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Abstract
Background  Dachsous cadherin related 1 (DCHS1) is one of calcium-dependent adhesion membrane proteins and is 
mainly involved in the development of mammalian tissues. There is a lack of more detailed research on the biological 
function of DCHS1 in pan-cancer.

Materials and methods  We evaluated the expression, the prognostic value, the diagnostic value and genomic 
alterations of DCHS1 by using the databases, including TCGA, UALCAN, HPA, GEPIA2.0 and GSCA. We employed the 
databases of UCSC, TIMER2.0, TISIDB, GSCA to analyze the association between DCHS1 expression and the immune 
microenvironment, stemness, TMB, MSI and anticancer drug sensitivity. BioGRID, STRING and GEPIA2.0 were used to 
perform protein interaction and functional enrichment analysis. Real-time quantitative PCR, CCK8, Transwell assay and 
Western blot were performed to determine the function of DCHS1 in UCEC.

Results  DCHS1 is differentially expressed in many cancers and its expression is significantly associated with tumor 
prognosis and diagnosis. DCHS1 expression was significantly correlated with the infiltration of cancer-associated 
fibroblasts (CAFs), Endothelial cell (ECs), and Hematopoietic stem cell in most cancers. In addition, DCHS1 was 
significantly associated with sensitivity to many antitumor drugs. Functional enrichment analysis revealed that 
DCHS1-related proteins were involved in Focal adhesion, Endometrial cancer and Wnt signaling pathway. GSEA results 
showed that DCHS1 was related to epithelial-mesenchymal transition (EMT) in many cancers. In vitro experiments in 
UCEC showed that DCHS1 regulated cell proliferation, migration and EMT.

Conclusions  Our findings indicated that DCHS1 might be a novel prognostic and diagnostic biomarker and 
immunotherapy target, and plays an important role in the proliferation, migration and EMT in UCEC.
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Introduction
Human cancers are widely acknowledged as a global 
problem because of its high prevalence and morbid-
ity rates [1]. Although various innovative treatments of 
cancer have made great outcome, such as chemother-
apy, radiation, immunotherapy, and targeted therapies, 
the prognosis and survival rate individuals in advanced 
stages remains dismal [2]. Increasing studies have 
reported the common underlying mechanisms of tumor 
progression and identified many biomarkers for prog-
nosis and diagnosis in various cancers [3–5]. However, 
single cancer-targeting studies limit our understanding of 
the underlying mechanisms of tumorigenesis. Thus, iden-
tifying the valuable pan-cancer genes would be crucial to 
reveal the mechanism for development and occurrence 
in malignant cancers [6, 7], and provide new insight for 
cancer therapy.

Cadherins are one of the most important adhesion 
molecules mediating cell-cell junctions and form a super-
family of 114 calcium-dependent adhesion membrane 
proteins [8]. Dachsous originally discovered in Drosoph-
ila, is one of the largest members of the cadherin super-
family [9]. Boundary of Dachsous activity induces cell 
proliferation by modulating the Hippo signaling path-
way in Drosophila [10]. In vertebrate, there were two 
Dachsous proteins (DCHS1-2). DCHS1 encodes a cal-
cium-dependent cell-cell adhesion protein with a single 
peptide, 27 cadherin repeat domains and a unique cyto-
plasmic region [11]. Previous study revealed that DCHS1 
is mainly involved in the development of mammalian tis-
sues and the preservation of stem cell progenitor pools. 
DCHS1 regulates cell movements such as convergence-
extension and cell migration in planar cell polarity [12], 
as well as controls tissue proliferation and stem cell activ-
ity by the regulation of YAP/TAZ independently of the 
Hippo kinase cascade [13]. In gut development, FAT4-
DCHS1 signaling axis is required for proper vilification 
and mesenchymal clustering [14]. DCHS1 together with 
bone morphogenetic proteins, fibroblast growth factors 
and retinoic acid is involved in external ear development 
via Wnt (wingless/INT) signaling pathway [15]. Based on 
the whole-exome sequencing of papillary thyriod micro-
carcinomas, researchers found that nonsynonymous 
mutations of 13 cell adhesion-related genes, including 
DCHS1, were only observed in the aggressive group [16], 
but the function of DCHS1 in pan-cancer was limited. 
Therefore, we conducted the expression, the prognostic, 
the diagnostic and epigenetic changes of DCHS1 in pan-
cancer. In addition, we assessed the relevance of DCHS1 
expression to immune signature and immune-regu-
lated genes. Moreover, the association between DCHS1 
expression and tumor mutation burden (TMB), microsat-
ellite instability (MSI), stemness and drug sensitivity was 
examined to explore its value on tumor immunotherapy. 

We also performed GSEA pathway enrichment analysis 
and found that DCHS1 is associated with the EMT in 
various cancers. Then we conducted some experiments 
to verify the function of DCHS1 in endometrial cancer 
in vitro.

Materials and methods
DCHS1 expression analysis
We collected the transcriptome data of DCHS1 from 
pan-cancer samples in TCGA by using the UCSC Xena 
(https://xena.ucsc.edu). DCHS1 mRNA expression lev-
els in cancers and normal tissues were observed by the 
ggplot2 (v3.3.6) and stats (v4.2.1) R packages. The expres-
sion levels were displayed by using a log2(TPM + 1) 
scale. The protein expression of DCHS1 in pan-cancer 
was investigated by the clinical proteomic tumor analy-
sis consortium (CPTAC) in UALCAN database (http://
ualcan.path.uab.edu/analysis.html) [17]. The Human 
Protein Atlas (HPA) (https://www.proteinatlas.org/) was 
employed to examine the intensity of DCHS1 immuno-
histochemical staining in several cancer tissues, includ-
ing breast carcinoma (BRCA), prostate adenocarcinoma 
(PRAD), liver hepatocellular carcinoma (LIHC) and uter-
ine corpus endometrial carcinoma (UCEC) [18].

Prognostic and diagnostic assessment in pan-cancer
GEPIA 2.0 (http://gepia2.cancer-pku.cn/#general) was 
used to analyze the prognostic value of DCHS1 expres-
sion, including overall survival (OS) and disease free sur-
vival (RFS) [19]. TCGA tumor patients were divided into 
two groups (high-expression and low-expression) based 
on the cut-off value. The best cut-off value was identi-
fied by using the function “surv_cutpoint” in R package 
“survminer (v0.4.9)”. The hazards ratio was calculated 
based on Cox proportional hazards Model. A heatmap 
showing the survival analysis results across pan-cancers 
was obtained from the “Survival Map” module in “Sur-
vival analysis”. The receiver operating characteristic 
(ROC) analysis was used to compare the prediction accu-
racy of DCHS1 analyzed by the R packages “pROC” and 
“ggplot2”. In principles, AUC values above 0.8 are consid-
ered to be of high reliability.

Genomic alteration analysis
Gene Set Cancer Analysis (GSCA) (http://bioinfo.life.
hust.edu.cn/GSCA/#/) is an integrated platform for 
genomic, pharmacogenomic, and immunogenomic gene 
set cancer analysis [20]. GSCA database was used to 
analyze single nucleotide variation (SNV), copy num-
ber variation (CNV), methylation and drug sensitivity 
of DCHS1 in pan-cancer and the correlations with gene 
expression. The cBioportal (https://www.cbioportal.org/) 
was used for genetic alteration analysis in UCEC [21]. 
The mutation types and frequency were obtained from 
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the “mutations” module. The effect of genetic alterations 
on survival was obtained from “Comparison/Survival” 
module.

Immune infiltration analysis
We used “Cancer Exploration” module in TIMER 2.0 
(http://timer.cistrome.org/) to examine the differ-
ent expression profiles of DCHS1 between tumor and 
adjacent normal tissues across all TCGA cohorts [22]. 
“Immune Association” module was employed to evaluate 
the correlation between DCHS1 expression and immune 
infiltration based on several immune deconvolution algo-
rithms, such as TIMER, EPIC, MCPCOUNTER, XCELL 
and TIDE. TISIDB (http://cis.hku.hk/TISIDB/) was used 
to analyze the correlation between DCHS1 and immune 
subtypes [23]. The associations between molecular profile 
and immune signature, tumor immune infiltration, stem-
ness, tumor mutation burden (TMB) and microsatellite 
instability (MSI) were estimated by using UCSCXenaSh-
iny (https://shixiangwang.shinyapps.io/ucscxenashiny/).

Gene enrichment analysis
BioGRID (https://thebiogrid.org/) is a biomedical 
interaction repository with data compiled through 
comprehensive curation efforts [24]. We obtained 15 
DCHS1-interacted proteins by using BioGRID. We used 
STRING to get 50 DCHS1-interacted proteins by set-
ting “max number of interactors to show: no more than 
50 interactors”. GEPIA 2.0 was used to obtain the top 100 
DCHS1-correlated genes in “similar genes detection” 
module. Gene ontology (GO) and Kyoto encyclopedia 
of genes and genome (KEGG) enrichment analysis were 
performed by “clusterProfiler (v4.4.4)”, “ggplot2(v3.3.6)”, 
“igraph(v1.3.4)” and “ggraph(v2.1.0)” R-packages. Gene 
Set Enrichment Analysis (GSEA) analysis was performed 
by using the R-package “clusterProfiler (v3.14.3)”. False 
discovery rate (FDR) < 0.25 and p.adjust < 0.05 was con-
sidered as significantly enriched.

Specimen collection
A total of eight pairs of EC and adjacent tissues were col-
lected from patients who underwent surgical resection 
at Qilu Hospital of Shandong University (Qingdao) from 
December 2021 to March 2023. None of patients received 
hormone therapy, intrauterine devices, chemotherapy 
or radiotherapy for at least 6 months prior to surgery. 
All samples were evaluated by at least two pathologists 
according to World Health Organization guidelines. This 
work was approved by the Ethics Committees of Qilu 
Hospital of Shandong University (Qingdao) (Approval 
No. KYLL-2021027). Permission for the use of tissues 
was obtained from all patients prior to the surgery.

Cell culture and transfection
The human normal endometrial hEM15A stromal cell 
(No. YS2459C) were purchased from YaJi Biological 
(Shanghai, China). RL95-2 (ZQ0362), Ishikawa (ISK, 
ZQ0472), HEC-1B (ZQ0364), AN3CA (ZQ0471) and 
KLE (ZQ0473) cells were purchased from Shanghai 
Zhong Qiao Xin Zhou Biotechnology Co., Ltd (Shang-
hai, China). hEM15A, RL95-2 and KLE cells were incu-
bated in DMEM containing 10% FBS. ISK cells were 
cultured in RPMI-1640 medium supplement with 10% 
FBS. HEC-1B and AN3CA cells were incubated in MEM 
containing 10% FBS. HEC-1A (BNCC338711) cells 
were purchased from BeNa Culture Collection (Beijing, 
China) and cultured in McCoy’s 5a medium contain-
ing 10% FBS. For DCHS1 silencing, ISK or AN3CA cells 
were transfected with different siRNA. Negative con-
trol scrambled siRNA (NC siRNA) and DCHS1 siRNA 
(siRNA#1, siRNA#2 and siRNA#3) were synthesized by 
Sangon Biotech (Shanghai, China). The siRNA sequences 
were as follows: NC siRNA sense: 5’-uucuccgaacgu-
gucacgutt-3’, antisense: 5’-acgugacacguucggagaatt-3’; 
DCHS1siRNA#1 sense: 5’-cgucacugaugucaacgacaatt-3’, 
antisense: 5’-uugucguugacaucagugacgtt-3’; DCHS-
1siRNA#2 sense: 5’-ccacccauauuugagcaacuatt-3’, anti-
sense: 5’-uaguugcucaaauauggguggtt-3’; DCHS1siRNA#3 
sense: 5’-gcucagagauugcacagguaatt-3’, antisense: 5’-uuac-
cugugcaaucucugagctt-3’. For DCHS1 overexpression, ISK 
or AN3CA cells were transfected with pcDNA3.1 (Vector 
group) or pcDNA3.1-DCHS1 (DCHS1OV). After 48  h, 
cells were collected for further research.

Cell proliferation and colony formation assay
ISK or AN3CA cells transfected with siRNA or plas-
mids were seeded into 96-well plate at 3,000 cells/well. 
After 24, 48, 72 and 96 h, the absorptivity was measured 
at 450 nm by using the CCK-8 kit (RM02823, Abclonal, 
Wuhan, China). Cells transfected with DCHS1 siRNA 
were seeded into a 6-well plate. After 14 d, cells were 
fixed with methanol for 15  min and stained with 0.1% 
crystal violet for 30 min.

Cell invasion assay
A 24-well Transwell chamber (8  μm aperture, Corning 
Costar, USA) was inoculated with 160 µL of cell suspen-
sion containing 5 × 104 cells in serum –free medium. The 
lower chamber was completed immersed in a culture 
medium (800 µL) containing 10% fetal bovine serum. 
After 24 h incubation, cells were fixed with methanol for 
15  min and stained with 0.1% crystal violet for 30  min. 
The migrated cells were counted under a microscope.

RNA extraction and real-time quantitative PCR
Total RNA of tissues or cells was extracted with TRIzol 
reagent (Sangon Biotech, Shanghai, China). Quantitative 
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RT-PCR was performed as previously described [25]. 
Primers for qRT-PCR were listed as follows: GAPDH 
forward, 5-’gccaaaagggtcatcatctc-3’ and reverse, 
5-’gtagaggcagggatgatgttc-3’; DCHS1 forward, 5-’ggtacact-
gattggcgacatc-3’ and reverse, 5-’cccactgtgttcgtcaatgg-3’. 
The experiments were performed in triplicate with inde-
pendent experiment samples.

Western blot
Total protein extracts were prepared in radioimmuno-
precipitation assay (RIPA) buffer (Beyotime, Shanghai, 
China) and the concentration of protein was measured 
by using a BCA kit (Beyotime, Shanghai, China). Equal 
amounts of protein were separated by SDS-PAGE, fol-
lowed by electrophoretically transferred onto polyvinyli-
dene difluoride membranes. After being blocked with 5% 
BSA at room temperature for 1 h, the membranes were 
incubated overnight at 4  °C with the following primary 
antibodies: E-cadherin (A3044, 1:1000), N-cadherin 
(A0433, 1:500), Vimentin (A2584, 1:500) and GAPDH 
(AC001, 1:10,000) (Abclonal, Wuhan, China). After 
being washed, the membranes were incubated with the 
corresponding secondary antibody for 2 h at room tem-
perature. GAPDH was used as the loading control. The 

signals were visualized by using an enhanced chemilumi-
nescence system (Abclonal, Wuhan, China).

Statistical analysis
Statistical analysis was conducted using GraphPad Prism 
(version 8.0) and R (version 4.0.5). The t-test or Wil-
coxon rank-sum test was used to compare the data of two 
groups. P < 0.05 was considered statistically significant.

Results
The different expression profiles of DCHS1 in human pan-
cancer
We examined DCHS1 expression in human normal tis-
sues by using the GTEx dataset. In Fig. 1A, DCHS1 was 
overexpressed in Endometrium, Cervix, Colon and Uri-
nary bladder tissues. Next, we further investigated the 
expression of DCHS1 in pan-cancer through the RNA-
seq data of TCGA (Fig. 1B; Table 1). DCHS1 expression 
was overexpressed in GBM, HNSC, KIRC, PCPG, and 
CHOL, while downregulated in CESC, LUAD, BRCA, 
KIRP, PRAD, UCEC, LUSC, BLCA and KICH. Fur-
ther expanded the normal sample size (TCGA + GTEx) 
(Fig. 1C), we found that DCHS1 was highly expressed in 
GBM, Glioma (GBMLGG), Brain Lower Grade Glioma 
(LGG), HNSC, KIRC, WT, PAAD, TGCT, ALL, LAML, 
PCPG and CHOL, while underexpressed in UCEC, 
BRCA, CESC, LUAD, ESCA, STES, KIRP, COAD, Colon 
adenocarcinoma/Rectum adenocarcinoma Esophageal 
carcinoma (COADREAD), PRAD, LUSC, SKCM, BLCA, 
THCA, OV, UCS, ACC and KICH. Then, we further 
analyzed the protein levels of DCHS1 by using UAL-
CAN database. As shown in Fig. 1D, the protein levels of 
DCHS1 were significantly upregulated in BRCA, PAAD 
and clear cell RCC, while reduced in HNSC, LIHC, 
LUAD, OV and UCEC. Meanwhile, we employed the 
immunohistochemistry results from HPA database to 
confirm the intensity of DCHS1 immunohistochemical 
staining in cancers. The staining intensity of DCHS1 was 
greater in BRCA and PRAD than that in normal tissues, 
while the IHC staining of DCHS1 was weaker in LIHC 
and UCEC compared to normal tissues (Fig. 2).

Prognostic and diagnostic values of DCHS1 in pan-cancer
In order to evaluate the values of DCHS1 on patients’ 
prognosis, we performed Cox proportional hazards 
model and Kaplan-Meier analysis to analyze the rela-
tionship between DCHS1 expression and patients’ sur-
vival. DCHS1 high expression was associated with poor 
OS and RFS in BLCA (p = 0.00035) and LGG (p = 1e-05) 
(Fig. 3A), while it was correlated with good OS in KIRC 
(p = 0.00043) and good RFS in CHOL (p = 0.005) (Fig. 3B).

To analyze the diagnostic value of DCHS1, we 
employed R package to conducted ROC curve analysis. 
The diagnostic values of DCHS1 gene expression with 

Table 1  List of cancer types
Abbreviation Cancer Types
ACC Adrenocortical carcinoma
ALL Acute Lymphoblastic Leukemia
BLCA Bladder urothelial carcinoma
BRCA Breast invasive carcinoma
CESC Cervical squamous cell carcinoma

and endocervical adenocarcinoma
CHOL Cholangiocarcinoma
COAD Colon adenocarcinoma
ESCA Esophageal carcinoma
GBM Glioblastoma
HNSC Head and neck squamous cell carcinoma
KICH Kidney chromophobe
KIRC Kidney renal clear cell carcinoma
KIRP Kidney renal papillary cell carcinoma
LAML Acute myeloid leukemia
LUAD Lung adenocarcinoma
LUSC Lung squamous cell carcinoma
OV Ovarian serous cystadenocarcinoma
PAAD Pancreatic adenocarcinoma
PCPG Pheochromocytoma and paraganglioma
PRAD Prostate adenocarcinoma
SKCM Skin Cutaneous Melanoma
STES Stomach and Esophageal carcinoma
TGCT Testicular Germ Cell Tumors
THCA Thyroid carcinoma
UCEC Uterine corpus endometrial carcinoma
UCS Uterine carcinosarcoma
WT High-Risk Wilms Tumor
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Fig. 1  The expression levels of DCHS1 in various normal tissues and pan-cancer. A. Expression level of DCHS1 in normal tissues (HPA + GTEx datasets). B. 
The mRNA expression level of DCHS1 in different tumor tissues and corresponding normal tissues from TCGA datasets. C. The mRNA level of DCHS1 in dif-
ferent tumor tissues and corresponding normal tissues from TCGA and GTEx datasets. D. The protein levels of DCHS1 in pan-cancer analyzed by UALCAN 
database. *p < 0.05, **p < 0.01, ***p < 0.001
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AUC values of 0.966 for CESC, 0.924 for OV, 0.980 for 
UCEC, 0.926 for LUAD, 0.945 for LUSC and 0.949 for 
THYM indicated high diagnostic values in these cancers 
(Fig.  4). The area was 0.893 in BLCA, 0.796 in BRCA, 
0.858 in CHOL, 0.814 in COAD, 0.717 in KIRC, 0.841 in 
KIRP, 0.866 in PAAD, 0.835 in PRAD, 0.819 in READ and 
0.814 in THCA (Figure S1).

Genetic alteration analysis of DCHS1 in pan-cancer
To explore the genetic alteration of DCHS1 in pan-
cancer, we used the GSCA database to analyze genetic 
alterations and DNA methylation. The results showed 
that CNV of DCHS1 occurred frequently in most can-
cers, including KICH, UVM, DLBC, ACC, PAAD, GBM, 
COAD, SKCM, READ, UCEC, LUAD, MESO, BRCA, 
PCPG, LGG, SARC, STAD, LIHC, HNSC, CHOL, CESC, 

Fig. 3  Prognostic values of DCHS1 in pan-cancer. The effect of DCHS1 gene expression on the patients’ overall survival (OS, A) and disease free survival 
(RFS, B) in pan-cancer analyzed by using GEPIA2

 

Fig. 2  The pathology of DCHS1 protein expression profiles in normal tissues and BRCA (A), PRAD (B), LIHC (C) and UCEC (D) provided by HPA.
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ESCA, BLCA, LUSC, UCS, OV and TGCT, while only 
in LAML, THCA, PRAD, KIRP, KIRC and THYM, its 
frequency was low (Fig.  5A). In addition, the hetezyous 
amplication and deletion analysis showed that hetezy-
gous amplication occurred frequently in READ, KICH 
and DLBC, and heterozygous deletions were common 
in TGCT, OV and BLCA (Fig.  5B-C). In Fig.  5D-F, we 
found that missense mutations occurred most frequently 
in DCHS1. Methylation analysis showed that significant 
difference in methylation levels was observed in BRCA, 
UCEC, KIRP, LUAD, PRAD, BLCA, HNSC, THCA, 
LUSC and KIRC (Fig.  5G). In Fig.  5H, significant nega-
tive correlation between methylation and DCHS1 expres-
sion was found in PRAD, STAD, SKCM, LUAD and LGG. 
Moreover, the prognostic analysis results indicated that 
the OS and DSS difference between CNV groups was 
mainly observed in KIRP, ACC, UCEC and UVM, and 
PFS and DFI survival difference was in UCEC (Fig.  5I). 
In Fig. 5J, the survival difference between SNV mutation 
and wild type was mainly observed in UCEC, ESCA and 
HNSC.

Immune infiltration analysis of DCHS1
We analyzed the correlation between DCHS1 expression 
and immune signature / tumor immune cell infiltration 
in the TCGA database by using UCSCXenaShiny online 
database. In Fig.  6A, DCHS1 expression was negatively 
associated with T cells follicular helper, T cells CD8, 
NK cells activated, Dendritic cells activated and B cells 
memory, however positively associated with T cells 
CD4 memory resting, Mast cells resting, Macrophages 
M2 and B cells naive. Figure  6B showed the correlation 
between DCHS1 expression and tumor cell infiltration. 
There were significant positive correlations with T cell 
CD8 + cells in 23 types of cancer, with CD4 + cells in 20 
types of cancer, with Neutrophil in 24 types of cancer, 
with Myeloid dendritic cell in 25 types of cancer, with 
Macrophage in 27 types of cancer, with B cell in 22 types 
of cancer.

We further analyzed the association between DCHS1 
expression and various immune infiltrates in human 
cancers by using TIMER2.0. Our results displayed that 
DCHS1 expression was positively correlated with the 
immune infiltration of cancer associated fibroblast 
(CAF), Endothelial cell (EC), and Hematopoietic stem 
cell in most cancers (Fig.  7A). However, the negative 

Fig. 4  The ROC curve of diagnosis to distinguish tumor from normal tissues
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correlation between DCHS1 expression and common 
lymphoid progenitor was found in GBM, STAD and 
TGCT (Fig.  7B). There were no significant correlations 
between DCHS1 expression and B cell, DC, Macrophage, 

Monocyte, Neutrophil, NK cell, T cell CD4 + and Treg 
(Figure S2).

Subsequently, we analyzed the relationship between 
DCHS1 expression and Lymphocyte, immunomodula-
tor, immunostimulators, MHC molecules and chemokine 

Fig. 5  The genetic alterations and DNA methylation of DCHS1 in pan-cancer. A. Copy number variation (CNV) of DCHS1 in pan-cancer. B-C. The profiles 
of heterozygous amplification and deletion CNV of DCHS1 in pan-cancer. D-F. The single nucleotide variation (SNV) classes of DCHS1 in pan-cancer. G. 
The methylation difference between tumor and normal samples of DCHS1 in pan-cancer. H. The correlation between methylation and DCHS1 mRNA 
expression in pan-cancer. I. The difference of survival between CNV and wild type in pan-cancer. J. The survival difference between mutant and wild type 
in pan-cancer
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Fig. 6  Association between DCHS1 and immune modulators in pan-cancer. A. The relationship between DCHS1 profile and immune signature. B. The 
correlation between DCHS1 expression and tumor immune infiltration. *p < 0.05, **p < 0.01, ***p < 0.001

 



Page 10 of 19Meijuan et al. Journal of Ovarian Research          (2024) 17:162 

receptors in pan-cancer (Fig.  8). We found that the 
majority of immune-related genes in GBM, MESO and 
SARC showed a negative association, however, a positive 
relationship was observed in KICH and STAD.

Stemness, TMB, MSI and drug sensitivity analysis
DCHS1 expression was significantly correlated with 
stemness in 31 types of cancer, including BLCA, BRCA, 
CESC, COAD, ESCA, HNSC, KICH, KIRC, KIRP, 
LAML, LGG, LIHC, LUAD, LUSC, MESO, OV, PAAD, 
PRAD, READ, SARC, SKCM, STAD, TGCT, THCA, 
THYM, UCEC, UCS, UVM, CHOL, PCPG and ACC, 
TMB only in STAD, KIRP, LGG, THCA, HNSC and 
LUSC, MSI in STAD, BRCA, COAD, KIRC, HNSC, 
GBM, BLCA, and LUSC (Fig. 9A). The potential relation-
ship between DCHS1 expression and drug sensitivity 
was detected by using GSCA in two different databases 
(CTRP and GDSC). The CTRP database showed that 
DCHS1 expression was negatively correlated with most 
drug sensitivity including teniposide, axitinib and olapa-
rib (Fig. 9B). According to the results in GDSC database, 
we found that DCHS1 expression was mainly positively 
correlated with 17-AAG, Atatinib and Trametinib, 

while negatively associated with FK866, Navitoclax and 
CX-5461 (Fig. 9C).

Functional enrichment analysis of DCHS1
We obtained 15 interacting proteins with DCHS1 from 
BioGRID web tool, including PCDHGB1, B4GALT2, 
PPIAL4G, NUP210P1, LOC254896, SPSB4, DCANP1, 
LIX1L, PCDHGA6, PCDHGA7, XAGE1B, DYRK1A, 
C7ORF34, RYK and CDH16 in Fig.  10A. A total of 50 
DCHS1-interacted proteins were obtained from STRING 
web (Fig. 10B). The top 100 DCHS1 co-expressed genes 
were selected from GEPIA2.0. An intersection analy-
sis of the above three groups (BioGRID, STRING and 
GEPIA2.0) showed only one common member, namely, 
LIX1L (Fig.  10C). By using TIMER2.0, we analyzed the 
correlation between DCHS1 and LIX1L in human cancer 
and found that DCHS1 expression was significantly posi-
tively correlated with LIX1L in pan-cancer (Fig.  10D). 
Then we combined the above three datasets to performed 
GO/KEGG enrichment analysis. In Fig. 11E, KEGG data 
indicated that DCHS1-related genes might be involved 
in Wnt signaling pathway, endometrial cancer pathogen-
esis and Focal adhesion. GO enrichment analysis data 

Fig. 7  The correlation between DCHS1 expression and immune cells in pan-cancer. TIMER2.0 was used to analyze the relationship between DCHS1 
expression and cancer associated fibroblast (A), Common lymphoid progenitor (B), Endothelial cell (C) and Hematopoietic stem cell (D)
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Fig. 8  Relationship between DCHS1 expression and immuno-related genes in pan-cancer. The association between DCHS1 expression and immunoin-
hibitors (A), immunostimulators (B), MHC molecules (C), lymphocytes (D), chemokines (E), and receptors (F)
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Fig. 9  The correlation between DCHS1 expression and stemness, tumor mutational burden (TMB), microsatellite instability (MSI) and drug sensitivity. A. 
Relationship between DCHS1 and stemness, TMB and MSI analyzed by UCSCXenashiny. B-C. Drug sensitivity analysis based on DCHS1 expression using 
The Cancer Therapeutics Response Portal (CTRP) and Genomics of Drug Sensitivity in cancer (GDSC) databases
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showed that most of these genes were closely linked with 
the biological process, including in hemophilic cell adhe-
sion, cell-cell adhesion and calcium-dependent cell-cell 
adhesion (Fig. 10E).

We further employed GSEA to investigate the main 
biological process affected by DCHS1 in pan-cancer. 
In Fig.  11A-O, GSEA results revealed that Epithelial 

Mesenchymal Transition (EMT) pathway was more 
enriched in the high-risk group than in the low-risk 
group in BLCA, COAD, ESCC, KIRP, LIHC, LUAD, 
PAAD, READ, STAD, THCA and UCEC. While, the low 
status of DCHS1 was associated with the enrichment 
of oxidative phosphorylation pathway in BRCA, KIRP, 
LIHC, LUAD, THCA and UCEC. We further employed 

Fig. 10  Functional enrichment analysis of DCHS1-related genes. A. 15 DCHS1-related proteins from BioGRID database. B. 50 DCHS1-interacted proteins 
from STRING database. C. The overlap among the proteins from BioGRID, STRING and GEPIA2.0. D. The correlation between DCHS1 and LIX1L analyzed by 
TIMER2.0. E. GO and KEGG enrichment analysis of DCHS1-related genes from BioGRID, STRING and GEPIA2.0
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GSCA to analyze the effect DCHS1 expression on path-
way activity in Fig.  11P. We also found that DCHS1 
expression was significantly positively associated with 
EMT activation.

DCHS1 is involved in cell proliferation and migration in 
endometrial cancer cells
According to the above results, we found that DCHS1 
was highly expressed in endometrium and downregu-
lated in EC on mRNA and protein levels (Fig. 1). DCHS1 
had high accuracy (AUC = 0.980) for the diagnosis of 

UCEC (Fig.  4). GO and KEGG enrichment analysis of 
DCHS1-related genes from BioGRID, STRING and 
GEPIA2.0 revealed that they were significantly enriched 
in endometrial cancer, Wnt signaling pathway and Focal 
adhesion (Fig.  10). We further investigated the function 
of DCHS1 in the context of UCEC. GEPIA2.0 analysis 
results showed that DCHS1 was significantly downregu-
lated in UCEC (Fig. 12A). Similar results were found in 
the patients from GSE17025, GSE63678 and GSE115810 
datasets in the GEO database (Fig.  12B-D). Based on 
these results, we further collected a total of 8 pairs of 

Fig. 11  GSEA results of signaling pathways enriched in the high- and low-DCHS1 expression groups in pan-cancer (A). (B). GSCA was used to analyze 
the effect DCHS1 expression on pathway activity
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Fig. 12  DCHS1 was involved in cell proliferation, migration and EMT. A. DCHS1 was downregulated in UCEC analyzed by GEPIA2.0. B-D. The differential 
expression of DCHS1 in GEO17025, GSE63678 and GSE115810. E-F. DCHS1 was lowly expressed in EC tissues and cell lines analyzed by qRT-PCR. Total 
RNA was isolated from 8 pairs of UCEC tissues and cell lines. G-H. DCHS1 differential expression in individual cancer stages and tumor grades via UALCAN 
database. I-K. The relationship between DCHS1 expression and HIPPO, WNT and mTOR pathways by using UALCAN online database. L. The silencing ef-
ficiency of siRNAs transfection into ISK and AN3CA cells analyzed by qRT-PCR. M. CCK8 analysis of DCHS1 silencing in ISK and AN3CA. N. Colony formation 
assay of the effect of DCHS1 knockdown on proliferation. O. Transwell assay of the invaded cells after DCHS1 silencing. P. The overexpression efficiency of 
pcDNA3.1-DCHS1 and pcDNA3.1 transfection into ISK and AN3CA cells analyzed by qRT-PCR. Q. CCK8 analysis of DCHS1 overexpression in ISK and AN3CA. 
R. Colony formation assay of the effect of DCHS1 overexpression on proliferation. S. Transwell assay of the invaded cells after DCHS1 overexpression. T. WB 
detecting the effect of DCHS1 silencing or overexpression on EMT markers. *p < 0.05, **p < 0.01, ***p < 0.001
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UCEC tissue samples and found that DCHS1 expres-
sion was considerably lower in UCEC tissues than nor-
mal tissues (Fig.  12E). Similarly, the mRNA levels of 
DCHS1 in UCEC cell lines (RL95-2, ISK, HEC-1  A, 
HEC-1B, AN3CA and KLE) were lower than those in 
EEC (Fig. 12F). By using UALCAN, we further analyzed 
DCHS1 protein based on individual cancer stages and 
tumor grades in Fig.  12G-H. Similarly, DCHS1 protein 
levels in normal group were significantly higher than 
those in four stages and three grades.

To explore the role of DCHS1 in UCEC, we investi-
gated DCHS1 proteomic expression profiles based on 
various signaling pathways. The results showed the close 
relationships between DCHS1 protein expression and 
Hippo, Wnt, mTOR, RTK, P53/Rb-related, NRF2, myc/
mycn pathways (Fig.  12I-K, Figure S3A-D). By using 
cBioPortal web tool, we examined the genetic alterations 
affecting DCH1 expression in UCEC and downloaded 
the mutations in Table S2. As shown in Figure S3E-F, 
the most frequently occurring genetic modification was 
mutation, especially missense mutations (169/191). Sur-
vival analysis revealed that the altered group of DCHS1 
had better OS, PFS, DFS and DSS compared to the unal-
tered group (Figure S3G-J).

We transfected ISK and AN3CA cells with three siRNA 
and carried out qRT-PCR to examine the knockdown 
efficiency. In Fig. 12L, DCHS1 expression in three siRNA 
transfected groups was significantly downregulated than 
that in NC siRNA transfection group, and the transfec-
tion of siRNA#1 and siRNA#2 showing higher silenc-
ing efficiency. Thus, we chose siRNA#1 and siRNA#2 
for further experiments. CCK8 results showed that the 
silencing of DCHS1 significantly enhanced the prolifera-
tion ability (Fig. 12M). In Fig. 12N, the colony numbers 
in DCHS1 siRNA-transfected cells were increased than 
those in control group. The transwell assay indicated that 
the migration ability of ISK and AN3CA cells was signifi-
cantly improved after DCHS1 silencing in Fig. 12O. We 
further explored the effect of DCHS1 overexpression 
on cell proliferation and migration. The transfection of 
pcDNA3.1-DCHS1 significantly increased the expres-
sion of DCHS1 compared with pcDNA3.1 transfection 
(Fig. 12P). CCK8, colony formation and Transwell assays 
revealed that the overexpression of DCHS1 significantly 
blocked cell proliferation and migration (Fig.  12Q-S). 
These data reveal that DCHS1 was involved in cell prolif-
eration and migration in UCEC.

According to the GSEA results and the relationship 
between DCHS1 expression and pathway activity (Figure 
S3K), we found that DCHS1 might play a potential role in 
EMT process in UCEC. Western blotting was employed 
to explore the relationship between DCHS1 expres-
sion and EMT marker, including E-cadherin, Vimentin 
and N-cadherin (Fig. 12T). The obtained results showed 

that the knockdown of DCHS1 resulted in a decrease in 
E-cadherin and an increase in the levels of N-cadherin 
and Vimentin. In the contrast, the overexpression of 
DCHS1 induced the upregulation of E-cadherin, but the 
downregulation of N-cadherin and Vimentin. These data 
showed that DCHS1 contributed to the EMT process in 
UCEC.

Discussion
Protocadherins (PCDHs), belonging to the cadherin 
superfamily, are subdivided into clustered and non-
clustered PCDHs [26]. PCDHs play a significant role in 
cell adhesion and signaling between cells. Some reports 
showed that PCDHs are dysregulated in various cancers, 
such as PCDH10 [27], PCDH17 [28] and PCDH8 [29]. 
DCHS1, also named PCDH16, is a member of cadherin 
superfamily and regulates cell polarity and proliferation 
via interacting with cadherin Fat [30]. Increasing evi-
dences reported that dysregulation of cadherin expres-
sion contributes to tumor progression, such as the loss 
of E-cadherin expression or the gain of N-cadherin [31]. 
Although it is reported that mutated DCHS1 was fre-
quently found in the aggressive papillary thyroid micro-
carcinomas, the biological functions of DCHS1 in tumors 
were limited. Here, we conducted a pan-cancer analysis 
to evaluate the roles of DCHS1 across multiple databases 
and identify its value in prognosis and diagnosis.

In our study, we found that DCHS1 expression was 
dysregulated in many cancers based on the pan-cancer 
analysis of TCGA and GTEx databases. And the similar 
results were observed on the protein levels of DCHS1. 
Genetic and epigenetic modifications mainly contribute 
to alter gene expression in cancer [32]. The accumulation 
of genetic alterations is thought to drive the progression 
of normal cells to cancer [4]. Epigenetic modifications 
play a crucial role in the progression of cancer by sig-
nificantly influencing gene activity and cellular function, 
including DNA methylation and histone modifications 
(phosphorylation, ubiquitination, sumoylation and acet-
ylation) [33]. In addition, TME plays a pivotal role in 
tumor initiation and progression by creating a dynamic 
interaction with cancer cells [34], and the cell compo-
nents of TME are usually different in different cancers 
[35]. We speculated that the variation in DCHS1 expres-
sion across different cancer types might be the result 
of the combination of genetic changes and epigenetic 
modifications under heterogeneous TME. Furthermore, 
KM survival curves confirmed that DCHS1 might be a 
potential reliable biomarker in some cancers. For exam-
ple, DCHS1 was significantly associated with some clini-
copathologic features including OS and DFS. In BLCA 
and LGG, DCHS1 was identified as a risky factor and its 
high expression was associated with poor OS and DFS. 
However, DCHS1 acted as a favorable factor in KIRC 
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and CHOL. ROC diagnostic curve indicated that DCHS1 
might serve as a novel cancer biomarker for diagnos-
tic application, especially in CESC, OV, UCEC, LUAD, 
LUSC, THYM. These results revealed the differential 
expression of DCHS1 in different cancers and the value 
of DCHS1 on prognosis and diagnosis.

TME is composed of diverse immune cells, CAFs, ECs 
and the extracellular matrix (ECM). Cells and factors of 
the TME regulate tumorigenesis, invasion and metasta-
sis [36, 37]. Immunoinfiltration analysis indicated that 
DCHS1 expression was significantly correlated with 
the abundance of infiltrating immune cells, including 
CD8 + T, CD4 + T, Neutrophil, Myeloid dendritic cell, 
Macrophage and B cells. CAFs are the most essential 
components of TME, and they promote cancer cell pro-
liferation, therapy resistance and immune exclusive by 
secreting growth factors, chemokines, cytokines, exo-
somes and other molecules [38]. In tumor tissues, CAFs 
interact with the cancer cells and immune cells to induce 
immune suppression and promote carcinoma progres-
sion and metastasis [39]. For these reasons, numerous 
studies have indicated that CAFs could be selected as 
an emerging target of anti-cancer immunotherapy [40]. 
However, recent study has revealed that CAF populations 
activated by stroma-specific hedgehog signaling inhibit 
tumor growth and invasion by blocking matrix stiffness 
[41]. The identification of a role of CAFs in restraining 
tumor progression has added a further layer of complex-
ity of CAFs [42]. A new therapeutic strategy targeting 
CAFs is the “stromal switch”, in which tumor-promoting 
CAFs is shifted towards a quiescent or tumor-restraining 
phenotype. ECs are one of the main sources of CAFs and 
express increased levels of inhibitory immune checkpoint 
molecules to induce immunosuppression [43]. Tumor 
ECs express lower levels of adhesion molecules to impair 
barrier function and express higher levels of inhibitory 
immune checkpoint molecules to induce immunosup-
pression [44]. We found that DCHS1 expression is posi-
tively associated with CAFs and ECs in pan cancers. 
These data suggest that DCHS1 plays an important func-
tion in modulating the TME.

Multigen co-expression analysis and experiments were 
performed to validate the function of DCHS1 in UCEC. 
Experiments in vitro validated that DCHS1 was down-
regulated in UCEC tissues and cell lines, which was con-
sistent with the results obtained from TCGA and GEO 
datasets. In the work, we found that the silencing of 
DCHS1 significantly improved cell proliferation, migra-
tion and EMT, and the overexpression of DCHS1 obvi-
ously blocked cell proliferation, migration and EMT. 
These results indicated that DCHS1 serves as an antican-
cer gene in the progression of UCEC.

Taken together, our study revealed that DCHS1 was 
differentially expressed in pan cancer, and it may serve as 

a potential tumor prognostic and diagnostic biomarker. 
The epigenetic alterations of DCHS1 are mainly hetezy-
gous deletions and missense mutations. CAFs and ECs 
infiltration was significantly positively associated with 
DCHS1 expression. Our GSEA results indicated that 
DCHS1 expression was significantly linked with EMT 
pathway. Lastly, in vitro experiments showed that DCHS1 
knockdown promoted cell proliferation, migration and 
EMT, and the overexpression of DCHS1 blocked cell pro-
liferation, migration and EMT in UCEC. These findings 
revealed the role of DCHS1 in pan-cancer tumorigenesis 
and progression, and provided the basis for immunother-
apy research in UCEC. However, there still were some 
limitations in our study. Firstly, in our work, we found the 
positive relationship between anti-tumor gene DCHS1 
expression and CAFs and ECs. However, the mechanism 
of the interacting of DCHS1 expression and CAFs and 
ECs remains unknown. Secondly, we mainly explored the 
function of DCHS1 in UCEC in the context of cells. In 
vivo animal experiments need to be performed to deeply 
dig the role of DCHS1 in UCEC.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13048-024-01478-1.

Supplementary Material 1

Supplementary Material 2

Supplementary Material 3

Supplementary Material 4

Supplementary Material 5

Supplementary Material 6

Acknowledgements
We thank TCGA, GEO, HPA, UALCAN, STRING, GEPIA2, cBioportal and other 
online databases.

Author contributions
Meijuan Cai designed and drafted the manuscript, performed the 
experiments. Min Fang collected the clinical samples. Qian Wang conducted 
the study, including data analysis and manuscript correction. All authors 
contributed to the article and approved the submitted version.

Funding
This research was supported by the Qingdao Outstanding Health Professional 
Development Fund, Qingdao Key Health Discipline Development Fund, 
Flexible Talent Fund of Qilu hospital of Shandong University (Qingdao, 
QDKY2021RX03) and Qingdao Science and Technology Demonstration and 
Guidance Project (22-3-7-smjk-10-nsh).

Data availability
The datasets generated and analyzed are mainly available from TCGA, GEO, 
HPA, UALCAN, STRING, GEPIA2 and cBioportal that provide free online tools 
and resources. Some datasets used and/or analyzed during the current study 
are available from the corresponding author on reasonable request.

https://doi.org/10.1186/s13048-024-01478-1
https://doi.org/10.1186/s13048-024-01478-1


Page 18 of 19Meijuan et al. Journal of Ovarian Research          (2024) 17:162 

Declarations

Ethics approval and consent to participate
The studies involved human participants were reviewed and approved by 
the Ethics Committees of Qilu Hospital of Shandong University (Qingdao) 
(Approval No. KYLL-2021027).

Consent for publication
Written informed consents were obtained from all enrolled patients.

Competing interests
The authors declare no competing interests.

Received: 11 August 2023 / Accepted: 15 July 2024

References
1.	 Shi M, Liu X, Pan W, Li N, Tang B. Anti-inflammatory strategies for photother-

mal therapy of cancer. J Mater Chem B 2023.
2.	 Priestley P, Baber J, Lolkema MP, Steeghs N, de Bruijn E, Shale C, Duyvesteyn K, 

Haidari S, van Hoeck A, Onstenk W, et al. Pan-cancer whole-genome analyses 
of metastatic solid tumours. Nature. 2019;575(7781):210–6.

3.	 Beilerli A, Gareev I, Beylerli O, Yang G, Pavlov V, Aliev G, Ahmad A. Circular 
RNAs as biomarkers and therapeutic targets in cancer. Semin Cancer Biol. 
2022;83:242–52.

4.	 Giles Doran C, Pennington SR. Copy number alteration signatures as bio-
markers in cancer: a review. Biomark Med. 2022;16(5):371–86.

5.	 Sarhadi VK, Armengol G. Molecular Biomarkers in Cancer. Biomolecules 2022, 
12(8).

6.	 Huang Q, Lv Q, Tang W, Pan Y, Xing Y, He M, Wu H, Huang J, Huang C, Lan H 
et al. A comprehensively prognostic and immunological analysis of chloride 
intracellular channel protein 5 (CLIC5) in pan-cancer and identification in 
ovarian cancer. J Cancer Res Clin Oncol 2023.

7.	 Li H, Sun X, Zhao Y, Zhang C, Jiang K, Ren J, Xing L, He M. Pan-cancer analysis 
of TASL: a novel immune infiltration-related biomarker for tumor prognosis 
and immunotherapy response prediction. BMC Cancer. 2023;23(1):528.

8.	 Colas-Algora N, Millan J. How many cadherins do human endothelial cells 
express? Cell Mol Life Sci. 2019;76(7):1299–317.

9.	 Matakatsu H, Blair SS. Separating the adhesive and signaling functions of the 
Fat and Dachsous protocadherins. Development. 2006;133(12):2315–24.

10.	 Willecke M, Hamaratoglu F, Sansores-Garcia L, Tao C, Halder G. Boundaries of 
Dachsous cadherin activity modulate the Hippo signaling pathway to induce 
cell proliferation. Proc Natl Acad Sci U S A. 2008;105(39):14897–902.

11.	 Kim SA, Tai CY, Mok LP, Mosser EA, Schuman EM. Calcium-dependent dynam-
ics of cadherin interactions at cell-cell junctions. Proc Natl Acad Sci U S A. 
2011;108(24):9857–62.

12.	 Mao Y, Kuta A, Crespo-Enriquez I, Whiting D, Martin T, Mulvaney J, Irvine KD, 
Francis-West P. Dchs1-Fat4 regulation of polarized cell behaviours during 
skeletal morphogenesis. Nat Commun. 2016;7:11469.

13.	 Ragni CV, Diguet N, Le Garrec JF, Novotova M, Resende TP, Pop S, Charon N, 
Guillemot L, Kitasato L, Badouel C, et al. Amotl1 mediates sequestration of 
the Hippo effector Yap1 downstream of Fat4 to restrict heart growth. Nat 
Commun. 2017;8:14582.

14.	 Rao-Bhatia A, Zhu M, Yin WC, Coquenlorge S, Zhang X, Woo J, Sun Y, Dean 
CH, Liu A, Hui CC, et al. Hedgehog-activated Fat4 and PCP pathways mediate 
mesenchymal cell clustering and villus formation in Gut Development. Dev 
Cell. 2020;52(5):647–e658646.

15.	 Wang P, Wang Y, Fan X, Liu Y, Fan Y, Liu T, Chen C, Zhang S, Chen X. Identifica-
tion of sequence variants associated with severe microtia-astresia by targeted 
sequencing. BMC Med Genomics. 2019;12(1):28.

16.	 Song J, Wu S, Xia X, Wang Y, Fan Y, Yang Z. Cell adhesion-related gene somatic 
mutations are enriched in aggressive papillary thyroid microcarcinomas. J 
Transl Med. 2018;16(1):269.

17.	 Chandrashekar DS, Karthikeyan SK, Korla PK, Patel H, Shovon AR, Athar M, 
Netto GJ, Qin ZS, Kumar S, Manne U, et al. UALCAN: an update to the inte-
grated cancer data analysis platform. Neoplasia. 2022;25:18–27.

18.	 Uhlen M, Fagerberg L, Hallstrom BM, Lindskog C, Oksvold P, Mardinoglu A, 
Sivertsson A, Kampf C, Sjostedt E, Asplund A et al. Proteomics. Tissue-based 
map of the human proteome. Science 2015, 347(6220):1260419.

19.	 Li C, Tang Z, Zhang W, Ye Z, Liu F. GEPIA2021: integrating multiple deconvolu-
tion-based analysis into GEPIA. Nucleic Acids Res. 2021;49(W1):W242–6.

20.	 Liu CJ, Hu FF, Xie GY, Miao YR, Li XW, Zeng Y, Guo AY. GSCA: an integrated 
platform for gene set cancer analysis at genomic, pharmacogenomic and 
immunogenomic levels. Brief Bioinform 2023, 24(1).

21.	 Cerami E, Gao J, Dogrusoz U, Gross BE, Sumer SO, Aksoy BA, Jacobsen A, 
Byrne CJ, Heuer ML, Larsson E, et al. The cBio cancer genomics portal: an 
open platform for exploring multidimensional cancer genomics data. Cancer 
Discov. 2012;2(5):401–4.

22.	 Li T, Fu J, Zeng Z, Cohen D, Li J, Chen Q, Li B, Liu XS. TIMER2.0 for analysis of 
tumor-infiltrating immune cells. Nucleic Acids Res. 2020;48(W1):W509–14.

23.	 Ru B, Wong CN, Tong Y, Zhong JY, Zhong SSW, Wu WC, Chu KC, Wong CY, Lau 
CY, Chen I, et al. TISIDB: an integrated repository portal for tumor-immune 
system interactions. Bioinformatics. 2019;35(20):4200–2.

24.	 Oughtred R, Rust J, Chang C, Breitkreutz BJ, Stark C, Willems A, Boucher L, 
Leung G, Kolas N, Zhang F, et al. The BioGRID database: a comprehensive 
biomedical resource of curated protein, genetic, and chemical interactions. 
Protein Sci. 2021;30(1):187–200.

25.	 Kong X, Li M, Shao K, Yang Y, Wang Q, Cai M. Progesterone induces cell apop-
tosis via the CACNA2D3/Ca2+/p38 MAPK pathway in endometrial cancer. 
Oncol Rep. 2020;43(1):121–32.

26.	 Pancho A, Aerts T, Mitsogiannis MD, Seuntjens E. Protocadherins at the cross-
road of signaling pathways. Front Mol Neurosci. 2020;13:117.

27.	 Zhen Y, Pavez M, Li X. The role of Pcdh10 in neurological disease and cancer. J 
Cancer Res Clin Oncol 2023.

28.	 Liu S, Lin H, Wang D, Li Q, Luo H, Li G, Chen X, Li Y, Chen P, Zhai B, et al. 
PCDH17 increases the sensitivity of colorectal cancer to 5-fluorouracil treat-
ment by inducing apoptosis and autophagic cell death. Signal Transduct 
Target Ther. 2019;4:53.

29.	 Wu S, Li X, Yang J, Yang L. PCDH8 participates in the growth process of 
colorectal cancer cells by regulating the AKT/GSK3beta/beta-catenin signal-
ing pathway. Tissue Cell. 2022;78:101864.

30.	 Tsukasaki Y, Miyazaki N, Matsumoto A, Nagae S, Yonemura S, Tanoue T, 
Iwasaki K, Takeichi M. Giant cadherins Fat and Dachsous self-bend to 
organize properly spaced intercellular junctions. Proc Natl Acad Sci U S A. 
2014;111(45):16011–6.

31.	 Breier G, Grosser M, Rezaei M. Endothelial cadherins in cancer. Cell Tissue Res. 
2014;355(3):523–7.

32.	 Garnis C, Buys TP, Lam WL. Genetic alteration and gene expression modula-
tion during cancer progression. Mol Cancer. 2004;3:9.

33.	 Zhao LY, Song J, Liu Y, Song CX, Yi C. Mapping the epigenetic modifications of 
DNA and RNA. Protein Cell. 2020;11(11):792–808.

34.	 Kumari S, Advani D, Sharma S, Ambasta RK, Kumar P. Combinatorial therapy 
in tumor microenvironment: where do we stand? Biochim Biophys Acta Rev 
Cancer. 2021;1876(2):188585.

35.	 Fridman WH, Meylan M, Petitprez F, Sun CM, Italiano A, Sautes-Fridman C. B 
cells and tertiary lymphoid structures as determinants of tumour immune 
contexture and clinical outcome. Nat Rev Clin Oncol. 2022;19(7):441–57.

36.	 Fan J, To KKW, Chen ZS, Fu L. ABC transporters affects tumor immune micro-
environment to regulate cancer immunotherapy and multidrug resistance. 
Drug Resist Updat. 2023;66:100905.

37.	 Liu K, Cui JJ, Zhan Y, Ouyang QY, Lu QS, Yang DH, Li XP, Yin JY. Reprogram-
ming the tumor microenvironment by genome editing for precision cancer 
therapy. Mol Cancer. 2022;21(1):98.

38.	 Mhaidly R, Mechta-Grigoriou F. Role of cancer-associated fibroblast sub-
populations in immune infiltration, as a new means of treatment in cancer. 
Immunol Rev. 2021;302(1):259–72.

39.	 Arima Y, Matsueda S, Saya H. Significance of Cancer-Associated fibroblasts in 
the interactions of Cancer cells with the Tumor Microenvironment of Hetero-
geneous Tumor tissue. Cancers (Basel) 2023, 15(9).

40.	 Liu T, Han C, Wang S, Fang P, Ma Z, Xu L, Yin R. Cancer-associated fibroblasts: 
an emerging target of anti-cancer immunotherapy. J Hematol Oncol. 
2019;12(1):86.

41.	 Yoshida GJ. Regulation of heterogeneous cancer-associated fibroblasts: the 
molecular pathology of activated signaling pathways. J Exp Clin Cancer Res. 
2020;39(1):112.

42.	 Ozdemir BC, Pentcheva-Hoang T, Carstens JL, Zheng X, Wu CC, Simpson TR, 
Laklai H, Sugimoto H, Kahlert C, Novitskiy SV, et al. Depletion of Carcinoma-
Associated fibroblasts and fibrosis induces immunosuppression and acceler-
ates Pancreas Cancer with reduced survival. Cancer Cell. 2015;28(6):831–3.

43.	 Maishi N, Hida K. Tumor endothelial cells accelerate tumor metastasis. Cancer 
Sci. 2017;108(10):1921–6.



Page 19 of 19Meijuan et al. Journal of Ovarian Research          (2024) 17:162 

44.	 Geldhof V, de Rooij L, Sokol L, Amersfoort J, De Schepper M, Rohlenova K, 
Hoste G, Vanderstichele A, Delsupehe AM, Isnaldi E, et al. Single cell atlas 
identifies lipid-processing and immunomodulatory endothelial cells in 
healthy and malignant breast. Nat Commun. 2022;13(1):5511.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿Dachsous cadherin related 1 (DCHS1) is a novel biomarker for immune infiltration and epithelial-mesenchymal transition in endometrial cancer via pan-cancer analysis
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿DCHS1 expression analysis
	﻿Prognostic and diagnostic assessment in pan-cancer
	﻿Genomic alteration analysis
	﻿Immune infiltration analysis
	﻿Gene enrichment analysis
	﻿Specimen collection
	﻿Cell culture and transfection
	﻿Cell proliferation and colony formation assay
	﻿Cell invasion assay
	﻿RNA extraction and real-time quantitative PCR
	﻿Western blot
	﻿Statistical analysis

	﻿Results
	﻿The different expression profiles of DCHS1 in human pan-cancer
	﻿Prognostic and diagnostic values of DCHS1 in pan-cancer
	﻿Genetic alteration analysis of DCHS1 in pan-cancer
	﻿Immune infiltration analysis of DCHS1
	﻿Stemness, TMB, MSI and drug sensitivity analysis
	﻿Functional enrichment analysis of DCHS1
	﻿DCHS1 is involved in cell proliferation and migration in endometrial cancer cells

	﻿Discussion
	﻿References


