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Abstract

SATB1 (Special AT-rich sequence binding protein 1) plays key role in chromatin remodeling and geneexpression.
SATB1 has been shown to promote invasion, migration and metastasis. However, the underlying molecular
mechanisms, function and clinicopathological features of SATB1 in gastric cancer (GC) remains poorly
understood. Here, we show that SATB1 plays critical role in GC progression. SATB1 upregulates in GC patients’
samples and shows co-apmlification with a subset of oncogenic proteins (PRICKLE2, ZEB1, CBWX7, WWTR1,
ENAH, DZIP1, IGSF11, ZSCAN18, GFRA2, GFRA1, FGFR1, HDAC4, GHR, TIMP3, CLIP4, TAGLN and
ILK) in different subtypes of GC. SATB1 shows positive correlation with GC promoting oncogenes and enhances
the expression of metastasis associated genes in GC samples to potentiate GC progression. SATB1 enhances
WNT/NOTCH signaling axis in GC samples. In contrast, STAB1 suppresses a network of tumor suppressor genes
in GC samples. Moreover, SATB1 expression negatively correlates with GC patient’s survival. Importantly, we
found that SATB1 co-amplified genes CLIP4, DZIP1 and PRICKLE2 independently involve in GC progression.
Overexpression of CLIP4, DZIP1 and PRICKLE2 show poor survival rates in GC patients. DZIP1 empowers
AKT3/FGF2/FGFR1 and CXCR3/CXCR6 in GC patients. PRICKLE2 enhances GC progression by targeting
FGFR1/NOTCH3/WNT4 signaling. Taken together, these results identified novel roles of SATB1, CLIP4, DZIP1
and PRICKLE2 in the GC invasion, migration and metastasis using cancer bioinformatics approach. These results
highlights clinical significance of SATB1, CLIP4, DZIP1 and PRICKLE2 in GC patients and furthermore, these
proteins may serve as prognostic markers in GC. These results also provide SATB1, CLIP4, DZIP1 and
PRICKLE2 as potential chemotherapeutic targets in treatment of gastric cancer patients.
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SATB1 enhances gastric cancer progression and metastasis via upregulation of CLIP4/DZIP1/ PRICKLE2 axis

Introduction
Gastric cancer (GC) is one of the leading causes of
cancer associated deaths worldwide and represents
primary tumors of the digestive tract [1-3]. GC is very
aggressive in nature and mostly metastasizes to intestine
to produce gastrointestinal tract (GIT) cancer. Patients
suffering from GC show poor prognosis and most of the
patients develop secondary cancer after chemotherapy [4,
5]. The overall survival rates of GC patients within 5 years
are approximately 15%. GC arises due to genomic
instability, amplification of oncogenic proteins, and
mutations in tumor suppressor genes. Local recurrence
and distant metastasis in GC patients is common even
after surgical resection. GC patients, mostly undergo
adjuvant therapy following gastric surgery to decrease
recurrence [6-9]. It has been shown that metastasis and
EMT related proteins and signaling pathways play
important role in the progression of GC [10-12]. However,
underlying complex cellular and molecular events involve
in the GC development and progression still poorly
understood. Moreover, analysis of gastric cancer samples
at the molecular level remains unclear. Therefore,
identification of novel molecular and pathogenic
mechanisms that promote GC progression in GC patients
need to be addressed. Importantly, the development of
independent and potential prognostic biomarkers is
urgently required for the diagnosis and effective treatment
of GC patients.
SATB1 is a nuclear matrix associated protein that
regulates chromatin remodeling and controls gene
expression at the chromatin level [13,14]. SATB1 has
been shown to promote cancer metastasis, invasion and
migration. Overexpression of SATB1 is associated with
tumor development. In contrast, knockdown of SATB1 in
cancer cells decreases proliferation, invasion and
migration [15-18]. It has been shown that SATB1 enhance
C-MYC and β-Catenin expression to promote colorectal
cancer [19, 20]. Recent studies showed that SATB1
expression is inhibited by MicroRNA-495 and
MicroRNA-23a in renal cancer and osteosarcoma
respectively [21, 22]. SATB1 also promote neurogenesis
and play important role in immune tolerance [23]. SATB1
has been shown to enhance BCL2 transcription to inhibit
apoptosis [24]. SATB1 expression has been shown to
overexpress in prostate cancer, breast cancer, colorectal
cancer, renal carcinoma, squamous carcinoma, bladder
cancer, liver cancer and glioma. It is well established that
SATB1 play critical role in the cancer pathogenesis by
targeting metastasis and epithelial-mesenchymal-transition
(EMT). Clinical studies on SATB1 revealed that, SATB1
is an independent prognostic marker in several cancers,
including breast, colorectal and prostate cancer [26-28].
However, the role of SATB1 in gastric cancer progression
and development remain poorly understood. CLIP4 is
CAP-GLY domain containing linker protein 4 and also
known as restin like protein2 [29, 30]. The role of CLIP4
in cancer progression remains unknown. DZIP1 is a zinc
finger protein, which play an important role in cilium

formation. DZIP1 mainly express in germ cells and
embryonic stem cells. Function of DZIP1 in cancer
development remains unclear [31, 32]. PRICKLE2
(Prickle homolog 2) is a nuclear translocation receptor and
have an important role in the movement of nerve cells
[33]. However, the function of PRICKLE2 in cancer
development remains elusive. Here, we show that SATB1,
CLIP4, DZIP1 and PRICKLE2 play important roles in the
progression of GC. These proteins promote GC by
targeting subsets of genes that support cell growth,
proliferation, invasion and metastasis. In contrast, we
found that SATB1, CLIP4, DZIP1 and PRICKLE2
suppress the mRNA levels of tumor suppressor proteins.
Overexpression of these proteins showpoor survival rates
in GC patients.

Materials and Methods
Analysis of CBioportal database
In this study, we utilized publicly available cancer genomic
database CBioportal (http://www.cbioportal.org/index.do), that
contain a rich profile of cancer patient samples, clinical studies
and integrative analysis of cancer genomics [35, 36].
CBioportal having molecular profiling data of several genes.
That obtained from various cell lines and cancer tissues. We
chose The Cancer Genome Atlas (TCGA) gastric cancer data
sets [34] from CBioportal to perform our analysis. We query
PRICKLE2, ZEB1, CBWX7, WWTR1, ENAH, DZIP1,
IGSF11, ZSCAN18, GFRA2, GFRA1, FGFR1, HDAC4,
GHR, TIMP3, CLIP4, TAGLN, ILK, AKT3, FGF2, FGFR1,
CXCR3, CXCR6, ATF4, ATG12, BAG3 and PINK1 genes
on CBioportal using the TCGA gastric cancer database.
Oncoprint analysis were generated using CBioportal. SATB1
gene was selected on the basis of its upregulation in GC
samples. Furthermore, we selected CLIP4, DZIP1 and
PRICKLE2 genes on the basis, having positive correlation
with SATB1 in GC samples using the TCGA gastric cancer
database from CBioportal
Analysis of Oncomine database
Oncomine database (https://www.oncomine.org/) is
publicly available cancer genomic database that contain
several types of cancer datasets including gastric cancer
datasets [37, 38]. SATB1, CLIP4, DZIP1 mRNA
expressions in cancer tissue samples were compared with
normal tissues that was obtained using various parameters
such as fold change >2 was used, p -value <1E-4 was
selected, and the gene ranking in top 10% was selected.
Gene’s expression analysis.
GC samples datasets obtained from (http://www.cbioportal.org
/index.do) were analyzed for genes expression analysis. Scatter
plots were drawn using Car package that contains a scatter plot
function (http://cran.r47project.or g). For box plots; box
boundaries show 25th and 75th percentile; whisker shows 10th
and 90th percentile and the line represent the median value.
Linear regression analysis was used after log2 transformation.
Survival Analysis
GC samples data sets obtained from Kaplan Mier
(http://www.kmplot.com/) were analyzed for Kaplan-Meier
survival curves using KM-plotter. GC Patients’ samples were
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divided into two groups; showing low and high 55 levels of
SATB1, CLIP4, DZIP1 and PRICKLE2. High level SATB1,
CLIP4, DZIP1 and PRICKLE2 groups were defined as the
gastric cancer patient samples having increased levels of
SATB1, CLIP4, DZIP1 and PRICKLE2 than the median,
and low levels SATB1, CLIP4, DZIP1 and PRICKLE2 were
defined as the gastric cancer patients having decreased levels
of SATB1, CLIP4, DZIP1 and PRICKLE2 than the median.
Statistical analysis
Survival and genes expressions analysis of cancer
samples were performed using R package and Bio conductor
(https://cran.r-project.org/). All data results were considered
statistically significant at P<0.05.

Results and discussion
SATB1 expression upregulates in gastric cancer and
correlates with clinicopathalogical features of gastric
cancer patients
To explore the potential role of SATB1 in gastric
cancer progression, we analyzed The Cancer Genome
Atlas (TCGA) gastric cancer dataset obtained from
cBioPortal for cancer genomics [34]. A total of 295
gastric cancers patient samples were examined in this
dataset. We observed upregulation of SATB1 in 9 gastric

samples (Figure 1A). Importantly, we observed coupregulation of SATB1 with several oncogenes such as
PRICKLE2,ZEB1,CBWX7,
WWTR1,ENAH,DZIP1,IGSF11,ZSCAN18,GFRA2,GFR
A1,FGFR1,HDAC4,GHR,TIMP3,CLIP4,TAGLN
and
ILK in gastric cancer patient samples (Figure 1A).
Furthermore, we analyzed the expression of SATB1 in
different subtypes of gastric cancer. We detected
overexpression of SATB1 in CIN subtype of gastric
cancer and intriguingly observed positive correlation of
SATB1 with a subset of oncogenes in CIN subtype
(Figure 1B). Importantly, we observed no co-upregulation
of SATB1 with a subset of oncogenes in an EBV subtype
of gastric cancer (Figure 1C). Next, we found a strong
association of SATB1 with a subset of oncogenes in a GS
subtype of gastric cancer samples (Figure 1D). Finally, we
detected weak correlation of SATB1 with a group of
oncogenic proteins in MSI subtype of gastric cancer
(Figure 1E). Results from Oncomine database showed that
SATB1 strongly overexpress in diffuse, intestinal and
mixed gastric carcinoma to drive the gastric cancer
progression (Figure 1F). Taken together, these results
indicate that SATB1 strongly involve in gastric cancer
development and also upregulate the expression of a
subset of oncogenes to drive the gastric cancer
progression in gastric cancer patients.

Figure 1. SATB1 expression is enhanced in GC patients' samples.
(A-E) Oncoprint analysis of SATB1 and its co-expressed genes in different subtypes of GC samples from cBio Portal
cancer genomics data base (http://www.cbioportal.org/index.do) [34]. (F)Oncomine database (http://www.oncomine.com) was
used to analyze the SATB1 expression in Derico et al, GC data set. Box plots showing upregulation of SATB1 in GC
patients' samples. Whisker shows 10th and 90th percentile; line represent the median value; box boundaries show 25th and
75th percentile. Range of data isrepresented by dots.
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SATB1 shows positive correlation with gastric cancer
promoted oncogenic proteins in gastric cancer patient
samples
To further explore the potential role of SATB1 in
gastric cancer progression, we selected a group of
oncogenes (ENAH, HDAC4, ZEB1, KIF1B, MINA,
TAGLN, ZSCAN18) that are involved in the gastric cancer
progression and metastasis. We assessed the correlation of
SATB1 with these oncogenic proteins in the gastric cancer
TCGA dataset [34]. Importantly, we found a strong positive
correlation of SATB1 with these oncogenes in gastric
cancer samples (Figures 2A-2H). These results suggest that
SATB1 cooperates with oncogenic proteins to further
promote gastric cancer progression and metastasis.
Furthermore, these results also indicate a positive feedback
loop of SATB1 with oncogenic proteins in the gastric
cancer progression.
SATB1 enhances the expression of metastasis
associated genes in gastric cancer samples
Next, we investigated the effect of SATB1 on mRNA
expression of growth promoting genes, metastasis
associated genes and oncogenic signaling pathway proteins.
We selected ADAM8, CD55, CD24 and CD90, which play
critical roles in growth of multiple cancers. We divided
gastric cancer samples into two groups showing high and
low levels of SATB1 on the basis of median value.We
analyzed the mRNA expression of ADAM8, CD55, CD24
and CD90 in STAB1 low and high expressing groups and

found that high expression of SATB1 upregulated the
expression of ADAM8, CD55, CD24 and CD90 in gastric
cancer samples (Figures 3A-3D). These results indicate that
SATB1 enhances the expression of growth promoting
genes to potentiate gastric cancer cells growth.
To further explore the role of SATB1 in gastric cancer
metastasis, we selected a subset of metastasis associated
genes that promote cancer metastasis, such as STARD3,
DDX27, CDK1, CDK5, HOXC6, HOXD8 and HOXD1. We
analyzed the mRNA expression levels of these genes in
STAB1 low and high expressing gastric cancer samples. Box
plot analysis revealed that STARD3, DDX27, CDK1, CDK5,
HOXC6 expression were strongly upregulated in SATB1
high expressing gastric cancer samples (Figures 3E-3K).
These results prompted us to analyze the effect of
SATB1 on WNT/NOTCH axis in gastric cancer samples.
WNT/NOTCH axis play a crucial role in several cancer
progression including gastric cancer. Amplification and
upregulation of WNT/NOTCH signaling pathway proteins
is associated with aggressive gastric cancer progression,
EMT and metastasis. Therefore, we analyzed the expression
of WNT4, NOTCH3 and NOTCH4 signaling protein
expression in STAB1 low and high expressing gastric
cancer samples. Importantly, we found that high expression
of SATB1 promoted the expression of WNT4, NOTCH3
and NOTCH4 in gastric cancer samples (Figures 3L-3N).

Figure 2. SATB1 shows positive correlation with several oncogenic proteins in GC samples
(A-H) Positive correlation of SATB1 with cancer promoting genes. Analysis of GC samples data set from cBioPortal
cancer genomics data base (http://www.cbioportal.org/index.do) [34]. Plots were drawn using Car package that contains a
scatter plot function (http://cran.r-project.org). Linear regression analysis was used after log2 transformation between
SATB1 and the indicated genes.
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Figure 3. SATB1 induces mRNA expressions of tumor promoting genes in GC samples.
(A-N) GC cancer dataset from (http://www.cbioportal.org/index.do) was divided into two groups having a high and low
expression of SATB1. Analysis of several oncogenic proteins showed SATB1 induces tumor promoting genes mRNA
expressions in GC samples. Box plots showing changes in mRNA expression in GC samples having a high and low
expression of SATB1. Box boundaries show 25th and 75th percentile; whisker shows 10th and 90th percentile; and the line
represents the median value.
SATB1 inhibits tumor suppressor and autophagy
promoting genes expression in gastric cancer samples
To further understand the underlying molecular
mechanisms that how SATB1 enhances gastric cancer
progression, we analyzed the expression of tumor
suppressor genes in SATB1 high and low expression gastric
cancer samples. Tumor suppressor proteins such as KLF10,
CDKN1A, FOXO1, KLF12, CD81 and PTEN play key role
in inhibition of cancer progression. Increased expression of
these proteins suppresses cancer cell growth and
progression. Analysis of mRNA expression of these tumor
suppressor genes in SATB1 high and low levels groups
revealed that SATB1 suppressed expression of KLF10,
CDKN1A, FOXO1, KLF12, CD81 and PTEN in gastric
cancer samples to promote gastric cancer progression
(Figures 4A-4F). These results suggest that SATB1
empowers gastric cancer progression by downregulation of
tumor suppressor genes expression.
Autophagy play important role in cancer development.
Induction of autophagy suppresses cancer progression,
while, inhibition of autophagy is associated with cancer
cell growth, EMT, invasion, migration and metastasis.
Autophagy is regulated by several autophagy related
genes such as ATG12, ATF4, EEF2, BAG3 and PINK1.
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These genes promote autophgy process to suppress cancer
cells invasion and migration. Box plot analysis showed
that expression levels of these autophagy promoting genes
were downregulated in gastric cancer samples, expressing
high levels of SATB1 (Figures 4G-4K). Thus, SATB1
inhibits autophagy to promote invasion, migration and
metastasis in gastric cancer patients. Importantly, these
results indicate that SATB1 target several signaling
pathways and proteins in the gastric cancer progression.
SATB1 overexpression shows poor survival in gastric
cancer patient samples
To further explore the relationship between
SATB1levels and gastric cancer patient survival, we
analyzed publicly available gastric cancer datasets from the
Kaplan-Mier survival curves database. In each gastric
cancer dataset, we divided gastric cancer patients into two
groups based on SATB1 expression. KM plot showed that
gastric cancer patients expressing high levels of SATB1
show poor survival (Figures 5A-5G). In contrast, gastric
cancer patients having low expression of SATB1 showed
better survival in multiple gastric cancer data sets(Figures
5A-5G). Taken together, these results indicate that high
expression of SATB1 drive gastric cancer progression,
which correlates with poor survival of gastric cancer
patients.

SATB1 enhances gastric cancer progression and metastasis via upregulation of CLIP4/DZIP1/ PRICKLE2 axis

Figure 4. High expression of SATB1 reduces tumor suppressor genes expressions in GC samples.
(A-K) GC cancer dataset from (http://www.cbioportal.org/index.do) was divided into two groups having a high and low expression
ofSATB1. Analysis of several tumor suppressor proteins showed SATB1 inhibits tumor suppressor genes mRNA expressions in
GC samples. Box plots showing changes in mRNA expression in GC samples having a high and low expression of SATB1. Box
boundaries show 25th and 75th percentile; whisker shows 10th and 90th percentile; and the line represents the median value.

Figure 5. High SATB1 expression correlates with poor survival of GC patients
(A-G) Survival curves fromKM plotter (http://www.kmplot.com/) using GC samples showing that GC patients having
levels of STAB1 show poor survival. The GC samples were divided at the median value into two groups having a high
and low expression of SATB1
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CLIP4 expression enhances gastric cancer
progression and correlates with clinic-pathological
features of gastric cancer patients
Results from the oncoprint analysis in figure 1,
showed that CLIP4 co-express with SATB1 in gastric
cancer samples. Therefore, these hints prompted us to
investigate the independent effect of CLIP4 on gastric
cancer progression. We divided gastric cancer samples on
the basis of CLIP4 expression into two groups. Scatter
plot analysis showed that CLIP expression was positively
correlated with STARD8 and ZEB1 levels in gastric
cancer samples (Figures 6A and 6B). Furthermore, box
plot analysis revealed that ADAM8, STARD3, and
MMP11expressions were strongly upregulated in gastric
cancer samples expressing high levels of CLIP4 (Figures
6C-6E). In contrast, we observed significant
downregulation in BAG3, PINK1 and CDKN1A tumor

suppressor genes expression in gastric cancer samples
showing high levels of CLIP4(Figures 6F-6H).
Next, we investigated the relationship between CLIP4
and gastric cancer patient survival using KM plotter. We
analyzed a gastric cancer dataset and found that high
CLIP4 expression was associated with poor survival rates
of gastric cancer patients (Figure 6I). Importantly, results
from oncomine database showed that CLIP4 expression
enhanced in diffuse, mixed and intestinal gastric
carcinoma (Figure 6J). Furthermore, datasets from
oncomine database showed that CLIP4 overexpress in
gastric cancer and metastasis (Figures 6K and 6L). Taken
together, these results indicate that CLIP4 play key role in
gastric cancer progression, invasion and metastasis by
targeting a subset of gene network.

Figure 6. CLIP4 promotes gastric cancer progression
(A and B) Positive correlation of CLIP4 with STARD8 and ZEB1. Analysis of GC samples data set from cBioPortal
cancer genomics database (http://www.cbioportal.org/index.do). Plots were drawn using Car package that contains a
scatter plot function (http://cran.r-project.org). Linear regression analysis was used after log2 transformation
betweenCLIP4 and STARD8; andbetween CLIP4 and ZEB1.
(C-H) GC cancer dataset from (http://www.cbioportal.org/index.do) was divided into two groups having a high and low
expression of CLIP4. (C-E) Analysis of several oncogenic proteins showed CLIP4 enhances tumor Promoting genes
mRNA expressions in GC samples.
(F-H) Analysis of several tumor suppressor proteins 59 showed CLIP4 inhibits tumor suppressor genes mRNA
expressions in GC samples. Box plots showing changes in mRNA expression in GC samples having a high and low
expression of CLIP4. Box boundaries show 25th and 75th percentile; whisker shows 10th and 90th percentile; and the line
represents the median value.
(I) Survival curves fromKM plotter (http://www.kmplot.com/) using GC samples showing that GC patients having levels
of CLIP4 show poor survival. The GC samples were divided at the median value into two groups having high and low
expression of CLIP4.
(J-L) Oncomine database (http://www.oncomine.com) was used to analyze the CLIP4 expression in GC samples Data
percentile; sets. Box line plots represent showing the upregulation median value of; box CLIP4 boundaries in GC show
patients' 25th samples .and 75th Whisker percentile shows. Range 10th of and data 90th represented by dots.
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DZIP1 enhances gastric cancer progression via
upregulation
of
AKT3/FGF2/FGFR1
and
CXCR3/CXCR6 axis
Since our results indicate that DZIP1 show positive
correlation with SATB1 in gastric cancer samples, therefore
we aimed to investigate independent role of DZIP1 in
gastric cancer progression. We divided gastric cancer
samples into two groups on the basis of DZIP1 expression.
Scatter plot analysis showed that CLIP4 expression was
strongly correlated with AKT3, FGF2 and FGFR1
expression in gastric cancer samples (Figures 7A-7C).
AKT3, FGF2 and FGFR1 play crucial roles in gastric
cancer progression. Positive correlation of these oncogenic
proteins with DZIP1 further promotes gastric cancer cells
invasion and migration. Moreover, box plot analysis
showed that CXCR3 and CXR6 expressions were strongly
upregulated in DZIP1 high expressing gastric cancer
samples (Figures 7D and 7E). These results indicate that

DZIP1 enhances CXCR3/CXCR6 axis to potentiate gastric
cancer progression. Moreover, GC samples having an
increased expression of DZIP1 showed decreased levels of
tumor suppressor and autophagy promoting genes
expression (Figures7F-7I).
Next, we analyzed the correlation of DZIP1 with gastric
cancer patient survival by KM plotter and found that gastric
cancer patients expressing high levels of DZIP1 show poor
survival rates in comparison to gastric cancer patients
having low expression of DZIP1(Figures 7J and 7K).
Furthermore, results from oncomine database revealed that
DZIP1 expression was significantly upregualted in gastric
cancer patients (Figure 7L). Taken together, these results
suggest that DZIP1 amplification occurs in gastric cancer
patients. DZIP promotes the expression of growth related
protein to further enhance gastric cancer invasion and
metastasis.

Figure 7. DZIP1 is involved in the gastric cancer progression.
(A-C) Positive correlation of DZIP1 with AKT3, FGF2 and FGFR1. Analysis of GC samples data set from cBioPortal
cancer genomics database (http://www.cbioportal.org/index.do). Plots were drawn using Car package that contains a
scatter plot function (http://cran.r-project.org). Linear regression analysis was used after log2 transformation
betweenDZIP1andAKT3; between DZIP1 and FGF2; and between DZIP1 and FGFR1.
(D-I) GC cancer dataset from (http://www.cbioportal.org/index.do) was divided into two groups having a high and low
expression ofDZIP1.
(D and E) Analysis of CXCR3 and CXCR6 expression showed DZIP1 enhances tumor these genes expressions in GC samples.
(F-I) Analysis of several tumor suppressor proteins showed DZIP1inhibits tumor suppressor genes mRNA expressions in
GC samples. Box plots showing changes in mRNA expression in GC samples havinga high and low expression of DZIP.
Box boundaries show 25th and 75th percentile; whisker shows 10th and 90th percentile; and the line represents the median
value.
(J and K) Survival curves fromKM plotter (http://www.kmplot.com/) using GC samples showing that GC patients
having levels of DZIP1show poor survival. The GC samples were divided at the median value into two groups havinga
high and low expression of DZIP1.
(L) Oncomine database (http://www.oncomine.com) was used to analyze the DZIP1 expression in GC samples dataset.
Box plots showing upregulation of DZIP1 in GC patients' samples. Whisker shows 10th and 90th percentile; line
represents the median value; box boundaries show 25th and 75th percentile. Range of data is represented by dots.
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PRICKLE2 enhances gastric cancer progression by
targeting FGFR1/NOTCH3/WNT4 signaling
We observed positive correlation of SATB1 with
PRICKLE2 in gastric cancer samples, there we sought to
further investigate the role of PRICKL2 in the gastric
cancer invasion. Scatter plot analysis showed positive
correlation of PRICKLE2 with with FGFR1 and
ZEB1(Figures 8A and 8B). FGFR1 promote gastric cancer
cells growth and invasion, while, ZEB promote gastric
cancer EMT. These results suggest that PRICKLE2
promote gastric cancer invasion, migration and EMT like
features by targeting FGFR1 and ZEB1.
Next, we observed that STARD3, NOTCH3 and
WNT4 mRNA levels were significantly induced in gastric
cancer samples that express high levels of PRICKLE2
(Figures 8C-8E). NOTCH and WNT signaling pathways
play crucial role in gastric cancer metastasis. Positive
correlation of PRICKLE2 with NOTCH3 and WNT4

signaling molecules indicates that PRICKLE2 may
potentiate NOTCH/WNT axis to promote gastric cancer
invasion and metastasis.
Importantly, we observed decreased mRNA expression
of KLF10, FOXO1, ATG12 and ATF4 tumor suppressor
genes in gastric cancer samples that having high levels of
PRICKLE2 (Figures 8F-8I). Thus, PRICKLE2 show
negative correlation with tumor suppressor genes to promote
gastric cancer. KM plotter showed that gastric cancer patients
expressing high levels of PRICKL2 showed decreased
survival rates (Figures 8J and 8K), which may suggest that
high level of PRICKLE2 is associated with poor prognosis.
Moreover, oncomine analysis showed that PRICKLE2
expression was significantly upregulated in lymph node
stages 3 of gastric cancer patients. Taken together, these
results suggest that PRICKLE2 play an important role in the
progression, invasion and migration of gastric cancer.

Figure 8. PRICKLE2 induces gastric cancer growth in GC samples
(A and B) Positive correlation of PRICKLE2 with FGFR1 and ZEB1. Analysis of GC samples data set fromcBioPortal
cancer genomics database (http://www.cbioportal.org/index.do). Plots were drawn using Car package that contains a
scatter plot function (http://cran.r-project.org). Linear regression analysis was used after log2transformation
betweenPRICKLE2; and between PRICKLE2 and ZEB1.
(C-I) GC cancer dataset from (http://www.cbioportal.org/index.do) was divided into two groups having a high andlow
expression of PRICKLE2.
(C-E) Analysis of STARD3, NOTCH3 and WNT4 expression showed PRICKLE2 enhances these genes expressions in GC samples.
(F-I) Analysis of several tumor suppressorproteins showed PRICKLE2 inhibits tumor suppressor genes mRNA expressions in
GC samples. Box plots showing changes in mRNA expression in GC samples having a high and low expression of DZIP. Box
boundaries show 25th and 75th percentile; whisker shows 10th and 90th percentile; and the line represents the median value.
(J and K) Survival curves fromKM plotter (http://www.kmplot.com/) using GC samples showing that GC patients
having levels of PRICKLE2 show poor survival. The GC samples were divided at the median value into two groups
having a high and low expression of PRICKLE2.
(L) Oncomine database (http://www.oncomine.com) was used to analyze the PRICKLE2 expression in GC 1819samples
dataset. Box plots showing upregulation of PRICKLE2 in GC patients' samples. Whisker shows 10th20and 90th percentile;
line represents the median value; box boundaries show 25th and 75th percentile. Range of data is represented by dots.
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Gastric cancer is among aggressive types of cancer,
which metastasize very rapidly to secondary organs of the
body. GC patients mainly develop local recurrence and
distant metastasis. Amplification of oncogenic signaling
play key role in GC progression, EMT, invasion and
metastasis. However, underlying molecular mechanisms
and identification of independent prognostic markers in
GC remains poorly understood. In the present study, we
aimed to identify independent and potential biomarkers
for the diagnosis and better treatment of GC patients.
Moreover, we also investigated novel molecular
mechanisms involved in GC progression using GC
samples. Our results provide new insights into GC
progression and will be helpful in GC patient’s clinical
trials for effective treatment.
We found that SATB1, CLIP4, DZIP1 and PRICKLE2
serve as important prognostic markers in GC patient’s
samples. We show that SATB1, CLIP4, DZIP1 and
PRICKLE2 expression enhance in GC samples and
playkey role in GC progression. We also identified a
subset of oncogenes that co-amplify with SATB1 in
different subtypes of GC. Importantly, we observed a high
percentage of SATB1 co-amplification with a subset of
oncogenes in CIN and GS subtypes in comparison with
MSI and EBV subtypes. These results suggest that
SATB1 may play more aggressive role in CIN and GS
subtypes of GC. Importantly, this finding also point
towards that SATB1 may act as an independent prognosis
marker in CIN and GS molecular subtypes of GC. CIN
subtype of GC show amplification of growth factor
receptor tyrosine kinases. One possible explanation of
SATB1 amplification in CIN subtype is that growth factor
receptor signaling may upregulate SATB1 expression to
promote GC.
We observed positive correlation of SATB1 with a
subset of oncogenes, which suggest that SATB1 may help
other oncogenic proteins to further promote GC
progression. More importantly, we found that SATB1
upregulates the mRNA levels of metastasis and EMT
related genes in GC samples. These results suggest that
SATB1 may play a key role in GC metastasis and EMT.
Strikingly, we observed upregulation of WNT4, NOTCH3
and NOTCH4 expression in GC samples having high
levels of SATB1. These finding suggest a novel link of
SATB1 with WNT and NOTCH signaling pathway.
Importantly, we found that SATB1 down-regulates a
panel of tumor suppressor genes in GC samples. These
results further support the oncogenic role of SATB1 in GC
progression. Induction of autophagy play very important
role in the suppression of GC. Proteins such as ATF4,
ATG12, BAG3 and PINK1 induce autophagy in cancer
cells to suppress cancer progression. We found that
expression of ATF4, ATG12, BAG3 and PINK1 was
significantly downregulated in GC samples having high
levels of SATB1. These results suggest that SATB1 may
inhibit the autophagy process to promote GC progression.
Strikingly, GC patients having high levels of SATB1
show poor survival rates. These results indicate that GC

patients having SATB1 amplification develop more
aggressive cancer and show worse survival.
The roles of CLIP4, DZIP1 and PRICKLE2 remain
unknown in cancer progression. We identified for the first
time that CLIP4, DZIP1 and PRICKLE2 genes involved
in GC progression. Our results show that CLIP4, DZIP1
and PRICKLE2 enhance gastric cancer progression.
CLIP4 show positive correlation with STARD8 and ZEB1
in GC samples, which suggest that CLIP4 may promote
EMT of GC. DZIP1 enhance CXCR3/CXCR6 axis in GC
samples, which indicate that DZIP1 promote
tumorigenesis of GC. PRICKL2 promote the expression
of WNT4 and NOTCH3 signaling proteins, which show
that PRICKLE2 may induce GC progression by targeting
WNT and NOTCH signaling pathway proteins. Moreover,
we observed decrease expression of a subset of tumor
suppressor genes in GC samples having high expressions
of CLIP4, DZIP1 and PRICKLE2. GC patients having
high levels of CLIP4, DZIP1 and PRICKLE2 show poor
survival rates. Oncomine database results showed that
CLIP4, DZIP1 and PRICKLE2 expressions are
upregulated in the advance stages of GC. These results
identified CLIP4, DZIP1 and PRICKLE2 as an
independent and potential biomarker for the diagnosis of
GC patients.
In summary, our results identified novel roles of
SATB1, CLIP4, DZIP1 and PRICKLE2 in GC samples.
SATB1, CLIP4, DZIP1 and PRICKLE2 play aggressive
roles in GC progression. Importantly, SATB1, CLIP4,
DZIP1 and PRICKLE2 enhance the expression of a subset
of oncogenes in GC samples to further enhance GC
progression. Expression of these proteins is negatively
correlated with GC patient’s survival. These
resultsidentified SATB1, CLIP4, DZIP1 and PRICKLE2
as independent and potential biomarkers for better
diagnosis and treatment of GC patients. These results also
point towards the novel strategy by targeting SATB1,
CLIP4, DZIP1 and PRICKLE2 in GC patients.
Importantly, these results highlight for first time the role
of CLIP4, DZIP1 and PRICKLE2 in cancer progression.
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