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The homeostasis of cell volume, which is essential for the survival of all mammalian cells, requires the dynamically
regulated transport of ions across the plasmalemma. While the individual “effector” molecules involved in cell volume
regulation such as ion channels (e.g., VRACs) and transporters (e.g., the NKCC1 and KCC2 cation-Cl- cotransporters
(CCCs) are well established, the “sensor” and “transducer” molecules that coordinate their activities remain poorly
characterized. Dysregulation or failure of cell volume homeostasis occurs in numerous clinical contexts, with cerebral
edema (i.e., “brain swelling”) — as occurs after stroke or trauma — being a quintessential example. In the review, we
summarise previous work and recent advances that attest to cation chloride cotransporters’s growing potential as a
therapeutic target for Cardiovascular diseases (CVDSs).
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| 1. Introduction

Cardiovascular diseases (CVDs) are the leading cause of mortality globally. It has been estimated that countries in the
European region alone spent GBP 80 billion on health care costs related to CvDsWIE CvDs are a group of health
complications that affect the heart and circulation, including coronary heart disease, heart attack, stroke, heart failure,
arrhythmia, and more. Coronary heart disease (CHD) is mainly caused by reduced or blockage of blood flow to the heart
and can lead to heart attacks (blocked blood flow to the heart) and heart failure (failure of the heart to pump blood). CHD
could also cause heart valve problems and abnormal rhythms (arrhythmias). A stroke occurs due to blockages of blood
flow to the brain. Risk factors associated with CVDs include hypertension, diabetes, atherosclerosis, smoking, obesity and
high cholesterol. Among the risk factors, hypertension and atherosclerosis are the main underlying causes of CVD. The
renal system plays a critical role in blood pressure homeostasis. Water retention in the kidney, due to increased sodium
reabsorption, causes extracellular fluid (ECF) volume expansion &l The volume expansion contributes to the elevation of
preload which contributes to the increase in blood pressure. Hypertension could also lead to atherosclerosis.
Atherosclerosis is the process of hardening and narrowing of the blood vessels. Vascular proliferation is one of the
contributing factors to the pathophysiology of atherosclerosis. Vascular proliferation is the phenotypic changes of the
vascular smooth muscle cells (VSMCs), the most numerous cell type in the blood vessel, characterized by the reversible
transition from a quiescent contractile state to a synthetic migratory phenotypel2. Although there are preventive measures
to reduce the burden of CVDs, atherosclerosis is common in people over the age of 65 and 1.3 billion people worldwide
are estimated to be hypertensivell&El. Thus current research aims are to discover novel targets for the treatment of
CVDs. Our recent research developed a molecular compound termed ZT-1a for the treatment of stroke, by modulating the
activities of cation chloride cotransporters (CCC)E. In the review, the focus is to summarise previous work and recent
advances that attest to CCC's growing potential as a therapeutic target for CVDs.

| 2. Cation Chloride Cotransporter
2.1 Evaluation of the Cation Chloride Cotransporter Family

Comprehensive phylogenetic analysis by Hartmann et al. revealed the existence of a single ancestral cation chloride
cotransporter (CCC) gene in the Archean, Methanosarcina acetivorans!Z . The ancestral gene appears to be the base of
numerous duplication events which led to paralogous CCC subfamilies in Archean and eukaryotes. These subfamilies
consist of sodium chloride cotransporter (NCC), sodium potassium chloride cotransporters (NKCCs, NKCC1 and NKCC2;
with NCC collectively referred to as N[K]CCs), potassium chloride cotransporters (KCCs, KCC1-4), polyamine transporter
(CCC9) and CCcC-interacting protein (CIP1). NCC and NKCCs use Na* in their stoichiometric translocation of CI,



whereas KCCs using K*. CIP1 have been shown to inhibit NKCC1 activityl® and enhance KCC2 €][9] activity in cultured
cells. CCC9 remains unclassified. CCCs provide electroneutral transport of sodium, potassium and chloride across the
plasma membrane; with an exception of NCC, all CCCs are inhibited by several structurally similar compounds, such as
bumetanide and furosemide (Table 1). It is important to note that KCCs are only weakly inhibited by these compounds.
Further gene-loss events resulted in the complex distribution of CCCs across the taxa.

Gene duplication within the CCC subfamilies of vertebrates resulted in subfunctionalizationlZ. This process created a
number of isoforms with different expression patterns and functionality in various organs and tissues. Further variants are
generated by alternative splicing of the isoforms with various ratios of expression in human tissues (Table 1).
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