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INTRODUCTION 
 

Diffuse large B-cell lymphoma (DLBCL), which is 

characterized by clinical and biological heterogeneity, 

is a major subtype of non-Hodgkin’s lymphoma [1]. 

Although more than 50% of DLBCL patients can 

achieve durable remission, approximate one-third  

of cases cannot be cured by standard-of-care 

immunochemotherapeutic regimens, which is still a 

challenging clinical problem [2, 3]. Currently, 

limitations of effective treatment are associated with 

the heterogeneity of DLBCL partly, including the 

clinical level, immunophenotypic, morphologic and 

genetic heterogeneity [4]. The high-risk DLBCL 

patients may achieve more effective treatment and 

have better outcome, if they can be identified more 

prospectively. Genome-wide molecular analysis of 

DLBCL revealed abundant of altered cellular 

pathways, which play important roles in development, 

maintenance and response to therapy of tumor [4, 5]. 

Growing evidences demonstrate that epigenetic 

aberrations play important roles in carcinogenesis and 

tumor progression. DNA methylation often occurs in 

multiple cancer-related signaling pathways, which is 

usually involved in cell cycle, DNA damage repair, 

Wnt signaling, TGF-β signaling and NF-κB signaling 
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[6–10]. Epigenetic programming aberration like DNA 

methylation, has also emerged as a hallmark in 

multiple hematological malignancies including 

DLBCL [11, 12]. 

 

Cadherin is a large family of transmembrane 

glycoproteins. Cadherin takes part in embryogenesis, 

cell proliferation, tissue architecture, and signal 

transductions in multicellular organizations. Cadherin 

mediates cell-cell adhesion depending Ca2+ [13–16]. 

Cadherin-23 (CDH23), with a long EC region 

remarkably, is a non-classical cadherin, and comprises 

calcium- depending cell-cell adhesion glycoproteins 

[17]. Similar to classical cadherins, the localization of 

CDH23 at the cell-cell junction was showed in breast 

cancer cell MCF7 in vitro. CDH23 was identified at the 

contacts between normal breast fibroblasts and MCF7, 

and mediated homotypic and heterotypic cell-cell 

adhesions between fibroblasts and epithelial cells in 
vitro [18]. CDH23 expression was also identified at the 

cell boundaries in various normal mice tissues, 

including muscle, kidney, brain, heart and testes. 

CDH23 proteins were also expressed in esophageal 

squamous cell carcinoma (ESCC) and human lung 

cancer (LC) at the cell boundaries in both cancer and 

normal tissues. CDH23 was downregulated through 

promoter methylation in LC and ESCC cells [19]. 

CDH23 can suppress cancer cell migration and promote 

aggregation in vitro. Case studies with tumor patients 

suggested that the expression level of CDH23 

associated with patient survival and metastasis [19]. 

However, the epigenetic regulation, the biological 

functions, the mechanisms and the prognostic value of 

CDH23 in DLBCL are still unclear. In this study, we 

investigated the epigenetic regulation, the expression 

level and prognostic value of CDH23 in DLBCL, and 

further analyzed the potential biological functions of 

CDH23 in DLBCL by comprehensive bioinformatic 

analysis. 

 

RESULTS 
 

CDH23 expression was reduced in DLBCL via DNA 

methylation and reduction of CDH23 was correlated 

with poor outcome of DLBCL patients 

 

To explore the expression of CDH23 in DLBCL and 

corresponding normal samples, the GEPIA database and 

GEO database were employed. The expression level of 

CDH23 was significantly reduced in DLBCL tissues than 

normal tissues in GEPIA database (Figure 1A, p<0.05), 

GSE32018 dataset from GEO database (Figure 1B, 

p<0.01) and GSE56315 dataset from GEO database 

(Figure 1C, p<0.0001). The methylation value of CDH23 

and expression level of CDH23 was correlated negatively 

via LinkedOmics analysis (Figure 1D, cor=-0.3134, 

p<0.05). The expression level of CDH23 was upregulated 

after the treatment of demethylating agent decitabine for 

48 hours in DLBCL cell line Su-DHL6, OCI-Ly10 and 

OCI-Ly1 (Supplementary Figure 1D). These results 

suggested that the expression of CDH23 was significantly 

downregulated in DLBCL via DNA methylation. We 

verified these results in breast invasive carcinoma 

(BRCA) via the DNA methylation interactive 

visualization database (DNMIVD) analysis. The CDH23 

expression was significantly reduced in BRCA tissues 

than normal tissues (p=2.77e-59, Supplementary Figure 

1A). CDH23 was hyper-methylated in BRCA tissues than 

normal tissues (p=1.83e-03, Supplementary Figure 1B). 

The expression value of CDH23 and promoter 

methylation value was correlated negatively in BRCA 

(cor=-0.16, p=4.51e-06, Supplementary Figure 1C). 

Further we explored the clinical value of CDH23 for the 

prognosis of DLBCL. The survival analysis formed by 

GEPIA database indicated that reduction of CDH23 

represented poor overall survival (OS) (Figure 1E, 

p<0.01), as well as poor disease-free survival (DFS) in 

DLBCL patients (Figure 1F, p<0.01). These results 

indicated that methylation of CDH23 could be a reliable 

prognostic factor in DLBCL.  

 

Genetic alterations of CDH23 in DLBCL 

 

Different mutated types, such as missense, 

amplification, deep deletion and so on, may play 

distinct roles in gene functions. The mutated-types, co-

mutations and the mutated location of CDH23 were 

analyzed through c-BioPortal web analysis tool. The 

results showed that there was a missense mutation of 

CDH23 in 0.2% DLBCL tissues (Figure 2A). The 

genetic altered frequency in the CDH23 altered group 

was higher than that in the CDH23 unaltered group 

(Figure 2B, 2C). The most frequent co-mutated genes of 

CDH23, including ACOX2, EXPH5, FARP1, KRT85, 

MYO3A, SERINC1, TAS2R39, AFDN, C7 and CCN4 

were analyzed in the CDH23 altered group and 

unaltered group too. And these co-mutated genes 

mutated more frequently in the CDH23 altered group 

than the unaltered group (Figure 2D). Missense 

mutation of CDH23 existed in 3 DLBCL samples, the 

protein change of CDH23 in two of the samples was 

T2136I, and A1453V in the other one (Figure 2E).  

 

Correlated significant gene analysis of CDH23 in 

DLBCL  

 

To explore the potential function and mechanism of 

CDH23 in DLBCL, correlation analysis between 

CDH23 and various genes was performed via 
LinkedOmics. The top 50 positively and negatively 

significantly correlated genes were showed in Figure 

3A–3C. CDH23 expression was positively interacted 
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with LCNL1, CLCN7, GPR153, SLC27A1, CDK18, 

etc. Otherwise CDH23 expression was negatively 

related with DDX52, TOP2A, PTPDC1, etc. Further we 

selected the significantly correlated genes (cor≥0.5) of 

CDH23 to conduct prognosis analysis in DLBCL via 

GEPIA database. There were four significantly 

correlated genes of CDH23, including OSSGIN1 

(Pearson correlation=0.6373, p=1.112e-06), ANKRD2 

(Pearson correlation=0.6314, p=1.494e-06), CAPG 

(Pearson correlation=0.6106, p=4.05e-06) and 

SLITRK4 (Pearson correlation=0.5989, p=6.9e-06) 

consistent with selected threshold (Figure 3D–3G). The 

prognostic value of the selected genes in DLBCL was 

further analyzed via GEPIA database. The results 

suggested that reduction of OSGIN1 expression 

represented poor overall survival (OS) (Figure 4A, 

p=0.0024), as well as poor disease-free survival (DFS) 

in DLBCL patients (Figure 4B, p=0.0091). And 

reduction of ANKRD2, CAPG and SLITRK4 also 

represented poor OS, as well as poor DFS in DLBCL 

patients (Figure 4C–4H).  

 

The relationship between CDH23 and immune cell 

infiltration via TIMER analysis 

 

Recently, because of the clinical successes of immuno-

therapy for cancer, the investigation of the interaction 

between malignant cells and host immune system is 

necessitated. The immune cell infiltration has an 

important influence on the prognosis of some cancer

 

 
 

Figure 1. The expression level, epigenetic regulation and prognostic value of CDH23 in DLBCL. (A) The expression level of CDH23 
in DLBCL samples and paired normal samples determined by GEPIA. (B) The expression level of CDH23 in DLBCL samples and paired normal 
samples in GSE32018 dataset. (C) The expression level of CDH23 in DLBCL samples and paired normal samples in GSE56315 dataset. (D) The 
correlation of CDH23 expression and methylation value in DLBCL via LinkedOmics analysis. (E) The relationship between CDH23 expression 
and overall survival of DLBCL patients via GEPIA analysis. (F) The relationship between CDH23 expression and disease free survival of DLBCL 
patients via GEPIA analysis. 
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types. The relationship between CDH23 expression and 

immune cell infiltration was investigated in this study 

via TIMER database analysis. The results showed that 

CDH23 had a negatively significant correlation with 

tumor purity (Figure 5A, cor=-0.307, p=4.8e-02). 

Further we explored the relationship between CDH23 

related genes OSGIN1, ANKRD2, CAPG, SLITRK4 

and immune cell infiltration. The results suggested that 

OSGIN1 had a positively significant correlation with 

dendritic cell infiltration (Figure 5B, cor=0.534, 

p=1.27e-02). ANKRD2 had a positively significant 

correlation with neutrophil cell infiltration (cor=0.485, 

p=2.57e-02) and dendritic cell infiltration (cor=0.522, 

p=1.51e-02) as showed in Figure 5C. Both CAPG 

(cor=0.457, p=3.73e-02) and SLITRK4 (cor=0.542, 

p=1.12e-02) had a positively significant correlation with 

dendritic cell infiltration (Figure 5D, 5E).  

Enrichment function analysis of CDH23 

 

To investigate the potential biological functions of 

CDH23, we used the LinkOmics database to analyze the 

potential biological process of CDH23 in DLBCL 

(Figure 6A, Supplementary Table 1). The results 

indicated that CDH23 associated with cell cycle 

process, drug catabolic process, leukocyte mediated 

immunity, regulated exocytosis, DNA replication, 

nuclear division, DNA repair, chromosome 

organization, and so on. These results indicated that 

CDH23 may play important roles in some crucial 

biological process and molecular functions, which 

suggested that CDH23 played a key role in DLBCL 

progression. To explore the significant kinases, miRNA 

targets and transcription factor targets of CDH23 in 

DLBCL, the LinkedOmics database was employed in

 

 
 

Figure 2. Mutated-types, co-mutations and the mutation location of CDH23 in DLBCL. (A) Aberration types and frequency of 
CDH23 in DLBCL. (B) Volcano plots of mutations in CDH23 altered group and unaltered group. Blue dots denote genes mutated significantly 
(p<0.05), and grey dots denote genes don’t mutate significantly (p≥0.05). (C) Aberration frequency scatter in CDH23 altered group and 
unaltered group. Blue dots denote genes mutated significantly (p<0.05), and grey dots denote genes don’t mutate significantly (p≥0.05). (D) 
Co-mutations with CDH23 in DLBCL. (E) Locations of CDH23 mutations in DLBCL. CNA: DNA copy-number alteration. 
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this study. The significant kinase targets of CDH23 

included cyclin dependent kinase 1 (CDK1) and cyclin 

dependent kinase 2 (CDK2) (Figure 6B, Supplementary 

Table 2). The significant miRNA target of CDH23 was 

(TTCCGTT) MIR-191 (Figure 6C, Supplementary 

Table 3). The significant transcription factor targets of 

CDH23 included E2F1, E2F4, E2F1DP2, and so on 

(Figure 6D, Supplementary Table 4). These results 

further showed that CDH23 played important roles in 

DLBCL via interacting with CDK1, CDK2, E2F1, 

E2F4, E2F1DP2 and MIR-191. 

 

Further we found CDK1 was upregulated in DLBCL 

tissues (p<0.05, Supplementary Figure 2A), and the 

expression level of CDK1 and CDH23 associated 

negatively (cor=-0.316, p=2.88e-02, Supplementary 

Figure 2B). CCNB1 was upregulated in DLBCL tissues 

(p<0.05, Supplementary Figure 2C), and the expression 

level of CCNB1 and CDH23 associated negatively as 

well (cor=-0.295, p=4.15e-02, Supplementary Figure 

2D). These results verified the function of CDH23 in 

regulating of cell cycle in DLBCL.  

PPI network analysis of CDH23 via GeneMANIA 

 

The PPI network was constructed via GeneMANIA to 

analyze the CDH23 interaction with other genes. The 

PPI network showed that CDH23 significantly 

interacted with USH1C, MYO7A, RDX, PCDHB4, 

NF2, CDH5 and other essential genes. The biological 

functions of these genes may associate with deafness, 

cancer cell growth, cell metastasis, cell adhesion, and so 

on (Figure 7A). These results indicated that CDH23 

takes crucial part in cancer progress. Further the PPI 

network of CDH23 targeting proteins CDK1, CDK2, 

E2F1 and E2F4 was analyzed, which indicated that 

CDH23 may regulate cell cycle, DNA damage, TGFβ 

signaling and Ras protein signaling via these target 

proteins (Figure 7B). 

 

DISCUSSION 
 

Numeral investigations have tried to explore the 

pathogenesis and potential mechanisms of DLBCL, 

which have provided chances for the diagnosis

 

 
 

Figure 3. Correlated significant genes of CDH23 and gene correlation expression analysis for CDH23 in DLBCL (LinkedOmics). 
(A) Volcano plots of CDH23 correlated genes in DLBCL. Red suggests positively correlated genes and green shows negatively correlated genes. 
(B) Heat map of positively correlated genes with CDH23 in DLBCL, respectively (top 50). (C) Heat map of negatively correlated genes with 
CDH23 in DLBCL, respectively (top 50). (D) The scatter plots shows Pearson-correlation of CDH23 expression with OSGIN1. (E) The scatter 
plots shows Pearson-correlation of CDH23 expression with ANKRD2. (F) The scatter plots shows Pearson-correlation of CDH23 expression 
with CAPG. (G) The scatter plots shows Pearson-correlation of CDH23 expression with SLITRK4. OSGIN1, oxidative stress induced growth 
inhibitor 1. ANKRD2, ankyrin repeat domain 2. CAPG, capping actin protein, gelsolin like. SLITRK4, SLIT and NTRK like family member 4. 
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Figure 4. Prognostic analysis of genes correlated with CDH23 in DLBCL (GEPIA). (A, B) The relationship between OSGIN1 expression 

and overall survival and disease free survival of DLBCL patients. (C, D) The relationship between ANKRD2 expression and overall survival and 
disease free survival of DLBCL patients. (E, F) The relationship between CAPG expression and overall survival and disease free survival of 
DLBCL patients. (G, H) The relationship between SLITRK4 expression and overall survival and disease free survival of DLBCL patients. 
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and treatment of DLBCL. Recently, integrated 

bioinformatic analysis has been used progressively to 

explore cancer pathogenesis, development of potential 

biomarkers for diagnosis, prognostic biomarkers and 

therapeutic molecular targets. For example, CCL18, a 

single molecular biomarker, was identified via bio-

informatics analysis for the diagnosis and treatment of 

DLBCL [20]. It was reported that CDH23 was 

downregulated via DNA methylation in various tumors, 

and suppressed cancer cell migration and promoted 

aggregation of cancer cells. CDH23 expression was 

related with survival and metastasis of patients [19]. 

Epigenetic alteration of CDH23 may play important 

roles in cancer progression. The function and 

mechanism of CDH23 in DLBCL need further 

investigation.  

 

The expression level of CDH23 between normal and 

DLBCL samples was analyzed via bioinformatic 

analysis. The expression level of CDH23 was lower in 

DLBCL samples than corresponding normal samples. 

CDH23 expression was related negatively with

 

 
 

Figure 5. The relation between expression of CDH23 and CDH23 related genes and immune cells infiltration in DLBCL 
(TIMER). (A) Association between CDH23 and several types of immune cell infiltration. (B) Association between OSGIN1 and several types of 
immune cell infiltration. (C) Association between ANKRD2 and several types of immune cell infiltration. (D) Association between CAPG and 
several types of immune cell infiltration. (E) Association between SLITRK4 and several types of immune cell infiltration. 
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Figure 6. Function enrichment, kinases targets, miRNA targets and transcription factor targets of CDH23 (LinkedOmics). (A) 

Biological process enrichment of CDH23 in DLBCL. (B). Kinase targets of CDH23 in DLBCL. (C) MiRNA target of CDH23. (D) Transcription factor 
targets of CDH23. 
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Figure 7. Protein-protein interaction network of CDH23 and its target proteins (GeneMANIA). (A) Protein-protein interaction 
network of CDH23. The gene set enriched in the target network of CDH23 was explored via Protein-protein interaction (PPI) network and 
functional analysis. Distinct colors of the network edge indicate the bioinformatic methods applied: physical interactions, co-expression, 
predicted, co-localization, pathway, genetic interactions and shared protein domains. The distinct colors for the network nodes show the 
biological functions of the sets of enrichment genes, including cell-cell adhesion, adherens junction organization, microvillus, neuromuscular 
process, sensory perception of sound and photoreceptor cell maintenance. (B) Protein-protein interaction network of CDH23 target proteins, 
including CDK1, CDK2, E2F1 and E2F4. Distinct colors of the network edge indicate the bioinformatic methods applied: physical interactions, 
co-expression, predicted, co-localization, pathway, genetic interactions and shared protein domains. The distinct colors for the network 
nodes show the biological functions of the sets of enrichment genes, including cell cycle checkpoint, regulation of cell cycle phase transition, 
DNA damage checkpoint, DNA integrity checkpoint, response to transforming growth factor beta, Ras protein signal transduction and nucleus 
organization. 
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methylation value of CDH23. The expression level of 

CDH23 was upregulated after the treatment of 

demethylating agent decitabine in DLBCL cell lines. 

Reduction of CDH23 expression represented poor overall 

survival, as well as poor disease-free survival in DLBCL 

patients. These results indicated that the expression of 

CDH23 was regulated by DNA methylation. The 

methylation of CDH23 may serve as a detective and 

prognostic biomarker of DLBCL. Further the genetic 

alterations results of CDH23 in DLBCL showed that there 

was a missense mutation of CDH23 in 0.2% DLBCL 

samples, and the genetic altered frequency in the CDH23 

altered group was higher than that in the CDH23 

unaltered group. These results suggested that the genetic 

alteration of CDH23 may be an important factor of whole 

genomic stability. The most frequent co-mutated genes of 

CDH23 included ACOX2, EXPH5, FARP1, KRT85, 

MYO3A, SERINC1, TAS2R39, AFDN, C7 and CCN4. It 

was reported that variants of ACOX2 was associated with 

cardiovascular disease and breast cancer, and may  

serve as a cancer metabolism hallmark [21–23]. Over-

expression of FARP1 was significantly correlated with 

lymph metastasis, lymphatic invasion and poor prognosis 

in advanced gastric cancer patients. FARP1 promoted cell 

motility through activating CDC42 in gastric cancer [24]. 

MYO3A was reported to serve as a prognostic marker for 

tracking progression of breast cancer toward metastasis 

[25]. These studies indicated that the mutation of CDH23 

may play crucial roles in DLBCL progression.  

 

Correlation analysis was taken between CDH23 and 

various genes. CDH23 expression was positively 

associated with LCNL1, CLCN7, GPR153, SLC27A1, 

CDK18, etc. CDH23 expression was negatively related 

with DDX52, KIAA1586, TOP2A, PTPDC1, WHSC1, 

and so on. There were four significantly correlated 

genes of CDH23, including OSSGIN1, ANKRD2, 

CAPG and SLITRK4, reduction of which represented 

poor overall survival (OS), as well as poor disease-free 

survival (DFS) in DLBCL patients. These results 

indicated the important prognostic value of CDH23 and 

its correlated genes in DLBCL patients.  

 

In tumorigenesis and progression, the cancer 

microenvironment also has a vital role. One of the most 

critical elements of the cancer microenvironment is the 

immune cell infiltration. Recently, advances in 

immunotherapy, especially checkpoint blockade, have 

resulted in clinical success in treatment of late-stage 

cancers [26]. As for unsatisfactory outcomes for those 

relapsed and refractory DLBCL patients, it needs  

more efforts to discover new therapy approaches, such as 

immunomodulatory drugs, immune checkpoint inhibitors, 
and so on [27]. The relationship analysis between CDH23 

expression and immune cell infiltration showed that 

CDH23 had a negatively significant correlation with 

tumor purity. The CDH23 related genes OSSGIN1, 

ANKRD2, CAPG and SLITRK4 correlated with dendritic 

cell infiltration and neutrophil cell infiltration. Dendritic 

cell can induce immune memory response in cancer and 

promote anti-tumor immunity. CDH23 may play 

important role in microenvironment of DLBCL.  

 

The PPI network and the enrichment functions of 

CDH23 showed that CDH23 took part in the essential 

biological functions of DLBCL, including cancer cell 

growth, cell metastasis, cell adhesion, cell cycle, drug 

catabolic process, leukocyte mediated immunity, DNA 

replication, nuclear division, DNA repair, chromosome 

organization, and so on. Among these biological 

processes, cancer cell growth, cell metastasis, cell 

adhesion, cell cycle, DNA repair, and immunity 

response play critical roles in lymphoma progression. 

CDH23 was also associated with drug catabolic process, 

which suggested that CDH23 may serve as a biomarker 

of chemosensitivity of DLBCL. PPI network of CDH23 

targeting proteins CDK1, CDK2, E2F1 and E2F4 was 

analyzed as well, which indicated that CDH23 may 

regulate cell cycle, DNA damage, TGFβsignaling, Ras 

protein signaling, and so on, via interaction with these 

target proteins.  

 

Cyclin-dependent kinases (CDKs), a specific family of 

serin/threonine kinases, plays an essential role in cell 

cycle regulation, that allows transition between its 

different phase [28]. CDKs includes a mitotic CDK 

(CDK1), three interphase CDKs (CDK2, CDK4, and 

CDK6), a regulatory CDK (CDK7), and transcriptional 

CDKs (CDK8 and CDK9) [29]. Cyclin A, which 

accumulates at the G1/S phase boundary, can activate 

CDK2 and CDK1, and then promotes progression through 

the G2 interval. B-type cyclins, especially CCNB1, 

interacting with CDK1 drive cells into mitosis at this point 

[28]. Alterations of CDK activity mediate tumor-

associated cell cycle defects frequently. Misregulation of 

CDKs often induces unscheduled proliferation, genomic 

instability and chromosomal instability as well [30]. 

Several investigations reported that CDK1 was 

upregulated in various malignancies. CDK1 was also 

reported to be associated with chemotherapy resistance in 

tumors [31, 32]. The alteration of CDK2 was also found 

in several cancers, such as glioblastoma, B cell lymphoma 

and so on [33, 34]. In this study, the significantly kinase 

targets of CDH23 included CDK1 and CDK2, which 

indicated that CDH23 may play key roles in DLBCL via 

interaction with CDK1 and CDK2, especially through the 

regulation of cell cycle and unscheduled proliferation.  

 

Cellular proliferation and growth is regulated by E2F 
transcription factors through multiple downstream target 

genes, such as cyclins, c-myc, and so on. Several 

investigations reported that overexpression of E2F1 had 
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clinical relevance in various types of cancers [35, 36]. 

E2F1 overexpression may promote cellular proliferation 

or cell cycle progression through upregulating the trans-

cription of genes contributing to G1-S transition [37]. 

E2F4 was also reported to play important roles in the cell 

progression in various cancers. E2F4 takes part in the 

transcription regulation of multiple key genes in the 

Burkitt lymphoma tumorigenesis [38, 39]. In this study, 

the significant transcription factor targets included E2F2 

and E2F4, which suggested that CDH23 may play crucial 

roles in cell progression of DLBCL via interacting with 

E2F2 and E2F4. 
 

MiRNAs, which are critical for post-transcriptional 

regulation of gene expression, play important roles in 

carcinogenesis. In this study, we found the significant 

miRNA target of CDH23 was (TTCCGTT) MIR-191 in 

DLBCL. MiR-191, which was reported to serve as a 

tumor promoter in various tumors, was identified as an 

important oncogenic miRNA. MiR-191 could promote 

tumorigenicity in breast via interacting with estrogen and 

radiation survival in prostate cancer by interacting with 

Retinoid X receptor (RXRA) [40–42]. MiR-191 was also 

found to take important part in maintaining immune 

homeostasis, especially via supporting T-cell survival and 

modulating B cell development [43, 44]. These results 

indicated that CDH23 may play important roles in 

tumorigenesis, serve as a prognostic marker and regulate 

the microenvironment of DLBCL. 
 

CONCLUSIONS 
 

The expression of CDH23 is reduced via DNA 

methylation significantly in DLBCL tissues. Reduction of 

CDH23 represents poor outcome of DLBCL patients. 

CDH23 may play important roles in immune cell 

infiltration of DLBCL. The enrichment functions of 

CDH23 show that CDH23 takes part in the essential 

biological functions, including cancer cell growth, cell 

metastasis, cell adhesion, cell cycle, drug catabolic 

process, leukocyte mediated immunity, DNA replication, 

DNA repair, and so on. CDH23 also associates with drug 

catabolic process. The significant kinase targets of 

CDH23 include CDK1 and CDK2, the significant 

transcription factor targets of CDH23 include E2F1 and 

E2F4, and the significant miRNA target of CDH23 is 

MIR-191 in DLBCL. All these results indicate that 

CDH23 may act as an essential role in DLBCL. 
 

MATERIALS AND METHODS 
 

The GEPIA analysis 
 

GEPIA is a gene expression profiling and interactive 

analysis web server for cancer and normal samples. It is 

a web tool based on The Cancer Genome Atlas (TCGA) 

and Genotype-Tissue Expression (GTEx) data to deliver 

customizable functionalities. GEPIA provides important 

customizable and interactive analysis including 

profiling plotting, differential expression analysis, 

correlation analysis, similar gene detection, patient 

survival analysis, and dimensionality reduction analysis 

[45]. In this study the GEPIA was used to analyze the 

CDH23 expression level and prognostic value in 

DLBCL. And further the prognostic value of CDH23 

related key genes was also analyzed.  

 

The expression analysis of CDH23 in DLBCL by the 

GEO datasets analysis 

 

Gene expression profile datasets of the DLBCL and 

noncancerous tissues, GSE32018 and GSE56315, were 

obtained from NCBI-GEO (https://www.ncbi.nlm. 

nih.gov/geo/). For GSE32018, the GEO datasets 

platform was GPL6480 (Agilent-014850 Whole Human 

Genome Microarray 4x44K G4112F, Agilent 

Technologies, Santa Clara, CA, USA.) and for 

GSE56315 was GPL570 (Affymetrix Human Genome 

U133 Plus 2.0 Array, Affymetrix, Santa Clara, CA, 

USA.). There were 55 DLBCL tissues and 33 normal 

tonsil tissues in GSE56315 dataset. 22 DLBCL tissue 

samples, 7 normal lymph nodes samples and 6 normal 

tonsil tissues samples were profiled for the GSE32018 

dataset. The expression level of CDH23 in DLBCL and 

normal tissues was obtained from GEO datasets and 

then analyzed.  

 

Further we analyzed the CDH23 expression level in 

DLBCL cell lines with or without treating with 

demethylating agent decitabine for 48 hours from 

GSE27226, the GEO datasets platform was GPL6947 

(Illumina HumanHT-12 V3.0 expression beadchip, 

Illumina, San Diego, CA, USA) [46]. 

 

Genetic alterations of CDH23 in DLBCL 

 

The cBioPortal database (http://cbioportal.org) is a 

useful Web resource, which provides exploring, 

visualizing, and analyzing multidimensional cancer 

genomics data [47, 48]. In this study we explored the 

aberration type, co-mutations and the mutated location 

of CDH23 in DLBCL via cBioportal analysis. 

 

The LinkedOmics analysis 

 

The LinkedOmics database (http://www.linkedomics. 

org) contains multi-omics data and clinical data for 

various cancers, including 32 cancer types, totally 11 

158 patients from The Cancer Genome Atlas (TCGA) 
project. This database provides a unique platform that 

can be used for accessing, analyzing and comparing 

cancer multi-omics data within and across tumor types 

https://www.ncbi.nlm.nih.gov/geo/
https://www.ncbi.nlm.nih.gov/geo/
http://cbioportal.org/
http://www.linkedomics.org/
http://www.linkedomics.org/
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[49]. We used the “LinkFinder” module to identify the 

differentially expressed genes in the TCGA DLBCL 

cohort. The correlation of CDH23 methylation value 

and expression level was further analyzed. The 

analysis of kinase targets, miRNA targets and so on 

for CDH23 was performed by the “LinkInterpreter” 

module. Results were analyzed for significance  

using the Pearson Correlation test. The p value cutoff 

was 0.05.  

 

The TIMER analysis 

 

TIMER web server (https://cistrome.shinyapps.io/timer/), 

a comprehensive resource, can be employed for 

systematical investigating molecular characterization of 

tumor-immune interactions. TIMER provides 6 major 

analytic modules. The associations between immune 

infiltrates and a wide-spectrum of factors, including 

gene expression, somatic mutations, somatic copy 

number alterations and clinical outcomes can be 

interactively explored via TIMER. The TIMER 

algorithm estimates the abundance of six immunes 

infiltrates, including B cells, CD8+ T cells, CD4+ T 

cells, Macrophages, Neutrophils, and Dendritic cells 

[50]. The relation between the expression level of 

CDH23 and immune infiltration was investigated in this 

study via TIMER database. 

 

Protein-protein network construction via 

GeneMANIA 
 

GeneMANIA (https://genemania.org/) is a widely 

used web server that can be usually used for 

predicting the function of selected genes and 

performing protein-protein interaction (PPI) network 

analysis [51]. Via this online tool, selected gene 

 or gene lists can be analyzed by bioinformatic 

methods, including gene co-expression, physical 

interaction, gene co-location, gene enrichment 

analysis, and website prediction. The PPI network for 

CDH23 was constructed via GeneMANIA in this 

investigation.  

 

The DNA methylation interactive visualization 

database (DNMIVD) analysis 
 

DNMIVD (http://www.unimd.org/dnmivd/) is a data-

base that allows researchers to build molecular models 

for diagnosis and prognosis of cancer based on 

methylation of DNA, and visualizes the methylation 

profile of gene promoters and CpGs from various 

aspects [52–54]. We analyzed the expression level and 

methylation value of CDH23 in breast invasive 

carcinoma (BRCA) and normal tissues, and further 

calculated the Pearson correlation between methylation 

of CDH23 promoter and Fragments Per Kilobase of 

exon model per Million mapped fragments (FPKM) in 

BRCA.  

 

Statistical analysis 

 

Independent t-test was employed to analyze the 

difference of CDH23 expression between tumor 

samples and normal samples. The relationship between 

the expression level of CDH23 and DLBCL patients 

prognosis was analyzed by Kaplan-Meier survival 

analysis and log-rank test via GEPIA database. Pearson 

correlation test was employed to explore the association 

between CDH23 expression and correlated genes 

expression. P-values <0.05 indicated significance in this 

study. 

 

Abbreviations 
 

CDH23: cadherin-23; DLBCL: diffuse large B-cell 

lymphoma; GEPIA: Gene Expression Profiling 

Interactive Analysis; GEO: Gene Expression 

Omnibus; TIMER: Tumor Immune Estimation 

Resource; OS: overall survival; DFS: disease-free 

survival; CDK1: cyclin dependent kinase 1; CDK2: 

cyclin dependent kinase 2; E2F1: E2F transcription 

factor 1; E2F4: E2F transcription factor 4; OSGIN1: 

oxidative stress induced growth inhibitor 1; 

ANKRD2: ankyrin repeat domain 2; CAPG: capping 

actin protein, gelsolin like; SLITRK4: SLIT and 

NTRK like family member 4; ACOX2: acyl-CoA 

oxidase 2; EXPH5: Exophilin 5; FARP1: FERM, 

ARH/RhoGEF and pleckstrin domain protein 1; 

KRT85: keratin 85; MYO3A: myosin IIIA; SERINC1: 

serine incorporator 1; TAS2R39: taste 2 receptor 

member 39; AFDN: Afadin, adherens junction 

formation factor; C7: complement C7; CCN4: cellular 

communication network factor 4; LCNL1: lipocalin 

like 1; CLCN7: chloride voltage-gated channel 7; 

GPR153: G protein-coupled receptor 153; SLC27A1: 

solute carrier family 27 member 1; CDK18: cyclin 

dependent kinase 18; DDX52: DExD-box helicase 52; 

TOP2A: DNA topoisomerase II alpha; PTPDC1: 

protein tyrosine phosphatase domain containing 1; 

FPKM: Fragments Per Kilobase of exon model per 

Million mapped fragments. 

 

AUTHOR CONTRIBUTIONS 
 

BC participated in the research design, wrote the 

study protocol, analyzed the data, and wrote the 

manuscript. XG, LH, BW, WW and DH provided 

manuscript revision and project advices. KZ and WZ 

designed the project and edited the manuscript. All 

authors contributed to manuscript revision, read, and 

approved the submitted version. 

https://cistrome.shinyapps.io/timer/
https://genemania.org/
http://www.unimd.org/dnmivd/


 

www.aging-us.com 17780 AGING 

CONFLICTS OF INTEREST 
 

The authors declare that the research was conducted in the 

absence of any commercial or financial relationships that 

could be construed as a potential conflict of interest. 

 

FUNDING 
 

Supported by 2018000021469G246, 2019YXRC3 

(Beijing Excellent Talents Fund), 2017-q05(Youth Fund 

of Beijing Shijitan Hospital, Capital Medical 

University), 2019-q14(Youth Fund of Beijing Shijitan 

Hospital, Capital Medical University), and 2017-c04 

(Institutional Grant of Beijing Shijitan Hospital, Capital 

Medical University). 

 

REFERENCES 
 
1. Menon MP, Pittaluga S, Jaffe ES. The histological and 

biological spectrum of diffuse large B-cell lymphoma in 
the World Health Organization classification. Cancer J. 
2012; 18:411–20. 

 https://doi.org/10.1097/PPO.0b013e31826aee97 
PMID:23006945 

2. Coiffier B, Lepage E, Briere J, Herbrecht R, Tilly H, 
Bouabdallah R, Morel P, Van Den Neste E, Salles G, 
Gaulard P, Reyes F, Lederlin P, Gisselbrecht C. CHOP 
chemotherapy plus rituximab compared with CHOP 
alone in elderly patients with diffuse large-B-cell 
lymphoma. N Engl J Med. 2002; 346:235–42. 

 https://doi.org/10.1056/NEJMoa011795 
PMID:11807147 

3. Roschewski M, Staudt LM, Wilson WH. Diffuse large B-
cell lymphoma-treatment approaches in the molecular 
era. Nat Rev Clin Oncol. 2014; 11:12–23. 

 https://doi.org/10.1038/nrclinonc.2013.197 
PMID:24217204 

4. Pasqualucci L, Dalla-Favera R. Genetics of diffuse large 
B-cell lymphoma. Blood. 2018; 131:2307–19. 

 https://doi.org/10.1182/blood-2017-11-764332 
PMID:29666115 

5. Swerdlow SH, Campo E, Pileri SA, Harris NL, Stein H, 
Siebert R, Advani R, Ghielmini M, Salles GA, Zelenetz 
AD, Jaffe ES. The 2016 revision of the World Health 
Organization classification of lymphoid neoplasms. 
Blood. 2016; 127:2375–90. 

 https://doi.org/10.1182/blood-2016-01-643569 
PMID:26980727 

6. Cao B, Yang W, Jin Y, Zhang M, He T, Zhan Q, Herman 
JG, Zhong G, Guo M. Silencing NKD2 by Promoter 
Region Hypermethylation Promotes Esophageal Cancer 
Progression by Activating Wnt Signaling. J Thorac 
Oncol. 2016; 11:1912–26. 

 https://doi.org/10.1016/j.jtho.2016.06.015 
PMID:27374455 

7. Hu S, Cao B, Zhang M, Linghu E, Zhan Q, Brock MV, 
Herman JG, Mao G, Guo M. Epigenetic silencing BCL6B 
induced colorectal cancer proliferation and metastasis 
by inhibiting P53 signaling. Am J Cancer Res. 2015; 
5:651–62. 

 PMID:25973304 

8. Lin B, Zhou X, Lin S, Wang X, Zhang M, Cao B, Dong Y, 
Yang S, Wang JM, Guo M, Huang J. Epigenetic silencing 
of PRSS3 provides growth and metastasis advantage 
for human hepatocellular carcinoma. J Mol Med (Berl). 
2017; 95:1237–49. 

 https://doi.org/10.1007/s00109-017-1578-5 
PMID:28844099 

9. Ma K, Cao B, Guo M. The detective, prognostic, and 
predictive value of DNA methylation in human 
esophageal squamous cell carcinoma. Clin Epigenetics. 
2016; 8:43. 

 https://doi.org/10.1186/s13148-016-0210-9 
PMID:27110300 

10. Yu Y, Yan W, Liu X, Jia Y, Cao B, Yu Y, Lv Y, Brock MV, 
Herman JG, Licchesi J, Yang Y, Guo M. DACT2 is 
frequently methylated in human gastric cancer and 
methylation of DACT2 activated Wnt signaling. Am J 
Cancer Res. 2014; 4:710–24. 

 PMID:25520862 

11. Hu D, Shilatifard A. Epigenetics of hematopoiesis and 
hematological malignancies. Genes Dev. 2016; 
30:2021–41. 

 https://doi.org/10.1101/gad.284109.116 
PMID:27798847 

12. Rosikiewicz W, Chen X, Dominguez PM, Ghamlouch H, 
Aoufouchi S, Bernard OA, Melnick A, Li S. TET2 
deficiency reprograms the germinal center B cell 
epigenome and silences genes linked to 
lymphomagenesis. Sci Adv. 2020; 6:eaay5872. 

 https://doi.org/10.1126/sciadv.aay5872 
PMID:32596441 

13. Tepass U, Truong K, Godt D, Ikura M, Peifer M. 
Cadherins in embryonic and neural morphogenesis. 
Nat Rev Mol Cell Biol. 2000; 1:91–100. 

 https://doi.org/10.1038/35040042 PMID:11253370 

14. Halbleib JM, Nelson WJ. Cadherins in development: cell 
adhesion, sorting, and tissue morphogenesis. Genes 
Dev. 2006; 20:3199–214. 

 https://doi.org/10.1101/gad.1486806 PMID:17158740 

15. Jeanes A, Gottardi CJ, Yap AS. Cadherins and cancer: 
how does cadherin dysfunction promote tumor 
progression? Oncogene. 2008; 27:6920–29. 

 https://doi.org/10.1038/onc.2008.343 PMID:19029934 

https://doi.org/10.1097/PPO.0b013e31826aee97
https://pubmed.ncbi.nlm.nih.gov/23006945
https://doi.org/10.1056/NEJMoa011795
https://pubmed.ncbi.nlm.nih.gov/11807147
https://doi.org/10.1038/nrclinonc.2013.197
https://pubmed.ncbi.nlm.nih.gov/24217204
https://doi.org/10.1182/blood-2017-11-764332
https://pubmed.ncbi.nlm.nih.gov/29666115
https://doi.org/10.1182/blood-2016-01-643569
https://pubmed.ncbi.nlm.nih.gov/26980727
https://doi.org/10.1016/j.jtho.2016.06.015
https://pubmed.ncbi.nlm.nih.gov/27374455
https://pubmed.ncbi.nlm.nih.gov/25973304
https://doi.org/10.1007/s00109-017-1578-5
https://pubmed.ncbi.nlm.nih.gov/28844099
https://doi.org/10.1186/s13148-016-0210-9
https://pubmed.ncbi.nlm.nih.gov/27110300
https://pubmed.ncbi.nlm.nih.gov/25520862
https://doi.org/10.1101/gad.284109.116
https://pubmed.ncbi.nlm.nih.gov/27798847
https://doi.org/10.1126/sciadv.aay5872
https://pubmed.ncbi.nlm.nih.gov/32596441
https://doi.org/10.1038/35040042
https://pubmed.ncbi.nlm.nih.gov/11253370
https://doi.org/10.1101/gad.1486806
https://pubmed.ncbi.nlm.nih.gov/17158740
https://doi.org/10.1038/onc.2008.343
https://pubmed.ncbi.nlm.nih.gov/19029934


 

www.aging-us.com 17781 AGING 

16. Klezovitch O, Vasioukhin V. Cadherin signaling: keeping 
cells in touch. F1000Res. 2015; 4:550. 

 https://doi.org/10.12688/f1000research.6445.1 
PMID:26339481 

17. Sotomayor M, Gaudet R, Corey DP. Sorting out a 
promiscuous superfamily: towards cadherin 
connectomics. Trends Cell Biol. 2014; 24:524–36. 

 https://doi.org/10.1016/j.tcb.2014.03.007 
PMID:24794279 

18. Apostolopoulou M, Ligon L. Cadherin-23 mediates 
heterotypic cell-cell adhesion between breast cancer 
epithelial cells and fibroblasts. PLoS One. 2012; 
7:e33289. 

 https://doi.org/10.1371/journal.pone.0033289 
PMID:22413011 

19. Sannigrahi MK, Srinivas CS, Deokate N, Rakshit S. The 
strong propensity of Cadherin-23 for aggregation 
inhibits cell migration. Mol Oncol. 2019; 13:1092–109. 

 https://doi.org/10.1002/1878-0261.12469 
PMID:30747484 

20. Zhou Q, Huang L, Gu Y, Lu H, Feng Z. The expression 
of CCL18 in diffuse large B cell lymphoma and  
its mechanism research. Cancer Biomark. 2018; 
21:925–34. 

 https://doi.org/10.3233/CBM-171097 PMID:29504526 

21. Johansson A, Curran JE, Johnson MP, Freed KA, 
Fenstad MH, Bjørge L, Eide IP, Carless MA, Rainwater 
DL, Goring HH, Austgulen R, Moses EK, Blangero J. 
Identification of ACOX2 as a shared genetic risk factor 
for preeclampsia and cardiovascular disease. Eur J Hum 
Genet. 2011; 19:796–800. 

 https://doi.org/10.1038/ejhg.2011.19  
PMID:21343950 

22. Zhou X, Wang H. ACOX2 deficiency in primary 
malignant cardiac tumors. Proc Natl Acad Sci USA. 
2017; 114:E3590–91. 

 https://doi.org/10.1073/pnas.1701212114 
PMID:28400508 

23. Bjørklund SS, Kristensen VN, Seiler M, Kumar S, Alnæs 
GI, Ming Y, Kerrigan J, Naume B, Sachidanandam R, 
Bhanot G, Børresen-Dale AL, Ganesan S. Expression of 
an estrogen-regulated variant transcript of the 
peroxisomal branched chain fatty acid oxidase ACOX2 
in breast carcinomas. BMC Cancer. 2015; 15:524. 

 https://doi.org/10.1186/s12885-015-1510-8 
PMID:26183823 

24. Hirano T, Shinsato Y, Tanabe K, Higa N, Kamil M, 
Kawahara K, Yamamoto M, Minami K, Shimokawa M, 
Arigami T, Yanagita S, Matushita D, Uenosono Y, et al. 
FARP1 boosts CDC42 activity from integrin αvβ5 
signaling and correlates with poor prognosis of 
advanced gastric cancer. Oncogenesis. 2020; 9:13. 

 https://doi.org/10.1038/s41389-020-0190-7 
PMID:32029704 

25. Baghel KS, Tewari BN, Shrivastava R, Malik SA, Lone 
MU, Jain NK, Tripathi C, Kanchan RK, Dixit S, Singh K, 
Mitra K, Negi MP, Srivastava M, et al. Macrophages 
promote matrix protrusive and invasive function of 
breast cancer cells via MIP-1β dependent upregulation 
of MYO3A gene in breast cancer cells. 
Oncoimmunology. 2016; 5:e1196299. 

 https://doi.org/10.1080/2162402X.2016.1196299 
PMID:27622050 

26. Pardoll DM. The blockade of immune checkpoints in 
cancer immunotherapy. Nat Rev Cancer. 2012; 
12:252–64. 

 https://doi.org/10.1038/nrc3239 PMID:22437870 

27. Wang L, Li LR, Young KH. New agents and regimens for 
diffuse large B cell lymphoma. J Hematol Oncol. 2020; 
13:175. 

 https://doi.org/10.1186/s13045-020-01011-z 
PMID:33317571 

28. Diaz-Padilla I, Siu LL, Duran I. Cyclin-dependent kinase 
inhibitors as potential targeted anticancer agents. 
Invest New Drugs. 2009; 27:586–94. 

 https://doi.org/10.1007/s10637-009-9236-6 
PMID:19262992 

29. Park SY, Kim KY, Jun DY, Hwang SK, Kim YH. G1 Cell 
Cycle Arrest and Extrinsic Apoptotic Mechanisms 
Underlying the Anti-Leukemic Activity of CDK7 
Inhibitor BS-181. Cancers (Basel). 2020; 12:3845. 

 https://doi.org/10.3390/cancers12123845 
PMID:33352782 

30. Malumbres M, Barbacid M. Cell cycle, CDKs and 
cancer: a changing paradigm. Nat Rev Cancer. 2009; 
9:153–66. 

 https://doi.org/10.1038/nrc2602  
PMID:19238148 

31. Zhu Y, Li K, Zhang J, Wang L, Sheng L, Yan L. Inhibition 
of CDK1 Reverses the Resistance of 5-Fu in Colorectal 
Cancer. Cancer Manag Res. 2020; 12:11271–83. 

 https://doi.org/10.2147/CMAR.S255895 
PMID:33177877 

32. Zheng HP, Huang ZG, He RQ, Lu HP, Dang YW, Lin P, 
Wen DY, Qin YY, Luo B, Li XJ, Mo WJ, Yang H, He Y, 
Chen G. Integrated assessment of CDK1 upregulation 
in thyroid cancer. Am J Transl Res. 2019; 11:7233–54. 

 PMID:31934275 

33. Wang J, Yang T, Xu G, Liu H, Ren C, Xie W, Wang M. 
Cyclin-Dependent Kinase 2 Promotes Tumor 
Proliferation and Induces Radio Resistance in 
Glioblastoma. Transl Oncol. 2016; 9:548–56. 

 https://doi.org/10.1016/j.tranon.2016.08.007 
PMID:27863310 

https://doi.org/10.12688/f1000research.6445.1
https://pubmed.ncbi.nlm.nih.gov/26339481
https://doi.org/10.1016/j.tcb.2014.03.007
https://pubmed.ncbi.nlm.nih.gov/24794279
https://doi.org/10.1371/journal.pone.0033289
https://pubmed.ncbi.nlm.nih.gov/22413011
https://doi.org/10.1002/1878-0261.12469
https://pubmed.ncbi.nlm.nih.gov/30747484
https://doi.org/10.3233/CBM-171097
https://pubmed.ncbi.nlm.nih.gov/29504526
https://doi.org/10.1038/ejhg.2011.19
https://pubmed.ncbi.nlm.nih.gov/21343950
https://doi.org/10.1073/pnas.1701212114
https://pubmed.ncbi.nlm.nih.gov/28400508
https://doi.org/10.1186/s12885-015-1510-8
https://pubmed.ncbi.nlm.nih.gov/26183823
https://doi.org/10.1038/s41389-020-0190-7
https://pubmed.ncbi.nlm.nih.gov/32029704
https://doi.org/10.1080/2162402X.2016.1196299
https://pubmed.ncbi.nlm.nih.gov/27622050
https://doi.org/10.1038/nrc3239
https://pubmed.ncbi.nlm.nih.gov/22437870
https://doi.org/10.1186/s13045-020-01011-z
https://pubmed.ncbi.nlm.nih.gov/33317571
https://doi.org/10.1007/s10637-009-9236-6
https://pubmed.ncbi.nlm.nih.gov/19262992
https://doi.org/10.3390/cancers12123845
https://pubmed.ncbi.nlm.nih.gov/33352782
https://doi.org/10.1038/nrc2602
https://pubmed.ncbi.nlm.nih.gov/19238148
https://doi.org/10.2147/CMAR.S255895
https://pubmed.ncbi.nlm.nih.gov/33177877
https://pubmed.ncbi.nlm.nih.gov/31934275
https://doi.org/10.1016/j.tranon.2016.08.007
https://pubmed.ncbi.nlm.nih.gov/27863310


 

www.aging-us.com 17782 AGING 

34. Faber AC, Chiles TC. Inhibition of cyclin-dependent 
kinase-2 induces apoptosis in human diffuse large B-
cell lymphomas. Cell Cycle. 2007; 6:2982–89. 

 https://doi.org/10.4161/cc.6.23.4994 PMID:18156799 

35. Chen HZ, Tsai SY, Leone G. Emerging roles of E2Fs in 
cancer: an exit from cell cycle control. Nat Rev Cancer. 
2009; 9:785–97. 

 https://doi.org/10.1038/nrc2696 PMID:19851314 

36. Roussel MF, Davis JN, Cleveland JL, Ghysdael J, Hiebert 
SW. Dual control of myc expression through a single 
DNA binding site targeted by ets family proteins and 
E2F-1. Oncogene. 1994; 9:405–15. 

 PMID:8290253 

37. Burkhart DL, Sage J. Cellular mechanisms of tumour 
suppression by the retinoblastoma gene. Nat Rev 
Cancer. 2008; 8:671–82. 

 https://doi.org/10.1038/nrc2399 PMID:18650841 

38. Molina-Privado I, Jiménez-P R, Montes-Moreno S, 
Chiodo Y, Rodríguez-Martínez M, Sánchez-Verde L, 
Iglesias T, Piris MA, Campanero MR. E2F4 plays a key 
role in Burkitt lymphoma tumorigenesis. Leukemia. 
2012; 26:2277–85. 

 https://doi.org/10.1038/leu.2012.99 PMID:22475873 

39. Kori M, Yalcin Arga K. Potential biomarkers and 
therapeutic targets in cervical cancer: Insights from the 
meta-analysis of transcriptomics data within network 
biomedicine perspective. PLoS One. 2018; 
13:e0200717. 

 https://doi.org/10.1371/journal.pone.0200717 
PMID:30020984 

40. Li H, Zhou ZQ, Yang ZR, Tong DN, Guan J, Shi BJ, Nie J, 
Ding XT, Li B, Zhou GW, Zhang ZY. MicroRNA-191 acts 
as a tumor promoter by modulating the TET1-p53 
pathway in intrahepatic cholangiocarcinoma. 
Hepatology. 2017; 66:136–51. 

 https://doi.org/10.1002/hep.29116 PMID:28194813 

41. Di Leva G, Piovan C, Gasparini P, Ngankeu A, Taccioli C, 
Briskin D, Cheung DG, Bolon B, Anderlucci L, Alder H, 
Nuovo G, Li M, Iorio MV, et al. Estrogen mediated-
activation of miR-191/425 cluster modulates 
tumorigenicity of breast cancer cells depending on 
estrogen receptor status. PLoS Genet. 2013; 
9:e1003311. 

 https://doi.org/10.1371/journal.pgen.1003311 
PMID:23505378 

42. Ray J, Haughey C, Hoey C, Jeon J, Murphy R, Dura-
Perez L, McCabe N, Downes M, Jain S, Boutros PC, Mills 
IG, Liu SK. miR-191 promotes radiation resistance of 
prostate cancer through interaction with RXRA. Cancer 
Lett. 2020; 473:107–17. 

 https://doi.org/10.1016/j.canlet.2019.12.025 
PMID:31874245 

43. Lykken EA, Li QJ. The MicroRNA miR-191 Supports T 
Cell Survival Following Common γ Chain Signaling. J 
Biol Chem. 2016; 291:23532–44. 

 https://doi.org/10.1074/jbc.M116.741264 
PMID:27634043 

44. Blume J, Ziętara N, Witzlau K, Liu Y, Sanchez OO, 
Puchałka J, Winter SJ, Kunze-Schumacher H, Saran N, 
Düber S, Roy B, Weiss S, Klein C, et al. miR-191 
modulates B-cell development and targets 
transcription factors E2A, Foxp1, and Egr1. Eur J 
Immunol. 2019; 49:121–32. 

 https://doi.org/10.1002/eji.201847660 
PMID:30281154 

45. Tang Z, Li C, Kang B, Gao G, Li C, Zhang Z. GEPIA: a web 
server for cancer and normal gene expression profiling 
and interactive analyses. Nucleic Acids Res. 2017; 
45:W98–102. 

 https://doi.org/10.1093/nar/gkx247  
PMID:28407145 

46. Kalac M, Scotto L, Marchi E, Amengual J, Seshan VE, 
Bhagat G, Ulahannan N, Leshchenko VV, Temkin AM, 
Parekh S, Tycko B, O’Connor OA. HDAC inhibitors and 
decitabine are highly synergistic and associated with 
unique gene-expression and epigenetic profiles in 
models of DLBCL. Blood. 2011; 118:5506–16. 

 https://doi.org/10.1182/blood-2011-02-336891 
PMID:21772049 

47. Cerami E, Gao J, Dogrusoz U, Gross BE, Sumer SO, 
Aksoy BA, Jacobsen A, Byrne CJ, Heuer ML, Larsson E, 
Antipin Y, Reva B, Goldberg AP, et al. The cBio cancer 
genomics portal: an open platform for exploring 
multidimensional cancer genomics data. Cancer 
Discov. 2012; 2:401–04. 

 https://doi.org/10.1158/2159-8290.CD-12-0095 
PMID:22588877 

48. Gao J, Aksoy BA, Dogrusoz U, Dresdner G, Gross B, 
Sumer SO, Sun Y, Jacobsen A, Sinha R, Larsson E, 
Cerami E, Sander C, Schultz N. Integrative analysis of 
complex cancer genomics and clinical profiles using the 
cBioPortal. Sci Signal. 2013; 6:pl1. 

 https://doi.org/10.1126/scisignal.2004088 
PMID:23550210 

49. Vasaikar SV, Straub P, Wang J, Zhang B. LinkedOmics: 
analyzing multi-omics data within and across 32 cancer 
types. Nucleic Acids Res. 2018; 46:D956–63. 

 https://doi.org/10.1093/nar/gkx1090  
PMID:29136207 

50. Li T, Fan J, Wang B, Traugh N, Chen Q, Liu JS, Li B, Liu 
XS. TIMER: A Web Server for Comprehensive Analysis 
of Tumor-Infiltrating Immune Cells. Cancer Res. 2017; 
77:e108–10. 

 https://doi.org/10.1158/0008-5472.CAN-17-0307 
PMID:29092952 

https://doi.org/10.4161/cc.6.23.4994
https://pubmed.ncbi.nlm.nih.gov/18156799
https://doi.org/10.1038/nrc2696
https://pubmed.ncbi.nlm.nih.gov/19851314
https://pubmed.ncbi.nlm.nih.gov/8290253
https://doi.org/10.1038/nrc2399
https://pubmed.ncbi.nlm.nih.gov/18650841
https://doi.org/10.1038/leu.2012.99
https://pubmed.ncbi.nlm.nih.gov/22475873
https://doi.org/10.1371/journal.pone.0200717
https://pubmed.ncbi.nlm.nih.gov/30020984
https://doi.org/10.1002/hep.29116
https://pubmed.ncbi.nlm.nih.gov/28194813
https://doi.org/10.1371/journal.pgen.1003311
https://pubmed.ncbi.nlm.nih.gov/23505378
https://doi.org/10.1016/j.canlet.2019.12.025
https://pubmed.ncbi.nlm.nih.gov/31874245
https://doi.org/10.1074/jbc.M116.741264
https://pubmed.ncbi.nlm.nih.gov/27634043
https://doi.org/10.1002/eji.201847660
https://pubmed.ncbi.nlm.nih.gov/30281154
https://doi.org/10.1093/nar/gkx247
https://pubmed.ncbi.nlm.nih.gov/28407145
https://doi.org/10.1182/blood-2011-02-336891
https://pubmed.ncbi.nlm.nih.gov/21772049
https://doi.org/10.1158/2159-8290.CD-12-0095
https://pubmed.ncbi.nlm.nih.gov/22588877
https://doi.org/10.1126/scisignal.2004088
https://pubmed.ncbi.nlm.nih.gov/23550210
https://doi.org/10.1093/nar/gkx1090
https://pubmed.ncbi.nlm.nih.gov/29136207
https://doi.org/10.1158/0008-5472.CAN-17-0307
https://pubmed.ncbi.nlm.nih.gov/29092952


 

www.aging-us.com 17783 AGING 

51. Montojo J, Zuberi K, Rodriguez H, Bader GD, Morris Q. 
GeneMANIA: Fast gene network construction and 
function prediction for Cytoscape. F1000Res. 2014; 
3:153. 

 https://doi.org/10.12688/f1000research.4572.1 
PMID:25254104 

52. Ding W, Chen J, Feng G, Chen G, Wu J, Guo Y, Ni X, Shi 
T. DNMIVD: DNA methylation interactive visualization 
database. Nucleic Acids Res. 2020; 48:D856–62. 

 https://doi.org/10.1093/nar/gkz830  
PMID:31598709 

53. Ding W, Chen G, Shi T. Integrative analysis identifies 
potential DNA methylation biomarkers for pan-cancer 
diagnosis and prognosis. Epigenetics. 2019; 14:67–80. 

 https://doi.org/10.1080/15592294.2019.1568178 
PMID:30696380 

54. Ding W, Feng G, Hu Y, Chen G, Shi T. Co-occurrence 
and Mutual Exclusivity Analysis of DNA Methylation 
Reveals Distinct Subtypes in Multiple Cancers. Front 
Cell Dev Biol. 2020; 8:20. 

 https://doi.org/10.3389/fcell.2020.00020 
PMID:32064261 

  

https://doi.org/10.12688/f1000research.4572.1
https://pubmed.ncbi.nlm.nih.gov/25254104
https://doi.org/10.1093/nar/gkz830
https://pubmed.ncbi.nlm.nih.gov/31598709
https://doi.org/10.1080/15592294.2019.1568178
https://pubmed.ncbi.nlm.nih.gov/30696380
https://doi.org/10.3389/fcell.2020.00020
https://pubmed.ncbi.nlm.nih.gov/32064261


 

www.aging-us.com 17784 AGING 

SUPPLEMENTARY MATERIALS 

 

Supplementary Figures 

 

 

 

 
 

Supplementary Figure 1. The verification of epigenetic regulation of CDH23. (A) The expression level of CDH23 in BRCA tissues and 
normal tissues (DNMIVD). (B) The methylation value of CDH23 in BRCA tissues and normal tissues (DNMIVD). (C) The correlation of CDH23 
expression and promoter methylation value in BRCA (DNMIVD). (D) The expression level of CDH23 with or without the treatment of 
demethylating agent decitabine in DLBCL cell lines, including Su-DHL6, OCI-Ly10 and OCI-Ly1 (GEO). 
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Supplementary Figure 2. The expression level of CDK1 and CCNB1, and the correlation between their expression level with 
CDH23 in DLBCL. (A) The expression level of CDK1 in DLBCL tissues and normal tissues (GEPIA). (B) The correlation of CDK1 expression level 
and CDH23 expression level (LinkedOmics). (C) The expression value of CCNB1 in DLBCL tissues and normal tissues (GEPIA). (D) The 
correlation of CCNB1 expression level and CDH23 expression level (LinkedOmics). 
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Supplementary Tables 
 

Supplementary Table 1. Significantly enriched representative GO annotations (biological 
process) of CDH23 in DLBCL (LinkedOmics). 

Description 
Enrichment

ratio 
FDR LeadingEdgeGene 

drug 

catabolic 

process 

1.95 
5.91 

E-04 

ACHE;GPX1;PM20D2;CHIT1;IDUA;PIPOX;RENBP;SDSL;MP

O;ALDH2;PRDX1;CTSH;MAOB;OXCT1;MAOA;SULT1A1;C

OMT;CYP1A2;SULT1A2;AMDHD2;GNPDA2;CYP2S1;PAOX;

AMPD3;ALDH3B1;PCK2;NAGK;IL4I1;MT3;GLDC;PCBD1;G

CSH;SMOX;DPYS;AMT;NNT;EPX;OVGP1;IDE;GPX3;NPL;C

YP2F1;CYP2B6;COLQ;LPO;CYP4B1. 

DNA repair 1.52 
1.76 

E-04 

ACTR2;MSH2;NUDT16;PDS5B;DHX9;UCHL5;WDHD1;STU

B1;CDK2;UBC;MSH3;SUPT16H;DTL;SIRT1;RAD54B;PMS1;

ESCO2;FANCM;RAD21;SFPQ;SLC30A9;USP28;BRIP1;CDC5

L;MCM8;CIB1;FOXM1;DEK;MAGEF1;PRMT6;ATXN3;NON

O;LIG3;RMI1;ETAA1;USP43;POLD3;CHEK1;FANCC;PDS5A;

NUCKS1;POLA1;RAD52;CDC7;MPG;RNF169;UBE2N;EXO1;

PRKCG;KLHL15;BRCA1;CLSPN;FBXO6;EP300;PAXIP1;SMC

1A;BARD1;NFRKB;DNA2;RNF138;MORF4L2;NIPBL;ASCC1

;PIAS4;CUL4A;ERCC4;TREX1;USP1; etc. 

leukocyte 

mediated 

immunity 

1.40 
1.10 

E-04 

IL18;MMP9;GSN;PLD1;VAMP3;NPC2;ATG7;PSAP;CLU;PYC

ARD;FTH1;CDA;VAT1;C8G;ACTR2;CD63;CHIT1;AGPAT2;M

AN2B1;TOM1;CTSD;APAF1;PTGES2;BRI3;ITGAX;MSH2;GR

N;LAMP1;DPP7;LTA4H;MMP25;VNN1;SERPINA3;C5AR1;CT

SA;HEXB;CST3;NCR3;ATAD5;PYGB;GAA;PI4K2A;LTA;ZP3;

ORM2;C1R;C1S;RAC1;SERPINB6;CFP;S100A13;ORM1;ATP6

V0C;TCIRG1;CTSZ;ARSA;TNFRSF1B;ACLY;MVP;PKP1;MA

NBA;ASAH1;CD68;RAB24;TMEM173;MPO;C1RL;GM2A;TI

MP2;FUCA2;TMEM63A;CHI3L1;PRDX1;CTSH;FTL;EMP2;IT

GB2;LRRC7;HLA-

F;PLEKHO2;GSTP1;PVR;PRKCZ;CHRNB4;CYFIP1;ITGAM;V

AMP2;ANPEP;ANXA2;GALNS;RAB3A;RAB6A; etc. 

cell cycle 1.36 
9.54 

E-09 

CDK18;SNX33;GAS2L1;PIWIL4;CEBPA;KLHDC8B;OBSL1;F

BXW5;AVPI1;UBD;TOP2A;CENPF;SPHK1;ACTR2;TOM1L2;

LMNA;MEI1;CD2AP;RASSF4;NUPR1;TPX2;RNF2;ASPM;AP

AF1;ZNF385A;PRIM2;MSH2;NUDT16;KIF15;CAPN3;SMARC

D3;CENPJ;CCNF;XPO1;OPTN;CDC73;KIF14;SASS6;SUZ12;

KIF18B;VASH1;STEAP3;RRM1;CREBL2;PDS5B;NSL1;ATAD

5;CIT;KIF20A;GPNMB;INTS7;RACGAP1;HNRNPU;ZNF207;

RBM7;CKAP5;CEP57;NCAPD3;WDHD1;FAM83D;STIL;CTD

SPL;PPME1;CDCA8;SMC4;SPAG5;CDK2;FBXL15;MKI67;LI

N9;GPSM2;PPAT;CYP27B1;ZFP36L2;PPM1D;IPO7;TUBGCP4

;KIF18A;CTCFL;DONSON;TTK;KIFC1;CABLES2;TPR;CASP

8AP2;HJURP;MSH3;SMC2;ANLN;DHFR;CUL5;DTL;CCNE2;

CDC23;E2F8;SIRT1; etc. 

Abbreviations: FDR, false discovery rate from overrepresentation enrichment analysis (ORA). 
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Supplementary Table 2. Significantly enriched kinase-target networks of CDH23 in DLBCL 
(LinkedOmics).  

GeneSet 
Enrichment 

ratio 
FDR LeadingEdgeGene 

Kinase_CDK2 1.48 0.009 

SORBS3;VIM;CTTN;CENPF;TPX2;PDS5B;CDK2;MKI67

;TPR;DTL;THRAP3;CDC23;CSNK2A1;ZMYM3;NPAT;H

NRNPK;RBM27;CDC5L;GIGYF2;FOXM1;NCAPH;DPF2;

CDC27;DLGAP5;RRN3;DLG1;CCNE1;NUP98;LIG3;ME

D1;CHEK1;TUBG1;USP37;FOXC1;NUCKS1;CDC6;PHF6

;ZYX;CDC7;LMNB2;SNW1;DNMT1;LARP1;RBL1;BRC

A1;NCL;C17orf49;EFHD2;SUDS3;ARHGAP19;BARD1;E

2F3;MCM4;EGLN2;NOSIP;HNRNPUL1;NUP153;NUP10

7;ARID4A;POLL;CAMSAP1;APC;ZC3H11A;DPYSL3;UB

XN1;POLH;ELAVL1;DIAPH3;UHRF1;ANAPC13;MDC1;

SUPT6H;MTA1;ELK4;UBE2O;TOPBP1;TNKS1BP1;RBB

P8;POLR2A;ANKRD17;NUFIP2;ANAPC1;SRRM1;ATF2 

Kinase_CDK1 1.46 0.016 

SQSTM1;VIM;CTTN;TOP2A;LMNA;TPX2;LMNB1;IRS2

;XPO1;PDS5B;LBR;SPAG5;MKI67;TPR;DTL;CDC23;SIR

T1;CSNK2A1;TOP1;PRDX1;RSF1;ZMYM3;NCOA3;HNR

NPK;NUSAP1;CREB1;TMPO;KIF20B;GIGYF2;FOXM1;

CDC27;DLGAP5;U2AF2;DLG1;NUP98;KIF11;SOD2;LIG

3;CHEK1;NUCKS1;CEP55;NCAPG;CENPA;CDC7;LMNB

2;NAGK;DNMT1;TEX14;FBXO43;BRCA1;NCL;EFHD2;

ESPL1;BARD1;EIF4EBP1;HMGCS1;NEDD1;WEE1;USP

1;CKAP2;GAPVD1;PHF8;CD3EAP;PRC1;LATS1;ZC3H11

A;ELAVL1;UHRF1;CCNB1;CUEDC2;MDM4;POLR2A;E

PB41;RPS6KB1;SLK;ANAPC1;PIK3C2A 

Abbreviations: FDR, false discovery rate from overrepresentation enrichment analysis (ORA). 

 

Supplementary Table 3. Significantly enriched miRNA-target networks of CDH23 in DLBCL (LinkedOmics). 

GeneSet 
Enrichment 

ratio 
FDR LeadingEdgeGene 

GGCGGCA,MIR-371 2.93 0.97 PTGES2;POM121;DYNLL2 

TTCCGTT,MIR-191 2.53 0.04 

ATP2B2;PHC2;TMOD2;CEBPB;ZCCHC24;GAP43;TAF5; 

LIN54;AMMECR1;PLCD1;BRMS1L;OXSR1;MAPRE3;A 

MMECR1L;MAP3K12 

Abbreviations: FDR, false discovery rate from overrepresentation enrichment analysis (ORA). 
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Supplementary Table 4. Significantly enriched representative transcription factor-target 
networks of CDH23 in DLBCL (LinkedOmics). 

GeneSet 
Enrichment 

ratio 
FDR LeadingEdgeGene 

V$E2F4DP1 

_01 
1.67 2.14E-04 

EHBP1;MSH2;SASS6;SYNGR4;SLCO3A1;ATAD5;P

APOLG;KCNS2;ATAD2;PPM1D;IPO7;CASP8AP2;E

2F8;UBR7;ARHGAP11A;E2F7;TMPO;HNRNPA2B1;

HMGXB4;CDC5L;MCM8;ZNF524;POLD3;FANCC;

USP37; etc. 

V$E2F_02 1.66 2.14E-04 

EHBP1;MSH2;SASS6;SYNGR4;SLCO3A1;ATAD5;K

CNS2;ATAD2;PPM1D;IPO7;CASP8AP2;E2F8;UBR7

;ARHGAP11A;E2F7;TMPO;HNRNPA2B1;HMGXB4

;CDC5L;MCM8;ZNF524;POLD3;FANCC;USP37;PO

LA1; etc. 

V$E2F1DP2 

_01 
1.66 2.14E-04 

SLITRK4;EHBP1;MSH2;SASS6;SYNGR4;SLCO3A1

;ATAD5;KCNS2;ATAD2;PPM1D;IPO7;CASP8AP2;E

2F8;UBR7;ARHGAP11A;E2F7;TMPO;HNRNPA2B1;

HMGXB4;CDC5L;MCM8;ZNF524;POLD3;FANCC;

USP37;POLA1;TRA2B;GABRB3;CDC6;PPIG;TLE3;

DNMT1; etc. 

V$E2F1_Q3 1.64 3.34E-04 

TRIM47;EPHB2;EHBP1;MSH2;KIF15;SASS6;SYNG

R4;SLCO3A1;PDS5B;ATAD5;ATAD2;PPM1D;IPO7;

CASP8AP2;E2F8;UBR7;ARHGAP11A;E2F7;TMPO;

MCM8;SERBP1;CACNA1G;ZNF524;CNOT3;POLD

3;USP37; etc. 

V$NFMUE1 

_Q6 
1.50 0.011 

CDH23;RBM12;KIF15;NFYA;INTS7;ZNF207;CD4;R

AC1;ATP6V0C;SMC4;ARNT;DHX15;TSKU;XPR1;F

ASTK;RBM19;SFPQ;VAMP2;HMGXB4;GIGYF2;SE

RBP1;CPSF2;CELF1;PRMT6;CCNE1;MED1;CNOT3

;NKIRAS2;SLAIN1;TRA2B;SNAP25;STRN4;NSD1;

UBXN11; etc. 

V$CREB_Q4 1.45 0.018 

MAP1LC3A;CD2AP;FAM19A1;CLSTN3;SIK2;INTS

7;PQLC1;CEP57;WDHD1;FAM167A;ATP6V0C;RBP

5;RELB;TMEM86A;ZMYND15;RAB24;HNRNPA2B

1;NPTX1;RAB3A;RAB6A;NUP98;ARL4D;ASPHD1;

ANK2; etc. 

Abbreviations: FDR, false discovery rate from overrepresentation enrichment analysis (ORA). V$, the 
annotation found in Molecular Signatures Database (MSigDB) for transcription factors (TF). 


