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This presentation has been prepared by GeNeuro solely for use in the context of a general information meeting. All persons accessing this
document must agree to the restrictions and limitations set out below. This material is given in conjunction with an oral presentation and should
not be taken out of context.

This presentation has been prepared for information and background purposes only and the information contained herein (unless otherwise
indicated) has been prepared by GeNeuro S.A. (the ñCompanyò). It includes only summary information and does not purport to contain
comprehensive or complete information about the Company and is qualified in its entirety by the business, financial and other information that
the Company is required to publish in accordance with the rules, regulations and practices applicable to companies listed on Euronext Paris. No
reliance may be placed for any purposes whatsoever on the information or opinions contained in this document or on its accuracy or
completeness.

This presentation includes ñforward-looking statements.òAny assumptions, views or opinions (including statements, projections, forecasts or
other forward-looking statements) contained in this presentation represent the assumptions, views or opinions of the Company as of the date
indicated and are subject to change without notice. All information not separately sourced is from internal Company data and estimates. Any
data relating to past performance contained herein is no indication as to future performance. The information in this presentation is not intended
to predict actual results, and no assurances are given with respect thereto. By their nature, such forward-looking statements involve known and
unknown risks, uncertainties and other important factors that could cause the actual results, performance or achievements of the Company to be
materially different from results, performance or achievements expressed or implied by such forward-looking statements. Such forward-looking
statements are based on numerous assumptions regarding the Companyôspresent and future business strategies and the environment in which
the Company will operate in the future. These forward-looking statements speak only as of the date of this presentation. Investors are urged to
consider these factors carefully in evaluating the forward-looking statements in this presentation and not to place undue reliance on such
statements.

The information contained in this presentation has not been independently verified and no representation or warranty, express or implied, is
made as to the fairness, accuracy, completeness or correctness of the information contained herein and no reliance should be placed on it. None
of the Company or any of its affiliates, advisers, connected persons or any other person accept any liability for any loss howsoever arising (in
negligence or otherwise), directly or indirectly, from this presentation or its contents or otherwise arising in connection with this presentation.

Any securities mentioned herein have not been and will not be registered under the United States Securities Act of 1933, as amended (the
ñSecuritiesActò)or under the securities laws of any state or other jurisdiction of the United States and may not be offered, sold, resold or
delivered, directly or indirectly, in or into the United States absent registration under the Securities Act or an exemption from, or in a transaction
not subject to, the registration requirements of the Securities Act and applicable state securities laws. The distribution of this presentation may be
restricted by law in certain jurisdictions, and persons into whose possession these materials come should inform themselves about, and observe,
any such restrictions. No public offering of securities is being made in the United States or any other jurisdiction.



GeNeuroôs mission

To develop therapies that improve the life of patients 

with neurodegenerative and autoimmune diseases

ÅLeveraging the biology of human endogenous retroviruses (HERVs) 

to stop key causal factors associated with these disorders

ÅThe HERV field is a new frontier pioneered by GeNeuro since 2006, 

based on 15 years of R&D at Institut Mérieux and INSERM

ÅDemonstrated benefit of blocking a causal factor in an autoimmune 

disease in a Phase IIb clinical trial in Multiple Sclerosis 
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HERV elements are latent in human genome 

ÅRepresent approximately 8% of total human genome

ÅGenetic transposition leads to variable copy number, 

with non-ubiquitous copies in individuals 

ÅHERVs are normally latent but may be de-repressed and 

transcribed to produce viral proteins

Missing link between viral infections and poorly 

understood autoimmune / neurodegenerative diseases

ÅStrong epidemiology data associates environmental viruses with 

diseases such as MS and T1D

ÅHowever environmental viruses do not appear to play 

a direct role in their development 

ÅThese viruses may de-repress HERV proteins upon 

infection of permissive cells

ÅPathogenic HERV proteins have been implicated as causal factors 

in autoimmune / neurodegenerative diseases
4

Human Endogenous Retroviruses (HERVs)
Ancestral retroviral genomic (DNA) insertions

The enemy within: 

dormant retroviruses 

awaken

Engel & Hiebert,

Nature Medicine, 2010

Sources: Regulatory evolution of innate immunity through co-option of endogenous retroviruses; Science, Vol. 351, Issue 6277

Discovery of unfixed endogenous retrovirus insertions in diverse human populations. Proc Natl Acad Sci U S A. 2016

Human Endogenous Retrovirus Type W Envelope Protein Inhibits Oligodendroglial Precursor Cell Differentiation; Ann Neurol. 2013;74(5)A

Other non-coding

DNA

48%

Non-LTR  

retrotransposons 

35%

Protein-coding 

genes

3%

DNA  transposons 3%Other repeats 3%

HERVs

8%
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Viruses triggering HERV Proteins and link to disease
Examples of pHERV Env mediated diseases

ÅPathogenic HERV 

proteins found at high 

levels in affected organs

ÅPathogenicity is generally 

mediated by (abnormally 

expressed) viral envelope 

proteins ïpHERV Env

ÅpHERV Env directed 

toxicities found in:

ÅMicroglia

ÅOPCs

ÅPancreatic beta 

islet cells

ÅNeurons

ÅSchwan cells

ÅOthersé

HERV-W HERV-K

Suspected transactivating viruses and affected organs

CNS Gray Matter 

CMV, Toxoplasmaé

Inflammatory Psychoses

40-60 % of cases?

CNS White Matter 

EBV, HSV1, HHV6, VZV,é

Multiple Sclerosis

75-100% of cases

Peripheral Nerves

CMV, é

CIDP

~ 50% of cases ?

Pancreas

Enteroviruses, 

Coxsackie viruses é

Type 1 Diabetes

50-60 % of cases ?

Other Diseases ? 

(Systemic lupus, 

psoriasis, etc.)

Motor neurons

Neurotropic viruses,é

Sporadic ALS

Synovial membrane

?

RA

Antony Nature Neuroscience 2006; Perron et al.J Gen Virol 1993;  Ruprecht & Perron JAMA 2005; Christensen Rev Med Virol 2005; Nellaker Retrovirology 

2006 ; Frank et al. J Infect Dis. 2006; Brown AS. Schizophr Bull. 2006; Vandenberghe et al Amyotroph Lateral Scler. 2010; Arias et al. Schizophr Res. 2012; 

Leboyer et al.World J Biol Psychiatry. 2013; Fung et al. Cell Death Differ. 2015. Freimanis et al. A role for human endogenous retrovirus-K (HML-2) in 

rheumatoid arthritis Clin Exp Immunol. 2010



Recent data validates GeNeuroôs platform approach 

against pathogenic HERV proteins 
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ÅPositive results of 270-patient RRMS Phase IIb study funded by Servier, 

ÅConsistent benefit with GNbAC1 at highest dose on three key markers of neurodegeneration 

linked to disease progression

ÅResults strongly supported by preclinical evidence and mode of action rationale 

üClear positioning against the key unmet medical need in MS: disease progression

ÅSuccessful Phase IIa in T1D 

ÅLaunch of the pHERV-K monoclonal antibody program against ALS, in 

partnership with NIH 

ÅWide application potential in other autoimmune and degenerative diseases
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First mover in HERV-mediated diseases

Program Pre-clinical Phase I Phase IIa Phase IIb Phase III

1. GNbAC1

Multiple Sclerosis

2. GNbAC1

Type 1 Diabetes

3. GNbAC1

Pharmacology

4. GNbAC1

CIDP

5. New anti HERV-W Ab

Inflammatory Psychosis

6. Anti-HERV-K

ALS

270 patients / 50 centers in the RRMS indication / Completed March 2018 

Phase 1c study on 24 healthy controls with doses up to 110 mg/kg  /  results end 2018 

Safety & signal finding Phase IIa

Launched April 2017 / 6-month data Sept. 2018, full 12-month data 2Q2019

R&D Agreement with NIH in ALS

Planning next stage developments based on positive neurodegeneration 48-week results 

R&D collaborations with Academic labs 

January 2019

ODD granted by the US FDA 

Planning discussions with FDA to design a proof-of-concept study  
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GeNeuro development in MS

Part 1



Brain 

impairment

Spinal cord 

impairment
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2.5 million MS patients worldwide

$22.3bn market in 2017

Source: Inserm/Disc : F. Koulikoff.

Vision, cognition

motor coordination, 

equilibrium

Walking, strength, 

sensation, sexuality, 

bowel / bladder control

MS is a life-long inflammatory and degenerative disorder of the central 

nervous system

ÅDisease onset mainly occurs in young 

adults

ÅFemale to male ratio is 2:1

ÅMean prevalence about 1/1000 

Damaged myelin

Nerve fiber

Axon

Normal myelin

Nerve cell

Neuron



Frequent inflammation, 

demyelination, axonal transection 

plasticity and remyelination

Continuing inflammation, persistent 

demyelination

Infrequent inflammation, chronic 

axonal degeneration gliosis
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From the outset of disease, Multiple Sclerosis is marked 

by neuroinflammation and axonal loss/brain atrophy 

Adapted from Compston et al., The Lancet 2002

Time since onset of disease

RRMS SPMS

Axonal loss

Brain volume

Inflammation Inflammation mediated by adaptive immunity (B and T lymphocytes) 

Neuronal damage mediated by innate immunity (activated microglia) 

and accelerated by hampered remyelination (oligodendrocyte precursor cells) 
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Known drivers of multiple sclerosis 

Adaptive Immunity

T- and B-cells are selectively

recruited to the CNS

Detrimentalcircleof events:
Å Tissue damage: release of antigens to 

the periphery,
Å which in turn primes new immune 

responses in the lymphoid tissue,
Å followed by the invasion of lymphocytes 

into the CNS.

(autoimmunity)

Innate Immunity

Infiltrating Macrophages and

CNS residential Microglia

Driver of MS disease progression
Å Promote T/ B cells response.
Å Release of proinflammatory cytokines, 

chemokines, NO radicals and glutamate
Å Direct damage on axons

Repair

Dysfunctional

Oligodendrocyte Precursor Cells 

(OPCs)

Remyelination is altered
Å by dysfunctional OPCs
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The unmet need in MS: 

Adaptive Immunity

T- and B-cells are selectively

recruited to the CNS

Innate Immunity

Infiltrating Macrophages and

CNS residential Microglia

Repair

Dysfunctional

Oligodendrocyte Precursor Cells (OPCs)

Target of most DMTs
Åa-CD20s mAbs
ÅS1P1/n agonists
Åa-integrin mAb
Åetc.

P

O

O

No approved drugs 

No approved drugs 
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Current treatment paradigm focuses on 

relapse control

Currently approved drugs target immune pathways

Associated impact on immune system & potential side effects

Orals and intravenousABCRs(1)

2017 sales = $12.4bn (56%)2017 sales = $9.2bn (42%)

Avonex

MSCRG

Copaxone

CMSSG

Betaseron

MSSG

Rebif

Prisms

Aubagio

Tower

Tecfidera

Define

Gilenya

Freedoms

Ocrevus

Phase II

Tysabri

AFFIRM

Sources: 2018 company filings & announcements, Sorensen S. New management algorithms in multiple sclerosis, 
Current Opinion Neurology 2014,27,246-258.; Cohen JA. Lancet, 2012, L.Kappos Lancet 2011

Reductions of relapse rate by leading MS drugs (in published clinical trials)  

18%

29% 31% 33%
36%

53% 55%

80%

68%

(1) ABCR = Avonex-Betaseron-Copaxone-Rebif



MS at first diagnosis (Post CIS)
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Critical unmet medical need 

MS inevitably leads to progressive disability

Primary progressive: 

15%

Relapsing-remitting: 

85%

Sources: National MS Society; Atlas of MS 2013; NIH estimates.

Few drugs for 

progressive 

forms of the 

disease

No drugs prevent 

conversion from

RRMS to SPMS 
Secondary 

progressive

Patient evolution

80% of people who are diagnosed with RRMS develop

secondary progressive MS

55%
35%

10%

Total MS population

Primary progressive

Relapsing-remitting

Secondary progressive
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RRMS SPMS

PPMS

Inflammation

Neurodegeneration

Immune-modulating

therapies

GeNeuroôs 

Main focus

Objective: develop a new treatment effective for 

disease progression 

ñThe greatest remaining challenge for multiple sclerosis is the 

development of treatments incorporating neuroprotection and 

remyelination to treat and ultimately prevent the disabling, 

progressive forms of the condition.ò 

Prof. Alan J Thompson, Lancet 2018; 391: 1622ï36

15
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Drugs in development that specifically target 

neurodegeneration 

Drug Company Pharmacology ProposedMode of Action Dev. Stage

Opicinumab Biogen Monoclonal antibody 

IgG1 neutralizing LINGO-

1 protein

Favoring oligodendrocyte 

differentiation and remyelination

Ongoing 

Phase IIb

Biotin MedDay Vitamin B8/H given at 

high dose (300mg/day) 

Increasing energy supply (ATP, 

fatty acid) to oligodendrocytes 

favoring myelin production

Ongoing 

Phase 3

Ibudilast MediciNova Anti-inflammatory drug, 

approved in Japan for 

asthma since 1989

Inhibition of macrophage 

ƳƛƎǊŀǘƛƻƴΣ ŘŜŎǊŜŀǎŜ ƻŦ ¢bCʰΣ 

enhancing survival and 

maturation of oligodendrocytes

Completed 

Phase IIb

GNbAC1 GeNeuro Monoclonal antibody 

IgG4 neutralizing pHERV-

W-Env,associated to MS 

as a causal factor

Enhancing remyelination and 

reducing damage by promoting 

OPC maturation and blocking 

microglial activation

Completed 

Phase IIb

Sources: Mellion et al., Neurology 2017 ; Kremer et al., MSJ 2018 In print; Green et al., Lancet 2017
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Consistent presence of pathogenic HERV-W Envelope 

protein (pHERV-W Env) in the brains of MS patients

Highly expressed in active MS 
lesions 

ÅConsistently found in MS 
brains

ÅExpression levels correlate 
with lesion activity

ÅPresent from earliest to latest 
stages of disease

Sources: Perron et al., MS Journal, 2012; Van Horssen et al.,MS & Related Disorders 2016; Rolland et al., J Immunol, 2006; Antony et al., Nat 
NeuroSci, 2004; Kremer et al., Ann. Neurol, 2013; Perron et al., PLOS One, 2013; Madeira et al., J Neuroimmunol 2016

pHERV-W Env positive infiltrating perivascular 

macrophages in early demyelinating lesions
Van Horssen et al., MS & Related Disorders 2016 

January 2019
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pHERV-W Env protein is expressed 

in chronic active MS lesions

D

B

C

A

B - The line of 

microglia is 

highly 

activated 

(HLA-DR+++). 

D - Activated 

and migrating 

microglial cells 

are strongly 

positive for 

Env

Á In progressive plaques, pHERV-W Env is expressed in the demyelinating 

border composed of activated microglia

A - Chronic 

plaque with 

microglial line 

(myelin in 

brown) 

C - Env is 

expressed  in 

this microglial 

line only

Sources: Perron et al., MS Journal, 2012; Van Horssen et al., MS & Related Disorders 2016; Rolland et al., J Immunol, 2006; Antony et al., Nat 
NeuroSci, 2004; Kremer et al., Ann. Neurol, 2013; Perron et al., PLOS One, 2013; Madeira et al., J Neuroimmunol 2016

18
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pHERV-W Env acts on key cells associated with MS disease 

progression: Microglia and OPCs

pHERV-W Env

Sources: Kremer et al., Ann Neurol 2013; Antony et al., Nat NeuroSci 2004; Madeira et al, JNeuroImmunol 2016; Rolland et al., J Immunol 2006; Kremer et al. presentation at the 2018 Charcot Conference

pHERV-W Env

Åinduces an agressive phenotype (M1) in TLR4+ microglial cells

Åactivates microglia to associate themselves with myelinated axons

Ådecreases microglial expression of regenerative factors

fuels microglial-dependent neurodegeneration in MS 

TLR4+ (  )  

Microglia

TLR4+ (  )

Oligodendrocyte

Precursor Cell (OPCs)

pHERV-W Env

Åinduces release of cytokines & activates NO synthase

Åreduces myelin protein expression

Åsignificantly reduces OPC differentiation capacity

drives OPC mediated remyelination failure
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pHERV-W Env fuels microglial cell mediated 

neurodegeneration in MS

Microglia activation yields agressive phenotype

pHERV-W Env activates microglia in neuron / 

oligodendrocyte co-cultures, leading to axonal injury due 

to increased TNFa.

Å Release of axonal neurofilament light chain (NFL)

Å Release of synaptophysin (SYP) 

Regenerative factors in microglia decreased

Stimulation of microglia with pHERV-W ENV leads to 

significant decrease of regenerative genes 

transcription (IGF-1, CSF-1, FGF-2) in microglia.

Microglia are directed towards myelinated axons

In neuron / oligodendrocyte / microglia co-cultures 

pHERV-W Env induces microglia to associate  

themselves with axonal structures.

Source: Kremer, Küry et al. presentation at Charcot Conference, Nov 2018

ctrl

ENV
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pHERV-W Env drives OPC mediated remyelination failure
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ctrl ctrlENV ENV

OPCs express increased levels of cytokines & iNOS

pHERV-W Env stimulation of rOPCs in vitro leads to a 

strong induction of iNOS expression. Proinflammatory 

cytokines such as TNFa, interleukin (IL)-1b, and IL-6 are 

highly upregulated upon stimulation with pHERV-W Env.

OPC differentiation capacity is significantly reduced

pHERV-Env markedly decreases number of OPCs 

expressing early (E) and late (L) markers of myelin:

Å2ô,3ô-cyclic nucleotide 3ô-phosphodiesterase, CNPase, (E)

ÅMyelin basic protein, MBP, (L)

Source: Kremer et al., Ann Neurol 2013
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GNbAC1 rescues myelin expression by 

blocking Env-induced nitrosative stress in OPCs:

Source: Kremer et al. Mult Scler. 2015, Göttle et al. Glia 2018, Data presented at MSParis2017 - Late Breaking News

ÁRecombinant, humanized IgG4-kmAb

ÁPK approx. dose linear, Half-life å 1 month

ÁBinds with high affinity to pHERV-W Env   

(Kd = 2.2 nM)

ÁBlocks pHERV-W Env activation of TLR4

ÁRescues MBP* expression in OPCs

*MBP: Myelin Basic Protein; marker of OPC maturation

Ctrl GNbAC1 Env Env + GNbAC1

60%

40%

20%

0%

p < 0.001

87% restored

%
 o

f 
m

y
e
lin

a
ti
n

g
 O

P
C

s

In vitro myelinating co-cultures displaying the GNbAC1

mediated rescue of myelinated segments (MBP in red) 

DAP1

MBP

bIII-tub

Env Env + GNbAC1
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Phase IIb trial (CHANGE-MS):

Efficacy in RRMS patients at 1 year 

·International, randomized, double-

blind, placebo-controlled Phase 2b 

study in RRMS patients

·1° Endpoint: Cumulative # Gd+ 

lesions on brain MRI scans at 

weeks 12, 16, 20 and 24 versus 

placebo 

·Remyelination and neuroprotection 

endpoints:  brain atrophy, black 

holes, change in MTR in NAWM, 

cerebral cortex

·In Period 2, the control group is 

composed of patients originally 

randomized to placebo. Dose-effect 

analyzed by Spearman correlation 

coefficient

Period 1

6 repeated doses

270 patients (1:1:1:1)

Period 2

6 repeated doses

247 patients (1:1:1)

6-months results 

(incl. primary) presented 

at MSParis2017

October 2017

Secondary 

endpoints & 

Full analysis

March 2018

MRI IMP Administration Weeks

BL 4 8 12 16 20 24

Group GNbAC1 

18 mg/kg

Group GNbAC1 

12 mg/kg

Group GNbAC1 

6 mg/kg

Group Placebo

Group GNbAC1 

18 mg/kg

Group GNbAC1 

12 mg/kg

Group GNbAC1 

6 mg/kg

Weeks

28 32 36 40 44 48

January 2019

Extension 

Study

Group GNbAC1 

18 mg/kg

Group GNbAC1 

12 mg/kg

Group GNbAC1 

6 mg/kg

52 -------------- 144

CHANGE-MS ANGEL-MS

92% of 

patients



Overview of CHANGE-MS 48-week results 

ÅModest benefit on MRI markers of neuroinflammation

ÅAll groups substantially improved from Week 24 to Week 48

ÅNo significant differences across groups

ÅConsistent benefit with GNbAC1 at highest dose on key markers of 
neurodegeneration, linked to disease progression 

ÅReduction of Brain Atrophy (thalamus, cerebral cortex, deep gray matter and whole 
brain) 

ÅReduction in T1 Black Holes (marker of permanent tissue damage) 

ÅBenefit seen on Magnetization Transfer Ratio (measure of remyelination) 

ÅContinued excellent safety and tolerability

ÅOpens the door for possible increase in dose, and/or 

ÅCombination with powerful anti-inflammatory agents 
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Thalamus

Marked reduction of brain atrophy measures

Group Median % 

reduction 

at week 48

Relative 

reduction of

atrophy

Control -1.27

18mg/kg -0.36 72%

Dose effect* p=0.014

* Dose-effect analyzed by Spearman correlation coefficient

Group Median % 

reduction 

at week 48

Relative 

reduction of

atrophy

Control -0.59

18mg/kg -0.41 31%

Dose effect* p=0.045

Group Median % 

reduction 

at week 48

Relative 

reduction of

atrophy

Control -0.59

18mg/kg -0.42 29%

Dose effect* p=0.079

Cerebral cortex Whole brain

January 2019
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Consistent benefit with GNbAC1 seen in non-active 

population is a key asset 
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Change in volume in non-

active population* Å Appears to confirm that the effect of 

GNbAC1 on its target cells  (OPC and 

microglia) and is not confounded by 

adaptive immunity

Å Appears to confirm that, in state of 

reduced T/B cell activity, GNbAC1 

could effectively target 

neurodegeneration and promote 

regeneration.

Å Opens door for co-therapy GNbAC1 

with DMTs to address the inflammatory 

component in MS 

Source: Kremer et al. presentation at the 2018 Charcot Conference

* defined as patients without Gd+ activity at baseline

Median difference (18mg/kg ïcontrol group)



Reduction in the number of new T1 hypointense lesions 

(Black Holes) at month 12 with 18mg/kg

Median reduction between 

18mg/kg group and control group 

in new larger T1 Black Holes* = 

63% 

(p=0.014)

* T1 hypointense lesion > 14mm3 volume 

27

Control 

group

Mean Number of Lesions (95% CI)

Control 

group

Mean Number of Lesions (95% CI)

New larger BH



* Recalculated with the same number of qualifying MTR scans at 48 weeks

Stabilization of MTR Signal at 48 weeks
Normal Appearing White Matter (PV) Bands

WEEK 24* WEEK 48

Change in MTR signal (% units) Mean Median Mean Median

PV Band 1

18mg/kg 0.68 0.28 0.128 -0.265

Placebo / 

6-12-18mg
-0.35 -0.58 -0.855 -1.01

Gain vs. placebo P value 
Gain vs. placebo 

/ 6-12-18mg
P value 

18mg vs. Placebo 

/ 6-12-18mg
1.03 0.188 0.98 0.271

PV Band 2

18mg/kg 0.64 0.30 0.179 -0.155

Placebo / 

6-12-18 mg
-0.32 -0.64 -0.763 -0.94

Gain vs. placebo P value 
Gain vs. placebo 

/ 6-12-18mg
P value 

18mg vs. Placebo 

/ 6-12-18 mg
0.96 0.188 0.94 0.277

PV Band 3

18mg/kg 0.66 0.34 0.223 -0.145

Placebo / 

6-12-18 mg
-0.28 -0.61 -0.712 -0.91

Gain vs. placebo P value 
Gain vs. placebo 

/ 6-12-18mg
P value 

18mg vs. Placebo 

/ 6-12-18 mg
0.94 0.194 0.94 0.269
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12 months safety 

No safety or tolerability issues
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GNbAC1

6 mg/kg

N=88

GNbAC1

12mg/kg

N=90

GNbAC1

18 mg/kg

N=89

Overall

N=267

SAE 3 4 1 8

Serious-related AE* 0 1 0 1

AE leading to early termination 2 2 2 6

AE leading to death 0 0 0 0

* Macroscopic hematuria: resolved
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