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7R), and which have antagonist properties for IL-7-IL-7R interaction, may present cytotoxic activity against CD127 positive cells
but do not increase the maturation of dendritic cells (DCs) induced by TSLP, a cytokine also using CD127 as part of its receptor. Al-
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Antibodies directed against CD127

[001] The invention concerns the field of antibodies directed against the alpha subunit of the
receptor for interleukin? (IL-7), designated CD127 or p90 IL-7R or IL-7Ralpha or IL-7Ra —
sometimes also noted IL-7Ra —, especially of the alpha chain of the receptor for human IL-7
expressed on human cells. These antibodies have antagonist properties for IL-7-IL-7R
interaction, may present cytotoxic activity against CD127 positive cells but do not increase the
maturation of dendritic cells (DCs) induced by TSLP, a cytokine also using CD127 as part of its
receptor. Alternatively, or in addition, these antibodies do not induce the internalization of
CD127 and/or inhibit the IL7-induced internalization of CD127. According to another aspect of
the invention antibodies are provided which recognize a human CD127 epitope comprising
sequences from the 2b site of CD127, in particular the epitope comprises human CD127
sequences of domain D1 and of the 2b site of CD127, in particular the epitope comprises at
least one sequence from D1 comprising SEQ ID No: 115 (in particular comprising SEQ ID No:
110) and a sequence from the 2b site comprising the sequence of SEQ ID No: 116 and

optionally also comprises SEQ ID No: 117 (in particular comprises SEQ ID No: 111).

[002] Accordingly the antibodies of the invention are suitable for use in order to remedy to a
condition diagnosed in a human patient which results from pathogenesis related to
lymphopoiesis, when |L-7 signalling pathways provide contribution to said pathogenesis,
especially when an increase in the maturation, more precisely the upregulation of costimulatory

molecules, of dendritic cells is undesirable.
Biochemistry

[003] CD127 is common to the IL-7 receptor (IL-7R) and to the TSLP receptor (TSLPR). The
IL-7R is constituted of a heterodimer of CD127 and the common gamma chain (yc) of interleukin
receptors. The common gamma chain yc is sometime referred to herein and in the literature as
CD132. IL-7R is bound by Interleukin 7. The TSLP receptor is a heterodimer of CD127 and
cytokine receptor-like factor 2 (CRLF2). The TSLP receptor is bound by TSLP. In the literature,
TSLPR is sometimes used to designate both the CRLF2 chain of the receptor, and the
CD127/CRLF2 complex. In order to avoid confusion, in what follows TSLPR usually designates

the complex.

[004] CD127 (Swiss Prot accession number P16871) may exist in four isoforms. The canonical
isoform, also termed H20 (Swiss Prot P16871.1) is a single-pass transmembrane protein and
has 459 amino acids consisting, from N- to C-terminal, of a 20 amino-acid signal peptide, a 219
amino acid exracellular domain, a 25 amino-acid transmembrane domain and a 195 amino-acid

intracellular domain. Other isoforms share the sequence of all of (or most of) the extracellular
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domain of H20 and display varied C-terminal sequences. Isoforms 2 and 4 are secreted (Swiss
Prot P16871-4 and P16871-3), while isoform 3 (Swiss Prot P16871-2) is also a transmembrane
protein. The sequence of CD127, without the signal peptide, is provided herein as SEQ ID No:
57. When referring to numbered amino acids of CD127 in the present application, said
sequence will serve as reference for the numbering. CD127 is reported to have the sequence of
SEQ ID No:113, and its extracellular domain, when the signal peptide is removed, has the
sequence of SEQ ID No:114. Unless otherwise stated, the numbering used herein for amino
acids of CD127 is the numbering from SEQ ID No:114.

[005] CD127 is a Cytokine Receptor Homology class | (CRH |) receptor. As is well known in
the art, the extracellular domain of these receptors consists of two fibronectin 3 domains,
termed D1 and D2. The precise crystallographic structure of CD127 has been published and
discussed in e.g. McElroy et al., 2009; McElroy et al., 2012 and Walsh, 2012 and in particular
has been disclosed as protein structure data in the Research Collaboratory for Structural
Bioinformatics Protein Data Bank (RCSB PDB) database, with the accession number 3UP1. D1
is generally considered to be involved in the binding with IL-7, while D2 is involved in the
binding to the yc¢ chain (and also with IL-7). Importantly, the site 2b of domain D2, essentially
consisting of amino acids 109 to 127 of SEQ ID No:114 (see Walsh, 2012) is critical for the
CD127-c interaction, in particular to allow or increase binding of CD127 with yc in the presence
of IL-7. In particular, mutations at P112 and L115, which have been identified in patients
suffering from Severe combined immunodeficiency (SCID), are thought to destabilize the
hydrophobic core of the D2 domain which likely results in their pathogenic feature. As said
above, the 2b site consists essentially of amino acids 109 to 127; the skilled person will
appreciate that the extremities of such a domain may not necessarily be defined unambiguously
with a single-base precision and that the 2b site may be understood to comprise, at either or
both ends of the mentioned sequence, 1, 2, or 3 more or less amino acids. Therefore, when
referring herein to the 2b site of CD127, this should be understood to refer to a sequence of
CD127 starting at position 106, 107, 108, 109, 110, 111 or 112 and ending at position 124, 125,
126 or 127; in particular to such a sequence which is thought or shown to constitute an

essential binding site with the yc chain of the IL7-R, in particular in the presence of IL-7.

[006] IL-7R signalling. Binding of IL-7 to IL-7R triggers the activation of several signalling
pathways, including the Janus kinases (JAK) -1 and -3, signal transducer and activator of
transcription 5 (STATS) and phosphatidylinostol 3-kinase (PI3-k). STAT1 and STAT3 pathways
are reported to be activated, although they do not seem to be the main pathways. The activation
of the STAT5 pathway is required for the induction of the anti-apoptotic protein Bcl-2 and the

prevention of the entry of the pro-apoptotic protein Bax in the mitochondrion and thus for
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survival of thymic developing T cell precursors. The activation of the PI3-k pathway results in

the phosphorylation and cytoplasmic retention of the pro-apoptotic protein Bad.

[007] TSLPR signalling. Thymic Stromal Lymphopoietin, (TSLP) is an epithelial Cell
Cytokine that is active in Ilymphopoiesis and in particular is involved in regulation of
development of cells of the immune system, said regulation impacting in particular the
maturation of said cells. Human TSLP (Genbank accession number AF338732) is a factor
which exerts polarization of dendritic cells and promotes T and B cell proliferation and

differentiation. TSLP also suppresses the generation of Treg cells (Lei et al., 2011) .

[008] TSLP-induced signaling pathways have been shown to be different, at the molecular
level, from IL-7-induced pathways. In particular, while TSLP binding to its receptor also
activates Jak-1, it does not activate Jak-3 but does activate Jak-2. These differences are
consistent with the observation that Jak-1 associates with CD127, shared by both receptors
while Jak-2 associates with CRLF2 and Jak-3 with yc (Rochman et al., 2010). The activation of
the STAT5 pathway is also reported for TSLP-induced signaling (Zhong et al., 2014). One major
effect of TSLP is to lead to the activation of dendritic cells, inducing the overexpression of
costimulatory molecules such as CD80, thereby promoting TH-2 mediated inflammatory

responses (Reche et al., 2001).
Cellular biology

[009] “CD127-posititive cells” designates cells expressing CD127 at their cell surface. In most
cases, CD127-positive cells express CD127 in a complex forming the IL-7R (IL-7R-positive
cells) and / or in a complex forming the TSLPR (TSLPR-positive cells). CD127 is expressed by
various cells, including by both memory and naive T cells. CD127 is in particular expressed by
effector T cells (Teff), including resting and memory T cells, and by immature B cells, but is
especially not expressed by resting natural regulatory T cells (natural Treg). IL-7Ra is essential

for promoting thymocyte differenciation and clonal expansion of lymphocytes.

[010] The importance of the IL7-CD127 pathway for naive T-cell homeostasis is underlined by
several recent studies showing that expression levels of membrane-bound IL-7Ra on
conventional CD4" T cells correlate with frequencies of recent thymic emigrant (RTE)-CD4" T
cells in healthy individuals and HIV-infected patients as well as in patients with MS
(Albuquerque et al., 2007) (Broux et al., 2010). IL-7Ra is also a component of the TSLP
receptor. The secretion of TSLP by Hassall's corpuscles, structures composed of epithelial cells
in the thymic medulla, has been demonstrated to condition CD11c" myeloid dendritic cells
(MDCs) to induce the differentiation of thymocytes into Treg (Watanabe et al., 2005a).
Accordingly, signals from the IL-7 receptor are required for Treg development as shown in IL-

7Ra knockout mice (Mazzucchelli et al., 2008). In (Haas et al., 2011), the authors showed a
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reduced IL-7Ra expression on conventional T cells and upregulated IL-7 plasma levels together
with reduction of recent thymic emigrant-Treg frequencies and Treg function in MS, without

clear genetic influence (Haas et al., 2011).

[011] Dissecting how IL-7 regulates its cognate receptor membrane trafficking is crucial to the
in-depth understanding of the role of IL-7/IL-7R in lymphocyte function. Previous studies have
suggested that IL-7 stimulation of T cells leads to surface down-modulation of CD127 within 30
minutes, possibly because of receptor internalization. At later time points (2-6 hours), IL-7 was
shown to induce transcriptional down-regulation of CD127. However, the actual dynamics of
CD127 internalization and the regulation of trafficking mechanisms by IL-7 remain to be
elucidated (Henriques et al., 2010). It was also suggested that IL-7—induced signaling is
dependent on CD127 internalization and that subsequent receptor degradation relies on JAK3

activity and is mediated by both proteasomes and lysosomes.
Physiopathology

[012] Dendritic cells express high levels of costimulatory molecules after maturation, such as
CD80, which promotes T cell mediated immune responses. They also produce the cytokine
TARC (CCL17), which induces chemotaxis in T cells. As such, mature dendritic cells contribute
to the physiopathology of several immune-mediated diseases where T cell responses are at
play, as for example in asthma, rheumatoid arthritis, colitis, multiple sclerosis and uveitis.
Mature dendritic cells also play a key role in the rejection process of cells, tissues or organ

allografts. Therefore many therapeutic strategies aim at preventing dendritic cells maturation.

[013] The presence or absence of costimulatory molecules on antigen-presenting cells
(APCs), such as dendritic cells significantly influences the qualitative and quantitative nature of
an immune response. Overexpression of CD80 by dendritic cells causes DC maturation and
inceases memory T cell activation (Bour-dJordan et al., 2011). Mechanistically, interaction of
CD28 with CD80 occupies the central cluster of the immunological synapse and is colocalized
with the engaged TCR, thereby stabilizing the immune synapse (Dustin and Shaw, 1999)
(Grakoui et al., 1999). The interaction between CD28 and CD80 actually generates the
appropriate spacing for TCR to efficiently interact with HLA molecules (Shaw and Dustin, 1997).

[014] Multiple sclerosis (MS) is an inflammatory demyelinating disease of the central nervous
system (CNS). The appearance of demyelinating patches in the CNS of patients with MS is
associated with an inflammatory infiltrate mainly composed of macrophages and T lymphocytes.
On a mechanistic level, the MS is considered as a autoimmune disease. MS is typically
considered as a disease primarily mediated by CD4 + T cells. Particular subsets of CD4 +: Th1
and more recently Th17, were implicated in the pathophysiology of the disease. At present, it is

still difficult to assign specific roles to each subpopulation Th1 and Th17. Furthermore, inhibition
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of leucocyte trafficking by antagonism of the alpha4 (04)-integrin has now been validated as a
therapeutic approach for the treatment of inflammatory diseases such as MS and inflammatory
bowel disease (IBD) and as well for the treatment of atherosclerosis (Zhi et al., 2014) . a4B7 is
expressed on a more restricted set of leucocytes including activated macrophage, subsets of

lymphocytes, NK cells, mast cells and eosinophils.

[015] Human IL-7 induces strong expression of a4 and B7 integrins in vitro on human T
lymphocytes and dramatically increases the frequency of human T lymphocytes expressing a4,
B7 and a4/B7 integrins (Figure 19), which are required for T lymphocytes homing and retention
in non-lymphoid tissues such as intestine, brain and skin (Denucci et al., 2009; Gorfu et al.,
2009).

[016] Naive T cells are partly responsible for acute rejection of transplanted organs and
tissues. These cells can be controlled by current immunosuppressive drugs (calcineurin
inhibitors) and by monoclonal antibodies that block costimulation (anti-adhesion, CD80/86
inhibitors). Memory T cells are also responsible for transplant rejection. Memory T cells
accumulate in man due to the acquired immune history, mainly former reactions against viruses.
It has been shown that memory T cells can be reactivated by alloantigens as a result of
“heterologous immunity”, which is the cross-reaction of our anti-viral defenses with alloantigens
(Adams et al., 2003). Heterologous immunity represents a potent barrier to tolerance induction
since memory T cells, in contrast to naive T cells, are programmed to activate quickly, with a
reduced requirement for costimulatory signals. Memory T cells may also be involved in chronic
rejection. Beside their role in organ and tissue transplantation, naive and memory T cells are
also co-responsible for many autoimmune diseases. This is the case for ulcerative colitis

(Shinohara et al., 2011), rheumatoid arthritis, psoriasis or graft-versus-host disease.

[017] Furthermore, several malignant cells have been shown to display IL-7R. This is the case
for Sezary cutaneous lymphoma (60% of them), or childhood acute lymphoblastic leukemia in
which about 15% of the cases develop gain-of-function mutation in CD127, rendering these

tumors partially IL-7 dependent (Shochat et al., 2011).

[018] The depletion of T lymphocytes has been an obvious immunosuppressive approach to
counteract allograft rejection or fight autoimmunity. However, total T cell depletion might not be
favorable for the induction of immunological tolerance. Targeting T cell subpopulations or
selectively activated T cells, without modifying Treg cells, could constitute a pro-tolerogenic
approach (Haudebourg et al., 2009). CD127 may thus be regarded as a potential attractive
therapeutic target for monoclonal antibodies (Mabs) aimed at modulating immune responses
since such monoclonal antibodies could have the potential of depleting effector but not

regulatory lymphocytes. It has been assumed accordingly that they might show efficacy in
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transplantation, autoimmunity (Michel et al., 2008) and malignancies by antagonizing access of

IL-7 to IL-7-R and thereby limiting T and B cell function and growth.

[019] A therapy with a monoclonal antibody against CD127" cells that interferes with the IL-7
pathway could fulfill that goal by eliminating/neutralizing naive and memory T cells and/or
reducing their number while preserving Treg cells or by eliminating or reducing the number of
CD127-positive malignant cells. A therapy with a monoclonal antibody against CD127" cells
might however act as a double edge sword if it leads to dendritic cells activation. Indeed, CD127
is also expressed by dendritic cells in association with CRLF2, forming the TSLP receptor. In
the presence of TSLP, dendritic cells get activated and promote T cell-mediated immune
responses. Some monoclonal antibodies against CD127, presumably by modifying the way
TSLP interacts with TSLP receptor, have the property to increase the maturation of dendritic
cells induced by TSLP (as shown Figure 7 with the medium condition). As a consequence, a
therapy with a monoclonal antibody against CD127 that would not increase the maturation of
dendritic cells induced by TSLP would present a therapeutic advantage. It would present the
benefit of IL7R blockade without the drawback of activating dendritic cells in an inflamed

environment containing TSLP.

[020] In a publication (Racapé et al., 2009) the authors analysed the interest of IL-7 receptor
alpha (IL7Ra) as a potential therapeutic target in transplantation. Having reviewed the
expression of IL-7Ra on various T cells and IL-7 responsive cells, the authors determined
whether targeting memory T cells expressing IL-7Ra could prolong allograft survival in mice and
conclude that targeting IL-7 or IL-7Ra would advantageously spare Treg cells. Among the
perspectives, the authors pointed out that targeting either IL-7 or IL-7Ra in therapeutic
treatment might have different consequences on the survival of the cells expressing CD127 and
might elicit different type of lymphopenia. The question of the effects of antibodies that would be
directed against IL-7Ra depending upon whether they would be blocking or neutralizing or
cytotoxic antibodies was also posed from a conceptual point of view. The authors nevertheless
did not show having obtained and assayed such antibodies and rather expressed the need for

further study to assess the relevancy of the hypothesis.

[021] In view of the drawbacks of available therapeutic approaches in immune related
diseases and other diseases involving the IL-7/IL-7Ra such as different types of cancers,
including some breast cancers, there is still a need for further drug candidates, especially for
candidates active with respect to more selective targets for the purpose of controlling e.g.

modulating immune activation in human patients.

[022] In this context, monoclonal antibodies against IL-7Ra having antagonist properties
toward IL-7Ra have been disclosed in W02010/017468 and their humanized versions in
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W02011/094259 with a view to treat autoimmune diseases like multiple sclerosis. The
described antibodies are said to be antagonist for IL-7 binding to its receptor, and active against
Tu17 and Ty1 cells expansion and survival which were said to require IL-7 interaction with their
CD127 receptor. The effect of these antibodies on the maturation of immune cells, and
particularly of dendritic cells, has not been considered. Besides, these antibodies are said not to
inhibit TSLP-induced production of TARC (p.107 of WO2011/094259). Similarly, anti-CD127
antibodies reported in WO2011/104687 or in WO2013/056984, which are contemplated for use
in the treatment of diabetes, lupus, rheumatoid arthritis and other autoimmune diseases, have
not been discussed with respect to their possible effect on the maturation of dendritic cells and
their interaction with TSLP-induced signalling has not been reported. In addition, as published
by Kern et al (Kern et al.,, 2013; Kern et al., 2015) and as shown herein, the anti-CD127
antibodies of the prior art induce internalization of the receptor. Since antagonist anti-CD127
antibodies that also induce internalization of CD127 fail to control cutaneous type IV
hypersensitivity (Figure 10), whereas antagonist anti-CD127 antibodies that do not induce
internalization do, it might be that the internalization process activates the signalling pathway,
mitigating the antagonist effect of the antibodies. Last, the antibodies of the prior art recognize
an epitope which does not comprise any sequence from the 2b site of CD127 (i.e. in particular
from amino acids 109-127 of SEQ ID No:114); and have not been shown to disrupt the binding
of CD127 with the yc chain of the IL7-R.

[023] Despite recent interest in the development of CD127 antibodies, efforts have thus
concentrated on the inhibition of IL7-induced IL-7R signalling. Nonetheless, TSLP and the
TSLPR have been involved in a number of pathologies. TSLP has been shown to play a role in
skin and lung diseases (He and Geha, 2010) and to associate to various pathologies including
airway inflammatory disease and atopic dermatitis in human and mice (Ying et al., 2008)
(Jariwala et al., 2011). In addition TSLP has been shown to associate to regulation of intestinal
immunity and inflammation (Taylor et al., 2009). Other pathologies involving TSLP and the
TSLPR include pediatric B-cell leukemia (van Bodegom et al., 2012), lung- and skin- specific
allergic disorders, autoimmunity-related diseases (Roan et al., 2012) and cancer, including
breast cancer (Olkhanud et al., 2011).

[024] Therefore, while it is abundantly acknowledged in the prior art that anti-CD127
antibodies are promising candidates for the treatment of immunity-related diseases through
antagonism of the IL-7-induced and/or IL-7-R mediated mechanisms, and that such antibodies
would also bind CD127 in the context of the TSLP receptor and interfere with TSLP-induced
and / or TSLP receptor-mediated mechanisms, their possible involvement in maturation of
dendritic cells was not questioned and the improvement consisting in obtaining antibodies that

do not display the effect of increasing the maturation of dendritic cells and/or that do not induce
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internalization of CD127 and/or that inhibit IL7-induced internalization, was never suggested in

the prior art.

[025] Following their surprising discovery of the undesired increase induced by existing anti-
CD127 antibodies in the maturation of dendritic cells induced by TSLP (although the antibodies
inhibit TSLP-induced production of TARC), the inventors have developed antibodies which do
not display such increase and thus are more suitable for treatment of diseases, in particular of
autoimmune diseases. Moreover, the inventors have discovered that antibodies which do not
induce internalization and/or inhibit IL7-induced internalization of CD127 have high efficiency,

especially in vivo compared to prior art antibodies such as MD707-13.

[026] The invention provides means suitable in this context, relating to monoclonal antibodies
against IL-7Roa that interfere only negatively with the TSLP pathway. Accordingly the
monoclonal antibodies (Mabs) of the invention do not increase TSLP-induced dendritic cell
maturation, contrary to what was observed by the inventors with conventional anti-CD127
antibodies. In addition or alternatively, the antibodies of the invention do not induce
internalization of CD127 and/or inhibit IL7-induced internalization of CD127. In a particular
embodiment, the antibodies provided in the invention combine these DC maturation- and/or
internalization-related properties with antagonist activity toward IL-7/IL-7-R signaling. In
particular embodiments, the antibodies of the invention inhibit IL7-induced expression of a4, 7
and a4/B7 integrins in T cells, in particular in vivo. These Mabs with novel mechanisms of action

therefore constitute new products for evaluating therapeutic benefits of CD127 targeting.

[027] Furthermore, the inventors disclose the epitope recognized by a preferred antibody of
the invention, thus allowing for straightforward development of alternative antibodies and / or
fragments or antigen-binding domains thereof or structurally-related antigen-binding domains
from other types of polypeptides, which bind the relevant epitope and preserve the desired

features.

[028] Epitopes from CD127 recognized by N13B2 were identified by array-based oligo-
peptide scanning (sometimes called overlapping peptide scan or pepscan analysis) and
comprise the amino acid sequences of human CD127 consisting of the sequences of ep1 (SEQ
ID No: 110), ep2 (SEQ ID No: 111) and ep3 (SEQ ID No:86). This technique uses a library of
oligo-peptide sequences from overlapping and non-overlapping segments of a target protein
and tests for their ability to bind the antibody of interest. By combining non-adjacent peptide
sequences from different parts of the target protein and enforcing conformational rigidity onto
this combined peptide (such as by using CLIPS scaffolds) (Timmerman et al., 2007),
discontinuous epitopes can be mapped with very high reliability and precision (Cragg, 2011)
(Gaseitsiwe et al., 2010). Further determination of the epitope, using proteolysis protection

procedures, allowed to determine that the conformational epitope comprises the amino acid
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sequences of human CD127 having the sequences of SEQ ID No: 115, SEQ ID No: 116 and
SEQ ID No: 117. The epitope therefore comprises sequences from the 2b site of CD127.
Furthermore, the epitope comprises sequences in both domains D1 and D2 of CD127 and more
specifically sequences from the D1 domain along with sequences from the 2b site. Epitopes
according to the invention are described in more detail below. In particular, said epitopes
consist of SEQ ID No:115 (or SEQ ID No:110), SEQ ID No:116 (or SEQ ID No:86) and SEQ ID
No:117 (or SEQ ID No:111) in their conformational arrangement in the native CD127.

[029] In a particular embodiment, the monoclonal antibodies also exert a cytotoxic action
against target CD127+ cells that also physically reduce their number (contraction of the

subpopulation).

[030] The invention thus concerns a macromolecule, such as an antibody, an antigen-binding
fragment of an antibody or a chimeric molecule comprising an antibody or a fragment thereof,
which (i) binds specifically the alpha chain of the receptor to IL-7 (designated CD127) through
antibody-antigen interaction, especially of the alpha chain of the IL-7 receptor expressed by
human CD127 positive cells, and which (ii) does not increase the maturation of dendritic cells
induced by TSLP (characterized e.g. by increased expression of cell surface antigens CD80
and/or CD40) and/or (iii) does not induce internalization of CD127 and/or inhibits IL7-induced

internalization of CD127.

[031] In a particular embodiment of the invention, said macromolecule comprises a VH chain

comprising at least one of the following amino acid sequences:

+ VHCDR1 SEQ ID No:10;

+ VHCDR2 SEQ ID No:12;

+ VHCDR3 SEQ ID No:14 or SEQ ID No: 48;
« VH SEQ ID No:22

and/or a VL chain comprising at least one of the following amino acid sequences:

+ VLCDR1 SEQ ID No:16 or SEQ ID No: 50;
+ VLCDR2 SEQ ID No:18 or SEQ ID No: 52;
+ VLCDRS3 SEQ ID No:20;

+ VL SEQ ID No:24.

[032] In particular embodiments, the macromolecule exhibits cytotoxic activity against human
T cells expressing CD127 (CD127+ cells). In other embodiments, the macromolecule does not

exhibit cytotoxic activity against human T cells expressing CD127 (CD127+ cells).

[033] The invention also concerns compositions comprising said macromolecule, methods of

obtaining said macromolecules and uses of said macromolecules and compositions.
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[034] As used herein, a macromolecule designates any molecule, especially a molecule of
biological origin or a molecule comprising fragments of biological origin, having a molecular
weight of more than 500 Da. Macromolecules include, but are not limited to, polypeptides and
modified polypeptides such as glycosylated polypeptides and conjugates thereof. As used
herein, a macromolecule which “binds specifically CD127 through antibody-antigen interactions”
means that the interactions between said macromolecule and CD127 essentially consist in the
same interactions as these between an antibody specific to CD127 and CD127. In particular,
said macromolecule may comprise the residues of the antibody that are involved in said
interaction, in a spatial configuration allowing the formation of the same chemical bounds with
the CD127 protein. In a particular embodiment, the macromolecule comprises at least one CDR
sequence of a VH chain and / or of a VL chain of an antibody. In a preferred embodiment, the
macromolecule comprises all of the CDR sequences of the VH chain and / or of the VL chain of
an antibody. In a preferred embodiment, the macromolecule comprises the entire VH chain and

/ or the entire VL chain of an antibody.

[035] In particular embodiments, the macromolecule is produced, designed or selected to

recognize an epitope defined as follows (defined by at least one of the following features):

(a) the epitope comprises sequences, in particular at least 3, 4, 5, 6 or 7 consecutive amino
acids, taken from the 2b site of CD127, in particular from amino acids 109-127 of SEQ ID
No:114, more particularly from amino acids 110-125, 110-120, 112-120 of SEQ ID No:114,
more particularly from amino acids 114-119 of SEQ ID No:114 (corresponding to SEQ ID
No:116); in particular, the epitope comprises SEQ ID No:116, in particular comprises SEQ ID
No:86; in particular, the epitope comprises P112 or L115 of CD127;

(b) in addition to the features of (a) above, the epitope comprises sequences, in particular at
least 3, 4, 5, 6 or 7 consecutive amino acids, taken from the D1 domain of CD127, in particular
from amino acids 1-98 of SEQ ID No:114; in particular, the epitope comprises the amino acid
sequences of SEQ ID No:115 (in particular comprises the amino acid sequence of ep1 (SEQ ID
No:110)

(c) in addition to the features of (a), and optionally of (b) above, the epitope comprises
sequences, in particular 3, 4, 5, 6 or 7 consecutive amino acids, taken from amino acids 180-
220 of SEQ ID No:114, in particular from amino acids 190 to 200; in particular the epitope
comprises the amino acid sequence of SEQ ID No:117; in particular comprises the amino acid
sequence of ep2 (SEQ ID No:111);

(d) the epitope comprises the sequences of SEQ ID No:115 and the sequences of SEQ ID
No:116, or the epitope comprises the sequence of SEQ ID No:117 and the sequences of SEQ
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ID No:116; in particular the epitope comprises the sequences of SEQ ID No:115, SEQ ID
No:116 and SEQ ID No:117;

(e) the epitope comprises sequences of CD127 as defined in (a), (b) (¢) and/or (d) above, and
no other amino acid sequences (of more than 3, 4, or 5 consecutive amino acids) of CD127
than the ones explicitly mentioned, i.e. in particular, the epitope comprises only the following

sequences from CD127:

- one sequence taken from site 2b, in particular consisting of amino acids 109-127 of
SEQ ID No:114, or amino acids 110-125, 110-120, or 112-120 of SEQ ID No:114, or
amino acids 114-119 of SEQ ID No:114 (corresponding to SEQ ID No:116), or the
sequence corresponding to SEQ ID No:86, and/or consisting of a sequence of 3 amino
acids or more than 3, 4, 5, 6, 7 amino acids and of 19 amino acids or less than 19, 18,
15, 11 amino acids taken from site 2b, in particular such a sequence comprising P112 or
L115 of CD127;

- optionally, in addition to the sequence of site 2b, one sequence taken from domain D1
of CD127, in particular from amino acids 98 of SEQ ID No:114, in particular one
sequence consisting of SEQ ID No:110 or of SEQ ID No:115, and/or consisting of a
sequence of 3 amino acids or more than 3, 4, 5, 6, 7 amino acids and of 20 amino acids
or less than 20, 18, 16, 11 amino acids comprising SEQ ID No:115 or comprised in the
sequence of SEQ ID No:115;

- optionally, in addition to the sequence of site 2b and to the optional sequence from
domain D1 if present, one sequence taken from amino acids 180 to 220 of SEQ ID
No:114; in particular one sequence consisting of SEQ ID No:111 or of SEQ ID No:117,
and/or consisting of a sequence of 3 amino acids or more than 3, 4, 5, 6, 7 amino acids
and of 20 amino acids or less than 20, 18, 16, 11 amino acids comprising SEQ ID

No:117 or comprised in the sequence of SEQ ID No:117;

said epitope possibly comprising additional amino acids, provided these additional amino
acids are not taken from the sequence of CD127 (i.e. provided the epitope does not
comprise more than 3, 4 or 5 consecutive amino acids from the sequence of CD127
apart from the sequence from site 2b and possibly the optional sequences from domain
D1 and from amino acids 180-220 of SEQ ID No:114 described above);

(f) the epitope, in addition to the feature described in (a), (b), (¢) or (d) above, does not
comprise more than 3, 4 or 5 consecutive amino acids taken from the region 99-108 of SEQ ID
No:114, does not comprise more than 3, 4 or 5 consecutive amino acids taken from the region
128-179 of SEQ ID No:114 and/or does not comprise more than 3, 4 or 5 consecutive amino

acids from the region 220-239 of SEQ ID No:114, in particular does not comprise more than 3, 4
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or 5 consecutive amino acids from either region 99-108, 128-179 and 220-239 of SEQ ID
No:114;

(g) the epitope comprises the combination of sequences of CD127 as defined in (a), (b), (c),
(d), (e) and/or (f) above, wherein some amino acids have been mutated, in particular deleted
and/or substituted, in particular substituted by an amino acid with similar properties
(conservative substitutions); in particular, the epitope consists of or comprises sequences
having at least 80%, 85%, 90%, or 95% sequence identity with the sequences of CD127 as
defined in (a), (b), (¢), (d), () and/or (f) above, in combination as defined in (b), (c) or (d) where

relevant;

(h) the epitope is a conformational epitope having the features defined in (a), (b), (¢), (d), (e), (f)
and/or (g) above, i.e. comprises or consists of the sequences as defined in (a), (b), (¢), (d), (e),
(f) and/or (g) above in a conformation which mimics the conformation of said sequences within

the native CD127 (either as a monomer or as a dimer with yc and/or associated with IL-7);

(i) the epitope comprises a fragment of CD127 (i.e. a stretch of consecutive amino acids) with
the features of (a), (b), (c), (d), (g) and/or (h) above;

(j) the epitope has the features defined in (g) above and is obtained by a technology such as the

CLIPS technology which allows the synthesis of peptide assemblies with predictable structure.

[036] In particular embodiments of epitopes with the features of (b) and (c) , the epitope
includes the amino acid sequence of CD127 which is intercalated between the two sequences
ep1 and ep2, and optionally do not extend to include any, or do not extend to include more than
one amino acid of the sequence of the human CD127 sequence upstream (i.e. N-terminal of the
sequence of ep1) and/or downstream (i.e. C-terminal of the sequence of ep2) of these
sequences. In other particular embodiments, the epitope is such that none of the ep1 or ep2
sequences is extended to include any of their adjacent amino acids in the human CD127
sequence, or to include more than 7, 5 or 1 consecutive amino acids from their adjacent amino
acids in the sequence of human CD127 which is intercalated between ep1 and ep2; the
extension of the ep1 and ep2 sequences may in this case also be limited upstream (of ep1) or
downstream (of ep2) as above. In particular embodiments, the sequences of CD127 which
comprise the epitope sequences above are not extended to comprise their adjacent amino
acids from the human CD127 sequence by more than 1 amino acid N-terminal or by more than
7 amino acids C-terminal adjacent to ep1, or by more than 30 amino acids N-terminal or 30

amino acids C-terminal adjacent to ep2.

[037] In embodiments where the macromolecule is produced, designed or selected to
recognize an epitope comprising several non-contiguous amino acid sequences of CD127 (i.e.

sequences which are not contiguous in the primary sequence of CD127), it is possible to
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produce or select antibodies which recognizes an epitope comprising one of said CD127
sequences, and then select among these antibodies those that recognize the other CD127
sequence(s) (said later selection may also be performed by successive selections if more than

two non-adjacent CD127 sequences are to be recognized).

[038] The present invention also includes the conformational epitope recognized by the
antagonist antibodies of the invention. The present invention also includes antibodies that bind
this conformational epitope. The embodiments include a CD127 conformational epitope
comprising (i) the domain having at least 80%, 85%, 90%, or 95% sequence identity with SEQ
ID NO. 115 and/or the domain having at least 80%, 85%, 90%, or 95% sequence identity with
SEQ ID NO. 117 and (ii) the domain having at least 80%, 85%, 90%, or 95% sequence identity
with SEQ ID NO. 116. More particularly, the CD127 conformational epitope comprising amino
acid residues 73-79 and/or 114-119 and amino acid residues 193-196 of SEQ ID No:114. The
present invention includes antibodies that bind this conformational epitope. In particular
embodiments, the macromolecule is produced, designed or selected to recognize a
conformational epitope comprising the amino acid sequences of human CD127 having the
sequences of SEQ ID No: 115, SEQ ID No: 116 and SEQ ID No: 117.

[039] In particular, in the above embodiments, the antibody is raised against an immunogen
which consists of or comprises an epitope as described, i.e. is initially produced by
immunization of an animal which is not a human, in particular a mammal, with an antigen
comprising or consisting of said epitope. Accordingly, the invention also relates to an antigen of
which the epitope is as described above, in particular to its use as an immunogen in the
production of antibodies and/or to its use in selection and/or testing methods to produce an
antibody or antigen-binding fragment or other macromolecule. The invention also relates to said
methods using said antigen. Since antigens may comprise non-peptidic constituents in addition
to peptidic constituents and/or may comprise peptidic constituents which do not form part of the
epitope, it should be understood herein that, unless otherwise stated or obvious from the
context, when referring to the sequence of an antigen and/or to the features of said sequence,
said sequence or features should be understood to designate the sequence (or features
thereof) of the epitope part of the antigen. If the antigen comprises amino acids which do not
form part of the epitope, said amino acids preferably do not comprise more than 3, 4 or 5

consecutive amino acids of CD127.

[040] Accordingly and unless it appears technically irrelevant, the definitions and features
disclosed herein with respect to the antibodies or their fragments similarly apply to any

macromolecule of the invention.
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Binding of CD127

[041] In accordance to the invention, “binding” to the IL-7Ra protein refers to an antigen-
antibody type interaction and encompasses “specific binding” properties of the antibodies or
antigen-binding fragments thereof which specific binding means that the antibodies or antigen-
binding fragments bind to the IL-7Ra protein while they do not bind or bind with a significantly
weaker affinity to other proteins (e.g. the common cytokine receptor y-chain). Specific binding is
preferably defined and/or determined in physiological conditions, especially in terms of pH and
salt content of the testing solution. Binding and binding specificity can be assayed in
accordance with the tests disclosed in the Examples and in particular can be assayed by

Biacore, ELISA, or Western Blot analysis.

[042] In a particular embodiment of the invention, the antibodies or antigen-binding fragments
thereof target and bind the IL-7-R alpha chain when it is complexed in the TSLP-Receptor (with
CCRF2; Genbank accession Number AF338733; Reche et al., 2001).

[043] In a particular embodiment, the antibodies or fragments thereof or chimeric molecules of
the invention bind to CD127 as an isolated protein with a dissociation constant (Kd) lower than
5E-10 M. In a preferred embodiment, the dissociation constant (Kd) is lower than 1E-10 M or
lower than 9E-11 M, or lower than 5E-11 M.

[044] In particular embodiments, the antibodies or fragments thereof or chimeric molecule or
other macromolecule of the invention binds to an antigen of human CD127 comprising the
sequences of ep1 (SEQ ID No: 110) and/or ep2 (SEQ ID No: 111). In particular embodiments,
the antigen comprises a fragment of human CD127 comprising both ep1 and ep2 (i.e. the
antigen comprises the sequences of ep1 and ep2 and the intercalated sequences of human
CD127). In other embodiments, the antigen comprises only ep1 and ep2 sequences from
human CD127, possibly in addition to other sequences from other origin, which are distinct from
human CD127 sequences. In yet other embodiments, ep1 and/or ep2 sequences are extended
to include a few additional amino acids from human CD127, in particular up to one amino acid
N-terminal to ep1, up to 7 amino acids C-terminal to ep1, up to 1, 10, 20 or 30 amino acids N-
terminal to ep2, up to 7; 10, 20 or 30 amino acids C-terminal to ep2. Particular antigens include:
an antigen as above, preferably comprising both ep1 and ep2, wherein the sequence of CD127
comprising ep1 does not extend to comprise the amino acids adjacent to said sequence in the
sequence of human CD127, or does not extend to comprise more than 1 amino acid N-terminal
or more than 7 amino acids C-terminal of ep1 in the sequence of human CD127; and an antigen
as above wherein the sequence of CD127 comprising ep2 does not extend to comprise the
amino acids adjacent to said sequence in the sequence of human CD127, or does not extend to

comprise more than 30 amino acids N-terminal or more than 30 amino acids C-terminal of ep2
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in the sequence of human CD127; and antigens having both these features. In particular
embodiments, the antibodies or fragments thereof or chimeric molecule or other macromolecule
of the invention binds to an antigen of human CD127 comprising the sequences of SEQ ID No:
115, SEQ ID No: 116 and SEQ ID No: 117.

[045] In some embodiments, the antigen does not overlap with or does not comprise an
epitope of IL-7R that is recognized by a monoclonal antibody selected from the group consisting
of C1GM, C2M3, P3A9, P4B3, P2D2, P2E11, HAL403a and HAL403b (described in
WO 2011104687 A1). In some embodiments, the antibody is raised against an antigen or binds
to an epitope which does not comprise any, or does not comprise some of residues 182, K84,
K100, T105, and Y192 of interleukin-7 receptor alpha, in particular does not comprise K100 and
/ or does not comprise T105. In some embodiments, the antigen or epitope does not comprise
K194, or does not comprise any or does not comprise all of the residues selected from the
group consisting of residues D190, H191, and K194 of human IL-7R. In particular embodiments,
the antigen or epitope comprises neither 182 nor K84, or comprises neither K100 nor T105, or
does not comprise Y192, or comprises neither D190, H191, Y192 nor K194.

[046] While CD127 is common to both the IL-7R and the TSLPR, it must be noted that an anti-
CD127 antibody will not necessarily recognize (i.e. bind to in suitable conditions) CD127 in both
contexts. Moreover, even if the antibody binds to CD127 both in the context of the IL-7R and the
TSLPR, it will not necessarily have the same effect on the IL-7-IL-7R interaction and the TSLP-
TSLPR interaction. It could, for example, prevent the binding of IL-7 to IL-7R and not the binding
of TSLP to TSLPR. Furthermore, the binding of the antibody to either receptor may have
different effects, beyond the different effects on ligand-receptor interaction. Indeed, the binding
of the antibody might modify the conformation of the receptor, independently of the ligand or in
combination with the ligand, and thereby activate or inactivate the receptor. The effect may be
different for either receptor and it may actually be inverted: an antibody which inactivates the IL-

7R may activate the TSLPR, and vice-versa.

[047] As used herein, activating a receptor means triggering at least some of the biochemical
changes that occur upon binding of the ligand to its receptor. These changes may include
modification of the receptor structure (e.g. dimerization); phosphorylation of the receptor and
recruitment and / or phosphorylation of receptor-bound proteins (such as Janus kinases, STAT
transcription factors etc) and/or changes to the cellular localization of the receptor (e.g. receptor
internalization). As used herein, deactivating a receptor means preventing, or reverting, at least
some of the biochemical modifications associated with the binding of its ligand to the receptor.
For instance, a receptor may be constitutively activated (i.e. activated even in the absence of a
ligand) and deactivated in the presence of an agent such as the antibody of the invention.

Alternatively, or additionally, ligand-induced activation may be completely, or partially, inhibited
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by deactivating the receptor. Deactivation may therefore occur, among other mechanisms,
through preventing binding of the ligand (and subsequent “activation” events), and / or
preventing structural changes associated with the binding of the ligand (e.g. dimerization) and /
or modification of the cellular location of the receptor (e.g. the deactivating agent may trigger

receptor internalization and / or degradation and thus prevent activation by the ligand).
Absence of increased TSLP-induced dendritic cell maturation

[048] Antibodies of the invention may bind CD127 in the TSLP receptor (i.e. may bind CD127
when it is in a complex with the CRLF2, forming the TSLP receptor). Therefore, the antibodies

of the invention may interfere with TSLP-induced and / or TSLP receptor-mediated signaling.

[049] The inventors have surprisingly found that existing antibodies directed against (or which
recognize) CD127 in the TLSP receptor and which display some antagonism with TSLP-TSLPR
interaction nevertheless increase the maturation of dendritic cells induced by TSLP: said
maturation is higher in cells treated with TSLP and the antibodies than in cells treated with
TSLP alone. These conventional antibodies increase TSLP-dependent dendritic cell maturation.
In preferred embodiments, the antibodies or fragments of the invention do not synergize with
TSLP for the maturation of immune cells, in particular dendritic cells. In other words, the
antibodies of the invention do not increase the maturation of immune cells induced by TSLP.

This effect is particularly desired on the maturation of dendritic cells.

[050] It should be emphasized that the capacity of anti-CD127 antibodies to inhibit TSLP-
induced production of TARC cannot be considered a valid predictor of a negative (or at least
non-positive) effect of the antibodies on TSLP-induced signaling and its downstream
consequences (in particular the maturation of dendritic cells). Indeed, as the inventors have
discovered, even antibodies efficiently inhibiting TSLP-induced production of TARC may
increase TSLP-dependent maturation of dendritic cells as measured by expression of CD40 or
CD80 with the TSLPR.

[051] TSLP-induced dendritic cell maturation can be measured by the expression of cell
marker CD40 and / or CD80 (Inaba et al., 1995; Watanabe et al., 2005b) as a marker which is a
determinant of the maturation of some immune cells, especially of the so-called TH-2
differentiation observed in some autoimmune diseases, asthma and transplantation. In
particular embodiments, the increase in dendritic cell maturation induced by TSLP is assessed
by determining an elevated expression of the cell surface marker(s) CD40 and / or CD80 in
TSLPR-positive cells treated with TSLP and with the macromolecule of the invention compared
with TSLPR-positive cells treated with TSLP alone.

[052] In a particular embodiment, the macromolecules, in particular the antibodies or fragment

thereof, which do not increase TSLP-induced dendritic cell maturation do not increase
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expression of CD80 by more than 25% when compared to stimulation with TSLP alone (without
macromolecule). Preferably, the expression of CD80 is not increased by more than 20 %,
preferably not by more than 10 % and even more preferably not by more than 5%. In a
particular preferred embodiment, the expression of CD80 is not increased or is decreased in
cells stimulated with TSLP and with the macromolecule when compared to cells stimulated with
TSLP alone.

[053] In a particular embodiment, the macromolecules which do not increase TSLP-induced
dendritic cell maturation do not increase expression of CD40 by more than 50% when
compared to stimulation with TSLP alone (without macromolecule). Preferably, the expression
of CD40 is not increased by more than 25 %, preferably not by more than 10 % and even more
preferably not by more than 5%. In a particular preferred embodiment, the expression of CD40
is not increased or is decreased in cells stimulated with TSLP and with the macromolecule

when compared to cells stimulated with TSLP alone.

[054] Measurement of dendritic cells maturation is also illustrated in the examples (see in
particular Example 9) and can be performed according to any standard method known from the
skilled person, in particular any method suitable to determine CD80 and / or CD40 expression

on dendritic cells, as a marker of dendritic cell maturation.

[055] In order to assay the properties of anti-CD127 antibodies with respect to absence of
unwanted potentiation of TSLP signaling, cells expressing the TSLPR, such as mammalian pro

B cells (such as BA/F3 cells illustrated herein), may be used.
Inhibition of IL7-induced expression of a4, 7 and a4/B7 integrins

[056] In particular embodiments, the antibodies (or macromolecules) of the invention inhibit
IL7-induced expression of a4, B7 and o4/B7 integrins in vitro. IL7-induced expression of a4, 7
and o4/B7 integrins, as used herein, designates either or both the increase in the level of
expression of a4 and B7 integrins and the increase in the number or ratio of T lymphocytes
expressing o4, B7 and/or od4/B7 integrins. The inhibition may be partial, i.e. the level of
expression of a4, 7 and od/B7 integrins in the presence of IL7 is increased over baseline level
(i.e. the level with neither antibody nor IL7) in the presence of antibodies, but less than in the
absence of antibodies; or the inhibition may be complete, i.e. the level of expression of a4, 7

and a4/B7 integrins in the presence of IL7 and of the antibody is no higher than baseline level.

[057] In particular embodiments, the antibodies of the invention inhibit expression of a4, B7
and/or a4/B7 integrins in vitro, i.e. the level of expression of a4, 7 and/or a4/B7 integrins is
lower in cells treated with antibodies (and with and/or without IL7) than in untreated cells (i.e.

without antibody or IL7). The extent of inhibition may be dose-dependent. The inhibition of
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expression may be measured as set forth in the Examples section, which the skilled person
may adapt e.g. to specific antibodies, antibody fragments or antigen-binding domains or other

macromolecules disclosed herein and/or to specific disease models as needed.

[058] In preferred embodiments, the antibodies (or macromolecules) of the invention inhibit
expression of a4, B7 and/or ad/B7 integrins in vivo. As used herein, this expression means that
(i) the expression of a4, B7 and/or ad/B7 integrins, (ii) the number and/or ratio of a4, 7 and/or
od/B7-positive T-lymphocytes and/or (iii) the engraftment of a4, B7 and/or o4/B7-positive T-
lymphocytes is reduced in samples obtained from animals treated with antibodies relative to
untreated animals. As used herein, engraftment designates the incorporation of grafted tissue or
cells into the body of the host, a process which typically occurs over a time period of a few
hours to a few days. In particular embodiments, the animal is a mammal, in particular a non-
human mammal, especially a mouse. In particular embodiments, the animal is a human. In
particular embodiments, the effect is observed on human lymphocytes injected in a recipient
animal, preferably an immunodeficient mouse. In particular embodiments, two weeks after
injection of human PBMC in immunodeficient mice, the average percentage of integrin p7-
positive T cells is reduced by at least 25 %, preferably by at least 50 %, in antibody-treated mice
relative to untreated mice. In particular embodiments, two weeks after injection of human PBMC
in immunodeficient mice, the average percentage of integrin B7-positive engrafted T cells is
reduced by at least 25 %, preferably by at least 50 %, and even more preferably at least 70 % in
antibody-treated mice relative to untreated mice. The effect of the antibody or macromolecule of
the invention may be determined using the methods put forth in the Examples section, in
particular Example 16 for the expression of a4/B7 integrins and engraftment, which the skilled
person may adapt as needed e.g. to the specific antibody, fragment or antigen-binding domain

thereof or other macromolecule and/or to a specific disease model.
Inhibitors of CD127 internalization

[059] Internalization is the cellular process by which a cell surface receptor such as CD127 is
transported inside the cell cytoplasmic space (possibly in/at the surface of intracellular
compartments or membranes) and thus is no longer accessible from the extracellular space, i.e.
the internalized receptor may not be directly contacted by a ligand in the extracellular space. A
ligand, whether a natural ligand of the receptor or any artificial ligand or other molecule bound to
the receptor, may be internalized together with the receptor. Most receptors undergo constant
internalization and their cell surface expression is maintained constant either through the
replacement of internalized and degraded receptors by newly synthesized/maturated receptors

or through direct recycling, i.e. transport of the internalized receptor back to the cell surface.
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[060] Some stimuli may lead to increased rate of internalization and/or decreased rate of
replacement/recycling, thus leading to a net decrease in cell surface expression of the receptor.
As used herein, IL7-induced internalization of CD127 designates the decrease of cell surface
expression of CD127 induced by the presence of IL7 (or observed in the presence of IL-7) in the
extracellular medium, as observed in vitro after a limited time of incubation in order to exclude
longer-term effects such as transcriptional down-regulation. Said limited time is typically in the
order of tens of minutes, preferably less than 2 hours, more preferably less than 1 hour and

even more preferably 45 minutes or less, 30 minutes or less or 15 minutes or less.

[061] In a preferred embodiment, the antibody of the invention inhibits the IL7-induced
internalization of CD127. Thus, when incubated with the antibody of the invention, the presence
of IL7 induces no decrease in the cell surface expression of CD127, or induces a less strong
decrease in the cell surface expression of CD127 than cells incubated without antibodies. In
particular embodiments, when incubated with antibodies of the invention, the level of CD127 cell
surface expression when cells are incubated at 37 °C for 15 minutes with 5 ng/mL IL7 is at least
80 %, preferably at least 90 % of the cell surface expression level in cells incubated without IL7.
In vitro, the cell surface expression is preferably measured after a limited time as indicated
above. Besides, as most cellular internalization processes are inhibited at low temperature, the
effect is usually best observed at physiological temperature, in particular 37 °C. However, it is

also contemplated to incubate cells at low temperature, in particular 4 °C.

[062] It is known that antibodies to a receptor may induce internalization of the receptor,
meaning that the cell surface expression of the receptor is decreased in the presence of the
antibody. This may arise in particular by inducing a change in the conformation of the receptor
which mimics that induced by the natural, internalization-inducing, ligand, and this effect may
depend on the epitope recognized by the antibodies. As used herein, ‘an antibody induces the
internalization of CD127' means that cells incubated in the presence of an antibody display
decreased cell surface expression of CD127 compared to cells incubated in the absence of the
antibody. Cell surface expression is preferably measured in vitro after a limited incubation time
and in temperature conditions as mentioned above. In a preferred embodiment, the antibody of
the invention does not induce the internalization of CD127. Thus, the cell surface expression of
CD127 in cells incubated in the presence of the antibody is not reduced, or is not significantly
reduced, relative to cell surface expression in cells incubated in otherwise identical conditions,
but in the absence of the antibody. In particular embodiments, when incubated at 37 °C for 30 to
45 minutes in the presence of 50 ng/mL of antibody, the level of CD127 cell surface expression
is at least 80 %, preferably at least 90 % of its level in cells incubated in the absence of the
antibody. This effect may be observed in the absence of IL7 (in both antibody-treated and —

untreated cells), in the presence of IL7, and/or both.
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[063] Either of the two CD127 internalization-related feature described above (i.e. inhibition of
IL7-induced internalization or non-induction of internalization) may contribute to increased
efficiency of the antibodies, while the combination of both features is possibly even more
efficient. Disclosed herein is an antibody representing a preferred embodiment, wherein in the
presence of both IL7 and said antibody, the cell surface expression of CD127 is not significantly
decreased. In such preferred embodiments, after a 45-minute incubation in the presence of
50 ng/mL of antibody, including 15 minutes in the presence of 5 ng/mL IL7, at 37 °C, the level of
CD127 cell surface expression is at least 80 %, preferably at least 90 % of its level in control

cells, incubated in medium containing no antibody or IL7.
Disruption of CD127 - yc chain interaction

[064] According to a particular embodiment, the macromolecule, in particular an antibody or
antigen-binding fragment thereof, of the invention may disrupt the binding of CD127 to the yc
chain of the IL7-R. This means that, under conditions (in particular chemical and physical
conditions) where CD127 and yc chain are bound together in the absence of antibody, and in
particular in the presence of IL-7, the presence of the antibody significantly reduces said bond.
In particular embodiments, in the presence of antibody and of IL-7, CD127 does not bind to yc.
In particular, in the presence of the antibody and of IL-7, the amount of y¢ chain found
associated with (or bound to) CD127 is less than 80 %, preferably less than 50 %, even more
preferably less than 25 % or 10 % of the amount bound in the absence of the antibody (or in the
presence of another anti CD-127 antibody such as MD707-13) in otherwise identical conditions,
in particular in the presence of IL-7. Such a feature of the antibody may be assessed in
particular by co-immunoprecipitation methods, well known to the skilled person for testing the
interaction of proteins and illustrated herein in Example 21. In particular, cells may be incubated
in the presence or absence of the tested antibody, then solubilized in conditions allowing for the
preservation of protein complexes, and the resulting lysate may be subjected to an anti-CD127
immunoprecipitation and the presence of yc in the CD127-containing immunoprecipitated
complex assessed by western blotting using anti-yc antibodies (conversely, the
immunoprecipitation may be performed using anti-yc antibodies and the presence of CD127

assessed using anti-CD127 antibodies).

[065] One method for obtaining such antibodies is to raise said antibodies against an epitope
comprising sequences from the 2b site of CD127, or to select antibodies which recognize such
an epitope. Indeed, the binding of the antibody to this site, critical for interaction with vyc, is likely

to disrupt, e.g. by competition or steric hindrance, the interaction of yc with CD127.

[066] It is also possible, in particular, to select antibodies having this desirable feature, from

anti-CD127 antibodies, e.g. from an antibody library (including when this library was not
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obtained by using an immunogen comprising sequences of the 2b site), through conventional
screening procedures known to the skilled person and readily adaptable to such end. In
particular, for example, CD127 (or its extracellular domain alone) may be bound to 96-well
plates or similar substrates commonly used for such screening. The antibodies constituting the
library may be added individually, each in one well, and the yc chain added to each well. After
washing the plates, the presence of vc in each well may be tested, e.g. by methods based on
fluorescence. In wells containing an antibody with the desired feature, no yc (or small amounts
thereof) will be detected. It is obviously possible to modify this procedure, e.g. to rather spot the
antibodies on a solid substrate in individual spots; allow CD127 to bind to the spotted

antibodies, and allow vyc chain to bind to the thus immobilized CD127 chains.
Antagonist towards IL-7-IL-7R interaction

[067] According to a particular embodiment, a macromolecule, in particular an antibody or
antigen-binding fragment thereof, of the invention further has antagonist properties toward
interleukin 7 (IL-7) thereby antagonizing access, i.e. binding of IL-7 to CD127 on CD127 positive

cells.

[068] “Antagonist properties towards IL-7-IL-7R interaction” means that antibodies or antigen-
binding fragments thereof of the invention, which target the IL-7Ralpha, have the effect of
preventing the accessibility of the IL-7 receptor expressed on CD127 cells, especially human
effector T cells, in particular human memory T cells, for its binding partner IL-7, especially
human IL-7. As a result of antagonizing binding of IL-7, the antibodies of the invention or their
functional fragments lead to lymphopenia by preventing IL-7-dependent thymic T cells

generation.

[069] The antagonist properties may be in particular antagonism toward IL-7R signaling
induced by IL-7. An antagonist of IL-7R signaling induced by IL-7 can be identified by
measuring the inhibition of STATS phosphorylation as described in the Examples. The IL7-
induced phosphorylation of STATS is a marker of IL7R activation and an antibody antagonizing

IL7-IL7R interaction is expected to decrease IL7-induced phosphorylation of STAT5.

[070] In particular embodiments, the macromolecule of the invention is an antagonist of IL-7R
signaling induced by IL-7. In a particular embodiment, the macromolecule of the invention
inhibits IL7-induced phosphorylation of STATS. In preferred embodiments, the inhibition of
STATS5 phosphorylation is greater than 50 % at antibody concentrations as low as 50 ng/ml and
/ or the inhibition of STAT5 phosphorylation is greater than 80 % at antibody concentrations as
low as 100 ng/ml. Inhibition of STAT5 phosphorylation may be assessed by methods known to
the skilled person and in particular by the method set forh in the examples section (in particular

Example 3).
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“Antagonist for binding of TSLP”

[071] Since the antibodies of the invention bind CD127 in the IL-7R, they may also bind
CD127 in the TSLPR and, particularly by steric hindrance and / or by competition on common
binding sites, they may inhibit the binding of TSLP to the TSLPR. In other words, the antibodies

of the invention may present antagonist activity for the binding of TSLP.
“Inhibitor of TSLP-induced TARC production”

[072] In a particular embodiment, the antibodies of the invention may inhibit TSLP-induced
TARC production of CD127-positive cells. As mentioned above, TSLP-stimulated dendritic cells
produce elevated levels of TARC. This may result from their binding to the TSLPR and their

potential action as antagonists of TSLP binding.

[073] In a particular embodiment, the antibodies of the invention, and their antigen-binding
fragments have been selected for their ability to not increase their maturation (maturation being

e.g. determined an increased expression of CD40 and/or CD80 cell surface marker).

[074] The level of TSLP-induced TARC production may be lower in cells treated with TSLP
together with the anti-CD127 antibodies or fragments thereof or chimeric molecules as
described herein than in cells treated with TSLP alone. In other words, the macromolecules of
the invention may be inhibitors of TSLP-induced TARC production. In an embodiment of the
invention, the antibody or fragment thereof or chimeric molecule as described herein decreases
the levels of TARC production. In a particular embodiment of the invention, the level of TARC
production in cells treated with TSLP and the antibody, fragment or chimeric molecule is
reduced by more than 10 %, preferably more than 20 %, compared to the level in cells treated
with TSLP alone, at antibody concentrations as low as 1 pg/ml. Measurement of TARC
production is illustrated in the examples (in particular Example 9) and can be carried out on
CD127-positive immune cells, in particular dendritric cells, from a blood sample using any

standard method known from the skilled person.
“Cytotoxic activity”

[075] In a particular embodiment of the invention, the antibodies of the invention or their
antigen-binding fragments directed against the CD127 molecule present in the IL-7 receptor
have furthermore the property of being cytotoxic against human cells, especially human T cells
expressing said receptor. Human cells expressing CD127 as a chain of IL-7 receptor, which are
the target of the antibodies of the invention and fragments thereof, are mainly T lymphocytes
and more precisely are subpopulations of effector T lymphocytes including naive and memory T

cells but are not regulatory T cells (Treg), especially not resting natural Treg. Memory T cells
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are generated as a result of antigen priming and mainly defined by their functional
characteristics, including ability to undergo recall proliferation upon re-activation and
differentiation into secondary effector and memory cells. Similarly, the targeted TSLP receptor
(as a complex including the IL-7-R alpha chain) regulates T helper lymphocyte, B cell and

dendritic cell differentiation.

[076] According to an embodiment of the invention, the antibodies and antigen-binding
fragments thereof, having “cyfotoxic activity against T cells” or cytotoxic properties (cytotoxic
antibodies) give rise to depletion in the effector T cell population by killing these cells and
accordingly reduce the number of these cells when administered. To the contrary, these
antibodies do not alter the subpopulation of regulatory T cells or do not alter it to a significant
extent, allowing the Treg cells to perform their function. In this context, in a particular
embodiment, it has been observed that the ratio of regulatory T (Treg) versus effector T (Teff)
cells raises following administration of antibodies of the invention. In a particular embodiment,
antibodies of the invention enable to raise said ratio of about 10% or more. In a particular

embodiment, the increase in the ratio of Treg versus Teff is of about 20%.

[077] According to a particular embodiment of the invention, the cytotoxic antibodies show
Antibody-Dependant Cellular Cytotoxicity (ADCC). According to another embodiment, the
antibodies of the invention have no ADCC properties. Antibody ADCC potential was considered
positive when specific cytoxicity was superior to 10%. ADCC properties can be evaluated in an
ADCC assay such as the test described in the Examples (in particular Example 10). When the
antibody is a rat antibody the effector cells used in the ADCC assay are LAK (Lymphokine-
activated killer) cells of rat. When the antibodies are humanized the ADCC assay can be carried

out on human NK cells.

[078] The antibodies of the invention which have both cytotoxic and antagonist properties for
CD127 positive cells enable cumulative effects of these properties with respect to the depletion
of effector T cells, especially of memory T cells especially, thereby enabling a stronger
depletion(exhaustion of the pool of CD127+ cells) and corresponding reduction in the number of

target T cells.

[079] The paragraphs above as well as the Examples describe how to test for these functional
characteristics. The following sections will detail various structural characteristics and possible
modifications of the antibodies or fragments or chimeric molecules. In light of these guidances,
the skilled person will be able to obtain antibodies or fragments having the structural
characteristics below along with the desired functional characteristics, in particular starting from
an antibody which has the desired functional characteristics, such as N13B2, because in some
cases it can be predicted that adopting some of the structural features will not modify the

functional features and / or by testing for the loss of functional characteristics after the
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introduction of a new structural characteristic. Furthermore, with the disclosure herein of the
epitope recognized by the antibody, the development of other antibodies sharing the same
functional features is a routine procedure, since antibodies raised against the same or a similar
epitope could be selected for their ability to provoke similar effects upon binding to CD127.
Again, straightforward testing procedures being disclosed herein, the skilled person may use

these tests to select suitable antibodies.

[080] In a preferred embodiment of the invention, the macromolecule is N13B2 or an antibody
having at least one of the CDRs of N13B2, or the fragments are fragments of N13B2.
Accordingly, the invention relates to an antibody or fragment thereof which VH comprises at
least one of the following amino acid sequences, or one of their preferable humanized variants

described below:

e VHCDR1 SEQ ID No:10;
e VHCDR2 SEQ ID No:12;
¢ VHCDRS3 SEQ ID No:14;

[081] and/or which VL comprises at least one of the following amino acid sequences, or one of

their preferable humanized variants described below:

e VLCDR1 SEQ ID No:16;
e VLCDR2 SEQ ID No:18;
e VLCDR3 SEQ ID No:20.

[082] In a particular embodiment, the macromolecule comprises at least 2, 3, 4 or 5 of the
CDR sequences of N13B2 i.e. VHCDR1 SEQ ID No:10, VHCDR2 SEQ ID No:12, VHCDRS3
SEQ ID No:14, VLCDR1 SEQ ID No:16, VLCDR2 SEQ ID No0:18 and VLCDR3 SEQ ID No:20,
any number of which may be replaced by one of their preferable humanized variants described
below. In a particular embodiment, the macromolecule comprises all six CDR sequences of
N13B2, any number of which may be replaced by one of their preferable humanized variants
described below. In particular embodiments, the macromolecule comprises the VH chain having
the amino acid sequence of SEQ ID No:22 and / or the VL chain having the amino acid
sequence of SEQ ID No:24. In particular embodiments, the macromolecule comprises the
heavy chain having the amino acid acid sequence of SEQ ID No:2 and / or of SEQ ID No:6 and
/ or the light chain having the amino acid sequence of SEQ ID No:4. Other particular
embodiments relative to the VH and VL chains are humanized variants disclosed below. In a
particular embodiment, the constant chain has the sequence of the rat IgG1 Fc chain of Figure
12 (Uniprot P20759) and / or the sequence of SEQ ID No:34.
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Fragments

[083] An “antigen-binding fragment” of an antibody of the invention is a part of the antibody,
i.e. a molecule corresponding to a portion of the structure of the antibody of the invention that
exhibits antigen-binding capacity for alpha chain of the IL-7 receptor for human IL-7, possibly in
its native form; such fragment especially exhibits the same or substantially the same antigen-
binding specificity for said antigen compared to the antigen-binding specificity of the
corresponding four-chain antibody. Advantageously, the antigen-binding fragments have a
similar binding affinity as the corresponding 4-chain antibodies. However, antigen-binding
fragment that have a reduced antigen-binding affinity with respect to corresponding 4-chain
antibodies are also encompassed within the invention. The antigen-binding capacity can be
determined by measuring the affinity of the antibody and of the considered fragment. These

antigen-binding fragments may also be designated as functional fragments of antibodies.

[084] Antigen-binding fragments of antibodies are fragments which comprise their
hypervariable domains designated CDRs (Complementary Determining Regions) or part(s)
thereof encompassing the recognition site for the antigen, i.e., IL-7Ra of human IL-7, thereby
defining antigen recognition specificity. Each Light and Heavy chain (respectively VL and VH) of
a four-chain immunoglobulin has three CDRs, designated VL-CDR1, VL-CDRZ2, VL-CDR3 and
VH-CDR1, VH-CDR2, VH-CDR3, respectively. Thus the invention relates in particular to
fragments of antibodies of the invention, which comprise or consist in all or a selection of CDRs
among VL-CDR1 (SEQ ID No:16), VL-CDR2 (SEQ ID No:18), VL-CDR3 (SEQ ID No:20) and
VH-CDR1 (SEQ ID No:10), VH-CDR2 (SEQ ID No0:12) and VH-CDR3 (SEQ ID No:14), their
humanized variants disclosed below, or functional portions thereof, i.e. portions that exhibit the

desired binding specificity preferably with a high affinity for IL-7Ra of human IL-7.

[085] Particular antigen-binding fragments of the invention are fragments of the VH chain of an
antibody of the invention that combine its CDR1, CDR2 and CDR3 domains, in particular those
having the amino acid sequence disclosed herein, including the humanized variants disclosed
below. Other fragments of the invention are fragments of the VL chain of an antibody of the
invention that combine its CDR1, CDR2 and CDR3 domains, in particular those having the
amino acid sequence disclosed herein, including the humanized variants disclosed below.
Fragments that comprise or consist in VH-CDR3 and/or VL-CDR3, in particular those having the
amino acid sequence disclosed herein, including the humanized variants disclosed below, or
functional portions thereof are especially preferred when CDR3 regions appear to be

determinant in antigen recognition specificity.

[086] The skilled person will be able to determine the location of the various regions/domains

of antibodies by reference to the standard definitions in this respect set forth, including a
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reference numbering system (Martin, 2001) or by reference to the numbering system of Kabat
(Kabat et al., 1992) or by application of the IMGT “collier de perle” algorithm
(http://www.imgt.org/IMGTindex/Colliers.html, Lefranc et al., 1999). In this respect, for the
definition of the sequences of the invention, it is noted that the delimitation of the
regions/domains may vary from one reference system to another. Accordingly, the
regions/domains as defined in the present invention encompass sequences showing variations
in length or localization of the concerned sequences within the full-length sequence of the

variable domains of the antibodies, of approximately +/- 10%.

[087] In addition, de-immunization residues may be present in the variable CDR domains of
the antibodies or antigen-binding fragments thereof. In a particular embodiment, the antibody or

fragment thereof is deimmunized.

[088] Based on the structure of four-chain immunoglobulins, antigen-binding fragments can
thus be defined by comparison with sequences of antibodies in the available databases and
prior art (Martin, 2001), and especially by comparison of the location of the functional domains
in these sequences, noting that the positions of the framework and constant domains are well
defined for various classes of antibodies, especially for 1gGs, in particular for mammalian 1gGs.

Such comparison also involves data relating to 3-dimensional structures of antibodies.

[089] For illustration purpose of specific embodiments of the invention, antigen-binding
fragments of an antibody that contain the variable domains comprising the CDRs of said
antibody encompass Fv, dsFv, scFv, Fab, Fab', F(ab')2 which are well defined with reference to
(Kabat et al., 1992), (Martin, 2001) and also (Delves et al., 2011) Fv fragments consist of the VL
and VH domains of an antibody associated together by hydrophobic interactions; in dsFv
fragments, the VH:VL heterodimer is stabilised by a disulphide bond; in scFv fragments, the VL
and VH domains are connected to one another via a flexible peptide linker thus forming a
single-chain protein. Fab fragments are monomeric fragments obtainable by papain digestion of
an antibody; they comprise the entire L chain, and a VH-CH1 fragment of the H chain, bound
together through a disulfide bond. The F(ab')2 fragment can be produced by pepsin digestion of
an antibody below the hinge disulfide; it comprises two Fab’ fragments, and additionally a
portion of the hinge region of the immunoglobulin molecule. The Fab' fragments are obtainable
from F(ab")2 fragments by cutting a disulfide bond in the hinge region. F(ab")2 fragments are
divalent, i.e. they comprise two antigen-binding sites, like the native immunoglobulin molecule;
on the other hand, Fv (a VH-VL dimmer constituting the variable part of Fab), dsFv, scFv, Fab,

and Fab' fragments are monovalent, i.e. they comprise a single antigen-binding site.
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Chimeric antibodies

[090] According to another embodiment of the invention, the antibodies are modified and are,
as a result, chimeric antibodies, comprising domains or strand(s) of amino acid residues of
different antibodies, in particular antibodies obtained from different animal species, combined
together in a functional antibody. In a particular embodiment, the macromolecule of the
invention is a chimeric antibody consisting in an assembly of antibody fragments from at least
two different species. In a particular embodiment, a chimeric antibody comprises the constant
region of a human antibody. Such constant regions are illustrated in the examples by Fc
fragments G1 (SEQ ID No:26) or Fc fragments G4 (SEQ ID No:28) or CL kappa fragment (SEQ
ID No:30). Alternatively, human Fc fragments depicted in Figure 12 (Uniprot P01857, Uniprot
P01859, Uniprot P01861) and / or with the sequences of SEQ ID No:31, SEQ ID No:32, SEQ ID
No:33 or SEQ ID No:112 may be used. In a particular embodiment, a chimeric antibody
comprises the variable region of a rodent antibody and the constant region of a human
antibody. In a particular embodiment, a chimeric antibody comprises the VH chain with the
sequence of SEQ ID No:2 (N13B2-G1m-VH-FcG1m(E333A)) or the sequence of SEQ ID No:6
(N13B2-G4m-VH-FcG4m(S228P)) and the VL chain with the sequence of SEQ ID No:4
(N13B2-G1m-VL-CLkappa).

Affitins, anticalins and other antibody mimetics

[091] Macromolecules of the invention also comprise artificial proteins with the capacity to bind
antigens mimicking that of antibodies, also termed herein antigen-binding antibody mimetic.
Such proteins comprise affitins and anticalins. Affitins are atificial proteins with the ability to
selectively bind antigens. They are structurally derived from the DNA binding protein Sac7d,
found in Sulfolobus acidocaldarius, a microorganism belonging to the archaeal domain. By
randomizing the amino acids on the binding surface of Sac7d, e.g. by generating variants
corresponding to random substitutions of 11 residues of the binding interface of Sac7d, an affitin
library may be generated and subjecting the resulting protein library to rounds of ribosome
display, the affinity can be directed towards various targets, such as peptides, proteins, viruses
and bacteria. Affitins are antibody mimetics and are being developed as tools in biotechnology.
They have also been used as specific inhibitors for various enzymes (Krehenbrink et al., 2008).
The skilled person may readily develop affitins with the required binding properties using
methods know in the art, in particular as disclosed in patent application W02008068637 and the
above-cited publication, in particular the generation of phage display and/or ribosome display
libraries and their screening using an antigen as dislosed herein. Anticalins are artificial
proteins that are able to bind to antigens, either to proteins or to small molecules. They are

antibody mimetic derived from human lipocalins which are a family of naturally binding proteins.
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Anticalins are about eight times smaller with a size of about 180 amino acids and a mass of
about 20 kDa (Skerra, 2008). Anticalin phage display libraries have been generated which allow
for the screening and selection, in particular of anticalins with specific binding properties. The
skilled person may readily develop affitins with the required binding properties using methods
know in the art, in particular as disclosed in EP patent EP1270725 B1, US patent US8536307
B2, (Schlehuber and Skerra, 2002) and the above-cited publication, in particular the generation
of phage display and/or ribosome display libraries and their screening using an antigen as
dislosed herein. Anticalins and affitins mayb both be produces in a number of expression
system comprising bacterial expressin systems. Thus, the invention provides affitins, anticalins
and other similar antibody mimetics with the features of the antibodies described herein, in
particular with regard to binding to CD127, non-induction and/or inhibition of CD127
internalization, maturation of DCs, all of which are contemplated as macromolecules of the

invention. Humanization

[092] In a particular embodiment, the macromolecules of the invention are humanized
antibodies or antigen-binding fragments thereof. Accordingly having been originally obtained in
animals, especially in rodents and in particular in rats, following immunization of animals and
production of monoclonal antibodies from hybridoma, the antibodies of the invention are
modified in their VH and/or VL sequences by substitution of amino acid residues, in the
framework and optionally in addition in the CDR sequences. The humanization can be
performed by resurfacing or by CDR grafting according to known techniques. Resurfacing is
especially achieved by the substitution of rodent residues for human amino acid residues. The
substitution is performed in a way that maintains the framework structure of the original antibody
and also the CDRs presentation, thereby enabling that the frameworks and CDRs interactions
in the resurfaced antibody preserve native conformation of the surface contacting the antigen so

that it retains antigen binding affinity.

[093] Preferred embodiments of the antibody of the invention are represented by the
humanized versions of the (rat) N13B2 antibody comprising the following light and heavy

chains:

[094] The heavy chain of N13B2-h1, having the sequence of SEQ ID No: 36, wherein the CDR
sequences of the rat N13B2 have been conserved, as well as a few other amino acids outside
the CDR sequences, and wherein all other amino acids match the sequence of a human
antibody. This heavy chain has 87.8 % identity with a human antibody heavy chain. The
following residues outside the CDR sequences have been conserved: V at Kabat position H24
(position 24 in Fig. 23; A in the human sequence), V at Kabat position H37 (position 37 in Fig.
23; | in the human sequence), A at Kabat position H49 (position 49 in Fig. 23; S in the human

sequence) and D at Kabat position H73 (position 74 in Fig. 23; N in the human sequence);
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[095] The heavy chain of N13B2-h2, having the sequence of SEQ ID No: 38, wherein,
compared with the heavy chain of N13B2-h1, amino acids at Kabat positions H37, H49 and
H73, outside the CDR sequences, have been modified to match the sequence of a human

antibody heavy chain;

[096] The heavy chain of N13B2-h3, having the sequence of SEQ ID No: 40, wherein,
compared with the heavy chain of N13B2-h2, the M at Kabat position H96 (position 100 in Fig.
23), within the CDR3 sequence, has been mutated to L to match the sequence of a human
antibody heavy chain and/or to avoid post-translational modification. Other possible residues for
this position include in particular A, F and | and more preferably F or I. Accordingly, a possible
humanized variant for the CDR3 sequence of N13B2 VH has the sequence of SEQ ID No: 48.

[097] The light chain of N13B2-h1, having the sequence of SEQ ID No: 42, wherein the CDR
sequences of the rat N13B2 have been conserved, as well as a few other amino acids outside
the CDR sequences, and wherein all other amino acids match the sequence of a human
antibody. This light chain has 80 % identity with a human antibody light chain. The following
residues outside the CDR sequences have been conserved: V at Kabat position L48 (position
48 in Fig. 24; | in the human sequence), Y at Kabat position L71 (position 71 in Fig. 24; F in the
human sequence) and F at Kabat position L87 (position 87 in Fig. 24; Y in the human

sequence);

[098] The light chain of N13B2-h2, having the sequence of SEQ ID No: 44, wherein, compared
with the light chain of N13B2-h1, the three amino acids at Kabat positions L48, L71 and L87,
outside the CDR sequences, have been modified to match the sequence of a human antibody

light chain;

[099] The light chain of N13B2-h3, having the sequence of SEQ ID No: 46, wherein, compared
with the light chain of N13B2-h2, amino acids Kabat positions L31 (position 31 in Fig. 24) and/or
L52 (position 53 in Fig. 24), within the CDR1 and CDR2 sequences respectively, have been
mutated from N to Q and from S to T respectively, to match the sequence of a human antibody
light chain and/or to avoid post-translational modification. Other possible amino acids for the
L31 position include H and R. Other possible mutations for the CDR3 sequence involve
conserving the S in position L52 and mutating the N in position L51 (position 52 in Fig. 24) to Q,
H, K or R. Accordingly, a possible humanized variant for the CDR1 sequence of N13B2 VL has
the sequence of SEQ ID No: 50, and a possible humanized variant for the CDR2 sequence of
N13B2 VL has the sequence of SEQ ID No: 52.
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Multi-functional antibodies or fragments

[100] These basic antigen-binding fragments of the invention can be combined together to
obtain multivalent antigen-binding fragments, such as diabodies, tribodies or tetrabodies. These

multivalent antigen-binding fragments are also part of the present invention.

[101] The above-mentioned modifications may be combined where relevant. In particular
embodiments, the macromolecule is an antibody which is a chimeric antibody or an humanized

antibody and / or a deimmunized antibody.
Methods of obtaining antibodies of the invention

[102] An antibody or an antigen-binding fragment thereof of the invention is in particular
advantageously raised against a molecule which is the CD127 expressed by human T cells,
possibly raised from an immunization under the form of native polypeptide or recombinant

molecule.

[103] Immunization can be carried out according to the protocol disclosed in the Examples
below: Recombinant CD127 Fc Chimera (10975-HO3H Sino Biological, Beijing, China) was
used to immunize rats such as rats of the LOU/C Igk1a strain available at the University of
Louvain, Belgium). Alternatively, an antigen comprising the amino acid sequences of SEQ ID
No:115 (in particular comprising SEQ ID No: 110) and / or of SEQ ID No:117 (in particular
comprising SEQ ID No: 111) and/or of SEQ ID No:116, said antigen additionally comprising
other sequences, in particular other sequences of human CD127, or not, as disclosed
above,_ may be used as the immunogen. Hybridoma were obtained by fusing spleen
mononuclear cells with the LOU rat immunocytoma IR983F, a non- secreting and azaguanine
resistant cell line, according to a previously described procedure (Chassoux et al., 1988).
Hybridoma were first screened according to the capacity of the secreted monoclonal antibodies
to bind to recombinant CD127 molecule (CD127 Fc¢ Chimera; 10975-HO3H, Sino Biological,
Beijing, China). Hybridoma were then screened for the capacity of their monoclonal antibodies
to bind to the CD127 expressed by human T cells and for the capacity to inhibit induction of
STAT-5 phosphorylation induced by IL-7 on human leukocytes, as exemplified in Figure 1, and

for their capacity not to increase the maturation of dendritic cells induced by TSLP.

[104] According to a particular embodiment of the invention, a humanized antibody of the
invention is derived from the antibody designated N13B2 by mutation of one or more of the
CDR region(s) of its Variable Heavy chain (VH) and/or of its Variable Light chain (VL), in
particular an antibody keeping at least one or two original CDR region among CDR3, CDR2 and
CDR1 regions in either of VH and/or VL, said modified antibody having less than 10% of

mutated amino acid residues, preferably one or no mutated amino acid residue, in individually



WO 2015/189302 PCT/EP2015/062993
31

considered CDR regions with respect to the original CDR1, CDRZ2 or CDR3 region, wherein said

original CDR regions are

i. VHCDR1 having the amino acid sequence SEQ ID No 10 ;
i. VHCDR2 having the amino acid sequence SEQ ID No 12 ;
ii. VHCDRS3 having the amino acid sequence SEQ ID No 14 ;
iv. VLCDR1 having the amino acid sequence SEQ ID No:16 ;
v. VLCDR2 having the amino acid sequence SEQ ID No:18 ;
vi. VLCDRS having the amino acid sequence SEQ ID No:20;

[105] Accordingly, the VHCDR3 may have the amino acid sequence of SEQ ID No: 48; the
VLCDR1 may have the amino acid sequence of SEQ ID No: 50; the VLCDR2 may have the

amino acid sequence of SEQ ID No: 52.

[106] In a particular embodiment, an antigen-binding fragment of the invention is an antigen-
binding fragment of the N13B2 antibody which is modified as described in the previous
paragraphs, said modified antigen-binding fragment having less than 10% of mutated amino

acid residues with respect to the original antigen-binding fragment.

[107] In view of the teaching provided by the present invention, in order to express antibodies
of the invention, the skilled person will be able to prepare hybridoma or to use alternative
technologies such as expression libraries and expression systems, followed by selection of
antibodies having the structure of those secreted by the hybridoma and having its properties, in
particular its binding and neutralisation properties. cDNA libraries can adequately be prepared
from the RNA expressed in hybridoma of the invention and the appropriate sequences selected
and expressed. Alternatively, cDNA encoding the antibodies of the invention or their fragments

are prepared by synthesis.

[108] “Hybridoma cells” according to the invention are cells generated from fusion of antibody
producing cells (B Lymphocytes) from an animal previously immunized with a selected
immunogen and fusion partner which are myeloma cells enabling to provide immortality to the
resulting fusion cell. Myeloma cells and antibody producing cells (B cells such as splenocytes)
can be of the same origin, and are eukaryotic cells in particular mammalian cells of the same
animal. They can be alternatively of different origin, thus giving rise to a heterohybridoma.
Myeloma cells such as the LOU rat immunocytoma IR983F, a non- secreting and azaguanine
resistant cell line are chosen among cells that fail to produce immunoglobulins in order to
enable the prepared hybridoma to secrete only monoclonal antibodies of the desired specificity.
Other cells suitable for promoting ADCC such as those described in the following pages for the

preparation of the antibodies through expression in recombinant cells may be used instead of
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the rat immunocytoma. Such cells are advantageously cells having a low or no fucosylation

capacity.

[109] Preparation of hybridoma suitable for carrying out the invention is performed according
to conventional techniques. Embodiments are described in detail in the Examples of the present
application of which the particular disclosed features can be adapted to other cells used as

fusion partners.

[110] The antigen-binding fragments of the antibody may be obtained starting from the
antibody, especially by using enzymatic digestion according to well-known techniques including
papain or pepsin digestion, or using any appropriate cleavage technique. They may be
alternatively expressed in host cells modified by recombination with nucleic acid sequences
encoding the amino acid sequence of said fragments, or may be synthesized, especially
chemically synthesized. Accordingly, the antibodies of the invention, including the modified
antibodies and the antigen-binging fragments of the antibodies can also be prepared by
classical genetic engineering techniques, such as those described by Sambrook et al.
(Deininger, 1990) and updated versions). The invention accordingly relates to the versions of
the VH and VL polypeptides that encompass the signal peptide or not. The signal peptide may

be necessary during the preparation of the polypeptides in cells.

[111] With a view to use the antibody of the invention or their functional fragments for
administration to a human patient, it might be beneficial to derive humanized monoclonal
antibodies or chimeric monoclonal antibodies and/or de-immunized antibodies, from antibodies
of the invention which would be non-primate antibodies such as those illustrated in the
Examples, especially to lower the immune reaction of the receiving host or patient against said
antibodies. Functional fragments of these variant antibodies may be obtained also as

humanized, chimeric or de-immunized variants.

[112] An antibody or an antigen-binding fragment thereof, which is a humanized antibody can
also be derived by substitution of amino acid residue(s) present in constant region(s) of variable
chains (VH and/or VL) of a non-human antibody of the invention, for human amino acid
residue(s) having corresponding location in human antibodies according to standard definition
and numbering, wherein the substitution level is from 1% to 20%, in particular from 1% to 18 %
of the residues in said framework regions. Said constant regions include those of framework
regions (FwRs) defined in four-chain antibodies identified in particular by reference to Kabat

numbering.

[113] Particular examples of modified antibodies according to the invention encompass

chimeric antibodies, humanized antibodies and/or a de-immunized antibodies.
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[114] A particular modified antibody has modified amino acid residues in the CDRs regions,
said modification resulting in a de-immunisation by loss of the T cell epitopes in the variable
domain of the non-human antibody. De-immunisation can be performed after determination of
the T cell epitopes in the antibody variable domain, especially by in silico prediction, followed by
point mutation in the sequence of the variable chains of the antibody that eliminates the
functional T cell epitopes. In a preferred embodiment of the invention, the modification of the
CDR(s) regions, especially of the CDRS3 regions are limited to the extent necessary to de-
immunisation with a view to administration to the human body, e.g. to decrease binding affinity
of T cell receptors for HLA-classll/peptide complexes. In a particular embodiment, the CDR3
region(s) of the VH and/or of the VL is(are) not modified. In another embodiment the FR regions

and/or the CH regions are also modified, especially humanized.

[115] Antibodies within the frame of the invention encompass accordingly an antibody based
on the above defined features, which is a humanized antibody especially one obtained by
substitution of amino acid residue(s) present in framework region(s) of an antibody of the
invention, for human amino acid residue(s) having corresponding location in human antibodies
according to standard definition and numbering. The substitution level of amino acid residues in
the framework regions and/or in the CDRs for humanization, including de-immunisation, is from
1% to 20% in particular from 1% to 18 % of the residues in said framework regions and/or
CDRs regions. As mentioned above, the humanization primarily targets the Framework regions
of the original antibodies. In some cases, humanization may alternatively or also concern CDR
region(s) especially CDR1 and/or CDR2 region(s) and is more particularly designated as de-
immunisation. In particular embodiments, no more than one amino acid is modified in each CDR
region. Examples of humanized and / or deimmunized antibodies derived from the rat antibody

N13B2 are disclosed herein.

[116] Humanization can hence be achieved considering the human germline Light chain or
Heavy chain frameworks that show the highest sequence identity with the sequence of the non-
human antibody or fragment, and selecting the amino acid residues, especially residues
exposed at the surface in the antibody, to be substituted in said non-human antibody or
fragment thereof, in order to conform to the corresponding human residue(s). In a particular
embodiment some of or all the FRL and/or some of or all the FRH regions are fully human, i.e.,
are characteristic of human framework sequences. In another embodiment selected residues in

some or all the FR regions are substituted.

[117] Methods for humanizing antibodies are also well known in the art and are described for
instance by Routledege et al. (Edward G. Routledge, 1993). These methods can also apply to
antigen-binding fragments, such as scFvs. By way of example, the method known as

"resurfacing” consists in replacing the set of surface residues in the frameworks of the variable
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region of a nonhuman antibody with a human set of surface residues, while the method known
as CDR grafting consists of transferring the CDRs from a non-human antibody into the
framework regions of a human antibody. CDR grafting is generally completed by framework
optimization, consisting in the replacement of some residues of the human framework, in order
to optimize the binding affinity. The step of framework optimization has been recently simplified

by the use of combinatorial libraries (Rosok et al., 1996) (Baca et al., 1997).

[118] The invention relates in particular to humanized antibodies derived by CDR grafting from
the rat N13B2 antibody. Human VH and VL sequences having sequences with strong homology
to the VH and VL sequences, respectively, of rat N13B2 were selected in a database. The CDR
sequences of N13B2 were grafted onto these human sequences. Some residues outside the
CDR sequences might have a significant impact on antigen recognition or affinity, in particular
residues in immediate proximity to the CDRs and residues known as Vernier residues. As
detailed above and in the Examples section, in particular in Example 12, several versions of the
humanized antibodies were tested: the most conservative where all rat sequences were
conserved for the CDR and the above-mentioned structurally important residues, a version
where human sequences were selected for the structurally important residues and the version
closest to the human sequences, where, in addition to the structurally important residues
outside the CDR, a few residues inside the CDR were modified from the initial rat sequence in

order in particular to prevent post translational modifications such as oxidation or deamidation.

[119] Another recent strategy available for antibody humanization preserves only the original
nonhuman CDR3 sequences of light and heavy chains while the remaining sequence is

selected from naive human V gene libraries (Rader et al., 1998).

[120] The chimeric, humanized and/or de-immunized antibodies of the invention can belong to
any class of immunoglobulins, like the non-modified antibodies. Preferably, they belong to a

subclass of the IgG class such as 1gG1, 19G2, IgG3 or 1gG4.

[121] Methods for preparing recombinant antigen-binding fragments, or chimeric antibodies by
combining the variable regions of an antibody with appropriate linkers, or with the constant

regions of another antibody, are well known in the art.

[122] The antibodies of the invention are said to be monoclonal antibodies, meaning that a
composition of these antibodies is homogeneous, especially identical, in terms of antigen-
binding specificity and accordingly in terms of variable region composition. Hence the antibodies
may qualify as monoclonal even if they are obtained by techniques alternative to the technique

of hybridoma.

[123] According to another embodiment, the invention also relates to a chimeric molecule

which comprises an antibody according to any of the definition provided herein or an antigen-
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binding fragment thereof, wherein said antibody or functional fragment thereof is associated
with a functionally different molecule. A chimeric molecule of the invention may be either a
fusion chimeric protein or a conjugate resulting from any suitable form of attachment including
covalent attachment, grafting, chemical bonding with a chemical or biological group or with a
molecule, such as a PEG polymer or another protective group or molecule suitable for
protection against proteases cleavage in vivo, for improvement of stability and/or half-life of the
antibody or functional fragment. With similar techniques, especially by chemical coupling or
grafting, a chimeric molecule can be prepared with a biologically active molecule said active
molecule being for example chosen among toxins, in particular Pseudomonas exotoxin A
(Risberg et al., 2011), the A-chain of plant toxin ricin (van Oosterhout et al., 2001) or
saporintoxin (Flavell et al., 2006), especially a therapeutic active ingredient, a vector (including
especially a protein vector) suitable for targeting the antibody or functional fragment to specific
cells or tissues of the human body, or it may be associated with a label or with a linker,

especially when fragments of the antibody are used.

[124] PEGylation of the antibody or functional fragments thereof is a particular interesting
embodiment as it improves the delivery conditions of the active substance to the host,
especially for a therapeutic application. PEGylation can be site specific to prevent interference
with the recognition sites of the antibodies or functional fragments, and can be performed with
high molecular weight PEG. PEGylation can be achieved through free Cysteine residues
present in the sequence of the antibody or functional fragment or through added free Cysteine

residues in the amino sequence of the antibody or functional fragment.

[125] The invention concerns also a composition comprising antibodies or functional fragments
thereof as defined herein, wherein the antibodies or functional fragments thereof are a
homogeneous population of antibodies or functional fragments thereof or are monoclonal

antibodies or functional fragments thereof.

[126] In some cases it is possible to use a composition of products to obtain the desired effect,
where each of the products in the composition generates at least one desired effect. In the
present case, for example, it is possible to combine molecules having an inhibitory effect on the
IL-7-IL-7R interaction and molecules having cytotoxic effect against CD127 positive cells. Such
combinations are included in the invention. Importantly, in the invention, the composition of
products should not synergize with TSLP for the maturation of dendritic cells. Usually, this
involves combining products of which none individually synergizes with TSLP for the maturation

of dendritic cells.

[127] In a particular embodiment, the invention concerns a composition or an assembly of
compounds comprising antibodies, fragments or chimeric molecules as described herein, said

composition comprising (i) a population of antibodies or antigen-binding fragments thereof or
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chimeric molecules having cytotoxic activity against CD127 positive cells, especially CD127+ T
cells and (ii) a population of antibodies or functional fragments thereof or chimeric molecules
having antagonist properties towards human IL-7, these populations of antibodies being either
combined in a mixture or separated and, in this latter option, formulated for combined or
sequential administration. The antibodies and / or functional fragments and / or chimeric

molecules do not synergize with TSLP for the maturation of dendritic cells.

[128] The definitions provided herein especially by reference to the antibodies of the invention,
similarly apply to the antigen-binding fragments thereof except where it is technically obviously
not relevant. These definitions also apply to macromolecules (in particular chimeric antibodies
or chimeric molecules) or compositions comprising these antibodies or antigen-binding
fragments thereof or derived from these antibodies, as disclosed in the present application. It is
further specified that the antigen-binding fragments of the antibodies of the invention are
derived from the antibodies from a conceptual or design point of view but may be prepared

through various techniques, not necessarily having recourse to the antibodies as products.

[129] The invention also relates to a nucleic acid molecule encoding a macromolecule
according to any of the definitions provided herein. In particular embodiments, the nucleic acid
of the invention encodes an amino acid chosen from the group consisting of SEQ ID No:2; SEQ
ID No:4; SEQ ID No:6; SEQ ID No:8; SEQ ID No:10;SEQ ID No:12;SEQ ID No:14;SEQ ID
No:16;SEQ ID No0:18;SEQ ID No:20; SEQ ID No:22, SEQ ID No:24, SEQ ID No:36, SEQ ID
No:38, SEQ ID No:40, SEQ ID No:42, SEQ ID No:44, SEQ ID No:46, SEQ ID No:48, SEQ ID
No:50, SEQ ID No:52, SEQ ID No:54, SEQ ID No:56, SEQ ID No:110, SEQ ID No:111, SEQ ID
No0:86,SEQ ID No:115, SEQ ID No:116 and SEQ ID No:117. In particular embodiments, the
nucleic acid of the invention comprises or consists in the sequence of SEQ ID No: 1, 3, 5,7, 9,
11, 13, 15, 17, 19, 21, 23, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53 or 55.

[130] Such a nucleic acid suitable for the preparation of macromolecules of the invention is

especially chosen in the group of:

i. a polynucleotide encoding a VH region and having the sequence of SEQ ID No 1 or
SEQ ID No: 5 or SEQ ID No:54 or the variable region of a VH region and having the
sequence of SEQ ID No:21 or SEQ ID No: 35 or SEQ ID No:37 or SEQ ID No:39;

ii. a polynucleotide encoding a VL region having the sequence of SEQ ID No 3 or SEQ ID
No: 7 or SEQ ID No:56 or the variable region of a VL region and having the sequence of
SEQ ID No:23, or SEQ ID No: 41 or SEQ ID No:43 or SEQ ID No:45;

ili. a polynucleotide encoding a VHCDR1 region having the sequence of SEQ ID No:9,

iv. a polynucleotide encoding a VHCDR2 region having the sequence of SEQ ID No:11,

v. a polynucleotide encoding a VHCDRS3 region having the sequence of SEQ ID No:13 or
of SEQ ID No:47,
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vi. a polynucleotide encoding a VLCDR1 region having the sequence of SEQ ID No 15 or of
SEQ ID No:49,

vii. a polynucleotide encoding a VLCDR2 region having the sequence of SEQ ID No 17 or of
SEQ ID No:51,

viii. a polynucleotide encoding a VLCDRS3 region having the sequence of SEQ ID No
19.

[131] The invention also relates to a polynucleotide having modified nucleotides with respect
to the sequence of SEQID No 1, 3,5,7,9, 11, 13, 15, 17, 19, 21, 23, 35, 37, 39, 41, 43, 45, 47,
49, 51, 53 or 55, and which:

(a)encodes a polypeptide having amino acid sequence of respectively SEQ ID No 2, 4, 6, 8,
10, 12, 14, 16, 18, 20, 22, 24, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54 or 56 and/or
(b)has at least 85%, preferably at least 90%, more preferably at least 95%, and most
preferably at least 98% or at least 99% identity over its whole length with one of the
polynucleotides having respectively sequence of SEQ ID No 1, 3, 5,7, 9, 11, 13, 15, 17, 19,
21, 23, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53 or 55 and/or,
(c)is a fragment of the polynucleotide having sequence of sequence SEQ ID No: 1, 3, 5, 7,
21, 23, 35, 37, 39, 41, 43, 45, 53 or 55, and encodes a polypeptide comprising or consisting
of an antigen-binding fragment.

[132] Polynucleotides of the invention can also be optimized sequences, especially for the

expression in host cells. Optimisation techniques in this field are conventional ones.

[133] Polynucleotide fragments of the invention have advantageously a sequence of at least 9
nucleotides, in particular at least 18 nucleotides and are shorter than their sequence of origin,

especially shorter than full-length illustrated VH or VL sequences respectively.

[134] According to a particular embodiment, polynucleotides of the invention may
advantageously comprise, besides a sequence encoding a macromolecule according to the
invention, upstream from the sequence encoding the antibody chains, a sequence encoding a
signal peptide allowing secretion of said protein when expressed in a production cell. They may
also comprise one or more sequence(s) encoding one or more marker peptide(s) for detecting,

and/or facilitating the purification of, said protein.

[135] The invention also concerns a vector for the cloning and/or for the expression of a
polynucleotide disclosed herein. In a particular embodiment, the vector of the invention is a
plasmid suitable for cloning and/or expressing in mammalian cells, which comprises regulation

sequences for transcription and expression.

[136] The invention further relates to cells or cell lines recombined with a polynucleotide of the

invention, especially a mammalian or an avian cell or cell line. For example Chinese Hamster
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Ovary Cells, genetically modified to reduce global fucosylation. Indeed, Antibodies lacking core
fucosylation show a significantly enhanced antibody-dependent cell-mediated cytotoxicity
(ADCC) (von Horsten et al., 2010). Another example is the EB66 cell line which naturally has

low fucosylation properties (Olivier et al., 2010).

[137] Thus the invention also relates to a method of preparing an antibody or an antigen-

binding fragment thereof, which comprises:

(a) obtaining a hybridoma after immunizing an animal, especially a mammal with the human
alpha chain of the human IL-7 receptor, preferably with an antigen thereof comprising
the sequences of human CD127 with the sequences of SEQ ID No:115 (and/or SEQ ID
No: 110) and/or SEQ ID No:117 (and/or SEQ ID No: 111) and/or SEQ ID No:116 (and/or
SEQ ID No:86), said antigen comprising other sequences of human CD127 or not, as
disclosed above, and, where necessary, boosting said animal with the same
immunogen, recovering spleen or lymph node cells from the animal responding to
immunization and fusing said cells with myeloma cells to isolate monoclonal antibodies
and / or

(b) expressing polynucleotides coding for such antibodies such as polynucleotides disclosed
herein with their nucleotide sequence in the recombinant form in cells in conditions
enabling the recovery of antibodies, and

(c) recovering antibodies recognizing an epitope as defined herein, in particular comprising
sequences from the 2b site of CD127 and in particular comprising such sequences and
in addition sequences from the D1 domain of CD127, in particular antibodies having the

desired binding affinity against the alpha chain of the human IL-7 receptor.

[138] In a particular embodiment of the invention, the antibodies or their fragment are

prepared in cells that present low fucosylation properties, such as EB66 avian cells.

[139] The invention also relates to a method of selection of antibodies comprising the steps of
obtaining, possibly through one of the methods described herein, antibodies or fragments
thereof which specifically bind CD127, in particular an antigen thereof as disclosed above, and
selecting among these antibodies those that do not increase the TSLP-induced maturation of
immune cells, in particular dendritic cells, that do not induce internalization of CD127 and/or that
inhibit IL7-induced internalization of CD127 and/or that inhibit in vitro and/or in vivo expression
of a4, B7 and/or a4/B7 integrins. The selection may be performed using any of the procedures
described in the Examples section to test for increase or decrease of TSLP-induced expression
of cell surface markers CD40 and / or CD80 or to test for effects on internalization of CD127 or
to test for effects on the expression of a4, 37 and a4/B7 integrins. Such tests can conveniently
be performed in e.g. 96-well plates to allow for fast and efficient screening of a large number of

candidate antibodies and the readout can be performed by classical immunostaining and flow
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cytometry analysis. Thus, the invention relates to a method of selecting antibodies, antigen-
binding fragments thereof or other macromolecule which comprises or consists of at least one

of the following steps:

a. Testing (e.g. as described in Example 1, Example 2, Example 6 and / or Example 7) a
macromolecule with the binding capacity of the macromolecule to CD127, in particular to
an antigen thereof as disclosed herein;

b. Testing (e.g. as described in Figure 16 and / or Example 5) the internalization of CD127
in CD127-expressing cells induced by the presence of the macromolecule;

c. Testing (e.g. as described in Figure 16 and / or Example 5) the inhibition by the
macromolecule of IL7-induced internalization of CD127 in CD127-expressing cells;

d. Testing (e.g. as in Figure 5, Figure 6 and / or Example 9) the increase of the maturation
of DCs induced by TSLP in the presence of the macromolecule;

and optionally comprising at least one of the following steps:

e. Testing (e.g. as in Figure 1, Figure 2 and/or Example 3) the inhibition by the
macromolecule of IL-7 induced signalling, in particular STAT5 phosphorylation;

f. Testing (e.g. as in Example 9, Figure 5 and/or Figure 6) the inhibition by the
macromolecule of TSLP-induced production of TARC;

g. Testing (e.g. as in Example 16, Figure 19 and / or Figure 20) the inhibition by the
macromolecule of the expression of a4, B7 and/or a4/B7 integrin expression, in particular
cell surface expression on T-lymphocytes;

h. Testing (e.g. as in Example 21, Figure 28 )the disruption by the antibody of the binding
of CD127 to the yc chain, in particular in the presence of IL-7.

Each of these testing steps being followed by the selection of one or more macromolecules

having the desired functional features, as disclosed herein.

As mentioned above, when it is desired that the antibody recognizes an epitope comprising
sequences which are not contiguous in the sequence of CD127, it is possible to test
successively the recognition of (or binding to) fragments of the epitope consisting (or essentially
consisting) of a single contiguous sequence of CD127. For example, if it is desired to obtain an
antibody recognizing an epitope comprising sequences SEQ ID No:115, SEQ ID No:116 and
SEQ ID No:117, it is possible to first select antibodies recognizing an epitope essentially
consisting of SEQ ID No:116, and then secondly to select, among these first selected
antibodies, antibodies recognizing an epitope essentially consisting of SEQ ID No:115, and then
to select, among these secondly selected antibodies, antibodies recognizing an epitope
essentially consisting of SEQ ID No:117. Obviously, the order of selection may be modified

relative to this order, provided solely as an example.



WO 2015/189302 PCT/EP2015/062993
40
[140] Another object of the invention is a pharmaceutical composition comprising a
macromolecule according to the invention, with a pharmaceutical vehicle, wherein said

pharmaceutical composition optionally further comprises a different active ingredient.

[141] The invention also relates to a composition comprising as an active ingredient, a
macromolecule of the invention or a pharmaceutical composition as defined above, in a
formulation suitable for controlling human CD127 positive cells survival or expansion, in
particular human CD127 positive effector cells, especially CD127+ memory T cells survival or
expansion, especially memory T cells which are both CD127+ and CD8+, or which are both
CD127+ and CD4+ cells, when administered to a human patient. In a particular embodiment,
the composition comprising the macromolecule of the invention as an active ingredient is in a
formulation suitable for controlling the differentiation and / or maturation of dendritic cells when

administered to a patient.

[142] A composition of the invention may further comprise an additional compound having a
therapeutic immunomodulator effect, in particular on cells involved in allergy or autoimmunity.
For illustration purposes, exemplary immunomodulators of interest are other monoclonal
antibodies targeting T cells, such as anti-CD3, anti-ICOS or anti-CD28 antibodies or
recombinant proteins or antibodies targeting accessory cells such as CTLA4Ig or anti-CD40

antibodies.

[143] The invention concerns also an antibody or an antigen-binding fragment thereof or a
chimeric molecule as defined or illustrated herein, for use as active ingredient in a combination
or add-on therapeutic regimen in a patient in need thereof. Also contemplated is the use of a
macromolecule, nucleic acid, cell or cell line of the invention as a therapeutically active

ingredient in a combination or in an add-on therapeutic regimen in a patient in need thereof.

[144] A macromolecule according to the invention, a nucleic acid, vector, cell, cell line,
pharmaceutical composition or a composition as defined herein are in particular proposed for
use in a human patient for treating pathologic conditions influenced by immune responses,
especially by memory T cells responses. Accordingly, the inventors proposed that the antibody
or antigen-binding fragment thereof, chimeric molecule according to the invention,
pharmaceutical composition or composition as defined herein be used for the treatment of
autoimmune or allergic diseases in particular allergic skin disorders, intestinal disorders or for
transplant rejection or for the treatment of leukemia such as acute lymphoblastic leukemia (e.g.
T-ALL) or lymphoma such as Hodgkin lymphoma, or the treatment of a cancer disease such as
breast cancer associated with CD127+ cells, renal cancer, bladder cancer, lung cancer,
pancreatic cancer, or for the treatment of a T cell cutaneous lymphoma, such as Sezary
lymphoma, or for the treatment of the acute lymphoblastoid leukemia with gain-of-function
mutation of the IL-7-R/TSLP pathway.



WO 2015/189302 PCT/EP2015/062993
41
[145] In various embodiments, the invention is related to the use of macromolecules as

defined herein in order to deplete CD127-positive cells while preserving CD127-negative cells.

[146] In various embodiments, the invention is related to the use of macromolecules as
defined herein in order to prevent differentiation and / or expansion and / or maturation of
CD127-positive cells, in particular differentiation, expansion, or maturation induced by IL-7 and /

or TSLP, while having little or no direct effect on CD127-negative cells.

[147] In a particular embodiment, the invention relates to the use of macromolecules defined
herein in order to eliminate / neutralize naive and memory T cells by interfering with IL-7-

induced signaling, while preserving Treg cells.

[148] In a particular embodiment, the invention also relates to the use of macromolecules
defined herein in order to deplete subpopulations of lymphocytes, or other cell populations
expressing CD127 (including normal or pathologic T and B lymphocytes, NK cells, dendritic
cells and other cell types including epithelial cells) as a result of cytotoxic action of the
antibodies, possibly but not exclusively through ADCC (Antibody-Dependent Cellular
Cytotoxicity) and optionally through CDC (Complement-Dependent Cytotoxicity).

[149] In the embodiments above, the contemplated used are also applicable to nucleic acids,

vectors, cells, cell lines and compositions of the invention.

[150] By “treatment’ or “therapeutic treatment’, it is meant that the performed steps of
administration result in improving the clinical condition of an animal or a human patient in need
thereof, who suffers from disorder(s) associated with the IL-7 pathway, i.e. involving the
activation or proliferation of CD127 positive cells. Such treatment aims at improving the clinical
status of the animal or human patient, by eliminating or alleviating the symptoms associated
with the disorder(s) related to the IL-7 pathway, i.e. involving the activation or proliferation of
CD127 positive cells. In a preferred embodiment, the treatment according to the invention
enables restoring to health. In a preferred embodiment, said treatment does not have undesired

negative effects due to increased maturation of immune cells, in particular of dendritic cells.

[151] The invention includes the use of the macromolecules in the treatment of pathologic
conditions involving the alteration of immune response in a human patient leading to dominant
tolerogenic state or, to the contrary, lack of tolerance where control of the level of the immune

response would be needed as well as destruction of malignant CD127-positive cells.

[152] The invention provides means suitable for use in pathologies such as those induced by
transplant rejection, autoimmune diseases, allergic diseases, respiratory diseases, chronic viral
infections, lymphoma, leukemia or other cancer diseases including those resulting from solid

tumors (e.g. breast cancer) when these pathologies are associated with CD127 positive cells as
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well as the IL-7 signalling pathway and where an increase in the maturation of dendritic cells

must be avoided.

[153] In a particular embodiment, the invention relates to the use of a macromolecule, nucleic
acid, cell, cell line or composition of the invention in a human patient for the treatment of an
autoimmune disease or an allergic disease or for the treatment of leukemia such as acute
lymphoblastic leukemia or for the treatment of lymphoma, or for the treatment of cancer
disease, or for the treatment of a chronic viral infection, or for the treatment of inflammatory
diseases, or for the treatment of respiratory diseases, or for the treatment of symptoms related

to a transplantation.

[154] In a particular embodiment, the invention relates to a method of treatment comprising the
administration of a macromolecule, nucleic acid, cell, cell line or composition of the invention in
a human patient for the treatment of an autoimmune disease or an allergic disease or for the
treatment of leukemia such as acute lymphoblastic leukemia or for the treatment of lymphoma,
or for the treatment of cancer disease, or for the treatment of a chronic viral infection, or for the
treatment of inflammatory diseases, or for the treatment of respiratory diseases, or for the

treatment of symptoms related to a transplantation.

[155] Additional features and properties of the invention will be apparent from the Examples

and figures which follow.
Brief description of drawings

Figure 1. Inhibition of IL-7R signaling. Inhibition of IL-7 induced pSTAT5+ T lymphocyte in
dose-response to anti-human IL-7Ra monoclonal antibodies. N13B2 (square), N13E5 (circle)
and N13K12 (triangle). pSTATS (%) : ratio (%) of cells positive for phospho-STATS, as
measured by FACS. Dose-dependent inhibition of STAT5 phosphorylation is similar for the
three clones, all three inhibiting phosphorylation efficiently at 50 ng/ml (roughly 50 % inhibition)
and completely at 100 to 500 ng/ml (> 95 % inhibition).

Figure 2. Inhibition of IL-7R signalling by N13B2 mAb. Axes as in Figure 1. (A) Inhibition of IL-7
induced pSTAT5+ T lymphocyte in dose-response to N13B2 mAb (squares) as compared to
MD707-3 mAb (circles), both in rodent format. (B) Same experiment as in (A) with human I1gG1
(square) and human 1IgG4 (circle) chimeric forms of N13B2 in the presence of 0.1 (empty
symbols) or 5 ng/ml (full symbols) of recombinant human IL-7. N13B2 is more efficient in
inhibiting STAT 5 than MD707-13 (~50 % inhibition at 100 ng/ml for N13B2, vs. 1000 ng/mL for
MD707-13), while different 1gG isotypes of N13B2 display comparable inhibition efficiency.

Figure 3. (A) Binding studies of rat N13B2 anti-CD127 antibody. N13B2 antibody or MD707-1

were injected on a CD127 immobilized antigen at different concentration. Resp. diff: Response
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difference. Time: time in sec (total duration: 20 min). Blk: blank (no antibody). The association
and dissociation curves were analyzed with model "Bivalent analyte" on BlAeval 4 software.

Results are presented in the Table 1 below.

Table 1. Results of bindng studies
Ka (1/Ms) Kd (1/s) KA (1/M) | KD (M)

MD707-1 2.66 E+05 1.21E-04 2.19E+09 | 4.56E-10
N13B2 2.01E+05 1.60E-05 1.26E+10 | 7.96E-11

Table 2. Kd of N13B2 and its chimeras described in (A) in a separate experiment

Rmax

Antibody Ka1 (1/Ms) | Kd1 (1/s) (RU) KA (1/M) KD (M)
N13B2 rat 9.63E+04 4.75E-06 115 2.03E+10 4.93E-11
N13B2-G1 1.49E+05 5.62E-05 109 2.65E+09 3.77E-10
N13B2-G4 2.01E+04 3.41E-06 94.9 5.89E+09 1.70E-10

Figure 4. The Anti CD127 activity of the new antibody N13B2 was measured by ELISA assay
using a recombinant hCD127 antigen. OD 450 nm : optical density at 450 nm. A. The CD127
binding activity of the N13B2 (full circle) was compared to the previous antibody generation
(MD707-1 (empty diamond), 3 (empty triangle) and 6 (full square)). N13B2 appears as the most
efficient binder in the assay. B. The CD127 activity between different N13B2 formats (rat, IgG1

(circle) or 1gG4 (square)) was compared. No significant difference in binding activity was

observed.
Table 3. EDS50 of selected antbibodies
ED 50 ED 50
(ng/ml) (ng/ml)
N13B2 65,64 StMBT07-3- 1 16 1
G1
MD707-1 122,93 cN13B2-G1 12
MD707-3 293,32 cN13B2-G4 12,6
MD707-6 2789,41

Figure 5. TSLP-induced TARC (Thymus and Activation-Regulated Chemokine, CCL17)
production and expression of CD80 cell surface marker by myeloid dendritic cells. None: no
stimulation. LPS: stimulation with lipopolysaccharide. TSLP: stimulation with TSLP. A)
Quantification of TARC production in supernatant by ELISA and B) CD80 cell surface

expression by flow cytometry of human blood CD1C+ dendritic cells cultured for 24 hours with
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medium alone, 1 yg/ml LPS or 15 ng/ml of TSLP. Data are mean * Standard error or the mean

(SEM) concentration from 3 independent experiments.

Figure 6. Inhibition of TSLP-induced TARC production by anti-human CD127 antibodies.
Quantification by ELISA of TARC production in supernatant of human blood CD1C+ dendritic
cells cultured for 24 hours with 15 ng/ml of TSLP and different concentration of anti-human
CD127 antibodies: N13B2 antibody (circle), MD707-6 (triangle) and anti-TSLP as a control (X).
Data are representative of three independent experiments from three different blood donors.
N13B2 inhibits only very moderately the induction of TARC secretion (~20 % inhibition at
6 ug/mL), while MD707-13 and anti-TSLPR are more efficient inhibitors (resp. ~50 % and ~70 %
inhibition).

Figure 7. Effect of anti-CD127 antibodies on TSLP-induced CD80 and CD40 expression marker
of dendritic cells maturation. Cells were activated by TSLP at 15ng/ml for 24hours. N13B2,
MD707-3 and MD707-6 anti-CD127 antibodies were added to the supernatant at 6ug/ml. CD80
(A) and CD40 (B) expression at the cell surface were analysed by FACS. Data are
representative of 3 independent experiments and are expressed in % of expression in control
cells (medium = no antibody, with TSLP). Only N13B2, of the tested antibodies, does not

increase the cell surface expression of CD40 and CD80 in TSLP-treated cells.

Figure 8. Antibody-dependent cellular cytotoxicity (ADCC) of chimeric N13B2 (IgG1 or igG4)
anti-human CD127 antibody. Human NK cells used as effector (E) were incubated for 4 hours
with a human CD127-transfected BAF/3 cell line as target cells (10 effector to 1 target cell ratio)
and with different concentration of chimeric N13B2 IgG1 (full square), N13B-IgG4 (empty
square) or chimeric MD707-3 (X). Percentage of specific cytotoxicity was determined by 51Cr

release.

Figure 9. Efficacy of rat N13B2 anti-CD127 mAbs to improve colitis induced chemically in
humanized immunodeficient mice. Survival (A) and change in weight (B) were monitored daily
from day 0, start of the chemical treatment with 2,4,6-trinitrobenzenesulfonic acid (TNBS), which
induces severe colonic inflammation when administered intrarectally, after injection of PBS
(solid line / full triangle) or N13B2 anti- IL7Ra antibody (dotted line, empty triangle). In (B), each
point represents an average weight data (+/- SEM); n = 6 for the Hu-TNBS + PBS group and n
= 6 for TNBS group + anti-IL-7Ra. Survival is increased and weight loss is reduced in the

treated group.

Figure 10.  Nucleotidic and amino acid sequence of the N13B2_G1M chimera VH and VL
chains. Fc chains are printed in lower case, the three CDRs in each sequence are underlined.

An asterisk (*) designates the stop codon in the amino acid sequence.
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Figure 11.  Nucleotidic and amino acid sequence of the N13B2_G4M chimera. Fc chains are
printed in lower case, the three CDRs in each sequence are underlined. An asterisk (*)

designates the location of the stop codon in the amino acid sequence.

Figure 12. Amino acid sequence of three alternative human Fc¢ chains (IgG1, 1gG2 and
IgG4) and of the Fc¢ chain of the rat N13B2 antibody (1gG1).

Figure 13.  anti-CD127 ELISA binding assay: coating human CD127Fc and revealed with an
anti-human kappa antibody. The Anti CD127 activity of the new antibody N13B2 was measured
by ELISA assay using a recombinant hCD127 antigen. The CD127 activity between different
N13B2 antibody formats (wt (X), an IgG4 humanized h1 (full square), h2 (empty circle) or h3

(full triangle) antibodies) were compared. OD: optical density.

Table 4. ED 50 of selected antibodies
ED 50 (ng/ml)
N13B2 wt 3
N13B2-h1 2,4
N13B2-h2 0,6
N13B2-h3 0,6

Figure 14.  Figure 14: P-STATS inhibition with anti-CD127 antibodies : A. Inhibition of IL7
induced P-STATS by humanized N13B2 mAbs on T lymphocyte (N13B2 h1 (black square), h2
(open circle) and h3 (black triangle) in a dose dependent manner and compared to Rat N13B2
wt (X) antibody in the presence of 0.1 ng/ml of recombinant human IL-7. B. Different anti-
CD127 antibodies from previous antibody generations were compared for their ability to inhibit
IL7 dependent P-STATS : MD707 3 (circle), MD707 4 (triangle) and MD707 13 (square).

Table 5. IC 50 of selected antibodies
IC 50 (ng/ml)

N13B2 wt 50,2

N13B2-h1 63,8

N13B2-h2 18,7

N13B2-h3 21,2

Figure 15.  Stability assay of humanized versus Rat anti-CD127 antibodies. Antibody
concentrations was measured by ELISA after 7 days at 37°C (Rat N13B2wt (+) or humanized
N13B2 h3 (square)) and at -80°C (Rat N13B2wt (X) or humanized N13B2 h3 (triangle)) and

after four frost/defrost events (diamonds).
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Table 6. Binding activity of the antibodies after 7 days at 37°C or at -80 °C and

after 4 time frost/defrost events.

ED 50 (ng/ml)

N13B2 wt_store at -80°C 3.6
N13B2 wt_store 7d at 37°C 3,5
N13B2-h3_store at -80°C 1,3

N13B2-h3_store 7d at 37°C 1,1
N13B2-h3_4x frost and defrost | 1,7

Table 7. Stability assay of humanized versus rat anti-human CD127 antibodies:

Analysis by gel filtration of aggregate formation after incubation for 7 days at 37°C or

at -80°C.

N13B2-wt N13B2-h”

D7 at-80°C | D7 at 37°C | D7 at-80°C | D7 at 37°C
% aggregates | 3 4 2,8 3,2
% monomers 97 96 97,2 96,8

Figure 16.  Competition and internalization assays by cytometry. Human peripheral blood
mononuclear cells were incubated with several anti-CD127 mAbs, for 30 min at either 4 °C
(hatched bar) or 37 °C (black bar) or at 37 °C for 30 min without IL-7 and then for 15min with 5
ng/ml of recombinant human IL-7 (grey bar): (A) 10 uyg of clones MD707-5, MD707-12 or
MD707-13 or the chimeric N13B2-G4; (B) 50 ng of N13B2, HAL clone H3L4 or 1A11 or medium
as control. Cells were then stained at 4°C with commercially available anti-human CD127 mAbs

to assess IL-7 receptor alpha chain expression at the cell membrane level.

MD707-5, MD707-12 and MD707-13 antibodies induced internalization of the receptor at 37 °C
with or without IL-7, while the chimeric N13B2-G4 did not. HAL antibody induced a decrease in
cell surface expression of CD127 in any conditions. Results at 4° C show that 1A11 antibody
competes slightly with the antibody used for labelling, while HAL shows strong competition and
N13B2 no competition. At 37°C, no cell surface staining was observed in the presence of HAL,
while 1A11 alone induced a strong decrease in cell surface expression of CD127 and when
combined with IL-7, the cell surface expression was decreased by ~90 %. In contrast, N13B2
did not reduce cell surface expression of CD127 at 4°C, neither did it induce a decrease in cell
surface expression of CD127 used alone, and it inhibited the decrease observed in the

presence of IL-7.

Figure 17.  (A) Pharmacokinetic and pharmacodynamics study of N13B2 and MD707-13

mAb administration in non-human primates. Baboons (papio anubis) were treated intravenously
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with 10 mg/kg of N13B2-IgG1 (n=3, full square), N13B2-IgG4 (n=3, full circle) or MD707-13-
IgG4 (n=3, empty circle). Serum concentration of anti-CD127 mAb were monitored by ELISA.
(B) In parallel, expression of CD127 at the surface of blood T lymphocytes was monitored by
flow cytometry and normalized to level measured before injection of mAb (represented by
dotted line). * p<0.05. Total plasma levels are comparable over time for all three antibodies. Cell
surface expression of CD127 is decreased after ~8 days of treatment with MD707-13, while no

such decrease is observed with any of the tested N13B2 clones.

Figure 18.  Baboons (papio anubis) were treated intravenously with 10 mg/kg of N13B2-1gG1
(n=3, full square), N13B2-1gG4 (n=3, full circle) or MD707-13-1gG4 (n=3, empty circle). The
frequency of regulatory T lymphocytes (CD3+ CD4+ CD25high Foxp3+) in blood and lymph
nodes (expressed as % of CD4 positive T cells ) as well as absolute count number of regulatory
T lymphocytes (expressed in cells / mL) was monitored at day 0 and 2 weeks after
administration of mAbs. ** p<0.01, *** p<0.001. All three antibodies increase the total count in

blood and ratio in both blood and lymph nodes of regulatory T cells.

Figure 19. In vitro inhibition of a4, 37 and a4/B7 integrin expression. A. Percentage of a4-
positive and a4/B7-positive human T-lymphocyte, after 9 days of culture with or without 5 ng/ml
of human IL-7, assayed by FACS. B. Same as top, with the indicated concentration of N13B2
mAb added to the culture at day 0. Dotted lines indicated the baseline level in a control
condition (without IL-7 and N13B2 mAb). The IL-7-induced increase in expression of the a4, B7
and a4/B7 integrins is prevented by humanized N13B2 mADb in-vitro (it is completely inhibited at
~2 pg/mL antibody).

Figure 20.  /n vivo inhibition of a4, B7 and 04/B7 integrin expression. 40 x 10° human
peripheral blood mononuclears cells were injected intraperitonealy in irradiated immunodeficient
mice (NOD/SCID/ IL-2 receptor gamma-chain knock-out mice). Percentage of blood 37-positve
T lymphocytes (left) and engraftment of 37-positve human T lymphocytes (right) after two weeks
of treatment with control buffer (n=5) or N13B2 mAb (5 mg/kg, n=5), assessed by FACS. ** p<
0.01. N13B2 significantly reduces the ratio of 7 positive T cells, and the engraftment of 7-

positive T cells.

Figure 21.  Effect of N13B2 antibody on a DTH model, an in vivo psoriasis model. BCG-
(Bacillus Calmette-Guerin) vaccinated baboons (papio anubis) were challenged by an
intradermal injection of 2000 (A) or 1000 (B) unit of purified tuberculin to induce delayed-type
hypersensitivity response and diameters of erythema were recorded every day (asterisk; dotted
line). One month later, animals were treated intravenously with 10 mg/kg of N13B2-IgG1 (n=3,
full square), N13B2-IgG4 (n=3,full circle) or MD707-13-1gG4 (n=3, empty circle). Four hours
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after mAbs administration, animals were challenged again by an intradermal injection of 2000
(A) or 1000 (B) unit of purified tuberculin to induce delayed-type hypersensitivity response and
diameters of erythema were recorded every day (solid lines). N13B2 but not MD707-13
antibody, inhibits memory lymphocytes response, as measured by the diameter of the erythema

after the second challenge.

Figure 22.  Baboons (papio anubis) were treated intravenously with 10 mg/kg of N13B2-IgG1
(n=3, full square), N13B2-1gG4 (n=3, full circle) or MD707-13-1gG4 (n=3, empty circle) or control
buffer (n=3, dotted line). Four hours later, animals received an intravenous injection of 1.5ml of
sheep red blood cells (SRBC) at 10%. Specific anti-SRBC IgG titers were monitored 1 week
and 2 weeks after administration of SRBC and normalized to their titers at day 0. * p<0.05.
N13B2, but not MD707-13, inhibits humoral immune response, as measured by the specific 1gG

titer.

Figure 23. Protein sequence of the humanized N13B2 VH IgG4 S228P_h3: sequence in
grey are the CDRs, underlined and bolded amino acids are mutated (V42l, A54S, D82N,
M108L), underlined sequence is the mutated 1gG4 sequence (S228P).

Figure 24. Protein sequence of the humanized N13B2 VL Ckappa_h3: sequence in grey are
the CDRs, underlined and bolded amino acids are mutated (V54l, Y77F, FO93Y+ N31Q, S59T),

underlined sequence is the mutated 1gG4 sequence (S228P).

Figure 25. N13B2 protects from death in an Inflammatory mice model: a graft-versus-host-
disease was induced in humanized mice (see Example 13). Percentage of surviving NSG mice
injected with 50 million human PBMC on day 0 receiving no treatment (white square, n=14) or
treated three times per week by intraperitoneal injection with 5mg/kg of chimeric N13B2 (black

circle, n=19).

Figure 26. N13B2 specifically prevents colon inflammation in an inflammatory mice model
(see Example 13). At time of euthanasia (i.e. at 25 % weight loss or 100 days after injection),
inflammatory cell infiltrates in each tissue of NSG mice injected with 50 million human PBMC on
day 0 and treated (black) or not (white) three times per week with 5mg/kg of N13B2, was
analyzed by histology on 10um slides stained with hematoxilin and eosin. Results are presented
as follows: A. Colon, B. Intestine, C. Liver and D. Lung. Data are mean +/- SEM of at least n=8

per group.

Figure 27. Epitope domains on CD127 protein (Uniprot P16871) that are recognized by

N13B2 antibody. Amino acids in bold font correspond to the sequences forming the
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for interaction with IL-7; amino acids that are stricken-through constitute the signal peptide of
CcD127.

Figure 28. Co-immunoprecipitation study of the CD127/IL7/CD132 complex with anti-
hCD127 antibodies (Example 21). Lanes: 1- PBL alone, 2- PBL+IL7, 3- PBL+IL7+N13B2, 4-
PBL+IL7+MD707-13, 5- CD132-Fc (72 Kda) or CD-127-Fc (80KDa). Co-immunoprecipitation of
samples on anti-hCD127 column (MD707-9). Eluates were analysed by western-blot with (A)
Rabbit anti-human CD132 antibody revealed with peroxidase-labelled goat anti-rabbit or with
(B) Rat anti-human CD127 antibody and revealed with a peroxidase-labelled donkey anti-rat

antibody.
EXAMPLES

Example 1. Preparation and selection of novel anti-human CD127 Mabs

[156] Rats were immunized with recombinant hCD127-Ig (hCD127 fused with a constant
fragment of an immunoglobulin - Sino Biologicals, Beijing, China; reference 10975-HO3H) and
monoclonal antibodies were derived according to conventional techniques. The immunization
protocol used was as follows: recombinant CD127 Fc Chimera (10975-HO3H Sino Biological,
Beijing, China) was used to immunize rats of the LOU/C Igk1a strain. Fifty micrograms of
proteins were suspended in Complete Freund Adjuvant and administered s.c. After 20 days, a
recall injection of the protein suspended in Incomplete Freund Adjuvant was performed. Another
similar recall injection was performed on days 60 and a boost injection was performed on day

90 with 100 micrograms proteins, 4 days before spleen cells collection.

[157] Hybridoma were obtained by fusing spleen mononuclear cells with the LOU rat
immunocytoma IR983F, a non- secreting and azaguanine resistant cell line, according to a
previously described procedure (Chassoux et al, 1988). Hybridoma were first screened
according to the capacity of the secreted monoclonal antibodies to bind to recombinant CD127
molecule (CD127 Fc¢ Chimera; 10975-HO3H, Sino Biological, Beijing, China).

[158] After selection, hybridoma were cultured in DMEM complete medium. Supernatant was
concentrated by ultrafiltrafiltration (Centramate, Pall) and purified by affinity on Protein G
chromatography (HiTrap, GeHealthcare). Elution was performed with glycine 0.1M pH 2.8
elution buffer. Resulting purified immunoglobulins were assessed in activity ELISA assay

against CD127 human.

[159] Among the first selected clones selected based on the recognition by secreted
antibodies of recombinant CD127, 2 were further selected by flow cytometry on the recognition

of CD127 expressed by human T cells and on their antagonist properties with respect to TSLP.
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[160] Antibodies were produced and their isotype were characterized as well as their affinities

by Surface Plasmon Resonance measurement using BlAcore technology.

Example 2. rCD127 recognition of anti-h-CD127 Mabs assessed by ELISA

[161] Recombinant hCD127 (Sino Biologicals, Beijing, China; reference 10975-H08H) was
immobilized on plastic and increasing doses of Mabs were added to measure binding. After
incubation and washing, peroxidase-labeled mouse anti-rat kappa chain (AbdSerotec) was

added and revealed by conventional methods. Binding was confirmed for each antibody.

Example 3. Inhibition of IL7 signaling (pSTAT5)

[162]

healthy volunteers were incubated in serum-free media with different concentration of

Human peripheral blood monocytic cells (PBMC) harvested by ficoll gradient from

antibodies of interest for 15 minutes at room temperature, before incubation with 0.1 or 5 ng/ml
of recombinant human IL-7 (rhlL-7; AbD Serotec ref PHP046) for 15 minutes at 37°C. PBMC
untreated with rhIL-7 were analyzed as the background signal, while IL-7 treated cells without
antibody were set as negative control. PBMC were then quickly chilled and washed with FACS
buffer to stop the reaction. Cells were then incubated for 15 minutes with cold Cytofix/Cytoperm
solution (BD Bioscience, ref 554722), washed twice with Perm/Wash buffer (Bd Bioscience) and
stained with an anti-human CD3 FITC antibody (Bd Bioscience ref 557694) for 30 minutes on
ice. PBMC were then washed twice with Perm/Wash buffer and permeabilized in BD Perm
Buffer Il (Bd Bioscience, ref 558050) for 30 minutes. Cells were then washed twice in FACS
buffer (and/or PBS with 1 % BSA and 0.1 % azide) and incubated for 30 minutes at room
temperature with anti-human pSTATS5 Alexa 647 antibody (BD Bioscience, ref 612599).
Samples were analyzed on BD CANTO Il FACS instrument. As shown in Figure 1and Figure 2,
N13B2 and chimeric antibodies derived therefrom (N13B2-G1 and N13B2-G4) are strong
inhibitors of STAT5 phosphorylation; with more than 50 % inhibition at concentrations as low as
50 ng/ml and more than 80 % (for 0.1 ng/ml of IL-7) or more than 90 % (for 5 ng/ml of IL-7)

inhibition at antibody concentrations as low as 100 ng/ml.

Example 4. Half-inhibitory concentration (IC50) of different anti-human IL-7Ra

monoclonal antibodies are displayed in table1.

Table 8. IC50 of different anti-CD127 antibodies on P-STATS induced by 100 pg/ml
of rhiL7
IC50 N13B2 N13E5 N13K12 MD707-3 |N13B2-G1|N13B2-G4
pg/ml 43 50 62 1090 28 37
Example 5. IL7R internalization assay by cytofluorometry
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[163] The internalization assay could be performed using a confocal microscope as detailed in
the material and method of Henriques et al (2010) and Luo et al. (2011). To observe the
internalization of the CD127 in the absence of IL-7, antibodies hN13B2, HAL clone H3L4 (US
Patent 8,637,27) or 1A11 (international patent application W02011094259) at a final
concentration of 50 ng/ml (, or antibodies MD707-5, MD707-12, MD707-13 or N13B2-G4 at a
final concentration of 10 ug/ml, were incubated with human PBMC (100000 cells/well) in serum-
free medium (TexMACS, Miltenyi Biotec) for 30 min at 4 °C or 37 °C. To observe the
internalization of the CD127 in the absence of IL-7, the same pre-incubation conditions were
used at 37°C with antibodies and cells were then stimulated with recombinant IL7 (AbD Serotec,
ref PHP046) at 0.1 ng/ml for 15 min at 37 °C. The reaction was stopped at 4°C, and the cells
were washed 3 times with PBS-1%BSA-0.1% azide before staining with PE-labelled anti-CD127
(clone hIL7R-M21, BD Bioscience, ref 557938) diluted at 1/10 in PBS-1%BSA-0.1% azide and
incubated 15min at 4°C. After washing, cells were analysed by cytofluorometry with Cantoll
cytometer (BD Biosciences). Results presented in Figure 16 are representative of three

independent experiments.

[164] This method is readily adaptable in 96 well plates in order to perform a screening and to

select antibodies that block the IL7-dependent or -independent CD127 internalization.

Example 6. Anti-CD127 antibody affinity study

[165] The affinity of the anti hCD127 antibody was measured by surface plasmon resonance
on a Biacore 3000 (GE Healthcare)

[166] A CM5 chip (GE healthcare) was activated by injection of NHS / EDC mix for 7 min. The
CD-127Fc (500ug/mL) was diluted in 5 mM maleate buffer pH6.2 was injected and the
succinimide ester residues until a hooking 300RU signal. The free reactive residues were
inactivated by the injection of 1M ethanolamine pH8.5. Antibodies were injected over the
immobilized CD 127 in the concentration range specified in the results section. The injection
rate was set at 40uL/min, the association was measured for 3 min and dissociation for 10 min.
Between each cycle of the analysis, the chip was regenerated by injection of a solution of 5M
MgCI2 for 60s.

[167] The obtained sensorgrams were analyzed with model "Bivalent analyte" on BlAeval 4

software.

[168] As shown in Figure 3and Table 2 therein, the N13B2 from rat and chimerized displayed
a high affinity for CD127, with a KD in the range 4.9E-11 M - 8.E-11 M (N13B2 from rat), 3.77.E-
10 (N13B2-G1) and 1.70.E-10 (N13B2-G4). MD707-1 antibody from rat showed a lower affinity
to CD127 than the N13B2 from rat.
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Example 7. Anti-CD127 antibody binding activity

[169] For sandwich ELISA, donkey anti-human IgG (Fc specific) antibody was coated at
1.2ug/ml on P96-plate and purified antibodies were added to measure concentration in function
of standard range. After incubation and washing, mouse anti-human light chain, kappa specific,
(Abcam, reference ab79115 or Effimune, clone NaM76-5F3) plus peroxidase-labeled donkey
anti-mouse (Jackson Immunoresearch, reference 715-036-151) antibodies were added and

revealed by conventional methods.

[170] The binding activity of the anti hCD127 antibody was assessed by ELISA (Enzyme-
linked immunosorbent assay). For the ELISA assay, recombinant hCD127 (Sino Biologicals,
Beijing, China; reference 10975-H08H) was immobilized on plastic at 1ug/ml and purified
antibody were added to measure binding. After incubation and washing, peroxidase-labeled

mouse anti-rat kappa chain (AbdSerotec) was added and revealed by conventional methods.

[171] As shown in Figure 4 and Table 3, the binding activity as measured by ELISA of the
N13B2 antibody is high, with an ED50 = 65.6 ng/mL (ED50< 75 ng/ml and ED50 < 100 ng/ml)
for the rat N13B2 anti-hCD127 antibody and an ED50 of 12.0 ng/ml and 12.6 ng/ml (ED50 <
15ng/ml) for two chimeric antibodies derived from N13B2 (cN13B2-G1 and cN13B2-G4).

Example 8. Stability assay

[172] Humanized and chimeric purified N13B2-G1 were incubated at 37°C or at -80°C for 7
days. Two assays were used to measure stability of antibody: binding anti-CD127 by ELISA
assay, and aggregate formation by gel filtration. For activity ELISA assay, recombinant hCD127
(Sino Biologicals, Beijing, China; reference 10975-H08H) was immobilized on plastic at 1ug/ml
and dilutions of supernatant were added to measure binding. After incubation and washing,
mouse anti-human light chain (kappa specific) plus peroxidase-labeled donkey anti-mouse
antibodies were added and revealed by conventional methods. For analysis of aggregate
formation, sample was analysed on gel filtration chromatography column (Superdex 200,

10/300GL, GeHealthcare) to separate and evaluate aggregate and monomer from samples.

Example 9. TSLP-induced production of TARC and expression of the matured
dendritic cell markers CD80 and CD40.

[173] Myeloid dendritic cells (DC) were isolated with CD1¢c (BDCA-1)+ Dendritic cell isolation
kit (Miltenyi Biotec, Bergisch Gladbach ,Germany) from blood of healthy volunteers
(Etablissement Francais du Sang, Nantes, France). Myeloid dendritic cells were cultured in
RPMI containing 10% fetal calf serum, 1% pyruvate, 1% Hepes, 1% L-glutamine and 1%
penicillin-streptomycin. Cells were seeded at 5.104 cells/well in flat-96-well plates, in the

presence of TSLP (15ng/ml), LPS (1ug/ml) or culture medium alone, and addition of rat anti-
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human CD127 antibodies at different concentrations. At 24 hours of culture, cells were analyzed
by flow cytometry for CD80 cell surface marker of maturation (anti-CD80-V450 (BD#560442)and
supernatants were collected and analyzed for TARC production by ELISA assay (R&D sytems,
Minneapolis , USA).

[174] The inhibition of TSLP-induced production of TARC was assessed by measuring said
production as described above in the absence of antibody or in the presence of N13B2 or
MD707-6 or commercial anti-TSLPR antibody (R&Dsystems ref. AF981) at 1 ug/ml or 6 pyg/mil.
As shown in Figure 6, N13B2 inhibited TSLP-induced TARC production by more than 25 % at

concentrations as low as 1 ug/mL, i.e. as efficiently as MD707-6 at this concentration.

[175] The inhibition of TSLP-induced expression of CD40 and CD80 cell surface markers were
assessed by measuring said expression as described above (for CD40, antibody (anti-CD40-
FITC from Beckton Dickinson ref. 555588) was used in similar conditions as those described
above for CD80) in the absence of antibody (expression normalized at 100 % for this condition)
or in the presence of N13B2, MD707-3 or MD707-6 antibodies at 6 ug/ml. As shown in Figure
7, both MD707-3 and MD707-6 induced an increase of CD40 and CD80 expression, while
MD707-3 is a good inhibitor of STAT5 activation and a good binder of CD127 (Figure 2 and
Figure 4) and MD707-6 is a strong inhibitor of TSLP-induced production of TARC (Figure 6).
The increase was at least 20 % for CD80 and 50 % for CD40. In contrast, the antibody of the
invention, N13B2, did not increase TSLP-induced expression of CD40 or CD80. Instead, said
expressions were lower in the presence of the TSLP and the antibody than in the presence of
TSLP alone.

Example 10. Antibody-Dependent Cellular Cytotoxicity (ADCC) of anti-human
CD127 Mabs

[176] ADCC refers to as the binding of an antibody to an epitope expressed on target cells and
the subsequent Fc-dependent recruitment of effector immune cells expressing Fc¢ receptors
(essentially NK cells and activated lymphocytes), resulting in the killing of target cells mainly by

granzyme/perforin-based mechanisms.

[177] Effector cells were fresh primary human NK cells isolated from peripheral blood
mononuclear cells by negative selection using magnetic beads (NK isolation kit, Miltenyi Biotec,
Bergisch Gladbach,Germany) and an AutoMACS cell sorting instrument. NK cells were
incubated over-night at 37°C, 5% CO2, in RPMI 1640 Medium (Life Technologies, Carlsbad,
California) complemented with 10% FBS (Life Technologies), 100 IU/ml penicillin (Life
Technologies), 0,1 mg/ml streptomycin (Life Technologies), 2mM L-glutamine (Life
Technologies) and 150 IU/ml of human IL-2 (Roche, Basel, Switzerland). The target cells (a
human CD127-transfected BAF/3 cell line (Park et al., 2000)) were labeled with 100 uCi (3.7
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MBq) of 51Cr (PerkinElmer) for 1 h at 37°C and washed five times with culture medium. Target
cells were incubated with diluted antibodies or with excipient (culture medium) for 15 min at
room temperature and 10 000 cells were placed in a 96-well U-bottom plate. Effector T cells
were added at a 10:1 cell ratio (final volume: 200 pul) for a 4 hours incubation period at 37°C. A
total of 25 ul of the supernatant was then harvested and counted in a gamma counter (Packard

Instrument).

[178] Both MD707-3 of rat origin and the chimeric N13B2-G1 (thus having an 1gG1 type Fc
domain) Mabs did elicit ADCC. The chimeric N13B2-G4 (having an IgG4 type Fc domain) did
not show any ADCC activity and was used as a negative control. Interestingly, there is no direct
correlation between affinity, binding and ADCC properties, indicating that ADCC properties

could not be predicted from binding analyses.

Example 11. Nucleotides and aminoacid sequences of anti-human CD127 Mabs

[179] VH and VL regions of the N13B2 clone were sequenced using the RACE PCR
technology. Briefly, total RNA was extracted, reverse transcribed and the resulting cDNA was
poly-adenylated at the 3’ end of the molecules using dATP and the terminal transferase
enzyme. A first 35-cycle PCR reaction was performed using an oligodT anchor primer and
Herculease enzyme (Stratagene). A second 35-cycle PCR was performed using nested PCR
anchor primers. The resulting PCR product was then TA-cloned in E. Coli and after selection on
ampicillin, resulting colonies were screened by restriction enzyme profiling and inserted cDNA

sequenced.

Example 12. Humanization

[180] The humanization of rat N13B2 monoclonal antibody was accomplished using the
standard CDR-grafting technology. The principle of this method is to reshape a human antibody
so that it contains only the complementarity determining regions (CDRs) from the rat
monoclonal antibody aiming to not only reduce antibody immunogenicity in humans but also

improved biophysical properties of the CDR-grafted molecule.

[181] Humanization by CDR-grafting requires that the antigen-binding residues from the
parental rat antibody are retained in the humanized version. Residues adjacent to CDRs,
termed “"Vernier" residues, were found to affect CDR conformations and to fine-tune antigen
recognition. Chothia and Lesk, (1987) segregated CDR conformations according to ““canonical"
residues, some of which are located within the CDRs themselves, others in the framework
regions. The identification of these “Vernier” and “canonical” residues is therefore a critical step.
The protocol used is based on the approach pioneered by Greg Winter and colleagues (Paus
and Winter, 2006) at the Medical Research Council, Cambridge, UK and uses Kabat-defined
CDR-residues.
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[182] The selection of human framework acceptor regions onto which the rat N13B2 CDR
regions are grafted was accomplished by searching the IMGT rat and human V genes database
using IgBLAST — a tool developed at NCBI to facilitate analysis of immunoglobulin variable
region sequences (http://www.ncbi.nlm.nih.gov/igblast ; Ye et al., 2013) with the rat N13B2 VH
and VL sequences as input. Besides, the strategy here applied uses human germline
sequences which are natural human sequences not containing the somatic hypermutations
found in the protein and cDNA-derived sequences. Germline genes most similar to the rat VL
and VH sequences were usually selected. Human germline framework acceptor VH and VL
regions were identified by parental N13B2 VH and VL antibody sequences alignment and based
on the following criteria: 1.  Sequence identity across the framework and CDRs as defined by
Kabat, 2. Identical and compatible inter-chain interface residues, 3. Support loops with the

parental CDR canonical conformations and Vernier residues.

[183] A few different sequences of humanization were tested for N13B2 to choose the best
one, which maintains binding and biological activity. For humanization variants of N13B2,
variable sequence of humanized heavy chain (VH) of N13B2 antibody was cloned by EcoRV in
pFuseCHIg-hG1e4 expression plasmid (Invivogen, Toulouse) containing CH1-CH2-CH3
domains of hlgG1, mutated at E333A to increase ADCC. The variable sequence of the
humanized light chain (VL) of N13B2 antibody was cloned by BsiWI in pFuse2CLIg-hk

expression plasmid (Invivogen, Toulouse) containing human CLkappa.

[184] In COS cells, we have co-transfected, by lipofectamine method, plasmid containing VH-
hFcG1 with plasmid containing VL-CLk. After 48-72h incubation, supernatant was recovered
and purified by affinity on Protein G chromatography (HiTrap, GeHealthcare) with glycine 0.1M
pH 2.8 elution buffer. Purified antibody was dialyzed in PBS and concentrated. They were

quantified by sandwich ELISA and tested in activity assay against CD127 antigen.

Example 13. Study of anti-IL7Ra antibodies on IL-7 on different in vivo

inflammatory disease models

[185] With the aim to examine the effect of an antagonist antibody in the induction of colitis in
humanized NSG mice, we conducted a series of experiments in the TNBS model, which have
shown a measurable effect. The use of haptens such as the TNBS (2, 4, 6, trinitrobenzene
sulfonic acid) allows to induce an immunological model mimicking (Nancey et al., 2008). Colitis
is induced in mice by intrarectal administration of TNBS (Sigma Chemical, L’lsle d'Abeau
Chesne, France) dissolved in ethanol at day 0 in four humanized mice. Initially, the mice are
anesthetized by inhalation of a gas mixture. On day 7, the animals were sacrificed under
anesthesia by CO2 intoxication for several studies (data not shown). Some animals were

sacrificed before day 7 because of their bad clinical score.
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[186] Two new groups of mice were therefore treated with either PBS or with injections of 210
uL at 0.7 mg/mL of an N13B2 anti-IL7Ra every 2 days starting the day before TNBS treatment.

Similar analyses were performed to those made in the development of the model.

[187] We then tested N13B2 antibody efficacy in a humanized graft-versus-host disease
(GVHD) mice model. This model mimics a global inflammatory disease. Some 7 to 12 weeks old
NOD/scid/IL-2Ry-/- (NSG) mice (Charles River, L’arbresle, France) were irradiated (3Gy) and
infused intraperitonealy (i.p.). with 50 million human PBMC from healthy donors as described
previously by Poirier et al., 2012. Animals were then maintained in aseptic conditions and were
monitored three time per week for weight evolution and clinical evaluation. A control group was
left untreated after infusion of cells and a treatment group received, from day 0 and three times
per week, i.p injections of 5 mg/Kg of chimeric N13B2 mAb. GVHD diagnosis was given to a
mouse upon a 20% weight loss. Animals found to have more than 25 % weight loss, and
animals surviving after 100 days from day 0 were euthanized. After euthanasia, colon, intestine,
liver and lung tissues were frozen in liquid nitrogen and Tissu-tek for histological analysis.
Frozen sections (10 uym) from these tissues were air dried at room temperature for 1h before
acetone fixation for 10 min at room temperature and then stained with hematoxylin and eosin

solution. Results are presented in Figure 25 and Figure 26.

Example 14. Analysis of various clinical parameters

[188] Survival (Figure 9A): we assessed the survival rate according to the chemical treatment
and the use of the anti-IL7Ra antibody. The percentage of survival tends to be more important
for the Hu-TNBS + IL7Ra group than for HU-TNBS + PBS group (Figure 9A). Indeed, we
observed that 100% of the mice of Hu-TNBS group + IL7Ra survive up to 5 days while in the
Hu-TNBS + PBS group, three animals had to be euthanized before J5.

[189] Weight (Figure 9B): in the TNBS treated groups from day 0 of the intra rectal injection of
5% TNBS / ethanol 50%, we observed a decrease in weight up to 20% for both groups.
However, in the Hu-TNBS + IL7Ra group, the animals gained weight from J3 while in the Hu-
TNBS + PBS group, weight loss continued (Figure 9B). It is important to note that the mice had
to be sacrificed to collect biological data and a protocol in the longer term would confirm the

weight regain.

[190] Survival (Figure 25): we assessed the survival rate according to injection of human
PBMC (GvHD development) and the use of the anti-IL7Ra antibody N13B2. The rate of
surviving animals is 30% better when animals are treated with antibody than in control animals
(100% death rate of control animals after 60 days). This resuls shows that the N13B2 antibody
protects against GvHD and death.
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[191] Tissues infiltrate (Figure 26): colon, intestine, liver and lung from dead and surviving
animals (but euthanized) treated or not were histologically analyzed for their inflammatory cell
infiltrate rate (histological score was determined). We observed that the colon of the animal
treated with N13B2 contained less cell infiltrate than the control. No difference was observed in

intestine, liver and lung between both conditions.

[192] Animals treated with the N13B2 showed 30% survival rate compared to the control. The
cell infiltrate characterizing the inflammation is unmodified by the treatment in the intestine, liver
and lung tissues showing that in this model of inflammation the N13B2 does not protect against
the inflammation in these tissues. However, N13B2 induced a 50% decrease of the cell infiltrate
in colon. This effect could be correlated with the activity of the N13B2 antibody on a4(7 integrin
expression as presented Figure 19 and 20. Indeed, a4B7 integrin is known to play an important
role in homing of activated lymphocytes to the gut. So the decrease of the expression of the
integrin induced by N13B2 antibody may be responsible for the decrease of cell infiltrate
observed in the colon (Figure 26). It should be emphasized that the apparent absence of
protection in other tissues could be specific to the model used here, and should not lead to the
conclusion that the protective effect of the antibody is limited to the colon. In particular, the
much higher survival of treated animals shows that the protective effect of the antibody has a

strong positive impact on the overall condition of the animals.

Example 15. In vivo efficiency of non-internalized CD127 antibody
Animals

[193] Baboons (Papio anubis, from the CNRS Primatology Center, Rousset, France) were
negative for all quarantine tests, including a tuberculin skin test. Animals were housed at the
large animal facility of our laboratory following the recommendations of the Institutional Ethical
Guidelines of the Institut National de la Santé Et de la Recherche Médicale, France. All
experiments were performed under general anaesthesia with Zoletil (Virbac, Carron, France).
Pharmacokinetic and pharmacodynamic studies were performed during DTH experiments on
five baboons receiving an i.v. bolus of either 10 mg/kg of N13B2-IgG1 or N13B2-IgG4 or
MD707-13-1gG4.

BCG vaccination and DTH assay

[194] According to Poirier et al, (Poirier et al., 2011), Baboons were immunized intradermally
(i.d.) twice with a bacillus Calmette—Guérin (BCG) vaccine (0+1 ml; 2-8 ¥ 105 UFS; Sanofi
Pasteur MSD, Lyon, France) in the upper region of the leg, 4 and 2 weeks before the DTH skin

test. To investigate antigen-specific T cell immunity before DTH skin testing, successful
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immunization was confirmed by interferon (IFN)-g enzyme-linked immunospot (ELISPOT) assay
(non-human primate IFN-g ELISPOT kit; R&D Systems, Minneapolis, MN, USA) on freshly
isolated PBMC, according to the manufacturer’s instructions. Intradermal reactions (IDR) were
performed with duplicate intradermal injections of two doses (1000 Ul or 2000 Ul) of tuberculin-
purified protein derivative (PPD; Symbiotics Corporation, San Diego, CA, USA) in 0.1 ml in the
skin on the right back of the animals. Saline (0.1 ml) was used as a negative control. Dermal
responses at the injection sites were measured using a caliper square. The diameter of each
indurated erythema was measured by two observers from days 3-8, and were considered
positive when > 4 mm in diameter. The mean of the reading was recorded. Skin biopsies from
the DTH or control (saline) site were performed at day 4 on one duplicate and placed in Tissue
Tek optimal cutting temperature (OCT) compound (Sakura Finetek, Villeneuve d’Ascq, France)
for immunohistochemical analysis. A second IDR was performed after a 3-week washout period
and animals received one i.v. injection of either 10mg/kg of chimeric CD127 antibodies (N13B2-
IgG1 or N13B2-1gG4 or MD707-13-1gG4) 1 day before this second challenge with PPD. A third
IDR was performed after a further 3—6-week washout period and animals were left untreated. In
some cases, a fourth IDR was performed after another 3-month washout period and animals

were also left untreated.

Example 16. a4B37 expression at T cell surface in vitro and in vivo on mice model:

[195] To measure IL7 induced o437 expression at the T cell surface, human T-lymphocyte
were stimulated for 9 days at 37°C, with IL7 (AbD Serotec, ref PHP046) at 5ng/ml. Reaction
was stopped a 4°C, and washed before stained with PerCP/Cy5-labelled anti-a4 (BD
Bioscience 563644 clone 9F10 ) and PE-labelled anti-37 (BD Bioscience, clone FIB504).
Positive cells for a4 integrin and then B7 positive cells were measured by flowcytometry. N13B2
humanized antibody was added at day 0 to the cell culture at different concentration from 0.01

to 20 ug/ml

[196] In-vivo, 40 x 10° human peripheral blood mononuclears cells were injected
intraperitonealy in irradiated immunodeficient mice (NOD/SCID/ IL-2 receptor gamma-chain
knock-out mice). Two weeks after treatment with control buffer (n=5) or N13B2 mAb (5 mg/kg,
n=5), the percentage of B7-positve T lymphocytes in the blood was measured by flow cytometry
and engraftment of B7-positve human T lymphocytes was measured by flow cytometry. This
engraftment was measured by flow cytometry by discriminating human CD45 positive cell from
mouse CD45 positive cells using specific antibodies (PECy7 anti-humanCD45 from BD
reference 57748 and PerCPCy5.5 anti-mouse CD45 from BD reference 550994) then human 37

positive cells were analysed (BD Bioscience, clone FIB504).

Example 17. Antibody profiling using peptide microarray
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[197] The peptide Technologies' PepStarTM peptide microarrays comprise purified synthetic
peptides derived from antigens or other sources that are chemoselectively and covalently
immobilized on a glass surface. An optimized hydrophilic linker moiety is inserted between the
glass surface and the antigen-derived peptide sequence to avoid false negatives caused by
sterical hindrance. For technical reasons all peptides contain a C-terminal glycine. Profiling

experiments of samples were performed on a peptide library consisting of 52 peptides. The

59

complete list of peptides is shown below:

PCT/EP2015/062993

Table 9. List of peptides used in peptide microarray assays
SEQ SEQ SEQ
Sequence Sequence Sequence
ID ID ID
58 |ESGYAQNGDLEDA|76 94 |HDVAYRQEKDENK
FIETKKFLLIGKSNI
EL WT
59 |AQNGDLEDAELDD|77 95 |YRQEKDENKWTHV
KKFLLIGKSNICVKV
YS NL
60 |DLEDAELDDYSFS |78 |LIGKSNICVKVGEK (96 |KDENKWTHVNLSS
CY S TK
61 |AELDDYSFSCYSQ |79 [SNICVKVGEKSLTC |97 |KWTHVNLSSTKLTL
LE K L
62 |DYSFSCYSQLEVN |80 [VKVGEKSLTCKKID |98 |VNLSSTKLTLLQRK
GS L L
63 |SCYSQLEVNGSQH|81 99 |STKLTLLQRKLQPA
EKSLTCKKIDLTTIV
SL A
64 |QLEVNGSQHSLTC |82 100 |TLLQRKLQPAAMYE
TCKKIDLTTIVKPEA
AF I
65 |NGSQHSLTCAFED |83 101 |RKLQPAAMYEIKVR
IDLTTIVKPEAPFDL
PD S
66 |HSLTCAFEDPDVN |84 102 |PAAMYEIKVRSIPD
TIVKPEAPFDLSVIY
TT H
67 |CAFEDPDVNTTNL |85 |PEAPFDLSVIYREG |103 |YEIKVRSIPDHYFK
EF A G
68 |DPDVNTTNLEFEIC|86 |FDLSVIYREGANDF |104 |VRSIPDHYFKGFWS
G \ E
69 |NTTNLEFEICGALV |87 [VIYREGANDFVVTF |105 |PDHYFKGFWSEWS
E N PS
70 |LEFEICGALVEVKC |88 |[EGANDFVVTFNTS |106 |[FKGFWSEWSPSYY
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L HL FR
71 |ICGALVEVKCLNFR|89 |DFVVTFNTSHLQKK 107 |[WSEWSPSYYFRTP
K Y El
72 |LVEVKCLNFRKLQ |90 |TFNTSHLQKKYVKV 108 |SPSYYFRTPEINNS
El L S
73 |KCLNFRKLQEIYFI |91 |SHLQKKYVKVLMH (109 |YFRTPEINNSSGEM
E DV D
74 92 |KKYVKVLMHDVAY
FRKLQEIYFIETKKF
RQ
75 |QEIYFIETKKFLLIG |93 |KVLMHDVAYRQEK
DE

[198] A total of 9 samples were incubated on microarray slides using a Multiwell-format. For
N13B2 antibody and the other samples, 4 different concentrations were applied (10, 1, 0.1 et
0.01 pg/ml). One negative control incubation (secondary antibody only) was performed in
parallel. Human and mouse IgG proteins were co-immobilized alongside each set of peptides to
serve as assay controls. All incubations were performed in parallel using two slides. Two
peptide-mini-arrays on each slide were used as a control incubation by applying the
fluorescence labelled detection antibody alone to assess false-positive binding to the peptides.
After washing and drying of the slides they were scanned with a high-resolution laser scanner at
635 nm to obtain images of fluorescence intensities. The images were quantified to yield a
mean pixel value for each peptide. Secondary antibody anti-rat 1IgG (JIR 212-175-082) labeled
with Cy5 at 1ug/ml. Buffers and solutions The buffer used were TBS-buffer including 0.05%
Tween20 (JPT) and Assay buffer T20 (Pierce, SuperBlock TBS T20, #37536). Acquisition and
analysis were performed using Peptide microarrays (JPT Peptide Technologies GmbH, Berlin,
Germany; batch #2668, Multi-Well incubation chamber, Axon Genepix Scanner 4200AL, Spot-

recognition software GenePix and Microsoft Excel, R

Example 18. Epitope mapping by mass spectrometry analysis

[199] Mass spectrometry was used to identify a conformational epitope. Sequencing of the
epitope was done using a MALDI mass spectrometer. This instrument allows a peptide
sequence between 800 and 4000 Da. Digestion of the protein of interest allows cutting the
protein into small fragments (potential epitopes). Ideally, the digestive enzyme must cut as close
as possible to the borders of the epitope. Choosing the digestion enzyme is to be made
according to the enzyme cutoff frequency in the sequence of the recombinant protein. A second
digestion is considered to reduce the size of the epitopes obtained at the end of the first

digestion. Depending on the selected enzyme, the profiles differ significantly. The enzyme
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having the best distribution of digests on the sequence is chymotrypsin. A second enzyme with

a proper cut-off frequency and well distributed on the sequence of interest is Glu C.

[200] Since the epitope is conformational, preference is given to the digestion of the complex
during affinity chromatography. The identification of the sequence of interest is based on the
protection of the epitope against enzymatic digestion by the formation of antigen-antibody
complex. After passage through affinity chromatography and digestion, the fragments of the
epitope are eluted and sequenced by mass spectrometry (MALDI-TOF-TOF Bruker). The 3D

structure of the protein of interest is available and is compared to the results obtained.

[201] Uniprot P16871 [21-239] (Seq ID No:114): corresponds to the Topological domain of the

Homo Sapiens Interleukin-7 receptor subunit alpha:

ESGYAQNGDLEDAELDDYSFSCYSQLEVNGSQHSLTCAFEDPDVNTTNLEFEICGALVEVKCL
NFRKLQEIYFIETKKFLLIGKSNICVKVGEKSLTCKKIDLTTIVKPEAPFDLSVIYREGANDFVVTFN
TSHLQKKYVKVLMHDVAYRQEKDENKWTHVNLSSTKLTLLQRKLQPAAMYEIKVRSIPDHYFK
GFWSEWSPSYYFRTPEINNSSGEMD

[202] In silico, CD127 digestion enzyme choices (see underlined amino acids above in the
sequence corresponding to Seq ID No:114): Chymotrypsin was chosen as a digestion enzyme.
The cutting sites (bold lines), the peptide number, the frequency of the cuts are suitable. Glu-C
enzyme was chosen as a second digestion enzyme. The number of peptides obtained with a
weight comprised between 800 and 4000 Da is suitable. The frequency of Glu-C cuts and the
location of cutting sites (thin line) are suitable. The procedure used is conventional and well-

known to the skilled person and is described in Suckau et al, 1990 and Papac et al, 1994.

[203] Material and Reagents: Masse spectrometry MALDI-TOF/TOF Il de Bruker; Hi-trap NHS
columns (Ref: 17-0716-01 —GE healthcare); Chymotrypsine (Ref:11418467001 —Roche); Glu C
(Ref:11420399001 —Roche); Zip/TIP C18 (Ref:ZTC18S096-Millipore); Ammonium bicarbonate
(Ref: 09830 —Sigma); Glycine (Ref:G7126 —Sigma); NaCl (Ref : 27800.360 —VWR).

[204] Phase 1 : Digestion of the free protein and antibody in solution. Digestion in solution of
free antigen and antibody by chymotrypsin or Glu C for 1h, 2h, 3h, 4h, 5h and overnight at room
temperature or 37 °C. The analysis of the digested peptides was performed by Mass
spectrometric (MS) of the digested peptides. These experiments allow to establish the suitable
conditions of enzymatic digestions (time and temperature). The aim is to have sufficient
digestion of the antigen, while impacting the structure of the antibody as little as possible.
Optimal conditions were determined to be: Chymotrypsin digestion: 1 hour at room temperature;
Glu-C digestion: overnight at 37 ° C. Each digest of the antigen and antibody is analyzed by
mass spectrometry MALDI-TOF / TOF.
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[205] Phase 2 : Total digestion of the complex whole tied Ac + whole antigen. The coupling of
the anti-CD127 monoclonal antibody N13B2-G1 (batch 210415) was performed on of Hi-Trap
NHS column following the standard procedure. The antigen immunocapture on the column was
performed during 1 h, allowing the formation of antigen-antibody complex. N13B2-G1 Antibody
coupling efficiency on the four columns Hi-Trap NHS ware as follows: 84%, 84%, 83% and

83%. Consistent and identical coupling yields were obtained.

[206] Digesting the complex was performed in the ratio 1/50, or 1 mg of enzyme for 50 mg of
antibody, at a temperature and for the duration determined by the controls mentioned
above.The column is then washed with the wash buffer (ammonium bicarbonate 25 mM) to
remove and recover the unbound antigen peptides. A washing step in buffered saline (PBS-2M
NaCl) is also performed to remove nonspecific peptides. After washing, elution is performed
with an eluting solvent (50 mM Glycine pH 2) to specifically extract and recover the specifically

bound peptides (which are predicted to correspond to the epitope).

[207] MALDI Analysis: washing and elution fractions are concentrated by hydrophobic
chromatography on a C18 matrix. They are then analyzed by mass spectrometry MALDI-TOF /
TOF. MS analysis can precisely measure the mass of peptides and comparing the experimental
masses with the theoretical masses of peptides derived from the digestion in silico of the free
antigen allows identification of the peptides; MS / MS analysis can be performed to confirm the

sequence of a peptide if necessary.

[208] The spectrum of the eluate after chymotrypsin digestion reveals the presence of
peptides with a mass of: 912.49; 1086.47; 1843.03; 2104.16; 1944.97; 1564.73; 1835.97;
2022.05; 2424,22et 2858,42Da, which may correspond to antigen peptides in Table 10 below.

Table 10. Peptides obtained after chymotrypsin digestion (sequences protected

from proteolysis)

Mass (Da) Sequence SEQ ID No:
912,49 FIETKKF 115
1843,03 RKLQEIYFIETKKF 118
2104,16 NFRKLQEIYFIETKKF 119
1944,97 DLSVIYREGANDFVVTF 120
1564,73 VVTENTSHLQKKY 121
1835,97 EIKVRSIPDHYFKGF 122
2022,05 EIKVRSIPDHYFKGFW 123
242422 EIKVRSIPDHYFKGFWSEW 124
2858,42 EIKVRSIPDHYFKGFWSEWSPSY 125
1086,47 FKGFWSEW 126
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[209] The spectrum of the eluate after Glu-C digestion reveals the presence of digestive
peptides of our protein of interest with a mass of 1200.43; 1309.68; 2108.97; 2191.04; 2699.43;
3170,68et 3264,70Da may correspond to the antigen peptides in Table 11 below.

Table 11. Peptides obtained after Glu-C digestion (sequences protected from
proteolysis)
Mass (Da) Sequence SEQ ID No:
2699,43 IYFIETKKFLLIGKSNICVKVGE 127
3264,70 KSLTCKKIDLTTIVKPEAPFDLSVIYRE 128
2191,04 LTTIVKPEAPFDLSVIYRE 129
1309,68 APFDLSVIYRE 130
3170,68 NKWTHVNLSSTKLTLLQRKLQPAAMYE 131
2108,97 IKVRSIPDHYFKGFWSE 132

[210] The two digestions allowed us to identify three sites (Table 12 below) involved in the
interaction between hN13B2 and CD127 antigen. Peptides derived from the salt buffer washes

were excluded to restrict the sequences of interest.

Table 12. Sequences of the human CD127 peptides protected by N13B2 against

proteolysis

A (SEQ ID No:115) | FIETKKF

B (SEQ ID No:116) | DLSVIY

C (Seq ID No: 117) | FKGF

[211] The epitope mapping of the N13B2 antibody on the antigen CD127 showed 3 different
sequences important for the antibody activity on IL7/CD127 pathway (Figure 27). With the 3D
crystallography analysis of the IL7/CD127 interaction (McElroy et al, Structure 2009, PDB:3DI2),
two of the sequences (Seq ID N°115 and ID N° 117) are structurally closed and are located in
the region involved in the binding of the IL7 with CD127. The third identified sequence (seq ID
N°116) is located in the site 2b of the D2 domain of the receptor, domain predicted to interact
with CD132, the gamma chain of the receptor (Walsh et al, 2012). N13B2 recognizes a
conformational epitope on CD127 located in 2 parts of the protein that inhibits the IL7-CD127
interaction and the CD127-CD132 heterodimer formation. The binding of the N13B2 must
destabilize the formation of the "ternary IL7Ra/IL7/g-chain complex" as predicted by Walsh ST,

which block the internalization of the complex.

Example 19. Results

[212] As previously described (Henriques et al., 2010), IL-7 alone induces rapid internalization
(30-40%) of IL-7 receptor alpha chain (CD127) at the surface of T lymphocytes, which is
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required for IL-7 mediated signaling. Here we described that N13B2 mAb prevents the IL-7-
induced internalization of CD127 and does not induce this internalization by itself (Figure 16). In
contrast, we described that anti-human CD127 1A11 clone from GSK (patent application
WO02011094259) dramatically decreases the expression of CD127 at the surface of T
lymphocytes when applied alone or in combination with IL-7 at 37°C (Figure 16). This effect was
observed using different staining with several commercial anti-IL7R antibodies (eBioRDR5 and
MB15-18C9, data not shown). After intravenous administration of chimeric N13B2 mAb
(formatted with a human 1gG1 or IgG4 Fc-domain) at 10 mg/Kg in non-human primates, we did
not measure reduction of CD127 expression at the surface of T-lymphocytes over a 2-week
period of follow-up (Figure 17B). In contrast, in other non-human primates treated in parallel
intravenously with 10 mg/kg of the anti-human CD127 MD707-13 clone (formatted with human
IgG4 Fc-domain; W0O2013/056984), we observed a significant decrease (60%) of CD127 at the
surface of T-lymphocytes (Figure 17B). This internalization of CD127 after binding of anti-
human CD127 mAb on T-lymphocytes, was also previously published by a Pfizer group, where
they described that their anti-human CD127 mAb (clone HAL-H3L4, US Patent 8,637,273)
significantly induces CD127 internalization ex-vivo on human and non-human primate blood
cells, as well as in-vivo after intravenous administration in non-human primates (Kern et al.,
2013).

[213] In a recent publication by Kern et al. (Kern et al., 2015), the CD127 occupancy was
studied and competition assays were performed. The anti-CD127 HIL-7R-M21 clone from BD
biosciences was shown to compete with HAL/Ab1 antibody (from Pfizer group) for the binding to
CD127. As shown in Figure 16 of the present invention, the HAL antibody (clone H3L4, US
patent 8637273) was compared to N13B2 and 1A11 in terms of CD127 expression and
internalization. These results showed a competition between the HAL antibody and the HIL-7R-
M21 patent, confirming the data of Kern et al, 2015. However, N13B2 does not compete with
HIL-7R-M21. Kern et al. also showed that HAL/Ab1 by itself induces an in vivo down regulation
of CD127 expression at the cell surface from 4 to 8 days after injection. Those results are
comparable with the results presented Figure 17B of the present invention with the MD707-13
clone. Figure 17B shows a down regulation of CD127 expression at the cell surface 4 to 10
days after injection of the antibody. This in vivo effect can be correlated with the in vitro MD707-

13-dependent internalization of CD127 into the cell observed as well.

[214] The epitope study by peptide microarray and mass spectrometry identified a
conformational epitope recognized by N13B2 on CD127. This epitope is located in domains D1
and D2, in contrast with the antibodies of the prior art which recognize an epitope located only
in D1 (Example 17). Furthermore, Figure 16 shows that prior art antibodies induce

internalization of CD127, while N13B2 does not. We therefore conclude that the property of the
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N13B2 not to induce the CD127 internalization is correlated with its property to recognize an

epitope located in both domains D1 and D2.

[215] Altogether, these results and previous reported showed that anti-human CD127 mAbs
(1A11 clone, HAL/Ab1 and H3L4 clones and MD707-13 clone) described to block the binding of
IL-7 on IL-7 receptor, also induce IL-7 receptor alpha chain internalization which was associated
and required for IL-7 receptor signaling. In contrast and in a surprising manner, N13B2 mAb has
the unique property not to induce CD127 internalization and it prevents such internalization
induced by IL-7. These results have to be correlated with the observation that CD127-
internalization inducer mAb (for example MD707-13 clone), which are effective in vitro to
prevent IL-7 receptor signaling (for example STAT5S phosphorylation, Figure 14B), are not able
in vivo to prevent memory cellular (Figure 21) or humoral (Figure 22) immune responses. In
contrast, we described that N13B2 mAb, which effectively blocks IL-7 receptor signaling (STAT5S
phosphorylation) but does not induce CD127 internalization ex vivo on human T lymphocytes
and in vivo in non-human primates, prevents delayed-type hypersensitivity memory cellular
responses (Figure 21) as well as immunization against xenogeneic sheep red blood cells
(Figure 22). While no difference was observed between isotype of N13B2 on the control of
memory humoral response, we noticed that 1gG4-formatted N13B2 was more effective to
prevent memory cellular responses as compared to IgG1. No difference in term of mAb
exposure and serum concentrations was observed between MD707-13-treated and N13B2-
treated animals. Similarly, we observed also a significant increase of regulatory T lymphocytes
in animals treated with either N13B2 or MD707-13 mAb (Figure 22).

[216] Human IL-7 induced strong expression of a4 and B7 integrins in vifro on human T
lymphocytes and dramatically increased the frequency of human T lymphocytes expressing o4,
B7 and a4/B7 integrins (Figure 19A), which are required for T lymphocytes homing and retention
in non-lymphoid tissues such as intestine, brain and skin (Gorfu et al., 2009, DeNucci et al.,
2009). Accordingly, we observed that N13B2 mAb dose-dependently inhibits in vitro both
expression of a4 and 37 as well as decreases the frequency of a4-positive and a4/B7-positive
human T lymphocytes (Figure 19B). Similarly, after transferred from human peripheral blood
mononuclear cells into immunodeficient mice, we observed that the N13B2 antibody
significantly and rapidly decreases the percentage of the B7-positive T lymphocytes as well as
the number (i.d. engraftment) of these cells after one (data not shown) and two weeks of
treatment (Figure 20). Results obtained in two different models of inflammation show that the
N13B2 anti-IL7Ra antibody could be an efficient treatment against inflammatory diseases and in

particular in colitis.

Example 20. Generating a conformational epitope
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[217] CLIPS peptides may be used to adequately mimic the native secondary and tertiary
structure of the antigen in the aim to translate these CLIPS peptides into active and potent
immunogens that induce the desired antibodies (Boshuizen et al, 2014). The CLIPS technology
involves the (multiple) cyclization of linear peptides via reaction with a small rigid entity
(chemical scaffold) that carries 2,3 or 4 anchor points. The anchors react exclusively with one
type of functionalities of the peptide (i.e. thiols) and attaches to the peptide via multiple covalent
bonds. The peptide folds around the scaffold and looses flexibility while slowly adopting a well-
defined three-dimenstional structure, with the scaffold entity in the center like the “spider in the

web”.

[218] The technology makes use of fully synthetic, tailor-made scaffolds. CLIPS scaffolds vary
mainly in size, polarity, rigidity, solubility, functionality, and ‘SS-spanning’ distance. These
scaffolds are used to affix the loose ends of the peptide. When positioned appropriately within
the peptide sequence, the resulting CLIPS peptide is likely to resemble much better the 3D-
structure of the corresponding region on the intact protein as compared to the linear sequence.
The CLIPS-cyclizations can be performed on native L-cysteine residues, but also on artificially
introduced D- and L-(homo)cysteines at virtually any desired position in the sequence. Hence,
the structure and dimensions of the CLIPSed peptides can be varied at will. The cyclization
reaction lasts no longer than 30 min, runs at room temperature and does not require any sort of
catalysis. Moreover, it can be applied under fully aqueous conditions and neutral pH (7.5-8.0)
and is therefore compatible with highly sensitive biological systems, like bacterial phages.
Finally, the reaction can be run at high-dilution conditions (10-100 yM), which promotes high
yields of cyclic products and avoids polymerization. This technology is highly versatile, and

unique for its ease of application.

[219] In an attempt to reconstruct both linear and discontinuous epitopes for anti-receptor
antibody, linear multi-mer overlapping peptides are synthesized directly onto credit-card-sized
polypropylene plates with the C terminus covalently coupled to the bottom of each 3ul well (455
wells per plate), and each well containing a different peptide. Within each of the single-domain
peptides, a cyclized dicysteine bridge was formed to insert a constrained loop in the plate-
attached peptides. Teeling et al, 2006, explain how to generate cyclized peptides with peptides
of interest in the aim to reconstitute discontinuous epitope recognized by the antibody of
interest. Briefly, plate-bound dicysteine containing peptides are first synthesized with cysteines
spaced at between 4 and 13 aa along the peptide, for example, CXXXXC-plate,
XXXCXXXXCXXX XX Xplate, or CXXXXC-plate, etc. The peptides are then cyclized by treating
with a,a-dibromoxylene in aqueous solution to provide cysteine loops containing different
numbers of amino acids. This chemical modification provides more stable loops, than do
disulfide bridges. (Niederfellner et al, 2011)
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Example 21. Co-immunoprecipitation of CD127 and yc

[220] To test the effect of the N13B2 and of prior art antibodies on the binding of CD127 to the
vc chain, a coimmunoprecipitation experiment was performed in cells stimulated by IL-7 and
incubated in the absence of antibodies or in the presence of MD707-13 or of N13B2 antibodies.
In the absence of antibodies, CD127 and yc were shown to coimmunoprecipitate. The
incubation of cells with MD707-13 did not prevent this coimmunoprecipitation, while the
incubation with N13B2 led to the absence of such coimmunoprecipitation. Our antibody
therefore is capable of disrupting the binding of CD127 to the yc chain, while antibodies of the

prior art do not have such a feature.

[221] To co-immunoprecipitate complex CD127-CD132-IL7 in presence of anti-CD127, human
PBL were incubated with rat anti-hCD127 antibody (rat N13B2 or MD707-13 at 10ug/ml) for
30min at 37°C, before stimulating with IL7 (AbD Serotec, ref PHP046) at S5ng/ml for 15min at
37°C. Reaction was stopped at 4°C, and washed twice with cold-PBS before adding lysis buffer

from co-immuprecipitation kit (Pierce Direct IP kit, ref 26148).

[222] A purification column anti-human CD127 was prepared with the co-immuprecipitation kit
(Pierce Direct IP kit, ref 26148). The column was coupled with 75ug of a non-competing rat anti-
human CD127 (Effimune, MD707-9), following the procedure recommended by the
manufacturer. The lysate was pre-purified on a non-coupled column in order to remove
unspecific binder. Then, lysate was added on the anti-CD127 column and incubated 2h at 4°C,
on rolling agitation. The column was washed twice with washing buffer, and then was eluted

with elution buffer. Recovered sample were analysed by Western Blot.

[223] For Western Blot, SDS-Page gel was prepared (10% for resolving, 4% for stacking gel,
with 1.5mm thickness) and 50pl of denaturated eluate (for denaturation: DTT 0.1M and 10min at
95°C) was adding in each well. CD127Fc (Sino Biologicals, Beijing, China; reference 10975-
HO8H) and CD132Fc¢ (Sino Biologicals, Beijing, China; reference 10555-H02H) recombinant
protein was added (5ug/well) as a control for western blot detection. After migration for 1h30 at
200V, and transfer on nitrocellulose membrane for 35min at 20V, saturation was performed for

2h at room-temperature in 5% milk.

[224] To start detection, rabbit anti-human CD132 antibody (anticorps-en-ligne, France,
reference ABIN741840) is added at 1/50 overnight at 4°C, then revealed with peroxidase-
labeled goat anti-rabbit (Jackson Immunoresearch, reference 111-035-144) at 1/2000 for 1h at
room-temperature. After dehybridization, the membrane was incubated with rat anti-human
CD127 antibody (Effimune, MD707-9) at 1/200 overnight at 4°C, and revealed with peroxidase-
labeled donkey anti-rat antibody (Jackson Immunoresearch, reference 712-035-153) at 1/1000

for 1h at room-temperature. For each revelation, ECL (Thermo Scientific, reference 34080) was
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used to detect peroxidase by chemiluminescence, and the results was read on Fuji 4000

camera.

[225] Figure 28 shows the results of the co-immunoprecipitation of the CD127/IL7/CD132
complex. We observed that the CD132 chain (60 KDa) co-immunoprecipitates with CD127 in
any conditions except when cells are incubated with the N13B2 antibody (28A). However, in
each condition CD127 (70KDa) is well immunoprecipitated by de MD707-9 antibody as shown
by Figure 28B indicating that N13B2 and MD707-13 did not compete with MD707-9 for the
recognition of the CD127. The N13B2 antibody inhibits the complex formation of CD127/CD132
in the presence of IL-7. These results are consistent with the epitope mapping of the N13B2
antibody on CD127, showing that N13B2 binds an amino acid sequence within site 2b in
domain D2 of the IL7R alpha chain (Walsh et al, Immunol rev. 2012).

[226] Altogether these results showed that N13B2 antibody is an antagonist of the IL7/CD127
interaction as well as an antagonist of the CD127/CD132 interaction at site 2b in the presence
of IL-7, which could explain the inhibitory activity of the antibody against the internalization of
CD127 observed with IL7 and/or anti-CD127 antibodies from the prior art.

The following numbered embodiments constitute preferred embodiments of the

invention.

1. An antibody or an antigen-binding fragment of an antibody or an antigen-binding
antibody mimetic which binds specifically to CD127 and does not induce the

internalization of CD127.

2. An antibody or antigen-binding fragment or mimetic thereof, in particular according to

embodiment 1, which inhibits IL7-induced internalization of CD127.

3. An antibody or antigen-binding fragment or mimetic thereof according to embodiment 1
or 2 wherein the cell surface expression of CD127 in IL-7 treated cells in the presence of
antibody or fragment is at least 80 %, preferably at least 90 % of its level in cells

incubated in the absence of antibody.

4. An antibody or antigen-binding fragment thereof which binds specifically to CD127 and

thereby disrupts the binding of CD127 to the yc common chain of cytokine receptors.

5. An antibody or antigen-binding fragment thereof according to any of embodiments 1 to 3,
which disrupts the binding of CD127 to the y¢c common chain of cytokine receptors when
bound to CD127.

6. An antibody or antigen-binding fragment thereof according to any of embodiments 4 or

5, in the presence of which the amount of yc bound to CD127 is less than 80 %,
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preferably less than 50 %, even more preferably less than 25 % or 10 % of said amount
measured in the absence of antibodies in otherwise identical conditions, in particular
when said measurement is performed on cell lysates comprising CD127-containing
molecular complexes from intact cells expressing the IL7 receptor at the cell surface,

incubated in the presence or absence of said antibodies.

7. An antibody or antigen-binding fragment or mimetic thereof according to any of the

above embodiments, which is an antagonist of IL-7R signaling induced by IL-7.

8. An antibody or antigen-binding fragment or mimetic thereof, in particular according to
any of the above embodiments, which specifically binds and/or has been raised against

an antigen according to any of embodiments 53 to 67or the epitope of said antigen.

9. An antibody or antigen-binding fragment or mimetic thereof, which binds specifically to
CD127, in particular according to any of the above embodiments, which does not

increase the maturation of dendritic cells induced by TSLP.

10. An antibody or antigen-binding fragment or mimetic thereof according to any of the

above embodiments which inhibits the expression of a4, 37 and/or a4/B7 integrins.

11. An antibody or antigen-binding fragment or mimetic thereof according to embodiment 10
which inhibits the expression of o4, B7 and/or o4/B7 integrins in vivo, in particular in

human T cells injected in an immunodeficient mouse.

12. An antibody or antigen-binding fragment or mimetic thereof, which binds specifically to
CD127, in particular according to any of the above embodiments, comprising a VH chain

comprising at least one of the following amino acid sequences:

e VHCDR1 SEQ ID No:10;

e VHCDR2 SEQ ID No:12;

e VHCDRS3 SEQ ID No:14 or SEQ ID No:48; or
e VH SEQID No:22

and/or a VL chain comprising at least one of the following amino acid sequences:

e VLCDR1 SEQ ID No:16 or SEQ ID No:50;
e VLCDR2 SEQ ID No:18 or SEQ ID No0:52;
e VLCDRS3 SEQ ID No:20; or
e VL SEQID No:24.

13.An antibody or a fragment or mimetic thereof according to embodiment 12 which
comprises at least two, three, four or five CDR sequences selected from the group
consisting in VHCDR1 SEQ ID No:10, VHCDR2 SEQ ID No:12, VHCDR3 SEQ ID No:14
or SEQ ID No:48 , VLCDR1 SEQ ID No:16 or SEQ ID No:50, VLCDR2 SEQ ID No:18 or
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SEQ ID No:52 and VLCDR3 SEQ ID No:20.

An antibody or a fragment or mimetic thereof according to embodiment 13 which
comprises all six CDR sequences VHCDR1 SEQ ID No:10, VHCDR2 SEQ ID No:12,
VHCDR3 SEQ ID No:14 or SEQ ID No:48, VLCDR1 SEQ ID No:16 or SEQ ID No:50,
VLCDR2 SEQ ID No:18 or SEQ ID No:52 and VLCDR3 SEQ ID No:20.

An antibody according to embodiment 14 wherein

- the VH chain consists in the VH chain with the sequence of SEQ ID No:2 or of SEQ
ID No:6 or of SEQ ID No:54 or comprises the sequence of SEQ ID No:22 or of SEQ
ID No:36 or of SEQ ID No:38 or of SEQ ID No:40; and

- the VL chain consists in the VL chain with the sequence of SEQ ID No:4 or of SEQ
ID No:56 or comprises the sequence of SEQ ID No:24 or of SEQ ID No:42 or of SEQ
ID No:44 or of SEQ ID No:46.

An antibody according to any of the above embodiments which is a chimeric antibody or

a humanized antibody or a deimmunized antibody.

An antibody according to embodiment 13 which is a humanized and deimmunized
antibody, wherein the heavy chain has the sequence of SEQ ID No:52 and the light
chain has the sequence of SEQ ID No:54.

A macromolecule which is a chimeric molecule comprising an antibody or an antigen-
binding fragment or mimetic thereof according to any of the above embodiments,
wherein said antibody is associated with a functionally different molecule, said chimeric
molecule being either a fusion chimeric protein or a conjugate resulting from covalent

attachment of a chemical group or molecule, such as a PEG polymer or a labelled

antibody.
A macromolecule according to any of the above embodiments, which is an affitin or an
anticalin.
A macromolecule, in particular an antibody or antigen-binding fragment or mimetic

thereof, according to any of the above embodiments which binds CD127 with a Kd lower

than 5E-10 M, especially lower than 1E-10 M, especially lower than 5E-11 M.

21.A macromolecule, in particular an antibody or antigen-binding fragment or mimetic

22.

thereof, according to any of the above embodiments which exhibits cytotoxic activity

towards CD127-positive cells.

A macromolecule, in particular an antibody or antigen-binding fragment or mimetic
thereof, according to any of the above embodiments which does not increase the

maturation of dendritic cells induced by TSLP, wherein the increase in dendritic cell
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maturation induced by TSLP is assessed by determining an elevated expression of cell
surface marker CD40 and / or CD80 in TSLP receptor-positive cells treated with TSLP

and with said macromolecule compared to cells treated with TSLP alone.

A macromolecule, in particular an antibody or antigen-binding fragment or mimetic
thereof, according to embodiment 22 wherein the expression of CD80 is elevated by no
more than 25 %, preferably no more than 10 %, in TSLP receptor-positive cells treated

with TSLP and with said macromolecule, compared to cells treated with TSLP alone.

A macromolecule, in particular an antibody or antigen-binding fragment or mimetic
thereof, according to embodiment 23 wherein the expression of CD80 is not elevated or
is decreased in TSLP receptor-positive cells treated with TSLP and with said

macromolecule, compared to cells treated with TSLP alone.

A macromolecule, in particular an antibody or antigen-binding fragment or mimetic
thereof according to embodiment 22 wherein the expression of CD40 is elevated by no
more than 50 %, preferably no more than 25 %, in TSLP receptor-positive cells treated

with TSLP and with said macromolecule compared to cells treated with TSLP alone.

A macromolecule, in particular an antibody or antigen-binding fragment or mimetic
thereof, according to embodiment 25 wherein the expression of CD40 is not elevated or
is decreased in TSLP receptor-positive cells treated with TSLP and with said

macromolecule, compared to cells treated with TSLP alone.

A nucleic acid molecule encoding an antibody or antigen-binding fragment thereof, or

macromolecule of any of the above embodiments.

A nucleic acid molecule according to embodiment 27 which encodes an amino acid
chosen from the group consisting of SEQ ID No:2; SEQ ID No:4; SEQ ID No:6; SEQ ID
No:8; SEQ ID No:10;SEQ ID No:12;SEQ ID No:14;SEQ ID No:16;SEQ ID No:18;SEQ ID
No:20; SEQ ID No:22; SEQ ID No:24; SEQ ID No:36; SEQ ID No:38; SEQ ID No:40;
SEQ ID No:42; SEQ ID No:44; SEQ ID No:46; SEQ ID No:48; SEQ ID No:50; SEQ ID
No:52; SEQ ID No:54 and SEQ ID No:56.

A nucleic acid molecule according to embodiment 28 which is chosen from the group
consisting of SEQ ID No:1; SEQ ID No:3; SEQ ID No:5; SEQ ID No:7; SEQ ID
No0:9;SEQ ID No:11;SEQ ID No:13;SEQ ID No:15; SEQ ID No:17; SEQ ID No:19; SEQ
ID No:21; SEQ ID No:23; ; SEQ ID No:35; SEQ ID No:37; SEQ ID No:39; SEQ ID No:41;
SEQ ID No:43; SEQ ID No:45; SEQ ID No:47; SEQ ID No:49; SEQ ID No:51; SEQ ID
No:53 and SEQ ID No:55.

A vector for the cloning and/or for the expression of a polynucleotide of any of

embodiments 27 to 29, especially a plasmid, suitable for cloning and/or expressing in
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mammalian cells.

A cell or a cell line recombined with a polynucleotide according to any of embodiments

27 to 30, especially a mammalian cell or cell line.

A pharmaceutical composition comprising a macromolecule, in particular an antibody or
antigen-binding fragment or mimetic thereof, according to any of embodiments 1 to 26,
with a pharmaceutical vehicle, wherein said pharmaceutical composition optionally

comprises a further, different, active ingredient.

A pharmaceutical composition comprising as a therapeutically active ingredient a
macromolecule, in particular an antibody or antigen-binding fragment or mimetic thereof,
according to any of embodiments 1 to 26 or a pharmaceutical composition of
embodiment 32 in a formulation suitable for controlling dendritic cell

differentiation/maturation when administered to a human patient.

A pharmaceutical composition of embodiments 32 or 33, which further comprises an
additional compound having a therapeutic immunomodulator effect in particular on cells
involved in an autoimmune disease or an allergic disease, leukemia such as acute
lymphoblastic leukemia, lymphoma, a cancer disease, a chronic viral infection,

inflammatory diseases, transplantation, respiratory diseases or autoimmunity.

A macromolecule, in particular an antibody or antigen-binding fragment or mimetic
thereof according to any of embodiments 1 to 26 or a nucleic acid of any of
embodiments 27 to 30 or a cell or cell line of embodiment 31 for use as a therapeutically
active ingredient in a combination or in an add-on therapeutic regimen in a patient in

need thereof.

A macromolecule, in particular an antibody or antigen-binding fragment or mimetic
thereof according to any of embodiments 1 to 26 or a nucleic acid of any of
embodiments 27 to 30 or a cell or cell line of embodiment 31 or a pharmaceutical
composition of any of embodiments 32 to 34 for use in the treatment of a patient, in

particular a human patient, with a disease.

A macromolecule, in particular an antibody or antigen-binding fragment or mimetic
thereof according to any of embodiments 1 to 26 or a nucleic acid of any of
embodiments 27 to 30 or a cell or cell line of embodiment 31 or a pharmaceutical
composition of any of embodiments 32 to 34 for use in the treatment of a patient, in

particular a human patient, at risk of a disease.

A macromolecule, nucleic acid, cell, cell lines or pharmaceutical composition for use
according to embodiment 36 and / or embodiment 37, wherein the disease is an

autoimmune disease, in particular rheumatoid arthritis, multiple sclerosis, type |
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diabetes, autoimmune thyroiditis and lupus.

A macromolecule, nucleic acid, cell, cell lines or pharmaceutical composition for use
according to embodiment 36 and / or embodiment 37, wherein the disease is an

inflammatory disease, in particular IBD and encephalomyelitis.

A macromolecule, nucleic acid, cell, cell lines or pharmaceutical composition for use
according to embodiment 36 and / or embodiment 37, wherein the disease is an allergic

disease.

A macromolecule, nucleic acid, cell, cell lines or pharmaceutical composition for use
according to embodiment 36 and / or embodiment 37, wherein the disease is a cancer

disease.

A macromolecule, nucleic acid, cell, cell lines or pharmaceutical composition for use
according to embodiment 36 and / or embodiment 37, wherein the disease is a

respiratory diseases.

A macromolecule, nucleic acid, cell, cell lines or pharmaceutical composition for use
according to embodiment 36 and / or embodiment 37, wherein the disease is related to,

in particular is a consequence of, transplantation.

A method of treatment comprising the administration of a macromolecule, in particular
an antibody or antigen-binding fragment or mimetic thereof according to any of
embodiments 1 to 26 or a nucleic acid of any of embodiments 27 to 30 or cell or cell line
of embodiment 31 or pharmaceutical composition of embodiments 32 to 34 in a patient

with or at risk of a disease.

A method of treatment according to embodiment 44, wherein the disease is an
autoimmune disease, in particular rheumatoid arthritis, multiple sclerosis, type |

diabetes, autoimmune thyroiditis and lupus.

A method of treatment according to embodiment 44, wherein the disease is an

inflammatory disease, in particular IBD and encephalomyelitis.

A method of treatment according to embodiment 44, wherein the disease is an allergic

disease.

A method of treatment according to embodiment 44, wherein the disease is a cancer

disease.

A method of treatment according to embodiment 44, wherein the disease is a respiratory

diseases.

A method of treatment according to embodiment 44, wherein the disease is related to, in
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particular is a consequence of, transplantation.

51. A macromolecule, in particular an antibody or antigen-binding fragment or mimetic
thereof according to any of embodiments 1 to 26 or a nucleic acid of any of
embodiments 27 to 30 or a cell or cell line of embodiment 31 or a pharmaceutical
composition of any of embodiments 32 to 34 for use in the treatment of a patient, in
particular a human patient, in need of transplantation and / or about to be transplanted

and / or in a transplanted patient.

52. A method of treatment comprising the administration of a macromolecule, in particular
an antibody or antigen-binding fragment or mimetic thereof according to any of
embodiments 1 to 26 or a nucleic acid of any of embodiments 27 to 30 or cell or cell line
of embodiment 31 or pharmaceutical composition of embodiments 32 to 34 in a patient
in need of transplantation and / or about to be transplanted and / or in a transplanted

patient.

53. An antigen wherein the epitope comprises or consists of sequences from site 2b of
CD127, in particular comprising at least 3, 4, 5, 6 or 7 consecutive amino acids from site
2b of CD127.

54. An antigen according to embodiment 53, wherein the epitope comprises or consists of
sequences from the site consisting of amino acids 109 to 127 of SEQ ID No:114, in
particular from the site consisting of amino acids 110 to 125, 112 to 125, 112 to 120, in

particular comprising at least 3, 4, 5, 6 or 7 consecutive amino acids from said site.

55. An antigen according to any of embodiments 53 or 54, wherein the epitope comprises at
least 3, 4, 5, 6 or 7 consecutive amino acids of CD127, said consecutive amino acids

comprising P112 and/or L115.

56. An antigen according to any of embodiments 53 to 55, wherein the epitope consists of or
comprises the sequence of SEQ ID No:116, in particular comprises the sequence of
SEQ ID No:86.

57.An antigen according to any of embodiments 53 to 56, wherein the epitope also
comprises sequences, in particular at least 3, 4, 5, 6 or 7 consecutive amino acids, from
the D1 domain of CD127, in particular from amino acids 1-98 of SEQ ID No:114.

58. An antigen according to embodiment 57, wherein the epitope comprises the sequence of
human CD127 comprising or consisting of the sequence of SEQ ID No:115, in particular

comprising or consisting of SEQ ID No:110

59. An antigen according to any of embodiments 53 to 58, wherein the epitope also

comprises sequences, in particular at least 3, 4, 5, 6 or 7 consecutive amino acids, from
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amino acids 180-220 of SEQ ID No:114, in particular wherein said sequences from
amino acids 180-220 of SEQ ID No:114 consists of or comprises the sequence of SEQ

ID No:117, in particular comprises or consists of SEQ ID No:111.

60. An antigen according to any of embodiments 53 to §9, wherein the epitope consists of

orcomprises the sequences of human CD127 consisting of:
the sequence of SEQ ID No:110 or the sequence of SEQ ID No:115;
the sequence of of SEQ ID No:111 or the sequence of SEQ ID No:117; and
the sequence of SEQ ID No:86 or the sequence of SEQ ID No:116.

61. An antigen according to any of embodiments 53 to 60, wherein the epitope does not
comprise more than 3, 4 or 5 consecutive amino acids from the sequence of amino acids
99-108 of SEQ ID No:114 and/or does not comprise more than 3, 4 or 5 consecutive
amino acids from the sequence of amino acids 128-179 of SEQ ID No:114, and/or does
not comprise more than 3, 4 or 5 consecutive amino acids from the sequence of amino
acids 220-239 of SEQ ID No:114, in particular does not comprise more than 3, 4 or 5

consecutive amino acids from any of said amino acid sequences of SEQ ID No:114.

62. An antigen according to any of embodiments 53 or 60, wherein the epitope sequence of
human CD127 comprising SEQ ID No:110 does not extend to comprise the amino acids
adjacent to said sequence in the sequence of human CD127 by more than 1 N-terminal

amino acid or by more than 7 C-terminal amino acids.

63. An antigen according to embodiment 61, wherein the epitope sequence of human
CD127 comprising SEQ ID No:110 does not extend to comprise any of the N-terminal
and/or C-terminal amino acids adjacent to said sequence in the sequence of human
CD127.

64. An antigen according to any of embodiments 53 to 63, wherein the epitope sequence of
human CD127 comprising SEQ ID No:111 does not extend to comprise the amino acids
adjacent to said sequence in the sequence of human CD127 by more than 30 N-terminal

amino acid or by more than 30 C-terminal amino acids.

65. An antigen according to embodiment 64, wherein the epitope sequence of human
CD127 comprising SEQ ID No:111 does not extend to comprise any of the N-terminal
and/or C-terminal amino acids adjacent to said sequence in the sequence of human
CD127.

66.An antigen according to any of embodiments 53 to 65, wherein the epitope is a
conformational epitope, in particular wherein the peptides from CD127 comprised in said

epitope are in a conformation which mimics the conformation of the corresponding
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peptides in the native CD127 or the extracellular domain thereof, in particular in CD127
in its monomeric form without ligand, in its form bound to yc and/or in its form bound to
IL7.

67.An antigen according to embodiment 66, wherein the epitope is a conformational

epitope, in which the peptides from CD127 are bound to a rigid molecular backbone
which maintains them in the desired conformation, in particular such an antigen obtained

using the CLIPS technology. .

68. An epitope as defined in any of embodiments 53 to 67.

69. A nucleic acid encoding an antigen as defined by any of embodiments 53 to 67.

70. A method of manufacturing an antibody comprising immunizing a non-human animal

against an antigen as defined in any of embodiments 53 to 67.

71. A method of selecting an antibody, a fragment of an antibody or an antibody mimetic, in

particular an antibody obtained as in embodiment 70 of fragment of mimetic thereof,
comprising a step of assaying the binding capacity of said antibody to at least one
antigen as defined in any of embodiments 53 to 67, in particular wherein said method
comprises several successive such steps, each step assaying the binding capacity to a

distinct peptide consisting of a single contiguous sequence of CD127.

72.A method of selecting a macromolecule, in particular an antibody, in particular an

antibody obtained as in embodiment 70, or an antigen-binding fragment or mimetic of
such an antibody, comprising or consisting of a step of testing the binding capacity of the
macromolecule to CD127, in particular to an antigen thereof as defined in any of
embodiments 53 to 67 and optionally selecting macromolecules according to

embodiment 20.

73. A method of selecting a macromolecule according to any of embodiments 71 or 72,

74.

75.

wherein the antigen comprises several non-contiguous peptides of CD127 and wherein
the method comprises several steps, each of said step consisting of testing the binding

capacity of the macromolecule to one of said peptides of CD127.

A method, in particular according to any of embodiments 71 to 73, of selecting a
macromolecule, in particular an antibody, in particular an antibody obtained as in
embodiment 70, or an antigen-binding fragment or mimetic of such an antibody,
comprising or consisting of the step of testing the internalization of CD127 in CD127-
expressing cells induced by the presence of the macromolecule.

A method, in particular according to any of embodiments 71 to 74, of selecting a

macromolecule, in particular an antibody, in particular an antibody obtained as in
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embodiment 70, or an antigen-binding fragment or mimetic of such an antibody,
comprising or consisting of the step of testing the inhibition by the macromolecule of IL7-
induced internalization of CD127 in CD127-expressing cells and optionally selecting
macromolecules according to embodiment 3.

76. A method, in particular according to any of embodiments 71 to 75, of selecting a
macromolecule, in particular an antibody, in particular an antibody obtained as in
embodiment 70, or an antigen-binding fragment or mimetic of such an antibody,
comprising or consisting of the step of assaying the capacity of said macromolecule to
disrupt, by its binding to CD127, the binding of CD127 to the yc chain.

77. A method, in particular according to any of embodiments 71 to 76, of selecting a
macromolecule, in particular an antibody, in particular an antibody obtained as in
embodiment 70, or an antigen-binding fragment or mimetic of such an antibody,
comprising or consisting of the step of testing the increase of the maturation of DCs
induced by TSLP in the presence of the macromolecule and optionally selecting
macromolecules according to any of embodiments 22 to 26.

78. A method according to any of embodiments 71 to 77, further comprising one or more of
the following steps:

a. Testing the inhibition by the macromolecule of IL-7 induced signalling, in
particular STAT5 phosphorylation;

b. Testing the inhibition by the macromolecule of TSLP-induced production of
TARC;

c. Testing the inhibition by the macromolecule of the expression of a4, 37 and/or

od/B7 integrin expression, in particular cell surface expression on T-lymphocytes.
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Claims

1. An antibody or an antigen-binding fragment of an antibody or antigen-binding antibody
mimetic which binds specifically to CD127 and which recognizes an epitope comprising

a sequence taken from the 2b site of CD127.

2. An antibody or an antigen-binding fragment of an antibody or antigen-binding antibody
mimetic which binds specifically to CD127 and does not induce the internalization of
CD127 and/or inhibits IL7-induced internalization of CD127.

3. An antibody or antigen-binding fragment thereof which binds specifically to CD127 and

thereby disrupts the binding of CD127 to the yc common chain of cytokine receptors.

4. An antibody or an antigen-binding fragment of an antibody or antigen-binding antibody
mimetic according to claim 1 which (i) does not induce the internalization of CD127
and/or inhibits IL7-induced internalization of CD127 and/or (ii) disrupts the binding of

CD127 to the yc common chain of cytokine receptors when bound to CD127.

5. An antibody or an antigen-binding fragment of an antibody or antigen-binding antibody
mimetic according to claim 2 which disrupts the binding of CD127 to the y¢ common

chain of cytokine receptors when bound to CD127.

6. An antibody or antigen-binding fragment or mimetic thereof according to any of claims 1

to 5, which is an antagonist of IL-7R signaling induced by IL-7.

7. An antibody or antigen-binding fragment or mimetic thereof which specifically binds, in
particular with a Kd lower than 5E-10 M, especially lower than 1E-10 M, especially lower
than 5E-11 M, and recognizes the epitope sequence of human CD127 comprising or
consisting of the the sequence of SEQ ID No:116 (or SEQ ID No:86) and of sequence of
SEQ ID No:110 (or SEQ ID No:115) and / or of SEQ ID No:111(or SEQ ID No:117), in
particular comprising or consisting of the sequences of SEQ ID No:110 and of SEQ ID
No:111,

i. wherein the epitope sequence of human CD127 comprising SEQ ID No:110 does
not extend to comprise the amino acids adjacent to said sequence in the sequence
of human CD127 by more than 1 N-terminal amino acid or by more than 7 C-

terminal amino acids; and/or

i. wherein the epitope sequence of human CD127 comprising SEQ ID No:111 does
not extend to comprise the amino acids adjacent to said sequence in the sequence
of human CD127 by more than 30 N-terminal amino acid or by more than 30 C-

terminal amino acids.
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10.

11.

12.
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An antibody or antigen-binding fragment or mimetic thereof according to any of claims 1
to 6 which binds specifically to CD127 and does not increase the maturation of dendritic
cells induced by TSLP.

An antibody or antigen-binding fragment or mimetic thereof according to any of claims 1
to 8 which binds specifically to CD127, comprising a VH chain comprising at least one of

the following amino acid sequences:

e VHCDR1 SEQ ID No:10;

e VHCDR2 SEQ ID No:12;

e VHCDR3 SEQ ID No:14 or SEQ ID No:48; or
e VH SEQID No:22

and/or a VL chain comprising at least one of the following amino acid sequences:

e VLCDR1 SEQ ID No:16 or SEQ ID No:50;

e VLCDR2 SEQ ID No:18 or SEQ ID No:52;

e VLCDRS3 SEQ ID No:20; or

e VL SEQID No:24;

in particular comprising at least two, three, four or five CDR sequences selected from the
group consisting in VHCDR1 SEQ ID No:10, VHCDR2 SEQ ID No:12, VHCDR3 SEQ ID
No:14 or SEQ ID No:48 , VLCDR1 SEQ ID No:16 or SEQ ID No:50, VLCDR2 SEQ ID
No:18 or SEQ ID No:52 and VLCDR3 SEQ ID No:20.

An antibody according to claim 9 wherein

- the VH chain consists in the VH chain with the sequence of SEQ ID No:2 or of SEQ
ID No:6 or of SEQ ID No:54 or comprises the sequence of SEQ ID No:22 or of SEQ
ID No:36 or of SEQ ID No:38 or of SEQ ID No:40; and

- the VL chain consists in the VL chain with the sequence of SEQ ID No:4 or of SEQ
ID No:56 or comprises the sequence of SEQ ID No:24 or of SEQ ID No:42 or of SEQ
ID No:44 or of SEQ ID No:46.

An antibody according to any of claims 1 to 10 which is a chimeric antibody or a
humanized antibody or a deimmunized antibody, in particular a humanized and
deimmunized antibody wherein the heavy chain has the sequence of SEQ ID No:52 and
the light chain has the sequence of SEQ ID No:54.

A macromolecule which is a chimeric molecule comprising an antibody or an antigen-
binding fragment or mimetic thereof according to any of claims 1 to 11, wherein said
antibody is associated with a functionally different molecule, said chimeric molecule
being either a fusion chimeric protein or a conjugate resulting from covalent attachment

of a chemical group or molecule, such as a PEG polymer or a labelled antibody.
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13. A nucleic acid molecule encoding an antigen, antibody, antigen-binding fragment or
mimetic thereof, or macromolecule according to any of claims 1 to 12, in particular an
amino acid chosen from the group consisting of SEQ ID No:2; SEQ ID No:4; SEQ ID
No:6; SEQ ID No:8; SEQ ID No:10;SEQ ID No:12;SEQ ID No:14;SEQ ID No:16;SEQ ID
No:18;SEQ ID No0:20; SEQ ID No:22; SEQ ID No:24; SEQ ID No:36; SEQ ID No:38;
SEQ ID No0:40; SEQ ID No:42; SEQ ID No:44; SEQ ID No:46; SEQ ID No:48; SEQ ID
No:50; SEQ ID No:52; SEQ ID No:54 and SEQ ID No:56, in particular a nucleic acid
molecule which is chosen from the group consisting of SEQ ID No:1; SEQ ID No:3; SEQ
ID No:5; SEQ ID No:7; SEQ ID No:9;SEQ ID No:11;SEQ ID No:13;SEQ ID No:15; SEQ
ID No:17; SEQ ID No:19; SEQ ID No:21; SEQ ID No0:23; ; SEQ ID No:35; SEQ ID No:37;
SEQ ID No:39; SEQ ID No:41; SEQ ID No:43; SEQ ID No:45; SEQ ID No:47; SEQ ID
No:49; SEQ ID No:51; SEQ ID No:53 and SEQ ID No:55.

14. A pharmaceutical composition comprising a macromolecule, in particular an antibody or
antigen-binding fragment or mimetic thereof, according to any of claims 1 to 12, or a
nucleic acid according to claim 13 with a pharmaceutical vehicle, wherein said
pharmaceutical composition optionally comprises a further, different, active ingredient, in
particular an additional compound having a therapeutic immunomodulator effect in
particular on cells involved in an autoimmune disease or an allergic disease, leukemia
such as acute lymphoblastic leukemia, lymphoma, a cancer disease, a chronic viral

infection, inflammatory diseases, transplantation, respiratory diseases or autoimmunity.

15. A macromolecule, in particular an antibody or antigen-binding fragment or mimetic
thereof according to any of claims 1 to 12, or a nucleic acid according to claim 13 or a
pharmaceutical composition of claim 14 for use as a therapeutically active ingredient in a

combination or in an add-on therapeutic regimen in a patient in need thereof.

16. A macromolecule, in particular an antibody or antigen-binding fragment or mimetic
thereof according to any of claims 1 to 12 or a nucleic acid of claim 13 or a
pharmaceutical composition of claim 14 for use in the treatment of a patient, in particular
a human patient, in need of transplantation and / or about to be transplanted and / or in
a transplanted patient and/or a patient with or at risk of a disease, in particular an
autoimmune disease such as rheumatoid arthritis, multiple sclerosis, type | diabetes,
autoimmune thyroiditis or lupus, or an inflammatory disease such as inflammatory bowel
disease (IBD) and encephalomyelitis, or an allergic disease, or a cancer disease, or a

respiratory disease or a disease related to transplantation.

17. An antigen consisting of the epitope sequence(s) of human CD127 comprising or
consisting of the sequence of SEQ ID No:116 (or SEQ ID No:86) and of SEQ ID No:110
(or SEQ ID No:115) and / or of SEQ ID No:111 (or SEQ ID No:117), in particular
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comprising or consisting of the sequences of SEQ ID No:115 and of SEQ ID No:110 (or
SEQ ID No:115) and of SEQ ID No:111 (or SEQ ID No:117),

(i wherein the epitope sequence of human CD127 comprising SEQ ID
No:110 does not extend to comprise the amino acids adjacent to said
sequence in the sequence of human CD127 by more than 1 N-terminal

amino acid or by more than 7 C-terminal amino acids; and/or

(i) wherein the epitope sequence of human CD127 comprising SEQ ID
No:111 does not extend to comprise the amino acids adjacent to said
sequence in the sequence of human CD127 by more than 30 N-terminal

amino acid or by more than 30 C-terminal amino acids.

18. A method of manufacturing an antibody comprising immunizing a non-human animal

against an antigen as defined in claim 17.

19. A method of selecting an antibody, in particular an antibody obtained as in claim 18, an
antigen-binding fragment or mimetic of such an antibody or another macromolecule,

comprising or consisting of at least one of the following steps:

a. testing the binding capacity of the macromolecule to CD127, in particular to an
antigen thereof as defined in claim 17;

b. testing the internalization of CD127 in CD127-expressing cells induced by the
presence of the macromolecule;

c. testing the inhibition by the macromolecule of IL7-induced internalization of
CD127 in CD127-expressing cells;

d. testing the increase of the maturation of DCs induced by TSLP in the presence of
the macromolecule;

and optionally further comprising one or more of the following steps:

e. testing the inhibition by the macromolecule of IL-7 induced signalling, in particular
STATS phosphorylation;

f. testing the inhibition by the macromolecule of TSLP-induced production of TARC;

g. testing the inhibition by the macromolecule of the expression of o4, 37 and/or

od/B7 integrin expression, in particular cell surface expression on T-lymphocytes.
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VH-FcG1M (E333A) - DNA 10 /28
GCGGTGCAGCTGGTGGAGTCTGGGGGAGGCCTAGTGCAGCCTGGAGGGTC
CCTGAAACTCTCCTGTGCAGTCTCAGGATTCACTCTCAGTGACTATTACATGGC
CTGGGTCCGCCAGGCTCCAAAGAAGGGTCTGGAATGGGTCGCAACCATTAGT
GCCAGTGGGCTCAGAACTTACTATCCAGACTCCGTGAAGGGCCGCTTCACTAT
CTCCAGAGATGATGCAAAAAGGAGCCTCTTCCTGCAAATGACCAGTCTGAAGT
CTGAGGACACGGCCACTTATTACTGTGCAAGACCGATGTCTGCACACTATGGT
TTTAACTACTTTGATTACTGGGGCCAAGGAGTCATGGTCACAGTCTCCTCAgcta
gcaccaagggcccatcggtcttccecectggcaccctectccaagagcacctetgggggcacageggecctgggce
tgcctggtcaaggactacttccccgaaccggtgacggtgtecgtggaactcaggcgcecctgaccageggcegtgceac
accttccecggctgtectacagtecctcaggactctactcecctcagcagcegtggtgaccgtgecctccagcagettggg
cacccagacctacatctgcaacgtgaatcacaagcccagcaacaccaaggtggacaagaaagttgagcccaa
atcttgtgacaaaactcacacatgcccaccgtgcccagcacctgaactcctggggggaccgtcagtcttectcettce
ccccaaaacccaaggacaccctcatgatctcccggacccctgaggtcacatgegtggtggtggacgtgagecac
gaagaccctgaggtcaagttcaactggtacgtggacggcgtggaggtgcataatgccaagacaaagccgeggge
aggagcagtacaacagcacgtaccgtgtggtcagcgtcctcaccgtcctgcaccaggactggctgaatggcaag
gagtacaagtgcaaggtctccaacaaagccctcccagceccccatcgcgaaaaccatctccaaagccaaaggg
cagccccgagaaccacaggtgtacaccctgcccccatcccgggaggagatgaccaagaaccaggtcagcectg
acctgcctggtcaaaggcttctatcccagcgacatcgecgtggagtgggagagcaatgggcagecggagaaca
actacaagaccacgcctcccgtgctggactccgacggctccttcttcctctacagcaagcetcaccgtggacaagac
caggtggcagcaggggaacgtcttctcatgctccgtgatgcatgaggcetctgcacaaccactacacgcagaaga
gcctcteectgtctccgggtaaatga

VL-CLKAPPA - DNA
GACATCCAGATGACACAGTCTCCAGCTTCCCTGTCTGCATCTCTGGGAGAAAC
TGTCACCATCGAATGTCGAACAAGTGAGGACATTTACAATGGTTTAGCATGGTA
TCAGCAGAAGCCAGGGAAATCTCCTCAGCTCCTGGTCTATAGTGCAAATAGCT
TACATATTGGGGTCCCATCACGGTTCAGTGGCAGTGGATCTGGTACACAGTATT
CTCTCAAGATAAACAGCCTGCAATTTGAAGATGTCGCAAGTTATTTCTGTCAAC
AGTATTACGATTATCCGCTCGCGTTCGGTTCTGGGACCAAGCTGGAGATCAAA
CGGacggtggctgcaccatctgtcttcatcttcccgecatctgatgagcagttgaaatctggaactgcectctgttgtg
gcctgctgaataacttctatcccagagaggccaaagtacagtggaaggtggataacgccctccaatcgggtaact
cccaggagagtgtcacagagcaggacagcaaggacagcacctacagcctcagcagcaccctgacgctgage
aaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcectgagctcgeccgtcacas
agagcttcaacaggggagagtgttag

VH-FcG1M (E333A) - Protein
AVQLVESGGGLVQPGGSLKLSCAVSGFTLSDYYMAWVRQAPKKGLEWVATISASGLRTYYPDSVKGRF
TISRDDAKRSLFLOMTSLKSEDTATYYCARPMSAHYGFNYFDYWGQGVMVTVSSastkgpsvfplapssks
sggtaalgclvkdyfpepvtvswnsgaltsgvhtfpavigssglyslssvvtvpsssigtqtyicnvnhkpsntkvdkkvepkscd
kthtcppcpapellggpsvflfppkpkdtimisrtpevtcvvvdvshedpevkfnwyvdgvevhnaktkpreeqynstyrvy
svltvihgdwlngkeykckvsnkalpapiaktiskakgqprepqvytlppsreemtkngvsltclvkgfypsdiavewesngqg
pennykttppvldsdgsfflyskltvdksrwgggnvfscsvmhealhnhytgkslslspgk*

VL-CLKAPPA - Protein
DIQMTQSPASLSASLGETVTIECRTSEDIYNGLAWYQQKPGKSPQLLVYSANSLHIGVPSRFSGSGSGTQ
YSLKINSLQFEDVASYFCQQYYDYPLAFGSGTKLEIKRtvaapsvfifppsdeqlksgtasvvclinnfypreakvgw
kvdnalgsgnsgesvteqdskdstyslsstltlskadyekhkvyacevthgglsspvtksfnrgec*

Figure 10
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VH-FCG4M (S228P) - DNA 11 /28
GCGGTGCAGCTGGTGGAGTCTGGGGGAGGCCTAGTGCAGCCTGGAGGGT
CCCTGAAACTCTCCTGTGCAGTCTCAGGATTCACTCTCAGTGACTATTACAT
GGCCTGGGTCCGCCAGGCTCCAAAGAAGGGTCTGGAATGGGTCGCAACC
ATTAGTGCCAGTGGGCTCAGAACTTACTATCCAGACTCCGTGAAGGGCCGC
TTCACTATCTCCAGAGATGATGCAAAAAGGAGCCTCTTCCTGCAAATGACCA
GTCTGAAGTCTGAGGACACGGCCACTTATTACTGTGCAAGACCGATGTCTG
CACACTATGGTTTTAACTACTTTGATTACTGGGGCCAAGGAGTCATGGTCAC
AGTCTCCTCAgctagcaccaagggcccatcggtcttccecectggegecctgetccaggagceaccteeg
agagcacagccgccctgggcetgectggtcaaggactacttccccgaaccggtgacggtgtcgtggaactcag
gcgccctgaccagcggcegtgcacaccttcccggcetgtecctacagtcctcaggactctactcectcagcagegt
ggtgaccgtgccctccagcagcettgggcacgaagacctacacctgcaacgtagatcacaagcccagcaac
accaaggtggacaagagagttgagtccaaatatggtcccccatgcccaccatgcccagcacctgagttcctg
gggggaccatcagtcttcctgttccccccaaaacccaaggacactctcatgatctcccggacccectgaggtca
cgtgcgtggtggtggacgtgagccaggaagaccccgaggtccagttcaactggtacgtggatggegtggag
gtgcataatgccaagacaaagccgcgggaggagcagticaacagcacgtaccgtgtggtcagcegtcectcac
cgtcctgcaccaggactggctgaacggcaaggagtacaagtgcaaggtctccaacaaaggcectcccgtect
ccatcgagaaaaccatctccaaagccaaagggcagccccgagagcecacaggtgtacaccctgeccccate
ccaggaggagatgaccaagaaccaggtcagcctgacctgcctggtcaaaggcttctaccccagcgacatcg
ccgtggagtgggagagcaatgggcagccggagaacaactacaagaccacgcctcecgtgetggacteeg
acggctccttcttcctctacagcaggctaaccgtggacaagagcaggtggcaggaggggaatgtcttctcatg
ctccgtgatgcatgaggctctgcacaaccactacacacagaagagcctctccctgtctccgggtaaatga
VL-CLKAPPA - DNA
GACATCCAGATGACACAGTCTCCAGCTTCCCTGTCTGCATCTCTGGGAGAA
ACTGTCACCATCGAATGTCGAACAAGTGAGGACATTTACAATGGTTTAGCAT
GGTATCAGCAGAAGCCAGGGAAATCTCCTCAGCTCCTGGTCTATAGTGCAA
ATAGCTTACATATTGGGGTCCCATCACGGTTCAGTGGCAGTGGATCTGGTAC
ACAGTATTCTCTCAAGATAAACAGCCTGCAATTTGAAGATGTCGCAAGTTATT
TCTGTCAACAGTATTACGATTATCCGCTCGCGTTCGGTTCTGGGACCAAGCT
GGAGATCAAACGGacggtggctgcaccatctgtcttcatcttcccgecatctgatgagcagttgaaatct
ggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagtacagtggaaggtggataa
cgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacagcectc
agcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatc
agggcctgagctcgceccgtcacaaagagcticaacaggggagagtgttag

VH-FCG4M (S228P) - Protein
AVQLVESGGGLVQPGGSLKLSCAVSGFTLSDYYMAWVRQAPKKGLEWVATISASGLRTYYPDSVKG
RFTISRDDAKRSLFLOMTSLKSEDTATYYCARPMSAHYGFENYFDYWGQGVMVTVSSastkgpsvfpla
pcsrstsestaalgclvkdyfpepvtvswnsgaltsgvhtfpavlgssglyslssvvtvpssslgtktytcnvdhkpsntkvdk
rveskygppcppcpapeflggpsvflfppkpkdtimisrtpevtevvvdvsgedpevgfnwyvdgvevhnaktkpree
gfnstyrvvsviltvihgdwlngkeykckvsnkglpssiektiskakggprepqvytlppsqgeemtknqvsltclvkgfyps
diavewesnggpennykttppvldsdgsfflysrltvdksrwgegnvfscsvmhealhnhytgkslslspgk*
VL-CLKAPPA - Protein
DIQMTQSPASLSASLGETVTIECRTSEDIYNGLAWYQQKPGKSPQLLVYSANSL
HIGVPSRFSGSGSGTQYSLKINSLQFEDVASYFCQQYYDYPLAFGSGTKLEIKR
tvaapsvfifppsdeqlksgtasvvclinnfypreakvqgwkvdnalgsgnsqesvteqdskdstyslsstltiska
dyekhkvyacevthqglsspvtksfnrgec* Figure 11
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Fc sequences

Human IgG1 (Uniprot P01857):
ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFP
AVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTC
PPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYV
DGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPI
EKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQ
KSLSLSPGK

Human IgG2 (Uniprot P01859):
ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPA
VLQSSGLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCCVECPPC
PAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVOQFNWYVDGVE
VHNAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTIS
KTKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDISVEWESNGQPENN
YKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLS
LSPGK

Human IgG4 (Uniprot P01861):
ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPA
VLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPSCP
APEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVE
VHNAKTKPREEQFNSTYRVVSVLTVLHOQDWLNGKEYKCKVSNKGLPSSIEKTIS
KAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPEN
NYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLS
LSLGK

Rat IgG1 (Uniprot P20759) used in N13B2
AETTAPSVYPLAPGTALKSNSMVTLGCLVKGYFPEPVTVTWNSGALSSGVHTFP
AVLQSGLYTLTSSVTVPSSTWPSQTVTCNVAHPASSTKVDKKIVPRNCGGDCKP
CICTGSEVSSVFIFPPKPKDVLTITLTPKVTCVVVDISQDDPEVHFSWFVDDVEV
HTAQTRPPEEQFNSTFRSVSELPILHODWLNGRTFRCKVTSAAFPSPIEKTISKP
EGRTQVPHVYTMSPTKEEMTQNEVSITCMVKGFYPPDIYVEWQMNGQPQE
NYKNTPPTMDTDGSYFLYSKLNVKKEKWQQGNTFTCSVLHEGLHNHHTEKSL
SHSPGK

Figure 12
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