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TREM-1: universal innate immune amplifier 

and inflammatory response regulator
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Nangibotide/LR12 acts as a decoy receptor to inhibit TREM-1



MOT-C-201 phase IIa septic shock trial
Results

FRANÇOIS, ICM 2020

sTREM-1 – A  potential prognostic and predictive biomarker for nangibotide

Prognostic: sTREM-1 positive patients have higher acute morbidity, length of ICU stay & 
mortality 

Predictive: Early phase signals support a preferential effect of nangibotide in high 
sTREM-1 patients
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ASTONISH phase IIb septic shock trial
Study design

FRANCOIS, LRM 2023

Biomarker driven precision medicine

Nangibotide 1.0 mg/kg/h

Nangibotide 0.3 mg/kg/h

Placebo

▪ Diagnosis Septic Shock

▪ Screening 

▪ CCC Review

▪ Randomization

Day 28

Day 90 

Month 6

Month 12
Study drug infusion up to 5 

days

≤24 hours

Long-term

Follow-up

Follow-up

Visit

End of study

Robust endpoint selection Relevant secondary endpoints

• Analysis on overall and high 

sTREM-1 (≥400 pg/mL)

AND

• Optimal sTREM-1 cut-off level 

search 

Primary endpoint in phase IIb

Organ function improvement:

SOFA score

Key secondary endpoint

• Day 28 mortality

Other secondary endpoint

• Proportion death or on organ support

• Duration of organ support

• Superinfection and/or rehospitalization



ASTONISH phase 2b septic shock trial
Change of SOFA depending on baseline sTREM-1 levels

200 400 600 800

-4

-3

-2

-1

0

Cut off threshold (pg/ml)
D

if
fe

re
n

c
e

b
e

t w
e

e
n

g
ro

u
p

s
v

s
p

la
c

e
b

o

in
c

h
a

n
g

e
in

S
O

F
A

All
comers

In
c

re
a

s
in

g
b

e
n

e
f i

t

Patients (%) 70 50 30100

Increasing sTREM-1 levels 

p<0.05

Adjusted for baseline characteristics (SOFA, APACHEII, sTREM-1, IL6, Age, Gender, BMI, Infection site)



NEW DRUGGABLE PATHWAY OF 
REGULATION OF INFLAMMATION



Figure 2. a, Experimental setup we used to generate inflammatory monocyte-derived macrophages (MDM).
b, CD44 increases in our primary cell model system. c, Copper increases in aMDM. d, CD44 siRNA reduces copper uptake.
e, CD44 blocking antibody reduces copper uptake. f, HA supplementation increases copper uptake. g, a fluorescent lysosomotropic copper(II) probe colocalizes with HA.
h, Copper transporter 1 and transferrin transporter 1 are not significantly increased in aMDM. i, NMR spectra showing that HA and copper(II) interact. Nature 2023.



Figure 3. a, Metformin has a marginal effect on MDM activation. b, molecular structures of Met and LCC-12.
c, LCC-12 antagonizes macrophage activation. d, Structural analysis of LCC-12-copper(II) complex by molecular modeling.
e, High resolution mass spectrometry showing the LCC-12-copper(II) complex. Nature 2023.



Figure 4. a, LCC accumulates in mitochondria marked by cytochrome c
b, Mitochondrial LCC-12 reveals the presence of a druggable mitochondrial copper(II) pool
c, Mitochondrial copper increases during macrophage activation
d, copper(II) catalyzes the conversion of NADH to NAD+. LCC-12 blocks this reaction by chelating Cu(II). Nature 2023.



Figure 7. a, LCC-12 induces a different cell state. b, upregulation of the inflammatory gene signature during macrophage activation. 
c, downregulation of the inflammatory signature in aMDM treated with LCC-12. 
d, GO term analysis of genes in aMDM whose expression is downregulated upon treatment with LCC-12. Nature 2023.



Figure 11. a, Kaplan-Meier survival curves of mice challenged with LPS (20 mg/kg/single dose, IP, n=10) and treated with LCC-12 (0.3 mg/kg, 

2 h prior challenge, then 24 h, 48 h, 72 h and 96h post challenge, IP, n=10) or 

dexamethasone (10 mg/kg/single dose 1 h prior challenge, per os (PO), n=10).
Mantel-Cox log-rank test. Hazard ratio calculated using Mantel-Haenszel.

, Copper increases in the peritoneum in LPS-challenged mice. 



NANOMOLECULES
TOWARD PRECISION MEDICINE FOR CORTICOSTEROIDS



Encapsulated Corticosteroids

NANOPARTICULES OF DEXAMETHASONE : 

DSPE-PEG 2000Dexamethasone palmitate (DXP)

Prodrug based approach

DXP-NPs DXP

IV injection of DXP-NPs

Versus

Dexamethasone

Sodium Phosphate

(DSP) solution

12mg/kg (eq. DXM)



NANOPARTICULES DEXAMETHASONE : ENDO-TRACHEAL ADMINISTRATION
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Figure 2 Flow cytometry of CD86 (cell surface marker) and TNF-alpha (intracellular marker) in lung

macrophages. Data are representative of 8 animals in LPS group (22 mg/kg, IP) and 9 LPS animals

treated by DXP nanoparticles (ND) 6 hours post model creation.



CLINICAL AND BIOMARKER DATA IN ADRENAL PREDICT 
TREATMENT RESPONSE

Clinical variables alone

(mortality risk, HGB, HR, CVP)

Endocrine markers alone

(Total and free cortisol)

Venkatesh, Angus, Annane



VAGAL NERVE STIMULATION



VAGAL NEUROMODULATION IN SEPSIS

Contexte: 

SEPSIS INDUCED BRAIN DYSFUNCTION 

➢ Acute, subacute or delayed impairment of brain function in sepsis:

(coma, confusion, agitation, delirium, dementia like….)

➢ 32-60% of septic patients

➢ Associated with increased mortality, impaired societal quality of life

➢ Physiopathology: multifactorial, effects of excessive systemic 

➢ inflammation, and neuro-inflammation, rupture of the blood-brain barrier.

Why ? 

The cholinergic anti-inflammatory reflex provides neuroprotective effects: 

Controls inflammation, protects brain, heart, lung and blood functions

Vagal efferent fibers: release acetylcholine (Ach) which interacts with nicotinic receptors (α-7) in 

tissue macrophages and other immune cells

to inhibit cytokine synthesis/release pro-inflammatory (TNFα, IL-1β, IL-6, and IL- 18 )

(Maier et al 1998; Thayer, 2009, Borovikova et al., 2000, Rosas-Ballina et al., 2008). 



VNS with constant voltage (5 Hz, 0.75 mA, 2 ms) during 30s

LPS :5 mg/kg (i.p.) from Escherichia coli serotype

ISS:  0.9 % NaCl (isotonic saline solution)  

How in Animals ? 

Vagus nerve stimulation therapy models

VAGAL NEUROMODULATION IN SEPSIS



Fig. 1 

Wu, Brain Stimulation: 2023



Fig. 3 

Wu, Brain Stimulation: 2023



Fig. 4 

Brain Stimulation: Basic, Translational, and Clinical Research in Neuromodulation 2023 16507-514DOI: (10.1016/j.brs.2023.02.008) Wu, Brain Stimulation: 2023



Fig. 5 

Wu, Brain Stimulation: 2023
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• CLINICALTRIALS.GOV IDENTIFIER: NCT04774705

• NOW RECUITING

SNV-Sepsis trials : Effectiveness of Non-invasive Vagus Nerve Stimulation as an Adjuvant Treatment in Patients 

With Sepsis in Intensive Care. 

How in Human ?  

Non invasive vagus nerf stimulation therapy

VAGAL NEUROMODULATION IN SEPSIS

Wu, Brain Stimulation: 2023
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