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Purpose: Gastric cancer (GC) is a common type of cancer worldwide. It can relapse and
metastasize even after standard treatment; therefore, it has a poor prognosis. Moreover,
sensitive biomarkers for prognosis prediction in GC are lacking. In this study, using
a bioinformatics approach, we aimed to examine the value of DAZ Interacting Protein 1
(DZIP1) as a prognostic predictor and therapeutic target in GC.

Methods: We explored the clinical relevance, function, and molecular role of DZIPI in GC
using MethSurv, cBioPortal, TIMER, Gene Expression Profiling Interactive Analysis, IMEX,
ONCOMINE, MEXPRESS, and EWAS Atlas databases. The GSE118919 dataset was used
to plot receiver operating characteristic curves. Using The Cancer Genome Atlas, we
developed a Cox regression model and assessed the clinical significance of DZIPs. In
addition, we used the “xCELL” algorithm to make reliable immune infiltration estimations.
Western blot and immunohistochemistry were used to examine protein expression. The
results were visualized with the ‘ggplot2’ and “circlize” packages.

Results: In GC patients, DZIPI was over-expressed at both the mRNA and protein levels.
High levels of DZIP1 were found to be associated with poor survival in patients with GC.
Our results indicated that DZIP1 could be involved in multiple cancer-related pathways such
as the PI3K-Akt signaling pathway, WNT signaling pathway, and RAS signaling pathway,
and its expression was correlated with the infiltration of activated myeloid dendritic cells,
naive CD4+ T cells, and naive CD8+ T cells. Furthermore, we found that mutations in DZIP1
were correlated with a good prognosis in GC patients. Finally, we demonstrated a correlation
between hypomethylation of the DZIPI gene promoter and a poor prognosis in GC.
Conclusion: This study is the first to demonstrate a significant correlation between high
levels of DZIPI and a poor prognosis in GC patients. Our results clarify multiple potential
mechanisms that could contribute to this correlation and may thus provide novel insights into
the clinical diagnosis and treatment of GC.
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Introduction

Gastric cancer (GC) is a common malignancy worldwide and it is associated with
a high mortality.! In 2020, there were 9.96 million cancer-related deaths worldwide,
including 770,000 cases of GC, making it the fourth largest contributor to cancer-
related death. Owing to population aging, it is expected that by 2040, the global
cancer burden will be 50% higher than that in 2020.>* Despite great progress in
surgery, radiotherapy, and chemotherapy for GC, the 5-year overall survival (OS)
rate in cases of advanced GC remains lower than 30% owing to a lack of sensitive
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and specific biomarkers. Therefore, the identification of
new sensitive biomarkers is critical for prognostication
and individualized treatment in GC.

In 2004, Moore identified and characterized DAZ
Interacting Protein (DZIP) genes as protein-coding genes
that encode at least three different protein isoforms containing
a C2H2 zinc-finger domain.” Sequence analysis of the human
DZIP gene indicated that it is novel. DZIPI and DZIP-like
(DZIP2) were originally identified for their role in the
Hedgehog signaling pathway and later for their role in
ciliogenesis.®” It was also found that the DZIPI protein is
a component of different ribonucleoprotein particles involved
in translating polysomes and RNA granules in HeLa cells® and
that DZIPI-associated mRNAs constitute genetic networks
that regulate the cell cycle and gene expression.”® According
to the current literature, DZIP3 drives tumor progression
mainly by regulating the cell cycle, and its precise mechanism
of action — especially in cell reprogramming and the main-
tenance of stem cell and cancer cell pluripotency — remains
elusive.”'”

Therefore, in order to guide subsequent experimental
validation and targeted drug development, we explored the
potential biological functions of DZIPI and its prognostic
value in GC by comprehensively analyzing DZIP expres-
sion in GC patients using bioinformatics analysis.

Materials and Methods

Cell Culture

We obtained AGS (moderately differentiated GC cells),
HGC-27 (undifferentiated GC cells), and GES-1 (healthy
human gastric epithelial cells) from the Chinese Academy
of Sciences (Shanghai, China) and MKN-74 (well-
differentiated GC cells) and MKN-45 (poorly differen-
tiated GC cells) from the Japanese Collection of
Research Bioresources Cell Bank. GC cells were cultured
in RPMI-1640 medium (Gibco, USA. Lot: 8121248) con-
taining 10% fetal bovine serum (FBS) (Gibco, USA, Lot:
42F1376K) and GES-1 cells were cultured in DMEM
(Gibco, USA, Lot: 8121032) containing 10% FBS. All
cells were incubated at 37°C in air containing 5% CO,.

Expression Analysis

The transcriptome level analysis of DZIPs was conducted
using public databases. The ONCOMINE (www.onco
mine.org) and TIMER (http://timer.cistrome.org) databases

were first used to assess the transcriptomic expression of
DZIPs in tumors versus normal tissue.''"'> We obtained

the GSE118916,"* GSE13861,'* and GSE292972" data-
sets from the Gene Expression Omnibus (GEO) database
and examined the differences in DZIP expression between
tumors and normal tissue.

The protein level analysis of DZIPs was performed
using cell lines and clinical specimens. Western blot was
performed as described in a recent study.'® Target/B-actin
bands were identified with a gel image processing system
(ChemiDoc XRS+). Subsequently, relative protein levels
were calculated. The experimental details are provided in
Supplementary Material 1.

Cancerous and paracancerous tissues from 15 patients
with GC were acquired from the Jiangsu Province Hospital
of Chinese Medicine. All participants provided written
informed consent. None of the patients had undergone
any treatment, including chemotherapy, radiotherapy, and
biological agent-based antitumor treatment, prior to sur-
gery. Staging and grading for each tumor were performed
based on the TNM system proposed by the American Joint
Committee on Cancer (AJCC).!” The study protocol was
approved by the ethics committee of the Jiangsu Province
Hospital of Chinese Medicine, and clinicians and patients
provided informed consent for the use of the tissue for
research (2019NL-166-02). This study conformed to the
principles outlined in the Declaration of Helsinki (World
Medical Association Declaration of Helsinki). The proto-
col for immunohistochemistry (IHC) was the same as that
used previously.'® The experimental details are provided
in Supplementary Material 1. Images were obtained using
a NIKON Eclipse Ni-E microscope (NIKON, Japan) (ori-
ginal magnification, x400). The H-SCORE (range 0-300,
higher scores indicating stronger positive staining) was

calculated as described previously.'®

All experimental data are reported as means + SD, and
all experiments were conducted at least thrice. Between-
group comparisons were performed using a t-test, and
comparisons across multiple groups were performed
using one-way analysis of variance (ANOVA). All experi-
mental data analyses were performed using SPSS 26.0
(SPSS Inc., USA) and results were illustrated using
GraphPad Prism 8.0 (GraphPad Software, Inc., USA).
**P<0.01 and *P < 0.05 were considered statistically

significant.

Survival Curve Analysis

We analyzed OS and disease-free survival (DFS) in GC
based on DZIP gene expression using The Cancer Genome
Atlas-Stomach Adenocarcinoma (TCGA-STAD) data and
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Gene  Expression Profiling Interactive  Analysis
(GEPIA).2° Using “median” as the group cut-off, we con-
structed Kaplan—Meier curves. We used the GSE14210,
GSE15459, GSE22377, GSE29272, GSE51105, and
GSE62254 datasets to pool GC cases and then used the
Kaplan—Meier plotter to perform OS and post-progression
survival (PPS) analyses.”' The best cutoff was selected

automatically, and the Log rank test was performed.

Cox Model Establishment and the

Analysis of Clinical Value

Raw RNA sequencing data and corresponding data on DZIP
expression and clinical characteristics were obtained from
TCGA (https://portal.gdc.cancer.gov/) in January 2020.%% We
performed univariate and multivariate Cox regression analy-

sis to identify which DZIPs were independent predictors of
prognosis. Forest plots constructed using the “forestplot”
R package were used to obtain P-values, hazard ratios
(HRs), and 95% confidence intervals (Cls) for each variable.

On the UALCAN analysis page,”> the TCGA dataset
was set to stomach adenocarcinoma for DZIP expression
analysis. We analyzed DZIP expression based on T/N/M
stage, AJCC stage, age, and sex. P < 0.05 indicated statis-
tically significant findings.

Subsequently, differences in survival between patients
with high vs low DZIP] expression were evaluated using
Kaplan—Meier survival curve analysis. Time-dependent
receiver operating characteristic (ROC) curve analysis
was used to compare the predictive accuracy of DZIPI
expression levels. P-values, HRs, and 95% CIs for the
survival curves were obtained using Log rank tests and
univariate Cox proportional hazards regression.

Genetic Mutation Analysis

The cBioPortal database was used to identify the frequency,
types, and locations of DZIP mutations, as well as their
clinical significance.”* In addition, the mutation module of
the TIMER database was used to determine whether the
DZIP mutations would impact the expression levels of the
corresponding genes. Log rank tests and one-way ANOVA
were performed for all genetic mutation analyses.

Functional Enrichment Analysis

We identified the genes interacting with DZIP] using the
IMEXx database and built a protein—protein interaction net-
work (PPI) using the NetworkAnalyst tool.>>?® Then, we
imported DZIPI! and its co-expressed genes into the

Enrichr database.”” We performed gene set enrichment
analysis (GSEA) using Broad Institute GSEA software
3.0.® We obtained the geneset “subset of GO” from the
Molecular Signatures Databases (http://www.gsea-msigdb.

org/gsea/msigdb/index.jsp) and performed gene ontology

(GO) analysis. A normal P-value < 0.05 was used as an

indicator of statistical significance. The correlation
between DZIPI expression and that of six epithelial-
mesenchymal transition (EMT)-related genes was exam-

ined using TIMER data and the “circlize” package.

Immune Cell Infiltration Analysis

To make reliable immune infiltration estimations, we uti-
lized xCELL, an R package that can be used to evaluate 64
cell types. All the results from the above analyses were
processed using the ‘ggplot2’ and “pheatmap” packages.
Based on median DZIP] levels, GC patients were categor-
ized into the following groups: Patients with high DZIP1
expression and patients with low DZIPI expression.
Subsequently, differential analysis was used to identify
the immune cells showing differential abundance between
the two groups. Using the same method, we also examined
whether DZIPI mutations (wild-type DZIPI gene vs
mutant DZIP] gene) affect the infiltration of multiple
types of immune cells into tumors.

DNA Methylation Analysis
DZIP] methylation was analyzed using MEXPRESS data
corresponding to TCGA-STAD cohorts.?’ Pearson correla-
tion analyses were used to assess the association between
DNA methylation and DZIPI expression. Correlation
coefficients (R)
P-values for different methylation sites were obtained.
The MethSurv tool was used to visualize DZIP] methyla-
tion and the Kaplan—Meier-based correlation between
DZIPI hyper/hypomethylation and OS.*°

We further analyzed the relationship between DZIPI
promoter methylation and DZIP] expression using TCGA-

and Benjamini—-Hochberg-adjusted

STAD data and plotted survival curves (OS, progression-free
interval, and disease-free interval). In addition, enrichment
analyses for the different DZIP] methylation probes were
conducted using the EWAS Atlas.*!

Results
Expression Levels of DZIPs in GC

The study flow is shown in Figure 1. As indicated in
Figure 2A, we first compared the expression levels of
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Analyze the mRNA expression of DZIPs with different
sample types and clinicopathological characteristics.

| |

The cBioPortal database was used to
DZIPs mutations and the clinical
significance of their mutations
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The correlation between DZIP1 expression and tumor-infiltrating
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v

Analyze the correlation of DZIP1 expression with common
ICPs through TIMER database

|

The methylation status of DZIP1 was analyzed based on
gastric casesin TCGA-STAD through MEXPRESS

database ‘L

Enrichment analyze regarding DZIP1 methylation probes
was conducted by EWAS Atlas database

Figure | Process flow of the study.

DZIPs in 20 types of cancers with those in healthy tissues
using the ONCOMINE web resource. Furthermore, we
assessed the expression levels of DZIPs in diverse types
of tumors using the TCGA-STAD. As shown in Figure 2B,
DZIPIL and DZIP3 were highly expressed in GC. The

mRNA expression levels of DZIP] showed no significant
difference between normal and GC tissues.

As shown in Figure 2C-E, GSE118916 and GSE29272
data indicated that DZIPI expression was significantly
higher in GC than in adjacent tissues. According to
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Figure 2 Expression levels of DZIPs in gastric cancer (GC) based on The Cancer Genome Atlas (TCGA)-STAD data. (A and B) Differences in DZIP expression between
different types of human cancers. (C—E) mRNA levels of DZIPs in GC, examined using public datasets from Gene Expression Omnibus (GSEI 18916, GSEI13861, and
GSE292972). (F) Differential expression of DZIPs in normal gastric epithelial cells and GC cells. (G) Protein expression of DZIPs, examined using immunohistochemistry, in
15 pairs of GC tissue and adjacent normal tissue. *P < 0.05, **P < 0.01, ***P < 0.001.

Abbreviation: NS, no significance.

GSE13861, DZIPIL expression was significantly different
between GC and adjacent tissues. Finally, GSE13861 and
GSE29272 demonstrated that DZIP3 was more highly
expressed in adjacent tissues than in GC.

DZIP expression was then examined in healthy gastric
epithelial cells and GC cells at different degrees of differ-
entiation using Western blot. The expression of DZIPs in
HGC-27, AGS, and MKN-45 cells was remarkably
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different from that in GES-1 cells (Figure 2F). Although
DZIP1 and DZIPIL expression in MKN-74 cells showed
no significant difference, DZIP3 expression in these cells
was remarkably different from that in GES-1 cells (P
< 0.05).

Next, DZIP levels were assessed in 15 pairs of GC
tumor tissue and paracancerous tissue samples using [HC.
In GC and paracancerous tissues, respectively, the mean
H-SCORE was 85.97 and 8.65 for DZIP1; 70.35 and 61.25
for DZIP1L; and 82.59 and 8.43 for DZIP3. DZIP1 levels
in tumor tissue were significantly higher than those in
paracancerous tissue (P < 0.01) (Figure 2G).

Association of DZIP Expression with

Clinicopathological Features in Patients
with GC

Using TCGA data, we examined the correlations between
the expression of DZIPs and clinicopathological character-
istics such as T/N/M stage, AJCC stage, age, and sex
(Figure 3A-F) with GC. We
a relationship between DZIP] mRNA levels and T stage,

in patients found

but no significant association with the other clinicopatho-
logical factors was observed.

To evaluate the association of DZIP expression levels
with survival in patients with GC, we used the Kaplan—
Meier plotter and GEPIA database. Interestingly, DZIP]
gene expression showed a significant negative correlation
with patient survival (GEPIA: OS, P = 0.0041; DFS, P =
0.0046; KM plot: OS, P = 1.1e-12; PPS, P = 1.3e-10)
(Figure 3G-J). However, although DZIPIL expression
showed no association with DFS (P =0.063) (Figure 3L),
it showed a negative correlation with OS and PPS
(GEPIA: OS, P = 0.019; KM plot: OS, P = 0.011; PPS,
P = 0.00026) (Figure 3K-N). Finally, although DZIP3
expression showed no relationship with OS (P > 0.05)
(Figure 30, Q), it showed a negative association with
DFS and PPS (GEPIA DFS, P = 0.041; KM plot: PPS,
P = 4.7e-06) (Figure 3P, R).

Prognostic Value of DZIP Expression in GC
TCGA-STAD-based univariate analysis demonstrated that
DZIPI overexpression (P = 0.01113), age (P < 0.00052),
grade (P < 0.001), N classification (P = 0.00099), and

G Overall Sun

zzzzzzzzzzzzzzzzzzzzzzzzzzzz

Overall Survival F Disease Free Su:

Figure 3 Association of DZIP expression with clinicopathological features in gastric cancer (GC). (A-F) Association of DZIP mRNA levels with T stage (tumor stage),
N stage (nodal stage), M stage (metastatic stage), American Joint Committee on Cancer (AJCC) stage, age, and sex in GC patients. Kaplan—Meier survival curves comparing
the high and low expression of DZIP| in three probe sets from the Kaplan—Meier plotter database and Gene Expression Profiling Interactive Analysis (GEPIA) database. (G,
K, O) Overall survival (OS), examined using the GEPIA database (n=384). (H, L, P) Disease-free survival (DFS), examined using the GEPIA database (n=384). (I, M, Q) OS,
examined using the Kaplan—Meier plotter database (n=875). (J, N, R) Post-progression survival (PPS), examined using the Kaplan—Meier plotter database (n=498). *P < 0.05,
P < 0.001.

Abbreviation: NS, no significance.
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M classification (P < 0.00470) all showed a strong relation-
ship with poor OS (Figure 4A). Further, using multivariate
analysis, DZIP1 overexpression (P < 0.01113), age (P <
0.00928), T classification (P < 0.00861), N classification
(0.00009), and M classification (0.00407) were all found to
independently predict poor OS in GC (Figure 4B).

DZIPI overexpression (P = 0.02516), sex (P =
0.00900), N classification (P = 0.00168), and
M classification (P < 0.01440) were all found to show
a strong relationship with poor progression-free survival
(PFS) (Figure 4C). According to the multivariate analyses,
DZIP1 overexpression (P = 0.00232), DZIP3 overexpres-
sion (P = 0.01038), sex (P = 0.01532), N classification
(0.00012), and M classification (0.01179) could indepen-
dently predict poor PFS (Figure 4D).

Therefore, we analyzed the prognostic significance of
DZIP] in patients with high vs low DZIP] levels (low risk
vs high risk) (Figure 4E). The duration of survival was
found to be longer in the low-risk group (P < 0.05)
(Figure 4F, H). Figure 4G shows the z-score heat map of
DZIP1 gene expression. The areas under the ROC curves
for the value of DZIP1 expression in predicting 1-, 3-, and
S-year OS in patients with GC were 0.563, 0.629, and
0.662, respectively (Figure 4I).

Taken together, the results suggested that DZIPI
expression levels could be closely related to prognosis in
patients with GC.

Genetic Mutations in DZIPs and Their

Associations with OS

In total, 1213 samples from TCGA datasets across three
studies were included to detect the mutation frequency in
GC. As shown in Figure 5A, the mutation rate for DZIPs
was approximately 9%. The sites and types of mutations
are shown in Figure 5B, and the respective frequency and
types of alterations in DZIPs in GC are shown in
Figure 5C. A violin plot showed that mutated DZIPI was
0.0088)
(Figure 5D). Furthermore, Kaplan—Meier analysis showed

less common than wild-type DZIPI (P =

that mutations in DZIP1 were associated with a longer OS
(P = 2.968¢-3) in GC patients (Figure 5E). These results
implied that a genetic mutation in DZIP] was associated
with a good prognosis in GC patients.

Functional Enrichment Analysis for DZIP|
The proteins interacting with DZIP] were searched for
using the IMEx database (Figure 6A). Then, we obtained

167 differentially expressed genes (DEGs) between the
DZIPI high vs low expression groups and constructed
a PPI based on these (Figure 6B and C). Further enrich-
ment analysis suggested that DZIPI may be associated
with “extracellular matrix organization”, “endoplasmic

ERINNT3

reticulum lumen”,

CERNNT3

collagen binding”, “integrin binding”,
“ECM-receptor interaction”, “focal adhesion”, and “PI3K-
Akt signaling pathway” (Figure 6D-G). DZIP1 was also

EEINN3

found to be involved in “immune response”, “cell activa-
tion”, “cell growth”, “WNT signaling pathway”, and “RAS
signaling pathway” according to GSEA (Figure 6H).
Finally, on examining the association between the levels
of DZIPI and six EMT-related factors using the correla-
tion analysis module of the TIMER database, we found
that DZIP1 expression showed a positive correlation with
TGFBI (R = 0.596), CDH2 (R = 0.641), MMP2 (R =
0.653), MMP9 (R =0.16), and VIM (R = 0.708) expression
and a negative correlation with CDHI expression (R =
—0.216) (Figure 6I).

Differences Between the Functions of
Mutant and Wild-Type DZIPI

Our previous results suggested that DZIPI mutations were
associated with a good prognosis in GC. To explore the
potential mechanism underlying this link, we divided
patients from TCGA-STAD cohorts into two groups
according to whether they showed DZIPI mutations. The
DEGs (Figure 7A) were subjected to enrichment analysis.
The results revealed enrichment for multiple tumor-
associated pathways, including ‘cell-cell adhesion via
plasma-membrane adhesion molecules’, “regulation of

CLINNT3

cell motility”,

CLINNT3

platelet alpha granule”, “chemokine activ-

ity”, [3
pathway” (Figure 7B—E). Subsequently, on examining the
effect of DZIP1 mutations on six EMT-related factors, we
found that the expression of VIM, MMP2, and MMP9 was

significantly elevated in the DZIP! wild-type cohort,

cell adhesion molecules’, and “PI3K-Akt signaling

whereas the expression of CDHI showed the opposite
trend (Figure 7F).

Effect of DZIP| Expression on the Immune

Activity in the Tumor Microenvironment

DZIPI levels were found to be correlated with infiltration
by sixteen types of tumor-infiltrating cells, including acti-
vated myeloid dendritic cells, naive CD4+ T cells, naive
CD8+ T cells, common lymphoid progenitors, myeloid
dendritic cells, endothelial cells, eosinophils, granulocyte
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Figure 4 Univariate and multivariate Cox regression analysis of the relationship between DZIP expression and clinicopathological factors related to gastric cancer (GC) prognosis
(hazard ratios and P-values are provided). (A) Univariate forest plot illustrating the relationship between DZIP expression and clinicopathological factors related to the overall survival
(OS) in GC. (B) Multivariate forest plot illustrating the relationship between DZIP expression and clinicopathological factors related to OS in GC. (C) Univariate forest plot illustrating the
relationship between DZIP expression and clinicopathological factors related to progression-free survival (PFS) in GC. (D) Multivariate forest plot illustrating the relationship between
DZIP expression and clinicopathological factors related to PFS in GC. (E) Curve of risk scores. Patients were divided into low- and high-risk groups according to the median DZIP|
expression. (F) Relationship between survival status and survival duration (years). (G) Heatmap of DZIP| expression in low- and high-risk groups. The horizontal coordinates in (E, F, and
G) all represent samples, and the samples are ordered consistently. (H) Kaplan—Meier survival analysis based on DZIP| expression. (I) Time-dependent receiver operating characteristic
(ROC) curve analysis of DZIP| gene expression.
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Figure 5 Genetic alterations in DZIPs and their association with overall survival (OS) in gastric cancer (GC) patients (cBioPortal, n=1213). (A) Frequencies of DZIP
mutations and copy number alterations (CNA) in the three datasets. (B) Mutation site profiles of the DZIP genes. (C) OncoPrint visual summary of alterations in DZIPs in
GC. (D) Expression levels of wild-type and mutant DZIP genes. (E) Kaplan—Meier plots comparing OS in cases with and without DZIP gene mutations.
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Figure 6 Gene network and enrichment analysis for DZIPI. (A) Network of DZIP| and related neighboring genes, identified based on the IMEx protein interaction database.
(B) Volcano map of differentially expressed genes (DEGs) observed after changes in DZIPI expression. Red dots represent upregulated genes, and blue dots represent
downregulated genes. The abscissa indicates variations in gene expression between different samples (log2 fold change), and the ordinate indicates the significance of the
differences (—logl0 padj). (C) Network of DZIP| and genes showing a positive correlation with its expression (GeNets database). (D—F) Functional enrichment analysis of
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—monocyte progenitors, hematopoietic stem cells, mono-
cytes, naive B cells, plasma B cells, gamma delta T cells,
CD4+ Thl T cells, and CD4+ Th2 T cells (Figure 8A). We
also found differences in the infiltration abundance of

activated myeloid dendritic cells, naive CD4+ T cells,
common lymphoid progenitors, endothelial cells, and
hematopoietic stem cells between individuals with DZIP1
mutant and wild-type genes (Figure 8B).
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Figure 8 Correlation between DZIP| expression/mutations and the infiltration of immune cells (horizontal axis represents the type of immune cells, and the vertical axis
represents the distribution of the immune score [XCELL score] in different groups, which are represented by different colors). (A) Red and blue represent the groups with
high and low expression of DZIPI, respectively (G1: high expression; G2: low expression). (B) Red and blue represent the DZIP| mutant and wild-type groups, respectively.
The upper left corner shows the method used for obtaining P-values and asterisks represent the levels of significance (GI: DZIP| mutant; G2: DZIP| wild-type). *P < 0.05,

**P<0.01, **P<0.001l.

Correlation Between the Expression of
DZIPl and Common Immune Checkpoints
(ICPs)

To assess how DZIP1 expression affects the response to immu-
notherapy, we examined the association between DZIP] levels
and those of common ICPs. Examination of CD274, CTLA4,
HAVCR2, LAG3, PDCDI1, PDCDILG2, TIGIT, and SIGECI15

levels demonstrated a high expression of ICPs in the high
DZIP1I expression group (Figure 9A). TIMER-based analyses
also showed a positive correlation between DZIP1 expression
and that of CTLA4, TIGIT, HAVCR2, PDCDI,
PDCDILG? (Figure 9B). These elevated levels of ICPs sug-
gested that patients with high DZIP] expression may show an

and

improved response to immunotherapy.
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DZIPI DNA Methylation Analysis

showed a negative correlation with DZIP1

gene expres-

Methylation is an important epigenetic modification;  sion: cg05845403, cg21627412, cg08386091,
thus, we next investigated whether DZIPI expression c¢gl15792252, cg04101379, cgl9722851, ¢g05505803,
was related to DZIPI DNA methylation in GC. ¢g02788400, cg26886381, cg00756058, cgl8206952,
Methylation at sites identified by the following probes cg24107021, cgl1337289, and ¢g22991101
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(Figure 10A). Survival analysis indicated that hypo-
methylation at cg02788440, cg04101379, cg05505803,

cg05845403, ¢g08386091, cg09375033, cgl1337289,
cgl5792252, cgl7922851, cgl8206952, cgl9872537,
cg22991101, ¢cg24107021, and cg26886381 in the

DZIPI promoter was correlated with a poor prognosis
(Figure 10B-0O). These results were consistent with
those of our previous survival analysis.

Subsequently, we performed a functional enrichment
analysis for all DZIPI methylation probes. The probes

CEINNTS

were found to be enriched for “cilium assembly”, “nucleic

EEINNT3

acid binding”,

EEINNT3

centriole”,

CEINN3

ciliary basal body”, “smooth-

CLINT3

ened signaling pathway”, “establishment of protein locali-

”

zation”,

LEINT3

germ cell development”,

LEINT3

binding”,

regulation of protein

EEINT3

protein localization to cilium”, “ciliary transi-
tion fiber”, “cytoplasmic sequestering of protein”, and
“positive regulation of cilium assembly” (Figure 11A).
Then, we tested whether DZIPI promoter methylation
with DZIPI
Figure 11B and C, DZIP! promoter methylation level
correlated with DZIPI

Survival curves demonstrated a significant relationship

correlates expression. As shown in

was negatively expression.
between DZIPI promoter hypomethylation and worse OS

and PFS (P < 0.05) (Figure 11D-F).

Discussion

The involvement of DZIPs in GC has so far remained
unclear. In our study, we provided an insight into the
expression levels of DZIPs in GC along with the potential
regulators of these levels. Using bioinformatics, we
explored the expression of DZIPs at both the mRNA and
protein levels. Our results demonstrated significant DZIP]
and DZIP3 upregulation in GC tissue, and we also
observed a significant correlation between a poor GC
prognosis and high levels of DZIPs. Using Cox regression
analysis, we found that only DZIP] was an independent
prognosticator for both OS and PFS in GC. Further ana-
lysis of the clinical significance of DZIP suggested that in
patients with GC, DZIP] expression was associated with
prognosis as well as 5-year survival.

Mutations are often closely associated with tumor
development.** Therefore, we analyzed the frequency of
DZIP mutations and their specific types and loci. We then
compared the differences in expression levels between
wild-type and mutant forms of DZIPs and found that
DZIP1 mutations lead to downregulated gene expression.
This suggested that mutations in DZIP] may be associated
with reduced levels of DZIP1. Accordingly, we performed

survival analysis and observed significantly higher survi-
val rates among GC patients with the DZIP] mutant gene
than among those with the DZIPI wild-type gene.

Taken together, our results suggested that DZIP1 may be
the most valuable of the DZIPs from a GC perspective. PPI
network analysis showed that DZIP/ interacts with multiple
genes (including 7TNS2, LUC7L2, PRPF404, MOS,
PPP2R54, and PPPIR18) that have previously been proven
to show a strong association with tumor development.**’
This specific intrinsic link between DZIP/ and its interacting
genes may be crucial for their role in GC progression. To
further explore the potential oncogenic mechanism of
DZIPI action, we identified the genes whose expression
was positively associated with that of DZIPI using TCGA-
STAD. Further enrichment analysis indicated that DZIP]
may be involved in EMT-related pathways such as extra-
cellular matrix organization, collagen binding, integrin bind-
ing, PI3K-Akt signaling, and focal adhesion. DZIPI is
known to regulate the intracellular distribution of Gli family
members, which are important players in the EMT.*®
Accordingly, we examined whether DZIPI expression was
correlated with the expression of the six classical EMT-
related genes, and our results were consistent with our
hypothesis. Additionally, we found that DZ/P! mutations
may be involved in EMT-related mechanisms, and this war-
rants more in-depth investigation.

The tumor immune microenvironment is tightly linked
to EMT.?” In the present study, the abundance of infiltra-
tion by multiple immune cells was found to correlate with
the expression of DZIPI and with DZIPI mutations.
Subsequently, we analyzed the correlation between
DZIP] expression levels and those of ICPs. We found
that DZIPI levels showed a positive correlation with
those of CTLA4, TIGIT, HAVCR2, PDCDI, and
PDCDILG2, suggesting that DZIP] can influence the
response to immunotherapy in patients with GC.

DNA methylation is now considered to be one of the
factors closely associated with tumor development.*® We
found a correlation between hypomethylation at multiple
sites and a poor prognosis in GC. Notably, methylation at
different sites has varying effects on gene expression, and
promoter methylation is currently best understood. In gen-
eral, high levels of promoter methylation tend to reduce
gene expression or silence the gene.*' In our study, we
found that the degree of methylation in the DZIP! promo-
ter region was significantly and negatively correlated with
the expression levels of DZIPI, consistent with previous
reports. Moreover, patients with GC showing a highly
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Figure 10 Analysis of DZIP| methylation in gastric cancer. (A) Waterfall plot of the methylation level of the DZIP| gene. The correlations between DZIP| methylation and its
expression were analyzed. (B—O) Survival analysis based on methylation at multiple sites; P < 0.05 was considered statistically significant. *P < 0.05, ***P <0.001.
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sites. (B and C) Pearson’s correlation coefficient (B) and Spearman correlation coefficient (C) for the relationship between DZIPI promoter methylation levels and DZIP|
expression levels. (D-F) Association of DZIP| promoter methylation levels with (D) disease-free interval (DFl), (E) progression-free interval (PFl), and (F) overall survival

(OS) in patients with gastric cancer.
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methylated promoter region had a good prognosis. In
addition, our enrichment analysis for all methylation
probes showed that DZIPI methylation may be associated
with the smoothened signaling pathway, which has pre-
viously been reported to be a part of the hedgehog path-
way, a signaling pathway regulated by smoothened.
Notably, the hedgehog signaling pathway is also one of
the promoters of the EMT.***

Conclusion

In conclusion, in our study, we found that DZIPI is an
independent prognostic predictor for GC and could be
involved in GC progression. DZIP] is involved in the activa-
tion of the EMT phenotype and correlates with the abundance
of infiltration by multiple types of immune cells. In addition,
DZIP] mutations may be associated with a favorable prog-
nosis in GC. Finally, DZIP/ DNA promoter methylation
could serve as a target for GC treatment in the future. Our
findings lay the foundation for the experimental confirmation
of the role of DZIPI in GC and could help in the prognos-
tication and treatment of this malignancy in the future.
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