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Abstract: Claudins are a family of 27 proteins that have an important role in the formation of tight 
junctions. They also have an important function in ions exchange, cell mobility, and in in the 
epithelial-to-mesenchymal transition, the latter being very important in cancer invasion and 
metastasis. Therapeutic targeting of claudins has been investigated to improve cancer outcomes. 
Recent evidence shows improved outcomes when combining monoclonal antibodies against 
Claudin 18.2 with chemotherapy for patients with gastroesophageal junction cancer. Currently 
Chimeric antigen receptor T-cells targeting Claudin 18 are under investigation. In this review, we 
will discuss the major functions of claudins, their distribution in the normal as well as cancerous 
tissues, their effect in cancer metastasis, with a special focus on the therapeutic targeting of claudins 
for improving cancer outcomes. 
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1. Introduction 

Tight junctions (TJs) are the main intercellular junctions that act as permeability barriers and 
confer polarity to epithelial cells. Claudins (CLDN)s in turn are key proteins that make up the tight 
junction stands [1]. These TJs are important for the endothelial and epithelial barriers, which not only 
protect the internal organs, but also acts as a selective barrier between the body and the external 
environment [2]. CLDNs are a family of 27 proteins, functioning not only as a barrier to enforce the 
integrity of TJ complexes but also as a pore-forming channel to maintain the cell permeability [3].  

However, the molecular mechanisms and patterns of CLDNs expression in cancers are still 
unclear and need further investigation. Advanced research showed that CLDNs also regulate cell 
signal transduction, proliferation, dedifferentiation, and distant metastasis in cancer biology. 
Therefore, CLDNs have become a promising target in antineoplastic therapy.  

2. Tight Junctions and the Structure of the Claudins Proteins 

The neighboring cells in the epithelial sheets are connected by various types of cell-cell junction; 
which can be categorized as TJs, adherens junctions and desmosomes [4]. Overall, CLDNs constitute 
a highly related family of proteins, that share a structural topology of four transmembrane segments, 
a large extracellular loop containing a consensus sequence motif, a second shorter extracellular loop, 
an internal C-terminus, and a very short internal N-terminal region [5]. The two extracellular loops 
are crucial for the formation of paracellular barriers and pores for solutes and are thought to 
determine the permeability characteristics of TJs (Figure 1). CLDNs mostly have a similar structure 
especially in the membrane-spanning regions. The exceptions are CLDN16, which contains a 66 aa 
extension at the N-terminus, CLDN18, which has an extension in the second extracellular loop, and 
CLDN23 with a longer C-terminal tail. CLDNs 6 and 9 are the most similar, followed by CLDNs 3 
and 4, and CLDNs 1 and 7 [3,6]. 

CLDNs and their tightness and pore functions are highly dynamic, as indicated by the short 
half-life of, e.g., CLDN4 with about 4 h [7]. 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 January 2024                   doi:10.20944/preprints202401.1546.v1

©  2024 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202401.1546.v1
http://creativecommons.org/licenses/by/4.0/


 2 

 

 

Figure 1. a simplified diagram of the common structure of claudins with 4 transmembrane domains 
spanning over the thickness of the phospholipid bilayer, with 2 extracellular domains; a larger 1st 
domain and a smaller 2nd domain. 

3. Physiological Functions of Claudins 

The distinct tightness properties of a given tissue and a given claudin seem to be largely 
dependent on the combination of the claudins that are expressed and on the manner in which they 
copolymerize [8]. 

The different CLDNs exert different cellular functions, not only that they have a role in TJs, they 
also play a role in cations permeability via the formation of cation pores e.g., CLDNs 2, 7, 10, 15 and 
16 increase paracellular cation permeability,[9,10] while CLDNs 4, 5, 8, 11, 14, and 19 decrease the 
paracellular cation permeability [11–13]. 

The role of CLDNs in anions exchange has been more controversial, e.g., CLDN 7 knock down 
in some studies have been reported to decrease chloride permeation, while in other studies its 
overexpression was linked to the same outcome [14,15]. 

CLDNs are also found in cellular projections and have a role in cell mobility as shown in a study 
of CLDN-4, where knockdown of CLDN4 resulted in decreased cell migration. This was noted in the 
cultured normal and tumor cells [16]. this function is through the interaction of the CLDN’s second 
extracellular domain with the extracellular matrix.  

CLDNs also have a role in the epithelial-to-mesenchymal transition; one of the most important 
functions of CLDN proteins in disease progression [17]. 

4. Claudins Expression in Different Tissues 

Mammalian CLDNs are divided into classic and non-classic CLDNs. Classic CLDNs include 1–
10, 14, 15, 17, and 19. Non-classic CLDNs comprise 11–13, 16, 18, and 20–24. The non-classic CLDNs 
have a longer C-terminus [18]. 

Each CLDN protein has a different function and unique expression pattern based on the cell or 
tissue type resulting in tissue specific barrier characteristics [8]. For example, CLDN1 is expressed in 
brain, kidney, liver, testis, fetal lung alveolar epithelial (HFL) cells, bronchiolar epitheliums, and 
pancreatic ducts and exocrine glands [3]. CLDN3 is expressed in pancreatic ducts and exocrine glands 
[19]. CLDN3 is present in colorectal, thyroid, salivary gland, pancreas, prostate cancer, liver and 
kidney tissues [3]. CLDN4 is expressed in Breast, ovary, prostate, bladder, gastrointestinal mucosa, 
bile duct, HFL cells, type II alveolar epitheliums, bronchiolar epitheliums, and pancreatic ducts and 
exocrine glands [3]. CLDN5 is expressed in HFL cells, type II alveolar epitheliums, and vascular 
endothelial cells and has a role in the formation of the blood brain barrier [20]. CLDN10a is expressed 
in the renal tissue and had a role in anion channels formation [21]. CLDN18.2 is expressed in Gastric 
mucosal epithelial cells and has a role in regulating the formation of gastric mucosal barrier [22] and 
the permeability of H+ between the gastric mucosal epithelial cells [23].  
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5. Claudins Expression and Regulation in Cancer 

Downregulation of CLDN-1 and CLDN-7 was observed in breast, esophageal, and prostate 
cancers but upregulation of CLDN-1 has been reported in colon, nasopharyngeal, ovarian and oral 
squamous cell cancers [3,24–26]. Overexpression of CLDN-3 and CLDN-4 are reported in ovarian, 
breast, gastric, pancreatic, prostate, and uterine cancers [27,28].  

5.1. Genetic Alterations (Amplification) 

The expression of CLDNs is regulated at different levels. E.g., CLDN1 expression is inhibited at 
a protein and mRNA levels by overexpression of the Slug or Snail transcription factors. An inverse 
correlation in the levels of CLDN1 and Slug transcripts were observed in invasive breast cancer [29]. 
CLDN1 expression was also suppressed by the transcription factor RUNX3 which is a tumor 
suppressor in gastric cancer [30].  

5.2. Epigenetic Modifications 

DNA methylation has been shown to alter the expression of CLDNs. DNA promoter 
hypermethylation is associated with downregulation of CLDN1 and CLDN7 in breast cancer, and 
CLDN11 in gastric cancer cells [31].  

In addition, loss of repressive histone methylations, including H3K27me3 and H4K20me3, is also 
associated with the overexpression of CLDN3 and CLDN4 in ovarian cancer [32]. 

Decreased CLDN2 levels have been reported with the use of azacitidine, a DNA methylation 
inhibitor, and trichostatin A, and sodium butyrate, histone deacetylase (HDAC) inhibitors, giving 
these chemicals the potential to have an anti-cancer effect [33]. CLDN1 expression was also shown to 
be regulated through the modulation of mRNA stability in colon cancer cells in a HDAC dependent 
mechanism [34].  

6. Role of Claudins in Cancer 

6.1. Tumor Suppressor Effect 

TJ proteins are believed to work as tumor suppressor because they are the hallmark of epithelial 
cells and their expression decrease in parallel with progression of cancer [35]. In vitro and vivo 
studies of pancreatic cancer showed that overexpression of CLDN4 enhanced the cell-to-cell adhesion 
and prevented cancer cells from invasion and distant metastasis via the transforming growth factor 
beta and Ras/Raf/extracellular signal-regulated kinase pathways [36]. 

Genetic analysis from human breast tumor cells showed that a significant number of triple 
negative breast cancer (TNBC) tumors have low expression of CLDNs genes (i.e., CLDN3, -4, -7, and 
E-cadherin) [37]. Phenotypically, they behave like mammary stem cells or epithelial precursor cells 
[38] and have a poor prognosis [39] associated with early onset of cancer, high histology grade, large 
tumor size, lymphocytic infiltration, and low local recurrence rate [40]. Further study in vivo mice 
models demonstrated that activation of the RAS system in the luminal epithelial cells could be the 
origin for development of basal-like, CLDN low mammary breast cancer [41].  

A recent study showed that CLDN6 was found to have an inhibitory function in breast cancer 
metastasis by upregulating the WIP expression then the WIP regulates the actin cytoskeleton 
autophagy pathways in vivo and vitro studies. This finding could explain why low levels of CLDN6 
expression were found in metastasis breast cancer [42]. 

CLDN7 is also reported as tumor suppressor protein in colorectal cancer. CLDN7 knockout mice 
model and colorectal cell lines showed significant tumor growth, tumor cells migration and inhibition 
in apoptosis via SOX-9 mediated Wnt/β-catenin signaling pathway [43]. Moreover, CLDN7 was 
shown to have a similar tumor inhibitory effect in oral squamous cell carcinoma [44].  

Another in vitro study investigated the role of CLDN17 in head and neck cancer cells and 
CLDN17 gene expression profiles in oral cancer tissues were analyzed. There was an association with 
lower CLDN17 expression and higher tumor staging, poorer tumor histological grading and worse 
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clinical prognosis [45]. Therefore, CLDN17 was believed to have a tumor suppressor effect in oral 
cancer by inhibiting epithelial-mesenchymal transformation, the tumor invasion and migration. 

6.2. Tumor Promoter Effect 

Although CLDNs are believed to function as tumor suppressors due to their sealing effect at TJs, 
they are also found to have oncogenic properties such as cell growth, proliferation, invasion, 
migration and metastasis. Recent study showed that CLDNs 3 and 4 are highly expressed in ovarian 
cancer cell-lines which increased cell survival and promoted the cancer metastasis by enhancing 
matrix metalloproteinase-2 (MMP-2) activity [46]. CLDN4 is also a tumor promoter gene in urothelial 
bladder cancer. Hypomethylation of CLDN4 promoter region was associated with cancer metastasis 
and hypermethylation of CLDN4 would be a new potential targeted therapy for bladder cancer [47]. 

Similarly, CLDN1 promotes oral squamous carcinoma cell invasion by activating membrane 
type MMP (MT1-MMP) and MMP-2 [48]. In human colorectal cancer there is an increase in CLDN 2 
expression, indicating a potential role in the pathogenesis of colorectal cancer [1].This was again 
noted by Wei et al. who demonstrated that, in colorectal cancer, CLDN2 is upregulated and is 
associated with poor prognosis. CLDN2 suppression promoted N-myc downstream regulated gene 
1 (NDRG1) transcription which prohibited the tumor progression and metastasis in vitro and in vivo 
models [49].  

Moreover, antibodies which block the CLDN18, could reduce the cell proliferation in bile duct 
carcinoma and tumor promoter effects of CLDN18 went through epidermal growth factor, RAS, and 
extracellular signal-related kinase (ERK) 1/2 pathways in vitro studies [50].  

CLDN6 is an oncofetal antigen that is typically silent in normal tissues, but reactivated in 
germline tumors like testicular, ovarian, and uterine cancer. This implies or suggests that CLDN6 
may have a potential as a diagnostic marker or even a therapeutic target in these cancer types [1]. The 
similar tumor promoter effect of CLDN6 was demonstrated in human hepatocellular carcinoma 
(hHCC). High expression of CLDN6 was associated with tumor’s differentiation of hHCC according 
to the cancer genome atlas (TCGA) database. In vitro study, silencing of CLDN6 gene resulted in 
decreased tumor proliferation, migration and invasion with upregulated E-cadherin and down 
regulated N-cadherin and Vimentin [51].  

6.3. Tumor Markers 

Transmembrane types of CLDN proteins are highly expressed in precancerous and cancerous 
cells in certain types of cancers, and they have shown a potential as tumor markers.  

CLDN1 is shown to have an inhibitory effect on cancer metastasis in lung adenocarcinoma as 
the upregulation of CLDN1 suppressed ERK1/2 signaling pathway. Moreover, CLDN1 also enhances 
the efficacy of chemotherapy so CLDN1 is not only a potential prognosis marker but also the 
predictive marker for chemotherapy benefits in metastatic cancer [52].  

In the immunohistochemistry study of CLDN4 in pleural and peritoneal fluid or tissue biopsies, 
the CLDN4 stain was strongly positive in primary carcinoma and metastatic lesions but not in 
mesothelioma [53]. CLDN4 can be used as a tumor marker to differentiate neoplastic metastases 
versus mesothelioma. The sensitivity and specificity of CLDN4 was evaluated by 
immunocytochemistry in cell blocks which including non-conclusive encompassing atypia of 
undetermined significance (AUS), suspicious for malignancy (SFM) and benign cases. Interestingly, 
CLDN4 is positive for 100% of adenocarcinoma cases and negative for 100% of mesothelial and 
mesothelioma effusions. Overall, sensitivity, specificity, positive predictive and negative predictive 
values for CLDN4 in metastatic adenocarcinoma are 85%, 100%, 100%, 75% respectively [54].  

In addition, a recent study proved that CLDN15 can be used as a novel tumor marker for 
malignant pleural mesotheliomas [55]. Further studies of lung biopsy tissue, showed that the 
adenocarcinoma tumor has the highest staining of CLDN4 and atypical adenomatous hyperplasia 
cells have higher scores compared to the normal alveolar epithelium which indicates that CLDN4 is 
involved in the early tumorigenesis process [56].  
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In gastrointestinal cancer, membrane bound CLDN7 and CLDN18 were proved as a reliable 
immunohistochemical markers to diagnosis pancreatic ductal neoplasia [57] and CLDN18 has high 
sensitivity and specificity to diagnose biliary tract adenocarcinoma or intraepithelial neoplasia [58]. 
CLDN3, CLDN7 and CLDN1 are highly expressed in colorectal adenocarcinoma and CLDN4 staining 
were strong in colorectal and pancreatic cancer tissue samples [59].  

CLDN6 is expressed at elevated levels in multiple human cancers including ovarian and 
endometrial malignancies, with little or no detectable expression in normal adult tissue. This 
expression profile makes CLDN6 an ideal target for development of a potential therapeutic antibody-
drug conjugate (ADC)[60].  

6.4. Role of Claudins in Cancer Metastasis 

According to the epithelial-mesenchymal transition (EMT) hypothesis, the epithelial cell 
transforms to mesenchymal cells by losing epithelial cell marker (e.g., E-Cadherin) and by gaining 
mesenchymal cell marker (e.g., N-cadherin) this allows the epithelial cells to acquire mesenchymal 
characteristics such as increased migration rate. This phenomenon is one of the established 
phenomena of cancer progression [36]. This depends on the CLDN and the type of cancer; high 
expression of CLDN1 in colorectal cancer, HCC, and lung cancer might enhance cancer cell 
aggressiveness through promotion of EMT [18]. Nevertheless, CLDN3 could inhibit EMT in HCC 
[61] and lung cancer [62]. CLDN6 promotes EMT in gastric cancer [63] while its downregulation in 
breast cancer promoted cancer invasiveness and progression [64]. 

In colon cancer, nuclear localization of CLDN1 was noted frequently, and manipulation of 
CLDN1 expression significantly affected the EMT marker changes and distant metastasis in vitro and 
vivo studies.[65] CLDN1 expression in hepatocellular carcinoma (HCC) promote EMT via the c-
Abl/Raf/Ras/ERK signaling pathway.[66] Therefore, the CLDN-1 targeted therapy would be a novel 
antineoplastic therapy in future. 

In vitro study of melanoma cells showed that cytoplasmic CLDN-1 promoted metastatic ability 
and it can be blocked by regulating phosphorylation pathway via protein kinase activity.[67] Similar 
finding was reported in the follicular thyroid carcinoma cell lines in which tumor invasion and 
migration were promoted by CLDN-1 localized in the nucleus [68]. 

6.5. Claudins and Chemoresistant Tumor 

CLDNs have overall EMT, tumor invasion and tumor stemness capacities which are 
fundamental factors to develop chemoresistance in cancer. CLDN6 is known as a marker for 
pluripotent stem cells because it is highly expressed in undifferentiated cells but not in normal tissue 
[69]. In the TNBC cell line, CLDN6 promotes adriamycin resistant cancer clones via afadin (AF-
6)/ERKs pathway [70]. CLDN6 also became an interesting target for cancer therapy and CLDN-6 
targeting chimeric antigen receptor (CAR)-T cell therapy has positive outcomes in vitro and mice 
models [71,72]. 

Suppression of CLDN3 in non-small cell lung cancer decreased cancer stemness and improved 
the chemosensitivity [73]. CLDN1 causes chemoresistance in CRC via upregulating of ephrin type-A 
receptor 2 (EPHA2) tyrosine kinase which enhances downstream AKT signaling pathway and CD44 
expression which promotes cancer stemness and chemoresistance [74]. It causes 5-FU resistance in 
colon cancer cell lines [75], cisplatin resistance [76] or doxorubicin resistance [77] in lung cancer and 
drug resistance in liver cancer. On the other hand, CLDN18 regulates cancer stem cells in lung cancer 
and CLDN2 promote self-proliferation of colorectal cancer cells [78,79]. CLDN3 and CLDN4 also 
regulate the cisplatin sensitivity in ovarian cancer cells via copper transporter (CTR1) [80]. 
Interestingly, CLDN7 enhance cisplatin sensitivity in lung cancer cells via caspase pathway [81]. 
Therefore, CLDNs induce not only tumorigenesis but also treatment resistance in cancer cells. 
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7. Investigational Role of CLDNs in Early Detection of Cancer 

In a study of radiolabeled anti-CLDN4 monoclonal antibodies, connected to 125I, when injected 
into mice with severe combined immunodeficiency (SCID) bearing the PNAC-1 xenografts, the 
highest uptake was noted in the liver (4.5%) followed by the PANC-1 tumors (4%) and the spleen 
(3.5%). Similarly, increased uptake primarily in the tumor was seen in SCID mice bearing Colo357 
cell xenograft tumors (originating from pancreatic carcinoma).  

When examined with SPECT-CT, SCID mice bearing L3.6PL cell pancreatic cancer xenografts (a 
highly metastatic and aggressive subclone of Colo357 cells), the highest uptake was seen in the tumor 
tissue, liver and spleen, with the tumor uptake being 2.5 times that of the spleen and 2 times that of 
the liver. The investigators, however, concluded that 125I-labeled anti-CLDN4 antibody can be used 
for SPECT-CT to detect pancreatic cancer, however, due to the low-energy gamma photon emission, 
this could only be used for imaging of small animals, with a sensitive gamma camera [82].  

On the other hand, a meta-analysis of the use of CLDN-3 for evaluation of prostate cancer, 
showed that CLDN3 is indeed one of the strongest 2 markers overexpressed in cancer, when 
compared to prostate specific antigen. However, it was deemed not superior to PSMA scan because 
its expression is not drastically different in normal and cancerous tissues [83] 

8. Therapeutic Targeting of Claudins 

An effective cancer therapy molecule should meet two criteria: first, restricted expression in 
specific tissues to avoid side effects, and second, positive expression with exposed epitopes in 
cancerous tissues for targeted treatment. CLDNs have been identified as meeting both criteria, which 
make them promising targets for cancer therapy [84]. 

CLDNs, typically located within the TJ complex in normal tissues, are known to become more 
accessible in malignant tissues due to extra junctional mislocalization. This is a unique expression 
profile that makes CLDNs theoretical attractive targets for selective drug delivery with minimal 
adverse effects. Several approaches, such as Clostridium perfringens enterotoxins (CPE), monoclonal 
antibodies (mAbs), C-CPE, mAb-drug conjugates, bispecific T cell engagers (BiTEs), and chimeric 
antigen receptor (CAR) T cells, continued to be explored for targeting CLDNs in cancer patients. 
Ongoing phase I to phase III clinical studies indicate the potential significance of CLDNs-targeted 
agents [84].  

8.1. Monoclonal Antibodies (mAbs) 

The clinical success in the usage of CLDNs as targets was demonstrated in the prevention and 
cure of Hep. C virus in 2005 by Hofner et al. who subsequently started exploring CLDNs as targets 
for antibody-based cancer therapies [84]. Suzuki et al. succeded in generating a mAb (KM3900 
(IgG2a)) that targets CLDN4. KM3900 was found to bind to CLDN4 on pancreatic and ovarian cancer 
cells but not normal cells causing dose-dependent antibody-dependent cellular cytotoxicity (ADCC) 
and complement-dependent cytotoxicity (CDC) in vitro, as well as in-vivo tumor growth inhibition 
in mice models [85]. 

Zolbetuximab (IMAB362, Claudiximab) is a chimeric IgG1 antibody, highly specific for 
CLDN18.2. Its binding to CLDN18.2 induced also ADCC and CDC. When combined with 
chemotherapy, zolbetuximab enhances T-cell infiltration and induce pro-inflammatory cytokines 
[86]. Its safety was investigated in the phase I/II trial [87]. (Table 1). 

Zolbetuximab combined with Interleukin-2 and zoledronic acid was investigated in patients 
with gastroesphageal junction (GEJ) cancer that failed multiple lines of therapy, 11 out of 20 patients 
had disease control [88]. 

In the SPOTLIGHT randomized, double blind, placebo controlled, phase III trial, zolbetuximab 
combined with mFOLFOX6 was investigated as a first line treatment for HER2 negative, CLDN18.2 
positive, locally advanced unresectable or metastatic GEJ adenocarcinoma. The study showed a 
significantly improved overall survival being 18.23 months compared to 15.53 months. The results of 
SPOTLIGHT are promising, as they support Zolbetuximab-based therapy for patients with high 
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expression of CLDN18.2 biomarker. The most common treatment adverse events were nausea, 
vomiting and decreased appetite, which are consistent with previous phase 1 and phase 2 studies. 
This is encouraging as there are no new safety warnings to take into consideration. This study 
demonstrated clinically significant benefits for patients with CLDN 18.2 positive, HER-2 negative 
disease and most likely Zolbetuzimab is going to be considered as a first-line treatment option in 
combination with chemotherapy [89].  

Monoclonal antibodies targeting CLDNs, particularly CLDN1 and CLDN4 hold promise as 
therapeutic agents in the treatment of various cancers, with potential synergistic effects when 
combined with known anti-cancer agents like 5-fluorouracil and anti-EGFR antibodies. Additionally, 
antibody drug conjugates have shown promise in inhibiting tumor growth and metastasis in specific 
cancer types for example pancreatic and gastric tumors [84]. 

8.2. Clostridium Perfringens Enterotoxins (CPE) 

Clostridium perfringens enterotoxins (CPE) and its C-terminus domain recognizes specific 
amino acid sequences in the extracellular loops of CLDNs 4, and 3. This recognition leads to the 
disruption of tight junctions and perforation of the plasma membrane, which ultimately causes cell 
death. This cytotoxic effect has been observed in various cancer types, for example non-small cell 
lung cancer, prostate cancer, gastric and ovarian cancer. The impairment of tight junctions by CPE 
disrupts tumor microenvironment barrier, this enhances drug delivery to cancer cells, making them 
more susceptible to anti-cancer drugs and even suppressing metastasis. Conjugation of CPE and anti-
cancer drugs turns into a carrier for targeted delivery to cancer cells expressing CLDN4. However, 
the clinical use of CPE may be limited by immunogenicity and potential toxicity, similar to how 
clostridium perfringens causes mucosal epithelial damage, food poisoning and even CPE induced 
shock [90]. 

8.3. Chimeric Antigen Receptor T-Cell (CAR-T) Cell Therapy 

CAR-T cell therapy has been effective in treating B cell malignancies but faces challenges in solid 
tumors. Although it has shown promise in targeting CLDNs expressed on solid tumor cells as 
demonstrated in preclinical models with engineered CAR-T cells with high specificity for CLDN6 
and CLDN18.2. For example, the development of CARvac, an RNA vaccine that enhances CAR-T cell 
engraftment, is a novel strategy to improve effectiveness of CAR-T therapy. Another alternative 
includes BiTES, a method to target CLDN18.2, potentially enhancing the immune response against 
cancer cells. Ongoing phase I clinical trials recruiting patients with advanced tumors positive for 
CLDN18.2 suggests active research and a promising avenue for treating solid tumors [1,84]. 

Currently phase I clinical trial are undergoing to investigate CLDN18.2 targeted CAR-T in 
patients with unresectable, locally advanced, or metastatic gastric, GEJ, esophageal, or pancreatic 
adenocarcinoma (NCT05539430) [91].  

8.4. Calcium and Vitamin D Supplementation 

In a large multicenter randomized. Placebo-controlled, partial 2x2 factorial chemoprevention 
clinical trial, testing the efficacy of calcium and vitamin D supplementation on rectal adenocarcinoma 
recurrence, after supplementation for 3-5 years, patients with removed colorectal adenomas did not 
have a significantly lower risk of rectal adenomas [92]. Despite of those findings, subjects from that 
study were selected to participate in an adjunct trial, where they were randomized to 4 treatment 
groups: 1,200 mg/d calcium supplementation, 1,000 IU/d vitamin D3 supplementation, combination 
of both, and placebo. Then biopsies from the normal mucosa were collected at baseline, and year 1 of 
follow up to examine the expression of the tight junctions’ proteins. It was noted that CLDN1, 
occludins and mucin-12 expression increased by 14% (P=0.17), 23% (P=0.11), and 22% (P=0.07) in the 
calcium group compared to the no calcium group [93]. A finding that raises the question about the 
clinical potential for calcium and vitamin D supplementation in colorectal carcinogenesis, and 
metastasis. 
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Table 1. Clinical trials targeting various Claudins. 

 
Clinical trial ID Phase  Drug  Target  Cancer  Results  

NCT03874897 [94]. I 
CLDN18.2 

CAR-T 
CLDN18.2 

Previously treated 
Gastrointestinal 

cancer  

ORR 48.6% 
DCR 73.0% 

FAST trial  
NCT01630083 [95]. 

II.  

epirubicin + 
oxaliplatin + 
capecitabine 

(EOC)+ 
Zolbetuximab 

Vs EOC + 
Placebo 

CLDN18.2 
G/GEJ and 
esophageal 

adenocarcinomas 
DCR 76.2%  

SPOTLIGHT trial  
NCT03504397 [89]. 

III 

mFOLFOX6 + 
Zolbetuximab 
Vs mFOLFOX6 

+ placebo  

CLDN18.2 

Locally advanced 
or metastatic HER-
2 negative G/GEJ 
adenocarcinoma 

PFS 10.61 Vs 
8.67 months 

in Rx Vs 
placebo 
group.  

HR 0·75, 
p=0·0066 

GLOW trial  
NCT03653507 [96]. 

III 

CAPOX + 
Zolbetuximab 
Vs CAPOX + 

placebo 
 

CLDN18.2 

Locally advanced 
or metastatic HER-
2 negative G/GEJ 
adenocarcinoma 

PFS 8.21 Vs 
6.80 months 

in Rx Vs 
placebo 
group.  

HR 0.687, 
p=0·0007 

MONO trial 
NCT01197885 [97]. 

IIa 
zolbetuximab 

as a single 
agent 

CLDN18.2 

Advanced relapsed 
or refractory G/GEJ 

or esophageal 
adenocarcinomas 

PR= 9% 

Lordick et al., 
NCT01671774 [98]. 

I 

zolbetuximab 
alone or in 

combination 
with ZA or 

with ZA plus 
IL-2 

CLDN18.2 

Relapsed or 
refractory G/GEJ or 

esophageal 
adenocarcinomas 

PFS 37.3 
weeks with 

zolbetuximab 
aloneVs 7.1 to 
12.7 weeks in 

other Rx 
arms.  

OS 60.9 
Weeks in 

Zolbetuximab 
+ ZA + IL-2 

arm, 
numerically 
higher than 
other arms.  

ILUSTRO trial. [99] II  

Zolbetuximab 
monotherapy 

(in ≥ third line) 
Vs 

Zolbetuximab + 
mFOLFOX6 (in 

CLDN18.2 
Advanced 

/metastatic G/GEJ 
adenocarcinoma 

ORR 71.4% in 
Zolbetuximab 
+ mFOLFOX 

group, but )% 
in the other 2 

cohorts. 
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first line) Vs 
Zolbetuximab + 
Pembrolizumab
(in ≥ third line) 

McDermott et al. 
[100]. 

Preclinical 
trial 

Humanized 
anti-CLDN6 
monoclonal 

antibody 
coupled to 

monomethyl 
auristatin E 

(MMAE) via a 
cleavable linker 

CLDN6 

CLDN6-high 
expressing cell line 

and xenograft 
models 

 

BNT211-01 trial 
NCT04503278 [101]. 

I/II 

(CAR) T with 
or without a 
CAR-T cell-
amplifying 

RNA vaccine 
(CARVac) 

CLDN6 
Relapsed/refractory 

CLDN6-positive 
solid tumors 

Unconfirmed 
ORR 33%  

(57% 
inpatient 

with germ 
cell tumors) 

Adra et al. 
NCT03760081 [102]. 

II 

ASP1650: a 
chimeric-

mouse/human-
IgG1 antibody 

CLDN6 

Testicular germ cell 
tumors with 

average 3 prior 
lines of therapy 

The study 
was stopped 
at the end of 

Simon Stage-I 
due to lack of 

efficacy 
ORR: overall response rate; DCR: disease control rate; G/GEJ: Gastric/Gastro-esophageal junction; 

PFS: progression free survival; FOLFOX: 5-fluorouracil + folic acid + oxaliplatin; CAPOX: 
capecitabine + oxaliplatin; PR: partial response; ZA: zoledronic acid;  

9. Conclusions 

CLDNs are important key proteins of the tight junctions, which have an important role in 
epithelial cell polarity and the formation of the permeability barriers. There are 27 subtypes of CLDNs 
proteins, that have a differential presentation in the different tissues, to assist in their variable 
functions. The formation of TJs have always been examined as a barrier for cancer formation and 
metastasis.  

In addition, mutation of some CLDNs has been causally associated with human diseases, and 
CLDNs have been found to be deregulated in various cancers. Depending on the type of the CLDN, 
they have been found to have tumor suppressor, or tumor promoter effects. They also have a role in 
cancer metastasis as well development of cancer chemoresistance.  

Due to their restricted expression in tissues but positive expression with exposed epitopes in 
cancerous tissues, CLDNs have been studies as a therapeutic target for cancer treatment; with the 
most robust data derived from clinical trials being for targeting CLDN18.2 in gastric and 
gastroesophageal cancer. The monoclonal antibody Zolbetuximab, have been shown to improve the 
ORR in phase 3 trials when combined with chemotherapy. Other therapeutic strategies include 
targeting CLDN18.2 with CAR-T cellular therapy. Another CLDN investigated as a therapeutic target 
for cancer is CLDN6. Data available from phase I/II trial have not shown much improvement when 
targeting CLDN6 with monoclonal antibodies, nor with CAR-T. This is, however, a great area for 
future research and developmental therapeutics. 
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