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Description

[0001] The present invention relates to antibodies
against the BAMBI (BMP and Activin Membrane Bound
Inhibitor) protein and the use thereof for the treatment
and prevention of inflammatory diseases. Therefore, the
present invention falls within the field of medicine.

STATE OF THE ART

[0002] Underthe name "autoimmune orchronicinflam-
matory" disease, there are currently more than 100 no-
sological entities that globally affect approximately 10%
of the world’s population (Shoenfeld Y et al. 2008 J Au-
toimmun 31:325). Autoimmune diseases are the result
of the action of multiple environmental agents on a spe-
cific genetic and/or epigenetic background. The accumu-
lation of all of these factors in an individual alters the
regulation of the immune response, causing aberrantim-
mune responses against external agents or the reaction
of the system against itself. The consequence is the de-
velopment of autoinflammatory and/or autoimmune dis-
eases.

[0003] Among the autoimmune diseases, rheumatoid
arthritis (RA), psoriasis, inflammatory bowel disease,
spondyloarthritis and systemic lupus erythematosus are
included, which share a series of etiopathogenic mech-
anisms, as well their response to similar or equal immu-
nomodulatory or immunosuppressive treatments. RA is
the most common autoimmune rheumatic disease.
[0004] Especially involved in autoimmune-based dis-
eases are CD4+ T lymphocytes, a term that refers to
multiple effector (TH1, TH2, TH17, TFH) or regulatory
(Treg, Tr1) sub-populations, basically defined by the cy-
tokine patterns they secrete (Zhu J et al. 2010 Annu Rev
Immunol 28:445; Zygmunt B et al. 2011 Adv Immunol
109:159). Alterations in the control of mechanisms that
regulate the differentiation and activation of the different
functional CD4+ T lymphocytes sub-populations have
been implied in the development of immune-based
pathologies. In this sense, some severe autoimmune dis-
eases have been associated with the uncontrolled in-
crease in the differentiation and/or functionality of TH17
lymphocytes (Réhn TA et al. 2006 Eur J Immunol
36:2857; Kebir H et al. 2007 Nat Med 13:1173; multiple
sclerosis or rheumatoid arthritis, among others) or TFH
(Tangye SG et al. 2013 Nat Rev Immunol 13:412; sys-
temic lupus erythematosus). On the other hand, the re-
duction in the number and/or suppressive activity of
Tregs cells is critical in IPEX syndrome, seen in patients
with foxp3 gene mutations (Bennett CL et al. 2001 Nat
Genet 27:20) or in scurfin-deficient mice (Khattri R et al.
2003 Nat. Immunol 4:337). US2007065446 provides pol-
yclonal antisera generated against an N-terminal frag-
ment of (human) BAMBI.

[0005] For the treatment of autoimmune diseases, im-
munosuppressive drugs with a low degree of specificity
have been used, and therefore they have multiple ad-
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verse side effects. More recently, cytokine-specific mon-
oclonal antibodies or soluble receptors of said factors
(globally known as biological drugs) have been used.
These compounds have an advantage in that they have
a high degree of specificity and the results obtained from
them have been very positive. However, the use of bio-
logical drugs is not exempt from serious side effects, and
furthermore, resistance appearance to the same is com-
mon, which forces the treatments to be stopped. There-
fore, it is essential to develop highly specific therapies
using monoclonal antibodies against new biological tar-
gets.

DESCRIPTION OF THE INVENTION

[0006] The present invention shows the use of mono-
clonal antibodies against BAMBI for the treatment and
prevention of autoimmune diseases, the same being ex-
emplified with recognized models of arthritis, psoriasis
and colitis.

[0007] References to methods of treatment in the sub-
sequent paragraphs of this description are to be inter-
preted as references to the compounds, pharmaceutical
compositions and medicaments of the present invention
foruse in a method for treatment of the human (or animal)
body by therapy (or for diagnosis).

[0008] In a first aspect the present invention relates to
a monoclonal antibody that specifically recognizes SEQ
ID NO: 1 or SEQ ID NO: 2.

[0009] The term "antibody", as used in the present in-
vention, relates to immunoglobulin molecules and immu-
nologically active portions (or fragments) ofimmunoglob-
ulin molecules. That is, it refers to molecules that specif-
ically bind (are immunoreactive) to an antigen, such as,
for example, a peptide or a protein (an immunogen or
epitope). The term "antibody" comprises monoclonal an-
tibodies and polyclonal antibodies, and in the present
invention the antibody is monoclonal, and it refers to an
antibody that is intact or to immunologically active frag-
ments of the same, and includes human, humanized and
non-human, recombinant, chimeric and synthetic anti-
bodies. In the context of this invention, the term antibody
refers to the immunoglobulin that the animal or a hybrid
cell has specifically synthesized against the sequence
described in the first aspect of the present invention.
[0010] Examples of portions or fragments of immuno-
logically active immunoglobulins include fragments F(ab)
and F(ab’)2, which can be generated by treating the an-
tibody with an enzyme, such as pepsin.

[0011] "Monoclonal antibodies" are homogenous pop-
ulations of identical antibodies, produced by a hybrido-
ma, that is, a hybrid cell that is the product of the fusion
of a clone of B lymphocytes descendant of a single and
unique stem cell and a plasma cell tumor, which are di-
rected against a specific site or antigenic determinant.
The method for obtaining monoclonal antibodies of the
invention can be carried out according to conventional
methods known in the state of the art. Optionally, said
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antibodies can be purified by conventional means, such
as affinity chromatography, protein A-Sepharose, hy-
droxyapatite chromatography, gel electrophoresis or di-
alysis.

[0012] Asis known by a person skilled in the art, there
are five isotypes or main classes of immunoglobulins:
immunoglobulin M (IgM), immunoglobulin D (IgD), immu-
noglobulin G (IgG) (which in turn have the following sub-
types in mice: 1gG1, 1gG2a, 1gG2b and 1gG3), immu-
noglobulin A (IgA) and immunoglobulin E (IgE). The mon-
oclonal antibodies included in the present invention are
clone B101-37 (IgG1) and clone B143-14 (IgM).

[0013] The antibody specifically recognizes the se-
quence SEQ ID NO: 1: murine BAMBI(109-133) peptide:
LHDVLSPSKSEASGQGNRYQHDSSR or SEQ ID NO:
2. human BAMBI peptide (109-133): LHDVLSPPR-
GEASGQGNRYQHDGSR.

[0014] A more preferred embodiment of the firstaspect
of the invention relates to the antibody wherein said an-
tibody is expressed from the cell line (hybridoma) depos-
ited in an international authority.

[0015] In aspecificembodimentthe antibody can com-
prise a detectable label. An even more preferred embod-
iment of the first aspect of the invention relates to the
antibody wherein said antibody is conjugated with a fluor-
ochrome, an enzyme, a gold particle, a nanoparticle, a
peptide or another protein of interest, for example a pro-
tein or peptide ligand of a receptor.

[0016] The term "detectable label" or "tackle" in the
present invention refers to a molecular tag that allows for
the detection, location and/or identification of a molecule
to which itis bound, by means of suitable detection meth-
ods and equipment, either by spectroscopic, photochem-
ical, biochemical, immunochemical or chemical means.
Examples of detectable labels for marking compounds
include, but are not limited to, radioactive isotopes, en-
zymatic substrates, cofactors, ligands, chemilumines-
cent agents, fluorophores, enzymes (for example perox-
idase), receptors and combinations thereof. In a specific
embodiment the antibody is marked with biotin, avidin,
streptavidin, alkaline phosphatase or horseradish perox-
idase (HRP). Methods for marking and guiding the se-
lection of suitable tackles for different purposes are
known by a person skilled in the art.

[0017] The monoclonal antibody can be biochemically
altered, by genetic manipulation or it can be synthetic; it
may also lack portions.

[0018] In a more preferred embodiment of the first as-
pect of the invention, the antibody specifically comprises
a heavy chain comprising the sequence SEQ ID NO: 3
and/or a light chain comprising the sequence SEQ ID
NO: 4.

[0019] In another more preferred embodiment of the
first aspect of the invention, the antibody comprises a
heavy chain which comprises the sequence SEQ ID NO:
5and/oralight chain which comprises the sequence SEQ
ID NO: 6.

[0020] In a preferred embodiment, the antibody is the
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antibody in the present invention named clone B101-37
(lgG1, k anti-BAMBI) and/or clone B143-14 (IgM, «k anti-
BAMBI).

[0021] In a specific embodiment, the present invention
alsorelates toa gene construction thatis able togenerate
the antibody of the first aspect of the present invention.
[0022] Theterm "identity", as used in this specification,
refers to the proportion of identical amino acids between
two compared peptides or proteins. The methods for
comparing sequences are known in the state of the art,
and include, but not limited to, the programs BLASTP or
BLASTN, ClustalWW and FASTA. We can consider that
peptides or proteins with percent identities of atleast 80%
will maintain the same properties as the sequence SEQ
ID NO: 1.

[0023] "Specific recognition", "specific binding" is un-
derstood as the binding (reaction, interaction or specific
binding) between the antibody of the invention and the
sequence described in the first aspect of the invention.

[0024] Asecondaspectofthe presentinvention relates
to an antiserum comprising the antibody of the firstaspect
of the invention.

[0025] The term "antiserum" relates to a serum ob-
tained after the immunization of an animal with an immu-
nogen. The antiserum comprises specific antibodies of
said immunogen generated after the immune response
produced in the animal. In the context of the present in-
vention, the immunogen is the peptide of SEQ ID NO: 1
or SEQ ID NO: 2, and the antiserum comprises specific
monoclonal antibodies generated against said se-
quence.

[0026] A third aspect of the present invention relates
to a cell that expresses the antibody of the first aspect of
the invention (hybridoma).

[0027] A fourth aspect of the present invention relates
to the use of the antibody of the first aspect of the inven-
tion or of the antiserum of the second aspect of the in-
vention for the inhibition of BMP and Activin Membrane
Bound Inhibitor (BAMBI).

[0028] A fifth aspect of the present invention relates to
the use of the antibody of the first aspect of the invention
or of the antiserum of the second aspect of the invention
for the manufacture of a medicament. Alternatively, the
present invention further relates to the antibody of the
first aspect of the invention or of the antiserum of the
second aspect of the invention, for use as a medicament.
[0029] A sixth aspect of the present invention relates
to the use of the antibody of the first aspect of the inven-
tion or of the antiserum of the second aspect of the in-
vention forthe manufacture ofa medicament for the treat-
ment or prevention of autoimmune diseases. Alternative-
ly, the present invention also relates to the antibody of
the first aspect of the invention or of the antiserum of the
second aspect of the invention for use as a medicament
for the treatment or prevention of autoimmune diseases.
[0030] In the present invention the term "autoimmune
disease" is understood as a disease in which the cells of
the immune system trigger a chronic inflammatory re-
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sponse in one or several tissues of the individual, causing
the deterioration or even destruction thereof. In the
present invention, the terms "autoimmune disease" and
"chronic inflammatory disease" are used interchangea-
bly.

[0031] The autoimmune disease is preferably autoim-
mune arthritis, inflammatory bowel disease, psoriasis,
spondyloarthritis or systemic lupus erythematosus. In an
even more preferred embodiment, the autoimmune ar-
thritis is recent-onset arthritis or rheumatoid arthritis.
[0032] For this reason, in a more preferred embodi-
ment of the sixth aspect of the invention, the autoimmune
diseases are chosen from the list consisting of. autoim-
mune arthritis, spondyloarthritis, psoriasis, systemic lu-
pus erythematosus, and inflammatory bowel disease.
Preferably, the inflammatory bowel disease is ulcerative
colitis or Crohn'’s disease.

[0033] In the present invention the term "autoimmune
arthritis" include both the terms "Rheumatoid Arthritis"
and "Undifferentiated Arthritis", regardless of whether it
is recent-onset or well-established arthritis.

[0034] In the present invention, "Recent-Onset Arthri-
tis Disability" (ROAD) (or early arthritis) is a disease con-
sisting of inflammation of at least one joint, in less than
one year of development, which complies with the pre-
established criteria by the American College of Rheuma-
tology (ACR) and EULAR of "Rheumatoid Arthritis or RA"
(Aletaha, Neogi et al. Ann Rheum Dis
2010;69:1580-1588) or, without complying with said cri-
teria, does not comply with criteria of other autoimmune,
degenerative or metabolic diseases that may explain the
symptoms. This last case is termed "Undifferentiated Ar-
thritis" (UA) which, in many cases, if left untreated, ends
up becoming RA. In this invention the terms ROAD, RA
or UA refer to a chronic and progressive systemic au-
toimmune disease which causes chronic inflammation,
primarily in the joints, and which, given the progressive
nature thereof, causes the destruction thereof, resulting
in deformation and loss of functional ability thereof. Fur-
thermore, this disease can cause extra-articular altera-
tions in different organs.

[0035] In the present invention the term "spondyloar-
thritis" is understood as any autoimmune disease, axial
and/or peripheral, which meets the classification criteria
of the Assessment of SpondyloArthritis International So-
ciety (ASAS) (Rudwaleit et al. Ann Rheum Dis
2011;70:25-31).

[0036] In the present invention, "systemic lupus ery-
thematosus" is understood as any systemic autoimmune
disease defined by the criteria of the American College
of Rheumatology (Tan et al. Arthritis
Rheum-1982;25:1271-1277).

[0037] Inthe presentinvention, the term "inflammatory
bowel disease" or "IBD" refers to chronic inflammation
ofthe intestinein an individual, wherein said inflammation
is due to the very immune system of the individual. The
two most common forms are ulcerative colitis and
Crohn’s disease. Therefore, in a preferred embodiment,
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the autoimmune disease is ulcerative colitis or Crohn’s
disease.

[0038] In the present invention, "psoriasis" is under-
stood as any skin disease that is characterized by an
improper functioning of the immune systemwhich causes
an excessive production of skin cells. This disease caus-
es the formation of red bumps covered by dry scales.
Furthermore, excessive cell production also causes the
infiltration of white blood cells on the skin. Generally, in-
juries are located in areas with the greatest friction, such
as, although not limited to, the elbows, knees or groin
area.

[0039] A seventh aspect of the present invention re-
lates to a pharmaceutical composition comprising the
monoclonal antibody of the first aspect of the invention
or of the antiserum of the second aspect of the invention.
[0040] In this specification, the term "pharmaceutical
composition" refers to any substance used for the diag-
nosis, prevention, alleviation, treatment or cure of a dis-
ease in ahuman being orin animals. The pharmaceutical
composition of the invention can be used alone orin com-
bination with other pharmaceutical compositions. In a
preferred embodiment, the pharmaceutical composition
further comprises a pharmaceutically acceptable carrier
or excipient.

[0041] Theterm"excipient"referstoasubstance which
helps the absorption of the pharmaceutical composition,
comprising the antibody of the invention, stabilizes said
pharmaceutical composition or helps in the manufacture
thereof in the sense of giving it consistency, form, flavor
or any other specific functional characteristic. Thus, ex-
cipients could have the function of keeping the ingredi-
ents bound together, such as for example starches, sug-
ars or celluloses, a sweetening function, a colorant func-
tion, a protection function, such as for example isolating
it from the air and/or moisture, a filler function for a tablet,
capsule or any other form of formulation, such as for ex-
ample dibasic calcium phosphate, a disintegrating func-
tion to facilitate the dissolution of the components and
their absorption, without excluding other types of excip-
ients not mentioned in this paragraph.

[0042] A "pharmaceutically acceptable carrier" (or
"pharmacologically acceptable") refers to any substance,
or combination of substances, known in the pharmaceu-
tical sector, used in the manufacture of pharmaceutical
forms of administration and includes, but is not limited
to, solids, liquids, solvents or surfactants. The carrier can
be an inert substance or have a similar action to any of
the compounds of the present invention, having the func-
tion of facilitating the incorporation of the drug as well as
other compounds, allowing for an improved dosage and
administration or providing consistency and form to the
pharmaceutical composition. When the dosage form is
liquid, the carrier is the diluent. The term "pharmacolog-
ically acceptable" refers to the fact that the compound
referred to is allowed and evaluated so that it does not
cause harm to the organisms to which it is administered.
[0043] The pharmaceutical composition of this inven-
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tion can be facilitated through any route of administration,
and as such, said composition shall be formulated in the
pharmaceutical form suitable to the chosen route of ad-
ministration.

[0044] Aneighthaspectofthe presentinventionrelates
to the in vitro use of the antibody of the first aspect of the
invention or of the antiserum of the second aspect of the
invention for the screening of drugs, preferably drugs for
the treatment or prevention of autoimmune diseases. The
autoimmune diseases are preferably chosen from a list
that consists of autoimmune arthritis, spondyloarthritis,
psoriasis, systemic lupus erythematosus, and inflamma-
tory bowel disease. More preferably the inflammatory
bowel disease is ulcerative colitis or Crohn’s disease.
[0045] The term "in vitro" relates to the fact that the
method of the invention is done outside of the body of
the subject. That is, it is done on a biological sample of
a subject.

[0046] In the present invention, the term "biological
sample" refers to any sample that allows for the screening
of drugs, and includes, but is not limited to, biological
fluids or tissues of an individual, obtained by means of
any method known by a person skilled in the art that
serves for said end. For example, the biological sample
could be, but is not limited to, a fluid sample, such as
blood, plasma, serum or tissue. The biological sample of
the present invention can be fresh, frozen, fixed or fixed
and paraffin embedded.

[0047] Inthe presentinvention the terms "subject" and
"individual" are used interchangeably. As used in the
present document, the term "subject" or "individual" re-
fers to all animals classified as mammals and includes,
butis not limited to, farm and domestic animals, primates
and humans, for example human beings, non-human pri-
mates, cows, horses, pigs, sheep, goats, dogs, cats or
rodents. Preferably, the subject is a human being, male
or female, of any age or race.

[0048] A ninth aspect, not covered by the claimed in-
vention, relates to a method for obtaining a monoclonal
antibody that recognizes an amino acid sequence com-
prising a peptide with at least an 80% identity with the
sequence SEQ ID NO: 1, comprising:

a. obtaining previously extracted serum from a non-
human animal immunized with a recombinant pro-
tein comprising an amino acid sequence comprising
a peptide with at least an 80% identity with the se-
quence SEQ ID NO: 1,

b. obtaining a hybridoma from step a) which gener-
ates specific monoclonal antibodies against an ami-
no acid sequence comprising a sequence with at
least an 80% identity with SEQ ID NO: 1.

[0049] In a more preferred embodiment of the ninth
aspect, the method further comprises a step (c) of iso-
lating the monoclonal antibody from the hybridoma gen-
erated in step (b).

[0050] In another more preferred embodiment of the

10

15

20

25

30

35

40

45

50

55

ninth, in step (a) the amino acid sequence is the se-
quence SEQ ID NO: 1 or SEQ ID NO: 2.

[0051] In an even more preferred embodiment of the
ninth aspect, the non-human animal is a mammal that is
chosen from a list consisting of pigs, chimpanzees, mice,
rats, rabbits and guinea pigs.

[0052] A tenth aspect of the present invention relates
to a kit and/or device, herein after shall be referred to "kit
of the invention" or "device of the invention", comprising
the antibody, the antiserum, the cell, as described in the
invention, and/or any combination thereof.

[00563] The kitand/ordevice of the invention can further
comprise, butis not limited to, probes, buffers, enzymes,
agents for preventing contamination, etc. On the other
hand, the kit can include all of the necessary supports
and containers for the start-up and optimization thereof.
The kit can further contain other proteins, including anti-
bodies or antigens, which serve as positive and negative
controls. Preferably, this kit further comprises the instruc-
tions for detecting the BAMBI protein, preferably by
means of an immunohistochemical assay, more prefer-
ably by means of ELISA, Western blot or immunofluo-
rescence.

[0054] Optionally, the antibody of the invention in the
kit is marked or immobilized.

[00565] The term "marked", as used in the present de-
scription, refers to the fact that the antibody is conjugated
with a label. A high nhumber of labels that can be conju-
gated to an antibody are known in the state of the art.
Examples of labels that can be used for marking an an-
tibody are, without limitation, radioisotopes (for example,
32P, 35S or 3H) fluorescent or luminescent markers [for
example, fluorescein isothiocyanate (FITC), rhodamine,
texas red, phycoerythrin (PE), allophycocyanin, 6-car-
boxyfluorescein (6-FAM), 2’,7’-dimethoxy-4’,5’-dichloro-
6-carboxyfluorescein (JOE), 6-carboxy-X-rhodamine
(ROX), 6-carboxy-2’,4,7' 4, 7-hexachlorofluorescein
(HEX), 5-carboxyfluorescein (5-FAM) or N,N,N’,N’-te-
tramethyl-6-carboxyrhodamine (TAMRA)]; antibodies,
fragments F(ab)2)], affinity labels [for example, biotin,
avidin, agarose, bone morphogenetic protein (BMP) hap-
tens], enzymes or enzyme substrates [for example, al-
kaline phosphatase (AP) and spicy horseradish peroxi-
dase (HRP)].

[00566] The term "immobilized", as used in the present
description, refers to the fact that the antibody of the in-
vention can be bound to a support without losing its ac-
tivity. Preferably, the support can be the surface of an
array (for example, a nylon array), a microtiter plate (for
example, with 96 wells) or a similar plastic support, or
beads (spheres, for example, agarose spheres or small
superparamagnetic microspheres made up of biode-
gradable arrays).

[0057] Another aspect of the invention relates to the in
vitro use of the kit of the invention for detecting the peptide
of SEQ ID NO: 1 or SEQ ID NO: 2.

[0058] In another aspect, the present invention relates
to the in vitro use of the kit and/or device of the invention
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for the treatment and/or prevention of autoimmune dis-
eases. In a more specific embodiment of this aspect, the
autoimmune diseases are chosen from a list that consists
of autoimmune arthritis, spondyloarthritis, psoriasis, sys-
temic lupus erythematosus, and inflammatory bowel dis-
ease, more specifically the inflammatory bowel disease
is ulcerative colitis or Crohn’s disease.

[0059] Another object is constituted by a method for
treating and/or preventing autoimmune diseases which
comprises administering a therapeutically effective
amount of the antibody of the invention, of the antiserum
of the invention, or of the composition of the invention to
a subject in need thereof.

[0060] For the purposes of the present invention, the
term "treatment" refers to an intervention performed with
the intention of preventing the development or altering
the pathology of a disorder. Thus, "treatment” refers both
to therapeutic treatment as well as to prophylactic or pre-
ventative measures. A "subject in need of treatment" in-
cludes any case in which said subject already has the
disorder, as well as any case in which the disorder is to
be prevented. In the treatment of an immunological type
disease, a therapeutic agent can directly alter the mag-
nitude of the response of an immune response compo-
nent, or make the disease more susceptible to treatment
by other therapeutic agents, such as antibiotics, antifun-
gals, anti-inflammatory agents, chemotherapeutic
agents, etc. Administration can take place "in combina-
tion with" one or more therapeutic agents and includes
simultaneous (concurrent) and consecutive administra-
tion in any order.

[0061] For the purposes of the present invention, the
term "therapeutically effective amount" refers to the
amount of antibody, antiserum or composition of the in-
vention required to achieve an appreciable improvement
in the state, for example, a pathology, of the disease or
condition which is the object of the treatment.

[0062] In a preferred embodiment of the method of
treatment and/or prevention, the same is characterized
in that the autoimmune diseases are chosen from a list
that consists of autoimmune arthritis, spondyloarthritis,
psoriasis, systemic lupus erythematosus and inflamma-
tory bowel disease, and more specifically the inflamma-
tory bowel disease is ulcerative colitis or Crohn’s disease.
[0063] Throughout the description and the claims, the
word "comprises" and its variants are not intended to ex-
clude other technical characteristics, additives, compo-
nents or steps. For those skilled in the art, other objects,
advantages and characteristics of the invention may be
deduced from both the description and the practical use
of the invention. The following examples and drawings
are provided by way of illustration and are not meant to
limit the present invention.

BRIEF DESCRIPTION OF THE FIGURES

[0064]
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FIG. 1: Characterization of the murine anti-BAM-
BI(109-133) mAbs B101-37 and B143-14. A) Spe-
cificity of the anti-BAMBI mAbs B101-37 and
B143-14 evaluated by Western Blot in heart cell
membrane lysates from normal B6 and B6.BAMBI-
KO mice. B) Recognition of human BAMBI by the
mAb B101-37 evaluated by Western Blot in human
heart cell membrane lysates. C) CDR sequence of
heavy and light chains of the mAbs B101-37 and
B143-14. The VDJ and VJ recombination of the
heavy and light chains, respectively, of both mAbs
are indicated.

FIG. 2: The induction of BAMBI expression in murine
and human CD4+ T lymphocytes after the activation
thereof. A) Comparative analysis by means of flow
cytometry of the expression of BAMBI in CD4+ T
lymphocytes of normal B6 and B6.BAMBI-KO mice
before, and 48 hours after in vitro activation thereof
with anti-CD3 and anti-CD28 antibodies in the pres-
ence or absence of TGF or IL-2 (top panels). On
the bottom panels, the staining with B101-37 of the
CD4+ T lymphocytes activated in B6.BAMBI-KO
mice is compared with thatofthe IgG 1 isotype control
in CD4+ T lymphocytes activated in normal mice. B)
Induction of BAMBI in human T lymphocytes stimu-
lated in vitro for 48 hours with anti-CD3 and anti-
CD28 mAbs. The BAMBI expression was analyzed
by Western Blot in plasma membrane lysates. As
loading control, the N-Ras expression was com-
pared in the same lysates.

FIG. 3: The effect of the BAMBI inhibition on the in
vitro differentiation of murine and human CD4+ T
lymphocytes into Treg and TH17 cells. A) Naive
CD4+CD25-CD62L+CD44-T cells of normal B6 and
BAMBI-KO mice were stimulated for 5 days with anti-
CD3 and anti-CD28 antibodies in Treg (top panels)
or TH17 (bottom panels) polarizing conditions in the
presence of mAb B143-14 (IgM anti-BAMBI) or a
mouse polyclonal IgM (Sigma). B) Human naive
CD4+ T lymphocytes purified by magnetic separa-
tion were activated in vitro for 10 days with anti-CD3
and anti-CD28 antibodies conjugated to beads in
THO or Treg differentiation conditions and in the
presence of mBa B143-14 (IgM anti-BAMBI) or a
mouse polyclonal IgM. The percentages of
CD4+FoxP3+ cells are shown, analyzed by means
of flow cytometry in THO differentiation conditions
(white bars) and Treg differentiation conditions
(black bars). C) Human CD4+ T lymphocytes, puri-
fied by magnetic separation, were activated in vitro
for 10 days with anti-CD3 and anti-CD28 antibodies
conjugated to beads in THO or TH17 differentiation
conditions. The inhibition effect of BAMBI with the
mAb B143-14 on the differentiation into TH17 cells,
either IFNg producers or not, analyzed by means of
flow cytometry, is shown. The statistical differences
are represented as: **p<0.01.

FIG. 4: MAb B101-37 inhibits the development of
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arthritis in the CIAmodel. A and B) For CIAinduction,
normal B10RIIl mice were immunized with bovine
type Il collagen emulsified in CFA. The different ex-
perimental groups received treatments with 2
mg/mouse/week, 0.3 mg/mouse/week of B101-37 or
with 2 mg/mouse/week of irrelevant murine 1gG1
(IgG1-C) during the first 4 weeks afterimmunization.
The clinical degree of severity of each mouse (A)
and of different radiological injuries (average+SD)
associated with articular destruction at the eighth
week after immunization is shown (B). As controls
for the aforementioned experiments, the develop-
ment of CIA between normal B10RIIl and BAMBI-
KO mice was compared. The evolution of the clinical
severity of arthritis in these animals, expressed as
average=SD. (C) and of different radiological inju-
ries (average+SD) associated with the articular de-
struction at the eighth week after immunization is
shown (D). The statistical differences are represent-
ed as: *p<0.05, **p<0.01.

FIG. 5: The effect of the treatment with B101-37 on
the development of psoriatic arthritis induced by
mannan injection. A) Normal B10RIII or BAMBI-KO
mice treated or not treated from the beginning of the
experiment with mAb B101-37 (2 mg/mouse/week)
received an IP injection of 10 mg of mannan obtained
from the yeast Saccharomyces cerevisiae. The ev-
olution of the severity of the arthritis and of the per-
centage of the increase in ear thickness (average +
SD) in the different experimental groups is shown.
B) Photographs showing the macroscopic appear-
ance of the auricle of the experimental groups de-
scribed in (A). The statistical differences are repre-
sented as: *p<0.05, **p<0.01, *** p<0.001.

FIG. 6: The therapeutic effect of treatment with
B101-37 in the development of chronic psoriatic ar-
thritis. Normal B10RIII mice received a weekly injec-
tion of 10 mg of mannan (white arrows) and were
treated with mAb B101-37 (2 mg/mouse/week) from
the moment of the first mannan injection (preventa-
tive B101-37) or from the appearance of the first
signs of the disease (therapeutic B101-37) until the
end of the experiment (black arrows). As controls,
mice treated with 2 mg/mouse/week of one irrelevant
murine 1IgG1 (IgG1-C) were used. It shows the evo-
lution of the clinical severity of the arthritis (top panel)
and the ear thickness (bottom panel) as a marker of
the severity of the cutaneous psoriasis. The statisti-
cal differences are represented as: *p<0.05,
**p<0.01, *** p<0.001.

FIG. 7: The effect of treatment with B101-37 in the
development of imiquimod-induced psoriasis. 12.5
mg of imiquimod (Aldara0) was applied for 6 days
ontheright ears ofthe B10RIII mice, BAMBI deficient
or not. The different experimental groups were treat-
ed from the moment of the first application of imiq-
uimod with a single dose of 2 mg of B101-37 or of
irrelevant murine 1I9G1 (IgG1-C). A) Evolution of the
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clinical severity of the cutaneous injuries, evaluating
the appearance and severity of erythema, desqua-
mation of the skin and thickness of the ear treated
in comparison with the non-treated contralateral ear.
B) Histologic severity of the cutaneous injuries. The
top photographs show representative examples
(x10) of histologic cuts of the ears stained with hae-
matoxylin and eosin. The lower panels show the val-
ues of the thickness of the epidermis (left panel) and
of the dermis (right panel) in the different animals of
each experimental group. The statistical differences
are represented as: *p<0.05, *** p<0.001.

FIG. 8: Therapeutic effect of the treatment with
B101-37 on the development of DSS colitis. Normal
B6 or BAMBI-KO mice, treated or not from the be-
ginning of the experiment with mAb B101-37 (2
mg/mouse/week) received DSS dissolved at a ratio
of 3% in the water of the bottle for 5 days. The severity
of the colitis was assessed by means of DAI quan-
tification (A) or analyzing the shortening of the colon
(B). C) Mortality in the different experimental groups.
The statistical differences are represented as:
*p<0.05, **p<0.01.

EXAMPLES

[0065] The invention is illustrated below by means of
tests carried out by the inventors which reveal the effec-
tiveness of the product of the invention.

MATERIAL AND METHODS.

Obtention and characterization of the murine anti-
BAMBI monoclonal antibodies.

[0066] B6.BAMBI-KO mice were immunized with the
murine BAMBI(109-133) peptide conjugated to keyhole
limpet hemocyanin (KLH) and emulsified in complete
Freund’s adjuvant (CFA). The mice were immunized on
two more occasions (with one month difference between
each immunization) with the same peptide emulsified in
incomplete Freund’s adjuvant (IFA). The murine BAM-
BI(109-133) peptide is located in the extracellular region
of BAMBI and differs from its human homologue by 4
amino acids (positions 8, 9, 10 and 23 of the SEQ ID NO:
1). The presence of murine anti-BAMBI(109-133) circu-
lating antibodies in immunized mice was evaluated 15
days after each immunization by means of ELISA. Mice
with higher titers of these antibodies were used for ob-
taining the murine anti-BAMBI monoclonal antibodies
(mAb). To do so, spleen cell suspensions were fused
with non-secreting myeloma cellline SP2/0-Ag14 aswas
previously described (Yokoyama WM. et al. Curr Protoc
Immunol. 2013, Unit 2.5). Hybridoma that produce hu-
man anti-BAMBI mAb were selected by enzyme-linked
immunosorbent assay (ELISA). In the present invention,
two ofthe mAbs obtained have been characterized; clone
B101-37 (igG1, k anti-BAMBI) and clone B143-14 (IgM,
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k anti-BAMBI). The specificity of the mAbs was subse-
quently evaluated by means of Western Blotin heart cell
membrane of hearts from normal B6 and B6.BAMBI-KO
mice and of human myocardial samples obtained from
surgical biopsies.

[0067] Ribonucleic acid (RNA) of mAbs B101-37 and
B143-14 were isolated by means of the commercial kit
RNeasy Mini Kit (Qiagen). For defining the encoding se-
quences for the complementarity-determining regions of
(CDRs) in the heavy and light chain of both mAbs, RT-
PCRs were carried out based on the purified RNAs, as
previously described (Wang Z. etal. J Immunol Methods.
2000, 233:167). For defining the CDR of the heavy chain
of B101-37, the following amplicons were used: degen-
erate amplicon 5’ from the FR1 region of the heavy chain:
5-CTT CCG GAA TTC SAR GTN MAG CTG SAG SAG
TC-3 (SEQID NO: 7)’; amplicon 3’ of the constant region
of IgG1: 5-GGA AGA TCT ATA GAC AGA TGG GGG
TGT CGT TTT GGC-3' (SEQ ID NO: 8). For defining the
CDR of the heavy chain of B143-14, the previously men-
tioned degenerate amplicon from the FR1 region of the
heavy chain and the amplicon 3’ of the constant region
ofIgMwere used: 5-GGAAGATCT GACATT TGG GAA
GGA CTG ACT CTC-3' (SEQID NO: 9). For defining the
CDR of the heavy chain of B101-37 and B143-14, the
following amplicons were used: degenerate amplicon
from the FR1 region of the light chain k: 5-GG GAG CTC
GAT ATT GTG MTS ACM CAR WCT MCA-3' (SEQ ID
NO: 10); amplicon 3’ of the constant region of the light
chain k. 5-GGT GCA TGC GGA TAC AGT TGG TGC
AGC ATC-3' (SEQ ID NO: 11). The PCR products were
subsequently sequenced (STABVida, Caparica, Portu-
gal) and the sequences were analyzed by means of the
IgBLAST program.

Study of BAMBI expression in murine and human
CD4 T lymphocytes.

[0068] By means of flow cytometry BAMBI expression
in CD4+ T lymphocytes of normal B6 mice after the stim-
ulation thereof using biotinylated mAb B101-37. The iso-
lated CD4+ T lymphocytes of the spleen of normal B6
mice were stimulated in vitro for 48 hours with antibodies
anti-CD3 (1 pg/well) and anti-CD28 (0.5 p.g/well) bound
to the plate in the presence or absence of 2 ng/ml of
recombinantmurine TGF and/or 1 ng/ml of recombinant
murine IL-2 (PeproTech, London). As negative controls,
spleen cells of B6.BAMBI-KO mice stimulated in the
same way and colored with biotinylated B101-37 and nor-
mal B6 mice colored with a biotinylated isotype control
were used. The colored cells were analyzed in a FACS-
Canto Il cytometer equipped with FACSDiva software
(BD Biosciences).

[0069] BAMBI expression in human CD4+ T lym-
phocytes after the in vitro stimulation thereof was ana-
lyzed by means of Western Blot. Said lymphocytes were
purified from 50 ml of buffy coats coming from healthy
donors of the Blood and Tissues Bank of Cantabria (Mar-
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qués de Valdecilla University Hospital, Santander). The
mononuclear cells obtained after the Ficoll gradient were
subjected to a positive selection after marking with spe-
cific mAb of CD4 conjugated to magnetic microparticles
(MACS) using a magnetic separator (AutoMACS,
Miltenyi Biotec). The CD4+ T lymphocytes were subse-
quently stimulated in vitro for 48 hours with antibodies
anti-CD3 (1 pg/well) and anti-CD28 (0.5 pg/well) bound
to the culture plate. The cell membrane lysates of the
activated lymphocytes were obtained as described
above.

In vitro differentiation cultures of murine and human
CD4+ T lymphocytes into Treg and TH17 cells.

[0070] Theinhibiting capability of anti-BAMBI mAbs di-
rected against the BAMBI(109-133) peptide were ex-
plored in vitro in murine and human CD4+ T lymphocyte
cultures differentiated into Treg and TH17 cells. In these
experiments, mAb B143-14 was used. In the experiments
with murine lymphocytes, naive CD4+ cells (CD4+CD25-
CD62L+CD44-) from spleens of normal B6 mice were
purified by means of cell sorting (FACSAria, BD Bio-
sciences). 5X 105 naive CD4+ cells were stimulated for
5 days with anti-CD3 and anti-CD28 antibodies bound to
the plastic of the culture plate, in Treg polarizing condi-
tions (2 ng/ml of murine TGFB)or TH17 (1 ng/mlof murine
TGFp and 10 ng/ml of murine IL-6) in the presence of 20
prg/ml of B143-14 or 20 pg/ml of murine IgM (Sigma, St
Louis, Missouri) as an isotype control. The percentages
of lymphocytes TCD4+FoxP3+ (Treg) and CD4+IL-17+
(TH17) atthe end of the culture were analyzed by means
of flow cytometry, as was previously described (Iglesias
M. et al. Arthritis Rheum 2013, 65:343).

[0071] Human naive CD4+ T lymphocytes (in Treg dif-
ferentiation) or CD45RO+ memory T lymphocytes (in
TH17 differentiation), purified by magnetic separation,
were activated in vitro for 10 days with anti-CD3 and anti
CD28 antibodies (aBs) conjugated to beads in Treg dif-
ferentiation conditions (5 ng/ml of TGFp) or TH17 (20
ng/mlof IL-18, 30 ng/ml of IL-6, 30 ng/ml of IL-23, 3 ng/ml
of TGFB1, 1 ng/ml of anti-IFNy and 2.5 pwg/ml of anti-IL-
4) in the presence of 20 pg/ml of B143-14 or 20 pg/ml
of murine IgM. The percentages of lymphocytes
TCD4+FoxP3+ (Treg) and CD4+IL-17+ (TH17) at the
end of the culture were analyzed by means of flow cy-
tometry.

Experimental model of arthritis after immunization
with bovine type Il collagen emulsified in CFA (CIA).

[0072] Groups of 10 B10RIII (MHC H-2r) BAMBI-defi-
cient or not mice were immunized before their 12th week
of age by intradermal route at the root of the tail with 150
g of bovine type Il collagen (MD Biosciences, Zurich)
emulsified (vol. 1/1) in CFA containing a concentration
of Mycobacterium tuberculosis of 4 mg/ml (MD Bio-
sciences) as was previously described (Iglesias M. et al.
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Arthritis Rheum 2013, 65:343). To study the effect of
BAMBI inhibition in the development of CIA, normal
B10RIIl mice were intraperitoneally (IP) treated during
the first 4 weeks afterimmunization with 2 or 0.3 mg/week
of B101-37 or with 2 mg/week of anti-TNP IgG1 used as
anisotype control (IgG1-C). The evolution of arthritis was
monitored on a weekly basis from the 3rd week (the date
on which arthritis began) to the eighth week after immu-
nization. The severity of the arthritis was evaluated in
each of the four extremities by means of the method de-
scribed by Wooley et al (Wooley PH. et al. J Immunol
1985, 135:2443). Likewise, on the eighth week of immu-
nization the articular injuries on the front and back legs
were evaluated by means of radiology, as we previously
described (Iglesias M. et al. Arthritis Rheum 2013,
65:343).

Experimental model of dextran sulfate sodium colitis
(DSS-colitis).

[0073] For the induction of colitis, DSS (MPbio.com),
DSS was dissolved in water at 3%. This solution (with
daily changes of water) was administered in a bottle to
the mice of the different experimental groups for a vari-
able time period [until the mice of the control group
reached an activity ratio of the disease (DAI) of between
1.5-2 (approximately 4-5 days)]. The water consumed by
each experimental group was measured daily and the
DAl was evaluated calculating the clinical score of the
following parameters: A) weight loss: 0 = no weight loss,
1 = weight loss of 1.5%, 2 =: weight loss of 5-10%, 3 =
weight loss of 10-20%, and 4 = weight loss of more than
20%,; B) fecal consistency (the same value is given to all
animals that are in the same box). 0 = normal fecal con-
sistency, 2 = soft feces and 4 = diarrhea; C) rectal bleed-
ing (the same value is given to all animals that are in the
same box): 0 = no blood, 2 = minor bleeding and 4 =
intense bleeding. The final DAl value was calculated by
adding the values of the different parameters and dividing
by 3.

Mannan induced psoriatic arthritis.

[0074] Fortheinduction of acute symptoms of psoriatic
arthritis, groups of B10RII BAMBI-deficient mice, or mice
not BAMBI-deficient received an IP injection of 10 mg of
mannan obtained from S. cerevisiae yeast (Sigma-
Aldrich) dissolved in 200 wl of PBS (Khmaladze |I. et al.
Proc Natl Acad Sci USA 2014, 111:E3669). Additionally,
a chronic form of the process was induced in non-trans-
genic B10RIII mice by means of repeated injections of
the same mannan dose once a week. To study the effect
of the treatment with B101-37 on the prevention of pso-
riatic arthritis, mice that received a single mannan injec-
tion were treated from the moment of the administration
of mannan (induction of the disease) with 2 mg/week of
B101-37 or with 2 mg/week of an anti-TNP IgG1 used as
IgG1-C. To evaluate the therapeutic effect of the treat-
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ment with B101-37, the non-transgenic B10RIII mice with
the chronic form of the disease were treated with 2
mg/week of B101-37 (divided into 3 equal doses every
two days) from the moment of the first mannan injection
with (preventative treatment) or from the moment the first
clinical signs of the process were observed (3 days after
the first manna injection; therapeutic treatment) until the
end of the experiment. Once again, as controls, non-
transgenic B10RIII mice treated with an anti-TNP IgG1
from the moment of the appearance of the first signs of
the disease were analyzed. The psoriatic injuries were
evaluated atthe level ofthe auricles, quantifying the thick-
ness of the same with the help of a digital gauge. The
severity of the arthritis was evaluated in each of the four
legs, on a scale of 0-10 (total range of 0-40) in the fol-
lowing way: severe inflammation of the carpus/tarsus=
5 points, adding an additional point for each inflamed toe.
If the inflammation is minor = 3 points per carpus/tarsus
+ 0.5 points for each inflamed toe.

Experimental model of imiquimod induced cutane-
ous psoriasis.

[0075] For the induction of cutaneous psoriasis, 12.5
mg of imiquimod (Aldara®) was topically applied for 6
days on the right ears of B10RIIl mice, BAMBI deficient
or not. The different experimental groups were treated
at the moment of the first application of imiquimod with
a single dose of 2 mg of B101-37 or of irrelevant murine
IgG1. Erythema, desquamation and the increase in the
thickness of the ear were evaluated daily. Erythema and
desquamation were evaluated using a clinical score of 0
to 4 in the following way: none = 0, minor = 1, moderate
= 2, severe = 3, highly severe = 4. The increase in the
thickness of the treated ear was calculated with the help
of a digital gauge in comparison with the thickness of the
non-treated left ear in the following way: no increase =
0, increase of 0.1-10%, increase of 10.1-20% =2, in-
crease of 20.1-30%=3, increase of 30.1-40%=4, in-
crease of 40.1-50%=5. The animals were sacrifices 24
hours after the last application of imiquimod and skin
samples were collected for the histological study. The
thickness of the epidermis and the dermis in the histo-
logical samples from the ears treated with imiquimod
were quantified in each animal using the imaged pro-
gram, in relation to the respective thicknesses of the his-
tological samples from the contralateral ears that were
not treated.

Example 1: Molecular characterization of Anti-BAM-
Bl mAb.

[0076] The specificity of the anti-BAMBI B101-37 and
B143-14 mAbs was initially determined by means of ELI-
SA (during the hybridoma screening process) and sub-
sequently by means of Western Blot. Both mAbs recog-
nize a band of approximately 27-29 kDa and another of
approximately 54 kDa, compatible with BAMBI mono-
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mers and dimers resistant to sodium dodecyl sulfate
(SDS) and reducing conditions, as was previously de-
scribed (Xavier S et al. 2010 PLoS One 5:12995) in
lysates of B6 mice but notin those of B6.BAMBI-KO mice
(Figure 1A).

[0077] Although the murine BAMBI(109-133) peptide
used for the development of anti-BAMBI mAb differs from
its human homologue in 4 amino acids studied by West-
ern Blotin myocardial plasma membrane lysatesindicate
that B101-37 also recognizes human BAMBI (Figure 1B).
[0078] We subsequently characterize the CDRs of the
heavy and light chains of both anti-BAMBI mAbs by
means of deoxyribonucleic acid (DNA) sequencing (SEQ
ID NO: 3, SEQID NO: 4, SEQ ID NO: 5, SEQ ID NO; 6).
The comparison ofthe DNA sequences with the IgBLAST
database indicates that the CDR of the heavy and light
chains of mAb B101-37 are the result of the reordering
of the V9-3/D1-3/J1 and V15-103/J5 segments, respec-
tively, while the CDRs of the heavy and light chains of
mAb B143-14 are the result of the reordering of the
V1-55/D4-1/J2 and V5-43/J1 segments, respectively.

Example 2: BAMBI expression in CD4+ T lym-
phocytes.

[0079] CD4+ T lymphocytes play a fundamental role
in the development of inflammatory and autoimmune
pathologies. For this reason, the regulation of BAMBI ex-
pression in this lymphocytic population in mice is studied
by means of flow cytometry and subsequently in humans
by means of Western Blot, in both cases using mAb
B101-37. In murine naive CD4+ T lymphocytes BAMBI
expression was not detected, butitwas induced 48 hours
after the in vitro stimulation thereof with anti-CD3 and
anti-CD28 antibodies (Figure 2A). This expression in-
creased after the addition of TGF, but not of IL-2, to the
activated CD4+ T cells (Figure 2A). As specificity controls
of mAb B101-37, markers in flow cytometry were not de-
tected in activated CD4+ T lymphocytes of BAMBI-KO
mice colored B101-37 or in normal B6 mice colored with
an isotype control IgG1, respectively (Figure 2A, bottom
panels).

[0080] Just like in the mouse, BAMBI expression was
very low in human naive CD4+ lymphocytes, being in-
duced after the stimulation thereof with anti-CD3 and an-
ti-CD28 antibodies (Figure 2B).

Example 3: BAMBI inhibition with murine anti-BAM-
BI(109-133) mAb B143-14 alters in vitro differentia-
tion of the CD4+ T lymphocytes of mice and humans
into subtypes Treg and TH17.

[0081] In previous studies we showed thatthe absence
of BAMBI in CD4+ T lymphocytes of BAMBI-KO mice
strengthened and inhibited the in vitro differentiation
thereof into Treg and TH17 populations, respectively
(Postigo J et al. Doctoral Thesis defended on the 19th of
April, 2013, University of Cantabria). To evaluate the in-
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hibiting effect of the anti-BAMBI mAbs directed against
the murine BAMBI(109-133) epitope, we analyzed the
capability of B143-14 to alter the functional differentiation
of the CD4+ T lymphocytes of normal mice in the same
sense as that observed in BAMBI-KO mice. To do so,
naive CD4+ T lymphocytes of normal B6 and BAMBI-KO
mice were activated in vitro in polarization conditions to
Treg or TH17 cells, in the presence of B143-14 mAb or
a murine IgM used as an isotype control. Just as ob-
served with the lymphocytes of BAMBI-KO mice, the
BAMBI inhibition after the addition to the B143-14 culture,
but not of the IgM control, increased and reduced the
Treg and TH17 in vitro differentiation, respectively, of
CD4+ T lymphocytes of normal B6 mice (Figure 3A).
[0082] Lastly, we observed thatin the presence of mAb
B143-14, but not of the IgM control, the in vitro differen-
tiation of human naive CD4+ T lymphocytes (a Treg) or
memory T lymphocytes (a Th17) activated in polarizing
conditions to Treg (Figure 3B) or TH17 (Figure 3C) is
altered in the same way as in the mouse: an increase in
Treg and reduction in TH17.

Example 4: The therapeutic effect of mAb B101-37 in
the development of CIA, mannan induced psoriatic
arthritis, imiquimod induced psoriasis and DSS col-
itis.

[0083] The previous results indicate that: 1) we have
mADbs able to recognize BAMBI in mice and humans, 2)
the expression of BAMBI is induced in the CD4+ T lym-
phocytes after the activation thereofin mice and humans;
and 3) in both species the in vitro inhibition of BAMBI with
amurine anti-BAMBI(109-133) mAb alters the functional
differentiation of the CD4+ T lymphocytes in the same
was as that described in B6.BAMBI-KO mice (increase
in Treg cells and reduction of TH17 cells). These findings
raise the possibility that the in vivo inhibition of BAMBI
has a therapeutic effect on inflammatory/autoimmune
pathologies.

[0084] In the presentinvention we have characterized
the therapeutic potential of B101-37 in the development
of CIA (the experimental model for rheumatoid arthritis
most used by the scientific community), mannan induced
psoriatic arthritis, imiquimod induced psoriasis (the ex-
perimental model of cutaneous psoriasis most used by
the scientific community) and DSS colitis.

[0085] Both from a clinical and radiological point of
view, the treatment of the normal B10RIIl mice with 2
mg/week of B101-37 during the first 4 weeks after immu-
nization with bovine type Il collagen inhibited the devel-
opment of CIA in these animals, unlike that which was
observed in mice treated with 0.3 mg/week of B101-37
or with 2 mg/week of IgG1-C (Figures 4A and 4B). CIA
inhibition after treatment with the high dose of B101-37
was similar to that observed in B10RIII.BAMBI-KO im-
munized mice (Figures 4C and 4D).

[0086] Just like the CIA model, treatment with 2
mg/week of B101-37 from the moment of mannan ad-
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ministration to the normal B10RIII mice reduced the se-
verity of the articular and cutaneous legions in a highly
significant way in this experimental model of acute pso-
riatic arthritis induced after a single mannan injection,
similar to that which is observed in B10RIII.BAMBI-KO
(Figure 5).

[0087] The previous results show a preventative effect
of treatment with B101-37 on the development of acute
cutaneous and articular injuries after the administration
of a single injection of mannan. The therapeutic potential
of B101-37 in the chronic variety of this experimental
model was subsequently analyzed. Figure 6 shows that
the weekly mannan injection into B10RIIl mice causes
the appearance of articular and cutaneous injuries that
are maintained over time. Preventative treatment with 2
mg/week of B101-37 37 (begun at the moment of the
mannan injection and maintained until the end of the ex-
periment) significantly reduced the severity of said inju-
ries throughout the study (Figure 6). Likewise, a signifi-
cant reduction, similar to that observed in preventative
treatment, of the cutaneous and articular manifestations
was observed after the beginning of the treatment with
B101-37 once the first signs of the disease were already
apparent (three days after the first mannan injection (Fig-
ure 6).

[0088] The therapeutic potential of B101-37 in psoria-
sis was confirmed in the cutaneous psoriasis experimen-
tal model most widely used in the scientific community,
imiquimod induced psoriasis. The topical application of
imiquimod for 6 consecutive days to non-transgenic
B10RIII mice induces cutaneous legions with histological
characteristics of psoriasis (Figure 7). Unlike the previous
model, the administration of imiquimod does not cause
the development of arthritis. The treatment of non-trans-
genic B10RIII mice with B101-37, from the moment of
the first application of imiquimod and with the same dose
used in the preceding models, significantly reduced the
severity of the disease from a clinical (Figure 7A) and
histological (Figure 7B) point of view, as observed in
B10RIII-BAMBI.KO mice.

[0089] Lastly, we evaluated the therapeutic effect of
B101-37 in the experimental model of DSS colitis. Just
like in B6.BAMBI-KO mice, normal B6 mice treated with
2 mg/week of B101-37 from the moment of the adminis-
tration of DSS developed a significantly less sever colitis
than the non-treated controls (Figure 8A). However, the
protective effect of the treatment with B101-37 in B6 mice
was not as important as that observed in BAMBI-KO an-
imals, especially with regard to the degree of shortening
of the colon (Figure 8A, right panel). It is worth pointing
out that both in the B6 animals treated with B1010-37
and in BAMBI-KO mice, the mortality associated with the
induction of DSS colitis was entirely prevented (Figure
8B).

[0090] Therefore, the present invention demonstrates
the use of monoclonal antibodies against BAMBI for the
treatment and prevention of autoimmune diseases.
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Claims

1. Monoclonal antibody that specifically recognizes the
sequence SEQ ID NO: 1 or SEQ ID NO: 2.

2. Antibody according to claim 1, wherein the antibody
comprises an amino acid heavy chain encoded by
the nucleotide sequence that comprises the se-
quence SEQ ID NO: 3 and an amino acid light chain
encoded by the nucleotide sequence that comprises
the sequence SEQ ID NO: 4.

3. Antibody according to claim 1, wherein the antibody
comprises an amino acid heavy chain encoded by
the nucleotide sequence that comprises the se-
quence SEQ ID NO: 5 and an amino acid light chain
encoded by the nucleotide sequence that comprises
the sequence SEQ ID NO: 6.

4. A cell expressing the antibody according to any of
claims 1 to 3.

5. Invitro use ofthe antibody according to any of claims
1 to 3 for the inhibition of BMP and Activin Membrane
Bound Inhibitor (BAMBI).

6. Antibody according to any of claims 1 to 3 for use as
a medicament.

7. Antibody according to any of claims 1 to 3, for use
in the treatment or prevention of autoimmune dis-
eases.

8. Antibody for use according to claim 7 wherein the
autoimmune diseases are selected from the list con-
sisting of: autoimmune arthritis, spondyloarthritis,
psoriasis, systemic lupus erythematosus and inflam-
matory bowel disease, preferably wherein the in-
flammatory bowel disease is ulcerative colitis or
Crohn’s disease.

9. Pharmaceutical composition comprising the mono-
clonal antibody according to any of claims 1 to 3.

10. In vitro use of the antibody according to any one of
claims 1 to 3 for drug screening.

11. Kitand/or device comprising the antibody according
to any one of claims 1 to 3.

12. In vitro use of the kit according to claim 11 for the
detection of the sequence SEQ ID NO: 1 or SEQ ID
NO: 2.

Patentanspriiche

1. Monoklonaler Antikérper, welcher spezifisch die Se-



10.

1.

12.
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quenz SEQ ID NO: 1 oder SEQ ID NO: 2 erkennt.

Antikérper nach Anspruch 1, wobei der Antikérper
eine schwere Aminosaurekette, welche von der Nu-
kleotidsequenz kodiert wird, welche die Sequenz
SEQ ID NO: 3 umfasst, und eine leichte Aminoséau-
rekette, welche von der Nukleotidsequenz kodiert
wird, welche die Sequenz SEQ ID NO: 4 umfasst,
umfasst.

Antikérper nach Anspruch 1, wobei der Antikérper
eine schwere Aminosaurekette, welche von der Nu-
kleotidsequenz kodiert wird, welche die Sequenz
SEQ ID NO: 5 umfasst, und eine leichte Aminosau-
rekette, welche von der Nukleotidsequenz kodiert
wird, welche die Sequenz SEQ ID NO: 6 umfasst,
umfasst.

Zelle, welche den Antikérper nach einem der An-
spruche 1 bis 3 exprimiert.

In-vitro-Verwendung des Antikérpers nach einem
der Anspriuche 1 bis 3 zur Hemmung von BMP und
vom an die Aktivinmembran gebundenen Inhibitor
(BAMBI).

Antikdrper nach einem der Anspriiche 1 bis 3, fur
dessen Verwendung als Medikament.

Antikdrper nach einem der Anspriiche 1 bis 3, fur
dessen Verwendung bei der Behandlung oder Vor-
beugung von Autoimmunkrankheiten.

Antikérper fur dessen Verwendung nach Anspruch
7, wobei die Autoimmunkrankheiten aus der Liste
bestehend aus: Autoimmunarthritis, Spondyloarthri-
tis, Psoriasis, systemischer Lupus erythematodes
und chronisch-entziindlicher Darmerkrankung, aus-
gewahlt werden, wobeivorzugsweise die chronisch-
entzindliche Darmerkrankung Colitis ulcerosa oder
Crohn-Krankheit ist.

Pharmazeutische Zusammensetzung umfassend
den monoklonalen Antikérper nach einem der An-
spriiche 1 bis 3.

In-vitro-Verwendung des Antikérpers nach einem
der Anspruche 1 bis 3 zum Arzneimittel-Screening.

Kit und/oder Vorrichtung umfassend den Antikérper
nach einem der Anspriche 1 bis 3.

In-vitro-Verwendung des Kits nach Anspruch 11 zur
Detektion der Sequenz SEQ ID NO: 1 oder SEQ ID
NO: 2.
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Revendications

1.

10.

1.

12.

Anticorps monoclonal qui reconnait spécifiquement
la séquence SEQ ID NO : 10u SEQID NO: 2.

Anticorps selon la revendication 1, dans lequel I'an-
ticorps comprend une chaine lourde d’acides ami-
nés codée par la séquence de nucléotides qui com-
prend la séquence SEQ ID NO : 3 et une chaine
légére d’acides aminés codée par la séquence de
nucléotides qui comprend la séquence SEQID NO :
4,

Anticorps selon la revendication 1, dans lequel I'an-
ticorps comprend une chaine lourde d’acides ami-
nés codée par la séquence de nucléotides qui com-
prend la séquence SEQ ID NO : 5 et une chaine
légére d’acides aminés codée par la séquence de
nucléotides qui comprend la séquence SEQID NO :
6.

Cellule exprimant I'anticorps selon I'une quelconque
des revendications 1 a 3.

Utilisation in vitro de I'anticorps selon I'une quelcon-
que des revendications 1 & 3 pour l'inhibition de I'in-
hibiteur lié @ membrane d’activine et BMP (BAMBI).

Anticorps selon I'une quelconque des revendica-
tions 1 a 3, pour son utilisation comme médicament.

Anticorps selon I'une quelconque des revendica-
tions 1 a 3, pour son utilisation dans le traitement ou
la prévention de maladies auto-immunes.

Anticorps pour son utilisation selon la revendication
7, dans lequel les maladies auto-immunes sont sé-
lectionnées dans la liste constituée par: arthrite
auto-immune, spondylarthrite, psoriasis, lupus
érythémateux disséminé et maladie inflammatoire
de l'intestin, préférablement dans lequel la maladie
inflammatoire de l'intestin est la colite ulcérative ou
la maladie de Crohn.

Composition pharmaceutique comprenant I'anti-
corps monoclonal selon 'une quelconque desreven-
dications 1 a 3.

Utilisation in vitro de I'anticorps selon I'une quelcon-
que des revendications 1 a 3, pour le criblage de
médicaments.

Kitet/ou dispositif comprenant'anticorps selon 'une
quelconque des revendications 1 a 3.

Utilisation in vitro du kit selon la revendication 11,
pour la détection de la séquence SEQ ID NO : 1 ou
SEQID NO: 2.
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Fig.1C
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Fig.2 A
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Fig. 2B
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Fig. 3 A
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Fig. 3B
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Fig. 3C

2

£

Lol oty

B

mﬂ%ﬁm

%¢€0

%ZSl.

%10

19NV gn

ANFl suopipuos
Zl H _L

suonIpuo)
°HiL

20



EP 3 385 282 B1

Fig. 4 A
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Fig.4C
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Fig.4D

¥

uoiso.ig suog

eiuadoa)sO
Jenaiuy-eixne

Buimouien
aoedg juror

ewsapy

T @ o
(syoom g)
I

©

1
(s0)

olpey

boj

81098 [e:

23



EP 3 385 282 B1

Fig. 5 A
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Fig.5B
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Fig. 6
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Fig. 7
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Fig. 8 A
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Fig. 8B
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