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Background: 
Sepsis, although classically described as a hyper-inflammatory disease, can result in 
profound immunosupression (1, 2).  The mechanisms underlying this immunosupression are 
poorly understood, although dysfunction has been found in neutrophils (3), monocytes (4), 
dendritic cells (5) and lymphocytes (6).  Although lymphocyte anergy in sepsis has been 
described for some time (6), the recent finding of elevated numbers of immunosuppressive 
regulatory T-cells in sepsis (7) provides new insight into why this might happen and 
therefore opens up new therapeutic avenues. 
 
Regulatory T-cells (Tregs) are a population of cells originally identified in murine models of 
auto-immune inflammation, with potent anti-inflammatory properties (8), and are 
characterised by the expression of the transcription factor Forkhead Box Protein 3 (FOXP3).  
Although FOXP3 expressing regulatory T-cells have been identified in humans (8), it is 
increasingly clear that human Treg biology is more complex than murine equivalents, and 
studies in healthy humans have identified 3 sub-types of Treg cell (9) these being 
‘resting/naive’, ‘cytokine secreting’ and ‘activated/highly suppressive’ subsets which can be 
identified by staining for CD45RA and CD147 (9, 10). 
 
Dr Conway Morris has recently identified elevated levels of CD4+CD25+FOXP3+ Treg cells 
during critical illness, and found they were strong predictors of subsequently developing 
ICU-acquired infection (11). These findings added predictive value to our previously 
observed associations with C5a-mediated neutrophil dysfunction (3, 12) and monocyte 
deactivation (4).   In this secondary analysis of a cohort study 39% of critically ill patients had 
elevated levels of Tregs (defined as >10% of all CD4+ lymphocytes), and this was associated 
with a 2.8 (95% CI: 0.89-8.9, P=0.09) fold increased risk of death from sepsis. Levels of Tregs 
were found to peak between days 4 to 7, consistent with observations from other groups 
(7).  These observations confirm the complex changes to immune function that occur during 
sepsis and other forms of critical illness, and suggest a potential key role of Treg populations 
in modulating alterations in immune function. 
 
To date the characterisation of Tregs in human critical illness and sepsis has been basic and 
has not taken in to account the most recent insights into T-reg biology (9,10). These have 
shown three functional sub-sets of Treg cells (naive/resting, ‘cytokine secreting’ and 
activated/highly suppressive (9)), which cannot be detected by simple detection of CD25 and 
FOXP3 (10) Furthermore, although it is clear that Tregs inhibit lymphocyte proliferation, 
their potential synergies with other immune cells such as monocytes and neutrophils remain 
unexplored in sepsis. 
 
Methods:   
 
This study involves two major parts 

1) Identification of Treg sub-sets in patients with sepsis, and linking this to outcomes 
(development of nosocomial infection and mortality) 

2) Examination of the interactions between Tregs and neutrophils to determin any 
inhibitory effects and the mechanisms by which these may be mediated. 

 
 



Progress to date: 
Patient study – over the past year we have been going through ethics and research and 
development approvals for the recruitment of patients.  We have decided to link this study 
to another study of immuno-phenotyping in critically ill patients to limit the burden of 
research projects on patients and their families.  We have ethical approval for the study and 
are currently awaiting R&D approval. 

Work on healthy volunteer cells has been conducted to develop and refine assays for 
identifying Treg subsets, and determining functioning of these subsets.   

The next step is to validate these assays in a small group of critically ill patients before 
examining the intended cohort of patients with sepsis. 

Neutrophil-Treg interactions study.  This is being conducted with cells from healthy donors, 
examining the effects of Tregs on key neutrophil anti-bacterial functioning.  Significant 
interactions have been identified in two anti-bacterial functions, and investigation into the 
underpinning mechanisms of these interactions is at an advanced stage.  We aim to submit 
this work for publication and presentation at a major conference in the next few months. 
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