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General Approach

Whole genome expression profiling
Whole blood-derived RNA

Transcriptomics Bioinformatics to identify candidate 
pathogenic genes
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TP53: Tumor Protein 53
guardian of the genome

TP53

Cell Cycle Arrest; DNA Repair Apoptosis



TP53: Tumor Protein 53
pleiotropic transcription factor

TP53

Cellular Metabolism Autophagy

Inflammation Redox Homeostasis



TP53 and Sepsis?
• “PERSEVERE”:  Multi-biomarker risk model to 

estimate baseline mortality risk in pediatric sepsis.

Selection of PERSEVERE biomarkers

Transcriptomics to identify genes 
with predictive capacity for mortality

80 genes

12 proteins selected based on biological plausibility 
and feasibility of measurement in serum

68 genes otherwise 
not considered



PERSEVERE-XP

Am J Respir Crit Care Med. 2017, 196:494

Initial step in model development using 68 genes

Variable reduction

Do the genes correspond to a biological pathway or network?





Hypothesis: TP53-related cellular 
division, repair, and metabolism plays 
a role in the pathophysiology of sepsis.
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JAK2

JAK2 Tyrosine kinase

Phosphate

Myeloproliferation

Immunity

Inflammation

Phosphorylated 
signaling protein

Human JAK2 gain of 
function mutations:
• Myeloproliferative 

disorders
• Polycythemia vera



• 100 gene signature identifying pediatric septic shock 
endotypes A and B.

• Allocation to endotype A independently associated 
with increased mortality.

• Corticosteroids independently associated with poor 
outcome among endotype A patients.

Endotype A Endotype B

AJRCCM. 191:309, 2016



Am J Respir Crit Care Med. 195:263, 2017

Simplified the endotyping strategy from 100 genes to a four gene classifier.



JAK2
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JAK2 expression is significantly 
lower in endotype A vs. B



Mouse models to better understand 
septic shock endotype biology

• Cecal ligation and puncture, with antibiotics, and 
fluid resuscitation.

• Manipulate Jak2 expression.
• Pharmacologic inhibition:  Ruxoltinib

• Jax2 conditional, tissue specific, knock out mice.

• “Knock in” mice containing the human gain of function 
JAK2 mutation.



Pharmacologic inhibition of Jak2
replicates endotype ASurvival Analysis

Time

0 50 100 150 200 250 300

S
u

rv
iv

a
l

0.0

0.2

0.4

0.6

0.8

1.0

JAK2 inhibitor

Vehicle



Candidate Pathogenic Genes

• TP53:  Tumor protein 53; “p53”

• JAK2:  Janus kinase 2

• MMP8:  Matrix metalloproteinase 8

• OLFM4:  Olfactomedin 4



MMP-8

• Matrix metalloproteinase-8 (a.k.a. neutrophil 
collagenase).

• Primarily involved in degradation of extracellular 
matrix (collagen type 1).

• Also involved in chemokine processing.

• MMP-8 null animals are viable and are resistant to 
TNF-mediated acute hepatitis.



MMP-8 is consistently the highest 
expressed gene in patients with sepsis 
or septic shock in all of our 
transcriptomic studies.



In adult mice…

• Genetic ablation or pharmacologic inhibition of 
MMP8 improves survival from experimental sepsis.

• Mechanism:  attenuated inflammation-associated 
organ injury, but without affecting the ability to 
clear bacteria.

• Mechanism:  gut-derived MMP8.
• Adoptive transfer experiments.

• Cecal transplant experiments.

• There are several MMP8 inhibitors on the shelves 
of pharmaceutical companies looking for a home…



In juvenile mice (14 days of age)…

• We see the opposite result.



Genetic ablation of MMP8 increases 
mortality in juvenile mice



In juvenile mice (14 days of age)…

• We see the opposite result.

• Mechanism:
• Reduced ability to clear bacteria.

• Qualitative defects in neutrophil extracellular traps.



Developmental age is a major factor in 
sepsis pathophysiology

Genetic or pharmacologic 
inhibition of MMP8

Beneficial in sepsis
Solan et al. Crit Care Med. 2012

Genetic or pharmacologic 
inhibition of MMP8

Detrimental in sepsis
Atkinson et al. Mol Med. 2016



PLoS ONE 13(9):e0181159



• Genetic ablation or pharmacologic inhibition of 
PCSK9 protects against experimental sepsis (mice).

• Adults with sepsis and PCSK9 loss of function 
variants have better outcomes.

• Other experiments linking PCSK9 activity, lipid 
clearance via the LDLR, and the response to sepsis.

• PCSK9 inhibition as a novel strategy in sepsis?



Is the PCSK9-LDLR pathway operative 
in children with septic shock?

• 500 children with septic shock, genotyped for the 
same PCSK9 variants as Walley et al.

• PSCK9 loss of function independently associated 
with poor outcome.

• In juvenile mice, genetic ablation of PCSK9 or 
pharmacologic inhibition of PCSK9 increases
mortality.

• Children might not be appropriate candidates in 
future trials of PCSK9 in sepsis.
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OLFM4

• Secreted glycoprotein of unknown function.

• Expressed in gut epithelium (stem cells) and 
gastrointestinal tumors.

• Also expressed in a subset of neutrophils.



OLFM4

• In our transcriptomic studies, OLFM4 is the highest 
expressed gene in non-survivors vs. survivors.



Flow cytometry for OLFM4+ neutrophils



Matt Alder

Crit Care Med. 2017 45(4):e426.

The percentage of OLM4+ neutrophils is 
independently associated with poor outcome 
in pediatric septic shock.

OLM4 null mice have a survival advantage 
during experimental sepsis.



Deconvolution of Neutrophil 
Heterogeneity in Pediatric Septic Shock



Deconvolution of Neutrophil 
Heterogeneity in Pediatric Septic Shock

Transcription profiles of 
individual neutrophils via 
single cell mRNA-Seq.

Beneficial Subsets Pathogenic Subsets



Thank you, and remember that some novel 
therapeutic targets (and some other things) 
might not be appropriate for children.


