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Anti-HERV-K envelope antibody and uses thereof 

FIELD OF THE INVENTION 

5 The present invention relates to a novel antibody against H.ERV-K envelope that 

targetsa conserved region notaffected by glycosylation or by native conformation, and its use 

indiagnostics anorin therapy, 

BACKGROUND OF THE INVENTION 

Amyotrophic lateral sclerosis (ALS) disease was first described by the French neurologist 
10 Jean-Martin Charcot and its name reflects both the degeneration of corticospinal motor 

neurons, the descending axons of which show altered structure in the lateral spinal cord 

(lateral sclerosis) and the demise of spinal motor neurons, with secondary denervation 

associated with muscle wasting (amyotroplhy) (Taylor, Brown, and Cleveland 2016). indeed, 
ALS is a progressive and ultimately faal neurodegenerative disease resulting from motor 

15 neuron degeneration in the cerebral motor cortex, the brainstem and spinal cord involved in 

the planning, control and execution of voluntary movements, Fatal outcome typically occurs 

3-5 years after diagnosis (Taylor, Brown, and Cleveland 2016). The prevalence of ALS 

approximately reaches 5 cases in 100 000 , which reflects the rapid lethality of the disease 

(Taylor, Brown, and Cleveland 2016). About 10% of ALS cases appear to be genetically 

20 transmitted in families (hereditary ALS), in association with specific genomic mutations. For 

example, approximately 20% ofamilial ALS is associated with a mutation in the superoxide 

dismutase (sodl) gene (Vuic and Kiernan 2009; Rosen 1993)_ Other non-familial cases are 

classified as sporadic ALS (90% of ALS cases) (Lagier-Tourenne and Cleveland 2009), 
meaning that it occurs without a family history.  

25 Neurodegenerative disorders, such as Parkinson's, Huntington's, Alzheimer's disease, 

frontotemporal lobar degeneration (FTLD) and ALS are associated with the accumulation of 

isfolded proteins both inside and outside ofneuronal and glial cells in the central nervous 

system (Polymenidou and Cleveland 2011). These misfolded protein aggregates are 

pathological hallmarks of each disease and can spread from cell to cell through a. prion-like 

30 mechanism after an initiating event. One widely held view is that these aggregates play a 

critical role in disease initiation and progression., with the misfolded versions of endogenous 

proteins likely to acquire toxic properties, potentially through increased hydrophobicity 

and/or sequestration of essential cellular components within the aggregates, generationof 

oxidative species, proteasome inhibition and through other pathways, An alternative view is 

35 that the large aggregates do not represent the toxic form, but the final product of a defensive
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cell response aimed at protecting cells from moretoxicoligomeric species thatremin 

undetectable by most techniques (Polynenido and Cleveland 2011).  

Studies of serum samples fom patients with ALS but seronegative fbr Human 

humunodeiciencyVirus(HItV) orHann T cell leukemia virus (HTLV) exogenous viruses 
5 showed reverse transcriptase (RT) activity in 50-60% of ALS samples with level comparable 

to those of HIV-infected patients (MacGowan et al 2007; McCormick et al. 2008; Andrews et 

al. 2000; Steele et al. 2005). This is consistent with the fact that retroviral involvement has 

been suspected for several years since the recognition that both murine and human 
retroviruses can cause ALS-like syndromes (McCormick et al 2008), ALSlike disorder in 

P0 HV-positive patients can remit with aritiretroviral therapy (Moulignier et at 2001: von 

Giesen et at 2002). This is valid for ALS syiptomatology in Iy-infected patients and may 

nonethelessrepresent a peculiar sub-category of ALS cases.  

Increased RT activity was also found in sermn of ALS patient's first degree relatives, 

which leads to the speculation that RT activity may derive from inherited active copies among 

H human endogenos retroviruses(HERVs' which represent% of our genome (Steele el al, 
2005).  

Nonetheless, the detection of RT activity assuch in ALS does not identify the origin of this 

enzyme, but the involvement of HERV-K in post-mortem brain, (Dou'ville et al 2011)] has 

been shown. Sequencing studies revealed that the 7q34 and 7q36.1 chromosomal loci 

20 (corresponding to HML-2 and IML-3 subfamilies of HERV-K respectively) are more 

frequently expressed in patients with ALS, compared to controls (Douville and Nath 2014) 

Moreover, it has been recently observed that both HERV-K gag- pIl and env RNA have 

significantly elevated expression in brains from ALS patients compared to controls (Li et a.  
2015).  

25 Expression of HERV-K in human neuronal cultures caused neuronal cytotoxicity, as 

observed by the decreased number ofneurons and also the retraction of neurites in a dose 

dependent manner after the transfection of the entire FERV-K genome or of the FIERV-K-env 

geeonly. This suggested that intracellular HERV-K-Env protein couldcontribute to 

nerotoxicity. This has been confirmed by the CRISP/casp9 assay which has permitted 

30 HERV-K twofold increased expression through its TR activation by the VP64 transcription 

factor (Li et al 2015), HERV-K expression causes in ivo loss of the motor cortex volume in 

transgenic mice expressing the HERV-K-env gene in cortical neurons which is independent of 
theimmune reactivity as measured with the ionized calcium-binding adapter molecules (Iba

1) marker for microglia (Li et al. 2015). Behavioral analyses revealed that HERV-K-env 

35 transemnic mice traveled shorter distances, rested for longer periods and fell faster in a rotarod 

performance test displaying evidence of spasticity with increased clasping of the hind linbs.  

In addition to these motor dysfunctions, transgenic mice developed profound weakness of the
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limbs and spinal muses includingthose for respiration esunin50% mortality by 10 

months (Li et at2015 

nteresdngal-ERVTK RT expression correlated with increased TDP-43 levels in neurons 

fromALS patient suggesting that RT expresionoccurs in combiation with other aberrant 

5 cellular processes characteristic of the disease (Buratti and Baralle 2009; Geser et al 2009; 
Douville et al 2011), Evidence for such a prion-like mechanism in ALS now involves the 

main misfolded proteins, SODI and TDP-43 (Polymenidouand Cleveland 2011). Recently, Li 

and al demonstrated that TDP-43 could activate HERV-K-env expression in human neuron, 

which is consistent with their observation that TDP-43 can bind to the region 726

o CCCTCTCCC-734 of HERV-K long terminal repeat (LR) (Li et al. 2015). They also showed 

that endogenous TDP-43 silencing decreased HERV-K. expression. These results have 

recently been complemented by showing that normal TDP-43 has no effect on HERV-K 

transcription in human astrocytes and. neurons in vimf, whereas TDP43 has a binding site in 

the U5 region of HERV-K promoter, The latter binding is enhanced withinflanmation, e.g. in 

is presence of Tumor Necrosis Factor (TNFu), or with proteasome inhibition (Manghera, 

Ferguson-Parry, and Douville 2016) Interestingly, the same study showed thatoverexpression 

of aggregating forms of TDP-43 enhanced HERV-K viral protein expression and 

accumulation, when wild-type (normal) TDP-43 did not (Manghera, Ferguson-Parry, and 

Douville 201.6). Moreover, despite evidence of enhanced stress granule and autophagic 

20 response in ALS cortical neurons, these cells failed to clear the excess HERV-K protein 

accumulation. Typical of most retroviral restriction-factors, the'TDP-43 promoter is likely to 

respond to interferon- and inflammation-associated tramscription factors, as it contains 

binding sites for interferon regulatory factors (IRFI, IRF3) and nuclear factor-kappa B 

(NFiB) (Douville et al 2011)

25 Taken together, these findings suggest that endogenous retrovira elements andHERV-Kin 

particular are involved in the pathophysiology of ALS and couki beemissinglinkbetween 

TDP43 andthis proteinopathy (Alfahad andNath203). HER-Kenvelopeprotein 

expression within neurons of patients with ALS can therefore contribute to the 

neurodegeneration and disease pathogenesis, 

30 To date, as a symptomatic treatment, Riluzole remains the only relatively effective drug 

and only extends the average survival of patients by 3-6 months (Hardiman, van den Berg, 

and Kiernan 21011). Present treatment protocols are based on symptom management and on 

preservation of quality of life, provided in a multidisciplinary setting, The discovery of an 

efficient therapy remains a critical need for patients with this rapidly fatal disease (Hardiman, 
:5 van den Berg,and Kieman 2011).  

Consequently, there remains an umetneed for efyecuive therapeutic agents for treating 

ALS.
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It is to be understood that if any prior art publication is referred to herein, such reference 

does not constitute an admission that the publication forms a part of the common general 

knowledge in the art in Australia or any other country.  

SUMMARY OF THE INVENTION 

5 The inventors have developed a novel antibody against the HERV-K envelope protein that 

displays unexpected properties.  

The inventors have shown that the antibody according to the present invention, named 

GN_mAb_Env_K01, is a murine monoclonal antibody (mAb) that selectively binds to the 

SLDKHKHKKLQSFYP (SEQ ID NO:9) linear epitope on the surface of the HERV-K-Env 

0 protein. GN mAbEnv_KO is a full-length antibody of the IgG2b/ kappa murine subclass.  

GN_mAb_Env_K01 biological activity has been confirmed in ELISA and Western Blotting 

immunoassays. Surprisingly GNmAb_Env_K01 recognized both the native and the 

denatured HERV-K-Env protein, but also the non-glycosylated and the glycosylated forms 

while the commercial anti-HERV-K-Env antibody failed to detect the glycosylated form.  

5 Moreover and most unexpectedly, the targeted epitope appeared to be highly conserved 

with a stable amino acid sequence in HERV-K env genes described in the databases. This 

confers a unique positioning to this antibody, whatever the HERV-K copy involved in a 

pathogenic expression of its envelope protein. These unexpected results indicate that 

GNmAbEnv_KO is an original tool for targeting HERV-K envelope proteins. They also 

.0 show that selecting and obtaining such a monoclonal antibody could not be foreseen or 

predicted by a given protocol of immunization, even for skilled persons.  

Thus, the present invention relates to an antibody that recognizes the HERV-K Envelope 

protein, wherein said antibody binds to the epitope SLDKHKHKKLQSFYP (SEQ ID NO:9).  

A first aspect provides an antibody that recognizes the human endogenous retrovirus K 

25 (HERV-K) envelope protein, wherein said antibody binds to the epitope as set forth in SEQ 

ID NO:9, and comprises: 

- a light chain comprising a light chain variable region (VL) which comprises three 

complementarity determining regions (CDR-L1, CDR-L2 and CDR-L3), and 

- a heavy chain comprising a heavy chain variable region (VH) which comprises three 

30 complementarity determining regions (CDR-H1, CDR-H2 and CDR-H3), 

wherein the CDR-L1 comprises the amino acid sequence of SEQ ID NO:1, the CDR-L2 

comprises the amino acid sequence of SEQ ID NO:2, the CDR-L3 comprises the amino acid 

sequence of SEQ ID NO:3, the CDR-H1 comprises the amino acid sequence of SEQ ID 

NO:4, the CDR-H2 comprises the amino acid sequence of SEQ ID NO:5 and the CDR-H3 

35 comprises the amino acid sequence of SEQ ID NO:6.  

20789426_1 (GHMatters) P111616.AU 01/05/2024
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The invention also relates to an antibody that recognizes the HERV-K Envelope protein, 

wherein said antibody binds to the epitope SLDKHKHKKLQSFYP (SEQ ID NO:9) for use in 

therapy.  

The invention also relates to an antibody that recognizes the HERV-K Envelope protein, 

5 wherein said antibody binds to the epitope SLDKHKHKKLQSFYP (SEQ ID NO:9) for use in 

a method for treating amyotrophic lateral sclerosis (ALS), preferably sporadic ALS.  

In another aspect, the invention relates to a pharmaceutical composition comprising the 

antibody as defined above and a pharmaceutically acceptable excipient.  

In another aspect, the invention also relates to a method for detecting the HERV-K 

0 envelope protein in a biological sample comprising the step of contacting said biological 

sample with an anti-HERV-K envelope antibody as defined above.  

In another aspect, the invention also relates to a method for diagnosing ALS, notably 

sporadic ALS, in a patient comprising the step of contacting a biological sample obtained 

from said patient with an anti-HERV-K envelope antibody as defined above.  

5 

DETAILED DESCRIPTION 

Definitions 

In the claims which follow and in the description of the invention, except where the context 

requires otherwise due to express language or necessary implication, the word "comprise" or 

.0 variations such as "comprises" or "comprising" is used in an inclusive sense, i.e. to specify 

the presence of the stated features but not to preclude the presence or addition of further 

features in various embodiments of the invention.  

As used herein, the term "treating" or "treatment", as used herein, means reversing, 

alleviating, inhibiting the progress of, or preventing the disorder or condition to which such 

25 term applies, or reversing, alleviating, inhibiting the progress of, or preventing one or more 

symptoms of the disorder or condition to which such term applies.  

As used herein, the term "prevention" refers to preventing the disease or condition from 

occurring in a subject which has not yet presented clinical symptoms, typical lesions or 

physiological dysfunctions that would allow its clinical diagnosis.  

30 As used herein, "antibody" or "immunoglobulin" have the same meaning, and will be used 

equally in the present invention. The term "antibody" as used herein refers to immunoglobulin 

molecules and immunologically active portions of immunoglobulin molecules, i.e., molecules 

20789426_1 (GHMatters) P111616.AU 01/05/2024



5a 

that contain an antigen binding site that specifically binds an antigen. As such, the term 

"antibody" encompasses not only whole antibody molecules, but also antibody fragments, as 

well as derivatives of antibodies.  

As used herein, the expression "fragment of antibody" refers to a portion of such an 

5 antibody that mimics the hypervariable region, such as a CDR (CDR-L1, CDR-L2, CDR-L3, 

CDR-H1, CDR-H2, CDR-H3). The fragments of antibody according to the present invention 

retain the binding affinity and specificity of said antibody. Such fragments are functional 

equivalents of said antibody and they bind at substantially the same epitope as said antibody.  

Examples of fragments of antibody include but are not limited to heavy chain, light chain, 

0 VL, VH, Fv, Fab, Fab', F(ab)2, and F(ab')2.  

As used herein, the expression "derivative of antibody" refers to a fragment of the antibody 

of the invention, preferably including at least one CDR of said antibody, preferably at least 

one CDR3 of said antibody, fused to at least one sequence different from the natural sequence 

(e.g. a linker sequence of another species ... ), said derivative having binding affinity and 

5 specificity to HERV-K Env comparable to that of the antibody of the invention. The 

derivatives according to the present invention retain the binding affinity and specificity of said 

antibody. Such derivatives are functional equivalents of said antibody and they bind at 

substantially the same epitope as said antibody. Examples of derivatives of antibody include, 

but are not limited to scFv, (scFv)2 and diabodies.  

.0 In natural antibodies, two heavy chains (HC) are linked to each other by disulfide bonds and 

each heavy chain is linked to a light chain (LC) by a disulfide bond. There are two types of 

light chain, lambda (1) and kappa (k). There are five main heavy chain classes (or isotypes) 

20789426_1 (GHMatters) P111616.AU 01/05/2024
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whichdeterminethefunctional activityof anantibody moleculeIgM, IgD IgG, IgAand Tg.  

Eachchain contains distinctsequence domains 

Typically. thelight chain includes two domains, a variable domain (VL) and a constant 

domain (CL), The heavy chain includes fouR domains a variable dom n(VH)andthree 

5 constant domains (CHI, CH2 and CH3, collectively referred to as CH). The variable regions 
of both light (VL) and heavy (VH) chains determine the binding site specific to the antigenic 

epitope. The constant region domains of the light (CL) and heavy (CH) chains confer 

important biological propertiessuch as antibody chain association, secretion, trans-placental 

mobility, complement binding, and binding to Fe receptors (FcR), The Fvfragment is the'N

10 terminal part of the Fab fragment of an immunoglobulin and consists in the variable portions 

of one light chain and one heavy chain. The specificity of theantibodyresides in thestrucural 

complementarity between the antibody binding site and the antigenic epitope. Antibody 

binding sites are made up of residues that are primarily from he hypervariable or 

complementarity determining regions (CDRs). Occasionally, residues from non-hypervariable 

15 or framework regions (FR) influence the overall domain structure and hence the binding site, 

Complementarity Determining Regions or CDRs refer to amino acid sequences which 
together define the binding affinity and specificity of the natural Fv region of a native 

immunoglobulin binding site. The fight and heavy chains of an irmunoglobulin each have 
three CDRs, designated L-CDRI, L-CDR2. L-CDR3 and H-CDRI, H-CDR2, HCDR3, 

20 respectively. An antigen-binding site, therefore, includes six CDRs, comprising the CDR set 

from each of a heavy and a light chain V region, Framework Regions (FRs) refer to amino 

acid sequences interposed between CDRs.  

As used herein, the term "chimeric antibody" refers to an antibody which comprises a VII 
domain and a V domain of an antibodyfom any species preferably mouse, and a CH 

25 domain and a CL domain of a human atibody 

According to the invention, the term "humanized antibody" refers to an antibody having 
variable regionframework and constant regions from a human antibody butretains the CDRs 

of an antibody from anyspecies, preferably mouse.  

The term "Fab" denotes an antibody fragment having a molecular weight of about 50,000 and 

30 antigen binding activity, in which about a half of the N-terminal side of Hchain and the entire 

L chain, among fragments obtained by treating igG with a protease, papaine, are bound 
together through a disulfide bond.  

As used herein, The term "F(ab')2" refers to an antibody fragment having a molecular weight 

of about 100,000and antigen binding activity, which is slightly larger than the Fab bound via 

35 a disulfide bond of the hinge region, among fragments obtained by treating IgG with a 

protease, pepsin.
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As used herein The term "Fab " refers to an antibody fragment having amolecularweight of 

about 50,00 andantigen binding activity, which is obtainedby cuttinga dilsulde bond ofthe 

hinge region of the F(ab')2 

The expressions "A single chain Fv4 or "scFv"" refeato apolypepdde, which is a covalently 

5 linked VH::VL heterodimer, and usually expressed from a gene fusion including VH and VL 

encoding genes linked by a peptide-encoding linker, "dsFv" is a VH:VL heterodimer 

stabilised by a disulfide bond. Divalent d amultivalent antibody fragments can form either 

spontaneously by association of monovalent scvFs, or can be generated by coupling 
monovalent scFvs bya peptide tinker, such as divalent sc(Fv)2.  

!0 The term "diabodies" refers to small antibody fragments with two antigenbinding sites, 
which fragments comprise a heavy-chain variable domain (VH) connected to a light-chain 

variable domain (VL)in the same polypeptide chain(MHE) By using a linker that is too 

short to allow pairing between the twodomains on the same chain, the domains are forced to 

pair with the complementarydomains of another chainand create two antigen-binding sites.  

s As used herein; the expression "antibody of the invention" refers to an antibody directed 

againsti.e. that specifically binds to, HERV-K Envelope protein (HERV-K Env), preferably 

against HERV-K Envelope protein of the type-K human endogenous retrovirus finily 

(HERMK), more preferably against the epitope as set forth in SEQ ID NO:9.  

As used herein, the term "biological sample" as used herein refers to any biological sample 

20 obtained for the purpose of evaluation in vino. In the present invention, the sample or patient 

sample may compriseany body fluid or disease-specific tissue and lesions, such as biopsies.  

Examples of body fluid include blood, serum. plasma, nipple aspirate fluid, rine, saliva, 
synovial fluid. and cerebrospinal fluid (CSF).  

Typically an antibody of the invention protects human neuronal cells from cytotoxicity 

25 induced by neuronal exposure to HFERVK Eav protein.  

More particularly, an antibody of the invention preferably exhibits one or more of the 

following functionalcharacteristics 

- it preserves neuronalf national activity of neurons exposed to HERM K Env pmtein; 

Sitpreserves cell viability of neurons exposed to H ERV K Env protein; and/or 
30 - it preserves neuronal morphology ofneurons exposed to HERVK Env protein, 

A protective effect of an antibody according to the invention on neuronal functional activity 

against extracellular HERV-K envelope cytotoxicity may be assessed in vito as illustratedin 

example 2 of the present invention (see point 2.13). In particular, such effect may be assessed 

by recordingspontaneous electrophysiological activity of human neurons in viro, following 

35 treatment with the recombinant HERI-K Env protein. Thus, typically treatment with an
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antibody of the invention restores the spontaneous activity of himan neurons exposed to the 

recombinant HER-K Env protein, by at least 50% notably at least 60 %, at least 70 % at 
least 80 %, at least 90 % or at least 95 % when compared to human neurons un-treated with 

said recombinant HERV-K Env protein.  

5 In some embodiment, the protective effect of an antibody of the invention may be 
alternatively or additionally assessed in vitro by analyzing neuronal culture viability after 

treatment with the recombinant HERV-K Env protein, as for example illustrated in example 2 

(see point 2.1. ). Typically in such an embodiment, treatment with an antibody of the 

invention increases the viability of human neurons pre-incubated with the recombinant 

10 HERV-K Env protein by at least by at least 20 %, when compared to the viability of human 

neurons un-treated with said antibody of the invention.  

Insome embodimentthe protective effect of an antibody of the invention may be 

alternatively oradditionally assessed invr Nby estimating the neuronal morphology (such as 

for example the neurteength) of human neurons in culture aftertreatment with the 

1 recombinant HERV-Knv protein, as for example illustrated in example 2 (see point 2 1 2), 

Typically in such an embodiment, treatment with an antibody of the invention increases the 

neurite length of human neurons pre-incubatedwith the recombinantERE- K Env protein by 
at least 20 % as compared to the viabilityofhuman neurons un-treated with said antibody of 

the invention

20 In one embodiment, the antibody of the invention comprises each of the 6 CDRs as depicted 
in SEQ ID No: 1, SEQ ID No: 2, SEQ ID No: 3, SEQ ID No: 4, SEQ ID No: 5,,and SEQ ID 
No: 6.  

In one embodiment the antibody of the invention comprises: 

a light chain wherein the variable domain comprises each of the 3 CDRs as 

25 depicted in EQ ID No: I for CDR-LI. SEQ ID No: 2 or CDR-L2 and SEQ 
ID No: 3 for CDR-L3; and 

- a heavy chain wherein the variable domaincomprises each of the 3CDRs as 

depicted in SEQ ID No: 4 for CDR-HI SEQ ID No5 for CDRH and SEQ 
ID No: 6 for CDR-H3.  

30 

The above mentioned complementarity determinin regions(CDRs)are disclosed in TableI: 

Table 1: CDR domains of an antibody according to the invention 

Domains SEQ ID No: Sequence 

CDR-LI I QSLLDSDGKTY 
CDR-L2 2 LV'S 

CDR-L3 3 LQATHFPWT
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4DRil 4Y SYW 

CDR-H2 jIDPYDSET 
CDR-H3 6 ASLYYYGISL 

In one embodiment, the antibody, fragment or derivative of the invention comprises: 

- alightchain variable region (VL)as depicted in SEQ IDNo: 7;and 

- a heavy chain variable region (VH)as depicted in SEQ ID No: 8 

5 

The above mentioned light and heavy variable regionsare disclosed in Table 2: 

Table 2 : Light and heavy variable regions of an antibody according to the 

invention 

Domains SEQ ID 
Sequence 

No: 

VL, 7 DVVMTQTPLTLSVTIGQPASISCKSSQSLLDSDGKTYLNWL 

LQRPGESPKLLIYINSKLDSGVPDRFTCJSGSCJTDFTLKISRV 

EAEDLGVYYCLQATIFPWTFGGCTKLEIK 

VH1 8 QVQLQQPGAELVRPGASVKLSCKASGYTFTSYWMNWVK 

QRPEQGLVEWIGRIDPYDSETHYNQKFKDKAILTVDKSSSTA 

YMQLSSLTSEDSAVYYCASLYYYGISLWGQGTLVTVS 

I In one embodiment, the antibody fragment or derivative of the invention is selected from the 

group consisting ofa F1 Fab F(ab)2 Fab' dsFv, sc(Fv) adiabody, and muispeciic 

antibodies formed from antibody fragments 

In a preferred embodiment, the antibody of the invention is a manolonal antibody.  

Monoconaantibodies oftheavention are monovalentbivalnvalentalent, monospecific, 
S b'petine or mthispecific. I anothermbodment, the antibody directed against HER-K 

Env is a binding fragment or a conjugate. For examples antibodies of the invention may be 

conjugated to a growth inhibitory agent, cytotoxicagent, ora prodrug-activating enzyme.  

Another type of amino acid modification of the antibody of the invention may be useful for 

altering the original glycosylation pattern of the antibody. By"altering" is meant deleting one 

20 or more carbohydrate moieties found in the antibody, and/or adding one or more glycosylation 

sites that are not present in the antibody. Glycosylation of antibodies is typically N-linked, 

"N-linked" refers to the attachment of the carbohydrate moiety to the side chain of an 

asparagine residue. The tripeptide sequences asparagine-Xserine and asparagine-X-threonine,
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where Xis any aminoacid except proline, are the recognition sequences for enzymatic 

attachmentof the carbohydratemoiety to the asparagineside chain. Thus, the presence of 
either of these tripeptide sequences in a polypeptide creates a potential glycosylation site, 

Addition of glycosylation sites to the antibody is conveniently accomplished by altering the 

5 amino acid sequence such that it contains one or more of the above-described.tripeptide 

sequences (for N-linked glycosylation sites).  

In another embodiment, the antibody of the inventionisamonolonal humanized antibody, 

more preferablyan IgG4 humanized monoclonal antibody.  

Said humanized antibody may be produced by obtaining nucleic acid sequences encoding.for 

to CDRs domain by inserting them into an expression vector for animal cell.having genes 

encoding a heavy chain constant region identical to that of a human antibody: and a light 

chain constant regionidentical to that of a human antibody, and expressing the expression 

vector by introducing it into an animal cell. The humaized antibody expression vector may 

be either ofa type whichageneencodinganantibodyheavychainanda gene encoding 

antibody lightchain exist on separate vectirs or of a type in which both genes exist on the 

same vector (tandem type)In respect of easiness of construction of a humanized antibody 

expressionvector,easinessof introduction into animal cells, and balance between the 

expression levelsof antibodyH and L chains in animal cells, a tandem type of the humanized 

antibody expressionvector is more preferable. Examples of the tandem type humanized 

0 antibody expression vector include pKANTEX93, pEE18 and the like. Methods for producing 
humanized antibodies based on conventional recombinant DNA and gene transfection 

techniques are wellknown in the art. Antibodies can be humanized usina variety of 

techniques known in the art including,for example, DR-grafing, veneeringor resurThing, 

and chain shuffling. The general recombinant DNA technology for preparation of such 

25 antibodies is also known, 

Thus, an embodiment of the invention relates to a monocona humanized antibody 

comprising: 

a light chain wherein the variable domain comprises each of the 3 CDRs as 

depicted in SEQ ID No: ; for CDR-Li SEQ ID No:2 for CDR-L2 and SEQ 
30 ID No: 3 for CDR-L3; and 

- a heavy chain wherein the variable domain comprises each of the 3CDRs as 
depicted in SEQ ID No: 4 for CDR-Hl, SEQ U) No: 5 for CDRH2 and SEQ 

IDNo: 6 for CDR-H3.  

as Pharmaceutical composition
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Afurherobject of the invention relates to a pharmacIeutical composition comprising 

an effective dose of an antibody directed against HERVK Envelope protein (HERZKEnv) 

and a pharmaceutically acceptable excipient.  

Any therapeutic agent of the invention as above describedmay becombined with 

5 pharmaceuticals acceptable excipients, and optionally sustained-release matrices, such as 

biodegradable polymers, to form therapeutic compositions, 

"Pharmaceutically" or "pharmaceutically acceptable" refers to molecular entities and 

compositions that do not produce an adverse, allergic or other untoward reaction when 

administered to a mammal, especially a human, as appropriate. A pharmaceutically acceptable 

t0 carrier or excipient refers to a non-toxic solid, semi-solid or linid filer, diluent, 
encapsulating material or formulation auxiliary of any type, 

The form of the pharmaceutical composiions, the route of administration, the dosage and the 

reginen naturally depend upon the condition to be treated, the seventy of the illness, the age, 

weight, and sex of the patient, etc 

!5 The pharmaceutical compositions of the invention can be formulated for a topical, oral, 
intranasal, intraocular, intravenous, intrathecal (directly in the cerebrospinal fluid), 

intramuscular or subcutaneous administrationand the like 

In some embodiments, compositions formulated for intrathecal administration may be of 

particular advantage. Indeed, such administration mode may allow short-term administration 

20 of a non-human antibody, such as a mouse antibody, or a chimeric antibody in specific 

therapeutic strategies. Indeed, the "immune-privileged" physiology of the CNS allows 

tolerance that is not possible with administration via systemic routes- Thus the intrathecal 

inection mode is a common neurological and neurosurgical practice. For example,rituximab 

is a mouse-human chimeric antibody which has been used intrathecally in patients with 

25 multiple sclerosis and CNS lymphoma (see notably Bonnan M, Ferrari S, Bertandeau E, 
Demasles S, Krim E, Miquel M, Barroso B. "nrahecal rituxamab therapy in multiple 

sclerosis: review of evidence supporting the need f:>r fire trials, (urr iug Targets 

2014;5(13):1205-14. Topping J,Dobson R, Lapin S, Maslyanskiy A, Kropshofer H, Leppert 

D, Giovannoni G, Evdoshenko ."The ffets of intratheal rituxinab on bionwkers in 

30 multiple sclerosis" Mult Scler Relat Disord, 2016 Mar;6:49-53, and Kadoch C, Li J, Wong 

VS, Chen L, Cha S, Munster P, Lowell CA, Shuman MA, Rubenstein JL. "Complement 

activation and intraventricular rituxirmb distribution in recurrent central nervoussystem 

lvmphomna ". Clin Cancer Res. 2014 Feb 15;20(4):1029-41).  

35 Preferably, the pharmaceutical compositions contain vehicles, which are pharmaceutically 
acceptable for a formulation capable of being injected. These may be in particular isotonic, 

sterile, saline solutions (monosodium or disodium phosphate, sodium, potassium, calcium or
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magnesium chloride and the like or mixtures of such salts), or dry, especiallyfreezeried 
compositions which uponadditio, depending on the case, of sterilized water or physiological 
saline, permit the constitution of in jectable solutions.  

5 The doses used for the administration can be adapted as a function of various parameters, and 

in particular as a function of the mode of administration used, of the relevant pathology, or 

alternatively of the desired duration of treatment, 

To prepare pharmaceutical compositions an effective amount of the antibody directedagainst 

HERVIK Envelope protein (HERV-K Env) may be dissolved or dispersed in a 

10 pharmaceutically acceptable carrier oraqueous medium.  

The pharmaceutical forms suitable for injectable use include sterile aqueous solutions or 

dispersions; formulations including sesame oil, peanut oil or aqueous propylene glycol; and 

sterile powders for the extemporaneous preparation of sterile injectable solutions or 

dispersions. n all cases, the form must be sterile and must be fluid to the extent that easy 
15 syringability exists, it must be stable under the conditions of manufacture and storage and 

must be preserved against the contaminating action of microorganisms, such as bacteria and 

fiugi.  

Solutions of the active compounds as free base or pharmacologicallyacceptablesaltscanbe inwte a cproyleslllscabe 
prepared in water suitably mixed with a surfactant, such as hydroxypropylcellulose.  

20 Dispersions can also be prepared in glycerol, liquid polyethylene glycols, mixtures thereof 

and in oils. Under ordinary conditions of storage and use, these preparations contain a 

preservative to prevent the growth of microorganisms.  

Upon formulation, solutions will be administered in a manner compatible with the dosage 

formulation and in such amount as is therapeutically effective. The formulations are easily 

25 administered in a variety of dosage forms, such as the type of injectable solutions described 

above, but drug release capsules and the like can also be employed, 

Preferably, the antibody directed against HERV-K Envelope protein (HERV-K Env) of the 

invention can be formulated into a buffer in which it was solubilized, stored. and injected to 

patients. Preferably, said buffer comprises 20mM histidine, 5% sucrose, and 0.01% 
30 polysorbate 20 and present a pH of6.0.  

For parenteral administration in an aqueous solution, for example, the soluio imay be 

suitably buffered and the liquid diluent first rendered isotonicwithsuffcient salineor 

gucose, These particular aqueous solutions are especially suitable forintravenous, 
intramuscular, subcutaneous and intraperitoneal administration. In this connection, sterile 

35 aqueous media which can be employed will be known to those of skill in the art in light of the



WO 2018/136775 PCT/US2018/014489 

13 

present disclosureFor example, one dosage could be dissolved in 1 ml of isotonicNaC 
solution and either added to 1000 ml ofhypodermolysisfluid or inetedat the proposed site 
of infusion, (seefor example, "Remington's Pharmaceutical Sciences" 15th Edition, pages 
1035-10138 and 1570-1580). Some variation in dosage will necessarily occur depending on the 

5 condition of the patient being treated. The person responsiblefor administration will, in any 
event, determine the appropriate dose for the individual patient

In addition to the compounds formulated for parenteral administration, such as intravenous, 
intrathecal or intramuscular injection, other pharmaceutically acceptable forms include, e.g.  
tablets or other solids for oral administration; time release capsules; and any other form 

Po currently used.  

Diagnostic methads of'the invention 

In another aspect, the invention also relates to a method for detecting the HERV-K 
envelope protein in a biological sample comprising the step of contacting said biological 
sample withananti-HERiV-K envelopeantibodyas definedabove 

i5 in another aspect, the invention alsorelates to a method for diagnosing ALS in a patient 

comprising thestep of contacting a biological sample obtained from said patient with an anti
HERV-K envelope antibody as defined above, 

Typically, the biological sample can be a bodyfluid, such as cerebrospinal fluid, 

20 Therapeutic method and monitoring method according to the invention 

In one aspect, the invention also relates to a method for treating a patientsffering 

from ALS comprising administering to said patient an effective amount of an antibody that 

recognizes the HERV-K. envelope protein as defined above.  
25 

Preferably, the patient is suffering from ALS, notably sporadic ALS.  

Typically, said antibody is administered intrathecally, intravenously or subcutaneously.  

The invention also relates to a method of treatment ofa patient suffering from ALS, notably 

30 sporadic ALS, comprising the steps of: 

1) predicting the prognosis of a patient by detectingand/or quantifying a HERV-Kvirus, in a 

biological sample; and then 

2) if said step 1) shows the expression of a human endogenous retrovirus (HERV) type K, 
then the method of the invention comprises a step of providing the antibody of the invention 

35 to said. patient,
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The invention also relates to a method for monitorngthe response to a treatment of a patient 

suffering from ALS, notably sporadic ALS, said method comprising the following steps: 

a. treating said patient with the antibody according to the invention; then 

b b. detection and/or quantification of HERV-K in a biological sample of said 

patient

According to the invention, in case of monitoring the response to a treatment of a patient 

suffering from ALS, a biological sample may be a sample of body fluids such as blood, 

10 cerebrospinal fluid, urine or in a disease-specific tissue biopsy.  

Typically, the step of detection and/or quantification may be performed according to the 

routine techniques, well known of the person skilled in the art Typically, said step comprises 

contacting a biological sample of the patient with selective reagents such as probes, primers, 
ligands or antibodies, and thereby detecting the presence of nucleic acids or proteins of 

1s interest originally in the sample, 

In one embodiment, the detection and/or quantmfication step can be performed with the anti
H ERV-K antibody as defined above.  

FIGURE LEGENDS 
20 

Figure 1: GNnAb Env K01 is an IgG2b urine antibody and has a kappa light chain.  

Isotyping was performed by ELISA on 1:10 diluted supernatant from GN nAb Env KI 

hybridoma (monoclonal stage) captured by anti- murine immunoglobulin. Detection with 
various anti-mouse light (A) or heavy (B) chains antibodies showed that 

25 GN mAbENVKO1 is an gG2b/kappa murine antibody, Results are plotted as ODa, 
mean of duplicate values ±SD.  

Figure 2-ON_nAbEnK01light and heavy chains sequences 

RNA from hybridoma cells was extracted and reverse transribedinto cDNA that was 

30 amplified by PCR before sequencingwih primers targeting cDNA encoding mine antibody 
heavy (A) and light (B) chains.  

(A) CDR I (Bold), CDR2 (underlined) and CDR3 (bold italics) sequences from kappa light 

chain; 

(B) CDR4 (Bold), CDR5 (underlined) and CDR6 (bold italics) sequences from heavy chain; 

3s constant murineIg2 Sequences (grey italics).  

Figure GN_nAb_Env_K1 binds to ERV EnvSLDKHKHKKLQSFXPepitope
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The intensity profile ( of each peptidefrom HERV-K-Env (MyBiosource) (right) are 

displayedThese overlapping peptides of 15 aminoacids with an offset of one residue showed 
that GN_mAb_EnvK0l binds to the linear SLDKHKHKKLQSFYP (SEQ ID NO:9) 

epitope. Results are presented as the intensity of signal (mAU) obtained on the CCD camera 

5 used, similar to a standard 96-well plate ELISA-reader.  

Figure 4:Glycosylated IERV-K Env is detected by GN mAb_ENVK01 in.ELISA' 

GN_mAb_EnvKOl (A) or Ani-IERV-K-Ev from AMSBIO (B) ( /l)were used as 

primary antibodies in ELISA on HEK cell lysates at various dilutions (1:25, 1:50, 1:100, 
10 1:200, 1:400). Contrary to Anti-HERV-K-Env (AMSBio) GN mAb Env KOI recognized 

glycosylated HE.RV-K-Env, Resultsare plotted as OD, mean of duplicate values SD.  

Figure 5: Non-glycosylated HERV-KEnv is detected by GNmAb ENV K01 in ELISA 

GNInAb EnvKOI or Anti-HERV-K-Env from AMSBIO (Ipg/ml) were used as primary 

13 antibodies in ELISA on I pgml of his-SUMO-HERV-K-Env recombinant protein from 

F.Coh Both anti-HERV-K-Env recognized the non-glycosylated HERV-K-Env protein, 

Results are plotted as ODs, mean of duplicate values ±SD.  

Figure 6: HERV-K Env detection by Western Blotting with GN mABENV(K01 
20 Anti-HERV-K-Env (Ipghl) from AMSBIO (wells #t&2) or diluted (;:5) supernatant from 

GN mAb Env KOIh ybridoma (wells t3&4) were used as primary antibodies in western 

blotting, 0.2pg of his-SUM taggedHIERV-K-Env were deposited in wells #1&3 and 24,5pg 

of protein extract froi HERV-K-Ev transfectedHEK cellswere deposited in wells #2&4 

Non-glycosylated his-SUMO tagged HERVK-Env proteins detected at 75kDa by both 

25 antibodies, along with nulimers of bigh MW and cleaved fragments of lower MW.  
GilycosylatedHERV-K-Env (90kDa) isonly detected withGN_mA b Env KO1, 

MW.molecularweight 

Figure 7: GN mAb Env-K01 (GN K01) antibody specifically protects human neuronal 

30 cells from cytotoxicity induced by extracellularIHERV-K envelope protein: Cell survival 

assay.  

Neuronal cultures were treated with difTerentiation media (see example 2) and with IgG 

samples GN KO or control non-Immune IgG (Therio Product #tMA 1-10418) at a final 

concentration of 3 ug/mL After 60 minute pre-incubation, recombinant HERV-K Env protein 
35 (MyBioSource,aminoacid90-632,Catf#MBS1391552) was added toa Final concentration 

of 100 nM. One sample of GNK01 Ig was pre-incubated with IHERV-K Env for 30 minutes, 

and then added together to the human neurons. The neuronal cultures were observed with a 

GE INCell Analyzer 2000 Biohnager to acquire images of each well (4 images per well) at 

various time points, in this experiment 5 days post Env treatment. The neuronal cell count was
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determined with GE Investigator high content imaging software.Arrow on top of histogram 

bar is showing the results with GN mAb Env K (GN K01) antibody.  

Figm 8 GNmAbEnvK01 (GN K01) antibody specifically protects human neuronal 

5 cells from cytotoxicity induced by extracelular HERV-K envelope protein: neurite 

length.  

Neuronal cultures were treated with differentiation media (described above)and with 1gG 

samples GN KI or control non-Immune IgG (Themo Product # MA1 10418) at a final 

concentration of 3 ug/nL. After 60 minute pre-incubation, recombinant HERV-K Env protein 

10 (My BioSource, amino acid 90-632, Cat # MBS1391552) was added to a final concentration 

of 100 nM. The neuronal cultures were observed with a GE INCell Analyzer 2000 Biolnager 

to acquire images of each well (4 images per well) at various time points, in this experiment at 

5 days post Env post treatment. The mean neurite fiber length was determined with GE 

Investigator high content imaging software.  

'5 

Figure 9: GNmAbEnvK01 (GN K01) antibody specifically protects human neuronal 

cells from cytotoxicity induced by extracellular HERV-K envelope protein: neuron 

global electrophysiological activity.  

Electrophysiological activity, noted by increased spike rate in the wells, increased 
20 significantly by 21 days in vitro and was monitored by recording spontaneous eletrical 

activity in all wells for 5 minutes per day. At this point, the human neuronal cultures were 

treated with differentiation media (describedabove)and with GN KO.1 or control non-Immune 

IgG (Thermo Product # MA 1-104T8) at a final concentration of 3 ug/mL After 60 minute 

pre-incubation, recombinant HERV-K Env protein (My BioSource) was added to a final 

25 concentration of 100 nM. Spontaneous electrical activity was recorded daily afterward, 

beginning at 24h post treatment. The mean firing rate was determined for each treatment 

group at 24h post IERVK Env exposure.  

Arrow on top of histogram har is showing the resulswith GN mAb K EnvK1 (GN K01) 

antibody, Arrow on top of histogram bar is showing the results with GN mAb Env K0I (GN 

30 KOI) antibody 

EXAMPLES 

EXAMPLE 1: development and characterization of the GN mAb Env K01 antibody 

1. MATERIALSAND METHODS
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1.1.Monocionalantibody development 

1.11. Immunization and immune cells recovery 

Three female OF mice (Charles River) were immunized with his-SUMO tagged HERV-K

Env protein (75kDa) from Etcol provided by Mybiosource (MBS1391552) following the 

5 confidential RAD (Rapid Antibody development) protocol from Biotem company.  

Briefly, at day+10 (D-10) blood sample from immunized mice were analyzed by direct 

ELISA on the recombinant HERV-K Env protein (MyBiosource, MBSI391552) or 

Escherichia cohl ysate as negative controlEAt D--13, immunized mice were sacrificed and 

immune cells from lymph nodes were collected and washed thricewith 45ml of Dulbecco's 

10 Modified Eagle's medium (DMEM, SIGMA, D5671) following centrifugation at 244g for 7 

minutesand resuspension in 20ml DMEM (SIGMA, D5671) lmnune cells from immunized 

mice (420 x 10( cells) were mixed with myeloma cells (107 x 10( cells) in the exponential 

phase of growth according to a 1:3.9 ratio. Cells were centrifuged at 244g for 7 minutes and 

the pellet was resuspended in ial of the Polyethylene glycol (PEG) used as fusing agent 

H (SIGMA P7 1 X After the washing step including a centrifugation at 108L for 12 minutes 

cellswere resuspended in 10ml ofDMEM (SIGMAD671, IX 1vpoxanthine Aminopterine 

Thymidine (HAY SIGMA, H0262-0EL), 20% foetal calf serum (FCS, PA, A15-251) 
4mN Gluamine (Sle MA, G7513)and centrifuged at 244g for 7 mimes Cells were 

resuspended DMEM (SIGMA, D3671) LX.HAT (SIGMA H0262- 10V-,20% FCS (PAA 

20 A521)4mML-Ghitamine (SIGMA.G7513)andstoredfor2hoursatroom temperature 

1.1.2. Fusion 

At D-Limnunodeficient Nudmice(BIOTEM) were injectedwith 5ml ofDMEM (SIGMA, 

D3671)containing20%FCS (PAAAl,5-251) and 2-.- minutes later macrophagesfrom 

peritoneal fluid have been collectedand cultivated in DMEM medium (SiGMA,567j 

25 BALB/c spleen cells from mouse immunized with sheep red blood cells fused with 

P3X63Ag8 myeloma have already been selected, characterized and stored by BIOTEM, At D

10, these myeloma have been thawed and cultivated in DMEM (SIGMA, D5671) - 8

Azaguanine (AZA, SIGMA, A5284) - 10% FCS (PAA, A 15-251) 

Macrophages from .udemice were counted and resuspended al 10 macrophagesini in 

30 DMEM (SIGMA. 05671) IX HAT (SIGMAH0262-OVL), 20% PCS (PAA,1A525U, 
4mMf L-Glutamine (SIGMA, G7513), 1%penicillinstreptomycine (SIGMA, P078V Then, 
50 pl of macrophage suspension (corresponding to 500 macrophages) used as a growth factor 

has been plated in 96-wells plates with 50l of hybridomas cells suspension. These cells were 

cultivated at 37C, 5% CO for 21 days.
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1.1.3. Cloning 

Hybridoma cells were thawed and cultivated with DMEM (SIGMA. D5671). FIT 

(hypoxantine 100pM, thymidine 16pM - SIGMA H0137), 2% FCS (PAA, A15-251), 2% 

Hybridoma Enhancing Supplement (HES, SIGMA, H6020), 4mM LGlutamine (SIGMA, 
5 G7513), 1% penicillin/streptocine(SIGMA, P0781) in 24-wells plate during I week at 

37C, 5% C02 The day before cloning, hybridona cells weresplit.  

At DO, after serial dilutions at 104, 50, 25, 5 and 25cells/ml in culture medium hybridoma 

suspension were platedat 5, 1 and 0,5 cells/20li into the wells of a 96-wells plate. At D+6, 
1 00pof supernatant from cell containing wells (selected through a screening with an optical 

1o microscope) was replaced by fresh DMEM (SIGMA, D5671). HT (hypoxantine 100pM, 
thymidine 16pM SIGMA 10137), 20% FCS (PAA, A15-251). 2%IHES (SIGMA, 116020), 
1% penicillin/streptomycine(SIGMA, P0781).  

After the first ELISA screening corresponding to D-10, antiHERV-K-Env positive 

hybridoma were cultivated in 24-wells plates (0.5nwell).  

i5 After the second ELISA screening corresponding to D+14. anti~HERV-K Env positive 

hybridoma were cultivated in plates or culture flask (Corning) and 5 vials containing 4 at 5 x 

106 cells were frozen at -196°C (liquid azote) in DMEM (SIGMA, D5671), 15% FCS (PAA, 
A15-251), 4mM L-Glutamine (SIGMA, G7513), 1% HES (SIGMA, Ff6020), 1% 

penicillin/streptomycine (SIGMA, P0781). 20% Dinthylsulfoxyde (DMSOSigma, D2650) 

20 media, 

1.2. Anti-HERV-K-Env ELISA 

The maxisorp 96 conicalbottom well plates (NUN 449824) were coatedwith 0p.l of 

ipg/mHERV-K Env protein (Mbiosour, MBS1391552) E(olisate(XLIBieMRF, 

Stratagene), HEK cell lysate in IX Phosphate ufferedSalne(PBS, BIOTEM) overnihtat 

25 room temperature. Plates were washed with [IX PBS + 0,05% Tween20 (VWR, 28829,296)] 

washing buffer (300uliwell). Non-specific binding sites were blocked with IX'PBS +- 0,05% 

Tween20 + 2.5% milk (Regilai)] blocking buffer (150L/well) for one hour at room 

temperature. Plates were washed with [lX PBS + 0,05% Tween20] washing buffer 

(300gl/well), 

30 Antibody samples have been diluted in [1X PBS + 0.05%Tween20 0.5%BSA (VWR, 
1.12018.0100) dilution buffer. Antibody samples or purified anti-HERV-K-Env from 

AMSB10(1g/.ml) (50p1well) were incubated For two hoursat room temperature. The plates 

have been washed rice with [] X PBS + 0,05% Tween20] washing buffer (300pl/well) and 

were incubated with 50p/well of polyclnal Peroxidase-cnjugated affiniPure F(ab)'2 

35 fragment Goat anti-mouse IoG + IgM (Jackson, 115-036-068) (1/10000.in 1X PBS + 0,05% 

Tween20 + 0.5% BSA) for one hour at room temperature. Plates were washed thrice and the
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revelations perfonned with Tetramethybenzidine (TB Eurobio, 52-00-041) substrate 

solution(50p/well) for1 minutesat room temperaturehereaction wasblocked with 1M 
H2S04 (Merck, 1.12080.1000) (50gwell).Optical density (OD) was measured at 450nm 

using the optical density (OD) reader (Dynex).  

5 13. Production, Purification, dialysis 

GNumAbyEnv KG1 hybridoma cells were thawed and cultivated first in T75cnf and then in 

T300cm2 tissue culture flasks (Corning), Finally, 10at1 2 x 10cells were cultivated in 500m 

of DMEM (SIGMA, D5671), 15% FCS (PAA, A15-25), 4mM LGlutamine (SIGMA, 
G7513), 1% HES (SIGM A H6020), 1% penicillin/streptomycine (SIGMA, P0781) medium in 

10 Hyperflask (Coming, 10030) at37°C, 5% CO2 within 10+/-1 days 

The culture supernatant were centrifuged at 244g for 7 minutesand filtered through a I i n 

nylon net filter (SIGMA, NY104700) Protein A chromatography column (GE Hlealthcare, 

Mab Select Xtra) were washed twice with demineralized water and equilibrated with 5 

volumes of IX PBS (Biotem). Then 0,5L of culture supernatant free of cells was loaded, The 

t5 columnwas washed with 5 volumes of IX PBS. Immunoglobulin elution was performed at 

acid pH with 3,5+/-0.5 volumes of acetic acid (SIGMA., A6283) Eluted fractions containing 

iummunoglobulins were neutralized with 100pl of IMTris pH 8.8 buffer (Biotem) and stored 

at 4°C.  

IgG purified fractions were dialyzed twice on 05mlmicro dialysis capsule Quixsep@ (Roth, 
20 1448-1) with1OkDa SnakeSkin Dialysis Tubing, 22 un(Thermofischer, 68100) for 2 hours 

in IX PBS at 4C and concentrated by centrifugation at 4% on Vivaspin 20 (30Kda) 

(Sartorius, ref ). Antibodies were filtered on 0.22gmMinisartfilter (Sartorius ref) and the 

protein concentration was measured by spectrophotometryat 8o m.  

1.4. Purity analysis by SDS PAGE Geleectrophoresis 

25 Antibody (5p$ at0.2g/gl) previouslydiluted in Laemmli buffer (Bioten) wereheatedfor5 

minutes at 95°C and separated on a 135% sodium dodecyl sulfate-polyacrylanide gel 

electrophoresis (SDS-PAGE) containing a stacking gel with 5% SDS-PAGE. Gel was run for 

30 minutes at 90V and then at 120V for 2 hours Protein detection was done using colorizing 

solution (Biotem) for I hour with agitation. The gel was washed with decolorizing solution 

30 (Biotem) for I hour with agitation.  

1.5. Isotyping 

1.5.1. Isotyping by ELISA 

The maxisorp 96 conical bottom well plates (NUNC, 449824) was coated with 50pl of 

I g/ml anti-niurine Immunoglobulin (Clinisciences, 1010-01) overnight at room temperature, 

35 Plates were washed with [IX PBS + 0.05% Tween20] washing buffer (300p/well). Non-
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specific bindingsiteswere blocked with [1X PBS + .05% Tween20 + 2,5% milk) bocking 

buffer 050pLwell) for one hour at room temperature Plates were washed with [X PBS + 

0.05% Tween20] washing buffer (300iliwell). Hybridoma supernatant was 1:10 diluted in 

[IX PBS + 005%Tveen20 + 0.5% BSA] dilution buffer. Sample (50gl/well) was incubated 

5 for two hours at room temperature. The plates were washed once with [IX PBS + 0.05% 

Tween20] washing buffer (300p/well)and were incubated with 50i/well of peroxidase 

conjugated goat anti-mouse heavy chain (igA, IgGl, IgG2a, IgG2b, IgG3, IgM) 

(Clinisciences, 5300-05) (U/2000 in IX PBS + 0.05% Tween20 + 0,5% BSA) for one hour at 

room temperature, Plates were washed once and the revelation was performed with TMB 

10 (Eurobio, 52-00-01) substrate solution (50gl/well) for 10 minutes at room temperature. The 

reaction was blocked with 01M H'SO4 (Merck, 1.12080.1000) stop solution (50pl/well).  

Optical density (GD) was measured at 450nm using the optical density (OD) reader (Dynex).  

1.5.2 isotyping by Lateral-flow mmnoassay 

Light chain (kappa orl mbda)were characterized with alateral-flow imiunoassay (LFIA) 

15 (ThermoFisher,26179), 

1.6. HEK transfection 

Human embryonic cells(L lOncels/mL)were transfected with Ipg ofHERV~K~Env 

(accession number AY037928) expressing plasid Transfected cells were cultivated at 

37°C, 8% CO , 120 rpm agitation.  

20 L7. Western Blot analysis 

The recombinant HERN-K-Env protein (Mybiosource) at 12.5ng/pl and the protein lysate 

from HEK transfected cells at 1.5pg/pl were diluted (1:4) in 2X Laemmi buffer (SIGMA, 
S3401) and heated for 5 minutes at 901C, Then, 32p of samples were loaded on a 8-16% 

sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE, Novex, 
25 EC60452BOX). Gels were run for I hour at 160A in IX Tris-Glycine SDS running buffer 

(Novex, LC2675). After the protein transfer onto a 0.2 nnitrocellulose membrane (Biorad, 
162-0146) in IX Tris-Glycine transfer buffer (Novex, LC3675), themembrane was blocked 

for I hour with [IX PBS,+ 5% milk (La Vie Claire)] blocking buffer on a rotating platform at 

room temperature, Cell supernatant from GNnAb EnvK01 hybridoma was 1:5 diluted in 

3o [ IX PBS+ 1% milk antibody diluentand used as primary antibody by incubation for 1 hour.  

The menibrane was then washed thrice for 5 minutes in IX PBS +0.05% Tween20 (SIGMA, 
P7949) washing buffer and incubated for 30 minutes with 1:1000 diluted HRP-conjugated 

goat ant-mouse IgG antibody (Jackson, 115035-146), Membrane was washed thrice and 

protein of interest was detected with a colorometricreaction (Opti 4-CN, Biorad, 1708235), 
35 according to the provided protocol.
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18 Epitope mapping 

Epitope mapping was conducted at Pepsean Presto BV, (Zuidersluisweg 2, 8243RC Lelystad, 
The Netherlands).  

1.8.1. Peptideslibrary synthesis 

S To reconstruct epitopesof the target molecule a library ofpeptides was synthesizedAn amino 
functionalized polypropylene support was obtained by grafiag with a proprietary hdrophiliC 

polymer fomulation,followed by reactionwitht-byloxycarbonylhexamethylenediamine 

(BocHMDA) using dicyclohexylcarbodiimide (DCC) with Nhydroxybenzotriazole (HOt) 

and subsequent cleavage of the Boc-groups using trifluoroacetic acid (TA). Standard Fmoc

t0 peptide synthesis was used. to synthesize peptides on the amino-functionalized solid support 

by custom modified JANUS liquid handling stations (Perkin Elmer) Synthesis of structural 

mimics was done usingPepscan's proprietary Chemically Linked Peptides on Scaffolds 

(CLIPS) technology. CLIPS technology allows to structure peptides into single loops, 
doubleloops, triple loops, sheet-like folds, helix-like folds and combinations thereof CLIPS 

H templates are coupled to cysteine residuesThe side-chainsof multiple cysteines in the 
peptides are coupled to one or two CLIPS templates. For example, a 0.5 mM solution of the 

P2 CLIPS (2,6-bis(bronomethyl)pyridine) is dissolved in anunonium bicarbonate (20 mM, 
pH,7 i/aetonitrile (I:3(v/v)). This solution is added onto the peptide arrays. The CLIPS 

templatewillbind to side-chainsof two cysteines as present in thesolid-phase boundpeptides 

20 of the peptide-arrays (455 wells plate with 3 pwells). The peptide arrays are gently shaken in 

the solution for 30 to 60 minutes while completely coveredinsolution. Finally, the peptide 

arraysare washedextensively with excessof 2 and sonicated in disrupt-buler containing 

h1 SDS:/1 %beta-mercaptoethanolinPBS ( -72)at 70°C or 30 minutes, followed by 

sonication in r0 for another 45 minutes. The T3 CLIPS carrying peptides were made in a 

25 smnlar way but now with three cysteines.  

18.2. ELISA screening 

The binding of antibody to each of the synthesized peptides was tested in a Pepscan-based 

ELISA. The peptide arrays were incubated with primary antibody solution 

(GN mnAb Env K1 at 1g/ml in Pepscan Buffer) overight at 4C. After washing, the 

30 peptide arrays were incubated with a 1/1000 dilution of a rabbit anti-nouse IgG(HL) HRP 

conjugate antibody (Southen Biotech; Table 4) for one hour at 25°C. After washing, the 

peroxidase substrate 2,2'-azino-di-3-ethylbenthiazoline sulfonate (ABTS) and 20 p/m of3 

percentH202 were added. After one hour, the color development was measured. The color 

development wasquantified with a charge coupled device (CCD) - camera and an image 

35 processing system, The values obtained from the CCD camera range from 0 to 3000 mAU, 
similar to a standard 96-well plate ELISA-reader.
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1.9% Sequencing 

High quality RNA was extracted and purified from hybridoma cells using PureLink RNA 

Mini Kit (Life technologies, 12183018A) and controlled on agarose gel Starting from 

purified total RNA, Superscript enzyme (Invitrogen, 18064022) was then used to synthesize 

5 first-strand complementary DNA (cDNA) followed by a Polynmerase chain reaction (PCR) 

using HotStar HiFidelity Polymermse Kit (Qiagen, 202602) and degenerate primers (Biotern 

design) targeting specifically cDNA encoding for urine antibody heavy and light chains, 

PCR products were controlled onagarose gel and sequenced (double strand sequencing). The 

resulting sequences were analyzed for assembling and quality controls using dedicated 

10 bioinformatics tools (Blast - ClustaIW) and translated to peptidic sequences.
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1.10 Biotem Buffer composition 

Solution Composition 
80g NaC 

10 xPBS,2g KCI 
10XPBS 28.7g Na2HPO4-12H20 

2 4g KH2PO4 into 1L of deionized water 

100mI 1OX PBS 
1X PBS SOOmI deionized water 

0,5 ml of 2,5M Tris pH 6,8 (ICN, 103133) 
0,6g of 12% Sodium Dodecyl Sulfate (ICN, 102918) 

OOlg of 0,2% Bleu de Bromophenol 

Laemmli buffer (4X) 2mi of 40%Glyc6rol (SiGMA6, 7757) 
qsp 5mJ H20 

(reducing conditions: mIl of 20% 2-Mercaptothanol 
(SIGMA, M7154) 

9ml of 30% acrylamide (SIGMA, A3699) 
Sml of 1,5M Ths pH &8 (ICN, 103133) 

13.5% Separating SDS 200pi of 10% Sodium Dodecyl Sulfate (ICN, 102918) 

PAGE 5.8ml H20 
105pi Ammonium persulfate (APS, ICN, 802811) 

15p TEMED (ICN, 805615) 

L6ml of 30% acrylamide (SIGMA, A3699) 
2,5ml of 0,5M tris pH 6,8 (ICN, 103133) 

5% stacking SDS- 100p of 10% Sodium Dodecyl Sulfate (ICN, 102918) 

PAGE 5.8ml H20 
150p Ammonium persufate (APS, ICN, 802811) 

15p TEMED (ICN, 805615) 

288g Glycine (SIGMA, G7126) 

60g Tris base (ICN, 103133) 
loxRunningbuffer 20m ss (ICN, 102918) 

qsp 2L H20 
45 ml acetic acid (Sigma, A6283) 

278 ml ethanol 90% 
colorating solution 177 mI H2.0 

0,75 g Brillant blue Reagent (SIGMA, B7920) 

75 mi acetic acid (SIGMA, A6283) 

decolorating solution 56 ml ethanol 90% 
869 ml H20 

Table I -BIOTEM Buffer composition
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2. RESULTS 

Using specific antiimnoglobulinantibodies that are capable of detecting the different 
heavy and light chains of monoclonal antibodies we have shown that GN mAb EnvKO1 

was detected by anti-Kappa light chain antibodies (Figure 1A) and anti-IgG2b heavy chain 

5 (Figure 1B).  

GNmAb yEnv KG1 heavy and light chains were sequenced, showing their three CDR 
regions (Figure 2) and confirming both IgG2b heavy and kappa light chains, 

2. 1.GN AbKEnv K1 recognizes the linear epitope SLDKHKHKKLQSFYP from 

10 HERV-K-Eniv surface unit.  

Using a panel of 529 peptides among the sequence of tuncated HERVK-Env protein from 
Mybiosource (no signalpeptide and truncated transnembrane domain) epitope mapping test 

under high stringency conditions reveals that ON-mAb-Env KO! antibody bound to linear 

peptide with SLDKKHKKLQSFYP core sequence (Figure 3, left panel). This epitope is 

!5 contained within the extracellular domain of HERV-K-Env protein (Figure 3 right panel), 
corresponding to the 298-312 regionof the HERV-K-Env protein described by Dewannieux et 

al (Dewannieux, Blaise, and Heidmann 2005), Blasting this epitope into Blastp from the 

National Center for Biotechnology Inforation (NCB) reveals that it is a highly conserved 

epitope with 100% homology within the top 100 blast hits corresponding to HERV-K-Eanv 

20 sequences (data not shown).  

2.2. GNrAb-EnvK recognizes glycosylated andnonglycosybaedIWRK-Env 
proteins in native conditions.  

We have further analyzed the ability of GN mAb EnvKO ito recognize glycosylated 

25 HERV-K-Env. For this purpose, human embryonic kidney (HEK) cells were transfected with 

a plasmid encoding HERV-K-Env protein. Despite several attempts with various buffers, we 

failed to extract soluble HERV-K-Env protein (data not shown), However this insoluble 

fraction of glycosylated HERV-K-Env protein from transfected HEK cell lysate couldshow 

that GN mAb EnvK01 specifically recognizes the glycosylated HERVK-Env antigenby 

30 ELISA (Figure 4, left panel). Conversely, the classical commercial antiHERV-K-Env mAb 

(IERM1821~5, IgG2b) from AMSBIO (Figure 4, right panel) did not detect the glycosylated 

HERV-K-Env.  

The present results indicate that GN mAb Env KO1 is biologically active in EL18A and 

confirm that SLDKHKHKKLQSFYP epitope is accessible in native conditions,
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Though both GN nAb Env KO I and Anti-ERV-K-Env mAb (HERM-I821- ji2b) from 

AMSBO recognized native his-SUMO tagged recombinant HERV-K-Env fromFE(oU 

(Figure 5),.it appeared that GN_mAb Env_K01 gave a much higher detection compared to 

Anti-HERVK-Env mAb counterpart from AMSBIO (Figure 5) when both are tested at the 

5 same concentration (Ipg/ml). This evidences a higher affinity of GN mAbEnvK01 for 

HERV-K Env.  

As shown in Figure 6, both GNnmAbEnvK0 andAnti-HERV-KEnv mAb (HERM-1821

5, IgG2b) from AMSBIO recognized denaturedhis-SUMO tagged recombinant HERV-K-Env 

from E Cohlas observed with the 75kDa signal, 

10 Importantly, GN mAb Env _KG also detects denatured HERV-K-Env glycosylated proteins 

from HEK transfected cells as observed with the signal at 90kDa, while no signal was 

detected with anti-HER-AK-n anybody front AMSBTOin addition to previous ELISA 
results with non-denatured proteinsGNnAbEnv-K01 is biologically active in Western 

blot The SLDKIKHKKLQSFYPeptope is therefore also accessiblin denaturing 

H conditions.  

4. CONCLUSIONS 

The present report reveals that, after mouse imumnizaon,antibody screenigand 
monoclonal hybridoma selection mrine nnoclonal antibody (named GN_nAbEivK.

01) recognizing -ERV-K-Env SLDKHKHKKLQSFYP epitope has been developed and has 

20 been revealed to displayunexpectedproperties 

Biological comparison with another anti-HER-K Env mAb (HERM-1821-5, IgG2b) 

from AMSBIO confirms that, despite their similar origin (murine), isotype (gG2b kappa) 

and protein target (HFRV-W-nv protein), GN mAb EnvK-01 is advantageous since 
recognizing both glycosylated and non-glycosylated proteins, while displayinghighaffimtyin 

21 both native and denaturing conditions. In addition, the GNmAb EnvK-01 antibody targets a 

stable and conserved epitope among HERV-K envelope sequences front numerous and 

various copies described in the databases, 

GN mAibEnvK-01 is therefore a useful tool, not only for immunoassays, but also for 
therapeutic purpose against :HERV-K Env proteins as therapeutictargetsin,eg ALS.its 

3o stable epitope sequence among HERV-K copies, its high affinity and its efficient binding to 
native glycosylated forms, fulfill important requirements fora valuable therapeutic in patients 

with, eg. ALSin which different HERV-K copies seem to be significantly expressed.  

EXAMPLE 2: NN mAb Env K01 (ON K0 antibody efficiently neutralizes HERV
35 K Envelope neurotoxicity to human neuronal cells.
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1. MATERIALS AND METHODS 

LI. Human neuronal cells 

Human neural stem cell (NSC)-derived neuronal cultures were prepared as described 

(Elthyniou, Shaltouki et al. 2014). Briefly, NSCs were split into a 96well plate coated with 

5 0.002% poly-L-omithine (Sigma, St Louis, MO) and 10,pg/mL laminin (Life Technologies) 

at 7500 to 10,000 cells/cm2, and neuronal differentiation medium was added 24 h after 

plating. The differentiation medium contained DMEM/F12 with Gluta .ax, 8%bovine 

serum albumin (BSA), Ix StemPro hESC supplement (all from Life Technologies), l ng/mL 

brain-derived neurotrophic factor (BDNF) and glial cell line-derived neurotrophic factor 

10 (GDNF; R&D Systems, Minneapolis, MN), and cells received fresh medium and growth 

factorseveryotherday. Neurons day 7-12 in vitro were utilizedin neurotoxicityassays 

1.2Neurotoxicity assays: 

I.Neuronal morphology and viability 

Human neuronal cultures (15-20,000 cells per well), stably expressing Td-Tomato fluorescent 
15 protein to label the cells and processes, were plated onto 96 well plates as described above 

and were maintained at 37 0C in a humidified tissue culture incubator at 5% C02. Neuronal 

cultures were treated with differentiation media (described above) and with IgG samples GN 

KO1 or control non-immune IgG (Thermo Product # MA 1-10418) at a final concentration of 

3 ug/mL After 60 minute pre-incubation, recombinant HERV-K Env protein (My BioSource, 

20 aminoacid 90-632, Cat i MBS1391552) was added to a final concentration of 100 nM. One 

sample of GNK01 Ig was pre-incubated with HERV-K Eny for 30 minutes, and then added 

together to the human neurons. The neuronal cultures were observed with a GE INCell 

Analyzer 2000 Biolmager toacquire images of eachwe (4 inmagesper well)a t various tiie 

points, 24, 48, 72h post treatment. High contention analysis of thesecltures was 

25 achieved with GE Investigator 1,93 analysis software. Neuronal viability, neurite length and 

other morphological parameters were quantitated for each sample, The data were depicted 

with Graph Pad Prism 7,02.  

1.2.2Electrophysiological analysis 

Electrophysiological analysis with Axion Maestromicroelectrodearray(MEA)assays.  

30 48-well t-MEA plates were utilized to plate the human neuronal cultures foranalysis. These 

plates contain 16 active recording electrodes per well 200,000 neurons were applied to each 

well of the tMEA plate and cultures were maintained at 37C in a humidified tissue culture 

incubatorat 5% CO. Electrophysiological activity, noted by increasedspike rate in the wells, 

increased significantly by 21 days in vitro and was monitored by recording spontaneous 

35 electrical activity in all wells for 5 minutes per day. At this point, the human neuronal cultures
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were treated with ifferentiationmedia(described above) and with IgG samples ON 01 or 

control nonn-Imune igG hermo ProductMA I-10418) at a final concentration of3 

ug/nL After 60 minute pre-incubation, recombinant HERV-K. Env protein (M) BioSource) 

was added to final concentration of 100 nM. In these conditions, the antibodyis firstadded 

5 to the cells without Env; thus reproducing the conditions of a treated patients with presence of 

therapeutic antibody that diffused in his brain tissue. Thereafter the active Env protein (not

pre-icubated with the antibody, not pre-neutralizedand not added as an inactive protein) is 

added, thereby reproducing the expression of the pathogenic protein with an extracellular 

secretion in the extracellular space. One sample of GN K01 Ig was pre-incubated with 
In HERV-K Env for 30 minutes, and then added together to the human neurons Spontaneous 

electrical activity was recorded daily afterward, beginningat 24h post treatment. Quantitation 
ofelectricalactivitywascompleted with.Axion Axissoftware. Parameterssuchasnumberof 

spikes, mean firing rate and mnber of bursts were determined for each treatment.  

2. Results 

1 2.1. Extracellular HERV-K envelope protein is toxic to-human neuronal cells andits 

toxicity is specifically inhibited b GNjmAbEnvKO (GN K01) antibody 

2.1.. Neronal Viability 

Humna neuronal cultures treated with 100 nM recombinant HERV-K Env proteindisplayed 
significant neurotoxicity, rescuing in important neuronal cell loss within next days. The 

20 effects of HERV-K Env were quantitated at 5 days after exposure to HERV-K Env protein 

Ve observed that the.Env + GN K01 Ig (3 pg/mL) treated neurons had increased survival 

compared to Env treated neurons. When analyzed five days after the HERV-K envelope 

protein was added to the culture medium, cells treated with Env plus 3 pg/niL of non-immune 

IgG control antibody exhibited similar toxicity, Neurons treated with GN K01 3 g/nL, either 

25 prior to HERV-K Env or pre-incubated with Env and then applied to the neuronal cultures 

showed significantly more viable neurons, thereby confirming the efficacy of GN K01 

antibody in neutralizing the toxicity of HERV-K Env protein (fiure 

2.L2. Neuronal neurite length 

The effetofHERVK Env on meanneurite length was analyzedin parallel, and addition of 
3o GN KO (23gmL) tonvexposed neuronssigfictlyincreased neuitelength compared 

to Env or Env + control non-mmune treated neurons (Figure 8) 

2.1.3. Neuronal functional activity 

Electrophysiological. studies with the AxionMaestroMEA system were conducted to evaluate 

whether HERVI-K Env treatment resulted in functional changes to spontaneous electrical 

35 activity, which is major feature of normal neuronal activity. After plating the human
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neuronal cultures on the 48 well M Aplates for 21 days, thecuures were incubated in 

differentiation media (described above) and withON KOI or control non-immune IgG 
(Therno Product # MA 1-10418) ata final concentration of 3 pg/mL After 60 mmute pre
incubation, recombinant HERV-K Env protein (My BioSource, Cat MBS1391552) was 

5 addedto afinalconcentrationof 100unM. One sample of GN.KOI Igwaspre-incubated with 
HERV-K Env for 30 minutes, and. then added together to the human neurons. Spontaneous 
electrical activity was recorded beginning at 24h post treatment, 24h post HERV-K Env 
treatment, the number of spikes and mean firing rate decreased by 40% with Env treatment 

Neurons exposed to HERV-K Env plus control non-imintne Ig treatment showed about 
10 30% decrease in the number of spikes and mean firing rate Most interestingly, neurons 

exposed to HERV-K Env plus GN KO showed number of spikes and mean firing rates 

similar to the wells incubated with control media only, thereby showing complete inhibition 

of.HERV-K Env pathogenic effects on global neuronalfunctional activity (Figure 9) 

3. Conclusions 

H The efficacy ofONK01 antibody was thereforespecific and its beneficial effects against the 

pathogencconsequences of neuronal exposure to lIERV K Env protein were evidenced by 
its sigficant( mhibition of cell death, () maintenance of neuron cell morphology and 
neurite lengthand (ii)v recovery of neuronal functional activity as measured by 

electrophysiologicalacivityi the presence of pathogenic of HERV-K Emproten, versus 
C) same exposure toi ER-K with an irrele an tcntr ol antibody or without anybody 

Therefore, (i) after the specific detection of -RV-K Env protein in the altered neurons 

wtthmuthe brain parenchyma of patients with sporadic ALS was shown and i after the proof 

of concept that this HERV-K En protein alone drives the pathogenicity has been brought by 
clinical and histological signs of sporadic ALS reproduced in transgenic mice expressing 

25 HERV-K env gene encoding this unique protein (Li, Lee et al. 2015) ,the specific efficacy of 

GN KOl antibody, as demonstrated by the inventors on relevant human neuron cellular and 
functional aspects, is evidencing its therapeutic value in ALS, in particular in sporadic ALS.  

The specific activity of such an antibody appears to neutralize (~e: treat) the pathogenic 

effects of the HERV-K envelope (Etnv) protein, which itself was shown to be associated with 

30 ALS pathognomonic neuronal lesions in the brain of patients with sporadic ALS and to 

reproduce the same neuronal alterations when added to cultured neurons, or when expressed 

as a single transgene in mice along with the same clinical signs as in ALS Moreover, the 

addition of the GN K01 antibody in the presence of the HERV-K Env pathogenic protein 

shows more significant efficacy that pre-incubation of GN KO with HERV-K Env 

3s recombinant protein in vitro, which shows its optimal efficacy in physiological conditions, 
therefore in a therapeutic application.
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HERVK protein toxicitynot only involves intracellular expression itransfected taretcells 

or in neurons from transgenic animals from previous knowledge but also involves secreted 

extracellular HERV~K protein pathogenic to naive (no-HERV-K transfected or 

overexpressing) neurons. Therefore, an antibody of the invention also protects human 

5 neuronal cells from paracrine spreading of cytotoxicity induced by neuronal exposure to 

secreted and/or exiracellular HERV_K Env protein. Implicitly, this also applies to autocrine 

cytotoxicity by HERVK Env protein produced in neurons expressing or overexpressing 

HERV-K env coding gene(s).  

As a conclusionthe antibody specifically targeting HERV-K envelopeprotein according to 

10 the invention can neutralize its pathophysiological properties as observednALSnotablyin 
sporadic ALS, or inUHERV-K env mouse transgenic models reproducing ALS features.
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CLAIMS 

1. An antibody that recognizes the human endogenous retrovirus K (HERV-K) envelope 

protein, wherein said antibody binds to the epitope as set forth in SEQ ID NO:9, and 

comprises: 

- a light chain comprising a light chain variable region (VL) which comprises three 

complementarity determining regions (CDR-L1, CDR-L2 and CDR-L3), and 

- a heavy chain comprising a heavy chain variable region (VH) which comprises 

three complementarity determining regions (CDR-H1, CDR-H2 and CDR-H3), 

wherein the CDR-L1 comprises the amino acid sequence of SEQ ID NO:1, the CDR-L2 

comprises the amino acid sequence of SEQ ID NO:2, the CDR-L3 comprises the amino acid 

sequence of SEQ ID NO:3, the CDR-H1 comprises the amino acid sequence of SEQ ID 

NO:4, the CDR-H2 comprises the amino acid sequence of SEQ ID NO:5 and the CDR-H3 

comprises the amino acid sequence of SEQ ID NO:6.  

2. The antibody according to claim 1, wherein: 

- the light chain variable region (VL) comprises the amino acid sequence as 

depicted in SEQ ID No: 7; and 

- the heavy chain variable region (VH) comprises the amino acid sequence as 

depicted in SEQ ID No: 8.  

3. The antibody according to claim 1 or 2, wherein said antibody is a monoclonal antibody.  

4. The antibody according to claim 3, wherein said monoclonal antibody is a murine 

monoclonal antibody, a chimeric monoclonal antibody or a humanized monoclonal antibody.  

5. A pharmaceutical composition comprising the antibody according to any one of claims 

1 to 4 and a pharmaceutically acceptable excipient.  

6. Use of the antibody according to any one of claims 1 to 4 in the manufacture of a 

medicament for treating amyotrophic lateral sclerosis (ALS).  

7. Use according to claim 6, wherein said ALS is sporadic ALS.  

8. A method for treating amyotrophic lateral sclerosis (ALS) in a patient, comprising 

administering to the patient the antibody according to any one of claims 1 to 4 or the 

pharmaceutical composition according to claim 5.  

9. The method according to claim 8, wherein said ALS is sporadic ALS.  
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10. A method for detecting HERV-K envelope protein in a biological sample, comprising a 

step of contacting said biological sample with the anti-HERV-K envelope antibody according 

to any one of claims I to 4.  

11. A method for diagnosing ALS in a patient, comprising contacting a biological sample 

obtained from said patient with the anti-HERV-K envelope antibody according to any one of 

claims 1 to 4.  
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HERV_K_20170120_demande_1_ST25.txt
                         SEQUENCE LISTING

<110>  GENEURO SA
 
<120>  Anti‐HERV‐K envelope antibody and uses thereof

<130>  BEP170031EP

<160>  9     

<170>  PatentIn version 3.5

<210>  1
<211>  11
<212>  PRT
<213>  Mus musculus

<400>  1

Gln Ser Leu Leu Asp Ser Asp Gly Lys Thr Tyr 
1               5                   10      

<210>  2
<211>  3
<212>  PRT
<213>  Mus musculus

<400>  2

Leu Val Ser 
1           

<210>  3
<211>  9
<212>  PRT
<213>  Mus musculus

<400>  3

Leu Gln Ala Thr His Phe Pro Trp Thr 
1               5                   

<210>  4
<211>  8
<212>  PRT
<213>  Mus musculus

<400>  4

Page 1

HERV_K_20170120_demande_1_ST25.txt

SEQUENCE LISTING

<110> GENEURO SA

<120> Anti-HERV-K envelope antibody and uses thereof

<130> BEP170031EP

<160> 9

<170> PatentIn version 3.5

<210> 1

<211> 11
<212> PRT
<213> Mus musculus

<400> 1

Gln Ser Leu Leu Asp Ser Asp Gly Lys Thr Tyr

1 5 10

<210> 2
<211> 3
<212> PRT
<213> Mus musculus

<400> 2

Leu Val Ser

1

<210> 3
<211> 9
<212> PRT
<213> Mus musculus

<400> 3

Leu Gln Ala Thr His Phe Pro Trp Thr

1 5

<210> 4
<211> 8
<212> PRT
<213> Mus musculus

<400> 4

Page 1



HERV_K_20170120_demande_1_ST25.txt
Gly Tyr Thr Phe Thr Ser Tyr Trp 
1               5               

<210>  5
<211>  8
<212>  PRT
<213>  Mus musculus

<400>  5

Ile Asp Pro Tyr Asp Ser Glu Thr 
1               5               

<210>  6
<211>  10
<212>  PRT
<213>  Mus musculus

<400>  6

Ala Ser Leu Tyr Tyr Tyr Gly Ile Ser Leu 
1               5                   10  

<210>  7
<211>  112
<212>  PRT
<213>  Mus musculus

<400>  7

Asp Val Val Met Thr Gln Thr Pro Leu Thr Leu Ser Val Thr Ile Gly 
1               5                   10                  15      

Gln Pro Ala Ser Ile Ser Cys Lys Ser Ser Gln Ser Leu Leu Asp Ser 
            20                  25                  30          

Asp Gly Lys Thr Tyr Leu Asn Trp Leu Leu Gln Arg Pro Gly Glu Ser 
        35                  40                  45              

Pro Lys Leu Leu Ile Tyr Leu Val Ser Lys Leu Asp Ser Gly Val Pro 
    50                  55                  60                  

Asp Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys Ile 
65                  70                  75                  80  

Page 2

HERV_K_20170120_demande_1_ST25.txt

Gly Tyr Thr Phe Thr Ser Tyr Trp
1 5

<210> 5

<211> 8

<212> PRT

<213> Mus musculus

<400> 5

Ile Asp Pro Tyr Asp Ser Glu Thr
1 5

<210> 6

<211> 10

<212> PRT

<213> Mus musculus

<400> 6

Ala Ser Leu Tyr Tyr Tyr Gly Ile Ser Leu
1 5 10

<210> 7

<211> 112

<212> PRT

<213> Mus musculus

<400> 7

Asp Val Val Met Thr Gln Thr Pro Leu Thr Leu Ser Val Thr Ile Gly
1 5 10 15

Gln Pro Ala Ser Ile Ser Cys Lys Ser Ser Gln Ser Leu Leu Asp Ser
20 25 30

Asp Gly Lys Thr Tyr Leu Asn Trp Leu Leu Gln Arg Pro Gly Glu Ser
35 40 45

Pro Lys Leu Leu Ile Tyr Leu Val Ser Lys Leu Asp Ser Gly Val Pro
50 55 60

Asp Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys Ile
65 70 75 80

Page 2
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Ser Arg Val Glu Ala Glu Asp Leu Gly Val Tyr Tyr Cys Leu Gln Ala 
                85                  90                  95      

Thr His Phe Pro Trp Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys 
            100                 105                 110         

<210>  8
<211>  116
<212>  PRT
<213>  Mus musculus

<400>  8

Gln Val Gln Leu Gln Gln Pro Gly Ala Glu Leu Val Arg Pro Gly Ala 
1               5                   10                  15      

Ser Val Lys Leu Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr 
            20                  25                  30          

Trp Met Asn Trp Val Lys Gln Arg Pro Glu Gln Gly Leu Glu Trp Ile 
        35                  40                  45              

Gly Arg Ile Asp Pro Tyr Asp Ser Glu Thr His Tyr Asn Gln Lys Phe 
    50                  55                  60                  

Lys Asp Lys Ala Ile Leu Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr 
65                  70                  75                  80  

Met Gln Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys 
                85                  90                  95      

Ala Ser Leu Tyr Tyr Tyr Gly Ile Ser Leu Trp Gly Gln Gly Thr Leu 
            100                 105                 110         

Val Thr Val Ser 
        115     

<210>  9
<211>  15
<212>  PRT
<213>  Homo sapiens

Page 3

HERV_K_20170120_demande_1_ST25.txt

Ser Arg Val Glu Ala Glu Asp Leu Gly Val Tyr Tyr Cys Leu Gln Ala
85 90 95

Thr His Phe Pro Trp Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys
100 105 110

<210> 8

<211> 116

<212> PRT

<213> Mus musculus

<400> 8

Gln Val Gln Leu Gln Gln Pro Gly Ala Glu Leu Val Arg Pro Gly Ala
1 5 10 15

Ser Val Lys Leu Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr
20 25 30

Trp Met Asn Trp Val Lys Gln Arg Pro Glu Gln Gly Leu Glu Trp Ile
35 40 45

Gly Arg Ile Asp Pro Tyr Asp Ser Glu Thr His Tyr Asn Gln Lys Phe
50 55 60

Lys Asp Lys Ala Ile Leu Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr
65 70 75 80

Met Gln Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys
85 90 95

Ala Ser Leu Tyr Tyr Tyr Gly Ile Ser Leu Trp Gly Gln Gly Thr Leu
100 105 110

Val Thr Val Ser
115

<210> 9

<211> 15

<212> PRT

<213> Homo sapiens
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<400>  9

Ser Leu Asp Lys His Lys His Lys Lys Leu Gln Ser Phe Tyr Pro 
1               5                   10                  15  

Page 4

HERV_K_20170120_demande_1_ST25.txt

<400> 9

Ser Leu Asp Lys His Lys His Lys Lys Leu Gln Ser Phe Tyr Pro
1 5 10 15
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