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A B S T R A C T

Infiltration of leukocytes within the vessel at sites of inflammation and the subsequent generation of myelo-
peroxidase-derived oxidants, including hypochlorous acid, are key characteristics of atherosclerosis.
Hypochlorous acid is a potent oxidant that reacts readily with most biological molecules, including DNA and
RNA. This results in nucleic acid modification and the formation of different chlorinated products. These pro-
ducts have been used as biomarkers of inflammation, owing to their presence in elevated amounts in different
inflammatory fluids and diseased tissue, including atherosclerotic lesions. However, it is not clear whether these
materials are simply biomarkers, or could also play a role in the development of chronic inflammatory
pathologies. In this study, we examined the reactivity of different chlorinated nucleosides with human coronary
artery endothelial cells (HCAEC). Evidence was obtained for the incorporation of each chlorinated nucleoside
into the cellular RNA or DNA. However, only 8-chloro-adenosine (8ClA) had a significant effect on the cell
viability and metabolic activity. Exposure of HCAEC to 8ClA decreased glycolysis, and resulted in a reduction in
ATP, with a corresponding increase in the chlorinated analogue, 8Cl-ATP in the nucleotide pool. 8ClA also
induced sustained endoplasmic reticulum stress within the HCAEC, which resulted in activation of the unfolded
protein response, the altered expression of antioxidant genes and culminated in the release of calcium into the
cytosol and cell death by apoptosis. Taken together, these data provide new insight into pathways by which
myeloperoxidase activity and resultant hypochlorous acid generation could promote endothelial cell damage
during chronic inflammation, which could be relevant to the progression of atherosclerosis.

1. Introduction

Chronic inflammation and the infiltration and activation of leuko-
cytes within the vessel wall, play a central role in the development of
lesions and progression of atherosclerosis [1]. This results in the release
of myeloperoxidase (MPO) and the overproduction of oxidants, parti-
cularly hypochlorous acid (HOCl), at inflammatory sites [2]. HOCl is
highly reactive, and can induce the oxidation and modification of a
wide range of biomolecules including proteins, lipids, RNA, and DNA
[2]. This causes localised damage to the surrounding cells and tissue
[3], and has been implicated in the development of numerous in-
flammatory pathologies, particularly atherosclerosis [4], where ele-
vated levels of MPO are also a risk factor [5] and prognostic marker for
patient outcome [6].

The reaction of HOCl with RNA and DNA forms both unstable
chloramines (N–Cl species) [7] and stable chlorinated products,

including 8-chloro-adenosine (8ClA), 8-chloro-guanosine (8ClG), 5-
chloro-cytidine (5ClC), 8-chloro-2′-deoxyadenosine (8CldA), 8-chloro-
2′-deoxyguanosine (8CldG), 5-chloro-2′-deoxycytidine (5CldC) and 5-
chloro-uracil (5ClU) [8–12]. A number of these stable products have
been detected in elevated amounts in the urine, plasma, inflammatory
fluids or the diseased tissues of patients with different pathological
conditions [9,13,14], including atherosclerosis [15]. Although chlori-
nated nucleosides are recognised as biomarkers, it is not well under-
stood as to whether these materials can also play a role in promoting
the progression of chronic inflammatory disease.

It is well established that the incorporation of chlorinated nucleo-
sides into DNA is mutagenic [16–18], which implicates these com-
pounds as playing a role in the development of inflammatory cancers
[19,20]. Somewhat paradoxically, this ability of chlorinated nucleo-
sides to modify cellular DNA and RNA has also been utilised ther-
apeutically in order to kill malignant cells. For example, 5CldC has been
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