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Gene Expression Based Subgroups of Sepsis
Approach

• Microarray-based, whole genome 
expression profiling

• Whole blood-derived mRNA

Statistics to identify genes 
differentially regulated

Unsupervised hierarchical clustering

Validation



Lancet Respir Med. 4:259, 2016

• UK Genomic Advances in Sepsis 
(GAinS) study

• Adults with sepsis 2° CAP

• 2 subgroups:  “Sepsis Response Signature (SRS) 
1 & 2

• SRS1 with features of immune suppression:
• Endotoxin tolerance
• T cell exhaustion
• ↓ expression of HLA class II

• SRS1:  greater 14-day mortality



Lancet Respir Med. 5:816, 2017

• Molecular Diagnosis and Risk 
Stratification of Sepsis (MARS) project

• Adults with sepsis

• 4 subgroups:  Mars 1, 2, 3, and 4
• Mars1 characterized by ↓ expression 

of genes corresponding to innate and 
adaptive immunity

• Mars1:  greater 28-day mortality



Crit Care Med. 46:915, 2018

Clustering of all publically available 
transcriptomic data from patients 
with sepsis; adults and children

• 3 subgroups:
• Inflammopathic
• Adaptive
• Coagulopathic

• Coagulopathic group:  higher mortality



Am J Respir Crit Care Med. 191:309, 2015.

Children with septic shock

Endotype A Endotype B

• 2 subgroups:  endotypes A and B
• Endotype A: ↓ expression of genes reflecting 

adaptive immunity and GCR signaling
• Higher mortality and organ failure burden 

among endotype A patients
• Corticosteroid prescription independently 

associated with increased mortality risk in 
endotype A



Important nuance(s)…

• All of these studies report important outcome differences 
between subgroups.

• But, this is not the main goal of these efforts.

• The main goal is identifying subgroups with biological 
commonalities, having the potential to inform therapy:  
Predictive Enrichment.

• The differences in outcome strengthen (perhaps) the clinical 
relevance of the subgroups.



Lancet Respir Med. 4:259, 2016

Lancet Respir Med. 5:816, 2017

Crit Care Med. 46:915, 2018

Am J Respir Crit Care Med. 191:309, 2015.



Nonsense?

All are saying the same thing, but 
through different gene signatures?

We don’t yet know what all this means?



Commonalities Across the Four Strategies

• Generated using whole genome transcriptomic data and discovery-
oriented clustering algorithms:  “unbiased” subgroup discovery.

• All describe a subgroup with gene expression patterns corresponding 
to the adaptive immune system.



Immune “enhancing” therapies are actively being 
considered for sepsis…



Commonalities Across the Four Strategies

• Generated using whole genome transcriptomic data and discovery-
oriented clustering algorithms:  “unbiased” subgroup discovery.

• All describe a subgroup with gene expression patterns corresponding 
to the adaptive immune system.

• But, adaptive immune dysfunction is inferred from gene expression, 
rather than shown directly.

• All show an association between subgroup membership and 
outcome.



Subgroup Overlaps?

Lancet Respir Med. 4:259, 2016

Is SRS1 similar to pediatric septic shock endotype A?

Overlap in signaling pathway enrichment (adaptive immunity)

Minimal overlap in subgroup-defining genes



Subgroup Overlaps?

Overlap between Mars3 and SRS2

Lancet Respir Med. 5:816, 2017

Mars3 not detected among children with septic shock



Subgroup Overlaps?

Overlap between SRS1/2, pediatric septic shock 
endotype A/B, and inflammopathic/adaptive clusters

Crit Care Med. 46:915, 2018



Crit Care Med. 45:e1289, 2017

GAinS Study Pediatric Septic Shock

Nomenclature SRS1/2 Endotype A/B



Crit Care Med. 45:e1289, 2017

GAinS Study Pediatric Septic Shock

Nomenclature SRS1/2 Endotype A/B

Biological Features Endotoxin tolerance, T-
cell exhaustion, and 
repression of HLA class 
II in SRS1

Repression of genes 
corresponding to 
adaptive immunity and 
GCR signaling in 
endotype A



Crit Care Med. 45:e1289, 2017

GAinS Study Pediatric Septic Shock

Nomenclature SRS1/2 Endotype A/B

Biological Features Endotoxin tolerance, T-
cell exhaustion, and 
repression of HLA class 
II in SRS1

Repression of genes 
corresponding to 
adaptive immunity and 
GCR signaling in 
endotype A

Clinical Association Increased mortality in 
SRS1

Increased mortality in 
endotype A



Pediatric endotypes among adults with sepsis

Endotype A Endotype B

SRS1 18 127

SRS2 112 114

Phi coefficient = 0.36, P < 0.001
There is statistically significant association between endotype 
assignment and SRS membership, but there is insufficient 
overlap to conclude redundancy.



Interaction Between Endotype, SRS, and Age



Interaction Between Endotype, SRS, and Age



Data harmonization and “consensus” gene 
expression based subgroups forthcoming…



Precedent for consensus molecular subgroups

Nat Med. 21:1350, 2015



Take home messages…
• Four independent research groups have recently reported and validated gene 

expression-based subgroups of sepsis.

• All share the common theme of immune dysfunction, adaptive immunity in 
particular.

• All report associations with subgroup membership and risk of mortality, but this is 
not the main point.

• The main point is subgroups with biological commonalities, which could potentially 
be targeted therapeutically.

• It is unclear whether the four groups are describing the same thing, albeit via 
different gene signatures.

• The opportunity exists for harmonizing these subgroup classification systems and 
reaching a consensus for defining clinically relevant, molecular subgroups of sepsis.



Thank You

Endotype A Endotype B


