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Abstract 

Cadherin 13 (CDH13), also known as T-cadherin or H-cadherin, is a member of the cadherin 
superfamily. CDH13 is anchored to the plasma membrane via glycosylphosphatidylinositol. CDH13 
plays an essential role in the development of the heart and nervous systems, including the brain. 
Many reports have identified CDH13 as a risk factor for neurodevelopmental disorders. Furthermore, 
CDH13 has been shown to be expressed in numerous cancers, but its role as a cancer-promoting or -
suppressing factor remains unclear. Therefore, the development of highly sensitive and specific anti-
CDH13 monoclonal antibodies (mAbs) is necessary to elucidate the biological and pathological 
functions of CDH13. In this study, we established a novel anti-human CDH13 mAb (clone Ca13Mab-
4) using the Cell-Based Immunization and Screening (CBIS) method. Ca13Mab-4 can be used for flow 
cytometric analysis. Ca13Mab-4 binds specifically to CDH13 and not to other cadherin family 
members. The dissociation constant values of Ca13Mab-4 for CDH13-overexpressed CHO-K1 and 
U87MG glioma cells were determined as 2.5 (± 0.6) x 10-8 M and 8.9 (± 2.1) x 10-9 M, respectively. 
Furthermore, Ca13Mab-4 clearly detected CDH13 in the western blot and immunohistochemistry of 
cell sections. Therefore, the Ca13Mab-4, established by CBIS method, could be a valuable tool for basic 
research and is expected to contribute to elucidating the relationship between CDH13 and diseases, 
including neurodevelopmental disorders and cancer. 

Keywords: cadherin; CDH13; CBIS method; monoclonal antibody; flow cytometry 
 

1. Introduction 

Cadherins (CDHs) are a superfamily of transmembrane adhesion molecules that regulate tissue 
morphogenesis, cell-cell adhesion, polarity, and differentiation through Ca2+-dependent homophilic 
cell-cell interactions [1]. These cadherins are described as “classical” and are single-pass 
glycoproteins consisting of five extracellular Ca2+-binding sites (EC1-EC5), a transmembrane domain, 
and a cytoplasmic domain with highly conserved binding sites for p120-catenin and β-catenin, which 
bind to α-catenin to polymerize actin microfilaments and maintain cytoskeletal stability [2,3]. The 
partial structures of two cadherins, CDH1 (also known as E-cadherin) and murine CDH2 (also known 
as N-cadherin), were first reported in 1995 [4,5]. Initially, CDHs were recognized as adhesive 
molecules, but in recent years they have been shown to act as mediators that regulate signals essential 
to maintaining cellular homeostasis [1]. 

CDH13, also known as T-cadherin or H-cadherin, was first described in the nervous system and 
has an atypical structure distinct from classical CDHs [6]. CDH13 lacks transmembrane and 
cytoplasmic domains, and is tethered to the plasma membrane through a glycosyl-
phosphatidylinositol (GPI) anchor attached to the apical aspect of the plasma membrane. CDH13 also 
lacks the conserved His-Ala-Val motif required for classical cadherin homophilic binding, although 
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it possesses a hallmark extracellular part of five Ca2+-binding domains (EC1-EC5) like classical CDHs 
[2]. The expression of CDH13 has been prominently confirmed in nervous and cardiovascular tissues 
[7]. During early development, CDH13 is highly expressed in the nervous systems and vascular 
plexus. In adults, CDH13 is widely distributed throughout the central nervous system, including the 
cerebral cortex, thalamus, midbrain, and medulla, and is enriched in the heart [8]. 

Adiponectin is an atypical factor secreted from adipocytes as trimers, hexamers, and high-
molecular-weight multimers. It is abundantly present in the peripheral circulation [9]. Circulating 
adiponectin has diverse effects on many different target tissues that express adiponectin receptors 
(adipoRs). Adiponectin plays a critical metabolic role via adipoRs. It is also involved in calreticulin-
dependent dead cell opsonization [9,10]. Plasma adiponectin inversely correlated with several clinical 
pathophysiological disease states, such as coronary artery disease [11], myocardial infarction [12] 
,and type 2 diabetes [13]. Adiponectin has been observed to bind to CDH13 in addition to adipoRs. 
CDH13 specifically recognizes hexamers and high-molecular-weight multimers of adiponectin with 
high affinity via EC1 and EC2 [14,15]. CDH13-deficient mice show increased circulating adiponectin 
and reduced adiponectin binding to vascular endothelial cells [16]. Interestingly, serum-derived 
native adiponectin tends to bind to CDH13-expressing cells, not to adipoRs-expressing cells [17]. 
Thus, CDH13 appears to be a major binding partner of adiponectin. The adiponectin-CDH13 axis 
might be a pivotal regulator of tissue homeostasis. 

CDH13 is highly expressed during brain development, and has been reported to be associated 
with the risk of various neurodevelopmental disorders, including attention-deficit/hyperactivity 
disorder (ADHD) [18], autism spectrum disorders (ASD) [19], bipolar disorder [20], schizophrenia 
[21], and depression [22]. CDH13 is expressed in neurons, including glutamatergic [23], GABAergic 
[18], and serotonergic neurons [24]. CDH13 exerts its functions through low-adhesive homophilic or 
heterophilic interactions to regulate neurite outgrowth and axon guidance [25,26]. Analysis of patient 
samples has suggested that mutations or common genetic variation in CDH13 are one of the risk 
factors associated with the disease [27]. These findings appear to highlight the critical roles of CDH13 
in neuronal networks. 

CDH13 is expressed in several tumor types. CDH13 is known as a tumor suppressor gene, and 
its loss of function due to hypermethylation of the promoter region contributes to the malignant 
progression of cancers, including colorectal [28], lung [29], bladder [30], ovarian cancers [31], 
glioblastoma [32], and oral squamous cell carcinoma (SCC) [33]. The expression of CDH13 and 
programmed cell death-1 ligand 1 (PD-L1) inversely correlated with human papillomavirus-negative 
head and neck SCC patients [34]. But, some reports have described CDH13 as a tumor promoter in 
some tumors, such as breast [35] and adrenocortical carcinoma [36]. CDH13-mediated tumor 
angiogenesis may create a tumor microenvironment and affect cancer progression [37]. Further 
research is necessary to clarify the role of CDH13 in promoting or suppressing cancer functions. 

To clarify the role of CDH13, specific and sensitive antibodies are desired. Previously, we have 
generated numerous monoclonal antibodies (mAbs) against transmembrane and membrane-
anchored proteins using the Cell-Based Immunization and Screening (CBIS) method [38–41]. This 
method allows rapid and efficient generation of antibody clones with diverse epitopes that recognize 
linear or structural epitopes of membrane proteins and modifications of the extracellular domain. 

In this study, we have established a novel anti-human CDH13 mAb (clone Ca13Mab-4) that can 
be used for multiple applications using the CBIS method. 

2. Materials and Methods 
2.1. Cell Lines 

Chinese hamster ovary (CHO)-K1, mouse myeloma P3X63Ag8U.1 (P3U1), human glioblastoma 
LN229, human glioma U87MG, and human mesothelioma NCI-H2052 cell lines were obtained from 
the American Type Culture Collection (ATCC, Manassas, VA, USA). Immortalized-normal fibroblast 
KMST-6 was obtained from the Cell Resource Center for Biomedical Research Institute of 
Development, Aging, and Cancer at Tohoku University (Miyagi, Japan). 
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2.2. Establishment of Stable Transfectants 

The gene encoding human CDH13 (Catalog No.: IRAK046C21, Accession No.: NM_001257) was 
obtained from RIKEN BRC (Ibaraki, Japan). The expression plasmid of human CDH13 was subcloned 
into the pCAG-ble vector (FUJIFILM Wako Pure Chemical Corporation, Osaka, Japan), which deleted 
amino acids 1st to 138th with N-terminal MAP16 tag (PGTGDGMVPPGIEDKI) [42] or PA16 tag 
(GLEGGVAMPGAEDDVV) [43]. The pCAG-CDH13 vectors were transfected into cell lines using the 
Neon transfection system (Thermo Fisher Scientific, Inc., Waltham, MA, USA). Subsequently, LN229 
and CHO-K1, which stably overexpressed CDH13 with N-terminus MAP16 or PA16 tags [hereafter 
described as LN229/MAP16-CDH13 (LN229/CDH13) and CHO/PA16-CDH13 (CHO/CDH13), 
respectively] were stained with an anti-MAP16 tag mAb (clone PMab-1) and an anti-PA16 tag mAb 
(clone NZ-1) followed by sorting by the SH800 cell sorter (Sony corp., Tokyo, Japan). The sorted cells 
were cultured in a medium containing 0.5 mg/mL of Zeocin (InvivoGen, San Diego, CA, USA). 

Other stably human CDHs-overexpressed CHO-K1 cells were established as previously 
reported [44]. In this study, the expression of each CDH was confirmed by using the following mAbs: 
anti-CDH6 mAb (clone 427909, MAB2715, R&D Systems, Inc., Minneapolis, MN, USA) and NZ-33, 
another anti-PA16 tag mAb [45]. 

2.3. Antibodies 

An anti-human/mouse Cadherin-13 Antibody (clone 392411, MAB3264, rat IgG2a) was 
purchased from R&D Systems, Inc. (Minneapolis, MN, USA). An anti-isocitrate dehydrogenase 1 
(IDH1) mAb (clone RcMab-1) was developed previously in our lab [46]. A secondary Alexa Fluor 
488-conjugated anti-mouse IgG and anti-rat IgG was purchased from Cell Signaling Technology, Inc. 
(Danvers, MA, USA). Secondary horseradish peroxidase-conjugated anti-mouse IgG and anti-rat IgG 
were obtained from Agilent Technologies Inc. (Santa Clara, CA, USA) and Merck KGaA (Darmstadt, 
Germany), respectively. The sources of commercially available anti-CDH antibodies are listed above. 

2.4. Development of Hybridomas 

For developing anti-CDH13 mAbs, two 6-week-old female BALB/cAJcl mice, purchased from 
CLEA Japan (Tokyo, Japan), were immunized intraperitoneally with 1 × 108 cells/mouse of 
LN229/CDH13. The LN229/CDH13 cells as immunogen were harvested after brief exposure to 1 mM 
ethylenediaminetetraacetic acid (EDTA; Nacalai Tesque, Inc.). Alhydrogel adjuvant 2% (InvivoGen, 
San Diego, CA, USA) was added as an adjuvant in the first immunization. Three additional injections 
of 1 × 108 LN229/CDH13 cells/mouse were administered intraperitoneally, without adjuvant, every 
week. A final booster injection of 1 × 108 LN229/CDH13 cells/mouse was administered 
intraperitoneally 2 days before harvesting splenocytes from mice. We conducted cell fusion of 
harvested splenocytes from LN229/CDH13-immunized mice with P3U1 cells using polyethylene 
glycol 1500 (PEG1500; Roche Diagnostics, Indianapolis, IN, USA) under heated conditions. 

Hybridomas were cultured in the RPMI-1640 medium supplemented as shown above, with 
additional supplements included hypoxanthine, aminopterin, and thymidine (HAT; Thermo Fisher 
Scientific, Inc.), 5% BriClone (NICB, Dublin, Ireland), and 5 µg/mL of Plasmocin (InvivoGen, San 
Diego, CA, USA) into the medium. The supernatants from hybridomas were screened by flow 
cytometry using CHO/CDH13 and parental CHO-K1 cells. The hybridoma supernatant, containing 
Ca13Mab-4 in serum-free medium, was filtered and purified using Ab-Catcher Extra (ProteNova, 
Kagawa, Japan). 

2.5. Flow Cytometry 

Cells were harvested using 1 mM EDTA. Subsequently, cells were washed with 0.1% bovine 
serum albumin in phosphate-buffered saline (PBS) and treated with primary mAbs for 30 min at 4 
°C. Afterward, cells were treated with Alexa Fluor 488-conjugated anti-mouse IgG (1:1000), and 
fluorescence data were collected using the SA3800 Cell Analyzer (Sony Corp.). Expression of CDHs 
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in each CDHs-overexpressed CHO-K1 cells in Figure 4 was confirmed with specific antibodies, 1 
µg/mL of an anti-CDH1 mAb (clone Ca1Mab-5) for CHO/CDH1, 1 µg/mL of an anti-CDH3 mAb 
(clone MM0508-9V11, abcam) for CHO/CDH6, 0.5 µg/mL of an anti-CDH6 mAb (clone 427909, R&D 
Systems, Inc.) for CHO/CDH6, 1 µg/mL of an anti-CDH17 mAb (clone CDH17/2618, Novus 
Biologicals.) for CHO/CDH17, and 0.1 µg/mL of an anti-PA16 tag mAb (clone NZ-33) for 
CHO/CDH2, CHO/CDH4, CHO/CDH5, CHO/CDH7, CHO/CDH8, CHO/CDH9, CHO/CDH10, 
CHO/CDH11, CHO/CDH12, CHO/CDH13, CHO/CDH15, CHO/CDH16, CHO/CDH18, 
CHO/CDH19, CHO/CDH20, CHO/CDH22, CHO/CDH24, and CHO/CDH26, respectively. 

2.6. Determination of Dissociation Constant Values Using Flow Cytometry 

Cells were treated with serial dilutions of Ca13Mab-4 (50 to 0.003 µg/mL for CHO/CDH13, 100 to 
0.006 µg/mL for U87MG). The cells were stained with anti-mouse IgG (H+L)-Alexa Fluor 488 
conjugate (1:200 dilution). The dissociation constant (KD) values of Ca13Mab-4 were determined using 
GraphPad Prism 6 software (GraphPad Software, Inc., La Jolla, CA, USA). 

2.7. Western Blotting 

Cell lysates were boiled in sodium dodecyl sulfate (SDS) sample buffer (Nacalai Tesque, Inc.). 
Proteins (10 µg/lane) were electrophoresed on 5%–20% polyacrylamide gels (Wako Pure Chemical 
Corporation) and transferred onto polyvinylidene difluoride (PVDF) membranes (Merck KGaA). 
After blocking with 4% non-fat milk (Nacalai Tesque, Inc.), PVDF membranes were incubated with 1 
µg/mL of Ca13Mab-4, 0.1 µg/mL of an anti-PA16 tag mAb (clone NZ-33), and 1 µg/mL of an anti-IDH1 
mAb (clone RcMab-1), followed by incubation with horseradish peroxidase-conjugated anti-mouse 
IgG (1:2000; Agilent Technologies Inc.) or anti-rat IgG (1:10000; Merck KGaA). Chemiluminescence 
signals were developed using Pierce™ ECL Plus (Thermo Fisher Scientific, Inc.) and ImmunoStar LD 
(Wako Pure Chemical Corporation). The signals were imaged with a Sayaca-Imager (DRC Co. Ltd., 
Tokyo, Japan). 

2.8. Immunohistochemistry (IHC) Using Cell Blocks 

The CHO/CDH13 and CHO-K1 cell blocks were prepared using iPGell (Genostaff Co., Ltd., 
Tokyo, Japan). The sections were stained with 5 µg/mL of Ca13Mab-4 and 0.1 µg/mL of NZ-33 using 
BenchMark ULTRA PLUS with the ultraView Universal DAB Detection Kit (Roche Diagnostics, 
Indianapolis, IN, USA). 

3. Results 
3.1. Development of Anti-CDH13 mAbs Using the CBIS Method 

To develop anti-CDH13 mAbs, we employed the CBIS method using CDH13-overexpressed 
cells. Anti-CDH13 mAbs-producing hybridomas were screened by using flow cytometry (Figure 1). 
Two female BALB/cAJcl mice were intraperitoneally immunized with LN229/CDH13 (1 × 108 

cells/time/mouse) every week, a total of 5 times. Subsequently, mouse splenocytes and P3U1 mouse 
myeloma cells were fused by PEG1500 under warming conditions. The fused cells were seeded into 
96-well plates in HAT medium. After confirming hybridoma formation, flow cytometric screening 
was conducted to select CHO/CDH13-reactive and parental CHO-K1-nonreactive supernatants of 
hybridomas. We obtained some highly CHO/CDH13-reactive supernatants of hybridomas. We 
finally established the highly sensitive clone Ca13Mab-4 (mouse IgG1, kappa) by limiting dilution and 
additional analysis. 

3.2. Evaluation of Ca13Mab-4 Reactivity Using Flow Cytometry 

First, flow cytometric analysis was conducted using Ca13Mab-4 against CHO/CDH13 and 
parental CHO-K1 cells. Results indicated that Ca13Mab-4 recognized CHO/CDH13 dose-dependently 
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(Figure 2 upper). Ca13Mab-4 did not react with parental CHO-K1 cells even at 10 µg/mL (Figure 2, 
lower). Thus, Ca13Mab-4 can detect CDH13 specifically in flow cytometry. 

 
Figure 1. A schematic depiction of the CBIS method for the development of anti-CDH13 mAbs. Simplified 
steps for mAb development using the CBIS method. (A) LN229/CDH13 cells (1 × 108 cells per mouse per session) 
were intraperitoneally immunized into two female BALB/cAJcl mice. (B) Spleen cells from LN229/CDH13-
immunized mice were fused with P3U1 myeloma cells using PEG1500. (C) The culture supernatants of 
hybridomas were screened by flow cytometry with CHO-K1 and CHO/CDH13 to select CDH13-specific mAb-
producing hybridomas. (D) Single-cell cloning of hybridomas was performed by limiting dilution, followed by 
additional screening experiments. Ultimately, Ca13Mab-4 (mouse IgG1, kappa) was successfully established. 

 
Figure 2. Flow cytometric analysis of Ca13Mab-4. CHO/CDH13 and CHO-K1 cells were treated with 0.01–10 
µg/mL of Ca13Mab-4 (red line), followed by treatment with Alexa Fluor 488-conjugated anti-mouse IgG. 
Fluorescence data were collected using the SA3800 Cell Analyzer. Black line, control (no primary antibody 
treatment). 
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3.3. Evaluation of Anti-CDH13 mAbs Reactivity Against Endogenous CDH13 Using Flow Cytometry 

We conducted flow cytometric analysis using Ca13Mab-4 and a commercially available anti-
CDH13 mAb (392411) against U87MG, NCI-H2052, and KMST-6 cells. Results showed that both 
Ca13Mab-4 and 392411 recognized endogenous CDH13 in a dose-dependent manner (Figure 3). At 
concentrations of 10 µg/mL and 1 µg/mL of mAbs, Ca13Mab-4 showed almost the same reactivity as 
392411. At concentrations of 0.1 µg/mL and 0.01 µg/mL of mAbs, 392411 was more reactive than 
Ca13Mab-4. Ca13Mab-4 can recognize endogenously expressing CDH13 in flow cytometry. 

 

Figure 3. Flow cytometric analysis of anti-CDH13 mAbs against endogenous CDH13-expressing cells. U87MG 
(A), NCI-H2052 (B), and KMST-6 (C) cells were treated with 0.01–10 µg/mL of Ca13Mab-4 and 392411 (red line), 
followed by incubation with Alexa Fluor 488-conjugated anti-mouse or anti-rat IgG. Fluorescence data were 
collected using the SA3800 Cell Analyzer. Black line, control (no primary antibody treatment). 

3.4. Specificity of Ca13Mab-4 to CDHs-Overexpressed CHO-K1 Cells 

We have established other 22 cell lines of CDHs-overexpressed CHO-K1 cells classified into each 
clusters[47], including type I CDHs (CHO/CDH1, CHO/CDH2, CHO/CDH3, CHO/CDH4, and 
CHO/CDH15), type II CDHs (CHO/CDH5, CHO/CDH6, CHO/CDH7, CHO/CDH8, CHO/CDH9, 
CHO/CDH10, CHO/CDH11, CHO/CDH12, CHO/CDH18, CHO/CDH19, CHO/CDH20, 
CHO/CDH22, and CHO/CDH24), 7D cluster (CHO/CDH16 and CHO/CDH17) and other 
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(CHO/CDH26). CDH13 belongs to the “other” category. Using the 22 cell lines, the specificity of 
Ca13Mab-4 was analyzed. As shown in Figure 4, 5 µg/mL of Ca13Mab-4 potently recognized 
CHO/CDH13, but not other CDHs categorized as type I (7D, other [CHO/CDH26]) (Figure 4A) or 
type II (Figure 4B). Expression of CDHs in all cell lines was confirmed with corresponding antibodies 
(Supplemental Figure S1). As a result, it was confirmed that Ca13Mab-4 is a CDH13-specific antibody. 

 

Figure 4. Flow cytometry of Ca13Mab-4 in CDHs-expressed CHO-K1 cells. Cells overexpressing each of the 
nine CDHs (type I, 7D cluster, and other unaffiliated) (A) and thirteen CDHs (type II) (B) were treated with 
Ca13Mab-4 (5 µg/mL) (red line). The black line shows the cells treated with control-blocking buffer instead 
primary antibody. After incubation with primary antibody or control blocking buffer, anti-mouse IgG 
conjugated with Alexa Fluor 488 was applied. Fluorescence data were collected using the SA3800 Cell Analyzer. 
CHO/CDH13, which belongs to the �other� categories, was used as a positive control in experiments in A and B. 

3.5. Calculation of the Apparent Binding Affinity of Ca13Mab-4 Using Flow Cytometry 

The binding affinity of Ca13Mab-4 was assessed with CHO/CDH13 and U87MG using flow 
cytometry. The results indicated that the KD value of Ca13Mab-4 for CHO/CDH13 was 2.5 (± 0.6) x 10-

8 M (Figure 5A). The KD value of Ca13Mab-4 for U87MG glioma cell was 8.9 (± 2.1) x 10-9 M (Figure 
5B). These results demonstrate that Ca13Mab-4 possesses moderate to high affinity for cell-surface 
CDH13. 

3.6. Western Blot Analyses Using Ca13Mab-4 

We investigated whether Ca13Mab-4 can be used for western blot analysis by analyzing cell 
lysates. As shown in Figure 6, Ca13Mab-4 could detect CDH13 as the major band around 100 kDa in 
CHO/CDH13 cell lysates, while no band was detected in parental CHO-K1 cells. An anti-PA16 tag 
mAb (clone NZ-33) could detect a major band in CHO/CDH13 cell lysates at a position very similar 
to that of Ca13Mab-4. Furthermore, Ca13Mab-4 could detect endogenous CDH13 in U87MG glioma 
cell lysate (Figure 6). An anti-IDH1 mAb (clone RcMab-1) was used for internal control (Figure 6). 
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These results indicate that Ca13Mab-4 can detect CDH13 in CDH13-expressing cells in western blot 
analyses. 

 

Figure 5. Determination of the binding affinity of Ca13Mab-4. (A) CHO/CDH13 cells were suspended in 100 
µL of serially diluted Ca13Mab-4, ranging from 50 µg/mL to 0.003 µg/mL. (B) U87MG cells were suspended in 
100 µL of serially diluted Ca13Mab-4, from 100 µg/mL to 0.006 µg/mL. Then, cells were reacted with Alexa Fluor 
488-conjugated anti-mouse IgG (dilution ratio 1:200). Subsequently, the geometric mean fluorescence values 
were obtained using the SA3800 Cell Analyzer, and the KD was calculated with GraphPad PRISM 6 software. 

 

Figure 6. Western blot analysis using Ca13Mab-4. Cell lysates of CHO-K1, CHO/CDH13 (10 µg/lane) and 
U87MG (10 µg/lane) were electrophoresed and transferred onto PVDF membranes. The membranes were 
incubated with 1 µg/mL of Ca13Mab-4, 0.1 µg/mL of NZ-33, and 1 µg/mL of RcMab-1 and subsequently with 
horseradish peroxidase-conjugated anti-mouse or anti-rat immunoglobulins. 

3.7. Immunohistochemistry Using Ca13Mab-4 

To investigate whether Ca13Mab-4 can be used for immunohistochemistry (IHC), paraffin-
embedded sections of CHO-K1 and CHO/CDH13 were stained with Ca13Mab-4. Apparent staining 
by Ca13Mab-4 was observed in CHO/CDH13 (Figure 7, upper left). Ca13Mab-4 did not react with the 
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CHO-K1 section (Figure 7, lower left). NZ-33 was used to detect PA16-tagged CDH13 in 
CHO/CDH13 as a positive control. NZ-33 stained CHO/CDH13 (Figure 7 upper right), but not 
parental CHO-K1 cell sections (Figure 7 lower right). These results indicate that Ca13Mab-4 is suitable 
for IHC detection of CDH13-positive cells in paraffin-embedded tissue samples. 

 

Figure 7. Immunohistochemical staining of paraffin-embedded section of CHO/CDH13 and parental CHO-
K1. The sections of CHO/CDH13 and CHO-K1 cells were treated with 5 µg/mL of Ca13Mab-4 or 0.1 µg/mL of 
NZ-33. The staining was performed using BenchMark ULTRA PLUS with the ultraView DAB IHC Detection 
Kit. Scale bar = 100 µm. 

4. Discussion 

CDH13 is abundantly expressed in the heart and large arteries and localizes to the forming 
vascular plexus, coincident with active vascular sprouting during cardiovascular development [48]. 
Systolic blood pressure of CDH13 knockout mice was significantly elevated after physical training 
[49]. A common single-nucleotide polymorphism located upstream of the Cdh13 gene has been 
correlated with hypertension in a genome-wide association study [50]. Many reports have 
demonstrated the close relationship between CDH13 and the cardiovascular system. Similar to its 
role in normal vessels, CDH13 also contributes to tumor angiogenesis [51,52]. Tumor angiogenesis is 
vital to supply essential nutrients and oxygen to cancer cells, resulting in an aberrant tumor 
microenvironment. The overexpression of CDH13 in HMEC-1, human microvascular endothelial 
cells, leads to the formation of a vascular network within melanoma in a tumor spheroid model [53]. 
However, in CDH13 the CDH13-deficient MMTV-PyV-mT transgenic breast cancer model, CDH13 
deficiency suppresses mammary tumor vascularization and reduces tumor growth, but 
pathologically advanced and metastasize to the lung [35]. The loss of CDH13 reduces angiogenesis 
and weakens the function of adhesion factors, which is thought to increase lung metastasis. CDH13 
is not considered a monofunctional tumor suppressor, and further analysis is required. The 
developed Ca13Mab-4 can be applied to numerous experiments, such as flow cytometry (Figures 2–
5), western blot (Figure 6), and IHC (Figure 7), and will contribute to various analyses of cells and 
tissues enriched for CDH13 expression. 

CDH13 has been identified as a binding partner for adiponectin, hexamers and high-molecular-
weight multimers, [15] and low-density lipoproteins (LDL) [54]. LDL-CDH13 clusters induce 
intercellular calcium signaling from the endoplasmic reticulum.[55] Adiponectin exists in plasma at 
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a high circulating concentration and plays essential roles in tissue homeostasis, including regulation 
of glucose and lipid metabolism [56]. Disruption of AdipoRs results in increased tissue triglyceride 
content, inflammation, and oxidative stress, leading to insulin resistance and pronounced glucose 
intolerance [57]. In contrast, small molecule AdipoR agonist ameliorated diabetes of genetically obese 
rodent model db/db mice, and extended the shortened lifespan of high-fat diet-fed db/db mice [58]. 
Interestingly, the soluble form of CDH13 has been reported and plays a pivotal role in pancreatic β-
cell proliferation, leading to glucose metabolism via Notch signaling. CDH13-deficient mice exhibited 
impaired glucose disposal due to attenuated pancreatic β-cell proliferation under high-fat diet 
conditions [59]. Since CDH13 is a preferred binding partner of adiponectin, it may dramatically 
regulate glucose metabolism. Polymorphisms in CDH13 are associated with type 2 diabetes and 
circulating adiponectin levels [60]. 

Moreover, three forms of soluble CDH13, a 130 kDa form with prodomain, a 100 kDa mature 
form, and a 30 kDa prodomain form, have been observed in human serum [61]. The 130 kDa form of 
CDH13 with prodomain positively correlated with plasma adiponectin. Surprisingly, the 30 kDa 
prodomain form was most strongly associated with several clinical characteristics in patients with 
type 2 diabetes [61]. According to this report, the effects of different CDH13 forms in cancer may also 
need to be analyzed, as we detected two clear bands around 100 kDa to 130 kDa in western blot using 
U87MG glioma cells with Ca13Mab-4 (Figure 6B). Although a correlation between adiponectin and 
tumor grade of colorectal cancer patients has been reported [62], no evaluation has been conducted 
that focuses on the relationship between soluble CDH13 or different CDH13 forms and cancer to date. 
Ca13Mab-4 should be tested to determine whether it can capture these soluble CDH13 forms in 
colorectal cancer. Along with this evaluation, it is also essential to identify the epitope of Ca13Mab-4. 
We will determine the epitope of Ca13Mab-4 using cell-based tag-sequence insertion methods, such 
as PA scanning and the REMAP method [63,64]. 

Non-cancer-derived KMST-6 cells express CDH13 as shown in Figure 3C. CDH13 is widely 
known as a tumor suppressor, but it is also associated with some type of cancer malignancy [65]. We 
have previously established novel mAbs that recognize cancer-specific structure and modification of 
human epidermal growth factor receptor 2 and podoplanin [66,67]. In future studies, we intend to 
determine whether cancer-specific epitopes in CDH13 exist by further developing anti-CDH13 mAbs 
using the same strategy to help distinguish between the two aspects of CDH13 in cancer. It is expected 
that the development of CDH13 antibodies, including Ca13Mab-4, will contribute to elucidating the 
pathogenesis of various diseases, including cancer and neurological disorders. 
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