changed
(FC > 2, p < 0.05) in NCI-N87 cells (Fig. 5C); among them, 289 genes were upregulated, whereas 221 were
downregulated. Among these DEGs, three representatives (FGF20, CEACAM5, and TP53INP2) and their
function pro�les were summarized (Fig. 5D). Expression levels of these three genes were also veri�ed by
qRT-PCR in AGS and NCI-N87 cells (Fig. 5E).

 
Table 2 Association of ZSCAN18 methylation with clinicopathologic features in gastric tumor
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  Clinical factor ZSCAN18 methylation status p

    Low-methylated High-methylated  

  Gender     0.635

  Male 37 22  

  Female 22 16  

  Age (year)     0.975

  ≤60 39 25  

  >60 20 13  

  Tumor size (cm)      0.020*

  ≤4 16 3  

  >4 43 35  

  Tmuor location     0.065

  Up 1/3 9 12  

  Middle 1/3 15 12  

  Low 1/3 29 10  

  >2/3 stomach 6 4  

  Lauren type     0.953

  Intestinal 15 10  

  Diffuse 40 26  

  Mixed 4 2  

  Tumor invasion      0.740

  pT2 9 5  

  pT3 31 23  

  pT4 19 10  

  Lymph node metastasis    0.065

  pN0 19 6  

  pN1 9 4  

  pN2 14 7  
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  pN3 17 21  

  Recurrence     0.578

  No 42 29  

  Yes 17 9  

Chi-square test; *p < 0.05

 

Table 3 Univariate Cox proportional hazard models for overall survival of gastric cancer patients
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Predictor Univariate analysis

  HR(95% CI) p

Gender    

Female vs Male 0.916(0.599-1.401) 0.685

Age (year)    

≥60 vs <60 0.986(0.653-1.487) 0.946

Tumor size (cm)    

>4 vs ≤4 1.402(0.834-2.357) 0.203

Lauren type    

Diffuse vs Intestinal 1.079(0.677-1.721) 0.749

Mix vs Intestinal 1.231(0.498-3.044) 0.653

Tumor location    

Middle 1/3 vs up 1/3 0.942(0.531-1.673) 0.839

Low 1/3 vs up 1/3 0.704(0.406-1.221) 0.211

>2/3 stomach vs up 1/3 0.880(0.413-1.873) 0.740

Tumor invasion    

pT3-4 vs pT2 2.388(1.293-4.410) 0.005**

Lymph node metastasis    

pN1-3 vs N0 4.758(2.603-8.698) <0.001***

Methylation High vs low  

CpG11 1.134(0.722-1.783) 0.585

CpG23 0.852(0.425-1.708) 0.652

CpG26.27 1.221(0.532-2.803) 0.637

CpG45.46 2.060(1.301-3.261)  0.002**

**p < 0.01; ***p < 0.001.

4 Discussion
In this study, we provide substantial evidence of a suppressive effect of ZSCAN18 on GC. We found that
ZSCAN18 is widely downregulated in GC tissues and in most GC cell lines, suggesting a suppressive
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effect on carcinogenesis. As con�rmed by demethylation treatment and MassARRAY analyses, these
decreased expression are mostly attributed to ZSCAN18 promoter hypermethylation in various CpG
islands. However, ZSCAN18 hypermethylation was not detected in normal gastric mucosal tissues or
GES-1 cells, suggesting that the hypermethylation of the ZSCAN18 promoter appears to follow a
chronological sequence during carcinogenesis and is involved in the early stage of the multistep process
of gastric carcinogenesis [16, 19, 20]. Strikingly, no prominent downregulation of ZSCAN18 was noted,
with hypomethylation in only HGC-27 cells, indicating that the carcinogenicity of ZSCAN18 may be
in�uenced by other transcription regulating mechanisms [21]. This study revealed that promoter
hypermethylation is a unique mechanism of ZSCAN18 inactivation in GC. In addition, we con�rmed for
the �rst time, to our knowledge, that downregulation of ZCCAN18 with hypermethylation in CpG44.45 is
associated with poor survival in primary GC; this �nding suggests that ZSCAN18 may serve as a
biomarker of poor prognosis [9, 22, 23]. Furthermore, the restorability of CpG44.45 after treatment with
DAC (also known as decitabine, a chemotherapy agent) indicates that ZSCAN18 may be a potential
target for an anti-tumor drug.

Given that ZSCAN18 reduction leads to poor survival, it is reasonable to postulate that ZSCAN18 could
affect the progression and development of GC. Furthermore, the tumor-suppressive function of ZSCAN18
in GC was investigated both in vitro and in vivo. First, gain-of-function experiments using ZSCAN18 were
performed in AGS and NCI-N87 cells, and the effect of ZSCAN18 on the proliferation of these cells was
examined using CCK-8 and colony formation assays. The results showed that ZSCAN18 overexpression
inhibited GC cell proliferation. In addition, decreased tumor growth resulting from ZSCAN18
overexpression was observed in nude mice and supports the inhibitory role of ZSCAN18 in gastric
carcinogenesis. However, dysfunction of circadian rhythm was associated with the development and
progression of tumors [24–27]. Our results revealed that ZSCAN18 overexpression might in�uence the
circadian rhythm in GC cells by reducing the levels of GEMINI and AURORA. Taken together, these results
con�rm the crucial role of ZSCAN18 as a functional anti-tumor gene through suppression of cell
proliferation and disruption of the circadian rhythm in GC.

To extend our investigation into the molecular mechanisms, we analyzed the downstream signaling
pathways modulated by ZSCAN18. We elucidated, to our knowledge for the �rst time, the molecular
mechanism of the tumor suppressive function of ZSCAN18: regulation of the oncogenic Wnt signaling
pathway, the MAPK signaling pathway, and the nuclear factor kappa B signaling pathway. Abnormal
overexpression of ZSCAN18 caused by the downregulation of FGF20 and CEACAM5 and the upregulation
of TP53INP2 plays an extremely important role in the suppression of GC. As a member of the �broblast
growth factors, FGF20 plays important roles in morphogenesis, angiogenesis, tissue remodeling, and
carcinogenesis through the Wnt/β‐catenin signaling pathway [28, 29]. CEACAM5 may also promote
tumor invasion and migration and may be a promising biomarker for GC in pre-diagnostic and prognostic
evaluations [30, 31]. Moreover, TP53INP2 is a key positive regulator of autophagy and may act as a novel
autophagic adaptor through recruitment of ubiquitinated substrates to autophagosomes for degradation
[32–35]. These alterative downstream genes may induce carcinogenesis when ZSCAN18 is aberrantly
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expressed through dysregulation of a pathway component. Thus, a search for therapeutically relevant
compounds targeting ZSCAN18 is needed.

5 Conclusions
In conclusion, this study found that frequent hypermethylation of the ZSCAN18 promoter leads to gene
silencing and involvement in gastric carcinogenesis. ZSCAN18 contributes to the suppression of gastric
carcinogenesis by decreasing cell proliferation, inducing disruption of the circadian rhythm, and
regulating the oncogenic pathways (Wnt signaling pathway, MAPK signaling pathway, and nuclear factor
kappa B signaling pathway). ZSCAN18 also may serve as a potential epigenetic biomarker of prognosis
in GC and has potential as a target for drug development.
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Figures

Figure 1

<p>Deregulation of ZSCAN18 expression in GC is correlated with poor prognosis. (A) Bioinformatics
analysis of The Cancer Genome Atlas database (http://ualcan.path.uab.edu) between tumor tissues (red)
and normal tissues (blue) in various cancers. (B) Bioinformatics analysis from the public datasets
(GSE33335) in adjacent non-tumor tissues and tumor tissues. (C) mRNA expression levels of ZSCAN18 in
GC tissue samples and matched adjacent non-tumor tissue samples (<em>n</em> = 30) are determined
by quantitative real-time polymerase chain reaction (qRT-PCR). (D) ZSCAN18 expression score analysis of
immunohistochemistry (IHC) staining in GC tissues and adjacent non-tumor tissues (<em>n</em> = 83).
A score of (−) or (+) is classi�ed as negative, whereas a score of (++) or (+++) is classi�ed as positive. (E)
Representative IHC results show the expression levels of ZSCAN18 in GC tissues and adjacent non-tumor
tissues (left bar: 200 μm; right bar: 30 μm). (F) Kaplan-Meier curves show the association of overall
survival rate in patients with GC and ZSCAN18 expression. Green: patients with negative expression
(<em>n</em> = 49, median survival, 22 months); orange: patients with positive expression (<em>n</em>
= 34, median survival, 43 months, <em>p</em> &lt; 0.001, log-rank test). (G) Multivariate analysis shows
independent prognostic factors. Data are presented as mean ± standard deviation (SD). **<em>p</em>
&lt; 0.01, ***<em>p</em> &lt; 0.001. </p>
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Figure 2

<p>ZSCAN18 is frequently hypermethylated in primary GC and is associated with poor survival. (A)
Bioinformatics analysis from the public datasets (GSE30601) in adjacent non-tumor tissues and tumor
tissues. (B) Methylation status of the ZSCAN18 promoter was confirmed by MassARRAY. (C) Methylation
levels of ZSCAN18 in GC tissue (<em>n</em> = 97) and adjacent non-tumor tissue (<em>n</em> = 6)
samples are determined by MassARRAY. (D) Methylation levels of ZSCAN18 in GC tissue and adjacent
non-tumor tissue samples are detected by MassARRAY analysis in CpG11.19.39, CpG23.37.44, CpG26.27,
and CpG45.46. (E) Receiver operating characteristic (ROC) curve evaluation showed that the methylation
level of CpG islands (CpG11.19.39, CpG23.37.44, CpG26.27, and CpG45.46) could distinguish between
patients with or without GC. (F) Kaplan-Meier curves show the association of overall survival rate of
patients with GC (ZSCAN18 high-methylation: 13.5 months; low-methylation: 20.0 months). (G)
Multivariate analysis shows independent prognostic factors. Data are presented as mean ± standard
deviation (SD). *<em>p</em> &lt; 0.05, **<em>p</em> &lt; 0.01, ***<em>p</em> &lt; 0.001.</p>

Figure 3

<p>The expression and methylation status of ZCSAN18 in GC cells. (A) ZSCAN18 mRNA expression was
reduced in all GC cell lines except HGC-27. GES-1, normal gastric epithelial cell line. (B) Hypermethylation
of ZSCAN18 was detected in all GC cell lines except HGC-27. GES-1, normal gastric epithelial cell line. (C)
Correlation between mRNA expression and methylation level of ZSCAN18 in GC cell lines. (D) The mRNA
expression of ZSCAN18 in AGS and NCI-N87 cells was restored after treatment with the demethylation
agent 5-aza-2′-deoxycytidine. (E) Demethylation of ZSCAN18 was observed in AGS cells after treatment
with the demethylation agent 5-aza-2′-deoxycytidine, as examined by MassARRAY analysis. (F) The
methylation level of ZSCAN18 was detected in a variety of CpG islands by MassARRAY analysis. Data are
presented as mean ± standard deviation (SD). *<em>p</em> &lt; 0.05, **<em>p</em> &lt; 0.01, ***
<em>p</em> &lt; 0.001, ****<em>p</em> &lt; 0.0001.</p>

Figure 4

<p>The effects of aberrant ZSCAN18 expression on GC cell proliferation <em>in vitro </em>and<em> in
vivo</em>. (A) Overexpression of ZSCAN18 in AGS and NCI-N87 cells was evidenced by qRT-PCR (above)
and western blot (below). (B) Growth curves represent cell viability that was inhibited by ZSCAN18 in both
AGS and NCI-N87 cells. (C) Overexpression of ZSCAN18 suppressed colony formation in both AGS and
NCI-N87 cells. (D) ZSCAN18 suppressed the expression of GEMINI and AURORA in both AGS and NCI-N87
cells. (E, F) Tumor growth was inhibited in nude mice subcutaneously inoculated with NCI-N87 cells that
overexpressed ZSCAN18 compared with control inoculations. (G) IHC results show the expression levels
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of ZSCAN18 in ZSCAN18/NCI-N87 tumors and ZSCAN18/control tumors from nude mice. Data are
presented as mean ± standard deviation (SD). **<em>p</em> &lt; 0.01, ***<em>p</em> &lt; 0.001.</p>

Figure 5

<p>Downstream molecular mechanisms of ZSCAN18 in GC were identi�ed by RNA next-generation
sequence screening. (A, B) GO and KEGG enrichment plots of DEGs were generated from mRNA
sequencing analysis of ZSCAN18-overexpressed and control NCI-N87 cells. (C) The volcano plots of
DEGs were generated from mRNA sequencing analysis of ZSCAN18-overexpressed and control NCI-N87
cells. (D) Downstream potent molecular events were identi�ed. (E) Three representative downstream
DEGs were validated by qRT-PCR in AGS and NCI-N87 cells<strong>. </strong>Data are presented as
mean ± standard deviation (SD). ***<em>p</em> &lt; 0.001, ****<em>p</em> &lt; 0.0001.</p>


