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Anti-HERV-K gnvelope antibody and uses thereof

FIELD OF THE INVENTION

The present wnvention relates © g novel antibody against HERV-K envelope that
targels a conserved region not affected by glveosyiation ot by native conformation, and s use
11 diagnostics andfor'in therapy.

BACKGROUND OF THE INVENTION

Amyoirophic Iateral sclerosis {ALS) disease was first deseribed by the French naurologist
Fean-Martin Charcot and its name reflects both the degeneration of corticospinal motor
neurons, the descending axons of which show altered structure v the lateral spmnal cord
{{arerad sclerosis) and the demise of spinad motor newrons, with secondary denervation
associated with muscle wasting {anverrapiy) {Tavlor, Brown, and Cleveland 2016}, Indeed,
ALS 15 a progressive and sltimately fatal nearodegenerative disease resulting from motor
neuron degeneration in the cerebral motor cortex, the brainstem and spinal cord nvolved in
the planning, comtrol and execution of voluntary movemenis. Fatal ootcome typically occuns
3-5 years afler diagnosis (Tavior, Brown, and Cleveland 20116}, The prevalence of ALS
approximately reaches § cases in 100 000 | which reflects the rapid lethality of the disease
{Taylor, Brown, and Cleveland 2016}, About 10% of ALS cases appear 1o be genetically
transmitted m famihies Chereditary ALS), in association with specific genomic mutations, For
exanple, approximately 20% of {amilial ALS is associated with 2 putation in the superoxide
dismntase {sed?} gene {Vocic and Kiernan 2009; Rosen 1993}, Other non-familial cases are
classified as sporadic ALS (90% of ALS cases) (Lagier-Touwrenne and Cleveland 20093,
meaning that # occurs without a fanuly history.

MNeurndegenerative disorders. such as Parkinson’s, Hunbiington's, Alzheimer’s disease,
frontotemporal lobar degeneration (FTLD) and ALS are associated with the accumudation of
risfulded proteins hoth inside and ouiside of newronal and ghial cells in the central nervous
system  {(Polymenidon gnd Cleveland 2011). These misfolded protein agpregates are
pathological hallmarks of each disease and can spread from cell o cell through a prion-hke
mechanism after an injtiating event. One widely held view 15 that these aggregates play a
critical role 1 disease imitiation and progression, with the misfolded versions of endogenous
proteins bikely 1o acquire toxic properties, potentially through moereased hydrophobicity
and/or sequestration of essential cellular components within the aggregates, generation of
oxidative species, proteasome inhibition and through other pathways. An allernative view is
that the large aggregates do not represent the toxic form, but the final product of a defensive
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cell response aimod st protecting cells from wore toxie oligomeric species that remain
undeteciable by most technigues (Polymenidou and Cleveland 2011,

Studies of serum samples from patients with ALS, but seronegative for Hignan
Immmanodeficiency Vinus (HIV)Y or Human T cell leukemia viras (HTLV) exogenons viruses,
showed reverse transoriptase (RT} activity in 30-60% of ALS samples with level comparable
o those of HIV-infected patients {(MacGowan ef al. 2007 McCormick et al. 2008, Andrews et
al. 2000; Steele ot al. 2003). Thus 15 consistent with the fact that retroviral mvolvemad has
been suspected for seversl vyears since the recognition that both murine and heman
refroviruses can cause ALS-like syndromes (McCormick et al. 2008). ALS-hke disorder 1n
HiV-positive patients can remit with antiretrovirgl therapy (Moulignier et all 2001; von
Giesen et al. 2002). This is vahd for ALS symptomatology in HiV-infected patients and may
nonetheless represent a peculiar sub-category of ALS cases.

Increased RT activity was also found i sermm of ALS patient’s first degree relatives,
which leads to the speculation that RT activity mayv derive from inherited active copies among
human endogenons retroviruses (HERVx), which represent 8% of our genome (Steele et al,
2005),

Nonetheless, the detection of RT activity as such 1o ALS does ot wdentify the origin of this
enzyme, but the mvolvement of HERV-K in post-mortem brain, {Douville et al 2011} has
been shown. Sequencing studies revealed that the 7¢34 and 7¢36.1 chromosomal loct
{corresponding to HML-2 and HML-3 sobfamilies of HERV-K respectively) are more
frequently expressed in patients with ALS, compared o controls (Douville and Nath 2014}
Morepver, it has been recently obsarved that both HERV-K gag- pol! and emy RNA have
significantly elevated expression in brains from ALS patients compared to controls (Lt et al.
2015

Expression of HERV-K in homan newronal cultares caused newvonal oviotoxicity, as
observed by the decreased nomber of newrons and also the retraction of neurttes in a dose
dependent manner after the transfection of the entire HERV-K genome ov of the HERV-K-eay
gene only. This spgpested that itracelhdar HERV-K-Env protein could contribute o
peuwrotoxicity, This has been confirmed by the CRISP/easp® assay which has pernmtted
HERV-K twofold increased expression through its LTR activation by the VP64 franscription
factor (L1 et al. 20135). HERV-K expression causes i vive loss of the motor cortex volume
iransgenic mice exprassing the HERV -K-@irv gene in cortical neurons which is independent of
the imunune reactivity as measured with the ionixed caleinm-binding adapter molecule | (Tha-
1} marker for microgha {Li et all 2015). Behavioral snalyses revealed that HERV-K-eny
transpenic nuce traveled shorter distances, rested for longer periods and fell faster in a rotarod
performance test displaving evidence of spasticity with increased clasping of the hind limbs.
In addition {o these motor dysfunctions, transgemic mice developed profound weakness of the
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Hwbs and spinal muscles including those for respiration resulting in 30% moriality by 10
months (Lt et gl 2013),

Interestingly, HERV-K BT expression correlated with moreased TDP-43 levels i neurons
fromy ALS patients, snppesting that BT expression occwr's i combination with other aberrant
celtalar processes characteristic of the disease (Buraitt and Baralle 2009 Geser et al. 2009;
Douville st al. 2011). Evidence for such a prion-like mechanism in ALS now involves the
main misiolded proteins, SCDY and TDP-43 {(Polvmenidon and 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 o the region 726~
CCCTCTCCC-734 of HERV-K long termunal repeat (LTR) (Li et al. 2015). They also showed
recently been complemented by showing that normal TDP-43 has no effect on HERV.K
transcription i human astrocytes and peurons 7 vifro, whereas TDP-43 has a binding site 1n
the US region of HERV-K promoter. The latier binding is enhanced with inflasmmation, e.g. in
presence of Tumor Necrosis Factor (TNFuol, or with proteasome inhibition (Manghera,
Farguson-Parry, and Douville 2016). Interestingly, the same study showed that overexpression
of aggrepating forms of TDP-43 enbanced HERV-K viral protein expression and
accumulation, when wild-tvpe (normal) TDP-43 did not {Manghera, Ferguson-Parry, and
Douville 2016). Maoreover, despite evidence of enhanced stress granule and autophagic
response in ALS cortical neurons, these cells fatled to clear the excess HERV-K protein
accunulation. Typical of most retroviral restriction factors, the TDP-43 promaoter is fikely to
respond o mterferon- and nflammation-associated transoniption factors, as it contains
binding sites for interfevon regolatory factors (IRF1, IRF3) and nuclesr factor-kappa B
{NFeB) {Douville et al. 2011

Taken together, these findings suggest that endogenous retroviral elements and HERV-K in
particular are involved in the pathophysiclogy of ALY and could be the niissing link betwesn
TDP43 and this proteivopathy (Alfihad and Nath 2013). HERV-K envelope protein
expression  within newrons of patients with ALS can  therefore comtribute to the
newrodegeneration and disease pathogenesis.

To date, as & svmptomatic treatment, Rilorole remains the only velatively effective drug
and only extends the average sarvival of patients by 36 months (Hardiman, van den Berg,
and Kiernan 2011). Present treatment protocols ave based on symptom management and on
preservation of quality of life, provided 1 a multidisciplinary setting. The discovery of an
efficient therapy remains a ertical need for patients with this rapidly fatal disease (Hardiman,
van den Berg, and Kiernan 2011).

Conseguently, there remams au wimel need for effective 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

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
protein. GN_mAb Env_KO1 is a full-length antibody of the IgG2b/ kappa murine subclass.
GN _mAb Env KO1 biological activity has been confirmed in ELISA and Western Blotting
immunoassays. Surprisingly GN _mAb Env KOl 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.

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
GN_mAb _Env_KO1 is an original tool for targeting HERV-K envelope proteins. They also
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
(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-HI 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.

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,
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
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.

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
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
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.

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



01 May 2024

2018210388

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
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,
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
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.

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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which deternune the functional activity of an satibody molecule: leM, gD, G, IpA and TgE
Each chain contains distingd seguence domains,

Typically, the light chamy inchudes two domains, a variable doman (VL) and & constant
constamt domains (CHY, CH2 and CH3, collectively referred (o as CH). The variable regions
of both light {VL) and heavy {(VH) chains determine the binding site specific to the antigenic

domain {CL}. The heavy chain inclodes four domains, a variable domain (VH) and thres

epitope. The constamt region domains of the lght (CL) and heavy {CH) chains confer
unportant biological properties such as antibody chain association, secretion, trans-placental
mobility, complement binding, and binding to Fe receptors (FeR). The Fv fragment is the N-
termoinal part of the Fab fragment of an imnmunoglobulin and consists in the variable portions
of one Hght chain and one heavy chain. The specificity of the antibody resides in the structural
complementarity between the aptibody binding sile and the sntigenic epitope. Antibody
binding sites are made up of residues that are pomandy from the hypervariable or
complementarity determiniyg regions (CDRs). Qccasionally, residees from non-hypervariable
or framework regions {FR) mfluence the overall domain sinicture and hence the binding site.
Complementarity Determining Regions or UDRs refer {0 amine acid sequences which
topether define the binding affingy and specificity of the natural Fv regiom of a native
immunoglobulin binding site. The light and beavy chains of an invmunoglobulin each have
three CDRs, designated L-CDRI, LCDR2, L-CDR3Y and H-CDRI, H-CDR2, H-CDR3,
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) vefer to amino
acid sequences miarposed between CDRs,

Asx used herein, the term “"chimeric antibody” refers to an mntibody which comprises a VH
domain and a VL domain of an antibody from gy species, preferably mouse, and 8 CH
dovnain and ¢ CL domain of 8 buman antibody,

Acecording to the mnvention, the term "humanized antibody” vefers to an antibody having
vartable region framework and constant regions from a human antibody but retaing the CORs
of an antibody from any species, preferably mouse.

The term “Fab” denotes an antibody fragment having & molecular weight of about 30,000 and
anticen binding activity, in which about & half of the N-terminal side of H chain and the entire
L chain, among fragments obtained by treating IeG with a protease, papaine, are bound
together through a disulfide bond.

As used herein, The term “F(ab")2” refers to an antibody fragment havihg o molecolar weight
of about 100,000 and antigen binding acfivity, which iz shightly larger than the Fab beamd vis
a disulfide bond of the hinge region, among fragments obtammed by treating 1pG with a
protease, pepsin,



nr

18

I3

it

fox
N

30

WO 2018/136775 PCT/US2018/014489

As used herein, The torm "Fab' * refors to an antibody fragment having ¢ molecular weight of
about 50,000 and antizen hinding activity, which is obtained by cutting a disulfide bond of the
hinge region of the F{ab 2.

chl 3]

The expressions "A single chain Fe" or “seFv™ refer to a polypeptide, which is 8 covalently
finked 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 and multivalent antibody {ragments can form either
spontancously by association of monovalent scFvs, or can be generated by coupling

monovalent scFvs by a peptide Huker, such as divalent scf(Fv)2.

The term "diabodies” refers to small antibody fragments with two antigen-binding sites,
which fragments comprise a heavy-chamn variable domain (VH) connecied to a lighi-chain
variable domai (VL) in the same polypeptide chain {VH-VL). By using a linker that is oo
short 1o allow pairing between the two domaing on the same chaiy, the domains are forced to
pair with the complementary domains of another chain and create two antigen-binding sites.

As used berein, the expression "antibody of the fvention” refers 1o an antibody directed
against, Le. that specifleally binds to, HERV-K Envelope protein (HERV-K Euv), preferably
against HERV-K Envelope protein of the iype-K bumsan endogenous retrovirus fanuly
(HERV-K}, more preferably against the epitope as set forth in SEQ ID NG9,

As used herein, the term "biological sample” as used herein refers to any biological sample
obtained for the purpose of evaluation f wirre. In the present invention, the sample or patient
sample may comprise any body fluid or disease-specific tissue and lesions, such as biopsies.
Examples of body fluid include blood, serpm, plasma, nipple aspivate Puid, wine, saliva,
synovial fluid and cerebrospinal fhud (CSF).

Typically an antibody of the mvention protects human neuronal cells from cytotoxicity
induced by neuronal exposure (o HERY K Eav protein,

More particnlarly, an antibody of the mvention preferably exhiblis one or more of the
following functional charactenistics:

- 1t preserves neuronal fanctional activity of neurons exposed to HERV_K Env protelx
- 1t preserves cell viahility of newrons exposed to HERV_K Env protein; and/or
- 11 preserves newronal morphology of newrons exposed to HERV K Eny protein.

A protective effect of an antibody according to the invention on neuronal functiong! activity
against extracetiolar HERV-K envelope oyvtotoxicity may be assessed i vigre as ilhustraled in
example 2 of the present mnvention (see point 2.1.3). In particular, such effect may be assessed
by recording spontaneous electrophysiological activity of human neurons i visre, following

treatment with the vecombinant HERV-K Env protein. Thas, typically trestment with an



nr

10

20

fox
N

34

WO 2018/136775 PCT/US2018/014489

o)

antibody of the wvention restores the spontancous sciivity of buman nourons exposed 1o the
recombingnt HERV-K Env protein, by at legst 30 %%, notably at least 60 %, at least 70 %%, at
least 80 %o, at least 90 % or at least 95 9% when compared to haman neurons un-treated with
said recombinant HERV-K Env protein.

In some embodiment, the protective effect of an antibody of the mvention may be
alternatively or additionally assessed & witre by analvzing neuronal culture viability after
treatment with the recombinant HERV-K Env mrolem, as for example Hlustrated 1 example 2
(see pomt 2.1.1) Typwally in such sn embodunent, tremtment with an antibody of the
mvention increasegs the viability of human newrons pre-incubated with the recombinant
HERV-K Env protein by at least by at least 20 %, when compared to the viability of hwnan
neurons un-treated with said antibody of the nvention.

In some embodiment, the protective effect of an antibody of the mvention may be
altiernatively or additionally assessed i vire, by extimating the nawonal morphology (such as
for example the newrie length) of human newrons i culiure afler treatment with the
recombinant HERV-K Env protein, gs for example iHustested o example 2 (see poind 2.1.2),
Typically i such an embodiment, ireatment with an anttbody of the invention increases the

at least 20 %% as compared to the viabilty of human neuwrons un-treated with smd astibody of

the fveniion.

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

In one embodiment, the antibody of the invention comprises:

- & hght chain whereln the variable domain comprises each of the 3 UDRs as
depicted i SEQ ID No: 1 for CDR-LI, SEQ ID No: 2 fir CDR-L2 and SEQ
D No: 3 for CDR-L3; and

- a heavy chain wherein the varsble domain comprises each of the 3CDRS as
depicted in SEQ 1D No: 4 for CDR-HI, SEQ 1D No: 8§ for COR-H2 and SEQ
D No: 6 for CDR-H3I.

The above mentioned complementarity deternuning regons {CDRs) are disclosed 1 Table 1

Tahle 1: CDR domains of an aniibody according to the invention

Domains SEQID No: Sequence
CDR-L1 1 QSLLDSDGKTY
CDR-L2 2 LVS
CDR-L3 3 LQATHFPWT
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2
CDR-HI 4 | GYTFTSYW
CDR-H2 5 OPYDSET
CDR-H3 6 ASLYYYGISL

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

- & hight chain variable region (VL) as depicted in SEQ 1D No: 7; and

- & heavy chain variable region {(VH) as depicted 1 SEQ ID No: &

The above mentioned light and heavy vaniable regions are disclosed in Table 2:

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

invention

Promai SEQIID )

Pomains \(«:’ Sequence

VL 7 DVVMTOTPLTLAVTIGOPASISCKSSOSELDSDGKTYLNWL
LORPOESPRLLIYVINVSKLDSGVPDRFTGSGSGTDFTLRISRY
EAEDLGVYYCLQATHFPWTFGGGTRLEIK

VH 8 QVOQLOOPGAELVRPGASVKLECKASGYTFTRYWMNWVK
QRPEQGLEWIGRIDPYDSETHYNOKFKDRKAILTVDKSSSTA
YMOLSSLTSEDSAVY YCASIYYYOISLWGQOGTIVTVS

In one gmbodiment, the antibody, fragment or derivative of the invention is sglected from the
group consisting of a Fv, Fab, Flab2, Fab', dsbv, scFv, selFv)2, a diabody, and multispecific
antibodies formed from antibody fragments.

In a preferred embodiment, the antibody of the invention is a mwvnoclonal anubody.
Monoclonal antibodies of the wvention are monovalent, bivalent, multtvalent, monospecific,
bispecific, or multispecific. In another embodiment, the antibody directed against HERV-K
Eav ix a binding {ragment or a conjugate. For examples antibodies of the invention may be
comjugated to a growth inhibilory agat, cviotoxic agent, or a prodrug-activaling enzyme.

Another type of amine acid modification of the antibody of the invention may be useful for
altering the original glveosylation pattern of the antibody. By “altering” is meant deleting one
or more carbohydrate moieties found in the antibody, andfor adding one or more glycosylation
sites that are not present w the antibody, Glycosylation of antibodies i3 typically N-linked.
"N-linked” refers 1o the atlachment of the carbohydrate molety to the side chain of an

asparagine residue. The tripeptide sequences asparagine-X-serine and asparagine-X-threonine,
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where X is any amine acid except proline, sre the rocogaition sequences for enzymatic
atiachment of the carbohydrate moiety to the asparagine side chain, Thus, the presence of
either of these iripeptide sequences in a polypeptide creates a potential glveosylation site.
Addition of glyeosylation sites 1o the antibody s conveniently accomplished by alieving the
annno acid sequence such that ¥t contains one or wore of the above-described tripeptide
sequences {(For N-hinked glvcosylation sites).

In another embodiment, the antibody of the invention is & monoclonst humanized anttbody,
more preferably an 19G4 bumanized monoclonal antibody.

Said humanized antibody may be produced by obtaining nacleie acid sequences encoding for
CDRs domain by inserting them into an expression vector for animal cell having genes
envoding a heavy cham constant region identical {o that of 3 nunan antibody; and a Hglt
chain constant region identical to that of a human antibody, and expressing the expression
vector by mtroducing it into an animal cell. The humanized antibody expréssion vector may
be aither of a type I which a gene encoding an antibody heavy chain and a gene encoding an
antibody light chain exist on separate veetors or of 3 type in which both gengs exist on the
smme vector (tandem type). In respect of ensiness of construction of a humanized antibody
expression vector, easmess of introduction into animal cells, and balance between the
expression levels of antibody H and L chaing in animal cells, 8 tandem type of the humanized
antibody expression vector 1 more prefersble. Examples of the tsudem type humaized
antibody expression vector include pKANTEXSS3, pEEIR and the hke. Methods for producing
mmmamzed . antibodiey based on conventional recombinant DNA. and gene fansiection
fechonigues are well kuown in the arl Antibodies cap be ananized using a vaviety of
techniques known in the art incloding, for example, CDR-grafting, veneening or resurfacing,
and chaip shuffling. The geperal recombinant DNA technology for preparation of such
antibodies is also known,

Thus, an embodiment of the imvention relates (0 8 monoclonal humanized antibody
comprising :

~ & light chain wherein the vanable domain comprises each of the 3 CDRg as
depicted in SEQ 1D No: | for CDR-L1, SEQ ID No: 2 for CDR-L2 and SEQ
1D No: 3 for CDR-L3; and

- a heavy chamn wherein the vanable domain comprises each of the JCDRs as
depicted in SEQ 1D No: 4 for CDR-HI, SEQ 1D No: 5 for CDR-H2 and SEQ
iD No: 6 for CDR-H3.

Pharmaceuatical composition
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A further olyect of the invention relates to a pharmsceutical composition comprising
an effective dose of an anttbody divected against HERV-K Envelope protein (HERVAK Env)
and a pharmaceutically acceptable excipient.

Any therapeutic agent of the invenbion as above described may be combined with
pharmacsutically acceptable excipients, and optionally sustained-release matrices, such as
bindegradable polvmers, to {onm thergpeuntic compositions.

“Pharmaceutically” or "pharmaceutically aceeptable” refers (o molecular entities and
compositions that do not produce mn adverse, asllergic or other untoward reaction when
administered to a mammal, especially a hursan, as appropriate. A pharmaceutically sceeptable
carvier or excipient refers o a non-oxic solid, semu-solid or liquid filler, diluent,
encapsulating materiad or formulation auxiliary of any tvpe.

The form of the phanmacentical compositions, the route of adnunisiration, the dosage and the
regimen naturally depend upon the condition to be wreated, the severity of the illness, the age,
weight, and sex of the patient, eic.

The pharnwcentical compositions of the invention can be formalated for a topical, oral,
infranasal, intraoccular, intravenouss, intrathecal (directly v the cerebrospmal  fluid),
miramuscular or subcutaneous admibustration and the hke.

In some embodiments, compositions formulated for mirathecal adoumnistration may be of
particular advantage. Indesd, such admunistration mode may allow short-tenn administration
of a non-human antibody, such as g mouse antibody, or a chimeric antibody in specific
thergpeutic strategies. Indeed, the “inunune-privileged” physiology of the UNS allows
tolerance that 1s not possible with admmistration via systemic routes. Thus the intrathecal
nyjection mode is a cornmon nevrological and neurosurgical practice. For example, rituximab
ts 8 mouse-human chimeric antibody which has been used intrathecally in patients with
nutdliple sclerosis and ONS hanphoma (see notably Bonnan M, Ferant S, Berlandeau E,
Demasles S, Krim E, Miquel M, Barroso B. “latratheced rinuximad therapy b multiple
sclerosis: review of evidence supporting the need for future tials. Curr Drug Targets ™.
2014;15(13):1203-14. Topping 1, Dobson R, Lapin 8, Mastvanskiy A, Kropshofer H, Leppert
D, Giovannomi G, Evdoshenko E. “The effecis of burathecal viteximah on biomarkers in
mdtiple scleroxis”, Mult Scler Relat Disord, 2016 Mar6:49-33, and Kadoch €, Li J, Wong
VS, Chen L, Cha S, Munster P, Lowell CA, Shuman MA, Rubenstetn JL. “Complement
activarion and intraventricwlar rituximab distribution in recurremt central nervous syséest
{ymphosue”. Chin Cancer Res. 2014 Feb 1320(401029-41).

Preferably, the pharmaceutical compositions coptain vehicles, which are pharmacentically
acceptable for a formelation capable of being injected. These may be i particular isotonic,
stertle, saline sohstions {monosodium or disodin phosphate, sodium, potassium, calciom or



Ly

Y

20

oy
n

3

Tk
(94

WO 2018/136775 PCT/US2018/014489
12

magnesium chioride and the hke or mixtures of such salis), or dry, cspecially freeze-dried
gomposittons which upon addition, depending on the case, of stenilized water or physiologicsl
saline, permit the constitution of injectable solutions.

The doses used for the adminisiration can be adapted as a function of various parameters, and
i particalar as a function of the mode of admimstration used, of the relevant pathology, or
alternatively of the desired duration of treatment.

To prepare pharmaceuticsl compositions, an effective amount of the antibody dirgcted sgainst
HERV-K  Envelope protemn (HERV-K Envy smay be dissobved or disperssed w0 a
pharmaceutically acceptable carrier or aqueous mediam.

The pharmaceutical forms sutiable for injeciable use fnchude sterile aquecus solutions or
dispersiony; fommulations including sesame oil, peanut oil or aqueous propyiene plveol; and
sterile powders for the exfomporaneocus preporation of stende imjectable sclufions or
dispersions, In all cases, the fonm must be sterile and must be fluid to the extent that easy
syringability exists. I mast be stable under the conditions of manufacture and storage and
must be preserved against the contaminating sction of nucroorganisms, such as bactenig and

fungt.

Solutions of the active compounds as free base or pharmacelogically acceptable salts can be
prepared @ water soitably puxed with a surfactant, such as bhydroxypropyleeihdose
Dispersions can also be prepared v glycerod, Hguid polvethylene glveols, mixiures thereof
and i oils. Under ordinary conditions of storage and use, these preparations confam a
preservative to prevent the growth of microorganisms.

Upon formulation, solutions will be administered 1 a wanner compatible with the dosage
formulation and n such amount as i therapautically effective. The formulations are easily
administered in a variely of dosage forms, such as the type of injectable solutions described
above, but drug release capsules and the like can also be emploved.

Preferably, the antibody directed against HERV-K Envelope proteim (HERV-K Eav) of the
Hvention can be formulated inte a builer 1o which 1t was solubilized, stored and imjected to
pattents. Preferably, said buffer comprises 20mM lustidine, 5% sucrose. and 0.01%
polysorbate 20 and present a pH of 6.0,

For parenteral administration i an agueous sohution, for example, the solution nwy be
suttably buffered and the liquid dileent first rendered isotonic with sufficient saline or
slucose. These particular agueous solutions are especially suitable for intravenous,
mtramuscular, subcutaneous and iviraperifoneal adminisiration, In this connection, stende
agueous media which can be employed will be known to those of skill in the art in light of the
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presont disclosure. For exanple, one dosage could be dissolved i 1omd of isotomie NaCl
solution and either added 1o 1000 mi of hypodermolysis fluid or injected at the proposed site
of mfusion, {see for example, "Remington’s Pharmaceutical Sciences" 15th Edition, pages
1035-1038 and 1570-1580). Some vartation 1o dosage will necessarily oceur depending on the
condition of the patient being treated. The person responsible for adminstration will, i sny
event, determine the appropuiate dose for the mdividual patient.

In addition to the compounds formuiated for parenteral adminisiration, such as intravenous,
axrathecal or mtramuscular injection, other phanmaceutically acceptable forms include, 2.p.
tablets or other solids for oral adnunisiration; time release capsules; and any other form
currently used.

Dlggnostic methods of the invention

In another aspect, the invention alsn relates o a method for detgcting the HERV-K
envelope protein mm a biological sample comprising the step of contacting sad biclogical
sample with an anti-HERV-K envelope antibody as defined above.

In another aspect, the invention also relates to 8 method for diagnosing ALS in a patient
comprising the step of conlacting a biological sample obtaiped from said patient with an anti-
HERV-K envelops antibody as defined above.

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

Therapeutic methad and monitering method gceerding to the invention

In ong aspect, the invention also relates to a method for treating a patient suffering
from ALS comprising adnunistering 1o said patient an effective amount of an anttbody that
recognizes the HERV-K envelope protein as defined sbove.

Preferably, the patient is suffering from ALS, notably sporadic ALS.
Typically, said antibody is administered intrathecally, intravenously or subcutaneousty.

The invention also selates to a method of treatment of a patient suffering from ALS, notably
sporadic ALS, comprising the steps of

1} predicting the prognosis of 3 patient by detecting andfor quantifying a HERV-K virus, m a
biological sample; and then

23 if said step 1} shows the expression of a human endogenous retrovirus {HERVY type K,
then the method of the nvention comprises 3 step of providing the antibody of the invention
10 said patient,
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The ivention also relates 1o a method for monitoring the response o a wreatment of a patient
suffering from ALK, notably sporadic ALS, said method comprising the following steps:
a. Ueating said patient with the antbody according to the invention; then
b, detection andfor guantification of HERV-K i a biological sample of said
patient.

According 1o the invention, in case of monitoring the response to 8 treatment of a patient
suffering from ALS, a biological sample may be a sample of body fluids such as blood,
cerebrospinal fluid, anne or in a disease-specific tissue biopsy.

Typically, the step of detection andfor quantification may be performed according to the
rowime techmgues, well known of the person skalled in the art. Typically, said step comprises
contacting a biological sample of the patient with selective reagents such as probes, pnimers,
tigands or antibodies, and thereby detecting the presence of mucleic acids or proteins of
interest originatly in the sample.

In one embodiment, the detection and/or quantification step can be performed with the ani-
HERV-K antibody as defined above,

FIGURE LEGENDS

Figure 1: GN_mAb_Env_K01 is an IgGG2b murine antibody and has a kappa Hght chamn.,
Isotyping was performed by ELISA on 1:10 diluted supernatant from GN_mAb Eov K01
hyvbridoma (monoclonal stage) captured by anti- murine mununoglobulin. Detection with
various anti-mouse  Heht {A) or  heavy (B} chams antibodies showed that
GN_mAb_ENV K01 15 an 1gG2b/kappa munne antibody, Results are plotted as ODysoun
mean of duplicate values = SD.

Figure 2: GN_mAb_Env_K01 Hght and heavy chains sequsnces

RNA from hybrdoma cells was extracted and reverse transeribed nto ¢DNA that was
amplified by PCR before sequencing with primers targeting ¢DNA encoding murineg antibody
heavy (A) and light (B) chaimns.

(A} CDRI (Bold), CDR2 (underlined) and CDR3 (bold italics) sequences from kappa light
chain;

{B) CDR4 (Bold), CDRS (underlined) and CDRE (bold italics) sequences from heavy chain;
constant murine 1gG2 Seguences (grey alics),

Figure 3: GN_mAb_Env_K01 binds to HERV-K-Env SLDKHRKHKKLQSEYP epitope.
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The intensity profile {(lefty of each peptide from HERV-K-Ewv (MyBiosource} {right) are
displayed. These overlapping peptides of 15 amino acids with an offset of one residue showed
that GN_mAb_Env K61 binds o the linear SLDKHKHKRKLOSFYP (SEQ ID NO%)
epitope. Resulis are presenied as the intensity of signal (mALD) oblained on the CUD camera
used, sinular to a standard 96-well plate ELISA-reader.

Figure 4: Glyeosyiated HERV-K Env is detected by GXN_mAb_ENV_K81 in ELISA.
GN_mAb Emv K01 {A) or Ant-HERV-K-Env from AMSBRY (B} (lug/ml}) were used as
primary antibodies i ELISA on HEK cell iysates at various dilutions (1:23, 1:50, 1100,
1206, 1:400), Contrary to Anp-HERV-K-Env (AMSBio} GN_mAb _Env K recommized
glycosylated HERV-K-Env. Results are plotted as 0D mean of duplicate values = SD.
Figure 5: Non-glycosylated HERV-K-Env is detected by GN_mAb_ENV_K81 in ELISA
GN_mAb _Env K01 or Anti-HERV-K-Env from AMSBIO (1pg/ml) were used as primary
anitbodies in ELISA on Ipgml of hs-SUMO-HERV-K-Env recombinant protemn from
ECofi. Both anti-HERV-K-Env recognized the non-glycosylated HERV-K-Env protein.

Results are plotted as OD_  miean of duplicate values + SD.

Doy

Figure 6: HERV-K Env detection by Western Blotting with GN_mAB_ENV_Ra1
Anti-HERV-K-Env {Ipgml) fom AMSBIO (wells #1&2} or diluted (1:5) sapermatant from
GN_mAb Eny K01 hybridoms {wells #3&4) were used as primary antibodies in westem
bintting. ¢.2pe of Ms-8UMO tagged HERV-K-Env were deposited in wells #1&3 and 24.5ug
of profein extract rom HERV-K-Env tanslecled HEK cells were deposited mwells #2&4.
Now-ghycosylated his-SUMO tagged HERV-K-Env protein is detected at 75kDa by both
antibodies, along with mulimers of high MW and cleaved fragments of lower MW
Glveosylated HERV-K-Env {90k} is only detected with GN_mAb Eav K41

MW molecalar weaight

Figare 7: GN_mAb_Env_K01 (GN Ko61) antibody specifically protects human neuronal
cells from cytotoxicily induced by extracellular HERV-K envelope protein: Cell survival
assaAy,

Newrounal cultures were treated with differentiation media (see example 2) and with 1gG
samples GN K01 or control non-Invuune 1gG (Thermo Product # MA 110418} at a final
concentration of 3 ug/ml.. After 60 minute pre-incubation, recombinant HERV-K Env protein
{(My BioSource, anuno acid 90632, Cat § MBSI1391552) was added {o a final concentration
of 14K} nM. One sample of GN K01 Ig was pre-mcubated with HERV-K Env for 30 minutes,
and then added together to the human neorons. The neoronal cultures were observed with 8
GE INCell Analyzer 2000 Biolmager (o scquire images of sach well (4 images per well) at
varius time points, i this experiment 5 davs post Env treatntent. The newronal cell connt was
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deternuned with GE Investigaior high content imaging software, Arrow on top of histogram
har is showing the resulis with GN_mAb_Env_ K81 (GN K01} antibody.

Figure 8 GN_mAb_Eayv K81 (GN K81) antibody specifically profects human neuronal
cells from cytotoxicity induced by extracellular HERV-K envelope prefein: neurite
length,

Newronal culiures were treated with differentiation media {described above) and with Izl
samples ON KiH or contrel non-Immaune IpG (Thermo Product € MA 1-10418) at 3 final
conceniration of 3 ug/mi. After 60 minute pre-incubation, recombinant HERV-K Env protein
(My BioSource, amino acid 90-632, Cat # MBS13%1352) was added to a final concenfration
of 100 nM. The neuronal cultures were observed with a GE INCell Analyrer 2000 Biolmager
0 acquire images of each well {4 timages per well) at various time points, in this expenment at
5 days post Env post treatment, The mean neurite fiber length was determined with GE
Investigator high content imaging software.

Figure 9: GN_mAb_Env_K@1 (GN K81} antibody speeifically protects human nenronal
cells from cytotoxicity indaced by extracellular HERV-K envelope protein: neuwron
global electrophysiological activity.

Electrophysiological activity, noted by mcreased spike rate in the wells, mncreased
significantly by 21 days in vitro and was monitored by recording spontansous electrical
activity in all wells for § munutes per dav. Al this point, the human neuronal cultures were
reated with differentiation media (described above) and with GN K41 or control non-irmmune
IgG (Thermo Product # MA 1-10418) at a fingl concentration of 3 ug/mL. After 60 minute
pre-incubation, recombinant HERV-K Eav protein (My BioSowrce) was added to a final
concentration of 100 nM. Spontaneous electrical activity was recorded daily afterward,
begmning at I4h post treatment. The mean firing rate was determned for esch treatment
group at 24h post HERV-K Env exposure.

Arrow on top of histogram bhar ix showing the results with GN_mAb_Env_ K01 (OGN K01)
antibody. Arrow on top of listogram bar is showing the resulis with GN_mAb Env K01 {GN
K{1) antibody.

ENAMPLES

EXAMPLE 1: development and characterization of the GN maAb Env K81 antibody

1. MATERIALS AND METHODS
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1.1, Monoclmal antibody development
LIl Inimunization and immune cells recovery
Three female OF mice (Charles River) were mmunized with his-SUMO tagged HERV-K-
Env protein (75kDa) from &coli provided by Mybiosource (MBS1391332} followmg the
confidential RAD (Rapid Antibody development) protocol fromm Biotam company.

Briefly, at day+1{ (D+10) blood sample from immunized mice were analvzed by direct
ELISA on the recombinant HERV-K Env protein (MyBiosource, MBSI39IS5Y) or
Escherichia coli lysate as negative control. At D13, mmmunized mice were sacrificed and
immme cells from fymph nodes were collected and washed thrice with 43ml of Duthecco’s
Modified Fagle's mediom (DMEM, SIGMA, D5671) following centrifugation at 244¢ for 7
munutes and resuspension i 20ml DMEM (SIGMA, D3671). Immune cells from umnuanized
mice (420 x 10° cells) were mixed with myeloma cells (107 x 10° cells) in the exponential
phase of growth according 1o a 1:3.9 ratio. Cells were centrifuged at 244p for 7 minutes and
the peliet was resuspended in iml of the Polvethviene glvcol {PEG) used as fusing agent
{SIGMA, P71 After the washing step including a centrifugation at 108g for 12 minutes
cells werg resuspended in 10ml of DMEM (SIGMA, D3871), 1X Hypoxanthine Amincpterine
Thymudine (HAT, SIGMA, HOZ62-10VL), 20% loetal cslf serum (FUS, PAA, AIS-251,
4mdi L-Ghianune (8IGMA, G7313) and centrifuged at 244g for 7 minutes. Cells were
resuspended DMEM (SIGMA, DSS71), 1X HAT (SIGMA, HO262-10VL), 20% FCS {PAA,
ATR251), 4mmM L-Ghetamine (SIGMA, G7513) and stored for 2 bours at room tenperatare,

1.1.2. Fusion

At D1, immunodeficient NMude mice (BIOTEM) wers injected with Sml of DMEM (SIGMA,
3671 contaiming 20% FCS (PAA, A15-251) and 2+/-1 munutes later, macrophages from
perttoneal fliid have been collecied and culiivated in DMEM medivm (SIGMA, D3671).

BALB/c spleen cells from mouse imowmized with sheep red blood cells Fused with
PIX63AeR mveloma have already been selected, characierized and stoved by BIOTEM. At D-
10, these mveloma have been thawed and cultivaied v DMEM (SIGMA, D671 - &-
Azaguanine (AZA, SIGMA, A3284) - 10% FCS (PAA, A15-251).

Macrophages from Nide mice were connted and resuspended st 107 macrophagesim] in
DMEM (SIGMA, D3671), IX HAT (SIGMA, HOZe2-10VL), 20% FCS (PAA, A1S-251),
4mM L-Glitanuoe (SIGMA, G7513), 1% penicillin/streptomycing (SIGMA, POTEL) Then,
56 ! of macrophage suspension {corresponding to S04 macrophages) used as a growth factor
has been plated i 96-wells plates with 50u! of hvbnidomas cells suspension. These cells were
cultivated at 37°C, 5% CO; for 21 days.
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1.1.3. Cloning

Hybridoms cells were thawed and cultivated with DMEM (SIGMA. D357, HT
(hypoxantine H0pM, thvmidime 16uM ~ SIGMA HO137), 209 FCS (PAA, A15-251), 2%
Hybridoma Enhancing Supplement (HES, SIGMA, H6020), 4mM L-Glotamine (SIGMA,
G7513), 1% penicillin/streptomycine (SIGMA, PO781) in 24-wells plate during 1 week &t
I7C, 3% C02. The day before cloning, hybridoma cells were sphit.

At DO, after serial dilutions at 107, 50, 25, § and 2.5cells'm! in cultwre medium hyvbridoma
suspension were plated at 5. 1 and 0.5 cell/200ul into the wells of a 96-wells plate. At D6,
100! of supernatant from cell containing wells (selecied through a screening with an optical
microscope) was replaced by fresh DMEM (SIGMA, D3671), HT (hypoxantine 100uM,
thymidine 16uM ~ SIGMA HO137), 20% FCS (PAA, A15-251), 2% HES (SIGMA, H6020),
1% penicilim/streptomyeine (SIGMA, POTSL).

After the fust ELISA screening corrssponding o D1, anti-HERV-K-Env positive
hvbnidoma were cultivated m 24-wells plates {0.5mlfwell).

After the second ELISA screening cowesponding to D4, anti-HERV-K Env positive
hybridoma were caltivated in plates or colture flask (Coming} and 5 vials contaimng 4 at 3 &
10° cells were frozen at ~196°C {higuid arote) in DMEM (SIGMA, D671}, 15% FCS {(PAA,
ATS-251) 4mM L-Glutamine {SIGMA, G75813), 1% HES (SIGMA, Ho620), 1%
peniciiiin‘streptomycine (SIGMA, POTE1), 20% Diméthvisulfoxyde (DMSO Sigma, D265G)
media.

1.2, Anti-HERV-K-Env ELISA

The maxisorp 96 conical bottom well plates (NUNC, 449824} were coated with 30ul of
Taghml HERV-K Env protemn (Mybiosource, MBSI3GISS2), KOl tysate {(XL1-Blue MRF,
Stratavene), HEK cell hysate in 11X Phosphate Baffered Saline (PBS, BIOTEM ) overnight of
room temperature. Plates were washed with [1X PBS + 0.05% Tween2l) (VWR, 28829.296}]
wasiung buffer (Githdiwell). Non-specific binding sites were blocked with {1X PBS + 0.05%
Tween2t + 2.3% mlk {Regilaity] blocking baffer (180plwell) for one howr at room
temperature.  Plates were washed with {1X PBS + 003% Tween2d)] washing buffer
(300uliwell).

Anttbody samples have been diluted in [1X PBS + 0.05% Tween20 + 0.3% BSA (VWR,
1I12018.0100) dilution buffer. Antibody samples or purified anti-HERV-K-Env from
AMSBIO (lug/mly (50pliwelly were incubated for two howrs at room temperature. The plates
have been washed thrice with [IX PBS + 0.05% Tween20] washing buffer (300ud/well) and
were ncubated with 30pliwell of polyclonal Peroxidase-conjugated affiniPure Fal)'2
fragment Goat anti-mouse [gG + IgM {Jackson, 115-036-068) (110000 i X PBS + 0.05%
Tween2ll + (.5% BSA} for one howr at room temyperature. Plates were washed thnce and the
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revelation was performed with Tetramcthybenziding {TMB, Euorobio, 32-00-01) substrate
solution (30ulwell) for 10 minutes at room temperature, The reaction was blocked with (L1M
HI804 (Merck, 1.12080.1000) (S0ulwell). Optical density (0D} was measured at 450nm
using the optical density (OD) reader (Dynex).

1.3. Production, Purification, dialysis

GN_mAb_Env_ K01 hyvbridoma cells were thawed and cultivated first in T75em” and then in
T300cm” tissue culture flasks (Corning). Finally, 10 81 12 x 107 cells were cultivated in 500ml
of DMEM (SIGMA, D3671), 15% FCS (PAA, A15.251), 4mM L-Glatamine (SIGMA,
G7513), 1% HES (SIGMA H6020), 1% penicillindstreptomycine (SIGMA, PO781) medium in
Hyperflask {Coming, 10030} 8t 37°C, 3% CO2 within 10+/-1 days.

The culiure supemalant werg centrifuped at 244y for 7 minutes and filered through a 11 wm
nvion net filler (SIGMA, NY 1104700} Protein A chromatography cohunn (GE Healthoave,
Mab Select Xira) were washed twice with dumineralized water and squilibrated with 3
voltumes of 1X PBS (Biotem). Then 0534 of culture supernatant free of cells was loaded. The
column was washed with § volumes of 11X PBS. Immunoglobulin elution was performed at
actd pH with 3.5+/-0.5 volumes of acetic acid (SIGMA, A6283}. Ehsted fractions containing
immunoziobuling were neutralized with 100p! of 1M Tris pH 8.8 buffer (Biotem) and stored
at 4°C.

Te(e purified fractions were dialvzed twice on §.5mi micro dialvsis capsule Quixsep® (Roth,
FR448-1) with 10kDa SaakeSkin Dhalvsis Tubing, 22 muwm {(Thermofischer, 08100} for 2 howrs
m 1N PBS at 4°C and concentraied by centniftpation at 4°C on Vivaspin 20 (30Kda}
{Sartorius, ref ). Antibodies were filtered on 0.22pm Minisart® filter (Sartorius, ref) and the
protein concentration was measured by spectrophotometry at 280mm.

L4, Purity analysis by SDS PAGE Gel electrophoresis

Antibody (Spl at 0.2pup/ul) previousty difuted i Laemmii buller (Biolem} were heated for 3
minutes af 93°C and separated on a 13.5% sodium dodecyl sulfate-polvacrviamide gel
electrophoresis (SDS-PAGE} containing a stacking gel with 3% SDS-PAGE. Gel was run for
30 minutes at KV and then at 120V for 2 hours. Protein detection was done using colorizing
sodution {Bintemy) for | hour with agitation. The gel was washed with decolorizing solution
{Biotem) for 1 hour with agitation,

L5, Isotyping

1.5.1. Isotyping by ELISA

The maxisorp 96 conical bottom well plates (NUNC, 449824} was coated with 30ul of
Tpg/mi anti-murine Ingmunoglobulin (Clinisciences, 1010-01) overnight at room temperature,
Plates were washed with {1X PBS + 0.05% Tween20] washing buffer {300ul/well). Non-
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specific binding sites were blocked with [IX PRS + (.053% Tween20 + 2.5% milk] blocking
buffer (130ual/well) for one hour at room temperature, Plates were washed with [1X PBS +
(0.05% Tween20] washing buffer (300ulfwell). Hybridoms supernatant was 1110 diluted in
[IX PRS + 0.05% Tween20 + 0.53% BSA] dilution buffer Sample (Suliwell} was incubated
for two hours at room temperature. The plates were washed once with {IX PBS + (.05%
Tween20] washing buffer (300pliwell) and were incubated with 50plwell of peroxidase
conjugaied goat anti-mouse heavy cham {(Igd, IgGl, 18G2a, 1aG2b, 1G3, 1M}
{Chnisciences, S300-05) (172000 m 1X PBS + 0.05% Tween( + $.5% BSA) for one hour at
room tempergture, Plates were washed once and the revelation was performed with TMB
(Ewrobio, 32-00-01) substrate solution {30uliwell} for 10 nunutes al room temperature. The
reaction was blocked with 0.1M H8Q; (Merck, 1.12080.1000} stop solution (S0uliwell).
Optical density (0D} was measured at 450mmn using the optical density {OD) reader {Dynex).

1.5.2, lsotyping by Lateral-flow Immunoassay

Light chain (kappa or lanbda) were charactenized with a lateral-flow inpnunoassay (LFIA}
{ThermoFisher, 26179).

1.6, HEK fransfection

. ‘ . o i . - . s N 1 3 :
Human embryonmic cells {1.107cells'mL} were transfected with Ipg of HERV-K-Env
{accession number AYO37928.1) expressing plasnud. Transfected cells were culiivated at
37°C, 8% CO4, 120 rpm agitation.

1.7. Western Blot analysis

The recombinant HERV-K-Env protein {Mybiosource)y st 12.5ng/ul and the protein lvsate
from HEK transfected cells at 1.5ug/ul were diluted (121} in 2X Laenunli buffer (SIGMA,
S3401) and heated for 5 minptes at 90°C, Then, 32y of samples were loaded on a 8-16%
sodium  dodecyl  sullate-polvacrvlamide  gel  electrophoresis  (SDS-PAGE, Novex,
EC60452BOX). Gels were ran for 1 bow at 160mA wn 1X Tris-Glyeine SDS running buffer
(Novex, LT2675). Afler the protewn fransfer onto a 0.2um nitrocelivlose membrang {Biorad,
162-0146) wn 1X Trs-Glyvoine iransfer baffer (Novex, LU36735), ihe membrane was blocked
for 1 hour with {IX PBS + 5% sk (La Vie Claire}] blocking buffer on a rotating platform at
room temperature. Cell supernatant from GN_mAb _Env K01 hyvbridoma was 1.5 diluted in
{IX PBS+ 1% milk} antibody diluent and used as primary antibody by incubation for 1 hour
The membrane was then washed thrice for § minutes in {1X PBS +0.05% Tween20 (SIGMA,
P7949)] washing buffer and incubated for 30 minutes with 11000 diluted HRP-conjugated
goat anti-mouse IgG antibody (Jackson, 115035-146). Membrane was washed thrice snd
protein of inferest was detected with a colorometric reaction {(Opti 4-ON, Biorad, 170-8235),
according 10 the provided protocol.
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1.8, Epitope mapping

Eptiope mapping was conducted at Pepscan Presto BV, (Xuidersluisweg 2, 8243RC Lelystad,
The Netberlands).

1.8.1. Peptides library synthesis

To reconstruct apitopes of the tywrget molecule 3 library of peptides was synthesized. An amino
functionalized polypropylens support was obtained by grafiing with a propristary hydrophitic
polvmer formulation, followed by reaction with t-butvioxycarbonyl-hexamethylenediamine
(BocHMDA)Y using dicyclohexylearbodiimide (DCC) with Nhvdroxybenzotriazole (HOBD
and subsequent cleavage of the Boc-groups using trifluoroacetic acid (TFA). Standard Fmoc-
peptide synthests was used to synthesize peptides on the amino-functionalized sohd support
by custom modified JANUS liguid handling stations (Perkin Elmer). Svithesis of struciural
mimicy was done using Pepscan’s proprietary Chemivally Linked Peptides on Scaffolds
(CLIPS) rechnology. CLIPS technology allows o structure peptides iuto single loops,
doubleloops, triple loops, shest-like folds, helix-like folds and combinations thersof. CLIPS
templates are couplad to cysteing residues. The side-chains of multiple cysteings in the
peptides are coupled 10 one or two CLIPS tenmplates. For example, 3 0.3 mM solution of the
P2 CLIPS 2,0-bis(bromomethyhipyridine) is dissolved in ammonium bicarbongte (20 M,
pH 7 8Yacetonitrife (L3{v/vh, This solution s sdded onto the peptide grays, The CLIPS
teroplate will bind to side-chamny of two cysteines as present 1wy the solid-phase bound peptides
of the peptide-arrays (455 wells plate with 3 pl wells). The peptide arvays are gently shakenn
the solution for 30 to 60 mimutes while completely covered m solution. Finally, the peptide
arrays arg washed extensively with excess of H20 and sonicated in disvupt-buffer containing
P 9% SDSALT % beta-mercaptoethancol in PRS (pH 7.2) at 70°C {or 30 minates, followed by
sopication i H:0 for another 43 minutes. The T3 CLIPS carvving peptides were made 2
similar way gt now with three eystaines.

1.8.2. ELISA screening

The binding of antibody to each of the synthesized peptides was {ested in a Pepscan-based
ELISA. The peptide smays were incubated with prmary  antibody  solution
{(GN_mAb Fav K01 at lpg/ml in Pepscan Buffer) overnight at 4°C. After washing, the
pephide arrays were incubated with a 1/1000 dilntion of a rabbit anti-mouse IgG(H+L) HRP
conjugate antibody {Southern Biotech: Table 4) for one hour at 25°C. Aller washing, the
peroxidase substrate 2,27 -azino-di-3-ethvibenzihiazoling sulfonate (ABTS) and 28 wlimi of 3
percent H202 were added. After one hour, the color development was measured. The color
development was quantified with a charge coupled device {(CCD) - camera and an mnage
processing system, The values obtamned from the CCD camera range from 0 to 3000 mAU,
similar to a standard 96-well plate ELIS A-reader.
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1.9, Sequencing

High guality RNA was extracted and purified from hybridoma cells using Purelink RNA
Mint K {Life technologies, 12183018A) and controlled on sgarose gel. Starting from
purified total RNA, Soperscript enzyme {(Invitrogen, 18064022) was then used to synthesize
first-strand complementary DNA (cDNA} followed by a Polymerase chain reaction (PCR)
using HotStar HiFidelity Polymerase Kit (Quagen, 202662) and degenerate primers (Biotem
design} targeting specifically ¢cDNA encoding for muring antibody heavy and light chams.
PCR products were controlled on agarose gel and sequenced (double strand sequencing). The
resulting sequences were analvzed for sssembling and quality conirols using dedicated
bisinformatics tools (Blast - Clustal W) and translated to peptidic sequences,
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1.18, Biotem Buffer compusition
Solution Composition
80g NaCl
‘ 2g KO
16X P8BS 28.7g Na2HPO4-12H20

2.4g KH2PO4 into 1L of delonized water
100mi 10X PRS
S00m! delonized water
0.5 mi of 2.5M Tris pH 6,8 {ICN, 103133}
0.6g of 12% Sodium Doderyl Sulfate ICN, 102918}
0.01g of 0.2% Bleu de Bromophénol
Ltaemmii buffer {4}() 2ol of 40% Glycérol {SIGMA, G7757)
gsp Smi H20
{reducing conditions: imd of 20% 2-Mercaptoéthanol
{SIGMA, M7154)

1XP8S

Ol of 30% acrylamide {SIGMA, AZ698)

Snd of 1L.5M Tris pH 8.8 (ICN, 103133)

13.5% Separating SDS 200u! of 10% Sodium Dodecy! Sulfate (ICN, 102918}
PAGE 5.8mi H,0

105 Ammonium persulfate {APS, ION, 802811}
15 TEMED {ICN, 805615)

1.6mi of 20% scrvlamide (SIGMA, A3658)
2.5mi of 0.5M tris pH 6.8 (ICN, 103133)
5% stacking SDS- 100! of 10% Sodium Dodecyl Sulfate {ICN, 102918}
PAGE 5.8mi H,0
150ut Ammonium persulfate {APS, ICN, 802811}
15ud TEMED {ICN, 805615
288g Glycine {SIGMA, G7126)

e e 60g Tris base (ICN, 103133}
10X Running buffer 20mi 508 (ICN, 102918)

asp 2L HL0

45 mid acetic acid {Sigma, AG283)
N . 278 mi ethanol 90%
colorating solution 177 i H,0
0,75 g Brillant blue Reagent {SIGMA, B7920)

75 mi acetic acid {SIGMA, AG283)
decolorating solution 56 mi ethanol 90%
869 mi H,0

Table 1 ~BIOTEM Buffer composition
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2. RESULYS

Using specific anti-immunoglobulin antibodies that are capable of detecting the different
heavy and hght chains of monoclonal antibodies we have shows that GN_mAb _Env_ K1
was detected by anti-Kappa light chain antibodies (Figure 1A) and anti-IpG2h heavy chain
{(Figure 1B}

GN_mAb Env K01 heavy and lght chains were sequenced, showing their three UDR
regions {Figure 2) and confirming both 1pG2b heavy and kappa light chains,

HERV-K-Env surface unil,

Using a panel of 529 peptides among the sequence of truncated HERV-K-Env protein from
Myhiosource (no sigoal peptide and truncated fransmembrane domain} epitope mapping test
under high siringency conditions reveals that GN-mAb-Env K01 antibody bound to linear
peptide with SLDKHKHKKLQSFYP core sequence (Figure 3, left panel). This epitope is
contained within the extracellular domain of HERV-K-Env protein (Figure 3 right panel),
corresponding o the 298-312 region of the HERV-K-Env protein described by Dewanniewy ef
al (Dewannieax, Blaise, and Heidmann 2003). Blasting this epitope into Blastp from the
National Center for Biotechnology Information (NCBI) reveals that it 15 a highly conserved
epitope with 100% homology within the top 100 blast hits corresponding to HERV-K-Env
sequences {data not shown},

2.1, GN_mAb_Env_ K061 recognizes glyessylated and non-glveosylated HERV-K-Env
proteins in native conditions.

We have further analyzed the ability of GN_mAb Eov K01 to recognize glycosyiated
HERV-K-Env. For this purpose, haman embryvonie kidney (HEK) cells were transfected with
a plasmid encoding HERV-K-Env protein. Despite several attempits with various buffers, we
failed {o extract soluble HERV-K-Env protein {data not shown). However this insoluble
fraction of plycosviated HERV-K-Env protein from transfected HEK cell lysate could show
that GN_mAb _Env K0! specifically recognizes the glyvcosvisted HERV-K-Env antigen by
ELISA (Figure 4, feft panel). Conversely, the classical commercial anti-HERV-K-Env mAb

HERV-K-Env.

The present resulis indicate that GN mAb Env K1 iz biologically active in ELISA and
confirm that SLDKHKHKKLQSFYP epitope is accessible in native conditions,
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Though both GN_mAb_ Eanv KO and Asti-HERV-K-Eny mab (HERM-1821-5, 1¢G2h) from
AMSBIO recognized native hs-SUMO iapped recombinant HERV-K-Env Fom Kol
{Figure 3}, i appeared that GN_mAb_Env_K01 gave a much higher detection compared 1o
Anti-HERV-K-Env mAb counterpart from AMSBIO (Figure 5) when both are tested at the
same concentration (1pgfml). This evidences a higher affimity of GN_mAb_Env_KO01 for
HERV-K Env.

As shown in Figure 6, both GN_mAb Env K01 and Ant-HERV-I-Eny mAb (HERM-1821-
3, Ip(G2b) from AMSBIQO recopnized denatured Ts-SUMO tagged recombinant HERV-K-Env
from E.Colf as obsgrved with the 73KDa signal.

Importantly, GN_mAb_Env_KO01 also detects denstured HERV-K-Env glveosylated proteins
fom HEK transfecied cells as observed with the signal at 90kDa, while no signal was
deiscted with anti-HERV-K-Env antibody from AMSBIOL 1o addition o previous ELISA
results with nop-denatired proteins, GN_mAb Env Kl Ix biclogically active in Westem
blot, The SLDKHEKHKKLOSEYP epitope iz therefore also accessible in denatuniag
conditions.

4. CONCLUSIONS

The present report reveals thay, afler mouse wununization, anttbody screening and
monccional hybridoma selection, a murine monoclonal antibody {named GN_mAb _FuvK-
{11} recognizing HERV-K-Env SLDEKHKHRKKLOQSFYP epitope has been developed and has
been revealed fo display wnexpected properiies.

Biological comparison with suother antt-HERV-K Env mAb (HERM-1821-5, IpnG2b)
from AMSBIO counfirnss that, despite thetr similar onigin {nurine), isotype {1eG2b, kapps)
and protein target (HERV-W-Env protein), GN_mAb EnvK-01  is advantageous since
recognizing both glveosylated and non-glycosylated proteins, while displaving bigh affinity in
both native and denataring conditions. In addition, the GN_mAb_EavK-01 antibody targels a
stable and conserved epitope among HERV-K envelope sequences fromi mumerous and
vartous copies descnibed in the databases.

GN_mAb _EavK-01 is therefore a useful wol, not only for immunoassays, but also for
therapeutic purpose against HERV-K Env proteins as therspeutic targets In, eg. ALS. s
stable epitope sequence among HERV-K copies, its bigh affusty and its efficient binding to
native glycosylated forms, fullill mportant requirements for a valuable therapeutic in patients
with, e.g. ALS in which different HERV-K copies seem to be significantly expressed.

EXAMPLE 2: OGN maAb Eav K81 {EN K81 antibody efficientlv nruiralizes HERV -
K Envelope nearetfoxicity te human neuronal cells,
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LoMATERIALS AND METHODS
1.1, Human nearonal cells

Human neural stem cell (NSCj-derived neuronal culliwes were prepared as described
(Efthymiou, Shaltouk ef al. 2014}, Briefly, NSCs were split into a 96-well plate coated with
(4.002% poly-L-omithine {Stgma, St Louts, MO} and 1} yp/mi laminin (Life Technologies)
at 7300 to 10,000 cellsfom?, and newonal differentiation medium was added 24 h afier
plating. The differentiation medium contaimed DMEMFI2 with GlutaMax, 1.8% bovine
serum albumin (BSA), 1# StemPro hESC supplement (all from Life Technologies), 10 np/ml
brain-derived neurotrophic factor (BDNF} and ghial cell hne—derived seurotrophic factor
(GDNF, R&D Systems, Minneapohis, MN)}, and cells recerved fresh medim and growth
faviors every other day. Neuwrons day 7-12 n vitro were utilized i neuroloxicity assavs.

1.2 Nearotoxicity assays:
1.2,1, Neuronal morphology and viability

Human peyronal cultores (135-20,000 cells per well), stably expressing Td-Tomato fluorescent
protein to label the cells and processes, were plated onto 96 well plates as described above
and were maintained at 37 0C in a hunudified tissue audtire incubator at 3% CO2. Neuronal
cultures were {reated with differentiation media (described above) and with Tg(s samples GN
K01 or control non-lmmuneg IgG (Thermo Product # MA 1-10418&) at a final concentzation of
3 ug/ml. Ater 60 minute pre-incybation, recombinant HERV-K Env protem (My BioSource,
anuno acid 90-632, Cat # MBS1391552) was added 1o a final concentration of 1600 oM. One
sanple of GN KO1 ig was pre-incubated with HERV-K Env for 30 minutes, and then added
together to the huoman neurons. The neuronal coltures were observed with a GE INCell
Analyzer 2000 Biolmager to acquive images of each well (4 tmages pey well) at vanous time
points, 24, 48 72h post treatment. High content imaping/analysis of these cultures was
achieved with GF Investigator 1.93 analvsis sofiware. Newronal viability, neorite length and
cther morphological parameters were gquantitated for each sample. The data were depicted
with Graph Pad Prism 7.02.

1.2.2 Electrophysiological analysis

Electrophysiological analysis with Axion Maestro microelectrode srvay (MEAS assays.

48-well t-MEA plates were utilized to plate the human neuronal cultures for analysis. These
plates containn 16 active recording electrodes per well, 200,000 neurons were applied to each
well of the t-MEA plate and cultures were maintained at 37°C i a hunudified tissue culture
mcubator at 5% CO,. Electrophysiological activity, noted by increased spike rate in the wells,
incregsed significantly by 21 days in vitro and was monitored by recording spontancous
electrical gctivity in all wells for 5 minutes per day. At this point, the huinan seuronal cultures
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were treated with differentiation media {described above) snd with G sanples GN K01 or
contrd non-Inunune IgG (Thermo Product # MA {10418 at a final concentration of 3
ug'ml,. After 60 minote pre-mcubation, recombinamt HERV-K Env protein (My BioSource)
was added to a final concentration of 100 oM. In these conditions, the antibody is first added
to the cells without Env, thus reproducing the conditions of a treated patients with presence of
therapeutic antibody that diffused n his brawp Gissue. Thereafter the active Env protein (not~
pre-incubated with the antibody, not “pre-neutralized and not added as an inactive protemn} is
added, thereby reproducing the expression of the pathogenic protein with an extraceltalar
secretion in the extracellular space. One sample of OGN K0! Iz was pre-incubated with
HERV-K Env for 30 minutes, and then added together (o the hunian newrons.  Spontaneous
electrical activity was recorded daily afterward, beginming at 24h post treatment, Quantiation
of electrical activity was completed with Axion Axis sofiware.  Parameters such as number of
spikes, mean firing rate and number of bursts were determined for each treatment,

2. Resulis

2.1, Extracelludar HERV-K envelope profein is loxic to Human nearoual cells and s
toxicity is specifically inhibited by GN_mab_Eanv_Ko1 (GX K81) antibedy

2.1.1. Neuronal Viability

Human neuronal culiures treated with 100 aM recombinant HERV-K Env protein displayed
significant neurotoxicily, resulting in important neoronal cell loss within next days. The
effects of HERV-K Env were quantitated st 5 days afler exposure to HERV-K Env protein.
We observed that the Eav + GN K1 g 3 pg/ml) treated newrons had mcreased survival
compared to Env ireated neurons, When analyzed five days after the HERV-K envelope
protein was added to the culture medium, cells treated with Env plus 3 pe/mL of non-immune
I8G control antthody exhubiied similar toxicity. Neurons treated with GN K01 3 pg/mil., either
prior to HERV-K Env or pre-incubated with Env and then applied to the newronal cultures
showed significantly more viable neurons, thereby confirmmy the efficacy of GN K41
antibody m neutralizing the toxicity of HERV-K Env profein (figure 7).

2.1.2. Nearonal pearite length

The effect of HERV-K Env on megn neurite length was analyzed i paraliel, snd addition of
GN K1 (3 pg/mb) 1o Env exposed newrons significantly increased neurtte length compared
to Env or Env + control non-Tmmume Tg treated negrons (Figure 8},

2,13, Neuronal functional activity

Electrophysiological studies with the Axion Maestro MEA system were conducted to evaluste
whether HERV-K Eunv treatment resulted in functional changes to spontancous electrical
activity, which 18 a major feature of normal newronal activity. Afler plating the human
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nowrgnal cultures on the 48 well MEA plates For 21 days, the cultures were incubated in
differentiation mwedia {desontbed above} and with GN K@l or control non-Inmmune 1pG
{Thermo Product # MA 1-10418) at a final concentration of 3 pg/mi. After 60 muinute pre-
meubation, recombinant HERV-K Env protein {My BioSource, Cat & MBSI3V15852) was
added 1o a final concentration of 100 nM.  One sample of OGN K61 Ig was pre-incubated with
HERV-K Eav for 30 minutes, and then added together to the human newrons. Spontaneous
electrical activity was recorded beginming at 24h post treatment. 24k post HERV-K Env
treatment, the mamber of spikes and mean fining rate decreased by 40% with Env treatment.
Newrons exposed to HERV-K Env plas control non-uimmme {gG treatnmient showed about
30% decrease in the number of spikes and mean {iring rate. Most interestingly, nsurons
exposed to HERV-K Env plus GN K01 showed number of spikes and mean frmg rates
stmilar to the wells incubated with comtrol media only, thereby showing complete inhibition
of HERV-K Env pathogenic effects on plobal neuwronal functional activity (Figuve 9).

3. Counclusions

The efficacy of GN K0! antibody was therefore specific and its beneficial effeets against the
pathogenic consequences of neurcnal exposure to HERY K Eov protein ware evidenced by
s significant {1} whibition of cell death, (i1} mamntenance of newon cell morphology and
newrite length and (i) fall recovery of newronal functional activity as measured by
electrophysiological activity In the presence of pathogenic of HERV-K Env protein, versus
ssne exposure o HERV-K Env with an irrelevant control antibody or without antibody.

Therefore, (1} after the speeific defection of HERV-K Env protein in the altered newons
within the brain parenchyma of patients with sporadic ALS was shown and (1) afier the proof
of concept that this HERV-K Eav protein alone drives the pathogenicity has been brought by
clinical and histological signs of sporadic ALS reproduced in {ransgenic mice expressing
HERV-K env gene encoding this unique protein (L1, Lee et gl 2015), the specific efficacy of
GN K01 antibody, as demonsirated by the tnventors on relevant human neuron cellular and
fonctional aspects, i3 evidencing #s therapeotic value in ALS, n parbicular in sporadic ALS.

The specific activity of such an antibody appears to neutralize {(ie: treat} the pathogenic
effects of the HERV-K eavelope (Env} protein, which itself was shown o be associated with
ALS pathognomonic neuronal lesions in the brain of patients with sporadic ALS and to
reproduce the same neuronal alierations when added to cultured newrons, or when expressed
as a single transgene in nice along with the same chinical sigus as m ALS. Moreover, the
ackiition of the GN KO antibody in the presence of the HERV-K Env pathogenic protein
shows more significant efficacy that pre-incubation of GN K@ with HERV-K Env
recombinant protein in vitro, which shows its optimal efficacy in physiological conditions,
therefore in a therapeatic apphoeation.
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HERY K protein toxicity not only invelves intrgcellnlar expression in yransfected target colls
or in neurons from transgemic gumals from previous knowledge, but also involves secreted
extraceilular  HERV-K  protein  pathogenic o npaitve (non-HERV-K  trapsfected  or
overexpressing) newrons. Therefore, an antibody of the mvention also protects human
nearonal cells from paracrine spreading of cytotoxiony wduced by neuronal exposure to
secreted and/or extvacellular HERV K Env profein. Imphontly, this also applies to sutocrine
cytotoxicity by HERV K Env protein produced in neurons expressing of oversxpressing
HERV-K env coding gene(s).

As a conclusion, the antibody specifically targeting HERV-K envelape protem according to
the invention can neuiralize #s pathophysiological properties gs observed in ALS, notgbly in
sporadic ALS, or in HERV-K enyv 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-HI 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 1 to 4.

I1. 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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