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2011 NobelPrize in Physiology or Medicine

Wasting disease (cachexia) in a cow with African trypanosomiasis

Purified TNF mimics LPS toxicity
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~/ Therapeutic intervention for CRS
\/
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cytokine levels
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Prolonged activation of signaling pathways
_ ’: ; 2

N L[Glucocorticoids] ' .L(JAKinhibitors] L( Sirolimus ] ‘

Q) ' (__
\._Fajgenbaum, NEfI\( 2021



“

~

|

4

Treatment Therapeutic Rationale Stage Clinical trial References
strategy agent identifier
IL-6 or IL-6R Siltuxumab, IL-6 highly elevated during CRS, Clinical, standard of = 9)
inhibition tocilizumab produced by activated myeloid cells, care (tocilizumab) (10)
key cytokine in CRS development (58)
(19
Corticosteroids Dexamethasone, Immunosuppression to quiet overactive Clinical, standard of - (10)
methylprednisolone immune cells care (18, 61)
(33)
)
GM-CSF depletion Lenzilumab, GM-CSF involved in stimulation of Preclinical, clinical trial NCT04314843 (62)
GM-CSF gene myeloid cells, which are implicated in initiated (63)
knockout CRS and ICANS
IL-1 inhibition Anakinra IL-1 elevated during ICANS, produced Preclinical, clinical trial NCT04148430, (67)
by activated myeloid cells, precedes initiated NCT04150913 (55)
IL-6 secretion
TNFa inhibition Etanercept TNFa elevated during CRS, produced Clinical trials ongoing NCT03050190 67)
by activated CART cells, key cytokine in (68)
CRS development (69)
(70)
JAK/STAT inhibition Ruxolitinib, itacitinib JAK/STAT pathway utilized by IL-6 and Preclinical, clinical trial NCT04071366 (72)
GM-CSF ongiong (73)
(74)
[TK inhibition Ibrutinib Retrospective analysis showed patients Clinical trials ongoing NCT02640209, (75)
previously treated with ibrutinib had NCT03960840, (77)
improved CART cell therapeutic NCT01865617, (78)
outcomes, ITK inhibition dampens NCT04234061, (79)
inflammatory cytokines but enhances NCT03331198, (80)
Th1 functions NCT03310619
Pharmacological T Dasatinib T-cell receptor kinases utilized in CART Preclinical = (98)
cell activation cell signaling, reversibly inhibited to (99)
switch dampen immune overactivation
Endothelial cell Defibrotide Endothelial cell activation from systemic Clinical trial initiated NCT03954106 (92)
protection inflammation a key driver of ICANS
Suicide genes and Inducible caspase CART cells selectively ablated if Clinical trials ongoing NCT02107963, (93, 94, 95, 96,
selection markers 9, truncated EGFR, dangerously overactivated NCT01822652, 97)
CD20 NCT03373071,
NCT03618381,
NCT03084380,
NCT02937844,
NCT03710421,
NCT02159495,

NCT02844062
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Sepsis Immune Classification Qﬁ’*x %
o —
Ferritin <4,420 ng/ml  BGCIHRECEPDUCTUINE Ferritin >4,420 ng/ml
HLA-DR<5,000/cell HLA-DR25.000/cell
Immunoparalysis Intermediate state Macrophage activation
(42.9%) : / -like Syndrome (20%)
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Table 2. Classification of the immune states of sepsis used in the PROVIDE study

Macrophage activation-like syndrome

Sepsis-induced immunoparalysis

Intermediate

Ferritin >4,420 ng/mL <4,420 ng/mL <4,420 ng/mL
Percentage of CD45/CD14- monocytes that All values <30% >30%
express HLA-DR
100 .
- Intermediate B
-~Immunoparalysis
-~MALS 100 T State at day 7
80 =T Imnolhonmoy [ @Placebo (n=20) mImmunotherapy (n=14) I
R 100
5 _ E o|  Po2e
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log-rank: 14.53 @ )
- p<0.0001 g Q 6
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log-rank: 5.08 8 S
" p:0.024 20 log-rank: 0.199
20 : 2
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p<0.0001 T8 12 16 20 24 28 Survival SOFA decrease  Survival and SOFA
0 Survival (days) decrease
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Haplan-Meier of 28-day mortality after Adrecizumab/placebo infusion, based on circulating dipeptidyl peptidase 3 (cDPP3) stratification. Data is
displayed for the original intention to treat (ITT) analysis {15) (A) and the cDPP3 <50 ng/mL subgroup (B). Both Adrecizumab dosing groups

were combined. Crosses represent censored patients.
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TREM-1: universal innate immune amplifier
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Nangibotide/LR12 acts as a decoy receptor to inhibit TREM-1

ligand
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MOT-C-201 phase lla septic shock trial

Results

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

N angibotide N angibotide =
Placebo Placebo

High
STREM-1

Placebo ™] 236 Placebo ™ 91 - b _ 14.0
1 1 1 1 1 | 1 1
| | 1 | 1
0 5 10 15 20 25 0 10 20 30
. 0 10 20 30 40 50
Days alive and ICU Length of stay (days)

. :
free of ventilatory support %0 Mortality at day 28

FRANCOIS, ICM 2020



Prospective evaluation of the efficacy, safety, and optimal . .
biomarker enrichment strategy for nangibotide, aTREM-1 A STO N I S H p h aS e I I b S e p t I C S h O C k t r I al
inhibitor, in patients with septic shock (ASTONISH): ]

adouble-blind, randomised, controlled, phase 2b trial St u d y d esli g N

F

on behalf of the ASTONISH investigators*

Diagnosis Septic Shock — Nangibotide 1.0 mg/kg/h Follow-up
Screening L [ o L __ Long-term
CCC Review Nangibotide 0.3 mg/kg/h V|1:s|t Follow-up
Randomization £ Placebo S
M R N 7
e ~" Day 90
<24 hours Study drug infusion up to 5 Day 28 Month 6
days Month 12
« Analysis on overall and high Primary endpoint in phase Ilb Key secondary endpoint
B = Gpaiml ) Organ function improvement: « Day 28 mortality
: AND SOFA score Other secondary endpoint
* Optimal STREM-1 cut-off level « Proportion death or on organ support

search :
* Duration of organ support

* Superinfection and/or rehospitalization

FRANCOIS, LRM 2023



ASTONISH phase 2b septic shock trial
Change of SOFA depending on baseline sTREM-1 levels
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Figure 2. a, Experimental setup we used to generate inflammatory monocyte-derived macrophages (MDM).
b, CD44 increases in our primary cell model system. ¢, 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 flwrescent Iysozpmotropic copper(ll) probe colocalizes with HA.

h, Copper transporter 1 and transferrin transporter 1 are not significantly increased in aMDM. i, NMR spectra showi at HA and copper(ll) interact. Nature,2023.
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Figure 3. a, Metformin has a marginal effect on MDM activation. b, molecular structures of Met and LCC-12.
¢, LCC-12 antagonizes macrophage activation. d, Structural analysis of5C—12—cop er(ll) complex by molecular modeling.
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Figure 4. a, LCC accumulates in mitochondria marked by cytochrome ¢

b, Mitochondrial LCC-12 reveals the presence of a druggable mitochondrial copper(ll) pool

¢, Mitochondrial copper increases during macrophage activation

d, copper(ll) catalyzes the conversion of NADH to NAD*. LCC-12 blocks this reactiona‘by d@é Cu(ll). Nature 2023.
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Figure 7. a, LCC-12 induces a different cell state. b, upregulation of the inflammatory gene signature during macrophage activation.
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¢, downregulation of the inflammatory signature in aMDM treated with LCC-12.
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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.
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Encapsulated Corticosteroids

NANOPARTICULES OF DEXAMETHASONE :

Prodrug based approach
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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.
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CLINICAL AND BIOMARKER DATA IN ADRENAL PREDICT
TREATMENT RESPONSE

Endocrine markers alone

Clinical variables alone (Total and free cortisol)

(mortality risk, HGB, HR, CVP)
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VAGAL NERVE STIMULATION




VAGAL NEUROMODULATION IN SEPSIS

MICROGLIAL -ACT)I)QATION

Contexte: e ‘

{;?f::(}::nll\‘ 3 Reduced cholinergic :

0 inhibition of microglia .
SEPSIS INDUCED BRAIN DYSFUNCTION l é’o(“’;r o -
> Acute, subacute or delayed impairment of brain function in sepsis: 7 eIl W
(coma, confusion, agitation, delirium, dementia like...... Lo t’;gjl \\*:gf* e ‘

> 32'60% Of SeptIC pat|ents Primed micoylia 1’ \‘* — Neurodegeneration
» Associated with increased mortality, impaired societal quality of life § Overactivated microglia ;
» Physiopathology: multifactorial, effects of excessive systemic :
» inflammation, and neuro-inflammation, rupture of the blood-brain barrier.

Van Gool et al - Lancet - 2010 ’ '

Severe, prolonged delirium Dementia

Why i e =
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 (a-7) in
tissue macrophages and other immune cells

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

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




VAGAL NEUROMODULATION IN SEPSIS

How in Animals ?
Vagus nerve stimulation therapy models

Meneses et a. Joumal of Infamnation (2016) 1333
DOI 10.1186/512950016-0140-5 Journal of Inflammation

Open Access
Electric stimulation of the vagus nerve i

reduced mouse neuroinflammation
induced by lipopolysaccharide

Table 2 Cytokine (pg/mg of protein) levels in brain extracts of
sham and treated mice

TNFa IL-118 IL-6
Sham 094 +025° 1054 +£3.7° 0.78 £0.20°
ISS 034+03° 41+07° 062 +0.03*

VNS ) 4+ 38 028 +£0.06
HLPS 37+0238° 184 +187 223+0.72°
HLPS + VNS 147 £004° 204 +1.55° 1.19+0.08°

Mean + SEM of brain cytokine levels in groups of five C57BL/6 male mice each
(t one and t1 two mice dead after LPS injection). VNS and LPS + VNS reported
levels of central cytokines 24 h after VNS treatment in mice injected or not
with LPS 3 days before (Fig. 2b). Different literals indicate significant
differences in each cytokine level between the different treatments using the
Kruskal-Wallis test (non- parametric ANOVA), TNFa (P = 0.025), IL-1p (P = 0.004),
IL-6 (P=0.005). Data are from one out of four experiments

LPS :5 mg/kg (i.p.) from Escherichia coli serotype
ISS: 0.9 % NaCl (isotonic saline solution)

VNS with constant voltage (5 Hz, 0.75 mA, 2 ms) during 30s
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All ICUs were screened for eligible patients
Approached for enrollment in study (n=53)

Excluded (n=30 )

o/ *1 <18 years old

+5 Rapid ICU discharge

+ 24 Did not meet sepsis 3.0 diagnostic critieria

Randomized (n=23 )
v

A A4

Allocated to taVNS (n=12) Allocated to sham taVNS (n=11)
*Received allocated intervention *Received allocated intervention (n=
(n=12 ) 1)

A 4

| Discontinued intervention (n=2) Discontinued intervention (n= 1)
* ICU discharge * ICU discharge

A\

Analysed (n=10 ) Analysed (n= 10)
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VAGAL NEUROMODULATION IN SEPSIS

How in Human ?

Non invasive vagus nerf stimulation therapy

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

With Sepsis in Intensive Care.
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U = Inclusion and Randomization day

I = t-VNS : transcutaneous vagus nerve stimulation days : for active t-VNS group, the stimulation parameters will be set to an
output current of 2 mA, 10Hz, pulse width of 250 ms, stimulation “on” time 30s, and stimulation “off” time 300s.
Stimulation 60 min each session, during 5 consecutive
days. For the placebo group, stimulation 2 mA only during the first the 30s of each one hour daily sessions during the 5 days.

H = Timing for endpoints data recording

Wou, Brain Stimulation: 2023
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