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1 Introduction 

Certain members of the highly conserved chloride channel regulator, calcium-activated (CLCA) 

family have been considered to modulate mucus-based inflammatory conditions of the 

respiratory tract, such as asthma, chronic obstructive pulmonary disease (COPD) or cystic 

fibrosis (CF, also termed mucoviscidosis). This potential modulatory function pertains 

particularly to CLCA1, the most intensively investigated family member to date. The CLCA1 

protein is highly expressed in these respiratory diseases and has been discussed as a 

therapeutic target. 

Previous work has mainly focused on human, murine, and, to a lesser extent, porcine CLCA 

members. It not only revealed certain similarities in the gene locus organization and expression 

pattern – particularly of CLCA1 – but also distinct species-specific differences in numbers, 

expression patterns or functions of other CLCA orthologs. Furthermore, based on mouse 

models, putative redundancies or compensatory effects of homologous CLCA members have 

been hypothesized. Therefore, the interspecies diversity must be carefully considered 

regarding the translation of results from one species to another.  

The CLCA family has been systematically characterized in humans, mice, and pigs. Mucus-

based diseases such as asthma, COPD or CF either occur naturally in these mammals or may 

be experimentally induced in animal species to model the respective human disease. 

Nevertheless, asthma is a highly relevant and naturally occurring condition also in cats with 

many parallels to the human disease. The feline CLCA family is, however, unknown to date. 

Hence, this study aimed at characterizing the expression profile of the CLCA family in healthy 

cats for the first time. It particularly focused on the airways regarding a potential role of CLCA1 

in feline asthma.  

1.1 CLCA History and Nomenclature 

The first two members of the CLCA family were discovered simultaneously and independently 

by two working groups in 1991 (Ran and Benos 1991; Zhu et al. 1991). The first founding 

member, which was isolated from bovine apical tracheal membranes, mediated calcium-

dependent chloride currents in vitro (Ran and Benos 1991; 1992) and was, hence, termed 

bovine tracheal calcium-activated chloride channel (CaCC) (Cunningham et al. 1995). The 

second founding member was discovered in bovine endothelial cells of distinct pulmonary 

blood vessels, which was shown to promote selective attachment of lung-metastatic melanoma 

cells in vitro and in vivo (Zhu et al. 1991). It was therefore termed bovine lung endothelial cell 

adhesion molecule-1 (Lu-ECAM-1) (Zhu et al. 1991). The nucleotide and amino acid (aa) 
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3 Concluding Discussion 

Members of the CLCA family have been systematically characterized in various species, 

particularly in humans and mice, but also in pigs and horses, in which species-specific 

homologies but also differences in ortholog numbers, expression patterns, and potential 

functions have been discovered. Particularly the respective CLCA1 orthologs have been 

shown to be differentially regulated in respiratory diseases such as in human and equine 

asthma.  

Since asthma is a significant and naturally occurring condition also in cats with many parallels 

to the human disease, this study aimed at characterizing the CLCA family in the cat for the first 

time with particular focus on the feline respiratory tract and CLCA1 expression regarding a 

potential role in feline asthma. More specifically, gene and protein structure, expression pattern 

in feline tissues and comparative analysis of CLCA expression in the respiratory tract of healthy 

and asthmatic cats were carried out. 

3.1 Comparative Interspecies Analysis of Feline CLCAs 

3.1.1 Comparative Genomic Organization 
The CLCA family members are located on one single locus in preserved order (Patel et al. 

2009) and grouped into four different clusters based on homology (Plog et al. 2009). Of these, 

clusters 1 and 2 seem to be highly conserved in every species with only one single and 

apparently functional member each, CLCA1 and -2, respectively (Patel et al. 2009). Also in the 

cat, the Clca1 and -2 genes appear to be present as one single intact copy as investigated by 

clustal analyses (see 2.1, 2.3, and Supplemental Material S1 and S2).  

In contrast, the number of CLCA members differs species-specifically in clusters 3 and 4, of 

which cluster 3 shows the highest interspecies diversity. It consists of either (1) multiple 

homologs due to gene duplications, such as in mice in which two subsequent duplication 

events led to the presence of three closely related and apparently functional homologs (Patel 

et al. 2009), (2) gene silencing, leading to pseudogene formation in humans and pigs (Gruber 

and Pauli 1999; Plog et al. 2009) by two distinct, also species-specific mechanisms (see 2.1) 

or (3) one single functional gene with several canonical elements of other CLCA proteins, such 

as in the horse (see 2.1). Interestingly, this study showed that the cat also exhibits a single 

and fully functional gene, CLCA3, in this cluster (see 2.1, 2.3, and Supplemental Material S3). 

It is therefore likely that feline CLCA3 may represent the archetype of this gene, while it is 

silenced or duplicated in other species.  
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