
We are all familiar with the negative 
effects of a diet high in salt — from 
increased risk of cardiovascular dis-
ease to worsening of autoimmune 
disease — so why have humans 
evolved to store high levels of salt in 
the body, particularly in the skin? 
New evidence points to a role for 
salt in contributing to cutaneous 
anti bacterial defences.

In patients with bacterial skin 
infections, 23Na magnetic resonance 
imaging and 23Na spectroscopy 
showed that, independently of the 
diet, the skin of the infected leg had 
marked Na+ accumulation compared 
with the contralateral uninfected leg 
and that this was decreased after anti-
biotic treatment. Furthermore, mice 
with skin wounds had an increased 

salt concentration in the affected skin 
compared with intact skin. Thus, in 
both humans and mice, immune cells 
entering infected and/or inflamed 
skin are exposed to a high-salt 
environment.

To test the effect of this in vitro, 
lipopolysaccharide (LPS)-activated 
bone marrow-derived mouse macro-
phages were cultured in high-salt 
medium (with a 40 mM increase in 
NaCl concentration), which increased 
nitric oxide synthase 2 (Nos2) expres-
sion and the production of nitric 
oxide (NO) compared with culture 
in normal-salt medium. Increased 
Nos2 transcription was associated 
with increased histone H3 lysine 4 
trimethylation of the Nos2 gene in  
the presence of high salt levels.

Next, the authors showed that 
high salt levels augment macrophage 
activation by increasing LPS-induced 
activation of p38 mitogen-activated 
protein kinase (MAPK) and of nuclear 
factor of activated T cells 5 (NFAT5), 
of which Nos2 is a known target gene. 
Decreasing or increasing NFAT5 
levels in LPS-stimulated macrophages 
inhibited or promoted, respectively, 
the increased NO production in a 
high-salt environment.

The increased NO production  
by macrophages in high-salt medium 
promoted the elimination of 
intracellular Escherichia coli, and of 
Leishmania major infection in a p38 
MAPK- and NFAT5-dependent man-
ner. In an in vivo model, mice fed a 
high-salt diet had improved resolution 
of a footpad infection with L. major 
compared with mice fed a low-salt 
diet, and this correlated with increased 
salt concentration in the skin and 
increased levels of Nfat5 mRNA and 
NOS2. This beneficial effect was 
mitigated in mice with a myeloid 
cell-specific deletion of Nfat5.

So a ‘pinch’ of endogenous salt 
really could be good for you in terms 
of skin defence. However, given the  
health risks of increasing salt in 
the diet, local application of salt to 
infected tissues might be more suit-
able as an approach to therapeutically 
target this pathway.
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A pinch of salt
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