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A B S T R A C T   

Cadherin is a homophilic, Ca2+-dependent cell adhesion glycoprotein that mediates cell-cell adhesion. Among 
them, Cadherin-11 (CDH11), as a classical cadherin, participates in and influences many crucial aspects of 
human growth and development. Furthermore, The involvement of CDH11 has been identified in an increasing 
number of diseases, primarily including various tumorous diseases, fibrotic diseases, autoimmune diseases, 
neurodevelopmental disorders, and more. In various tumorous diseases, CDH11 acts not only as a tumor sup-
pressor but can also promote migration and invasion of certain tumors through various mechanisms. Likewise, in 
non-tumorous diseases, CDH11 remains a pivotal factor in disease progression. In this context, we summarize the 
specific functionalities and mechanisms of CDH11 in various diseases, aiming to gain a more comprehensive 
understanding of the potential value of CDH11 in disease diagnosis and treatment. This endeavor seeks to 
provide more effective diagnostic and therapeutic strategies for clinical management across diverse diseases.   

1. Introduction 

Cadherin is one of the Calcium-dependent adhesion molecules 
(CAMs), and it represent a class of homophilic Ca2+-dependent cell 
adhesion glycoproteins that mediate cell-cell interactions by forming 
adherens junctions (AJs) [1]. Within the calcium-dependent adhesion 
molecule superfamily, nearly all members are transmembrane proteins 
characterized by a distinctive domain known as the EC domain. This EC 
domain consists of negatively charged DXD, DRE, and DXNDNAPXF 
sequence motifs, which are tandemly repeated [2]. Calcium ions (Ca2+) 
bind between these EC domains, conferring rigidity and strength to the 
CDH11 molecules [3]. Additionally, the cytoplasmic tail of CDH11 often 
associates with proteins p120-catenin and β-catenin, facilitating linkage 
to the cell cytoskeleton through the actin-binding protein α-catenin [4]. 
This linkage is subject to modulation by mechanical forces and the Rho 
family [5]. 

Given substantial differences in the number of EC domains, overall 
domain organization, and other sequence features among various cad-
herin, this superfamily can be categorized into distinct subfamilies, 
including classical (Type I and Type II), atypical, desmosomal (desmo-
gleins, desmocollins), protocadherins, and cadherin-related proteins [6, 
7]. Among these, classical cadherins have received the most extensive 

research attention. Furthermore, the functional spectrum of cadherin 
extends beyond mere facilitation of cell-cell adhesion. Throughout em-
bryonic development and the process of tissue morphogenesis, cadherin 
emerge as crucial regulators of cell differentiation, adhesion, separation, 
and migration. Postnatally, these molecules continue to contribute to 
maintaining cell and tissue structures as well as facilitating cellular 
motility. In essence, the calcium-dependent adhesion molecule family 
exerts pivotal roles across an individual’s entire developmental 
trajectory. 

CDH11 is a type II classical cadherin, initially discovered in murine 
osteoblasts, hence referred to as Osteoblast Cadherin (OB -cadherin). 
The cdh11 gene is situated on 16q22.1 and spans an approximately 3.8 
kb complementary DNA (cDNA), encompassing 16 exons that encode a 
polypeptide of 796 amino acids. Analogous to the majority of cadherins 
[8], CDH11 establishes intracellular interactions with proteins such as α 
-catenin, linking to the cellular cytoskeleton and thereby exerting rele-
vant functional roles (see Fig. 1). Presently, it has come to light that 
CDH11 is not only expressed in osteoblasts but is also evident in various 
other cell types including pulmonary alveolar epithelial cells, macro-
phages, fibroblasts, hepatocytes, smooth muscle cells, hematopoietic 
stem cells, and eratinocytes [9–11]. Furthermore, at the tissue and organ 
levels, CDH11 expression extends beyond mesenchymal tissues, being 
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discernible in diverse other tissues such as the heart, brain, placenta, and 
lungs [12]. 

CDH11 orchestrates many cellular processes. Compared to other 
classical cadherins, the homophilic interactions facilitated by CDH11 
exhibit elevated binding strength, enabling comparatively robust cell- 
cell adhesion [13]. CDH11 is also implicated in focal adhesion, 
wherein CDH - 11 interacts reciprocally with fibronectin-binding pro-
tein syndecan-4, facilitating fibronectin adhesion and contributing to 
cellular migration [14]. Additionally, a plethora of studies have sub-
stantiated the pivotal role of CDH11 in the Epithelial -Mesenchymal 
Transition (EMT) process [11]. 

Throughout the entire developmental process of an individual, 
CDH11 assumes numerous pivotal roles. During gastrulation, the 
heightened expression of CDH11 enables cells to undergo spatial 
recognition and segregation in the formation of primitive tissue struc-
tures [15,16]. Furthermore, CDH11 is involved in regulating various 
physiological processes of mesenchymal stem cells, primarily encom-
passing: (1) CDH11 can modulate the proliferation of mesenchymal stem 
cells via the Platelet-Derived Growth Factor Receptor Beta-Extracellular 
Signal-Regulated Kinase 1/2 (PDGFRβ-ERK1/2) signaling pathway [17]; 
(2) CDH11 can transiently control the Transforming Growth Factor-beta 
(TGF - β) pathway to regulate the extracellular matrix (ECM), thereby 
influencing the differentiation process of mesenchymal stem cells [1, 
18]. Beyond this, CDH11 also impacts macrophage development and 
phagocytic functions. In the formation and development of the nervous 
system, CDH11 exhibits late-stage expression during neural tube for-
mation, contributing to neural system development [19,20], with 
research suggesting potential involvement in establishing and devel-
oping certain neural circuits [21]. In the skeletal system, CDH11 regu-
lates osteoblast differentiation, affecting bone growth [22]. 
Significantly, emerging research proposes the participation of CDH11 in 
the formation and development of the visual and auditory systems, 
including processes such as retinal differentiation and middle ear cavity 
formation [22,23], although the precise mechanisms require further 
investigation. 

In addition to its engagement in these normal physiological pro-
cesses, CDH11 also plays diverse roles in various diseases such as cancer, 
neurological disorders, fibrotic diseases, rheumatoid arthritis, and 
calcific aortic valve disease. Currently, an increasing body of research is 
delving into the potential roles and value of CDH11 in therapeutic 

interventions across a spectrum of diseases (see Table 1). 

2. Tumor 

2.1. Breast cancer 

Breast cancer (BC) is the most prevalent malignancy in women 
worldwide and a leading cause of cancer-related death in females. 
Remarkably, BC has a pronounced propensity for bone metastasis (BM). 
Approximately 5–6% of BC patients are diagnosed with bone metastases 
at presentation, and a striking 65–75 % of advanced hormone receptor- 
positive breast tumors demonstrate skeletal dissemination [24,25]. 
Pertinent studies suggest that infiltrating BC exhibits a notable elevation 
in cdh11 mRNA levels compared to normal breast tissue, underscoring 
the pivotal role of CDH11 in BC pathogenesis [26]. Elucidating its 
mechanistic role, researchers like Li et al. unveiled a novel Homeobox 
C8-Cadherin-11-Trio-Rac(HOXC8-CDH11-Trio-Rac) signaling axis 
impacting breast cancer cell migration. Homeobox C8 (HOXC8), acting 
as a CDH11-specific transcription factor, binds to the -196 to -191 
nucleotide site on the cdh11 promoter, enhancing cdh11 expression. 
CDH11 subsequently recruits Trio to the plasma membrane of Rac, 
culminating in robust Rac activation and ultimately promoting breast 
cancer cell invasion and migration [27,28]. Subsequent immunopre-
cipitation and mass spectrometry analysis reveal that Interleukin 
enhancer-binding factor 3 (ILF3) binds to the cdh11 promoter and in-
teracts with HOXC8, jointly activating cdh11 transcription to facilitate 
BC cell proliferation and migration [29]. Moreover, in the context of 
bone metastasis, BC cells with elevated Runt-related transcription factor 
2 (RUNX2) expression release extracellular vesicles (EVs) that induce 
pre-metastatic niches in osteoblasts, EVs with high CDH11 expression 
are avidly internalized by osteoblasts exhibiting similar CDH11 
expression, indicating that CDH11 fosters pre-metastatic niche forma-
tion by recognizing tumor cell-derived EVs and resident osteoblasts, 
thereby influencing BC tumor cell bone metastasis [30]. Collectively, 
CDH11 holds promise as a novel avenue for future BC therapy. Recent 
research utilizing murine tumor xenograft models has demonstrated that 
anti-cdh11 antibodies significantly reduce tumor cell metastasis and 
cancer stem cell (CSC)-like phenotypes [26], providing further grounds 
for the clinical application of monospecific anti-cdh11 antibodies as 
therapeutic modalities for metastatic breast cancer patients. 

Fig. 1. The basic features of CDH11. CDH11 features multiple consecutive extracellular (EC) domains with Ca2+ binding occurring between the EC domains. Its 
cytoplasmic tail associates with p120-catenin and β-catenin, mediating linkage to the cellular cytoskeleton through α-catenin, a connection subject to mechanical 
force and regulation by the Rho GTPase family. Additionally, CDH11 interacts with syndecan-4, participating in focal adhesion processes and playing a role in 
cell migration. 
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Triple-negative breast cancer (TNBC) accounts for 10–20 % of all 
breast cancer cases. In comparison to hormone receptor-positive and 
HER2 -positive breast cancers, TNBC demonstrates heightened invasive 
characteristics and poorer patient prognosis. Currently, TNBC lacks 
available targeted therapeutic approaches. Within the TNBC subtype, 
CDH11 regulates the expression levels of β -catenin, while the CDH11/β 
-catenin signaling axis exerts regulatory effects on the canonical 
Wingless-related integration site (WNT) signaling pathway in TNBC. 
Studies have shown that targeting β -catenin and CDH11 can modulate 
the WNT signaling pathway, inhibiting the csc-like and metastatic 
phenotypes of TNBC cells, underscoring the crucial role of CDH11 in 
TNBC [31]. Moreover, a recent study by Douglas et al. has identified an 
antibody (23C6) targeting cadherins, which can concurrently recognize 
CDH1 and CDH11 on circulating tumor cells (CTCs), effectively sup-
pressing hematogenous metastasis in genetically engineered mouse 
models and xenografts of TNBC [32]. This study proposes the potential 
of antibody-based targeting of intravascular CTCs to inhibit hematoge-
nous metastasis in TNBC, presenting a novel direction for TNBC 
treatment. 

2.2. Gastric cancer 

Gastric cancer (GC) is one of the most common malignancies globally 
and ranks as the third leading cause of cancer-related deaths. The 
expression of CDH11 in GC is associated with its clinical characteristics, 
though its correlation remains debated in the academic community. 
Certain studies indicate that cdh11, as a tumor suppressor gene, exhibits 
significant promoter CpG island methylation in gastric adenocarcinoma 
patients, suggesting a potential link between cdh11 inactivation and 
promoter methylation [33,34]. Interestingly, other research demon-
strates that CDH11 expression in gastric cancer tissue is markedly higher 
than in normal tissue, with higher expression in advanced stages, sug-
gesting a potential association between CDH11 overexpression and 
gastric cancer progression and poor prognosis. They also propose that 

insufficient cdh11 promoter methylation in GC might not reverse the 
upregulation caused by other factors [35]. Furthermore, CDH11 can 
interact with certain cytokines, inducing macrophages to enter the 
tumor microenvironment (TME), promoting M1 to M2 transition, ulti-
mately influencing immune milieu formation [36]. Current research 
increasingly supports the promotional role of CDH11 overexpression in 
GC progression, although further studies are necessary for conclusive 
validation. Recently, a research review has addressed the conflicting 
conclusions regarding the correlation between CDH11 expression and 
clinical characteristics of gastric cancer (GC). Upon analyzing the rea-
sons for this disparity, a targeted assessment of CDH11 expression on the 
cell membrane in GC was conducted, leading to the conclusion that 
aberrant CDH11 expression in primary GC serves as a clinical biomarker 
for predicting distant metastasis in gastric cancer [37]. 

Paclitaxel (PTX) intraperitoneal chemotherapy emerges as a prom-
ising therapeutic approach for advanced gastric cancer, yet suscepti-
bility to drug resistance remains a drawback. Recent years have seen 
studies indicating a downregulation of CDH11 expression in PTX 
-resistant patients’ ascites, tissues, and cell lines. Diminished CDH11 
expression has been linked to the promotion of PTX resistance, invasion, 
and migration of gastric cancer cells. As such, CDH11 holds potential as 
a predictive marker for the development of PTX resistance in gastric 
cancer peritoneal metastasis patients [38]. Currently, further research is 
warranted to elucidate the impact of CDH11 on clinical features of 
gastric cancer and its underlying mechanisms, in order to offer more 
efficacious treatment strategies for gastric cancer patients [39]. 

2.3. Head and neck squamous cell carcinomas 

Head and neck squamous cell carcinomas (HNSCCs), including oral 
squamous cell carcinoma (OSCC), nasopharyngeal carcinoma, and thy-
roid cancer, among others [40], have shown elevated levels of CDH11 
expression in HNSCC tissues compared to normal tissues. Down-
regulation of CDH11 has been linked to enhanced proliferation and 

Table 1 
xCDH11 in various diseases.  

Diseases Roles Related molecular mechanisms and signaling pathways Targeted 
therapy 

Reference 

Breast cancer Promote tumor development and bone 
metastasis 

HOXC8-CDH11-Trio-Rac 
Induce pre-metastatic niches 

✓ [26–30] 

Triple-negative breast cancer：CDH11/β-catenin，WNT √（23C6） [31,32] 
Gastric cancer Unclear (tumor suppressor/tumor 

promotion) 
Promoter methylation 
Influence immune milieu formation  

[33,34,36, 
37] 

Head and neck squamous cell 
carcinomas 

Inhibit tumor development   [41,43–45] 

Colorectal cancer Unclear (tumor suppressor/tumor 
promotion) 

Promoter methylation，PI3K-AKT  [46–48] 

Bladder cancer Unclear (tumor suppressor/tumor 
promotion) 

Promoter methylation  [50–52] 

Prostate cancer Promote tumor development and bone 
metastasis 

Regulates PCa cell migration and invasion through 
endocytosis mediated by cadherin -related proteins. 

√（mAb 2C7） [53,55,56] 

Pancreatic cancer Promote tumor development and metastasis.  √（23C6） [32,62,63] 
Retinoblastoma Tumor suppressor   [64] 
Pulmonary fibrosis Promote the fibrotic process of various 

organs. 
Regulate the production of TGF-β and the process of EMT. 
Foster the formation of a fibrotic niche.  

[9,11] 

Liver fibrosis The activation of hepatic stellate cells. 
TGFβ/Smad  

[68–70] 

Cardiac fibrosis MAPKs 
CaMKII-STAT3 

√（SYN0012） [71–75] 

Rheumatoid Arthritis Regulate cell-cell contacts and in vitro 
invasive abilities of FLS 

TNF-α，IL-1β，MAPK，NF-κB，IL-6，MMPs  [78,80–82] 

Systemic sclerosis Promotes the process of skin fibrosis TGF-β  [83,84] 
Calcific aortic valve disease Involved in the calcification of the aortic 

valve 
RhoA/Sox9 ✓ [71,86–89] 

Autism Spectrum Disorder Participate in disease development   [21,90,91] 
ElsahyWaters syndrome One of its causal factors is attributed to loss- 

of-function variants in CDH11.   
[91–94] 

Melasma Participate in disease development Induce N-cadherin during EMT process. Induce basal 
membrane disruption and cutaneous alterations.  

[95,96]  
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invasion of HNSCC cells, suggesting a tumor-suppressive role for CDH11 
in HNSCCs [41]. OSCC, a common subtype of HNSCCs, has exhibited an 
overall five-year survival rate of less than 50 % over the past three de-
cades, lower than many other malignancies [42]. Overexpression of 
CDH11 has been confirmed in OSCC and correlated with clinical pro-
gression. Additionally, cdh11 mutations have been observed across 
various stages of OSCC, suggesting its potential as a valuable biomarker 
in OSCC diagnosis and treatment [43,44]. Tongue squamous cell carci-
noma (TSCC), a prevalent subtype within OSCC, is characterized by 
frequent mobility and rich lymphatic, neural, and vascular structures, 
making it prone to invading surrounding organs such as regional lymph 
nodes, neck, and pharynx. In TSCC, CDH11 has exhibited 
tumor-suppressive effects by inhibiting invasion and migration of TSCC 
cells. Pending further research validation, CDH11 could emerge as a 
promising new therapeutic target for treating TSCC [45]. 

2.4. Colorectal cancer 

Colorectal cancer (CRC), the second most lethal cancer globally, 
suffers from a lack of meaningful biomarkers, resulting in challenging 
early diagnosis and late-stage detection for most patients. Current 
research on CDH11 in CRC yields inconsistent findings, with some 
studies even presenting contradictory perspectives. One study suggests 
CDH11 is downregulated in CRC cell lines and tissues due to promoter 
methylation. CDH11 induces cell cycle arrest at the G0/G1 phase and 
apoptosis, thereby inhibiting CRC cell proliferation, migration, and in-
vasion. This indicates cdh11 might function as a functional tumor sup-
pressor gene in CRC [46]. In contrast, another viewpoint gaining more 
traction suggests CDH11 is overexpressed in CRC and can be activated 
by microcystin, enhancing tumor cell migration and invasion. Conse-
quently, CDH11 holds promise as a biomarker for CRC, and silencing 
CDH11 expression might be a prospective therapeutic strategy for 
certain CRC patients [47,48]. Moreover, CDH11 facilitates CRC bone 
metastasis, including promoting adhesion between osteoclast precursors 
and enhancing specific collagen production, which contributes to 
fibrotic changes in the tumor microenvironment. Additionally, CDH11 
expression is regulated by lactate (LA) through the Phosphatidylinositol 
3-kinase - Protein kinase B (PI3K -AKT) pathway. In summary, current 
research on CDH11 in CRC underscores its potential therapeutic value 
[49]. However, its reliability and specific molecular mechanisms require 
further investigation to offer novel treatment strategies for CRC. 

2.5. Bladder cancer 

Bladder cancer (BCA) refers to malignant tumors that develop on the 
bladder mucosa and is relatively common among malignancies in the 
genitourinary system. Clinically, BCA can be categorized into non- 
muscle-invasive bladder cancer (NMIBC) and muscle-invasive bladder 
cancer (MIBC). BCA lacks reliable therapeutic targets in clinical treat-
ment. Current research on CDH11 in BCA still yields contradictory 
conclusions. In one strand of research, CDH11 expression is found to be 
significantly downregulated in BCA tissues, and abnormal promoter 
methylation of cdh11 is identified in BCA tissues [50]. This group sug-
gests a close association between cdh11 methylation and the malignant 
behavior of bladder cancer, but the precise mechanism remains unclear 
[51]. On the other hand, another set of research proposes elevated 
CDH11 expression in BCA. Chen et al. reported through qPCR and 
western blotting that: (1) CDH11 is upregulated in BCA cell lines and 
tissues; (2) CDH11 expression in MIBC tissues is higher than in NMIBC; 
(3) CDH11 expression correlates closely with histological grade, pT 
status, tumor size, tumor recurrence, and progression; (4) High CDH11 
expression predicts adverse prognosis in NMIBC patients. They 
concluded that CDH11 is a reliable therapeutic target in BCA and a 
useable indicator for predicting the likelihood of recurrence and pro-
gression in NMIBC patients [52]. In conclusion, although recent years 
have seen increased research interest in the significance of CDH11 in 

BCA diagnosis and treatment, the conclusions remain divergent, and the 
specific mechanisms are not yet well -defined, necessitating further 
investigation. 

2.6. Prostate cancer 

Prostate cancer (PCa) is the most prevalent malignancy in the male 
genitourinary system, characterized by a relatively slow progression, 
difficult detection, and a high likelihood of bone metastasis in advanced 
stages. CDH11 has been identified as playing a crucial role in the 
migration and invasion of PCa. Atypical expression of CDH11 enhances 
the interaction between prostate cancer cells and osteoblasts, thereby 
promoting the colonization of prostate cancer cells within the bone 
microenvironment [53]. 

Regarding its specific mechanisms, CDH11 potentially regulates PCa 
cell migration and invasion through endocytosis mediated by cadherin 
-related proteins, breaking down adhesion complexes or modulating its 
own surface trafficking [54]. Given CDH11’s significant role in PCa bone 
metastasis, researchers have begun exploring the possibility of targeting 
CDH11 to prevent such metastasis. Lee et al. developed a monoclonal 
antibody (mAb) targeting CDH11 and found that mAb 2C7 could 
recognize a unique motif within the extracellular domain of CDH11, aa 
343–348. Through experiments in a murine model, they verified its ef-
ficacy in inhibiting bone metastasis. This further underscores the po-
tential of targeting CDH11 in future PCa treatments [55]. 

Furthermore, the expression of CDH11 in PCa is similarly regulated 
by certain factors. Firstly, cdh11 mRNA and protein levels are under the 
control of Glycogen Synthase Kinase-3 Beta (GSK3β) activity [56]. 
Secondly, studies have indicated that Prostate-Specific Antigen (PSA) 
can enhance CDH11 expression in mesenchymal stem cells (MSCs) 
through activation of the Akt signaling pathway, thereby affecting the 
migration and invasion of PCa cells [57]. It’s noteworthy that androgen 
depletion has been found to upregulate CDH11 expression, thereby 
increasing the risk of PCa bone metastasis. Consequently, it has been 
proposed that in advanced PCa patients during androgen deprivation 
therapy, consideration should be given to inhibiting CDH11 expression. 
However, specific strategies for CDH11 inhibition require further 
exploration [58]. 

2.7. Other tumors 

Osteosarcoma is a malignant bone tumor that commonly occurs in 
children and adolescents. Numerous studies have shown a significant 
downregulation of CDH11 expression in osteosarcoma tissues, and its 
expression level is notably correlated with patient survival rate. This 
suggests that CDH11 is likely an independent prognostic factor associ-
ated with poorer overall survival in osteosarcoma patients [59–61]. 

Pancreatic cancer is a frequently encountered malignant tumor 
within the digestive system, characterized by its high malignancy, 
challenging early diagnosis, rapid progression, and relatively poor 
prognosis. Relevant research has revealed a significant increase in 
CDH11 expression in pancreatic cancer cells, indicating its involvement 
in pancreatic cancer development and metastasis. CDH11 might serve as 
a potential therapeutic target in pancreatic cancer [62]. Murine models 
have shown that loss or inhibition of CDH11 significantly prolongs the 
survival of pancreatic tumor-bearing mice and restores sensitivity to 
gemcitabine, further highlighting the potential role of CDH11 [63]. 
Presently, Micalizzi et al. have identified a calcium-binding antibody 
(23C6) capable of concurrently recognizing CDH1 and CDH11, targeting 
circulating tumor cells within blood vessels, thereby inhibiting hema-
togenous metastasis in pancreatic cancer [32]. 

In the context of retinoblastoma, a deficiency in CDH11 expression 
has been identified in late-stage tumor tissues, suggesting its role as a 
potential tumor suppressor gene in retinoblastoma [64]. Subsequent 
mouse experiments have demonstrated that CDH11 can facilitate tumor 
cell death both in vivo and in vitro, affirming its tumor-suppressive 
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function in retinoblastoma [65]. 
Concerning Acute Lymphoblastic Leukemia (ALL), studies have 

found a connection between chemoresistance in B -ALL and high 
methylation of cdh11 [66]. Gliomas are one of the most common pri-
mary intracranial tumors. It has been observed that CDH11 is expressed 
in infiltrative glioma cells in situ and can modulate glioma cell invasion 
in vitro [67]. 

3. Fibrotic disease 

Fibrosis commonly arises from chronic inflammation and injury, 
characterized by an excessive accumulation of fibrous connective tissue 
within organ structures accompanied by a reduction in parenchymal 
cells. If it progresses unabated, fibrosis can lead to structural organ 
damage and functional impairment. A thorough understanding of the 
pathogenic mechanisms underlying fibrosis, and the identification of 
novel therapeutic targets from these mechanisms, is of paramount 
importance. Presently, it is established that CDH11 is upregulated in 
fibrotic tissues of various organs including the lungs, liver, heart, skin, 
kidneys, and intestines. Moreover, CDH11 is implicated in the fibrotic 
processes occurring in these diverse anatomical sites. 

3.1. Pulmonary fibrosis 

In pulmonary fibrosis, CDH11 is implicated in regulating the pro-
duction of TGF- β and the process of epithelial to mesenchymal transi-
tion, thereby facilitating the progression of pulmonary fibrosis [11]. 
Additionally, CDH11 can modulate the development of 
monocyte-derived macrophages, their polarization toward the pro 
-fibrotic M2 phenotype, and their phagocytic function [9]. Furthermore, 
it promotes specific binding and sustained activation between macro-
phages and resident fibroblasts, fostering the formation of a fibrotic 
niche and maintaining the stability of this fibrotic microenvironment 
[10]. 

3.2. Liver fibrosis 

As is widely recognized, the activation of hepatic stellate cells (HSCs) 
constitutes a pivotal step in the process of liver fibrosis. It has now been 
demonstrated that CDH11 participates in the activation of HSCs, thereby 
facilitating the progression of liver fibrosis [68,69]. Furthermore, under 
conditions of bile stasis, CDH11 may play a significant role in cholestatic 
liver fibrosis by modulating the TGF β/Smad signaling pathway under 
conditions of cholesterol accumulation [70]. Consequently, CDH11 
holds substantial potential to offer more effective therapeutic ap-
proaches for patients with liver fibrosis in the future. 

3.3. Cardiac fibrosis 

Cardiac fibrosis can occur in various conditions such as coronary 
artery disease, valvular heart disease, and myocarditis. It is character-
ized by excessive proliferation and activation of cardiac fibroblasts 
(CFs), excessive extracellular matrix deposition, and cardiac tissue 
remodeling. In severe cases, it can lead to arrhythmias, heart failure, and 
significantly increase the risk of mortality. CDH11 expression has been 
identified in human cardiac fibroblasts and cardiomyocytes, and it plays 
a role in the cardiac fibrosis process [71,72]. 

At the molecular level, CDH11 promotes CF activation, inducing the 
secretion of interleukin-6 (IL- 6) by CFs, thereby regulating pathological 
processes in cardiac myocytes, promoting cardiac fibrosis and tissue 
remodeling. This process may also involve the Mitogen-Activated Pro-
tein Kinases (MAPKs) and Ca2+/Calmodulin-Dependent Protein Kinase 
II- Signal Transducer and Activator of Transcription 3 (CaMKII -STAT3) 
pathways [73,74]. Consequently, CDH11 presents itself as a potential 
novel therapeutic target for cardiac fibrosis-related diseases. Schroer 
et al. treated a subset of myocardial infarction mice with a functional 

blocking antibody against CDH11 (SYN0012) and observed significant 
improvements in heart function and reduced cardiac tissue remodeling 
compared to other mice [75]. This observation further underscores the 
potential value of CDH11 in the treatment of cardiac fibrosis -related 
diseases. 

3.4. Fibrosis in other organs 

In renal fibrosis and intestinal fibrosis tissues, the expression of 
CDH11 has also been identified, and its expression level positively 
correlates with the severity of the respective diseases. Additionally, 
CDH11 is involved in the process of skin fibrosis in certain conditions 
[76,77]. In summary, CDH11 holds the potential to serve as a novel 
biomarker and therapeutic target for various fibrotic diseases. 

4. Autoimmune disease 

4.1. Rheumatoid arthritis\ 

Rheumatoid Arthritis (RA) is an autoimmune disease characterized 
primarily by erosive arthritis, with synovitis as its pathological hall-
mark. Normal synovium consists of fibroblast-like synoviocytes (FLS) 
and macrophages. In RA patients, there is extensive infiltration of im-
mune cells in the synovium, leading to destruction of surrounding 
cartilage and bone tissue. CDH11 overexpression in the synovial tissue 
of RA patients was observed several years ago, and its expression has 
also been detected in the peripheral blood of some patients [78]. 
Research suggests that CDH11 plays a role in regulating cell -cell con-
tacts and in vitro invasive abilities of FLS [79]. CDH11 induces the 
secretion of various inflammatory factors such as IL- 6 and matrix 
metalloproteinases (MMPs) in synovial fibroblasts, thereby promoting 
disease progression and cartilage destruction. This process can be ach-
ieved through at least two distinct mechanisms: 1. Synergistic effects 
mediated by tumor necrosis factor -alpha (TNF- α) and Interleukin-1 
beta (IL- 1β); 2. Activation of mitogen-activated protein kinases 
(MAPK) and nuclear factor kappa-B (NF- κB) [80,81]. Given its specific 
roles, CDH11 holds potential as a new biomarker or therapeutic target in 
the diagnosis and treatment of RA. Additionally, it’s worth noting that 
umbilical cord -derived mesenchymal stem cells in RA can suppress 
CDH11 expression in FLS through interleukin- 10 (IL- 10) mediation, a 
mechanism that could potentially be targeted for RA treatment in the 
future [82]. 

4.2. Systemic sclerosis 

Systemic sclerosis (SSc) is a systemic autoimmune disease charac-
terized by progressive fibrosis of the skin and internal organs. CDH11 
plays a crucial role in SSc, manifesting as follows: (1) CDH11 expression 
is increased in damaged skin of SSc patients, predominantly localized 
within dermal fibroblasts and macrophages; (2) Examination of diffuse 
SSc patients with a disease duration of 40 years revealed a correlation 
between CDH11 levels and skin fibrosis severity defined by modified 
Rodnan Skin Score; (3) Inhibition of CDH11 expression led to significant 
attenuation of skin fibrosis [83,84]. Furthermore, in early diffuse SSc 
skin samples, CDH11 expression was closely associated with cartilage 
oligomeric matrix protein and platelet-derived growth factor- 1 
expression (Spearman’s r ≥ 0.9), indicating an interplay between 
CDH11 and the TGF- β pathway in SSc [83]. In conclusion, CDH11 holds 
potential as a predictive biomarker, exerting its role in SSc diagnosis and 
treatment. 

5. Calcific aortic valve disease 

Calcific aortic valve disease (CAVD), an increasingly prevalent con-
dition, has emerged as the second leading cause of adult cardiac disease. 
CAVD is not merely a simple degenerative change, but a complex and 
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active pathological process characterized by various pathological al-
terations. Current treatment options for CAVD primarily involve the 
replacement of valves with biological or mechanical prosthetics. Due to 
the lack of effective therapeutic targets, there are no drugs available to 
prevent or reverse the occurrence and progression of CAVD. CDH11 has 
been confirmed to play a pivotal role in proper embryonic cushion for-
mation and aortic valve maturation [85]. However, research has 
revealed its involvement in aortic valve calcification as well. CDH11 is 
highly expressed in calcified leaflets of human aortic valves, promoting 
the formation of calcific nodules on aortic valves [71]. 

Regarding its specific molecular mechanisms, two regulatory path-
ways of CDH11 expression have been identified: (1) Enhanced Akt ac-
tivity in aortic valve interstitial cells with notch1 mutations leads to 
upregulation of CDH11 expression [86]. (2)microRNA- 101 -3p also 
regulates CDH11 expression [87]. Furthermore, overexpression of 
CDH11 upregulates downstream targets Ras Homolog Family Member A 
(RhoA) and SRY-Box Transcription Factor 9 (Sox9), inducing extracel-
lular matrix remodeling and calcification of aortic valve cells [88]. 
While these discovered mechanisms are not yet fully comprehensive, the 
potential role of CDH11 in CAVD treatment is evident. Studies have 
already confirmed that humanized mouse CDH11 antibodies can pre-
vent valve stenosis, leaflet thickening and stiffness, as well as inflam-
matory gene expression [89]. Targeting CDH11 stands as a novel 
therapeutic strategy for CAVD. 

6. Autism Spectrum Disorder 

Autism Spectrum Disorder (ASD) is a neurodevelopmental condition 
characterized by primary clinical features of social communication 
deficits and the presence of restricted, repetitive behaviors or interests. 
The most consistent neuropathological changes in the brains of in-
dividuals with ASD occur in the cerebellum, including underdevelop-
ment of the cerebellum and reduced numbers of Purkinje cells. 
Numerous studies have proposed the involvement of CDH11 in regu-
lating the development of neural circuitry, which may be relevant to 
ASD. This is evidenced by two key points: (1) Elevated expression of 
CDH11 in the central region of the VI/VII lobules of the cerebellum is 
correlated with reduced expression of Purkinje cell marker calbindin 
during normal cerebellar development, consistent with delayed matu-
ration of Purkinje cells in the same region [90]; (2) In mice with cdh11 
knockout, alterations in levels of synaptic proteins such as postsynaptic 
density (PSD) - 95, neuroligin- 1, and cadherin- 8 lead to changes in the 
morphology and activity of excitatory neurons, indicating a significant 
role of CDH11 in regulating dendritic morphology and synaptic function 
of excitatory neurons [21]. Subsequent research discovered altered 
CDH11 expression in individuals with ASD, further suggesting that 
changes in its expression may partially contribute to the pathological 
process of ASD. In line with this, behavioral studies conducted on mice 
with CDH11 deficiency revealed a range of autism-like behavioral 
changes [91], providing further confirmation of the significance of 
CDH11 in ASD. 

7. ElsahyWaters syndrome 

ElsahyWaters syndrome (EWS) was initially described in three sons 
of first-cousin parents, displaying a constellation of distinctive features 
including brachycephaly, maxillary hypoplasia, mandibular progna-
thism, strabismus, nystagmus, cleft palate, dental cysts, dental maloc-
clusion, facial characteristics (proptosis, hypertelorism, broad and flat 
nasal root, wide nasal tip, and high arched palate), pectus excavatum, 
cervical vertebrae fusion, hypospadias, and intellectual disability. Over 
the course of nearly 50 years, the etiology of EWS remained uncertain 
due to its rarity. It wasn’t until recent years that studies employing ge-
netic sequencing in EWS patients revealed a definitive association with 
cdh11. To date, a total of 7 molecularly confirmed cdh11 -related cases of 
EWS have been reported, originating from 5 families, including two 

sisters from a consanguineous couple, a male child, an Indian female, a 
sibling pair, and a male individual from Japan. Homozygous variants in 
cdh11 were identified in these patients, confirming EWS as an autosomal 
recessive disorder, wherein one of its causal factors is attributed to loss- 
of-function variants in cdh11 [91–94]. However, it is important to 
emphasize that the current understanding of cdh11 in relation to this 
syndrome remains limited, necessitating further validation of its 
reliability. 

8. Other diseases 

Melasma is a pigmentation disorder affecting the skin of the upper 
lip, cheeks, forehead, and chin, characterized by increased melanin 
deposition in the epidermal and dermal layers. In certain melasma pa-
tients, elevated CDH11 expression has been identified and implicated in 
disease progression, manifesting as follows: 1. CDH11 participates in 
melanogenesis by inducing N-cadherin during EMT process [95]. 2. 
CDH11 induces basal membrane disruption and cutaneous alterations 
seen in melasma (collagen dissolution, accumulation of elastic material, 
and vascular dilation), which is independent of ultraviolet radiation 
exposure [96]. 

In the context of airway remodeling in asthma patients, the 
involvement of CDH11 has been observed. In this setting, CDH11- 
induced EMT was associated with β-catenin signaling activation. Aber-
rant activation of the β-catenin pathway may influence the onset and 
progression of asthma [97]. 

Additionally, in studies related to head and neck venous malforma-
tions, CDH11 mutations have been found to potentially inhibit the 
migration and contractility of vascular smooth muscle cells, which could 
contribute to or enhance the formation of VM (venous malformations) 
[98]. Furthermore, CDH11 may exert a certain degree of influence on 
the process of atherosclerosis, although it remains poorly understood 
and requires further investigation [99]. 

9. Summary 

Currently, an expanding body of research has revealed CDH11’s 
involvement in a wide spectrum of diseases. Its roles in disease patho-
genesis are notably diverse. In various tumorigenic conditions, cdh11 
can function as either a tumor suppressor gene or a promoter of tumor 
progression. As a tumor suppressor, inactivation of cdh11 due to pro-
moter methylation can contribute to the genesis of specific malig-
nancies. Conversely, in certain tumors, CDH11 may facilitate invasion 
and migration through known or unknown signaling pathways. Addi-
tionally, in non-neoplastic disorders including fibrotic diseases, CAVD, 
RA, ASD, and EWS, CDH11 plays distinct roles influencing disease 
initiation and progression. Regarding the divergent or opposing effects 
of CDH11 in certain diseases, it is our belief that this may be associated 
with the heterogeneity of disease subtypes, stages, and the diversity in 
CDH11’s modes of action. The precise mechanisms by which CDH11 
operates in specific diseases require further elucidation through 
comprehensive research. In conclusion, CDH11’s multifaceted roles 
across various diseases, with often similar or divergent outcomes, un-
derscore its significant potential value in the treatment of the afore-
mentioned conditions. Given the frequent overexpression of CDH11 in 
the tissues and cells of diverse diseases, CDH11 can be regarded as a 
novel biomarker or a target for innovative therapeutic strategies. 
Experimental approaches targeting CDH11 have already been explored 
in various studies. Examples include utilizing antibodies recognizing 
CDH1 and CDH11 on intravascular CTCs in TNBC and pancreatic cancer 
[32], monoclonal antibodies specific to extracellular domain motifs of 
CDH11 in PCa [55], functional-blocking CDH11 antibodies (SYN00 12) 
in murine models of myocardial fibrosis [74], and corresponding CDH11 
antibodies in BC and CAVD mice [26,88]. These studies have demon-
strated the efficacy of targeting CDH11 for therapeutic purposes. How-
ever, most CDH11 -targeted therapies are still in the experimental phase, 
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requiring extensive research to validate their reliability. In conclusion, 
the concerted aspiration is to comprehensively elucidate the specific 
mechanistic roles and molecular processes of CDH11 in various diseases, 
subsequently translating this knowledge into the diagnosis and treat-
ment of respective conditions. By doing so, we aim to enhance thera-
peutic efficacy and prognostication for clinical patients, aligning with 
our collective objective. 
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MSCs mesenchymal stem cells 
ALL Acute Lymphoblastic Leukemia 
HSCs hepatic stellate cells 
CFs cardiac fibroblasts 
IL-6 interleukin-6 
RA Rheumatoid Arthritis 
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