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BCVA. of T-cells. BAFFR specifically binds the tumor necrosis factor family member BLyS (also
known as BAFF, CD257, TALL-1, THANK, TNFSF13B, ZTNF4) which can be expressed by
a variety of different cell types, most notably myeloid cells. Functionally, the BLyS /BAFFR
ligand-receptor pair is critically involved in the maturation of immature transitional B-cells and
for survival, migration and activation of mature B-cells including isotype class switching.
BLyS can act alone or in concert with B-cell receptor (BCR), interleukin-4, interleukin-21 or
CD40 ligand. Due to the presence of BAFFR on some T-cells, BLyS can act as co-
stimulatory factor for T-cell activation. BLyS can also bind to two additional receptors found

on B-cells, TACI and BCMA.

Overexpression of BLyS or BAFFR in mice leads to B-cell hyperplasia and development of
systemic auto-immunity with classical features of systemic lupus erythematosus (SLE). In
addition, diseased (NZBxNZW)F1 and autoimmune MRL-Ipr/lpr mice which represent animal
models of SLE contain increased BLyS concentrations in the serum and BLyS levels
correlate with disease progression. Increased levels of BLyS are also found in human
patients suffering from SLE, rheumatoid arthritis, Sjogren’s syndrome, Wegener's
granulomatosis and B-cell malignancies. Furthermore, the disease phenotype in animal
models of auto-immune diseases such as rheumatoid arthritis (e.g. collagen induced
arthritis), SLE and multiple sclerosis (e.g. experimental auto-immune encephalomyelitis) can
be partially reverted by BLyS blockade with soluble receptor fusion proteins. Similarly,
treatment with BAFFR:Fc fusion protein inhibits chronic graft-versus-host disease (cGVHD)
by blocking B-cell survival. Clinical efficacy data with a blocking anti-BLyS antibody in
rheumatoid arthritis and SLE patients underscore the pathogenic role of BLyS in these auto-

immune disorders.

BLyS induced signaling also appears to be involved in survival of malignant B-cells.

Apoptosis of B-CLL cells can be rescued by addition of recombinant BLyS or APRIL.
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region that is specific for the target protein BAFFR and binds to BAFFR or a fragment of
BAFFR.

In one embodiment, the antibodies according to the invention are BAFFR antagonists with no
or low agonistic activity. In certain embodiments, the antibody or functional fragment binds
the target protein BAFFR and decreases or inhibits BLyS binding to BAFFR. In a related
embodiment, the antibody or functional fragment inhibits BLyS induced human B cell

proliferation, and/or IgG1 production.

In another embodiment, the antibodies according to the invention deplete B cell in vitro and
in vivo. More preferably, the antibodies of the invention are BAFFR antagonists with no
agonistic activity and deplete human B cell in vitro and in vivo.

The binding may be determined by one or more assays that can be used to measure an
activity which is either antagonism or agonism by the antibody. Preferably, the assays
measure at least one of the effects of the antibody on BAFFR that include: BLyS induced

human B cell proliferation, IgG1 production and/or human B cell depleting activity.

In another embodiment, the invention provides antibodies that specifically bind to BLyS
binding region of BAFFR. In a related embodiment, the invention provides antibodies that
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receptor.

In another related embodiment, the antibodies according to the invention are fully human or
humanized IgG1 antibodies with antibody dependent cellular cytotoxicity (ADCC) activity and
bind to a region of BAFFR comprised between amino acids 17 and 43 of SEQ ID NO:87, and
for example, at least the following peptides PTPCVPAECFDLLVRHCVACGLLR (SEQ ID
NO 88) and deplete B cells in vitro with an ECs, of 10nM or less, 1nM or less or 100pM or

less.

In another related embodiment, the antibodies according to the invention are human
antibodies produced by recombinant expression in a cell line lacking fucosyltransferase, for
example a mammalian cell line with deficient expression of the FUT8 gene encoding
fucosyltransferase, thereby increasing ADCC activity as compared with wild type cells
expressing the FUT8 gene.

The present invention relates to isolated antibodies, particularly human or humanized
antibodies, that interfere with, decrease or inhibit BLyS binding to BAFFR and that depletes
B cells in vitro and in vivo. In certain embodiments, the antibodies of the invention are
derived from particular heavy and light chain sequences and/or comprise particular structural
features such as CDR regions comprising particular amino acid sequences. The invention
provides isolated antibodies, methods of making such antibodies, immunoconjugates and
multivalent or multispecific molecules comprising such antibodies and pharmaceutical
compositions containing the antibodies, immunoconjugates or bispecific molecules of the
invention. The invention also relates to methods of using the antibodies to inhibit, e.g.,
antagonize, function of BAFFR in order to delay, prevent, prevent the onset of, or inhibit

development of a disorder or condition associated with the presence of BLyS and/or BAFFR,
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for example, resulting in the treatment of a pathological disorder that is mediated by BAFFR
or that can be treated by killing or depleting B cells; for example, an autoimmune disease
such as systemic lupus erythematosus (SLE) or rheumatoid arthritis (RA) or B cell neoplasm
such as lymphomas, leukemias or myelomas. Thus, such antibodies, antibody fragments or
antigen-binding proteins may find use prophylactically, preventatively, or as part of a
treatment method.

In order that the present invention may be more readily understood, certain terms are first

defined. Additional definitions are set forth throughout the detailed description.

The term "immune response” refers to the action of, for example, lymphocytes, antigen
presenting cells, phagocytic cells, granulocytes, and soluble macromolecules produced by
the above cells or the liver (including antibodies, cytokines, and complement) that results in
selective damage to, destruction of, or elimination from the human body of invading
pathogens, cells or tissues infected with pathogens, cancerous cells, or, in cases of

autoimmunity or pathological inflammation, normal human cells or tissues.

A “signal transduction pathway” or “signaling activity” refers to a biochemical causal
relationship generally initiated by a protein-protein interaction such as binding of a growth
factor to a receptor, resulting in transmission of a signal from one portion of a cell to another
portion of a cell. In general, the transmission involves specific phosphorylation of one or
more tyrosine, serine, or threonine residues on one or more proteins in the series of
reactions causing signal transduction. Penultimate processes typically include nuclear

events, resulting in a change in gene expression.

The term BAFFR or BAFF receptor refers to human BAFFR as defined in SEQ ID NO: 87.
PCT Patent Publications W0200004032 and W0O2006073941 refer to anti-BAFFR antibodies
in general. W0O2006073941 describes specific anti-BAFFR antibodies.

The term "antibody" as referred to herein includes whole antibodies and any antigen binding
fragment (i. e., "antigen-binding portion") or single chains thereof. A naturally occurring
"antibody" is a glycoprotein comprising at least two heavy (H) chains and two light (L) chains
inter-connected by disulfide bonds. Each heavy chain is comprised of a heavy chain variable
region (abbreviated herein as Vy) and a heavy chain constant region. The heavy chain
constant region is comprised of three domains, CH1, CH2 and CH3. Each light chain is
comprised of a light chain variable region (abbreviated herein as V) and a light chain
constant region. The light chain constant region is comprised of one domain, C,. The Vy and
V| regions can be further subdivided into regions of hypervariability, termed complementarity
determining regions (CDR), interspersed with regions that are more conserved, termed

framework regions (FR). Each Vi and V| is composed of three CDRs and four FRs arranged
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The term "antigen-binding portion" of an antibody (or simply "antigen portion"), as used
herein, refers to full length or one or more fragments of an antibody that retain the ability to
specifically bind to an antigen (e.g., a portion of BAFFR). It has been shown that the antigen-
binding function of an antibody can be performed by fragments of a full-length antibody.
Examples of binding fragments encompassed within the term "antigen-binding portion" of an
antibody include a Fab fragment, a monovalent fragment consisting of the V|, Vu, C. and
CH1 domains; a F(ab), fragment, a bivalent fragment comprising two Fab fragments linked
by a disulfide bridge at the hinge region; a Fd fragment consisting of the Vy and CH1
domains; a Fv fragment consisting of the V| and V,; domains of a single arm of an antibody; a
dAb fragment (Ward et al., 1989 Nature 341:544-546), which consists of a V,; domain; and
an isolated complementarity determining region (CDR).

Furthermore, although the two domains of the Fv fragment, V| and V4, are coded for by
separate genes, they can be joined, using recombinant methods, by a synthetic linker that
enables them to be made as a single protein chain in which the V| and Vy regions pair to
form monovalent molecules (known as single chain Fv (scFv); see e.g., Bird et al., 1988
Science 242:423-426; and Huston et al., 1988 Proc. Natl. Acad. Sci. 85:5879-5883). Such
single chain antibodies are also intended to be encompassed within the term "antigen-
binding region" of an antibody. These antibody fragments are obtained using conventional
techniques known to those of skill in the art, and the fragments are screened for utility in the

same manner as are intact antibodies.

An "isolated antibody", as used herein, refers to an antibody that is substantially free of other
antibodies having different antigenic specificities (e.g., an isolated antibody that specifically
binds BAFFR is substantially free of antibodies that specifically bind antigens other than
BAFFR). An isolated antibody that specifically binds BAFFR may, however, have cross-
reactivity to other antigens, such as BAFFR molecules from other species. Moreover, an

isolated antibody may be substantially free of other cellular material and/or chemicals.

The terms "monoclonal antibody" or "monoclonal antibody composition" as used herein refer
to a preparation of antibody molecules of single molecular composition. A monoclonal
antibody composition displays a single binding specificity and affinity for a particular epitope.
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human sequences (e.g., mutations introduced by random or site-specific mutagenesis in vitro

or by somatic mutation in vivo). However, the term "human antibody", as used herein, is not
intended to include antibodies in which CDR sequences derived from the germline of another
mammalian species, such as a mouse, have been grafted onto human framework

sequences.

The term "human monoclonal antibody" refers to antibodies displaying a single binding
specificity which have variable regions in which both the framework and CDR regions are
derived from human sequences. In one embodiment, the human monoclonal antibodies are
produced by a hybridoma which includes a B cell obtained from a transgenic nonhuman
animal, e.g., a transgenic mouse, having a genome comprising a human heavy chain

transgene and a light chain transgene fused to an immortalized cell.

The term "recombinant human antibody”, as used herein, includes all human antibodies that
are prepared, expressed, created or isolated by recombinant means, such as antibodies
isolated from an animal (e.g., a mouse) that is transgenic or transchromosomal for human
immunoglobulin genes or a hybridoma prepared therefrom, antibodies isolated from a host
cell transformed to express the human antibody, e.g., from a transfectoma, antibodies
isolated from a recombinant, combinatorial human antibody library, and antibodies prepared,
expressed, created or isolated by any other means that involve splicing of all or a portion of a
human immunoglobulin gene, sequences to other DNA sequences. Such recombinant
human antibodies have variable regions in which the framework and CDR regions are
derived from human germline immunoglobulin sequences. In certain embodiments, however,

such recombinant human antibodies can be subjected to in vitro mutagenesis (or, when an
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As used herein, an antibody that "specifically binds to BAFFR polypeptide" is intended to
refer to an antibody that binds to human BAFFR polypeptide with a Kp of 100nM or less,
10nM or less, 1nM or less. An antibody that "cross-reacts with an antigen other than BAFFR"
is intended to refer to an antibody that binds that antigen with a Kp of 0.5 x 10® M or less, 5 x
10° M or less, or 2 x 10° M or less. An antibody that "does not cross-react with a particular
antigen" is intended to refer to an antibody that binds to that antigen, with a Kp of 1.5x 102 M
or greater, or a Kp of 5-10 x 10® M or 1 x 107 M or greater. In certain embodiments, such
antibodies that do not cross-react with the antigen exhibit essentially undetectable binding
against these proteins in standard binding assays.

As used herein, the term “antagonist antibody” is intended to refer to an antibody that
reduces, decreases and/or inhibits BAFFR induced signaling activity in the presence of BLyS
in a human B cell assay such as human B cell proliferation assay or human B cell IgG1
production assay. Examples of human B cell proliferation assay and IgG1 production assay
are described in more details in the examples below. In some embodiments, the antibodies
reduce, decrease or inhibit BLyS induced activity as measured in a human B cell proliferation
assay at an ICso of 10nM or less, 1nM or less, or 100pM or less. In some embodiments, the
antibodies inhibit BLyS induced activity as measured in a IgG1 production assay at an [Csg of
10nM or less, 1nM or less, or 100pM or less.

As used herein, an antibody with “no agonistic activity" is intended to refer to an antibody that
does not significantly increase BAFFR mediated signaling activity in the absence of BLyS in
a cell-based assay, such as human B cell proliferation assay . Such assays are described in

more details in the examples below.

As used herein, an antibody that depletes B cells in vitro is intended to refer to an antibody
that depletes B cells with an ECsy of 10nM or less, preferably with an ECsy of 1nM or less,
more preferably with an ECsy of 100pM, or less, as measured in a human B cell depletion

assay (ADCC). Such assays are described in more details in the examples below.
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antibody “arm” interacts through weak non-covalent forces with antigen at numerous sites;

the more interactions, the stronger the affinity.

As used herein, the term "Avidity" refers to an informative measure of the overall stability or
strength of the antibody-antigen complex. It is controlled by three major factors: antibody
epitope affinity; the valence of both the antigen and antibody; and the structural arrangement
of the interacting parts. Ultimately these factors define the specificity of the antibody, that is,

the likelihood that the particular antibody is binding to a precise antigen epitope.

As used herein, the term “ADCC” or “antibody dependent cellular cytotoxicity” activity refers
to human B cell depleting activity. ADCC activity can be measured by the human B cell

depleting assays described above.

In order to obtain a higher avidity probe, a dimeric conjugate (two molecules of an antibody
protein coupled to a FACS marker) can be constructed, thus making low affinity interactions
(such as with the germline antibody) more readily detected by FACS. In addition, another
means to increase the avidity of antigen binding involves generating dimers, trimers or
multimers of any of the constructs described herein of the anti-BAFFR antibodies. Such
multimers may be generated through covalent binding between individual modules, for
example, by imitating the natural C-to-N-terminus binding or by imitating antibody dimers that
are held together through their constant regions. The bonds engineered into the Fc/Fc
interface may be covalent or non-covalent. In addition, dimerizing or multimerizing partners
other than Fc can be used in BAFFR hybrids to create such higher order structures. For

example, it is possible to use multimerizing domains such as trimerizing domain described in
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Standard assays to evaluate the binding ability of the antibodies toward BAFFR of various
species are known in the art, including for example, ELISAs, western blots and RIAs.
Suitable assays are described in detail in the Examples. The binding kinetics (e.g., binding
affinity) of the antibodies also can be assessed by standard assays known in the art, such as
by Biacore analysis. Assays to evaluate the effects of the antibodies on functional properties
of BAFFR (e.g., receptor binding, preventing or inducing human B cell proliferation or IgG
production) are described in further detail in the Examples.

Accordingly, an antibody that "inhibits" one or more of these BAFFR functional properties
(e.g., biochemical, immunochemical, cellular, physiological or other biological activities, or
the like) as determined according to methodologies known to the art and described herein,
will be understood to relate to a statistically significant decrease in the particular activity
relative to that seen in the absence of the antibody (e.g., or when a control antibody of

irrelevant specificity is present). An antibody that inhibits BAFFR activity effects such a
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binding assays. One suitable assay involves the use of the Biacore technology (e.g. by using
the BlAcore 3000 instrument (Biacore, Uppsala, Sweden)), which can measure the extent of
interactions using surface plasmon resonance technology. Another assay for measuring
cross-blocking uses an ELISA-based approach.

Further details on both methods are given in the Examples.

According to the invention, a cross-blocking antibody or other binding agent according to the
invention binds to BAFFR in the described BlAcore cross-blocking assay such that the
recorded binding of the combination (mixture) of the antibodies or binding agents is between
80% and 0.1% (e.g. 80% to 4%) of the maximum theoretical binding, specifically between
75% and 0.1% (e.g. 75% to 4%) of the maximum theoretical binding, and more specifically
between 70% and 0.1% (e.g. 70% to 4%), and more specifically between 65% and 0.1%
(e.g. 65% to 4%) of maximum theoretical binding (as defined above) of the two antibodies or
binding agents in combination

An antibody is defined as cross-blocking in the ELISA assay as described in the Examples, if
the solution phase anti-BAFFR antibody is able to cause a reduction of between 60% and
100%, specifically between 70% and 100%, and more specifically between 80% and 100%,
of the BAFFR detection signal (i.e. the amount of BAFFR bound by the coated antibody) as
compared to the BAFFR detection signal obtained in the absence of the solution phase anti-
BAFFR antibody (i.e. the positive control wells).

Recombinant antibodies

Antibodies of the invention include the human recombinant antibodies, isolated and
structurally characterized as described, in the Examples. The Vy amino acid sequences of
isolated antibodies of the invention are shown in SEQ ID NOs: 50-56. The V_ amino acid
sequences of isolated antibodies of the invention are shown in SEQ ID NOs: 43-49

respectively. Examples of preferred full length light chain amino acid sequences of
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Further, variable heavy chain parental nucleotide sequences are shown in SEQ ID NO 64.
Variable light chain parental nucleotide sequences are shown in SEQ ID NO 57. Full length
light chain nucleotide sequences optimized for expression in a mammalian cell are shown in
SEQ ID NOs 83-86. Full length heavy chain nucleotide sequences optimized for expression
in @ mammalian cell are shown in SEQ ID NOs 79-82. Other antibodies of the invention
include amino acids or nucleic acids that have been mutated, yet have at least 60, 70, 80, 90
or 95 percent identity to the sequences described above. In some embodiments, it include
mutant amino acid sequences wherein no more than 1, 2, 3, 4 or 5 amino acids have been
mutated by amino acid deletion, insertion or substitution in the variable regions when

compared with the variable regions depicted in the sequence described above.

Since each of these antibodies binds the same epitope and are progenies from the same
parental antibody, the Vy, V|, full length light chain, and full length heavy chain sequences
(nucleotide sequences and amino acid sequences) can be "mixed and matched" to create
other anti-BAFFR binding molecules of the invention. BAFFR binding of such "mixed and
matched" antibodies can be tested using the binding assays described above and in the
Examples (e.g., ELISAs). When these chains are mixed and matched, a V, sequence from a
particular Vy/V| pairing should be replaced with a structurally similar V sequence. Likewise
a full length heavy chain sequence from a particular full length heavy chain / full length light
chain pairing should be replaced with a structurally similar full length heavy chain sequence.

Likewise, a V| sequence from a particular V/V | pairing should be replaced with a structurally
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the anti gemixididbdquessesiddddd orkl HEE§BGS adisRtik HadsQ IR YDsBL7d RR§a raroteins in

standard i n
engg1 I|gﬂt gham é/omprlsmg an amino acid sequence selected from the group consisting of
SEQ ID NOs:71-74; wherein the antibody specifically binds to BAFFR, or

(i) a functional protein comprising an antigen binding portion thereof.
In another aspect, the invention provides

(i) an isolated recombinant antibody having: a full length heavy chain encoded by a
nucleotide sequence that has been optimized for expression in the cell of a mammalian
selected from the group consisting of SEQ ID NOs:79-82; and a full length light chain
encoded by a nucleotide sequence that has been optimized for expression in the cell of a
mammalian selected from the group consisting of SEQ ID NOs:83-86; wherein the antibody

specifically binds to BAFFR; or,
(i) a functional protein comprising an antigen binding portion thereof.

The amino acid sequences of the Vy CDR1s of the antibodies are shown in SEQ ID
NOs: 1-7. The amino acid sequences of the Vy CDR2s of the antibodies are shown in SEQ
ID NOs: 8-14. The amino acid sequences of the Vi CDR3s of the antibodies are shown in
SEQ ID NOs: 15-21. The amino acid sequences of the V. CDR1s of the antibodies are
shown in SEQ ID NOs: 22-28. The amino acid sequences of the V| CDR2s of the antibodies
are shown in SEQ ID NOs: 29-35. The amino acid sequences of the V. CDR3s of the
antibodies are shown in SEQ ID NOs: 36-42. The CDR regions set forth in SEQ ID NOs:1-42
are delineated using the Kabat system (Kabat, E. A., et al., 1991 Sequences of Proteins of
Immunological Interest, Fifth Edition, U.S. Department of Health and Human Services, NIH
Publication No. 91-3242).

Given that each of these antibodies can bind to BAFFR and that antigen-binding specificity is
provided primarily by the CDR1, 2 and 3 regions, the Vy CDR1, 2 and 3 sequences and V,
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As used herein, the term"antagoni st anti body"” is intended to refer to an
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sequences shown hereln for monoclonal antibodies of the present invention.

In some embodiments, isolated recombinant antibodies, or antigen binding regions thereof
have: a heavy chain variable region CDR1 comprising an amino acid sequence selected
from the group consisting of SEQ ID NOs: 1-7; a heavy chain variable region CDR2
comprising an amino acid sequence selected from the group consisting of SEQ ID NOs: 8-
14; a heavy chain variable region CDR3 comprising an amino acid sequence selected from
the group consisting of SEQ ID NOs: 15-21; a light chain variable region CDR1 comprising
an amino acid sequence selected from the group consisting of SEQ ID NOs: 22-28; a light
chain variable region CDR2 comprising an amino acid sequence selected from the group
consisting of SEQ ID NOs: 29-35; and a light chain variable region CDR3 comprising an
amino acid sequence selected from the group consisting of SEQ ID NOs: 36-42; wherein the
antibody specifically binds BAFFR.

In a certain embodiment, the antibody comprises: a heavy chain variable region CDR1 of
SEQ ID NO: 2; a heavy chain variable region CDR2 of SEQ ID NO: 9; a heavy chain variable
region CDR3 of SEQ ID NO: 16; a light chain variable region CDR1 of SEQ ID NO: 23; a light
chain variable region CDR2 of SEQ ID NO: 30; and a light chain variable region CDR3 of
SEQ ID NO: 37.

In a certain embodiment, the antibody comprises: a heavy chain variable region CDR1 of
SEQ ID NO: 3; a heavy chain variable region CDR2 of SEQ ID NO: 10; a heavy chain
variable region CDR3 of SEQ ID NO: 17; a light chain variable region CDR1 of SEQ ID NO:
24; a light chain variable region CDR2 of SEQ ID NO: 31; and a light chain variable region
CDR3 of SEQ ID NO: 38.

In a certain embodiment, the antibody comprises: a heavy chain variable region CDR1 of
SEQ ID NO: 4; a heavy chain variable region CDR2 of SEQ ID NO: 11; a heavy chain
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As used herein, an antibody that depletes B cells in vivo is intended to refer
to an anti body that reduces in vivo the percentage of B cells up to 70%
preferably SVO2UHPBOABre preferably 90% as neasured by PCUEPREYEABE activat ed
cell sorting (FACS) of B cells. Such assays are described in nore details in
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concent r atd - - - i [ LN i ng.. et hods

wel | Cast aptefib: o3 e BRa Ve LR CARERP s RENE TuREheLR BRTE OO 1 o

by usi ng yaigiregioh &Rnof SESHIRaNee!9; arligbisihaly varigilowepesiDReftShR BUNA: as a

Bi acore S>2%,t@in%;m/éﬁaiuslsﬁadiwegion,cdmzeof_tﬁcmb' RO BB dnd"a Kt Bt VRiablBGegbd engt h of
e

interactiaq nti hody and antigen at single antigenic sites. Wthin
each anti éﬂ?#)?’co‘c%,[m#e“%vari abl e region of the antibody "arnm interacts

t hrough weak non-coval ent forces with antigen at nunerous sites; the nore
interacti é’hé‘,({eﬁh'é %ﬁ@éﬁ@@h thehantippdy APrPRrisedis? hervy Ch@f‘_é’laﬁ?b'q FRYIaneP AR AVI di t y"

r ef _etr) sdt 0 gEY i Rt Ne%vynléﬁ@wv@rmﬁe Eé@lra)nogsgalolf sty Not M3?é Kby Brgih _01;) fj he
anti body-antigen co X. s . contraql]e y three ngj G . anti body
ohi tone. arpai ol TRk stEoLSoNEERE ok afi e S el R LSRR BBl he

st ruct ur al27aa tigmgeae variable tebien iR fcIEAE Nar B84, andl 4 lighattediny vdriablseediarct or s

defi ne th%ﬁ%e&istgPIbtWO-qf1 the anti body, that is, the likelihood that the
particular antibody is binding to a precise antigen epitope.

In a certain embodiment, the antibody comprises: a heavy chain variable region CDR1 of
SEQ ID NO: 7; a heavy chain variable region CDR2 of SEQ ID NO: 14; a heavy chain
variable region CDR3 of SEQ ID NO: 21; a light chain variable region CDR1 of SEQ ID NO:
28; a light chain variable region CDR2 of SEQ ID NO: 35; and a light chain variable region
CDR3 of SEQ ID NO: 42.

As used herein, a human antibody comprises heavy or light chain variable regions or full
length heavy or light chains that are "the product of" or "derived from" a particular germline
sequence if the variable regions or full length chains of the antibody are obtained from a
system that uses human germline immunoglobulin genes. Such systems include immunizing
a transgenic mouse carrying human immunoglobulin genes with the antigen of interest or
screening a human immunoglobulin gene library displayed on phage with the antigen of
interest. A human antibody that is "the product of" or "derived from" a human germline
immunoglobulin sequence can be identified as such by comparing the amino acid sequence
of the human antibody to the amino acid sequences of human germline immunoglobulins and
selecting the human germline immunoglobulin sequence that is closest in sequence (i.e.,
greatest % identity) to the sequence of the human antibody. A human antibody that is "the
product of" or "derived from" a particular human germline immunoglobulin sequence may
contain amino acid differences as compared to the germline sequence, due to, for example,
naturally occurring somatic mutations or intentional introduction of site-directed mutation.
However, a selected human antibody typically is at least 90% identical in amino acids
sequence to an amino acid sequence encoded by a human germline immunoglobulin gene

and contains amino acid residues that identify the human antibody as being human when
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As used herein, the term"ADCC' or "anti body dependent cellular cytotoxicity"
activity refers to human B cell depleting activity. ADCC activity can be
measur ed by WOVIKNAHER B cel |l depleting assays descri bedPab&i%9/454036r der to
obtain a higher avidity probe, a dineric conjugate (two nol ecul es of an

ant i body poebaed t6duphechih® immbAGBbIRT k@mnmp aihsdpes@’sdfraliedreghecied(ssg.maki ng | ow
affinity int. i r t y re.r |Iy

et cct o B ERBEMIRESsBHE AT e el I EiEh A2 o8 e, P

anti gen bi8Ath. Ag%i enedlopeis9 e rre pean aigeaﬂ Ph.s97 %. 198 e P9IV Idenllqai 'nmrrsncoacmny of the
const r uct SegRses 'tmqa 'a#ﬁn%' Qc.@fsead@%c@@hboo@é\%ah@rgérmm mﬁnur%grabmmubéderrer s may

be generat ed through coval ent bindi ng between individual nodul es, for exanple,
by imtatiMgceiked H%men antibedy geriveq BPmiarRRSicHIaR BYTRR SMIRE $astensei i disRieY body

di mers thab rase thal do ta/aﬁt&i bed dtﬁ’@fdﬁb@i‘lfrbrhehé aﬁﬂf@séc@mtseor@gwersooda’dwey hiends

engi neer e Into t C C errac be co nt or _.non-cov n
oo O oyl St i ol oBh RS n Bl as R Fitho in BE AN B Blaq Loy i
BAFFR hybmncds thao & reatea muobtrelhaher3, @r det agtnowrstdutiésendedromeampline, adid i s

possi bl e t@,Usee BAokib ﬂhggg,%“qgmmg%gng@ﬁe_t rimerizing domain described in
WO 20101007%82PCI 1EP2009/ 059030 Borean (W2004039841) or pentanerizing domain

descri bed Ho’ﬂwo‘?o%hé §rni881di§’sat ent application W98/ 18943.

In yet another embodiment, an antibody of the invention has full length heavy and light chain
amino acid sequences; full length heavy and light chain nucleotide sequences, variable
region heavy and light chain nucleotide sequences, or variable region heavy and light chain
amino acid sequences that are homologous to the amino acid and nucleotide sequences of
the antibodies described herein, and wherein the antibodies retain the desired functional
properties of the anti-BAFFR antibodies of the invention.

For example, the invention provides an isolated recombinant antibody (or a functional protein
comprising an antigen binding portion thereof) comprising a heavy chain variable region and
a light chain variable region, wherein: the heavy chain variable region comprises an amino
acid sequence that is at least 80%, or at least 90% identical to an amino acid sequence
selected from the group consisting of SEQ ID NOs: 50-56; the light chain variable region
comprises an amino acid sequence that is at least 80%, or at least 90% identical to an amino
acid sequence selected from the group consisting of SEQ ID NOs: 43-49; the antibody
specifically binds to BAFFR, and the antibody exhibits at least one of the following functional
properties: it inhibits BLyS induced B cell proliferation, or BLyS induced IgG1 production and

it depletes B cell in vitro or in vivo.

In a further example, the invention provides an isolated recombinant antibody, (or a
functional protein comprising an antigen binding portion thereof) comprising a full length
heavy chain and a full length light chain, wherein: the full length heavy chain comprises an
amino acid sequence that is at least 80%, or at least 90% identical to an amino acid
sequence selected from the group consisting of SEQ ID NOs 75-78; the full length light chain
comprises an amino acid sequence that is at least 80%, or at least 90% identical to an amino
acid sequence selected from the group consisting of SEQ ID NOs 71-74; the antibody

specifically binds to BAFFR, and the antibody exhibits at least one of the following functional
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As used herein, the term"selectivity"” for an anti body refers to an anti body
that binds to a certain target polypeptide hut not to closely rel ated

pol ypept i desYOAHOQEEH herein, the term"high affinity" PEFEERVUPPody refers
to an anti body having a KO of 1InMor less for a target antigen. As used

herei n, t peodeaicm it iahibitse®ity’S induckdiBes!l polfetatiomor BLyablneags Bpiot®dtion 3e t er m

"nonhuman itat%hl'gpels'é Jeﬂ(;,j \%Joegr Iﬁkl{/o.vertebr ates, e.g., nmanmals and non- mamal s,
such as nonhurman primates, sheep, dogs, cats, horses, cows, chickens,

anphi bi ans, reﬁ)tiles, eLC. As used herein, the term "oBti j zed" npeanps that a
nucl eot i di” afiRs rEMHE s BRN QN PERVISES £B selataddEoarPIngR AEPA BT 8 BYGENEE usi ng
codons t hatotan eopprdirey areshtigan binding podiue thHeoaof)c edrhprsmgar Yhkngtn hegenetiedd |y a
eukaryoti I - C f. PLchi cel Tdc a
Chi nese H%rr}gl% ef[rJII I&f}@w&ﬁ%ﬁﬁh?\%ﬁ%é gﬁﬁﬁﬁghnmcag}/ Fﬁa'”crﬁ’eénéﬁ‘?‘?dmbqu%@&ﬁeﬁg& eoti de
sequence is§auengs Hakisedl least P& apmat densh P& ddaptienl tag npelediidaseqsass pelectethe ani no
alci d ieqU&r@ﬁﬁtht@rhgi(ﬁjfprb%héié&i[nglfbfgﬁédDQYOé h@_&ls_%;ttﬁé tINéhgiHkdne et il e%%a#]&r@ea \rA]'hi chis
al so known as e arenta equence. e i.m zed seqguences herein have
been engi ﬁéa?@tﬂ’etSSQ'ngﬁ%R@bB&HieagWé’t%’é’r‘ at 'B‘f‘%gﬁ‘%"r'%‘“F t%%—'ﬁ%‘ﬁ%ls?%”%eel I's;
however optletted @dmekpyesp icomsidihg bhBEE 1B eest:es therarmbbey spediedlly otids teel | s 1's
220 oY, SRS g dl 8 0B o SERLENSER, RAEASH B! | MBS

BLyS induced B cell proliferation, or BLyS induced IgG1 production ahd it depletes B cell in

vitro or in vivo.

In various embodiments, the antibody may exhibit one or more, two or more, or three of the
functional properties discussed above. The antibody can be, for example, a human antibody,
a humanized antibody or a chimeric antibody. Preferably the antibody is a fully human IgG1

antibody.

In other embodiments, the Vy and/or V| amino acid sequences may be 50%, 60%, 70%,
80%, 90%, 95%, 96%, 97%, 98% or 99% identical to the sequences set forth above. In other
embodiments, the Vy and/or V| amino acid sequences may be identical except an amino acid
substitution in no more than 1, 2, 3, 4 or 5 amino acid position. An antibody having Vy and V.
regions having high (i. e., 80% or greater) identity to the Vy and V| regions of SEQ ID NOs
50-56 and SEQ ID NOs 43-49 respectively, can be obtained by mutagenesis (e.g., site-
directed or PCR-mediated mutagenesis) of nucleic acid molecules encoding SEQ ID NOs:
64-70 and 57-63 respectively, followed by testing of the encoded altered antibody for
retained function (i. e., the functions set forth above) using the functional assays described

herein.

In other embodiments, the full length heavy chain and/or full length light chain amino acid
sequences may be 50% 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98% or 99% identical to the
sequences set forth above. An antibody having a full length heavy chain and full length light
chain having high (i.e., 80% or greater) identity to the full length heavy chains of any of SEQ
ID NOs 75-78 and full length light chains of any of SEQ ID NOs 71-74 respectively, can be
obtained by mutagenesis (e.g., site-directed or PCR-mediated mutagenesis) of nucleic acid
molecules encoding SEQ ID NOs 79-82 and SEQ ID NOs 83-86 respectively, followed by
testing of the encoded altered antibody for retained function (i. e., the functions set forth
above) using the functional assays described herein.
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Various aspects of the invention are described in further detail in the

foll ow ng subsections. Standard assays to evaluate the binding ability of the
anti bodi es tYWAAHH'BRRFR of various species are known i nPEREPRPYOSI3Pc| udi ng for
exanpl e, ELI SAs, western blots and RIAs. Suitable assays are described in

det ai | i n i bteExabgpdisnts, Tihe fi Iashtin gediyngiainC snd/e. igll Jenbithnidhnehaaf huokotiyg of t he

ant Dol e 8la0cAN, B B95903C gy cilaneRr deResAY So DMl Nyl fiE Al e SuCh s

by Bi acore to evaluat e eT ts o e an ies on
functi onalsemeajp@rseltésth@bO\EAFFR (e.g., receptor binding, preventing or inducing
human B cell proliferation or 1gG production) are described in further detail

i n the Exampthes emBodioedtsntkwariaie asdiorsoayheairathdin dridhr tigftit dne ouclesbdee of t hese

BAFFR fun%&g@a@és R %Srégb e ST04e- 89, 9 obd °§§‘f”b€¢“' 97 }o, %?B@%“ ﬁ&ln aGEthe!! ar .

physi ol ogi cal  or ot ologic ies, ort det'erm ned

accor di ng segUareeedBrtbgPe® known to the art and descrl bed her ein, will be
understood to relate to a statistically significant decrease in the parti cul ar
activity rrelumed vereinothelpatcesigdentitybetireenabs eviceeqoéndeh & afvhetmody theewgber or when a

Cohi b ts AR akr%’%sc'?“ésr SR s Baphe ¥, B B s RaBghLP e o™
# of positions x 10 takmg into account the number of gaps, and the length of each gap,
which need to be introduced for optimal alignment of the two sequences. The comparison of
sequences and determination of percent identity between two sequences can be
accomplished using a mathematical algorithm, as described below.

The percent identity between two amino acid sequences can be determined using the
algorithm of E. Meyers and W. Miller (Comput. Appl. Biosci., 4:11-17, 1988) which has been
incorporated into the ALIGN program (version 2.0), using a PAM120 weight residue table, a
gap length penalty of 12 and a gap penalty of 4. In addition, the percent identity between two
amino acid sequences can be determined using the Needleman and Wunsch (J. Mol, Biol.
48:444-453, 1970) algorithm which has been incorporated into the GAP program in the GCG
software package (available at http://www.gcg.com), using either a Blossom 62 matrix or a
PAM250 matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a length weight of 1, 2, 3,
4,5, or 6.

Antibodies with conservative modifications

In certain embodiments, an antibody of the invention has a heavy chain variable region
comprising CDR1, CDR2, and CDR3 sequences and a light chain variable region comprising
CDR1, CDR2, and CDR3 sequences, wherein one or more of these CDR sequences have
specified amino acid sequences based on the antibodies described herein or conservative
modifications thereof, and wherein the antibodies retain the desired functional properties of
the anti-BAFFR antibodies of the invention. Accordingly, the invention provides an isolated
recombinant antibody, or a functional protein comprising an antigen binding portion thereof,
consisting of a heavy chain variable region comprising CDR1, CDR2, and CDR3 sequences
and a light chain variable region comprising CDR1, CDR2, and CDR3 sequences, wherein:
the heavy chain variable region CDR1 amino acid sequences are selected from the group
consisting of SEQ ID NOs:1-7, and conservative modifications thereof; the heavy chain
variable region CDR2 amino acid sequences are selected from the group consisting of SEQ

ID NOs: 8-14, and conservative modifications thereof; the heavy chain variable region CDR3
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statistically significant decrease by at |east 10% of the neasured paraneter,
by at | east 50k, 80%or 90% and in certain enbodi nents an anti body of the

i nventi on mayYORPHAPHPE2 greater than 95% 98% or 99% of BRFFRPINHELIBNal
activity. The ternms "cross-block”, "cross-blocked® and "cross-bl ocking" are
used i nt eragtrangedbdquehasairs séloctae aomtthe gahlp lcbiigystiog ocasEQNDI N@dy 5ax1, adder

bi ndi i f A i.nd f di
Dt 29, S9Gbeckfd WSl b 8 TORCAR Sl Shadll thRd! Shepradl 00T 0
t o whi ch saquentéhadselectedfrherthd predb ngnsigeq of $%Qé{bll\@8ta22&ta@dfcen®mtwm t he

bi ndi ng ofm&anegthﬁg tﬁé}ébfbﬂ%\’hg?ﬁ chéﬁOUaFlgolé"%g?&H' €DR9 %d: Beidaduddags efor e

whether it can be said to cross-blo accor mg%to the invention, can be
det er m ned®§siehFosk AP ‘E’Bﬁﬁé‘ﬁquls(?@ I NEFngP-38 SRy consgnwativg mediffalions s ay
i nvol ves tifeedtsie dht tin ‘Eﬂr@ﬁl@rr@gldrSQJﬂUDRG@yhlr(oeacgi selayen¢5$ 8@ seheteBrd@are 3000

i nstrunent_ ( Bi acore . su ext.ent of

|t er aotl SR BRTiRy o REAT RosHERS I ol R SRRMBRI R dnE NN RS O ¢ )
measuri ng soe@‘_s:sll»bblgtsldp rB@\FEBe@dathe EhtibsSdy bdded abiepstoae bf thEfnlibhwiep fubstienal s on bot h
met hods  arng, BNt ihAbitd WLyEXAREESE cell proliferation, or BLyS induced IgG1 production and

it depletes B cells in vitro or in vivo.

In various embodiments, the antibody may exhibit one or more, two or more, or three or more
of the functional properties listed discussed above. Such antibodies can be, for example,

human antibodies, humanized antibodies or chimeric antibodies.

In other embodiments, an antibody of the invention optimized for expression in a mammalian
cell has a full length heavy chain sequence and a full length light chain sequence, wherein
one or more of these sequences have specified amino acid sequences based on the
antibodies described herein or conservative modifications thereof, and wherein the
antibodies retain the desired functional properties of the anti-BAFFR antibodies of the
invention. Accordingly, the invention provides an isolated monoclonal antibody optimized for
expression in a mammalian cell consisting of a full length heavy chain and a full length light
chain wherein: the full length heavy chain has amino acid sequences selected from the group
of SEQ ID NOs: 75-78, and conservative modifications thereof; and the full length light chain
has amino acid sequences selected from the group of SEQ ID NOs: 71-74, and conservative
modifications thereof; the antibody specifically binds to BAFFR; and the antibody exhibits at
least one of the following functional properties: it inhibits BLyS induced B cell proliferation, or
BLyS induced IgG1 production and it depletes B cell in vitro or in vivo.

In various embodiments, the antibody may exhibit one or more, two or more, or three or more
of the functional properties listed discussed above. Such antibodies can be, for example,

human antibodies, humanized antibodies or chimeric antibodies.

As used herein, the term "conservative sequence modifications" is intended to refer to amino
acid modifications that do not significantly affect or alter the binding characteristics of the
antibody containing the amino acid sequence. Such conservative modifications include
amino acid substitutions, additions and deletions. Modifications can be introduced into an
antibody of the invention by standard techniques known in the art, such as site-directed
mutagenesis and PCR-mediated mutagenesis.
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According to the invention, a cross-blocking antibody or other binding agent
according to the invention binds to BAFFR in the descri bed Bl Acore

cross- bl ockiVhg2H88\P2such that the recorded binding of PATERWAHISAEL | on

(m xture) of the antibodies or binding agents is between 80% and 0. 1% (e. g.
80% t 0 4%Conéertdiige Aot subetdnteins aad oz mdivhigh ttepedihd baaldsiiubed werned 5% and
0.1% (e.g 3% 49 i_cal ndi n

specif i Caﬂ.tz %rﬁ@gn@c {9& %hgﬁzj(_g)/gus% ap%%o haln %t%hleg opgmlnr%eé%s(gge&% escaI ly
bet ween GMIagndm(Uarl%q ehafps heBgdheen dﬂ!@ed)fn thanrtnﬂrme freaitiestinadede dminelbeids (as
defi ned a%ﬁ%&@%ld& BRaid@. gan)tlén*%ogr'g%eoﬁlsth)‘ld’ég'd&@l@é&%’@h%ln%r(’e §O8aRREAN AN

antibody is defined as cross-bl ocki ng hé ELI SA assay as described in the
Exanpl es, gilﬁtarf"ﬁé‘c‘é’blLu”PP%ﬂe‘bH%@"es'%tCPa'mﬁ@ MEPD ARG NEbY B SHEE: a

reducti ontmfaormiwye@heeie)%emdtrgl&&%anﬁa&mofare»alalcyam)sa(&avyeeimn?r@ymn@l 1d0% and nore

specifically hetween 80% a 100%., of . t AFFR tect ignal (i.e. the
Shount o HOREROe: By O REnbEar ekl ey hoe S siE s ahs et Reecklierr

det ect i on vgiingnadolaybing) laedj drgmaticesidbbnioe (60-.t iwsivel nbérvlalapinas &yeinphaBAFFR
anti body (dstifine)t PRuPLBRE bi HEreCRNES Hid V&ldusd wﬂtﬁﬁ%"@ﬂ)lﬁ%&ftor@% bRy ANt | bodi es

of the invention include the human reconbi nant antib i sol ated and

st ruct ur altfs/inverdica eBhegRlagrd Wiy eieparino #riq Freidegaffpmelse sRe 48 ehdho aci d
sequences f&rilyl 304 A ditasd bhdde Tadfbet tB&ed MreBidinea fafdios Wemy the filbc@raD NOs:
50-56. The VL am i d sequences of isolated antibodies of the invention are
shown in §I§%3VF% ﬁf@ Oa}l%‘e'ﬂg respectively. Exanples of preferred full length

i ght chain am no acid sequences_of _ o _ _
Antibodies that bind to the same epitope as anti-BAFFR antibodies of the invention

In another embodiment, the invention provides antibodies that bind to the same epitope as
do the various specific anti-BAFFR antibodies of the invention described herein. All the
antibodies described in the Examples that are capable of blocking the BLyS induced effect
bind the same epitope in BAFFR with high affinity, said epitope being comprised between
amino acids of SEQ ID NO:88.

Additional antibodies can therefore be identified based on their ability to cross-compete (e.g.,
to competitively inhibit the binding of, in a statistically significant manner) with other
antibodies of the invention in standard BAFFR binding assays. The ability of a test antibody
to inhibit the binding of antibodies of the present invention to human BAFFR demonstrates
that the test antibody can compete with that antibody for binding to human BAFFR; such an
antibody may, according to non-limiting theory, bind to the same or a related (e.g., a
structurally similar or spatially proximal) epitope on human BAFFR as the antibody with
which it competes. Thus, another aspect of the invention provides antibodies that bind to the
same antigen as, and compete with, the antibodies disclosed herein by sequence. In a
certain embodiment, the antibody that binds to the same epitope on human BAFFR as the
antibodies of the present invention is a human recombinant antibody. Such human

recombinant antibodies can be prepared and isolated as described in the Examples.

Engineered and modified antibodies

An antibody of the invention further can be prepared using an antibody having one or more of
the Vy and/or V| sequences shown herein as starting material to engineer a modified
antibody, which modified antibody may have altered properties from the starting antibody. An

antibody can be engineered by modifying one or more residues within one or both variable
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WO 20101007082PCT1EP20091059030 anti bodi es of the invention are shown in SEQ
I D NO 71-74. Exanples of preferred full |length heavy chain am no acid
sequences ofWVAAIPBYHi2es of the invention are shown in SEGERRONASIS078
respectively. Qther exanples of preferred full Iength heavy and Iight chain
an no aci degi@gueRrRces soti/oant)i bodiasplawkhit bos er eoeatizrl rdajone @hd/espidindbmg DNA

sequences a | artis
Pharma. AGo Eararm oo idS bR B 2B ERE RS BB 2000w ¢
accessi on nméifyjes reSENRL BTN HiedoDBMR 264I00 (s )eop exanine foyalteOthleffecint flubdidn@s of t he
i nvention o pel@i®qdam no acids that have been mutated by am no acid deletion,
insertion or substitution, yet have at |east 60 70, 80, 90 or 95 percent
identity id).t [ r [ ences
descri bed d}b t\g&, 8928 e e%ﬂ%(%g ngggr{bgtﬁg%egﬂcbo ed yé%ﬁlgrdraefgrah@f’ Bﬁ& sequences
of plasm dsierps\mfmtaweaarﬁevmwed@nldeﬁbéhrpe@ pinNGgidrresiduesHagtrpge mGatefdr um 1,

CH 4002 Bagelix h taﬁ@"hblﬂnﬂam'c@m%mn@ﬂtyéﬁfe‘rhn% rg&&{%&cm%h F@pfFl%SrébéUﬂ nunber
DSM22542 nd DSM22543 res ectl valp% H?A ude mut ant
am no aci es%fa'{l%ﬁ&' seWere ?éret’ﬂ%{ﬁ di’ersﬁ elyveeq | ’B’P"déakﬁﬂ“ 'Y have
been nut atse@helnyesammd)e athRdeH;@taumcDRrseemdncwamrresmdnsubletfuﬁ most dniibddge CDR
regi ons 0 t q%)ﬁ regi ons d e descri bed
above. F\llj\,% E%e% We%&'aﬁ | SeaR%S'% al ng é?sgn{egﬁ%%rﬁ r{tlgaéegssﬁaggrﬁﬁgs%are shown
in SEQ I D PNDegigs of/achélblr@tura"gwpcwﬁrw ant'\baqiieenbyaponsumtegwmesmwme&ahr e shown
in SEQ I DIMdlS?CDﬁqu(flJeﬁ&git Froi &t sE&ﬁlcn n%%&%%&%ﬂg&geéraﬂ% idpkzed for

expression in a mammlian _cell are shown in Full |ength
heavy chai'fMftieTke §89U§BCSe {{GBN L8 TBISH rﬁ‘Et&]’nyFh ST SPORETTGS ASSFmrfi@l i an cel |
are shown Rigthbakh,|LDeNes 1398 RAturdB3pe323827 | iods, 65 c0bl. 11966 NawenB210522-3261 ude am no

aci ds or GRS AChUS halohavs heen Tt ed, KsbohaNRatuleaslorbRy, 7O, 80

90 or 95 rcen |dent to 'the seq uences escrl

enbodi mant55225|5€39|tm\alht¢deinmwt%¢rﬂatmtﬁ\ln@ S0 03 eqftdtiess Gk f@ andifol Sorre ta han 1, 2,
3, 4 or 5@pLheAGi ds have been nutated by amino acid deletion, insertion or
substitution in the variable regions when conpared with the vari abl e regi ons

?ﬁgl gtarerg Iéb\r}c%rgﬁgl g)%?%m%gé%rehtbgfqhg%grgnﬁ ng)eﬂglﬁs ) |s(8[at ,focg)ﬂg hodi es bi nds

are progeni es 1€ sane paren the VH,
VL, full |Bé\E(g'Rhantibg¢u cszﬁauftmctlcavﬁu pfotdin chepgging heawyg@he dine@qrj@ndbeeqfnucl eot i de

sequences gh DReAG chhis CABRGES) &b &2 C@Rﬂ‘%@ @é?m@ JRdviaes” ik &dig¢at e ot her
anti - BAFFR blgrrllﬁlrgn ?ecd es of tg%en i nvelntlgon FR %I nﬁr%g oaf Isuch "m xed

and mat chef4'eqnt F%%ﬁ?‘é@o’l‘,g}? $eUR opisina A iSFE Bi " T a89H§Ce8 82EP bed above
and i n t hankoanphas séquehce s&bdt&GASImM ch@n)ub hcessastmba)r BEQalDeN O%: ><£ed4 awmR3imt ched, a

VH sequeng qJeng@ ﬁ‘a\}Pn%v{P SM#nS‘racM"!eXwE r[%g'sefegtgd ?@%%ng?&gtﬁ%% Eth[fJ‘

structural al N sequence
froma parNQScdﬁéﬂ 'Techtl‘feéhgﬂ% aHighivapaiphvariableg refgigin| haviea GOR $6gh©nC@haBY1nspal ring

shoul d be jhepliesdd Wdudnd §élédﬁ9)tﬁﬂgrﬁltl'!eyg@udq‘bdrﬁfstnfq%flSE'(?T[QN@shQﬁYé)’ @Ehred n
sequence. Likew se, a VL sequence froma partic airin shoul d be

repl aced @pgqenaessrﬂqu@t%ﬂ %rmn9 acid sequence selected from the group consisting o Ql
NOs: 29-35; and CDR3 sequences consisting of an amino acid sequence selected from the

group consisting of SEQ ID NOs: 36-42, respectively. Thus, such antibodies contain the Vy
and V. CDR sequences of monoclonal antibodies, yet may contain different framework
sequences from these antibodies.

Such framework sequences can be obtained from public DNA databases or published
references that include germline antibody gene sequences. For example, germline DNA
sequences for human heavy and light chain variable region genes can be found in the
"WBase" human germline sequence database (available on the Internet at www.mrc-
cpe.cam.ac.uk/vbase), as well as in Kabat, E. A., et al.,, 1991 Sequences of Proteins of
Immunological Interest, Fifth Edition, U.S. Department of Health and Human Services, NIH
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WO 20101007082PCT1EP20091059030 sim | ar VI _ sequence. Likewi se a full length
i ght chain sequence froma particular full length heavy chain / full length
l'i ght chai n YWarHPAY'®8houl d be replaced with a structuraPCYEBIRASEBOful | | ength
I ight chain sequence. Accordingly, in one aspect, the invention provides an

i sol at ed rrebloabomMROL9 180242 PDTmhyinedn, &MM.| gean, 199adi.rfg. Begkan7idiraseahd baviJng: a

heavy cha%ang%LaRbgEﬁﬁggﬁgyﬁ%@ﬁ%%ﬁkgglan am no aci d sequence selected from

the group consisting o 56; and a light chain variable region

conprising an am no._aci d sequence selected fromth roup.consi sti of SEQ ID
PRl WA R A S T el R B e A RN (R TSN

aspect, t faee ishwaurbliiyosimparowi tiesramework s¢duena@s usedl Bt edleatal antbioniastof amt i body
From the drobiemeong: SrranckecdRels DA BuRg il BB BERRIGEEE O arn
conpri si ngnépdigsioh dredoyantieedhenteCR].ecensdd peaeneasears hap/ (dish $tadgd of SEQ I D
NGs: 71- 74;seYBER, Bart BE gaRtd BRdYramRREIk b Gt tHattHalél theti@edBbdrEByuedEe as that

found in the germline immunoglobulin gene from which the framework sequence derive, or

the CDR sequences can be grafted onto framework regions that contain one or more

mutations as compared to the germline sequences. For example, it has been found that in

certain instances it is beneficial to mutate residues within the framework regions to maintain

or enhance the antigen binding ability of the antibody (see e.g., U.S. Patent Nos. 5,530,101;

5,585,089; 5,693,762 and 6,180,370 to Queen et al).

Another type of variable region modification is to mutate amino acid residues within the Vy
and/or V. CDR1, CDR2 and/or CDR3 regions to thereby improve one or more binding
properties (e.g., affinity) of the antibody of interest, known as "affinity maturation." Site-
directed mutagenesis or PCR-mediated mutagenesis can be performed to introduce the
mutation(s) and the effect on antibody binding, or other functional property of interest, can be
evaluated in in vitro or in vivo assays as described herein and provided in the Examples.
Conservative modifications (as discussed above) can be introduced. The mutations may be
amino acid substitutions, additions or deletions. Moreover, typically no more than one, two,

three, four or five residues within a CDR region are altered.

Accordingly, in another embodiment, the invention provides isolated anti-BAFFR monoclonal
antibodies, or a functional protein comprising an antigen binding portion thereof, consisting of
a heavy chain variable region having: a V4 CDR1 region consisting of an amino acid
sequence selected from the group having SEQ ID NOs: 1-7 or an amino acid sequence
having one, two, three, four or five amino acid substitutions, deletions or additions as
compared to SEQ ID NOs: 1-7; a Vy CDR2 region having an amino acid sequence selected
from the group consisting of SEQ ID NOs: 8-14, or an amino acid sequence having one, two,
three, four or five amino acid substitutions, deletions or additions as compared to SEQ ID
NOs: 8-14; a Vy CDR3 region having an amino acid sequence selected from the group
consisting of SEQ ID NOs: 15-21, or an amino acid sequence having one, two, three, four or
five amino acid substitutions, deletions or additions as compared to SEQ ID NOs: 15-21; a V.
CDR1 region having an amino acid sequence selected from the group consisting of SEQ ID
NOs: 22-28, or an amino acid sequence having one, two, three, four or five amino acid
substitutions, deletions or additions as compared to SEQ ID NOs: 22-28; a V| CDR2 region
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(i1) a functional protein conprising an antigen binding portion thereof. In
anot her aspect, the invention provides (i) an isol ated reconbi nant

ant i body haWw@e1v807p83 | | engt h heavy chai n encoded by aPATEPEBYISHBOsequence

t hat has been optim zed for expression in the cell of a mammalian sel ected
fromthe @@Gu@ammmb&bihagqmcé&@déﬂ OB thé YrdBid;comidding of SEQ 1D BOgt 28-35, ght chai n
encoded by | eot q h b p. f or ion in the
ol | ot o Ao i SdPeRBINRRECalY HhogRies, SE0 PETARS Al HRVRE. 85. 66
wherein t W@Ieamsmg@dgntuypea@wbme@ne_two §E®d@ NQGs: BABRRnd @rVL CDR3 regiog hayingarf unct i onal
protein comd é:dld‘&ﬁﬁéhc%rétefegt@@frgﬂnnl% GuPrsis iy SREIER NOs: 36-42, Jh‘ﬁ a‘?‘ﬁm q10 acid

sequences of the CDR1s of the antibodies are shown in SEQ ID NOs: 1-7. The
am no aci °YefIBPCEANItRE: WT: Gﬁﬂ‘@sfo'&‘ ot fiYe 2{pipe @6‘6|%‘§3t5‘1‘t@”§h‘!ﬁﬁ‘ﬁ'oi‘% °SEQ I D
NGs: 8- 14.addihensazicompaet tb SEQUBNOes3m42.t he VH CDR3s of the antibodies are
shown in SEQ I D NOs: 15-21. The am no acid sequences of the VL CDRls of the

ant i bodi e a6, SHOWA.itdingEaraRs NES altc? g8 rateordThieaidsd sequences of the VL
CDR2s of the antibodies are shown in SEQ ID NGs: 29-35. The amino acid

sequences g g}ﬁgﬁ, 36-42.
The CDR reg\gllgélggr'se\é{]t—df V%m@@%“’%gw ésga?@%l\é?ﬁ’ég? gﬁggg%&n%qtéhe Kabat
syst em ( Kabdlke resulting polgepfge, 'nC'E@Qlat&ﬂah@fFﬁ:@gd'@ﬂ fqgroﬁt"éi'%‘sSR?fS'f'WWn?WQF &yi cal

| nterest, gAFFRN &ebnt ir@mhewbkkS. oPegafélaenhciede He@l hmand ikbgpes Ipr vicas, N H

Publ i cati on_No. 1- 3242
C)mmunoglo ulins, or )fragments thereof (such as those disclosed elsewhere herein), and

include immunoglobulins of other animal species, preferably having humanized aspects.
Single heavy-chain antibodies such as those identified in camelids are of particular interest in
this regard. Novel frameworks, scaffolds and fragments continue to be discovered and

developed by those skilled in the art.

In one aspect, the invention pertains to generating non-immunoglobulin based antibodies
using non-immunoglobulin scaffolds onto which CDRs of the invention can be grafted.
Known or future non-immunoglobulin frameworks and scaffolds may be employed, as long
as they comprise a binding region specific for the target protein of SEQ ID NO: 87. Such
compounds are known herein as “polypeptides comprising a target-specific binding region”.
Examples of non-immunoglobulin framework are further described in the sections below
(camelid antibodies and non-antibody scaffold).

Camelid antibodies

Antibody proteins obtained from members of the camel and dromedary (Camelus bactrianus
and Calelus dromaderius) family including new world members such as llama species (Lama
paccos, Lama glama and Lama vicugna) have been characterized with respect to size,
structural complexity and antigenicity for human subjects. Certain IgG antibodies from this
family of mammals as found in nature lack light chains, and are thus structurally distinct from
the typical four chain quaternary structure having two heavy and two light chains, for
antibodies from other animals. See PCT/EP93/02214 (WO 94/04678 published 3 March
1994).

A region of the camelid antibody which is the small single variable domain identified as Vpy
can be obtained by genetic engineering to yield a small protein having high affinity for a
target, resulting in a low molecular weight antibody-derived protein known as a “camelid
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G ven that each of these antibodies can bind to BAFFR and that antigen-binding
specificity is provided primarily by the CDRL, 2 and 3 regions, the VH CDR1, 2
and 3 sequerf¥@301&AH082. WO 20101007082PCl 1EP2009/ 059030 EOREP2099/3AH03 sequences
can be 'm xed and matched" (i.e., CDRs fromdifferent antibodies can be m xed
and mat ch,nagahy ardee o8 ypatmnh@hivdr 5y 58,898 wsddRline 2, 8998; Seaansd HijldthasDBL, 2 and 3
create other I - F [alaly G f i tad.Qn AF. i.-ndi ng of
such "m xteégalédz%)[oﬁé% le@e%agﬁ'ggagg%&(ﬁyﬁﬂﬁgﬂf e'\ﬁs'tla g&"’%@ﬁg’“@ﬂ% 4§ﬁ'ngégﬁ-{]§8assays
descri bed FigsohteergandMi at alh20BxBingsinaigateeCipm 1E€1448A448: CltrzrRefaryo0DR. skeluences are

m xed and 58 ¢hedcahdde s6DR36-6 SR BRikeRlys RS §€quaNERBT 9niva spatddpul ar Vry

sequence should be replaced with a structurally simlar CDR sequence(s).
Li kew se, ﬁmﬁ@ﬁerWJ'b@RSs@qﬁ%ﬂ"é'ésa%‘lb@d'ﬁ?@H aritroratiRBEntst A& msmeﬂm and/ or
CDR3 sequenRsiblel Rreanipdy, fro@Abiinx Mbhehe eenee AdheltH cth&eantieg@liact domhiihara
structurally. simlar C%)R segue cec(()as Ltowi Lo hbe reagil arent to the
or di nar i 1779111 LG 7o Se erae ruet ohodimcan RS et BANER vl eq by
subst i t ut iangpaosrceothainmpee dpselyaredémbles/b hUBDR seggeme. s@qlencasbedvt ¢anstbe uct ural |y
simlar sequeneRd . f TRM HaehPR BF UIeHGHRy DR URRELRILBAES . ARASE! Ofdbe
anti bodi es of the present invention.

further reduced.

The camelid nanobody has a molecular weight approximately one-tenth that of a human IgG

molecule and the protein has a physical diameter of only a few nanometers. One

consequence of the small size is the ability of camelid nanobodies to bind to antigenic sites

that are functionally invisible to larger antibody proteins, i.e., camelid nanobodies are useful

as reagents detect antigens that are otherwise cryptic using classical immunological

techniques, and as possible therapeutic agents. Thus yet another consequence of small size

is that a camelid nanobody can inhibit as a result of binding to a specific site in a groove or

narrow cleft of a target protein, and hence can serve in a capacity that more closely

resembles the function of a classical low molecular weight drug than that of a classical

antibody.

The low molecular weight and compact size further result in camelid nanobodies being
extremely thermostable, stable to extreme pH and to proteolytic digestion, and poorly
antigenic.  Another consequence is that camelid nanobodies readily move from the
circulatory system into tissues, and even cross the blood-brain barrier and can treat
disorders that affect nervous tissue. Nanobodies can further facilitated drug transport across
the blood brain barrier. See U.S. patent application 20040161738 published August 19,
2004. These features combined with the low antigenicity to humans indicate great
therapeutic potential. Further, these molecules can be fully expressed in prokaryotic cells
such as E. coli and are expressed as fusion proteins with bacteriophage and are functional.

Accordingly, a feature of the present invention is a camelid antibody or nanobody having high
affinity for BAFFR. In certain embodiments herein, the camelid antibody or nanobody is
naturally produced in the camelid animal, i.e., is produced by the camelid following
immunization with BAFFR or a peptide fragment thereof, using techniques described herein
for other antibodies. Alternatively, the anti-BAFFR camelid nanobody is engineered, i.e.,
produced by selection for example from a library of phage displaying appropriately
mutagenized camelid nanobody proteins using panning procedures with BAFFR as a target
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I n sone enbodi nents, isolated reconbinant anti bodi es, or antigen binding

regi ons thereof have: a heavy chain variable region CDRL conprising an am no

aci d sequenc¥03UPEEPEd fromthe group consisting of SEQPfBERKEY05907:. a heavy

chain variable region CDR2 conprising an am no acid sequence selected fromthe

group consiksiesdigedin tbEQdrpIddIsereiB- Inldie @nelvient Raiantitoaly iocaealigcgirens COR3

CorPr S1 D0 ARAT ROiACL CeRERNAOER, SR GHL A0 dUAMAS. iouPeaRISLalng. of SEQ 1D
no acid

NGs: 15-2 ain varia conprising an a
sequence si@IC@chbf@bremoﬁnglh@ergi wpb@@mw@tfuwgar o¢ CBEMIPE NCseneflRexMeernd i ght

chai n variahbe ‘é%‘lfql'?e meﬁ&m@u@b&%f%n@%nﬁn@e& &% WW@%&@%'S%@E#@ from the
gr oup con5|st|ng of : t chain variable regi on CDR3

conpri si ng™RRY 'awweé?@m"%@a@e%@ f‘éé?@@t’ SPHFRGA gftyr%af&%% CORSSPIYeReS of SEC I D
NGs: 36- 427 thaheae} o lighectant éfhegdyuspesitbbaed dithdinnesioBMtdRandbBdyorcsidiai n

embodi nentdbm%m%n?bodﬁprg%wgr?ﬂe enges agdesc%Sh%'a%E\éar E@R&%Q% ﬁln CDR1 of SEQ

I D NO 2; arnovariab regr on a heavy chain
vari abl e rggion CDR3 T SEQ I D NO 16; a light chain variable region CDRL of
SEQ I D NO—Og?,;@—%—@%&’chain vari abl e regi on CDR2 of SEQ ID NO 30; and a
[ight chain variable region CDR3 of SEQ ID NO 37. In a certain enbodi nent,
the anti bd?ﬂvwﬁofﬂﬁj‘r'ﬂmogﬁbqﬂéaf\?&j“w'i% oy sfcridiise itdigroPuCERE of SHEed 1D NO 3; a

heavy chaimin¥aihb &réndc (@amgaﬁ%j @fﬁeﬁiﬁ’é‘t}né@hh\p Wlaﬁhba]nﬁ Mﬁ)a\éhkﬁiﬂa(ll\ffblééaﬂéf Etc)gl IeD o
regi on cnal.h vari anle r
e O ot A AT e o o Bire o B p B, L TEo R MRS Crai 1

vari abl e rA@gnmmvCEEBJnaérdéSEQelgﬁ)nm||p8&l|n| (m\nacame)r (Riens Endiedabe¥@,, Flelsengant i body

\C/gm);iblsgsre Qﬁf? ﬁéﬂﬁ?&h&%&h@ﬁ@& %b&ﬂc%@&u&&ﬁﬁ&nﬁ%d\@m e, BsdRRRYY chain

) maxybodies (Avidia, Inc. (Mountain Vlew CA)), Protem A (Affibody AG, Sweden) and

affilin (gamma-crystallin or ubiquitin) (Scil Proteins GmbH, Halle, Germany), protein epitope

mimetics (Polyphor Ltd, Allschwil, Switzerland).
(i) Fibronectin scaffold

The fibronectin scaffolds are based preferably on fibronectin type Ill domain (e.g., the tenth
module of the fibronectin type 11l (10 Fn3 domain)). The fibronectin type Il domain has 7 or 8
beta strands which are distributed between two beta sheets, which themselves pack against
each other to form the core of the protein, and further containing loops (analogous to CDRs)
which connect the beta strands to each other and are solvent exposed. There are at least
three such loops at each edge of the beta sheet sandwich, where the edge is the boundary

of the protein perpendicular to the direction of the beta strands (US 6,818,418).

These fibronectin-based scaffolds are not an immunoglobulin, although the overall fold is
closely related to that of the smallest functional antibody fragment, the variable region of the
heavy chain, which comprises the entire antigen recognition unit in camel and Illama 1gG.
Because of this structure, the non-immunoglobulin antibody mimics antigen binding
properties that are similar in nature and affinity to those of antibodies. These scaffolds can
be used in a loop randomization and shuffling strategy in vitro that is similar to the process of
affinity maturation of antibodies in vivo. These fibronectin-based molecules can be used as
scaffolds where the loop regions of the molecule can be replaced with CDRs of the invention

using standard cloning techniques.

(i) Ankyrin — Molecular Partners
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WO 20101007082PCT1EP20091059030 vari able region CDR3 of SEQ ID NO 18; a |ight
chain variable region CDRL of SEQID NO 25; a light chain variable region
CDR2 of SEQW®2Ne¥078%2: and a |ight chain variable regi oRCEBRIVVIOBEQ | D NO.
39. In a certain enbodi nent, the antibody conprises: a heavy chain variable
regi on CDRhe®fchnology is based on using proteins with ankyrin derived repeat modules as scaffolds

for bearing variable regions which can be used for binding to different targets. The ankyrin
repeat module is a 33 amino acid polypeptide consisting of two anti-parallel a-helices and a

B-turn. Binding of the variable regions is mostly optimized by using ribosome display.
(iii) Maxybodies/Avimers - Avidia

Avimers are derived from natural A-domain containing protein such as LRP-1. These
domains are used by nature for protein-protein interactions and in human over 250 proteins
are structurally based on A-domains. Avimers consist of a number of different “A-domain”
monomers (2-10) linked via amino acid linkers. Avimers can be created that can bind to the
target antigen using the methodology described in, for example, 20040175756;
20050053973; 20050048512; and 20060008844

(vi) Protein A — Affibody

Affibody® affinity ligands are small, simple proteins composed of a three-helix bundle based
on the scaffold of one of the IgG-binding domains of Protein A. Protein A is a surface protein
from the bacterium Staphylococcus aureus. This scaffold domain consists of 58 amino acids,
13 of which are randomized to generate Affibody® libraries with a large number of ligand
variants (See e.g., US 5,831,012). Affibody® molecules mimic antibodies, they have a
molecular weight of 6 kDa, compared to the molecular weight of antibodies, which is 150
kDa. In spite of its small size, the binding site of Affibody® molecules is similar to that of an

antibody.
(v) Anticalins — Pieris

Anticalins® are products developed by the company Pieris ProteoLab AG. They are derived
from lipocalins, a widespread group of small and robust proteins that are usually involved in
the physiological transport or storage of chemically sensitive or insoluble compounds.

Several natural lipocalins occur in human tissues or body liquids.

The protein architecture is reminiscent of immunoglobulins, with hypervariable loops on top
of a rigid framework. However, in contrast with antibodies or their recombinant fragments,
lipocalins are composed of a single polypeptide chain with 160 to 180 amino acid residues,

being just marginally bigger than a single immunoglobulin domain.

The set of four loops, which makes up the binding pocket, shows pronounced structural
plasticity and tolerates a variety of side chains. The binding site can thus be reshaped in a
proprietary process in order to recognize prescribed target molecules of different shape with
high affinity and specificity.
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SEQ ID NO 5; a heavy chain variable region CDR2 of SEQ ID NO 12; a heavy
chain variable region CDR3 of SEQ ID NO 19; a light chain variable region
CDR1 of SEQW®2Nep070826: a |ight chain variable regi on CORVEBOHMERPD NO 33;
and a light chain variable region COR3 of SEQID NGO 40. In a certain

enbodi mentQnet giete@dndf ilipadyn Gatip) ths @sin-biding avoteic BBM) ofdiéralBressicagihas b&R1 of

used to develop anticalins by mutagenizing the set of four loops. One example of a patent
application describing "anticalins" is PCT WO 199916873.

(vi) Affilin — Scil Proteins

Affilin™ molecules are small non-immunoglobulin proteins which are designed for specific
affinities towards proteins and small molecules. New Affilin ™ molecules can be very quickly
selected from two libraries, each of which is based on a different human derived scaffold
protein.

Affilin™ molecules do not show any structural homology to immunoglobulin proteins. Scil
Proteins employs two Affilin™ scaffolds, one of which is gamma crystalline, a human
structural eye lens protein and the other is "ubiquitin® superfamily proteins. Both human
scaffolds are very small, show high temperature stability and are almost resistant to pH
changes and denaturing agents. This high stability is mainly due to the expanded beta sheet
structure of the proteins. Examples of gamma crystalline derived proteins are described in
W0200104144 and examples of "ubiquitin-like" proteins are described in W02004106368

(vii) Protein Epitope Mimetics (PEM)

PEM are medium-sized, cyclic, peptide-like molecules (MW 1-2kDa) mimicking beta-hairpin
secondary structures of proteins, the major secondary structure involved in protein-protein

interactions.

Framework or Fc engineering

Engineered antibodies of the invention include those in which modifications have been made
to framework residues within Vy and/or V|, e.g. to improve the properties of the antibody.
Typically such framework modifications are made to decrease the immunogenicity of the
antibody. For example, one approach is to "backmutate” one or more framework residues to
the corresponding germline sequence. More specifically, an antibody that has undergone
somatic mutation may contain framework residues that differ from the germline sequence
from which the antibody is derived. Such residues can be identified by comparing the
antibody framework sequences to the germline sequences from which the antibody is
derived. To return the framework region sequences to their germline configuration, the
somatic mutations can be "backmutated" to the germline sequence by, for example, site-
directed mutagenesis or PCR-mediated mutagenesis. Such "backmutated" antibodies are
also intended to be encompassed by the invention.
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SEQ I D NO 6; a heavy chain variable region CDR2 of SEQ ID NGO 13; a heavy
chain variable region CDR3 of SEQ ID NO 20; a light chain variable region
CDR1 of SEQW®2Nep070827- g |ight chain variable regi on CORVEBOOMERPD NO 34;
and a light chain variable region COR3 of SEQID NGO 41. In a certain
enbodi mentAnothbetyaa bof badywak mpidiisatn iavdieanutaingione \oamad rasiduegiwahin @R1 of SEQ
ID NO 7, y_chai able i.0 gBBZ.fSQ N vy chain
vari abl e rf%?jllt(lg’ﬁlpkcfﬁéfﬁ04P eé%ﬁ)bvﬂ%n Iﬁ&%%gfq;op% I grﬁg'o?: ECI) ﬁén\%a\}ré'ﬁ a %fel P @) ?gﬁo CDR1 of
SEQ | D NOthereby reduce the potential immunogenicity of the antibody. This approach is also referred

to as "deimmunization" and is described in further detail in U.S. Patent Publication No.

20030153043 by Carr et al.

In addition or alternative to modifications made within the framework or CDR regions,
antibodies of the invention may be engineered to include modifications within the Fc region,
typically to alter one or more functional properties of the antibody, such as serum half-life,
complement fixation, Fc receptor binding, and/or antigen-dependent cellular cytotoxicity.
Furthermore, an antibody of the invention may be chemically modified (e.g., one or more
chemical moieties can be attached to the antibody) or be modified to alter its glycosylation,
again to alter one or more functional properties of the antibody. Each of these embodiments
is described in further detail below. The numbering of residues in the Fc region is that of the
EU index of Kabat.

In one embodiment, the hinge region of CH1 is modified such that the number of cysteine
residues in the hinge region is altered, e.g., increased or decreased. This approach is
described further in U.S. Patent No. 5,677,425 by Bodmer et al. The number of cysteine
residues in the hinge region of CH1 is altered to, for example, facilitate assembly of the light

and heavy chains or to increase or decrease the stability of the antibody.

In another embodiment, the Fc hinge region of an antibody is mutated to decrease the
biological half-life of the antibody. More specifically, one or more amino acid mutations are
introduced into the CH2-CH3 domain interface region of the Fc-hinge fragment such that the
antibody has impaired Staphylococcyl protein A (SpA) binding relative to native Fc-hinge
domain SpA binding. This approach is described in further detail in U.S. Patent No.
6,165,745 by Ward et at.

In another embodiment, the antibody is modified to increase its biological half-life. Various
approaches are possible. For example, one or more of the following mutations can be
introduced: T252L, T254S, T256F, as described in U.S. Patent No. 6,277,375 to Ward.
Alternatively, to increase the biological half life, the antibody can be altered within the CH1 or
CL region to contain a salvage receptor binding epitope taken from two loops of a CH2
domain of an Fc region of an IgG, as described in U.S. Patent Nos. 5,869,046 and 6,121,022
by Presta et al.

In yet other embodiments, the Fc region is altered by replacing at least one amino acid
residue with a different amino acid residue to alter the effector functions of the antibody. For

example, one or more amino acids can be replaced with a different amino acid residue such
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28; a light chain variable region CDR2 of SEQ ID NO 35; and a light chain
vari able region CDR3 of SEQ ID NO 42. As used herein, a human anti body
conpri ses he¥QyoBPO7Pi2ght chai n vari abl e regi ons or ful | PCERBRA/HREYY or |ight
chains that are "the product or or "derived froni a particular gernine
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can be 1 dgnLhfil&doBSaRh oY oCABRAN N, b RS AMNACL G SIHEGR O o Bie_human
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sel ect i ng remeced it re déarentianing aaidireeigle Budhi thatder artibedy bafatlteresl Elokeding i n
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somat i ¢ mit a09tagfseraRodimang mne i ANCre MinsdREd resifiues aki ¢liered ledberely akq on.

However, abfigl ectrRdaktibb@ taniki &pthyerienRl €@ lappiodciatis ldedsbe®Qdatedantpcrl in

am no aci equence t api no aci d sequence encoded by a human gernii ne

i munogl oﬁpﬁ%ﬂﬂb 95‘%?3’35[8% g?‘ﬁgerﬁ ho acid residues that identify the human
anti body as bei ng human when WO 20101007082PClI 1EP2009/ 059030 conpared to the
gernl i ne i'mRiRegNeNRMIOA MRt s Fcieaios Equediteddo Brregenbre 2B ks apidady o nuri ne
gernm i ne seqiens@BHdy ddpeh®int 8dllliaf ABQSEXiciH (AUOBNardiritdREgasdYe BeinAf ofteast 60%
70% 80% Qﬁé’/o qr  at | east 95:4 or even at | east 96% .E?F?% 98% or, 99%

i denti cal 3MPiNo hERE "<EG0E % g 6“%8”3&%%”5&”&”05%8 and8SeHPEEEY Dy t he
germ i ne idesaibedfuober in R CjdtublicalygrpVeald/42072 b Bresta. Motdoberdihedéningesited orom a
parti cul an i e i i ! acid
G 11 er encds Fr oo AL RE RIACAGRINEN ERTREA 00, FRREed DR Bofrhar,

i munogl oOPPYedyaiReing | ipve dieei ¢psedsds(see haididsnehl-aflt PbodiP nkyBi@l sp1edy no nore
than 5, or7egsm-gepspore than 4, 3, 2, or 1 amno acid difference fromthe
am no aci d sequence encoded by the germine inmunogl obulin gene.

In still another embodiment, the glycosylation of an antibody is modified. For example, an
aglycoslated antibody can be made (i.e., the antibody lacks glycosylation). Glycosylation can
be altered to, for example, increase the affinity of the antibody for the antigen. Such
carbohydrate modifications can be accomplished by; for example, altering one or more sites
of glycosylation within the antibody sequence. For example, one or more amino acid
substitutions can be made that result in elimination of one or more variable region framework
glycosylation sites to thereby eliminate glycosylation at that site. Such aglycosylation may
increase the affinity of the antibody for antigen. Such an approach is described in further
detail in U.S. Patent Nos. 5,714,350 and 6,350,861 by Co et al.

Additionally or alternatively, an antibody can be made that has an altered type of
glycosylation, such as a hypofucosylated or non-fucosylated antibody having reduced
amounts of or no fucosyl residues or an antibody having increased bisecting GlcNac
structures. Such altered glycosylation patterns have been demonstrated to increase the
ADCC ability of antibodies. Such carbohydrate modifications can be accomplished by, for
example, expressing the antibody in a host cell with altered glycosylation machinery. Cells
with altered glycosylation machinery have been described in the art and can be used as host

cells in which to express recombinant antibodies of the invention to thereby produce an
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Honol ogous anti bodies In yet another enbodi ment, an anti body of the invention
has full |ength heavy and |Iight chain am no acid sequences; full |ength heavy
and |ight ch% PRt i de sequences, variabl e regi on hEGVFPHAUPPHht chain
nucl eoti de sequences, or variable region heavy and |ight chain am no acid
sequences ahtitaidy avite diteroghgosystibe RdiexanplacErRei1d6,aa8 bptiahget aldeessaspsences of

the anti bodh o, deschiBedaRerslileq Atk WIS SR LASAOLIRAC) S8 Letal nLhe desired

functi onal pr opertl €s’ 0 6a7 s i'on.
exanpl e, ttied ahtthpdiat ievprespedvi sk agnll ilrmmtbédﬁyp@@@ﬁﬁatmm agrtevbid @y fucesyl a

functi onale R eikb&8RP §Aé19m9c§li|rﬁ&¢t' ﬂ@rhn'ﬁ!)cfb‘iﬂsn& RO ERAdn LET ?&Meocﬁ?g[’rp“ sing a

heavy chain vari abl e regi on and g chai n variabl e regi on, wherein: the
heavy chai'fforRINabF¥ #8E oA %6%?‘”%@’ ich xRt HUF’%{E?Q?V'é‘E%‘u%rnE@ -upeafien at | east
80% or atpatt@astor Rdmpldeatmapahalian @ liagiwia c&ﬂmémtsa@teesie.e oSﬁieeEEJHfd gbii®om t he

Qonpr ses ARG =R Sra < o Y2 05 bt ST BoseBrCa i bos

i denti cal GHP amellalimend-edi ckllseqiteneducedl elglite dof al‘tm?htheowr bupso@Asgipkedhg of SEQ
D NOs:  43243hydrdiEs, 3ol r%@lﬂff/ngslﬁ%F&h&&k/llaﬂonbbmlb&d?esBéFpF(gse@ﬂ'pthE\hﬁ’oér&Eﬂ body

exhibits at | east one of ow ng_functional & ies: 1t inhibits BLyS
i nduced B (¥ 3SpPHPIHs .t bt §ioh, 24K BEYS 9’}?611@@62%3@1 83t Odber iFvRlicaten MO depl et es
B cel | inggisus4p Wumanavetvaw deké&ribas telr inae enginesigd E»exbhz@s gl@&@rdtmmmqarfpwg des an

| at ed t t t
bi ndi ng. pOPEVOR " RYEar)  onr &P BeclFe- ARy R ke RATAD SEP el LT 0"
| engt h | i gihtibadlieai exprasised en rihe tenginteretl dedinigtel mwymahasad biseging s@lsNan ani no

acid Sequ%ﬂﬁ&urﬁ?%lch%s‘aﬁ in%éasgtg)%bc@racﬂ\gl lo?ﬁl%tanggo@ésqgégélﬁﬁUmBﬁ)a &y ¢ am no acid
sequence sel ected romt% r¥ | D NGCs 75-78; the full

roup consi st
| ength |i dRPO cNali nBiesahr |1§é26'é§pp arﬁ%‘%i‘aaa'ﬁarag@ﬁ'ﬁ%nfé'gh?rh&?Sqr'gesatgelnété@{'y 80% or
at | east %Q@{mééi@d\CHOaﬁwaﬁwﬁhaWdh @3 Bspadreid p&ﬂqae@@ﬂ.b@@ibewttledltéré@mahhangf oup
consi st n fe fﬁqb N 781 74 thce0 ) % ﬁ‘ e fically. bi nds t(g BAFFR and
The-ant1 bohg eRhi vutey el v iel teratrt) PRy el Al B
companyoverview.html). Alternatively, the antibodies of the invention can be produced in
yeasts or filamentous fungi engineered for mammalian-like glycosylation pattern and capable
of producing antibodies lacking fucose as glycosylation pattern (see for example
EP1297172B1).

Another modification of the antibodies herein that is contemplated by the invention is
pegylation. An antibody can be pegylated to, for example, increase the biological (e.g.,
serum) half-life of the antibody. To pegylate an antibody, the antibody, or fragment thereof,
typically is reacted with polyethylene glycol (PEG), such as a reactive ester or aldehyde
derivative of PEG, under conditions in which one or more PEG groups become attached to
the antibody or antibody fragment. The pegylation can be carried out by an acylation reaction
or an alkylation reaction with a reactive PEG molecule (or an analogous reactive water-
soluble polymer). As used herein, the term "polyethylene glycol" is intended to encompass
any of the forms of PEG that have been used to derivatize other proteins, such as mono (C1-
C10) alkoxy- or aryloxy-polyethylene glycol or polyethylene glycol-maleimide. In certain
embodiments, the antibody to be pegylated is an aglycosylated antibody. Methods for
pegylating proteins are known in the art and can be applied to the antibodies of the invention.
See for example, EP 0 154 316 by Nishimura et al. and EP 0 401 384 by Ishikawa et al.

Another modification of the antibodies that is contemplated by the invention is a conjugate or

a protein fusion of at least the antigen-binding region of the antibody of the invention to
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WD 20101007082PCl 1EP2009/ 059030 properties: it inhibits BLyS induced B cell
proliferation, or BLYS induced IgGlL production and it depletes B cell in vitro
or in viva I"WOaHHPHER exanpl e, the invention provides aRCTEBIGYEHP econbi nant
anti body (or a functional protein conprising an antigen binding portion

t her eof ), searpprogimguén duhdmdresegirh albaanty ocd abgmean thededt W Incleaggbdif-ife ght chai n,
wher ei n: e Il | en heay hain. i. b .nycl egt | sequence t hat
is at | eag"?e é%%%“’”&%%'t%ﬂh%ag? C%Gﬁ/g ri%agntlslsgg'?%g%gﬂe n%eg?”eb%? i I1’1’e%EsaIlle‘r%(f-geéné(-?egﬂ'seI ected
fromthe dP98P20bnsi sting of SEQ ID NOs 79-82; the full length light chain is
encoded by a nucl eoti de sequence that is at |east 80% or at |east 90%

i denti cal Anothar pesslb#tiot is defusienwénteastehe ahtiggnivindmgtragiogodthe atbsiysdfitig of SEQ

| D NOs 83-88: .. i i f I ' . i body

exhi bi t s Serichaf AAbhIBaREHEPTid Pl rth TS B B PR AP | o v
i nduced Bincetase gred| lifg of dhei waylting nBisgdei Rdelt epprpptilis peoaranilodesgided tn depl et es
B cel | in Nyteh@t QI BPD ¥devsesl N vari ous enbodi ments, the antibody may exhi bit
one or nore, two or nore, or three of the functional properties discussed

above. Theg;&n iRBPnd E gt-%?%pl e, a human anti body, a humani zed
ant i body %%?er mlce% A ghi,e o ;?.I ferably the antibody is a fully human |1gGlL

anti body. As discussed above, the anti-BAFFR antibodies having V, and V| sequences or full length

heavy and light chain sequences shown herein can be used to create new anti-BAFFR
antibodies by modifying full length heavy chain and/or light chain sequences, Vy and/or V,
sequences, or the constant region(s) attached thereto. Thus, in another aspect of the
invention, the structural features of an anti-BAFFR antibody of the invention are used to
create structurally related anti-BAFFR antibodies that retain at least one functional property
of the antibodies of the invention, such as binding to human BAFFR and also inhibiting one

or more functional properties of BAFFR (e.g., antagonistic activity, B cell depleting activity).

For example, one or more CDR regions of the antibodies of the present invention, or
mutations thereof, can be combined recombinantly with known framework regions and/or
other CDRs to create additional, recombinantly-engineered, anti-BAFFR antibodies of the
invention, as discussed above. Other types of modifications include those described in the
previous section. The starting material for the engineering method is one or more of the Vy
and/or V| sequences provided herein, or one or more CDR regions thereof. To create the
engineered antibody, it is not necessary to actually prepare (i.e., express as a protein) an
antibody having one or more of the Vy and/or V| sequences provided herein, or one or more
CDR regions thereof. Rather, the information contained in the sequence(s) is used as the
starting material to create a "second generation" sequence(s) derived from the original
sequence(s) and then the "second generation" sequence(s) is prepared and expressed as a

protein.

Accordingly, in another embodiment, the invention provides a method for preparing an anti-
BAFFR antibody consisting of: a heavy chain variable region antibody sequence having a
CDR1 sequence selected from the group consisting of SEQ ID NOs: 1-7, a CDR2 sequence
selected from the group consisting of SEQ ID NOs: 8-14 and/or a CDR3 sequence selected
from the group consisting of SEQ ID NOs: 15-21; and a light chain variable region antibody
sequence having a CDR1 sequence selected from the group consisting of SEQ ID NOs: 22-

28, a CDR2 sequence selected from the group consisting of SEQ ID NOs: 29-35 and/or a
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I n other enbodi nents, the VE1 and/or VL am no acid sequences may be 50% 60%
70% 80% 90% 95% 96% 97% 98% or 99% i dentical to the sequences set forth
above. I n ot\WerOgAtiBHi nents, the VH and/or VL ami no aci HCYERWEHERBO nay be

i dentical except an amino acid substitution in no nore than 1, 2, 3, 4 or 5
am no aci CORBsddgueite shrcian fiohady glvay icogsisvhy ahSEXYIID NO3gB®AS; dnangyg lddsgh (1. e.,

80% or 9r & %é%m)no a%% r%!s &l¥ \Rn% r% EHS hg‘la ?b(;?igq vghat{)e%lﬁg)?%n%odggég]dﬁg?é\%d/éqh 56 and SEQ

| D NCs 43-4 e g., Site-directed
or PCR- mediplit @wlwer@@e@@) ardfOOdw@b@ue@cadq) drenatd et Uéass coaca@radga8Bgly D NOs:

64- 70 and sadudpde: R Qgﬁ'&ésﬂﬁltb(e aIfe@éd %&hy%\éqtﬁ&%& b8d pREeid.he encoded al tered

anti body for retained function . the functions set forth above) using

the functi %Q&’hl Sift SP&T%J% ntt.'q InO tI.OH pPoR/pjgg a%@% arin ha% Jn't‘l | 1ength
8?‘2 %’ P eng ﬁﬁe ?1 ?1

heavy chai n an | al'n"am no acli be 50%
60% 70% BBOHTR agm%dymnge%r W%SS'QIB% @ maggugling ¢alt Pwlstlmgnoft h%fuﬁéeﬂﬂé*hces set
forth abo%%avy%?la?ﬁrﬂnhmﬂ)éeﬁlﬁ%b@ga%g#ééqub%@et&c@@%% th&diolp %ﬂgEélﬂb Ndsengt h

I i ght chai_n _havi or greater dentity to the | ength
heavy chai’ ﬁﬂo?ni}%w' d?ngéé@hr eliaieRnthedy EPaEReer aving |ae%?@wvv0F .S@'ﬁffte%ﬁamﬁ%e of any of
SEQ | D NOgyrolip-of 4 1¢7ds plegting \ee lepst @ﬁmarbueo abitaesi@c Wyhintheaigie Ragthshebey thain

site- dlrect I i encodi ng
SEQ I D NOE" éée‘g%R“g%%/?qB?‘%& ré‘é'}dé‘g['boragﬁg‘?edeﬁ%%oca%a? l%tﬁg%{%g?ei ng of the
encoded alatereédntietly b@dynqeoﬁnc*@maswé@itﬂewi@rteri@ntlt(oriy sequengers F pipiet ons set forth

above) using the functional assays described herein. WO
20101007082PGIt4EP200BH0 S&0@6cd cancdidvee prbmed b sdrsenitd@ntibodyl libkeieghhvilgeavy chai n

and/ or ful geldo % ks 160> %~ 80% 90%
fi B g Je¥ ‘e'a AR % I SN &%E‘@ND %ané%@Q 9 9
95% 96% /6 8 E/e 7% entica toétﬁpe seq u@ﬁces set ?
ID NO 36-42 or minimal essential binding determlnants as described in U820050255552
and diversity on CDR1 and CDR2 sequences. The screening can be performed according to
any screening technology appropriate for screening antibodies from antibody libraries, such

as phage display technology.

Standard molecular biology techniques can be used to prepare and express the altered
antibody sequence. The antibody encoded by the altered antibody sequence(s) is one that
retains one, some or all of the functional properties of the anti-BAFFR antibodies described
herein, which functional properties include, but are not limited to, specifically binding to
human BAFFR; and/or it inhibits BLyS induced B cell proliferation, BLyS induced B or BLyS
induced IgG1 production; and/or depletes human B cell in vitro or in vivo.

The altered antibody may exhibit one or more, two or more, or three or more of the functional

properties discussed above.

The functional properties of the altered antibodies can be assessed using standard assays
available in the art and/or described herein, such as those set forth in the Examples (e.g.,
ELISASs).

In certain embodiments of the methods of engineering antibodies of the invention, mutations
can be introduced randomly or selectively along all or part of an anti-BAFFR antibody coding
sequence and the resulting modified anti-BAFFR antibodies can be screened for binding
activity and/or other functional properties as described herein. Mutational methods have
been described in the art. For example, PCT Publication WO 02/092780 by Short describes
methods for creating and screening antibody mutations using saturation mutagenesis,
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I n other enbodi nents, the variable regions of heavy chain and/or |ight chain
nucl eoti de sequences nay be 60% 70% 80% 90% 95% 96% 97% 98% or 99%

i dentical tJVQRYVE¥BRZences set forth above As used her ePRIVEPHEYI58B8 ent
identity between the two sequences is a function of the nunber of identical
posi ti ons sgitastedigayort hsseswlyuenaesnbinatien theYédr.deiinatiyely; FCDPubltbenin ved
positions it Q of gaps,
Bnd the 1 G RSE VRl B, St Mg oD BT ror SRR S R B R % P gnivon
of the tworkegeehyseshermbe pmﬁlaﬁpfs%ﬁb@ﬁe%equences and determ natl on of percent
identity between two sequences can be acconplished using a mat hemati cal

al gori t hmNuakicdesionséldmibs leet@ivg ahkieodiesra évetinvedidamt i t y bet ween two am no acid
sequences can be determ ned using the algorithmof E. Meyers and W M| er
(Cor nput . Adpks ad%b&?dfihenm/énﬂ&rde?tamé&&ﬁ)cléﬂﬂdﬂ}n&a@lé%ﬂﬁﬁ ehamrtﬁ@érabs@ieé nto the

ALI GN program (versiop 2. OWEI reS|dueta ap length
benal ty o 1P e oRe it gt To De Tihod Reh e e sy

bet ween t\mplasdimmaacmdmmahmemﬂae sbowrbie S 6 MOsEd- -86s i gmplee off\Idedarwtran and
Winsch (J. i ; I r por at ed
Inio e e A R TR o ARSI ST JE 0 08

htt p: //\N\I\W‘é%é RO U8 ng either a Bl ossom 62 nmatrix or a PAM50 matrix, and
a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a length weight of 1, 2, 3, 4,
5, or 6. Ahtinbdetesdsunbhbe presertirayvhale cettodn Bicethtys@asor may be nucleic acids in a

partially purified or substantially pure form. A nucleic acid is "isolated" or "rendered

substantially pure" when purified away from other cellular components or other contaminants,
e.g., other cellular nucleic acids or proteins, by standard techniques, including alkaline/SDS
treatment, CsCl banding, column chromatography, agarose gel electrophoresis and others
well known in the art. See, F. Ausubel, et al., ed. 1987 Current Protocols in Molecular
Biology, Greene Publishing and Wiley Interscience, New York. A nucleic acid of the invention
can be, for example, DNA or RNA and may or may not contain intronic sequences. In an
embodiment, the nucleic acid is a cDNA molecule. The nucleic acid may be present in a
vector such as a phage display vector, or in a recombinant plasmid vector.

Nucleic acids of the invention can be obtained using standard molecular biology techniques.
For antibodies expressed by hybridomas (e.g., hybridomas prepared from transgenic mice
carrying human immunoglobulin genes as described further below), cDNAs encoding the
light and heavy chains of the antibody made by the hybridoma can be obtained by standard
PCR amplification or cDNA cloning techniques. For antibodies obtained from an
immunoglobulin gene library (e.g., using phage display techniques), nucleic acid encoding

the antibody can be recovered from various phage clones that are members of the library.

Once DNA fragments encoding Vi and V| segments are obtained, these DNA fragments can
be further manipulated by standard recombinant DNA techniques, for example to convert the
variable region genes to full-length antibody chain genes, to Fab fragment genes or to an
scFv gene. In these manipulations, a V|- or Vy-encoding DNA fragment is operatively linked
to another DNA molecule, or to a fragment encoding another protein, such as an antibody
constant region or a flexible linker. The term "operatively linked", as used in this context, is
intended to mean that the two DNA fragments are joined in a functional manner, for example,
such that the amino acid sequences encoded by the two DNA fragments remain in-frame, or

such that the protein is expressed under control of a desired promoter.
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In certain enbodi nents, an anti body of the invention has a heavy chain

vari abl e region conprising CDR1L, CDR2, and CDR3 sequences and a light chain
vari abl e redV@A1e8HPH2 si ng CDR1, CDR2, and CDR3 sequencBSTERHEYEPHOone or nore
of these CDR sequences have specified am no acid sequences based on the

ant i bodi eshd éstitédiedA bedoaing trwvxmgseaymbé venvemi tb ladalt-leagis hédgreaaih ge@nd wherein
t he anti bodi e C S e AFFR

ant i bodi e%9 ?graL\%ﬁﬂnﬂmé{?&oﬂ éA 8@0 Iri)m tfj aﬂ&ﬁ% Mﬁ@ﬁ’ﬁ%‘:h@ enggd'r{ﬂhn agy éﬁna”%ssol at ed

r econbi narsbnsattire@elys, (Wt1, £H2uant CodAl thrwwwe@@ﬁﬁnmsm ﬂnga\a/ncfaim Fgekanbi ndi ng

portion t W%@P{;ene%%ﬁ!n%&vh ﬂgthefani‘sé’éeé‘é{}’K%@'E" NAC élab}bﬁ EEQIcABsCHPRItLR Ng CDR1
CDR2, and sequences and chain variab I’eﬁl on corrprl sin

CDR1,
CDR2, and W@E’@W@HE*@?“ \ﬁﬂt@rEé*i“ﬁ“ LfﬁeD?f@&W”E‘ﬂﬁeﬁ"N/ LYromN ani no
aci d sequenerstier BOSELE@Q)EﬁhdeNmﬂ’ébﬁergﬁ @h&bnﬁﬁ@@mgsﬁhbﬂgre@fon55@ tbeDotBt@sedl 7, and
conservati ve d| fb(g t| J-ons. therﬁ% hea€nheavy chal r}ry%rl b e IrEQN%S%ZCDRZ am no
acid seque ces el CUH'eF romth@ ﬁr 0?1 QO] s?%’%g ot %@@ P 8-14, and
conser vat ilg@3, r‘m@i flpgsaukolgh @rHeDemﬁstamtheglhedwomhmboxiimenabtfe heegi omIrCDR3 WO
20101007083REA FEAA0L 0000 0maMY 1981 AchfboS FAHEREE Fadhén: HELACHEA JEROT e ar oup

consistin . and conservative ficati ons t hereof ; the
li ght chai e@ﬁ?d%PélAr@@ %epm'ydwk%t%w eé&ﬂfeﬁl?@é’“'&r%‘cg@l‘%eﬁ'édh@f romthe
group consiesy dhgina@H 1SkRxthR B, 22- 28, and conservative nodifications thereof;
the light chain variable regions CDR2 am no acid sequences are selected from

the group 16@Rsjadd DAA@hcodg the onZ&n?b'é,coﬁMte@Q&gemmaﬁgtwgmﬂélﬁIgeﬁéI ons
thereof; the light chain variable no aci d sequences are

sel ected f@oWet ?fetogarEﬁ?d'%b‘ﬁ@l”s&qnﬁbbyo‘?pe@@'}’B“N’&‘he é’e‘eﬁ%’d'”arﬁi\'%@r?é‘@P“\%u ve
nodi fi cat IDNPSmbhemlé@f\codidgeth@n@Ht lebsly cSrlmZHt fFéguanl, Cy. bierud;auérmeBAﬂlﬁRqarﬂryﬂt t he

antibodyehlbt t st.on e follo un nal pr r
inhibits I§ S 5°n a@egg@ﬁlcggp? %rreof( (%Nnr 'zgttlggn rtW&)r SR}‘;’?] Uge e(?éf BP%(S:IUCU on
and it de@eeuweﬁotatdt@naﬁIvmunologmahlmiemsw@fthlEﬂltwar U@@e@mmtr@ﬂﬂeglththe

anti body nRY 1&¢HPELNREE PQH IBFth@atloF\VWb Q1 ﬂ@?an@rDl\ltAhfr%nQﬁs 'gﬁ’&f?nd%fssutndw

functional properties Iist di scussed above. Such anti bodi es can
exanpl e, HRF$ENCHADS B%ihpéé’bta}‘ﬂ?ﬁa?ﬁ stapdast G5 amedicgiione A nerdiphicehaiy P%Eﬁ”@s

region can be a kappa or a lambda constant region.

To create an scFv gene, the V- and V-encoding DNA fragments are operatively linked to
another fragment encoding a flexible linker, e.g., encoding the amino acid sequence (Gly, -
Ser)s, such that the Vy and V| sequences can be expressed as a contiguous single-chain
protein, with the V| and Vy regions joined by the flexible linker (see e.g., Bird et al., 1988
Science 242:423-426; Huston et at, 1988 Proc. Natl. Acad. Sci. USA 85:5879-5883;
McCafferty et al., 1990 Nature 348:552-554).

Generation of monoclonal antibodies of the invention

Monoclonal antibodies (mAbs) can be produced by a variety of techniques, including
conventional monoclonal antibody methodology e.g., the standard somatic cell hybridization
technique of Kohler and Milstein, 1975 Nature 256: 495. Many techniques for producing
monoclonal antibody can be employed e.g., viral or oncogenic transformation of B
lymphocytes.

An animal system for preparing hybridomas is the murine system. Hybridoma production in
the mouse is a well established procedure. Immunization protocols and techniques for
isolation of immunized splenocytes for fusion are known in the art. Fusion partners (e.g.,

murine myeloma cells) and fusion procedures are also known.
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I n ot her enbodi mnents, an anti body of the invention optim zed for expression in
a mammalian cell has a full length heavy chain sequence and a full length

I i ght chai n é@&U&AYE2 wherein one or nore of these sequ@REEB2PUFREpeci fi ed
am no aci d sequences based on the anti bodi es described herein or conservative
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sequences selected fromthe grou 8, conservative
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used her eilma cefi@n eabadimeotn derantibidies of dlepuiavridiome i fumeat mereslonalantiprdiasded t o

refer to @%W%u%%hdmﬂ?%’&&cfnbp%ﬂt%%std}%teeioaéﬁ%t BAGPRS J:é?ﬁBéIQén@rfafe%Chand al ter
t he bi ndi ng characteristics of the antjbo contai ning the am no acid

sequence. rSU%Q’?”E’o‘Hs*@P%‘%W‘?WOH%F‘Mec‘&W'Bﬂ§af‘?1€f Hﬁeh%?ﬁ“rfﬁ‘”é’@ﬁfy%tﬁ'ﬂsrﬁ}hﬁht i ons,
addi ti ons tieamdhel eloadd 9B®m. Vhekieftiadaddn@thde@nsdden dsbmdhice thelu tid moanefauméd body of

mut agenes: S aRE o e it Rl BB e PR ot 16 Shbndbita R Blb o050

as "human Ig mice."

The HuMAb mouse® (Medarex, Inc.) contains human immunoglobulin gene miniloci that
encode un-rearranged human heavy (u and y) and K light chain immunoglobulin sequences,
together with targeted mutations that inactivate the endogenous p and k chain loci (see e.g.,
Lonberg, et al., 1994 Nature 368(6474): 856-859). Accordingly, the mice exhibit reduced
expression of mouse IgM or K, and in response to immunization, the introduced human
heavy and light chain transgenes undergo class switching and somatic mutation to generate
high affinity human IgGk monoclonal (Lonberg, N. et al., 1994 supra; reviewed in Lonberg,
N., 1994 Handbook of Experimental Pharmacology 113:49-101; Lonberg, N. and Huszar, D.,
1995 Intern. Rev. Immunol.13: 65-93, and Harding, F. and Lonberg, N., 1995 Ann. N. Y.
Acad. Sci. 764:536-546). The preparation and use of HuUMAb mice, and the genomic
modifications carried by such mice, is further described in Taylor, L. et al.,, 1992 Nucleic
Acids Research 20:6287-6295; Chen, J. et at., 1993 International Immunology 5: 647-656;
Tuaillon et al., 1993 Proc. Natl. Acad. Sci. USA 94:3720-3724; Choi et al., 1993 Nature
Genetics 4:117-123; Chen, J. et al.,, 1993 EMBO J. 12: 821-830; Tuaillon et al., 1994 J.
Immunol. 152:2912-2920; Taylor, L. et al., 1994 International Immunology 579-591; and
Fishwild, D. et al., 1996 Nature Biotechnology 14: 845-851). See further, U.S. Patent Nos.
5,545,806; 5,569,825; 5,625,126; 5,633,425; 5,789,650; 5,877,397; 5,661,016; 5,814,318;
5,874,299; and 5,770,429; all to Lonberg and Kay; U.S. Patent No. 5,545,807 to Surani et al.;
PCT Publication Nos. WO 92103918, WO 93/12227, WO 94/25585, WO 97113852, WO
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Conservative am no acid substitutions are ones in which the am no acid residue
is replaced with an am no acid residue having a simlar side chain. Famlies
of am no aciV¥Or¥8PHEEs having simlar side chains have BEERPHEYISHEH in the
art. These fam lies include amno acids with basic side chains (e.g., |ysine,
ar gi ni ne, 98i2agsare)O BEISHEZ; as icdenbérgians Kag.apd PCashafidation BeiwlO 0gl1dean ¢ aci d) ,
unchar ged t&?l)r%{anselt gle chains (e.g., glycine, asparagine, glutam ne, serine,

t hreoni ne, "tyrosine, cysteine, trypt ophan) nonpol ar side chains (e.g.,

al ani ne, ine, iso euglne praline, Ehen Ialsnlne net hi oni ne) ,

aline, |
bet a- br an ’h@’b‘)”é%r&@%{?ﬁ%eﬂtsh%’@a’bam pfipsefihinvenign FSET UHRY ASYOUSHE3hr omat i ¢
si de chai rarriee hgman trymasighoeylinpdeg ngticas amnmssgeheg/artd)tpdrramontmsmedsm)as a'hus, one

or more agg. gl Lealdues, k0. e, SR LegLons, af A0k RedYogl, the

invention can be repla am no ac sidues fromtihe sane side
chai n f anitlegschegmepspime. avehenicd: gt delyerimah ek adetdaegleserdediiméetafl imct i on

usi ng t he dgrmsiyiedsh Vassays17desiehigPetaherein. Anti bodies that bind to the sane
epi tope as anti-BAFFR antibodies of the invention |In another enbodinent, the

| nventi on gy I?I}HB% %&&H&tfv@?rg mUé aﬁ!s%?’erﬁs e>{pha§3|ﬁ HEm&P| @Rﬁg%ﬁmﬂ%ek Va“ ous

speci fic ant antlbo € 1 nventlon escrl rein
ant i bodi egredl@sdelleEdhe ﬁftﬁh‘écﬁk%ﬁrﬂﬂeééo faigt andriA FERpabPediastof Bledevanien- Rk BLyS

i nduced efe&&ﬁtletumtamﬁ\/esmg@m $yaRe leferBAR e danbrh@lReahbdeaRixt Mc.) @s'm d epitope

2oL 10 COMGL S, B8R, L IE.250%e O SR 0O MO el o, oo car

conpet i t i \belly,508H, BHQ,584mndid, 1621969 toKycherematist @t i stical ly signifi cant manner)
wi th other antibodies of the invention in standard BAFFR bi ndi ng assays. The
ability ofvdedves tait@nktiveadyisdheonddBinkdi dnirhd) &yhemdiexgeingaiitiah @ding@sogdbulie present

i nvention to hunm FFR denonstrat es that he .t est ete wth
et ant i SE0 FOr TR iy o AR B AR e s P B g BT RE ST i -t o
non- | i m t iimgntidne 6pryexabipred ntice ¢anrying dowth @lhuuaam bbatyethaiperagschrametomecardral |y
simlar Orhuﬁgﬁtl gtﬁl (!h InHFaglélllrgﬁlt) n?eo'réfgrp@d Q shwmlcwgn%@ﬁsédheu& ch%ﬁé’ with

which it conpet hus, anot her aspect o I nvention provides antibodies

t hat bi nd degcribpe 'r’séﬁ'ﬁ'zﬁ'?ﬁ plgdin 2890 Pxied N@Bnﬁ‘@desﬁh USA $heZari’t hBdiess0@i scl osed
herein by cswguwﬁg hdnﬁbn&te%lw bd myhe Bled iridbrombBem & idvB Oy ibatibdy Rdse t 0 t he

Paman T ecRBINANE S Ol = e O RERAROF G ORBE AP gAk BIar oL BAR Y pr epar ed
and i sol atBédrFR=antiesigsidbthd inventidne Exanpl es.

Human recombinant antibodies of the invention can also be prepared using phage display

methods for screening libraries of human immunoglobulin genes. Such phage display

methods for isolating human antibodies are established in the art or described in the

examples below. See for example: U.S. Patent Nos. 5,223,409; 5,403,484; and 5,571,698 to

Ladner et al.; U.S. Patent Nos. 5,427,908 and 5,580,717 to Dower et al.; U.S. Patent Nos.

5,969,108 and 6,172,197 to McCafferty et al.; and U.S. Patent Nos. 5,885,793; 6,521,404;

6,544,731; 6,555,313; 6,582,915 and 6,593,081 to Griffiths et al.

Human monoclonal antibodies of the invention can also be prepared using SCID mice into
which human immune cells have been reconstituted such that a human antibody response
can be generated upon immunization. Such mice are described in, for example, U.S. Patent
Nos. 5,476,996 and 5,698,767 to Wilson et al.

Generation of hybridomas producing human monoclonal antibodies

To generate hybridomas producing human monoclonal antibodies of the invention,

splenocytes and/or lymph node cells from immunized mice can be isolated and fused to an
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Engi neered and nodi fi ed anti bodies An anti body of the invention further can be
prepared using an anti body having one or nore of the Vry and/or VI _sequences
shown her ei WA3"18P¥PE2 ng material to engi neer a nodifi eBCHEPIBYENOwhi ch

nodi fi ed anti body nay have altered properties fromthe starting antibody. An
ant i body eapropeatengmoasized day limodsiligh Ag 0ABUSE mmeroewar edi duesThsl tdsuiingpne or

both vari %ggr?doxﬁ %qu'g/ QQrZQne%ng @Eﬁ%%%ét%ﬁ%?% rﬁ;& IPQC% a}g’luhboo‘?es Fc\)/rj_éx%rqg Or VL),

for exanp & franmewor k
regi ons. Ad\glet qebmaisneysmms aﬂ &p@nwdvmmmcytes aamanmniubigey micencapebeeigidnieemed by

nodi fyi ng sf@sihdWasn¥ drfiaResags @%ﬁér@@&ref REhOREHIyeldn®d cAXBTIE drl Pshpr the
ef fector functl on(s) of the anti body.
50% PEG. Cells are plated at apprOX|mater 2 x 145 in flat bottom microtiter plates,

followed by a two week incubation in selective medium containing 20% fetal Clone Serum,
18% "653" conditioned media, 5% origen (IGEN), 4 mM L-glutamine, 1 mM sodium pyruvate,
5mM HEPES, 0:055 mM 2-mercaptoethanol, 50 units/ml penicillin, 50 mg/ml streptomycin,
50 mg/ml gentamycin and 1X HAT (Sigma; the HAT is added 24 hours after the fusion). After
approximately two weeks, cells can be cultured in medium in which the HAT is replaced with
HT. Individual wells can then be screened by ELISA for human monoclonal IgM and 1gG
antibodies. Once extensive hybridoma growth occurs, medium can be observed usually after
10-14 days. The antibody secreting hybridomas can be replated, screened again, and if still
positive for human 1gG, the monoclonal antibodies can be subcloned at least twice by limiting
dilution. The stable subclones can then be cultured in vitro to generate small amounts of

antibody in tissue culture medium for characterization.

To purify human monoclonal antibodies, selected hybridomas can be grown in two-liter
spinner-flasks for monoclonal antibody purification. Supernatants can be filtered and
concentrated before affinity chromatography with protein A-sepharose (Pharmacia,
Piscataway, N.J.). Eluted 1gG can be checked by gel electrophoresis and high performance
liquid chromatography to ensure purity. The buffer solution can be exchanged into PBS, and
the concentration can be determined by ODy using 1.43 extinction coefficient. The

monoclonal antibodies can be aliquoted and stored at -80° C.

Generation of transfectomas producing monoclonal antibodies

Antibodies of the invention also can be produced in a host cell transfectoma using, for
example, a combination of recombinant DNA techniques and gene transfection methods as
is well known in the art (e.g., Morrison, S. (1985) Science 229:1202).

For example, to express the antibodies, or antibody fragments thereof, DNAs encoding
partial or full-length light and heavy chains, can be obtained by standard molecular biology
techniques (e.g., PCR amplification or cDNA cloning using a hybridoma that expresses the
antibody of interest) and the DNAs can be inserted into expression vectors such that the
genes are operatively linked to transcriptional and translational control sequences. In this
context, the term "operatively linked" is intended to mean that an antibody gene is ligated into
a vector such that transcriptional and translational control sequences within the vector serve
their intended function of regulating the transcription and translation of the antibody gene.
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One type of variable region engineering that can be perforned is CDR grafting.
Anti bodies interact wwth target antigens predom nantly through am no acid

resi dues t hatOaH&08ated in the six heavy and |ight chECHEROMMNS@REntarity
determ ning regions (CDRs). For this reason, the am no acid sequences within
CDRs are mneezxdies@crrs&cbﬁfamemrémﬁnvdodmalseaninicémdbeﬁoidnaa bseqgueaibeswitut si de of

CDRs. Bec%sgxp%@oﬁ%%&%ﬁ% eoar'r%era%ﬁtpo%g%ﬁ' c%aﬂ;r‘t’ﬂ% th%”e}rbB%the%%tr?a‘?m N the

i nteractions antl
properti egeodc In$qrt§d ae a&mratgvmm maig ty@wailmbdhelsnetwaremsrﬁedmnouthfg

expr essi OQaMQCéxBFe%&Brh@Ectbﬂ"%b’%tl% FRROYERL BRetdOMd e SBRSLEN Gettaty al Iy

occurring antibody grafted onto franmework sequences froma different” anti body
Wi th di fféFaéH?rddP%tb‘éqst {ees: (9gtien of cqmplerpndary rasifictiop siteg onthe anidegy QR%r e

332: 323- 3|2r§gmélﬁl(rjkﬁ'ﬁ ,veBlor,efr baint endl &BioMNAtndrestddibh 38 2preddBeThe Kght edd al ., 1989
Proc. Nat Ac See,., U S A .86:10029-10033; S.. Pat ent . 5,225,539 to

i g angelr Eing2 e e of Y gRaNe detdiod e 8 Bl @edERyR0 L0
Queen et dﬂng)h Agibodyd pengsyof aa cntierdyeadivti e msertifig ttteen inty exitressipnpectosd ns to an
i sol ated nppag/ é}%ﬁm&%bﬁAﬁFﬁ APAtRR NG IRt @thHQGﬁété?ﬁ%gl&{s%ﬁ{hB FRMR 1 sing an

antigen binding portion thereof ri sing avy chain variable region
conpri si n¢FOBPREUSLBIERR ¥s S‘P%T\‘ﬂ”ﬁ@ OQHPEYﬁ'WtS‘k%IOdh%GHﬁw@t%I’V%'ﬂ3‘6 VEF8 t he
group consingttieng s@t;m&h‘t@ b@rmly lidked;to IR SpeaNGiIes iRavedae. Ad@BhaNY oACi d
sequence s Iecttlvepl { Lhe gro IonS| trl ng of %EQ iI DINQst:Id q ]Tgé 'IEQRS
sequences havih Syarﬂ‘eéﬁ‘io 4Cl %f‘ G IRNRESE PR 99! PRI BT ABAY sti ng of
SEQ | D NOsecrgonf ther @dipedyt dhawl fiom ahostgell. iThhandlody phamagérslae beetpned intavi ng CDR1

sequences Jiaybag &inABinAe Ahd) SEALERE friedl RELAR ol A dgnmﬁo WRHRs PR Sting of
SEQ I D NQs 22-2 sequences having an am no acid sequence selected from

the group %B@P@Vﬁhﬁ'ﬁgg%ﬁ §E©S'|9W'Nl%’“d9293’3£’?e aé?nkﬂ’“@ﬁRS“@é‘éiu%@f@é@@@ﬁs‘irs%l ng of an
anm no aci the®eslotROE ighed bestide ¢i.d. raodyiaNeepd i O @ eas-irfrh i@l odlilingr&ein)) NOs:  36- 42,
respectively. Thus, such antibodies contain the VH and VL CDR sequences of

monocl onal, %lﬁdﬁqg'tr%santlbf&)ty oy gﬁﬂ&t e reCbrhifine BiprE SSRTBMRLK G RAURRGES, f rom
t hese anti bodies. Such framework sequences can be obtained from public DNA

dat abases 98 [gHRI0BhERIUPRIeE hsth erof e SRR thfe PP dYecha Rt 9onsy etk

sequences ceF(]Theee&&fmégﬁlatWéédUeﬁ& Eﬁ\iﬁt@emmﬁ@@ddmbmh@@@nr’%a@w adddthkei ght chain
vari abl e regi o I.ne .sequence

er
tat abase CagEebrREHERRLY ¢ 8 ROV Y fon, SRRS L SR HE BT IS e as
i n Kabat, trlanslﬂlon @‘tthal antibddy9ghaBe gerasc esiclo fregaorg i sequerfce$ raneidlesaiged aflor | nt er est

Fifth Ed' ?én@@l%re@&oﬁ@éh%&oé&mﬂﬂmm S84 MboE 183Nk IMRic
20101007082Pcpr1EP200910
Press, San Diego, CA 1990). It will be appreciated by those skilled in the art that the design

of the expression vector, including the selection of regulatory sequences, may depend on
such factors as the choice of the host cell to be transformed, the level of expression of
protein desired, etc. Regulatory sequences for mammalian host cell expression include viral
elements that direct high levels of protein expression in mammalian cells, such as promoters
and/or enhancers derived from cytomegalovirus (CMV), Simian Virus 40 (SV40), adenovirus
(e.g., the adenovirus major late promoter (AdMLP)), and polyoma. Alternatively, nonviral
regulatory sequences may be used, such as the ubiquitin promoter or P-globin promoter.
Still further, regulatory elements composed of sequences from different sources, such as the
SRa promoter system, which contains sequences from the SV40 early promoter and the long
terminal repeat of human T cell leukemia virus type 1 (Takebe, Y. et al., 1988 Mol. Cell. Biol.
8:466-472).

In addition to the antibody chain genes and regulatory sequences, the recombinant

expression vectors of the invention may carry additional sequences, such as sequences that
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Publ i cati on No. 91-3242; Tominson, |I. M. et al., 1992 J. fol. Biol.
227:776-798; and Cox, J. P. L. et al., 1994 Eur. J Inmmunol. 24:827-836. An
exanpl e of fWARENBYR82sequences for use in the antibodi e3CHEPIPRRISPHYenti on are
those that are structurally simlar to the framewrk sequences used by

sel ect ed asduldedéptisatioh df hies vevr@nit ihost cells de.g., COHIRE DS tepliSRighlemee seledtabior

[ramevor k SSEYSRRES e Sde by TA0R 908l RO S0 0L HREDYSILED e VW

uences af t ed
onto fr arrywci@lkhase@eomﬁrwmd (hetv @-o.Hé Si detniNpe . 39§é’dﬁeﬁ@@z4 6> andAd, ﬂ%ﬁiﬁd in the

gern i ne impynog| &bél”)'F”br%’ié}ﬁplért?ﬂ"béﬂ@'tﬁ@sélé’@atﬁé RERMP N SEMURD FRisHRLL Y&, Or the

CDR sequences can be graf i ed ffamewor k regions that contain one or nore
nut at i ons 94ScHFP RS oMRENGEY ¢ TiROtEX G et B HOSIESH Ik WIS e YeCtop4as peen

found t hatbebminGeducad. nsemaéta@maﬂ(er §enes iferde theditaldrdf@atorddatiasd @HRR)@snaM t hi n t he
f ramewor k i ons hance .t he antigen bindjng abili of the
ant i body (“rgegse " dht" o8 a en{“ei{]896"aée %%‘%f“%imp'g'%%t?@?@%cg%he&eéﬁ,”%%%r and

6, 180, 370 Q468@aleetm>n)3t al ). Another type of variable region nodificationis to
mutate am no acid residues within the VH and/or VL CDR1, CDR2 and/or CDR3
regi ons t ¢ot bagredsioni afpieoNght mEhéHvyrmﬁlﬁs hihén e pagssfan oRetot( is)eawc(mn@the tebfy nity) of
t he antibo n i on ed

nut agenesi sgtl)'éﬁt b:%kgrsﬁ%n?fegt nu agﬁﬁse%eslo S{ax%mﬁe%@éues Thef §‘J" On?ro@gge t he

nmut at i on( $he @ "trérsfestidné gre mteném! thethpmpasrda myﬂe wrieyt ddechhignes ¢ammadnhpr operty

of interegked fRhPRIrGNR d&ﬁéfeéiogé?mow DKI'AHH@ Oprokdyofic 6P e@l@a’?ﬁ% h8st d@ﬁ’S&{;' bed
herein and provided in th Conservati ve nodif i ons (as  di scussed

above) c arf ' BSEORAR OB TRE - pﬁ%@“%?@f’ip%@”n%@/‘\%éeﬁrﬁﬂ HB”%(‘E‘%“B” §E‘fb¥:‘? ifgattions,
addi ti ons tlﬁHoredlebI@t ;b(&@l&le wbémserthetayamcuaisl <yr the nﬁﬂbhﬁort Imaaltr@ﬂ¢>rokbh§btlc bhree, four

or five re e tere not her
o rbod! renPikd R AL BB RhoBeS i pOEREe ARER Bl melthalIPT DO

or a functhogirrglls, srdsicesseddepqust siaeuaayelint detie ﬁnwlnmﬁmglapmamn@mrt feds. @0F |

consi stingn®f ikehSHMEN Erjaﬁér?ot\éaﬁé"%b{oe AEEHED HaYE&Gete 8a oS Lidided! 9RY
consi sting of an’am no acid _sequence selected fromthe group having SEQ I D

NOs: 1-7 dPmypelegisaly aglyey aétét%ﬂ?én(‘?éo"ﬁﬁlm'%g?XEfﬁ%S'O’t Wwh, anfibgd¥e 9efe§ P2 PEEN ve ami no
acid substédodbd anse |r¢ﬁb@'&/ew$pr@fucﬁdﬂoﬂhl@ﬂﬁeld§ ot adtiparathodo (K@ MDANEBd 1-7; a

VHCDR2r i on~havi n amn i ence selected fromthe group
consi sting oc?d gE% I1 mun@ogﬁ&% gége'grn no aci d sequence havi ng one, two,

three, four or five amno acid substitutions, deleti ons or additions as
conpar ed tMpmsgian cboﬂcge"séorl%preéswmow@@ﬁwwa% ‘?‘?go af® dAMERPnalBFlyd e‘sequence
sel ect ed fohoesé heangte@UPvaaPSHOL callg) GhclBidg HBr-NOHO ddlis,2descofedabriam aed aci d

sequence g,Q4e b e 65 i t,;%t %[5%} ons
del et onsQEE)Hrégl ddﬁEl Brﬁ)tscmggt c'g(g‘r"%ar’sfafld(qgA ZE ?ﬁ@gﬁs@%ﬂ% 9 DWV ébré(;gl on
havi ng an nearkeanoe.aciad dgéilqltleﬁmeRsleK@ldfméd ahd dA-t Hery ridad M%r%@'sﬁﬁ}‘@ﬂcﬁmSEQ | D
NOs: 22- 2is@myaBma el @S AeREHHEISE ARY | IRDaRR ar, tf&%setﬂfheﬁsofrﬂwon% five
amno acid substjtutions, deletions or additions as conpared to SEQ | D NGs:
22-28' a VEIIWhe{r@éprgﬁsmn system is the GS gene expression system shown in WO 87/044 2,

WO 89/01036 and EP 338,841. In one embodiment, mammalian host cells for expressing the

recombinant antibodies of the invention include mammalian cell lines deficient for FUT8 gene

expression, for example as described in US6,946,292B2. When recombinant expression

vectors encoding antibody genes are introduced into mammalian host cells, the antibodies

are produced by culturing the host cells for a period of time sufficient to allow for expression

of the antibody in the host cells or secretion of the antibody into the culture medium in which

the host cells are grown. Antibodies can be recovered from the culture medium using

standard protein purification methods.
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WD 20101007082PCl 1EP2009/ 059030 having an ami no aci d sequence selected from
the group consisting of SEQ ID NGs: 29-35, or an am no acid sequence having
one, two, tHY@REMPHH2 or five amino acid substitutions, PHEEBIPYHESHr additions
as conpared to SEQ I D NGOs: 29-35; and a VL CDR3 region having an amno acid
sequence gsehmesdmediubistesn t he group consisting of SEQ I D NGs: 36-42, or an am no
aci d sequence having one, two, three, four or five amno acid substitutions,

del etions Ir@%n&ﬂ&* 5dpeas tRSpreUMP #vestioh Fe Qs |dR MIBARFR 4dibody, @k tal fﬂﬂgment
anti gen- b| nd domai nﬁ intg alternative fr%brrewor ks or scaf A wi de

variety of"Sff 168’899”F G SBRAGUHC FPAFEWSH RS 381 2 STHHPY) o3 %‘éﬁw B&-etfbl oyed so
| ong as thremnmbmremnpobypaepbmdmxmnd;umdesoramgdtesagre oneéerrled neh ngreiegaon whi ch

speci fical. B §WH 5 main
i di ot ypes Jg?{mﬁ g%%smﬁgf "f&og afeE"ﬂ{E‘? gjﬁ(?rgn{ O'Srﬁ 2{())?) §Tsucelhrlé%?re§ﬁ(g e
di scl osed aél"mmf%mh r»°e¢yr*9t0x"aﬁ@cwt@1@ima@em mﬁwﬁ@sglar@b@ﬂqnh@abfs dstriveantad i mal

speci es, RE. @f @m?bdeys hé)(érﬁ}ﬂeé"#l@iﬁcﬁlé ?aQQn Q«ﬁj@@lﬁ‘éla’%m S @ﬁh%d‘}ﬁ@Véfmi@h‘Jﬁi B‘roﬁqﬂie' bodi es
such as those identif in canelid s are of icular inte is

ar re
regard. NGUEIN% r”é{WE\XB'Pk%tOp%S@Qf FEaPRAS'IENYN§1IsH W 8stgnt iCAIGRCTP ‘?058“' i“Scover ed
and devel epetbribycit, hdsgiredi drtiedcin Rlidnee nébkantrone, mithramycin, actinomycin D, 1 -

dehydrotestosterone, glucocorticoids, procaine, tetracaine, lidocaine, propranolol, and

puromycin and analogs or homologs thereof. Therapeutic agents also include, for example,
antimetabolites (e.g., methotrexate, 6-mercaptopurine, 6-thioguanine, cytarabine, 5-
fluorouracil decarbazine), ablating agents (e.g., mechlorethamine, thioepa chloraxnbucil,
meiphalan, carmustine (BSNU) and lomustine (CCNU), cyclothosphamide, busulfan,
dibromomannitol, streptozotocin, mitomycin C, and cis-dichlorodiamine platinum (II) (DDP)
cisplatin, anthracyclines (e.g., daunorubicin (formerly daunomycin) and doxorubicin),
antibiotics (e.g., dactinomycin (formerly actinomycin), bleomycin, mithramycin, and
anthramycin (AMC)), and anti-mitotic agents (e.g., vincristine and vinblastine).

Other examples of therapeutic cytotoxins that can be conjugated to an antibody of the
invention include duocarmycins, calicheamicins, maytansines and auristatins, and derivatives
thereof. An example of a calicheamicin antibody conjugate is commercially available
(MylotargTm; Wyeth-Ayerst).

Cytoxins can be conjugated to antibodies of the invention using linker technology available in
the art. Examples of linker types that have been used to conjugate a cytotoxin to an antibody
include, but are not limited to, hydrazones, thioethers, esters, disulfides and peptide-
containing linkers. A linker can be chosen that is, for example, susceptible to cleavage by low
pH within the lysosomal compartment or susceptible to cleavage by proteases, such as
proteases preferentially expressed in tumor tissue such as cathepsins (e.g., cathepsins B, C,
D).

For further discussion of types of cytotoxins, linkers and methods for conjugating therapeutic
agents to antibodies, see also Saito, G. et al., 2003 Adv. Drug Deliv. Rev. 55:199-215; Trail,
P.A. et al.,, 2003 Cancer Immunol. Immunother. 52:328-337; Payne, G., 2003 Cancer Cell
3:207-212; Allen, T.M., 2002 Nat. Rev. Cancer 2:750-763; Pastan, |. and Kreitman, R. J.,
2002 Curr. Opin. Investig. Drugs 3:1089-1091; Senter, P.D. and Springer, C.J., 2001 Adv.
Drug Deliv. Rev. 53:247-264.
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In one aspect, the invention pertains to generating non-inmmunogl obulin based
ant i bodi es usi ng non-i munogl obul i n scaffolds onto which CDRs of the invention
can be graf tEA201AGMT or future non-i munogl obul i n franBGHERYOUEH38caf f ol ds
may be enpl oyed, as long as they conprise a binding region specific for the

t arget pr ainebotliesf ofSEE) dré&seNOinv8rition Sued cero p otvnigatad eo kin eaivabdieisttopes to

" pol ypept iides. £OMRLLSE NG Aot A S i SRECLLL C Riad! pg L oglay EXADLES. Of

non- |nnun§ her described in el ow
(canelid éﬁxtambl@@lpfe@d@a@vamtcmm abehn lexahfughig) o @rivediegifoansd Gaafioetralnt i body

protei ns QpiRipet cfammm*éﬂewa% Rt lihfted Rﬂ!&%lne@-‘”ﬂdﬂﬁw@m%ﬂﬁur%go(&%'Iﬁlgt‘df'r‘?‘”baCt rianus

and Cate/us dronaderius) fa y i ncluding new worl d members such as il amm
speci es ( Mithed ﬁ%ﬁcersga“ngafaﬁ@"@r%maaaﬁiemrﬁa e@laél@ﬁ%)'”th@earbeE%‘?”bqll%ﬁ &Eteri zed
W t h respesdioiinusbcb@jugstes Ucdrelr %OWWEEI@XI tayanaud arrtcugmlgl cz@wanfﬁT&Jr lmmtan

subj ects rtai a bodm t hi s found in
nature 1| adgem B ALBERAR Bk PRERFERT) it JruffTRed B8 shIRE ¢ vpi ca
four chai rﬁoqr@a@rerrmegmqspomgates bend the antibodire afipe amentiomo | i ght chains, for
anti bodi es fromother aninmals. See PCI/EP93/02214 (WD 94/ 04678 published 3
March 1994he aAtib’oGgicﬁh]ug)aftestdﬁﬂweda\rmliti)rdcahrﬁei Bedyo mhdityha gigent hi@ogcakdspsisagl e

variabl e %QH%Q dru%emgley |§ hotYo \{e éalnstrued as limited to classical chemical therapeutic
agents. For example, the drug moiety may be a protein or polypeptide possessing a desired
biological activity. Such proteins may include, for example, an enzymatically active toxin, or
active fragment thereof, such as abrin, ricin A, pseudomonas exotoxin, or diphtheria toxin; a
protein such as tumor necrosis factor or interferon-y; or, biological response modifiers such
as, for example, lymphokines, interleukin-1 ("IL-1"), interleukin-2 ("IL-2"), interleukin-6 ("IL-
6"), granulocyte macrophage colony stimulating factor ("GM-CSF"), granulocyte colony
stimulating factor ("G-CSF"), or other growth factors.

Techniques for conjugating such therapeutic moiety to antibodies are well known, see, e.g.,
Amon et al., "Monoclonal Antibodies For Immunotargeting Of Drugs In Cancer Therapy", in
Monoclonal Antibodies And Cancer Therapy, Reisfeld et al. (eds.), pp. 243-56 (Alan R. Liss,
Inc. 1985); Hellstrom et at., "Antibodies For Drug Delivery", in Controlled Drug Delivery (2nd
Ed.), Robinson et al. (eds.), pp. 623-53 (Marcel Dekker, Inc. 1987); Thorpe, "Antibody
Carriers Of Cytotoxic Agents In Cancer Therapy: A Review", in Monoclonal Antibodies '84:
Biological And Clinical Applications, Pinchera et al. (eds.), pp. 475-506 (1985); "Analysis,
Results, And Future Prospective Of The Therapeutic Use Of Radiolabeled Antibody In
Cancer Therapy", in Monoclonal Antibodies For Cancer Detection And Therapy, Baldwin et
al. (eds.), pp. 303-16 (Academic Press 1985), and Thorpe et al.,, "The Preparation And
Cytotoxic Properties Of Antibody-Toxin Conjugates”, Inmunol. Rev., 62:119-58 (1982).

Bispecific molecules

In another aspect, the present invention features bispecific or multispecific molecules
comprising an anti-BAFFR antibody, or a fragment thereof, of the invention. An antibody of
the invention, or antigen-binding regions thereof, can be derivatized or linked to another
functional molecule, e.g., another peptide or protein (e.g., another antibody or ligand for a
receptor) to generate a bispecific molecule that binds to at least two different binding sites or
target molecules. The antibody of the invention may in fact be derivatized or linked to more
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can be obtained by genetic engineering to yield a small protein having high
affinity for a target, resulting in a | ow nol ecul ar wei ght anti body-derived
protei n knowhO a408078&anel i d WO 20101007082PCl 1EP2009/ 0580BBPHREHEHEY" . See
U S. patent nunber 5,759,808 issued June 2, 1998; see also Stijlemans, B. et
al ., 2004 tkbnBbr@! otkdrein&@iéRal MA&hiel B6deneiatammuliiispecid melkcdds thalBiad tiNatows e 424:

o o P B A ol SO P RSEIRASRLS NI, S |
al . 1998 EMBON@ndedt to3BH 2n@BHR@sseENl Heetean "blsmﬂcaipire@e@le"imn@deﬁdwemimifmdf es and

anti body che%%B.%éecﬁfc@ncﬁéHﬂl@%f%eﬁNéﬁn@N ah ARy of AE iSRRI Gn bE FIRIMlY NX,
Ghent, Belglun1 As th other antibodi’es of non-human origin, an_am no aC|d

sequence dfked (ééanéyﬁiﬁ"e@f??t HYBIN9e 4ANSYE TUHIGNe PRRFOY AR IASPITAYPT ¢ plheRiRedit a
sequence tohator MoFecothiéraseling meis@nds|, eschaashunamar seiuey) @ftibddy Gagmérepdpamopbody can

Eﬁn'aggnggln Elg'(;l?%mrﬁélctsuc 2att§rbl%lpe0|f% & ctu\egrggulltg' ty of camelid antibodies to

Accordingly, the present invention includes bispecific molecules comprising at least one first
binding specificity for BAFFR and a second binding specificity for a second target epitope.
For example, the second target epitope is another epitope of BAFFR different from the first
target epitope. Another example is a bispecific molecule comprising at least one first binding

specificity for BAFFR and a second binding specificity for an epitope within CD20.

Additionally, for the invention in which the bispecific molecule is multi-specific, the molecule
can further include a third binding specificity, in addition to the first and second target

epitope.

In one embodiment, the bispecific molecules of the invention comprise as a binding
specificity at least one antibody, or an antibody fragment thereof, including, e.g., an Fab,
Fab', F(ab"),, Fv, or a single chain Fv. The antibody may also be a light chain or heavy chain
dimer, or any minimal fragment thereof such as a Fv or a single chain construct as described
in Ladner et al. U.S. Patent No. 4,946,778, the contents of which is expressly incorporated by

reference.

Other antibodies which can be employed in the bispecific molecules of the invention are

murine, chimeric and humanized monoclonal antibodies.

The bispecific molecules of the present invention can be prepared by conjugating the
constituent binding specificities, using methods known in the art. For example, each binding
specificity of the bispecific molecule can be generated separately and then conjugated to one
another. When the binding specificities are proteins or peptides, a variety of coupling or
cross-linking agents can be used for covalent conjugation. Examples of cross-linking agents
include protein A, carbodiimide, N-succinimidyl-S-acetyl-thioacetate (SATA), 5,5'-dithiobis(2-
nitrobenzoic acid) (DTNB), o-phenylenedimaleimide (oPDM), N-succinimidyl-3-(2-
pyridyldithio)propionate (SPDP), and sulfosuccinimidyl 4-(N-maleimidomethyl) cyclohaxane-I-
carboxylate (sulfo-SMCC) (see e.g., Karpovsky et al., 1984 J. Exp. Med. 160:1686; Liu, MA
et al.,, 1985 Proc. Natl. Acad. Sci. USA 82:8648). Other methods include those described in
Paulus, 1985 Behring Ins. Mitt. No. 78,118-132; Brennan et al., 1985 Science 229:81-83),
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The canelid nanobody has a nol ecul ar wei ght approxi mately one-tenth that of a
human |1 gG nol ecul e and the protein has a physical dianeter of only a few
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Binding of the bispecific molecules to their specific targets can be confirmed by, for example,

enzyme-linked immunosorbent assay (ELISA), radioimmunoassay (REA), FACS analysis,
bioassay (e.g., growth inhibition), or Western Blot assay. Each of these assays generally
detects the presence of protein-antibody complexes of particular interest by employing a
labeled reagent (e.g., an antibody) specific for the complex of interest.

Multivalent antibodies

In another aspect, the present invention provides multivalent antibodies comprising at least
two identical or different antigen-binding portions of the antibodies of the invention binding to
BAFFR. In one embodiment, the multivalent antibodies provides at least two, three or four
antigen-binding portions of the antibodies. The antigen-binding portions can be linked
together via protein fusion or covalent or non covalent linkage. Alternatively, methods of
linkage have been described for the bispecific molecules. Tetravalent compounds can be
obtained for example by cross-linking antibodies of the antibodies of the invention with an
antibody that binds to the constant regions of the antibodies of the invention, for example the

Fc or hinge region.

Pharmaceutical compositions
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as described in the exanples herein. In one enbodi ement. an anti body of the
di scl osure is canelized, having a canelid framework and VH CDR1, CDR2 and/ or
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scaffolds include, but are not limted to, Adnectins (fibronectin) (Conpound

Ther apeut i¥¢ diffrent) antefiga " 'FNM)’”OCSWR%‘?%OF(Q\?BP%%WQ'PC sy IBVEREPN- F3F i ch,

(SWI tzerl ag@lémpléOﬁmharmbutm@dc@ﬁpdsmomrwn&hesmvéﬁtrdn(cﬁarﬂmmdg@a ddfbiraneh Abl ynx nv
ZW | naar Ant I.C er | ot eol a Frei si ng,
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Seattle, Wivitesaxybodi es (AV| dia, Inc. (I\/bunt ain View, CA)), Protein A

(Affibody AG Sweden) and affilin (gamma-crystallin or ubiquitin) (Scil

Prot ei ns Gnairhackiatchie corfigositany Jof tgr oivention egéd oae b aetinistsreq Ral goatvoratidrt d,

Allschw | ’the‘?’X\AyE réo%(ijr)ed V\gltlh)otr!:er 9584? ot Bxart %fft he (%mblnatlon therapy can include
an anti-BAFFR antibody of the present invention combined with at least one other anti-
inflammatory or another chemotherapeutic agent, for example, a cytotoxic, anti-cancer or
anti-proliferative agent. Examples of therapeutic agents that can be used in combination
therapy are described in greater detail below in the section on uses of the antibodies of the
invention.

As used herein, "pharmaceutically acceptable carrier" includes any and all solvents,
dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption
delaying agents, and the like that are physiologically compatible. The carrier should be
suitable for intravenous, intramuscular, subcutaneous, parenteral, spinal or epidermal
administration (e.g., by injection or infusion). Depending on the route of administration, the
active compound, i.e., antibody, immunoconjuage, or bispecific molecule, may be coated in a
material to protect the compound from the action of acids and other natural conditions that

may inactivate the compound.

The pharmaceutical compounds of the invention may include one or more pharmaceutically
acceptable salts. A "pharmaceutically acceptable salt" refers to a salt that retains the desired
biological activity of the parent compound and does not impart any undesired toxicological
effects (see e.g., Berge, S.M., et al., 1977 J. Pharm. Sci. 66:1-19). Examples of such salts
include acid addition salts and base addition salts. Acid addition salts include those derived
from nontoxic inorganic acids, such as hydrochloric, nitric, phosphoric, sulfuric, hydrobromic,
hydroiodic, phosphorous and the like, as well as from nontoxic organic acids such as
aliphatic mono- and di-carboxylic acids, phenyl-substituted alkanoic acids, hydroxy alkanoic
acids, aromatic acids, aliphatic and aromatic sulfonic acids and the like. Base addition salts
include those derived from alkaline earth metals, such as sodium, potassium, magnesium,
calcium and the like, as well as from nontoxic organic amines, such as N,N'-
dibenzylethylenediamine, N-methylglucamine, chloroprocaine, choline, diethanolamine,
ethylenediamine, procaine and the like.
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The fibronectin scaffolds are based preferably on fibronectin type Il domain
(e.g., the tenth nodule of the fibronectin type IIl (10 Fn3 domain)). The
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VWO 20101 00798apepilsspechosy 098903 nd |nJectabIe organic esters, such as ethyl oleate. Proper

fluidity can be maintained, for example, by the use of coating materials, such as lecithin, by
the maintenance of the required particle size in the case of dispersions, and by the use of

surfactants.

These compositions may also contain adjuvants such as preservatives, wetting agents,
emulsifying agents and dispersing agents. Prevention of presence of microorganisms may be
ensured both by sterilization procedures, supra, and by the inclusion of various antibacterial
and antifungal agents, for example, paraben, chlorobutanol, phenol sorbic acid, and the like.
It may also be desirable to include isotonic agents, such as sugars, sodium chloride, and the
like into the compositions. In addition, prolonged absorption of the injectable pharmaceutical
form may be brought about by the inclusion of agents which delay absorption such as,

aluminum monostearate and gelatin.

Pharmaceutically acceptable carriers include sterile aqueous solutions or dispersions and
sterile powders for the extemporaneous preparation of sterile injectable solutions or
dispersion. The use of such media and agents for pharmaceutically active substances is
known in the art. Except insofar as any conventional media or agent is incompatible with the
active compound, use thereof in the pharmaceutical compositions of the invention is
contemplated. Supplementary active compounds can also be incorporated into the

compositions.

Therapeutic compositions typically must be sterile and stable under the conditions of
manufacture and storage. The composition can be formulated as a solution, microemulsion,
liposome, or other ordered structure suitable to high drug concentration. The carrier can be a
solvent or dispersion medium containing, for example, water, ethanol, polyol (for example,
glycerol, propylene glycol, and liquid polyethylene glycol, and the like), and suitable mixtures
thereof. The proper fluidity can be maintained, for example, by the use of a coating such as
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The technology is based on using proteins with ankyrin derived repeat nodul es
as scaffolds for bearing variable regions which can be used for binding to
different ta¥9et8907%3e ankyrin repeat nodule is a 33 anPAHEBRIPUSHEP ypept i de
consisting of two anti-parallel a-helices and a [3-turn. Binding of the

vari abl e neghions the nﬁmsdnlayce)qﬂttlhe’rﬁeaﬁidadhmrtm&is‘t@ il tHeazedref dépepdiayand(dylithe

Maxybodi e%’@ rEa%tantsAYA g‘n‘ %Lﬁ%% %Egr%qugn m%l%é Ys%%n cragq@n@a%'f‘“e%mé d?@g'%sgr

contalnlng pro el n such a
pr ot ei n- pmotyelcehalsnsush st m@mtomgrbltﬂ humimrrovl@on@ao the o@rep%‘sloar Brobngect ural |y

based on %b&’&gﬁ%in”%f th%V'rﬁ?dia?blé:%u%béstmo‘HE &annHé”b&B'&ﬂ ol 8y Qﬂéludm% Gomgd n”
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bind to tW@mP%ﬁ"@’@ta”é‘ﬁF”té'%aﬁ dEaYSRPSPIRECHiBE GBI G RSP BRI AA, 9% exanpl e,

20040175756; 20050053973; 20050048512; and 20060008844 (vi) Protein A -
At hbody Reviews on the development of stable protein (e.g., antibody) formulations may be found in

Cleland et al. (1993) Crit. Reviews. Ther. Drug Carrier Systems 10(4):307-377 and Wei
Wang (1999) Int. J. Pharmaceutics 185:129-88. Additional formulation discussions for
antibodies may be found, e.g., in Daugherty and Mrsny (2006) Advanced Drug Delivery
Reviews 58: 686-706; US 6171586; US4618486; US20060286103; WO06044908;
WO07095337; WO04016286; Colandene et al. (2007) J. Pharm. Sci 96:1598-1608;
Schulman (2001) Am. J. Respir. Crit. Care Med. 164:56-S11 and other known references.

Solutions or suspensions used for intradermal or subcutaneous application typically include
one or more of the following components: a sterile diluent such as water for injection, saline
solution, fixed oils, polyethylene glycols, glycerine, propylene glycol or other synthetic
solvents; antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants such
as ascorbic acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic
acid; buffers such as acetates, citrates or phosphates; and agents for the adjustment of
tonicity such as sodium chloride or dextrose. The pH can be adjusted with acids or bases,
such as hydrochloric acid or sodium hydroxide. Such preparations may be enclosed in

ampoules, disposable syringes or multiple dose vials made of glass or plastic.

Sterile injectable solutions can be prepared by incorporating the antibody of the invention in
the required amount in an appropriate solvent with one or a combination of ingredients
enumerated above, as required, followed by sterilization microfiltration. Generally,
dispersions are prepared by incorporating the active compound into a sterile vehicle that
contains a basic dispersion medium and the required other ingredients from those
enumerated above. In the case of sterile powders for the preparation of sterile injectable
solutions, the methods of preparation are vacuum drying and freeze-drying (lyophilization)
that yield a powder of the active ingredient plus any additional desired ingredient from a

previously sterile-filtered solution thereof.

When a therapeutically effective amount of an antibody of the invention is administered by,
e.g., intravenous, cutaneous or subcutaneous injection, the binding agent will be in the form
of a pyrogen-free, parenterally acceptable aqueous solution. The preparation of such
parenterally acceptable protein solutions, having due regard to pH, isotonicity, stability, and
the like, is within the skill in the art. A preferred pharmaceutical composition for intravenous,
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Affibody(r) affinity ligands are small, sinple proteins conposed of a
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composition which produces a therapeutic effect. Generally, out of one hundred percent, this

amount will range from about 0.01 per cent to about ninety-nine percent of active ingredient,
from about 0.1 per cent to about 70 per cent, or from about 1 percent to about 30 percent of

active ingredient in combination with a pharmaceutically acceptable carrier.

Dosage regimens are adjusted to provide the optimum desired response (e.g., a therapeutic
response). For example, a single bolus may be administered, several divided doses may be
administered over time or the dose may be proportionally reduced or increased as indicated
by the exigencies of the therapeutic situation. It is especially advantageous to formulate
parenteral compositions in dosage unit form for ease of administration and uniformity of
dosage. Dosage unit form as used herein refers to physically discrete units suited as unitary
dosages for the subjects to be treated; each unit contains a predetermined quantity of active
compound calculated to produce the desired therapeutic effect in association with the
required pharmaceutical carrier. The specification for the dosage unit forms of the invention
are dictated by and directly dependent on the unique characteristics of the active compound
and the particular therapeutic effect to be achieved, and the limitations inherent in the art of
compounding such an active compound for the treatment of sensitivity in individuals.

For administration of the antibody, the dosage ranges from about 0.0001 to 100 mg/kg, and
more usually 0.01 to 5 mg/kg, of the host body weight. For example dosages can be 0.3
mg/kg body weight, 1 mg/kg body weight, 3 mg/kg body weight, 5 mg/kg body weight or 10
mg/kg body weight or within the range of 1-10 mg/kg. An exemplary treatment regime entails
administration once per week, once every two weeks, once every three weeks, once every
four weeks, once a month, once every 3 months or once every three to 6 months. Dosage
regimens for an anti-BAFFR antibody of the invention include 1 mg/kg body weight or 3
mg/kg body weight by intravenous administration, with the antibody being given using one of

the following dosing schedules: every four weeks for six dosages, then every three months;
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The set of four |oops, which makes up the binding pocket, shows pronounced
structural plasticity and tolerates a variety of side chains. The binding site
can thus be We3H&PEP2i n a proprietary process in order PETEBYBYHIPPE prescribed
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20101007 0@R&CItHERPRe618:1 0 D83V dI evefajho drederfoldivel ibp dadd/kgbddMidight etdre three
bi i n-bi nq\;e%gs protein (13BP) of Pieris Brassicae has been used to devel op
anti cal i ns by ‘nut ageni zi ng the set of four |oops. One exanple of a patent
application describing "anticalins"” is PCT WO 199916873. (Vi ffilin - Scil
PPgt ei ns ?n some methods,QWo or more monoclonal antibodies wit dcﬁerent b?ndin% sp%eci icitfes are

administered simultaneously, in which case the dosage of each antibody administered falls

within the ranges indicated. Antibody is usually administered on multiple occasions. Intervals

between single dosages can be, for example, weekly, monthly, every three months or yearly.

Intervals can also be irregular as indicated by measuring blood levels of antibody to the

target antigen in the patient. In some methods, dosage is adjusted to achieve a plasma

antibody concentration of about 1-1000 pg/ml and in some methods about 25-300 ug/ml.

Alternatively, antibody can be administered as a sustained release formulation, in which case
less frequent administration is required. Dosage and frequency vary depending on the half-
life of the antibody in the patient. In general, human antibodies show the longest half-life,
followed by humanized antibodies, chimeric antibodies, and nonhuman antibodies. The
dosage and frequency of administration can vary depending on whether the treatment is
prophylactic or therapeutic. In prophylactic applications, a relatively low dosage is
administered at relatively infrequent intervals over a long period of time. Some patients
continue to receive treatment for the rest of their lives. In therapeutic applications, a relatively
high dosage at relatively short intervals is sometimes required until progression of the
disease is reduced or terminated or until the patient shows partial or complete amelioration of

symptoms of disease. Thereafter, the patient can be administered a prophylactic regime.

Actual dosage levels of the active ingredients in the pharmaceutical compositions of the
present invention may be varied so as to obtain an amount of the active ingredient which is
effective to achieve the desired therapeutic response for a particular patient, composition,
and mode of administration, without being toxic to the patient. The selected dosage level will
depend upon a variety of pharmacokinetic factors including the activity of the particular
compositions of the present invention employed, or the ester, salt or amide thereof, the route
of administration, the time of administration, the rate of excretion of the particular compound
being employed, the duration of the treatment, other drugs, compounds and/or materials
used in combination with the particular compositions employed, the age, sex, weight,
condition, general health and prior medical history of the patient being treated, and like

factors well known in the medical arts.

A "therapeutically effective dosage” of an anti-BAFFR antibody of the invention can results in
a decrease in severity of disease symptoms, an increase in frequency and duration of
disease symptom-free periods, or a prevention of impairment or disability due to the disease
affliction.
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intramuscular, intraarterial, intrathecal, intracapsular, intraorbital, intracardiac, intradermal,
intraperitoneal, transtracheal, subcutaneous, subcuticular, intraarticular, subcapsular,

subarachnoid, intraspinal, epidural and intrastemal injection and infusion.

Alternatively, an antibody of the invention can be administered by a nonparenteral route,
such as a topical, epidermal or mucosal route of administration, for example, intranasally,

orally, vaginally, rectally, sublingually or topically.

The active compounds can be prepared with carriers that will protect the compound against
rapid release, such as a controlled release formulation, including implants, transdermal
patches, and microencapsulated delivery systems. Biodegradable, biocompatible polymers
can be used, such as ethylene vinyl acetate, polyanhydrides, polyglycolic acid, collagen,
polyorthoesters, and polylactic acid. Many methods for the preparation of such formulations
are patented or generally known to those skilled in the art. See, e.g., Sustained and
Controlled Release Drug Delivery Systems, J.R. Robinson, ed., Marcel Dekker, Inc., New
York, 1978.

Therapeutic compositions can be administered with medical devices known in the art. For
example, in one embodiment, a therapeutic composition of the invention can be administered
with a needleless hypodermic injection device, such as the devices shown in U.S. Patent
Nos. 5,399,163; 5,383,851; 5,312,335; 5,064,413; 4,941,880; 4,790,824 or 4,596,556.
Examples of well known implants and modules useful in the present invention include: U.S.
Patent No. 4,487,603, which shows an implantable micro-infusion pump for dispensing
medication at a controlled rate; U.S. Patent No. 4,486,194, which shows a therapeutic device
for administering medicants through the skin; U.S. Patent No. 4,447,233, which shows a
medication infusion pump for delivering medication at a precise infusion rate; U.S. Patent No.
4,447,224, which shows a variable flow implantable infusion apparatus for continuous drug
delivery; U.S. Patent No. 4,439,196, which shows an osmotic drug delivery system having
multi-chamber compartments; and U.S. Patent No. 4,475,196, which shows an osmotic drug
delivery system. Many other such implants, delivery systems, and modules are known to
those skilled in the art.
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ant i bodi es “are 8 Thtended o 8"96e> en orrpas ) hg \?@M on
2010100708%2Palcl BRP2DOOCHEIRBOMacol. 29:685). Exemplary targetlng moieties include folate or

biotin (see, e.g., U.S. Patent 5,416,016 to Low et al.); mannosides (Umezawa et al., 1988

Biochem. Biophys. Res. Commun. 153:1038); antibodies (P.G. Bloeman et al., 1995 FEBS
Lett. 357:140; M. Owais et al.,, 1995 Antimicrob. Agents Chernother. 39:180); surfactant
protein A receptor (Briscoe et al., 1995 Am. J. Physiol.1233:134); p120 (Schreier et al., 1994
J. Biol. Chem. 269:9090); see also K. Keinanen; M.L. Laukkanen, 1994 FEBSLett. 346:123;
J.J. Killion; I.J. Fidler, 1994 Imrnunomethods 4:273.

Uses and methods of the invention

The antibodies of the present invention have in vitro and in vivo diagnostic and therapeutic
utilities. For example, these molecules can be administered to cells in culture, e.g. in vitro or
in vivo, or in a subject, e.g., in vivo, to treat, prevent or diagnose a variety of disorders. The
term "subject" as used herein is intended to include human and non-human animals. Non-
human animals include all vertebrates, e.g., mammals and non-mammals, such as non-

human primates, sheep, dogs, cats, cows, horses, chickens, amphibians, and reptiles.

The methods are particularly suitable for treating, preventing or diagnosing BAFFR-related
disorders and/or autoimmune diseases, e.g., systemic lupus erythematosus or rheumatoid
arthritis.

The invention also provides methods for depleting B cells in an animal, preferably depleting
or killing human B cell by administering a composition comprising a therapeutically efficient

dose of the antibodies of the invention.

As used herein, “a BAFFR-related disorder” includes conditions associated with or
characterized by aberrant BLyS levels and/or diseases or conditions that can be treated by
depleting or killing B cells. These include inflammatory conditions, allergies and allergic
conditions, hypersensitivity reactions, autoimmune diseases, severe infections, and organ or

tissue transplant rejection. These further include B-cell neoplasms.

For example, the antibodies of the invention may be used for the treatment of recipients of
heart, lung, combined heart-lung, liver, kidney, pancreatic, skin or corneal transplants,
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sclerodoma, anti-neutrophil cytoplasmic antibody- associated vasculitis, IgM mediated
neuropathy, opsoclonus myoclonus syndrome, Wegener granulomatosis, dermatomyositis,
chronic active hepatitis, myasthenia gravis, psoriasis, Steven-Johnson syndrome, pemphigus
vulgaris, pemphigus foliacius, idiopathic sprue, autoimmune inflammatory bowel disease
(including e.g. ulcerative colitis, Crohn's disease and lIrritable Bowel Syndrome), endocrine
ophthalmopathy, Graves’ disease, sarcoidosis, multiple sclerosis, neuromyelitis optica,
primary biliary cirrhosis, juvenile diabetes (diabetes mellitus type 1), uveitis (anterior,
intermediate and posterior as well as panuveitis), keratoconjunctivitis sicca and vernal
keratoconjunctivitis, interstitial lung fibrosis, psoriatic arthritis and glomerulonephritis (with
and without nephrotic syndrome, e.g. including idiopathic nephrotic syndrome or minimal
change nephropathy), tumors, inflammatory disease of skin and cornea, myositis, loosening

of bone implants, metabolic disorders, such as atherosclerosis, diabetes, and dislipidemia.

The antibodies of the invention are also useful for the treatment, prevention, or amelioration
of asthma, bronchitis, pneumoconiosis, pulmonary emphysema, and other obstructive or

inflammatory diseases of the airways.

The antibodies of the invention are also useful for treating diseases of bone metabolism
including osteoarthritis, osteoporosis and other inflammatory arthritides, and bone loss in

general, including age-related bone loss, and in particular periodontal disease.
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to alter the effector functions of the anti bod%;. For exanpl e, ‘one or nore
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mucosa-associated lymphoid tissue lymphoma, diffuse large cell lymphoma, and Burkitt's
lymphoma; precursor B-lymphoblastic leukemia; and B-cell chronic lymphocytic leukemia,
and multiple myeloma. Other B-cell neoplasms are encompassed within the scope of the

invention.

The antibodies of the invention may be administered as the sole active ingredient or in
conjunction with, e.g. as an adjuvant to or in combination to, other drugs e.g.
immunosuppressive or immunomodulating agents or other anti-inflammatory agents or other
cytotoxic or anti-cancer agents, e.g. for the treatment or prevention of diseases mentioned
above. For example, the antibodies of the invention may be used in combination with
DMARD, e.g. Gold salts, sulphasalazine, antimalarias, methotrexate, D-penicillamine,
azathioprine, mycophenolic acid, cyclosporine A, tacrolimus, sirolimus, minocycline,
leflunomide, glococorticoids; a calcineurin inhibitor, e.g. cyclosporin A or FK 506; a modulator
of lymphocyte recirculation, e.g. FTY720 and FTY720 analogs; an mTOR inhibitor, e.g.
rapamycin, 40-O-(2-hydroxyethyl)-rapamycin, CCI779, ABT578, AP23573 or TAFA-93; an
ascomycin having immuno-suppressive properties, e.g. ABT-281, ASM981, etc.;
corticosteroids; cyclo-phos-phamide; azathioprene; methotrexate; mizoribine; mycophenolic
acid; myco-pheno-late mofetil; 15-deoxyspergualine or an immunosuppressive homologue,
analogue or derivative thereof; immunosuppressive monoclonal antibodies, e.g., monoclonal
antibodies to leukocyte receptors, e.g., MHC, CD2, CD3, CD4, CD7, CD8, CD11a, CD25,
CD28, CD40. CD45, CD52, CD58, CD80, CD86 or their ligands; other immunomodulatory
compounds, e.g. a recombinant binding molecule having at least a portion of the extracellular
domain of CTLA4 or a mutant thereof, e.g. an at least extracellular portion of CTLA4 or a
mutant thereof joined to a non-CTLA4 protein sequence, e.g. CTLA4Ig (for ex. designated
ATCC 68629) or a mutant thereof, e.g. LEA29Y; adhesion molecule inhibitors, e.g. LFA-1
antagonists, ICAM-1 or -3 antagonists, VCAM-4 antagonists or VLA-4 antagonists; or a
chemotherapeutic agent, e.g. paclitaxel, gemcitabine, cisplatinum, doxorubicin or 5-
fluorouracil; anti TNF agents, e.g. monoclonal antibodies to TNF, e.g. infliximab,
adalimumab, CDP870, or receptor constructs to TNF-RI or TNF-RII, e.g. Etanercept, PEG-
TNF-RI; blockers of proinflammatory cytokines, IL-1 blockers, e.g. Anakinra or IL-1 trap,
AAL160, ACZ 885, IL-6 blockers; chemokines blockers, e.g inhibitors or activators of
proteases, e.g. metalloproteases, anti-IL4 antibodies, anti-IL-15 antibodies, anti-IL-6
antibodies, anti-IL-21 antibodies, anti-IL-12 antibodies, anti-p40 antibodies, anti-IL-17
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WO 20101007082PCl AP2009/ 059030 that the antibody has an altered affinity for

an effector ligand but retains the antigen-binding ability of the parent
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invention, and at least one second drug substance, said second drug substance being a
immuno-suppressive / immunomodulatory, anti-inflammatory chemotherapeutic or anti-

infectious drug, e.g. as indicated above.

Or, a therapeutic combination, e.g. a kit, comprising of a therapeutically effective amount of
a) an BAFFR antagonist, e.g. an antibody of the invention, and b) at least one second
substance selected from a immuno-suppressive / immunomodulatory, anti-inflammatory
chemotherapeutic or anti-infectious drug, e.g. as indicated above. The kit may comprise

instructions for its administration.

Where the antibodies of the invention are administered in conjunction with other immuno-
suppressive / immunomodulatory, anti-inflammatory chemotherapeutic or anti-infectious
therapy, dosages of the co-administered combination compound will of course vary
depending on the type of co-drug employed, e.g. whether it is a DMARD, anti-TNF, IL-1

blocker or others, on the specific drug employed, on the condition being treated and so forth.

In one specific embodiment, the antibodies of the invention may be administered in
combination with another B-cell killing agent, i.e., e.g, a CD20 targeting antibody with ADCC
activity, such as Rituximab.

In other embodiment, the antibodies of the invention are administered only to patient
population which is selected among patients suffering from SLE or RA and exhibiting an
abnormal serum level of BLyS. In other embodiment, the antibodies of the invention are
administered only to patient population which are selected among group of patients which
respond to anti-BLyS treatment. Biomarkers that identify patients that have an increased
likelihood of responding to anti-BLyS treatment may be any of the following without being
limited to these: elevated levels of serum BLyS, elevated levels of certain B cell subsets,

presence or absence of certain types of auto-antibodies.

In one embodiment, the antibodies of the invention can be used to detect levels of BAFFR, or
levels of cells that contain BAFFR. This can be achieved, for example, by contacting a
sample (such as an in vitro sample) and a control sample with the anti-BAFFR antibody
under conditions that allow for the formation of a complex between the antibody and BAFFR.

Any complexes formed between the antibody and BAFFR are detected and compared in the
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bi sect i ng AGoc Nélain sthe ustbpe es . thSumlentdrt eree ditglcposing adfi tha Eatdositios (ay.e been

deronst r at.ag fiRks! Q£S5 Rndd ésbr‘%p%@fﬂ!: Ho)éc%sgad?ttﬁéouﬂ%n‘ﬁén ar%‘ﬁm@tr@ﬂ&%oﬁaydr ate

modi fi cations can be acconp expressi ng e antibody in
a host celusewl ftehk”aPetnefrJéhiefg]O?@@s@ll%ﬂ o ﬁ%wwerewenwr|®emrtmpra|aﬂ@td@@l

gl ycosyl atah%bdf&%hth@%\béang gb%ﬂ%nﬂ%%?%bh@gga b&nél@rﬁerﬂéﬁy a@ﬂﬂy%ﬂ:h Bfdysed as host
cells in which to eggr €SS reco an d(g Ki Ivenf |don Itbo t her eby
o oduce. MBS RITID FES ECTEAPRID9 RG0S A3 antboay. s ical s 3 1263

indicating the intended use of the contents of the kit. The term label includes any writing, or

recorded material supplied on or with the kit, or which otherwise accompanies the kit. The kit

may further comprise tools for diagnosing whether a patient belongs to a group that responds

to an anti-BAFFR antibody treatment, as defined above.

The invention having been fully described, it is further illustrated by the following examples

and claims, which are illustrative and are not meant to be further limiting.
Brief Description of the Figures

Figure 1 shows the results of Collagen - induced arthritis (CIA) in DBA/1 mice (MCOL37)
after immunization at day 0, Booster at day 21, and Treatment starting day minus 9. The
square symbols show the paws scoring for Anti-BAFF Ab- MOR6743-mlgG2a with a dose
equal to 200 ug/200ul i.p. 2x a week, (n=8). The triangle symbols shows the paws scoring
for an Isotype Anti CSA-IgG2a control with a dose equal to 200 ug/200pl i.p. 2x a week,
(n=7). Statistics: Dunnett Multiple Comparisons Test (One -way ANOVA). Compared with the
Vehicle control (p<0.05*,p<0.01**,p>0.05n.s.).

Figure 2 shows the absolute number of CD20+ and CD40+ peripheral blood cells in 3
cynomolgous monkeys after 20mg/kg intravenous administration of anti-BAFFR (MOR06654)
antibodies.
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anti body with altered glycosylation. For exanple, EP 1,176,195 by Hang et al.
describes a cell line with a functionally disrupted FUT8 gene, which encodes a
fucosyl trarf¥9eHa8¥82sych that anti bodi es expressed in SGERPHIYEPIO]| | ne

exhi bit hypofucosyl ati on or are devoid of fucosyl residues. Therefore, in one
enbodi rrentF;gut&eAaahsz)mH elssotite hin@bérnafeTha00 Narair eDmmdettpedrabwob@@elmbihrmnt
expreSS|on exhi bit hypofu I o = yl ation
partor . _rnohaiS monk A et ion oo HER AR P Baf R DOROURRRY of ¢ he
FUT8 gene aptigadisng fucosyl transferase. PCT Publication WD 03/035835 by Presta
describes a variant CHO cell line, Lecl3 cells, with reduced ability to attach
f ucozedt 0 FRfiRd 297s)hoi(fjvis nﬂ@d%@ané)abmdérab lemzoalaswel Ce80H bérmgerbnblbw@éugcmlsyl at2 1382 S)f
ant i bodi es expressed in t st ce see al so t a

B0l - Chem OISR 7ep i Ay ABekopllrveb R simOerSsns g B SURE N a
descri bes B2¢FR (MOROs6®Ngntibedieed t 0 express gl ycoprotei n-nodi fyi ng gl ycosyl
transferases (e.g., beta(14)-N acetyl glucosam nyltransferase Il (GTlII11))
such that antibodi es expressed in the engineered cell |ines exhibit increased
bi secting G eNac structures which results in increased ADCC activity of the
anti bodi es (see also Umna et al., 1999 Nat. Biotech, 17:176-180). Eureka
Therapeutics further describes genetically engi neered CHO mammal i an cell s
capabl e of producing antibodies with altered nmanmalian gl ycosyl ation pattern
devoi d of fucosyl residues (httEl/ww.eurekainc.c, onl about us/
conpanyoverview. htm ). Alternatively, the antibodies of the invention can be
produced in yeasts or filanmentous fungi engi neered for mammal i an-1i ke

gl ycosyl ation pattern and capabl e of produci ng anti bodi es | acki ng fucose as
gl ycosyl ation pattern (see for exanple EP1297172Bl1). Another nodification of
the anti bodies herein that is contenplated by the invention is pegylation. An
anti body can be pegylated to, for exanple, increase the biological (e.g.,
serum) half-life of the antibody. To pegylate an antibody, the antibody, or
fragnent thereof, typically is reacted with pol yethyl ene glycol (PEG, such as
a reactive ester or aldehyde derivative of PEG wunder conditions in which one
or nore PEG groups becone attached to the anti body or antibody fragnent. The
pegyl ation can be carried out by an acylation reaction or an al kyl ati on
reaction with a reactive PEG nol ecul e (or an anal ogous reactive water-sol ubl e
polymer). As used herein, the term "pol yethylene glycol"” is intended to
enconpass any of the fornms of PEG that have been used to derivatize other
proteins, such as nono (Cl- Cl10) al koxy- or aryl oxy-polyethyl ene glycol or

pol yet hyl ene gl ycol -maleim de. In certain enbodi nents, the antibody to be
pegyl ated is an agl ycosyl ated anti body. Methods for pegylating proteins are
known in the art and can be applied to the antibodies of the invention. See
for exanple, EP O 154 316 by Nishinmura et al. and EP 0 401 384 by | shi kawa et
al . Another nodification of the antibodies that is contenplated by the
invention is a conjugate or a protein fusion of at |east the antigen-binding
region of the antibody of the invention to
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WO 20101007082PCl AP2009/ 059030 serum protein, such as human serum al bum n or a
fragnment thereof to increase half-life of the resulting nolecule. Such
approach i s WOrPMBRHABI e described in Ballance et al. EPSSYERRH/0SNHBL her
possibility is a fusion of at |east the antigen-binding region of the antibody
of the i nBExpetimantabPgtot ei ns capabl e of binding to serum proteins, such human
serum al bumn to increase half life of the resulting nolecule. Such approach
is for examptReRingaeédl@d in Nygren et al., EP 0 486 525. Methods of
encineering altered anti bodies

FACS Screening of Initial Pannings

For the detection of BAFFR binding Fab antibodies from first primary screening, e.g., phage
display screening and/or for the secondary screening process of ELISA positive clones,
lysates of selected E. coli clones can be screened in FACS as follows:

Cells of the respective cell line (parental cells or cells transfected with BAFFR) are counted
and adjusted to 2x107 cells/ml in PBS/ 3% FCS/ 0.02% NaN; (FACS buffer). In a 96-well
round bottom plate, 2x10° cells are mixed with 35 yl Fab-containing 1bacterial lysate in a
final volume of 100 ul FACS buffer and incubated on a shaker at 4°C for one hour. Cells are
then washed once with FACS buffer and resuspended in phycoerythrin-conjugated goat anti-
human IgG secondary antibody which has been diluted 1:200 in FACS buffer. After one hour
incubation at 4°C on a shaker, cells were again washed once with FACS buffer, resuspended
in FACS buffer and cell surface binding is measured, for example, via fluorescence intensity
of the cells in the FACSArray instrument (Becton Dickinson).

Fc Capture ELISA

To identify BAFFR binding Fab antibodies in the enriched clones from phage display, lysates
of selected E. coli clones are screened in an Fc capture ELISA setting as follows: Maxisorp
384-well plates are coated with 20 ug/ml goat anti-human IgG Fc diluted in PBS overnight at
4°C. On the next day, the plates are washed, blocked with 5% MTBST, and incubated with
5 ug/ml BAFFR:Fc (Alexis) for one hour at room temperature. In parallel, the Fab containing
bacterial lysates are blocked with a final concentration of 2.5% milk powder. Then, pre-
blocked bacterial lysates are added to the captured BAFFR:Fc on the plates. Subsequently
BAFFR:Fc binding Fabs are detected by incubation with alkaline phosphatase conjugated
goat anti-human IgG, Fab specific, diluted 1:5000 in 0.5% MPBST, followed by addition of
AttoPhos fluorescence substrate (Roche Diagnostics). Fluorescence emission at 535 nm is

recorded with excitation at 430 nm in a TECAN Spectrafluor plate reader.
Fab Capture ELISA

For the detection of BAFFR binding Fab antibodies from phage display, lysates of selected
E. coli clones are screened in a Fab capture ELISA setting: Maxisorp 384-well plates are
coated with a sheep anti-human IgG, Fd fragment specific antibody diluted 1:1000 in PBS
overnight at 4°C. On the next day, the plates are washed and blocked with
TBS/ 0.05% Tween/ 5% milk powder (5% MTBST) for one hour at room temperature. In
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As di scussed above, the anti-BAFFR anti bodi es having VH and VI _ sequences or
full length heavy and |ight chain sequences shown herein can be used to create
new ant i - BAPFR2HMPIHBdi es by nodifying full |ength heavfCERBIR/GABP or | i ght
chai n sequences, VH and/or VL sequences, or the constant region(s) attached

t heret 0. htfel, ihe Fabaiohermn@stmetehaldvjsatdaearé pieldi aith, a tifee ceitdetitdtion af 2f5e'atur es of
an anti - R ib i e t tru r

rel ated arrlﬂﬁ- ggvﬁfh gﬁ% bgrglrbngketd a?qYS%Ee% 5',% gd(ie%o??e %uﬁacqﬁl %n%’ﬁt% roperty of
t he anti badimelilizefl ophiee wlaieerﬁtb@equestlydhe a@tlbemblu%L@[ lfﬁufcagmenBNF‘dEEtloand tal so

| nni bi 1 gy ang, AugAT Gof w%fgd' BRRLRPL QBRENL G pBETPARKR kenfay RREAR0D St/ C
activity, B cel | 8 activit or exanpl e, onhe or regi ons of
the anti bd&“é%“oﬁfw"thI‘%fe}ﬁf@é§é‘n‘ionl“ﬂ@‘éﬁt@ éﬁa"”érphﬁﬁﬂr@quérﬁ%yr@%rdébﬁec’ 68RO e conbi ned

recombi nantdoy WIBSHT, foewdd tyr RIIEYE EKAKSPHLS MSor@REARI suBthRS @R@ata@nggne@t e

addi tional_ reconbi nant(lé[%/ %neer ed; anti - BAFFR a}nt Iigdgl es of t venti on,
as. di SoUSSLPEETUE. SO 3l et SIPPE AT oHEITRR T 0 b Se ded bed i n

t he previ @psctsdiotripdate réBder. st arti ng nmateri al for t he engi neering nmethod is one
or nore of the VH and/or VL sequences provided herein, or one or nore CDR
regi ons thFERLBL'E@tMoe@tE_IMIe engi neered antibody, it is not necessary to

actually prepare (i.e., express as a protein) an antibody having one or nore
of the andfooélre\c/ily %%W%ﬁﬁtor@r&\ﬁb&ﬁ& fF@AéLtggge‘arFéB@earQrscr%Qﬁ& FDRBaggRANS
t her eof . or mati on cont ai ne e sequence(s) is used as the

starting r?ﬂrﬁ’%rti ’%ﬂ'”gt EL'§P‘eMaé'88rp' %%WS%@'%n@Pa‘ian?ﬁ"W'%&M@’ﬂ&é{sgiy%léf} f¥&8d fromthe

ori gi nal sﬁqu@nc;ﬁ(m caxnwl.etnbﬁmayhae lSl%é@FEdw%ﬁ&Eaad bletKed w8t PBSE 2¢-BSA for pr epar ed
and expr ess e| n. Acco he invention

vt ns a2t o bl O ol PRE . 20 prradrnd BEb LA G R e PE usgte3rd Y Poby v
chai n var ib&lskes Wéfg|aoimaanomdeotda}tlosaﬂ@%@ﬂﬁavffﬁg)ra-b@ﬂ@ badprehtyeatselvect ed from

the group copsbe Mtﬁ‘g g@ﬁnl %Q)él&ﬂamlﬂ_%dmz @ano? 88 Hﬁﬂﬁ %r&?‘oﬂﬁfr@é’seftﬁé)m t he

group consi sting CDR3 guence selected fromthe
gr oup coné’i%ti'tPWgaCBY'tyéE@fQ%"R@g afl(!sﬁ@ieq'i&ﬂ%}/ %P 'I‘Q/'@ht?'Ot&‘Hﬁfeﬁ RAGFRA @ilftedyi on
anti body seeBsnms BBAaYbRGeCRARLNSBIUSNGM Stebeaitedpdratam, ERdtgEHkmgCDRsi sting of

0 D N S RSB SESFAbLRARS SO B 0 of S
room temperature and washing, the BLyS bound bio-BAFFR:Fc is detected by incubation
with  Streptavidin conjugated to alkaline phosphatase (Zymax) diluted 1:3000 in
PBS/ 2.5% BSA, followed by addition of AttoPhos fluorescence substrate (Roche
Diagnostics). Fluorescence emission at 535 nm was recorded with excitation at 430 nm in a

TECAN Spectrafluor plate reader.

In case purified Fabs are used instead of bacterial lysates, the anti-FLAG cross-linking step
is omitted.

FACS Screening after Maturation
Second maturation:

For the screening of binders from the maturation the FACS analysis can be performed as
described with the following changes: the lysate of the selected E. coli clones is diluted until
maximum signals are below saturation. The lysates are analyzed for binding to Raji cells.
5x10 cells per 96-well are mixed with 100 pl of the different diluted bacterial lysates. The
detection of the cell-bound Fabs is performed as described. Clones can be ranked according

to their signal strength.

2. Affinity Determination of antibodies identified from screening assays
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CDR3 sequence selected fromthe group consisting of SEQ ID NGs: 36-42;
altering at | east one amno acid residue within the heavy chain variabl e

regi on anti B¥Ay0188YENce and/or the |ight chain variabl B FERWHSERP i body
sequence to create at | east one altered anti body sequence; and expressing the
al t ered arBoutod¥qektguernitentias (SE TP Matiedmor KA Deeaingby Using Bavetihier enbodi ment ,
the invention provides a nethod for preparing an anti BAFFR anti body opti m zed
for expregsimp deRrAinMRANRIsbRborC84r b& BASESMY ivBforffed 8 Jéd!:rlbeb&mmém&@@w chain

75- 78, nd BLELTEL(CRBLR PIORT. GRd: 7- SHCPUORY RerEER ob RS AR & Etilonce

sel ect ed f3BoMaheEs4grioupdofio ihpiode tied tersitinity ad bsicymﬂeheaSEmon@tnod;l thesi due

i Lhin L hendild s LERG RdheALSRaTe S0K od BeRuRRReBNRLAL 1 A8 Ll 1 enath

[ ight chain anti sequence to Ccrea eas one al

sequence; aahrﬂureﬁrpﬁ@%i qigophantinquse dels.armt rasmeppt sragilic roBbagiesdDignotagiwere The
al tered a@ﬂe@&ﬂwltﬁgqué‘gwwl-@ﬁst@fl (%@bvb@s Eﬁr%@élfw%eWO%Fo%ﬁiFH nK %@&dr@ﬂgl/o l'ibraries

havi ng fi xed sequences. selecte gr ou nsi Si? QID
NO 15-21 &M ngg?tffef\b‘”s%c 189S-o erﬁ’?ﬁ’??&‘ﬁ?”‘ﬁ%%ﬁ'ﬁ BYP@YFH%DV @Fé?'ﬁ‘ioHt{ihts as
descri bed platesUBAERORS 3 352 peladettey etis 0655 BHA GR1L02068dwebR20 segsantaser. The
screent N9 (iileRS BEERALTEAACCRTA Da.L QAN BELCSRLN0,LECNBElqY ARRY opr i at e

for screeni ng an rom an rari es
t echnol ogymagt \@hgar Aftarsiddigen afr 149 rdvl(fg!p tlre&thmqqu@@ooam el ﬁ@aédoweprﬂ@;par e and

express t mﬁxtéﬂet\ﬁjsﬂﬂcﬁﬂfeh B&AY h& RS YERE EsubEBGCAD | !a l?rﬂﬂb{reed?@@clﬁ@) pébe%@se B tered

ant i body segguenceg one that retains one, he functl onal
properti es"HP Ve %nﬁrep@(,qup %f“f‘bod"aé‘ébuﬂ@sc‘?qaf?@d "‘ﬁtar 8|2ﬁ “g(ﬁﬂ’h @}?t"FW%‘fl onal

properti eS3AFIFFRlFl¢CBB|t|gdﬂHndEB\BtaQ(IﬁbeIeU mbteem)ntannb@paca fihat alldtyn bi ﬂmomgortamnhurran

BAFFR, a”‘?{ r %ﬁ (gjOf ranlrymousgjjgi')&@%e&d erF\avreﬂlAf{e |n u oh for IBMFHA c'?nduced B or

BLYS i nduced Pg ion; e NmEn roor in viva
an Eppendorf shaker (700 rpm) at RT, electrochemiluminescence S|gnals are detected using

a M-384 SERIES® Workstation (Bioveris Europe).
Biacore Kp Determination on Directly Coated Antigen

The kinetic constants k., and k.4 are determined with serial dilutions of the respective Fab
binding to either Fc-captured BAFFR:Fc or to covalently immobilized BAFFR:Fc (Alexis) or
BAFFR (Peprotech) using the BlAcore 3000 instrument (Biacore, Uppsala, Sweden). For
covalent immobilization of the antigens or the anti-Fc capture antibody standard EDC-NHS
amine coupling chemistry is used. Kinetic measurements were done in PBS (136 mM NacCl,
2.7 mM KCI, 10 mM Na,HPO,, 1.76 mM KH,PO, pH 7.4) at a flow rate of 20 pl/min using
Fab concentrations ranging from 1.5 to 500 nM. The injection time for each concentration is 1
min, followed by either 3 or 15 min dissociation phase. For regeneration two injections of
Glycine/HCI pH 1.5 are applied. All sensograms are fitted using the BIA evaluation software
3.1 (Biacore).

For affinity determination in presence of 10% human serum the kinetic measurement is
performed in PBS containing 10% human serum which was sterile filtered (pore size 1.2 and
0.2 ym) prior to use in order to remove protein aggregates after thawing.

Determination of ICsy Values in the BAFFR — BLyS Binding Assay (Competition FACS)

The BAFFR — BLyS binding assay is performed using Raji cells expressing endogenous
BAFFR. The BAFFR specific Fabs are used in final dilutions ranging from 40 to 0.001 nM.
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The altered anti body nay exhibit one or nore, two or nore, or three or

nmor e of

the functional properties discussed above. The functional properties of the
altered ant i‘hoa&80788n be assessed using standard assay8CHEBIPUBEPE0in the art

and/ or described herein, such as those set forth in the Exanples (e.g.,

ELI SAs) .

ant i - BAFFReénwvérbdbubsted &n 3genis @t@éln@rda slakebiThdicatp @remaehwtwmdmmr%ﬁ%er
functi Onalbuﬁér%@rtﬁér?%sﬁ‘ﬁ)ef;’@eﬁclﬁ'pﬁ?&ea@{rfﬁlo@njuw&?élré’ﬂﬂldﬁgﬁQ ehieen

described in the art

IMhe ceutt@Fabseard odubaed B %ﬁwdllhﬂhtéﬁ?@imm ObRajetyds peewélngr antat budi es of
t he |nvent|on

[
or part of”" §H”§ﬁ¥ ﬁ%ﬂ%&%ngggd gf%% &&F@eaﬁ%ﬁggkéﬁﬁhghal q%hlt{ﬁéﬂ%gggf?ed

ITcation

descri bes Pagt Hded g0 dp géﬁﬁn@lffghd”@cﬁ‘rt@@ﬁg Ay PEMBOAY 9t R Ghé Wy
sat ur at i oRhaRer.AYEANP IS celW@re2 AREHHAOVARE 26! AAEZ 00 028@36nded in FACS buffer

and BLyS binding to cell surface BAFFR is detected via fluorescence cytometry in the
FACSArray instrument (Becton Dickinson).

Determination of ICsy Values in the BAFFR:Fc — BLyS Binding Assay (Competition ELISA)

96-well MaxiSorp plates are coated over night at 4°C with human soluble BLyS. After
coating, the wells were washed 4 times with PBS/0.05% Tween20 (PBST) and then blocked
for 1 h at 37°C with PBST containing 1% bovine serum albumin followed by 4 washing steps
with PBST. Biotinylated human BAFFR:Fc fusion protein (Axxora) at 20ng/ml was added and
captured for 1 h at 37°C together with increasing concentrations of anti-BAFFR antibodies.
After another washing round, ExtrAvidin-Alkaline Phosphatase (Sigma) was added to the
wells and incubated for 30 minutes at 37°C. The bound phosphatase was detected by adding
a solution containing p-nitrophenyl phosphate in diethanolamin (Sigma). The color reaction
was stopped after ca. 20 minutes with an equal volume of 2N sodium hydroxide and the
absorbance was measured at 405 nm on a plate reader (SpectraMax 190, Molecular

Devices).

Determination of ICsy Values in the BAFFR peptide (miniBR3) — BLyS Binding Assay
(Competition ELISA)

96-well MaxiSorp plates are coated over night at 4°C with human soluble BLyS. After
coating, the wells were washed 4 times with PBS/0.05% Tween20 (PBST) and then blocked
for 1 h at 37°C with PBST containing 1% bovine serum albumin followed by 4 washing steps
with PBST. Biotinylated BAFFR derived peptide (miniBR3, PICHEM, Austria) at 20ng/ml was
added and captured for 1 h at 37°C together with increasing concentrations of anti-BAFFR
antibodies. After another washing round, ExtrAvidin-Alkaline Phosphatase (Sigma) was
added to the wells and incubated for 30 minutes at 37°C. The bound phosphatase was
detected by adding a solution containing p-nitrophenyl phosphate in diethanolamin (Sigma).
The color reaction was stopped after ca. 20 minutes with an equal volume of 2N sodium
hydroxide and the absorbance was measured at 405 nm on a plate reader (SpectraMax 190,
Molecular Devices).

Analysis of Cross-Reactivity to Cynomolgus BAFFR
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synthetic ligation assenbly, or a conbination thereof. Alternatively, PCT

Publ i cati on WD 031074679 by Lazar et al. describes nethods of using

conput at i ona¥VO 3UPEEM2Ng net hods to optim ze physi ochem EQERBHEPEPes of

anti bodi es. Nucleic acid nol ecul es encodi ng anti bodi es of the invention

Anot her aspectosefedctigty ionVieFaboid dpesrb@EguUsBAFTRsIGiseidin BaCH titmilos andlgss shat encode

the anti bo%o %AEI—'R t%%sﬁeaggrﬁé}%@?T %X@%g%ng anH,dateI l%gti?‘a'ds%‘ﬁn ﬁ{'ﬂ\orqs

nucl eot i d& sequences 0 preéssion an ce are shown in
SEQ | D NOgargBwgaieom E%éntdll ©s0.01 Nl Thel élhl@qthat@aary Irmmaatﬁd u @b-wetl intktesseitfuences

optim zed s c%?fsoﬁé"%ﬁa'll‘?& 1 M aBa CHBRERBr. §REA th@rc%llss;ﬁ}ﬁ%shéb @E@WP mi&s  79-82.

The nucl ei c_acids may present in whole cells, in a cel ysate, or may be
nucl ei ¢ adVlg 3™q rﬁs%a?ﬁqeﬁl"l‘ thPWfWF'B&O’HFgaé%%Q%ﬁN' “Bypgn tﬂ?r @P'?rt?t"ﬁ)n whichucl ei ¢
acid is "ihaobedrediltedrt: 200amd/&csduﬁelbsrteamma¢ Isypefromesd fmawcldnle&iﬁhawbay from

ot her cell 0 nent s of her . ..Qt her ceII ar nucl ei c
aci ds or H@ﬁ%ltﬁg%ﬁ ﬁ%ﬁ%jj 'Schn| %‘(%? B'i' ﬁéldﬂgﬁ% 8‘ aﬁ’l'%gﬁgfﬁ t'feat ment ,
CsCl band|flnqe8®0b@mﬁorn¢1wovmﬁlecfg‘10§|ﬁ4wy inglgemerd Begin [dtkisonlophor esi s and ot hers
well known in the art. See. F. Ausubel, et al., ed. 1987 Current Protocols in
Mol ecul ar AdelbbiegfcrosreanteitRullOorMhangrcid Wl ey | nterscience, New York. A

nucl eic acid of the invention can be, for exanple, DNA or RNA and nmay or may
not contaigagsntroni ¢ sequences. I n an enbodi nent, the nucleic acid is a cDNA
nol ecul e. The nucleic acid may be present in a vector such as a phage displ ay

vector, OFpbM s EL0R ARt mRbasime@MER REted in FACS titration analysis on BCMA
transfected HEK293T cells: the Fabs are used in final concentrations ranging from high nM
or even UM down to pM. The staining of the cells and the detection of Fab binding are

performed as described.
Elisa

384-well MaxiSorp plates are coated over night at 4°C with a goat anti-human 1gG, Fc y
fragment specific capture antibody. After coating the wells were washed twice with
PBS/0.05% Tween20 (PBST) and then blocked for 1 h at RT with PBST containing 5% milk
powder followed by two washing steps with PBST. Recombinant BCMA and TACI Fc¢-fusion
proteins are added and captured for 1 h at RT. Then the purified and diluted BAFFR specific
Fabs are added and the plates are incubated for 1 h at RT. To detect the Fabs, an alkaline
phosphatase (AP)-conjugated goat anti-human IgG, Fab specific is added and the plates are
incubated for 1 h at RT. Following each incubation step the wells are washed five times with
PBST. For the detection of the AP-conjugates, AttoPhos (Roche) is used according to the
manufacturer’s instructions. Fluorescence is measured using a TECAN Spectrafluor plate

reader.
3. Cell-based functional assays
BLyS induced co-stimulation of human B-cell proliferation

Untouched B-lymphocytes were purified from peripheral blood mononuclear cells by
depletion of other cell types using the MACS B-Cell isolation kit Il (Miltenyi Biotec). To induce
B-cell proliferation, 100ul containing 1 x10° cells were seeded into round-bottom 96well
plates in five replicates. Human soluble BLyS was added at a concentration of 3ng/ml
together with 0.35% (vol/vol) beads coupled with anti-human IgM antibodies. To determine
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Nucl ei ¢ acids of the invention can be obtained using standard nol ecul ar

bi ol ogy techni ques. For antibodies expressed by hybridonmas (e.g., hybridomas
prepared fr ok eHEPYEEENIi ¢ nmice carrying human i nmunogl ob8CTEPYENEL3s descri bed
further below), cDNAs encoding the |light and heavy chains of the antibody nade
by the hybhieinduanrantcﬁﬁpotbecuad;)taaiu BRHFR ynsicaled ait diffetsit aambhtfaitucﬁet ere amded BNA cl oni ng
t echni que n S t.al n a I ge ry (e.g.
usi ng phagdéﬁeoenE % Eéntt)rgﬁ] % F%P t?é oeegervltnrngmn %f glt?(g %\Iﬁe i ?r%blg‘iﬂg!r\gan be
recover ed ahhmeaathe@ab \pﬁag@ucerwéfs 03h%t (veltvel) rbearb;eqoypleﬂ withenti-hbmair W'V' Once DNA
fragments aﬁf&ﬁ@sn&d\ffngre%gg ¥bn SROARAL Sof HnE- B‘Abf:f\“ mgodlésh?n%eaﬂ}{ﬁmglr goygents can

be further manl ul at ed st andard reconbi DNA t echni ques for exanple to
convert tREIgH %W%rd?eta?éﬁ”sg‘é‘?féé’uit%eq R ‘i’%’ﬁg'fq’{ tﬁ%!qsbé%lﬁo‘érﬁai "éj’éplé?& to Fab
f ragment gﬁra@j mymmmeaness@dayzdgealg wérd Hanesedmn pulitat btnthe @&ll\dssodMted

VH encodi ngy ment i nked to another DNA nol ecule, or to

oper L
a fragrrent é?\aé:odtlyr\{\ggé}H%qnﬂ%OEmas l[n%at'?ngd%' T'as an ant | body constant region or a

flexible er term rative ", as used in this context, is
i nt ended t’%y HC‘?‘J;‘EQ(St’f’W@t?’?A&E;W %%ﬁ%éuﬁ ‘21‘1”3 Toined in a functional manner,
for exanple, such that the am no acid sequences encoded by the two DNA

fragments Unéavahesl iBnlymplgrstes owerg eiifiet aion heeriphesgle plaod smengireexeeelignder control
of a desi rd@QleﬁHnQﬂeth@rcenwaez,%ﬂé@@m&@@@deﬁﬁ’s%maﬁ Q5ﬁ9@men1;h§|oie§pfranr@dc@NA

encoding th can be converted to a f e n gene by
operat | celgS] iR Thu Shideo0t M CHRRer O BHET Rl OB oMk SBRE Gt g heavy
chain conslt/amephcags ansg s(rﬁ)lﬂlét,ed@h’fﬁ Mdnlalﬂ’ﬁ)an Skhebles BOyRe tngetheovithuddmghavy chai n
constant n n | al.

1991 sequigien SHRER T MM, Rt bpftnfialy fitafke e, §

Depar t mentangffodigsayveng mﬂ?dl-lﬁﬁnﬁ'ﬁ’e@éfr \?Pftcégtfatﬂﬂﬂ Perbihec detpramnatien 1a®21429 and DNA

fr algrrfnt Stp?dyéﬂ@%?%hﬂ‘lgAFm%ﬂtﬁo%%Ofﬂﬁ déﬁmwb.@ inflcal nad 1oy r@?mﬁ%% RCR
anpl 111 catl

The h | gG3,
0GH | QAT Giero O SO A i TP QBB E-Rereessl T haavy
chai n congtinvere egituoed fos 9 sleyeatdete aummgatérgﬁWenesmugcmislgG%OﬁasaddFeahmfedagn'ent
heavy chaiyn, &ﬁ:gﬁ%er%%?ryyﬁ-}g&ﬁag "Md%ﬁ%ﬁﬂp%”éﬁgﬁg‘%“g%y i nked to anot her DNA

nol ecul e enco eavy chal i on.

Antibody dependent cellular cytotoxicity assay (ADCC)

Untouched B-lymphocytes were purified from peripheral blood mononuclear cells (PBMC) by
depletion of other cell types using the MACS B-Cell isolation kit Il (Miltenyi Biotec). Similarly,
autologous natural killer (NK) cells were purified from PBMC by negative depletion on an
AutoMACs device using the MACS human NK Cell Isolation Kit (Milteny Biotech). Increasing
concentrations of anti-BAFFR antibodies in 100ul were incubated with 1x10 B-cells in 50ul of
culture medium in V-shaped 96-well plates (Corning) for 20 minutes. Then, 50l containing
1x10° NK cells were added and incubated for 4 hours at 37°C. The cells were spun down
and 150ul of supernatant was removed. The cells were re-suspended and 10ul of a 1:100
dilution of 7-amino actinomycin D (7-AAD, Becton Dickinson) was added. The cells were
enumerated in a FACScalibur (Becton Dickinson) instrument. Data analysis of 7-AAD
positive cells was performed using the CellQuest Pro software (Becton Dickinson).

4. In vivo functional assays
In vivo B cell depleting assay

Depleting effects of anti-BAFFR antibodies on B cell numbers are assessed as follows:
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The isol ated DNA encoding the VL region can be converted to a full-length
light chain gene (as well as to a Fab light chain gene) by operatively |inking
the Vi-encodV@gl1BRi'%20 anot her DNA nol ecul e encodi ng t hECTEBHIYEKEP n const ant
region, CL. The sequences of human |ight chain constant regi on genes are known
in the art (see) Relgtive rit@ibats, of B cdis, in eie @dad, lyrhPhkyiSegpadesnteie Preaseéns of

lmm.nm Ogib tai 'n %'%%\ﬁ\%re Eb Iar |a anerr JP onrcpﬁa& pfcew EE a@% Humran
X " ) M

Servi ces, "I cat'i’on rag rren S enc SI ng t hese
regi ons célnorbeceob*amllﬁédnwdlgs amalpdormwl@npbmoeu ela‘facgmarkﬁma(qflw @HaAI n

const ant rr@éﬂie@t@e@?ﬁ'h@@el@tl\)émmge 3 capbia GPrRsiAmte EOQIIORuanlifeheftie an Sckv

gene, the VI Vrencodi n nments are operatively |inked to another
fragment EHEBEIMNMENH2 F?'%SE'P’?)[G@UPtIOHIQéF‘ Ce' .G be&xRiBRRcA Y PRECEHIFAS B[ Skquence
(Gly4 - SeargeBs toucdist hat the VIA and VL sequences can be expressed as a
contiguous single-chain protein, with the VI_ and VH regions joined by the

flexible Iinkep (c@aateeagcen Rirhishr@tardldeterhB88 25CER0RRorafid- 6f2§Ib6d?Q> ﬂwton et
at., 1988 Proc, Natl. USA 36&5879 5883; ffer| sl 1990

N Ur o 348VEBRSSANY ARt RIS HoLRET oot TR aengr i on
Monocl| onaltutaet (Chodi 29 3§41asjon chibkif@npBad Wost CY aacording ed yheohahnﬁsdmurlecwes
i ncl uding, r?:g)[]%%ggl onal nonoclonal antibody nethodol ogy e.g., the standard
somatic céfl ridi zation techni que of Kohler and M I stei n 1975 Nature 256:
495. I\/anyocg4 chnl ues for producing nonocl onal anti body can be enpl oyed e.g.,
viral or g@@{@ﬁ?’@"?@ﬁﬁﬂor mati on of B | ymphocytes.

Collagen induced arthritis (CIA) has been proposed to reflect many aspects of the human

disease. ClA is induced by immunisation of genetically susceptible strains of mice with type Il

collagen in adjuvant and is mediated by autoimmune reactions including autoantibody

generation, which then bind to a particular region of type Il collagen (CIl). Both B- and T-

lymphocytes are important in the pathogenesis of CIA. The joint histology in the animal

model has many similarities to the human disease with aspects such as synovial hyperplasia,

marginal erosion and destruction of the cartilage surface being some of the features of the

pathophysiology.

After immunization with collagen type Il (C-ll) at day 0 and subsequent booster treatment
with C-II at day 21, DBA/1 mice usually develop severe symptoms of arthritis. In the present
study, the mice are treated intraperitoneally, twice weekly with 200 ug per mouse of anti
BAFFR antibodies or isotype control antibodies in a prophylactic regimen (days minus 10 to
approximately day 36). Paw swelling is monitored throughout the experiment as an indicator
of disease severity. Histology is performed on the paws at the end of the experiment if
swelling efficacy is observed. B cell depletion in spleen, blood and lymph nodes can be
assessed by cell isolation and FACS anaylsis. ELISA for anti collagen antibodies are
performed to investigate whether the antibody titre also is suppressed. Antibodies are
presumed to have good efficacy in a CIA animal model if they exhibit a statistically significant
reduction in swelling when a Dunnetts multiple comparison test (ONE WAY ANOVA) has
been applied. Usually this translates to a 50% reduction in paw swelling over the time course

with low variation between animals within each group.
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An ani mal

production in the nouse is a well

system for preparing hybridomas is the nmurine system Hybridom

est abl i shed procedure.

| mmuni zati on

prot ocol s art¥Oe¥ePHPHues for isolation of inmmunized spl BAHEYRYOSPHEP fusion are

known in

the art.

Fusi on partners (e.g

muri ne

myel oma cells) and fusion

procedur eExampledt so known. WO 20101007082PCI 1EP2009/ 0590. 30 Chi neric or

) . . invention can be prepared based on the
sequence dhedolipwinaniabigpdrselitnsabEQAPI muehprepfos g earmesponttine FPRe dOf aipeGiEc  DNA
encodi ng thembeayparpshidd die Hidioh. Immpmcwlanla%m andab&ah@@@mr om t he

hunmani zed anti bodi es of the

nmuri ne hybridoma of

human) i

pr esent

i nterest and engi neered

B Fho'she lieayy €820 st W@'P%%%%%%&GPB? ap¢ 613869

(010)

non- mur

Spé@hnlqﬁes.

For exanpli@,thd¢ ODRI ezR2 andcbDRE b tihe Byt cHadyf ,antahgbaaur i ne vari abl e regi ons can be

li nked to hunman const ant

regi ons using nethods known in the art (see e.g.,

U S. Patent Ng# 4887 [onEBRRTITY FEDRY - ) - LEDRET €atl ecprAumanicesg ant i body,
the murine CDR reqions can| be inserted into|la human |f ranewor k using nethods
known in t"ts:R(%l 1 of 4 r\ tent .1“ : 5""'_'_§9 LuNtngL cl g-U—S. Patent
Nos. 553Cf61; g§%>08§ U‘%56937;3% and 1@83?8 {o Qiéen et al> In a ca&rtaln
enbodi mert tha anti hodi ec nf the i n\vlnnti onlar huran rmnnnl n::! ::rn:i Od| es.
Such hunaﬁmwﬁﬁﬁéFona tibanég)diregpéa agaﬂ$%?IBAFFHtE1n be rated using
transgenilc_or tramschronnsonic mce carrying parts of the hugan i mmne system
rat her t hMPRES4%pusBOA stemNCrhese t N@iiSgeni N@RA t|r aNSEHr onosRSE nj ce
include mce refefred to herein as [HUMAb m ¢ce and KM nmice, respectively, and
are col | edMOR@®13¢7 1 ef 80r%ed | o NaetZ2i n a8OMAuman N@26n ce. NO:33 NO:40

MORO07348 NO:6 NO:13 NO:20 NO:27 NO:34 NO:41

MORO07349 NO:7 NO:14 NO:21 NO:28 NO:35 NO:42

Table 1: Correspondence mAb# and SEQ IDs

Detailed Characterization of the examples

Determination of the EC50 of the antibodies of the invention in a human Fab format in FACS

The ECs of the Fabs is determined by Fab titration in FACS on transfected HEK293 cells as

well as on Raji cells expressing endogenous BAFFR.

6654 0.12/0.32/0.44 /1 0.51 0.98/0.25
6743 0.23/0.18 0.59/0.27
7342 0.06 0.18
7347 0.03/0.06/0.18 0.08
7348 0.12 0.24
7349 0.13 0.24

Table 2: ECs of Fab antibodies on Raji cells and transfected HEK293-hBAFFR
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The HuMAb nouse''' (Medarex, Inc.) contains human i munogl obulin gene mnil oci
t hat encode un-rearranged human heavy (p and y) and K light chain

i mmunogl obulWo 28e8U8Rces, together with targeted nutati BRYEPREYVOSPRHEct i vate t he
endogenous p and K chain loci (see e.g., Lonberg, et al., 1994 Nature
368(6474) s|r&56ﬂ1853)u1amﬁﬁ@dmd1’dng1 WIOR(TS4M atepasitioh b 10 fre HCIERB exphession of nouse
| gM or i 1 h and

| aht . chai dTRebenns Biisnts sRE RleEBe e tfedoteCREE i MERD A
generat e ran@ﬁvdaMQRWﬁ@S H@mtlb@mhmmﬁﬁmaaw Hetatpengyl in NACEttitralion that$94 supr a;

revi ewed icemh%ggrtcgthoé\é of M&%?@BQ@Q@RO%MEXDGH mental Pharmacol ogy

113:49-101; Lonberg, N and Huszar, D., 1995 Intern. Rev. |munol.13: 65-93,
and Hardi F Aenbe Mo F29P8 By ” 64 536-546). The
preparati &r%t%ngagés}go If? Hgk/ﬁo rl}rilhe"ceajbg the ge%%?ﬁn@ﬁiosdﬂ ?ﬁ*catslyons car ried by

h A d
Pocnarch The o @gft%%ﬁﬁ#ogesOetﬁeatvgnt'owb%hlrrmnf orgiae SR e o

647- 656; BAKFRI-oBLEE babing @@ nPrseay bN&bb titrdoachn Rgi cells)TPAGI); 35@@93@&’624, Choi
et al., 1993 ¢ | liGSq AT 123; Chen, J. et al.. 1993 EMBO J. 12:

821- 830: T'g’g‘u g ggg;g;g By %’E’g?’rmunm 152: 2912-2920; Taylor, L. et al.,
1994 I nt -Nat ur e
Bi ot echn

5 569, 825: & 1B50. 5 87 _814, 318;
§- % @-3dy

5,874,299; and 5,770,48%4% al| to Lonber 30086 pat ent No. 5,545,807 to
Surani et al.; PCT Publication Nos. WD|[92103918, WD 93/12227, WD 94/ 25585, WO
97113852,/ WO WO 201010674382PCl 7EP200910%933©.198/ 24884 and WD 99/ 45962, all to
Lonberg and Kay: and PCT Publication Ng. WD 01/14424 to Korman et al.| In

anot her enbodi nent, humsge anti bodi es of| otd®e i nvention can be raised Using a
nouse that carries human i mmunogl obul i n sequences on transgenes and
t ranschornbSOoMES SUCH @334 NMDUSE that CcalygzES a numan heavy chai m trarnsgene and
a human Ifi ght chain transchrormsorre. Sych mce, referred to herein ag "KM

m ce", arre teseribed— '7'34'8‘=L ar+—+n—PET r"léqol caton—Wo02/4347/8—+to—+tshhda et al.
7349 0.17
7685 0.12

Table 3: ICso values for BAFFR — BLyS binding inhibition in a human Fab format on Raji cells
Determination of ICs, values of the antibodies in BAFFR — BLyS binding assays (ELISA)

The IC50 values of the antibodies of the invention in a human Fab and 1gG2 format are
determined in a competitive ELISA in which the antibodies are titrated to inhibit the
interaction between the extracellular domain of BAFFR (BAFFR:Fc fusion protein) and
human soluble BLyS. 1Csy values were also determined in a similar competitive ELISA in
which the antibodies of the invention were titrated to inhibit the binding of a BAFFR derived
peptide (miniBR3) to human soluble BLyS assay.

The results from these analyses are listed in Table 4.
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Still further, alternative transgenic animal systens expressing human

i mmunogl obul i n genes are available in the art and can be used to raise

ant i - BAFFR ahQPHO®78% of the invention. For exanple, anPalEBIORAPPR transgenic
systemreferred to as the Xenonouse (Abgenix, Inc.) can be used. Such mce are
described in, e.g., US. Patent Nos. 5,939,598; 6,075, 181; 6,114,598; 6,

150, 584 and 6, 162,963 to Kucherl apati et al. Mreover, alternative
transchronosom ¢ ani mal systens expressi ng hunman i mmunogl obulin genes are
available in the art and can be used to raise anti-BAFFR anti bodi es of the

i nvention. For exanple, mce carrying both a human heavy chain transchronosone
and a human light chain tranchronosone, referred to as "TO m ce" can be used,
such mce are described in Tom zuka et al., 2000 Proc. Natl. Acad. Sci. USA
97:722-727. Furthernore, cows carrying human heavy and |ight chain
transchronosones have been described in the art (Kuroiwa et al., 2002 Nature
Bi ot echnol ogy 20:889-894) and can be used to raise anti BAFFR anti bodi es of the
i nvention. Human reconbi nant anti bodi es of the invention can al so be prepared
usi ng phage di splay nethods for screening libraries of human inmunogl obulin
genes. Such phage di splay nethods for isolating human anti bodi es are

est abl i sh r exanpl e:
U S. Pateg al.; US.
Pat ent Nd Nos.

5, 969, 10 = e . 5,885, 793;
6, 521, 404; 6,544,7. 55 5 915 and 98,7081 to Giffiiths et al.

Hurman nonocl onal |ant i bodiles of the iny rention can also be prepared usi ng SCI D

mce intqg wWidh humen!i mune 8d12ls havye been recon8®ituted such that a human

anti body [responsé¢ can be |generated upon i nmruni zation. Such m ce are descri bed
q

in, for exXagpize, |U 9.1 Paijent da4 5, 4{6,996 and 5, 8§83, /67 to WIson et al
7342 0.14 n.d. n.d.
7347 0.1 0.019 n.d.
7348 0.96 n.d. n.d.
7349 0.44 0.05 n.d.

Table 4: ICso values for BAFFR — BLyS binding inhibition in a human 1gG2 format
Analysis of cross-reactivity to BCMA and TACI

BCMA and TACI are proteins that are related to BAFFR and can also bind the ligand BLyS.
The Fabs are tested for unwanted cross-reactivity to these two proteins. The cross-reactivity
of the binders to BCMA is tested on recombinant protein in ELISA and on cell surface
antigen in FACS analysis.

In ELISA the Fabs are titrated from 400 nM down to 0.005 nM on BAFFR:Fc captured to a
Maxisorp plate via an anti-human Fc antibody. Only MOR07342 and MOR07346 show some
cross-reactivity to BCMA at high Fab concentrations >100 nM. In contrast MOR06654,
MORO07347, MOR07348, MOR07349 show no binding to BCMA above background. A 1000-

fold discrimination factor is met by all Fabs.
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Generation of hvbridomas produci ng human nonocl onal anti bodi es To generate
hybri domas produci ng human nonocl onal anti bodi es of the invention, splenocytes
and/ or | ynpiVoeH&¥eI2 s from i muni zed mice can be isol BEEEPRAUWFPU8ed to an WO
20101007082PCI 7EP20091059030

In FACS the following Fabs are analyzed on BCMA-transfected HEK293 cells and titrated

from 1 yM down to 0.005 nM: MOR06654, MOR06743, MOR07342, MOR07347, MOR7348
and MOR07349. At 330 nM only MORO07342 show an elevated binding signal which is 2-fold
over background. All other tested Fabs show no signal at this concentration. At a Fab
concentration of 1 yM MOR06654, MOR06743 and MORO07347 showed signals 3-4 fold over
background. MORO07342 shows binding to BCMA-transfected cells with a signal 20-fold over
background. MOR007348 and MORO07349 do not bind at all to BCMA up to a Fab
concentration of 1 M.

Potency of antibodies of the invention in functional B cell assays

Potency and agonism of antibodies in the BLyS mediated co-stimulatory B-cell proliferation

assay

Primary human blood derived B-cells are stimulated with anti-lgM antibodies and human
soluble BLyS to induced B-cell proliferation. Antibodies of the invention are titrated to block
the co-stimulatory effect of BLyS. In order to measure the agonistic (i.e. BLyS-like) effects of
the antibodies, B-cells are stimulated with anti-IgM antibodies alone. BAFFR antibodies are
titrated to measure a potential enhancement of B-cell proliferation. The results from these

analyses are shown in Table 5 for different BAFFR antibody formats (human Fab, IgG2 and

1gG1).
Inhibition 1Css Agonism ECsg

[nM] [nM]
Fab 6654 16 >187
Fab 6743 2 >187
Fab 7342 0.9 >187
Fab 7347 1.3 >187
Fab 7348 29 >187
Fab 7349 3.5 >187
IgG2 6654 0.084 >187
IgG2 6743 0.032 >187

65



appropriate imortalized cel

i ne,

such as a nouse nyel oma cel |

line. The

resul ting hybridomas can be screened for the production of antigen-specific
ant i bodi es. YFOrRVIBRYUMBI e, single cel
i mmuni zed m ce can be fused to one-sixth the nunber of P3X63-Ag8. 653

nonsecr et
pl at ed at
a two we
18% " 653"
pyruvat e,
nmg/ M str
hours aft

in nmediun

screened

suspensi ons of

spl BATEPIVHEAER Yt es from

I NGGPOUS
appr oxi

se 7p4el o
mat el y

e cel).041 (ATC
P x 145 in fl

at bottom m cr

C, CR:18%80) W

th 50% PEG Cells are
ptiter plates, foll owed by

k b
O i

5 HE!

ﬂi7§ 7iu
one me
PES.__0: 0

set SHye e
dia,q%g%%rige
55 M VI 2-nmer

—om tarnin
n (1 GERG

apt oet hanol

4 mV

20% fetal C one Serum
L-glutam ne, 1 nmM sodi um
O units/m penicillin, 50

epB&ﬁ?ci

er the f

usi on).

n, /348 n

n/ m %mﬁmwc
After appr ox

n and 18X HAT
mately two we

Sigma: the HAT is added 24
eks, cells can be cul tured

n i lyGehi (
by ELI Sf

N\ for hu

th 7340 HAT i 0.0#pl ace

man nonocl ona

d wtR1BT. |nd
I gM and 119G

vidual wells can then be
ant i bodi es. Once extensive

hybri dong

ant i body
positive
tw ce by

to generd

char act er
can be gr

Super nat g

w th prot

checked by—gel—electro
ensure pu?ﬁaf’&?? FHEIHIH
concent r atig@nfocaat be determ ned by Dm using 1.43 extinction coefficient.

nonocl onal anti bodi es can be aliquoted and stored at

U th
se@w

retif

ite snall

0
g

S,
ﬁ?%r

i 9&T ng cﬁf’ﬁgt i

anpunt

nedioj_qrﬂ:an b
domas can be

DN, f%gégtabl

5 of anti body

E Obsgrged Usu
repl at ed, scre

in tissue cul

e sub@ﬂgﬁes ca

al |y after 10-14 days. The
ened again, and if still

an be subcl oned at | east

h then be cultured in vitro
ture nedi um for

i zZgdlon,

own in t

TAB4@ur
wo-lite

»}
fy Hué®h non
r spinner-fla

ocl onal18ant i bo
sks for nonocl

di es, sel ected hybri domas
pnal anti body purification.

TR ce@n
ein A-sd

nal

&7 340l 1
ephar ose

BT ed @fEg conc
(Phar maci a,

ENtTacggzbefor
Pi scat away, N

paci c Ao I

narfaor

e affinity chromatography
J.). Eluted IgG can be

bhore
F&pd g

si-s—andNh
FIRUE GRiviN,

h
H

HEoedEnY

e

B R e A ok

The
-80 C. CGeneration of

t ransf ect groemcpraaduggongnimoneatimaals anihe bBrlise sebiatddb ests@suiabryt Beeil iy@nti on al so

can be pr
of
in the ar

reconb

quge
i'na

t (e.g.,
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C insa host cel |l
chﬁﬁﬁi?%chniques and gene transfection nethods as is well known

1985) Science 229:1202

Morri son, _ _ ).
human blood derived B-cells are’stimulated with IL-21 and human soluble BLyS to

tr ansf

S.

ectoma usi ng,

for exanpl e,

a conbi nati on

induce 1gG1 production. Antibodies of the invention are titrated to block the co-stimulatory

effect of BLyS. In order to measure the agonistic (i.e. BLyS-like) effects of the antibodies, B-

cells are stimulated with IL-21 alone. Anti-BAFFR antibodies are titrated to measure a

potential enhancement of 1gG1 secretion. The results from these analyses are shown in

Table 6.

Agonism ECsg

[nM]
IgG2 6654 0.028 >62.5
IgG2 6743 0.018 >62.5
IgG2 7342 0.023 >62.5
IgG2 7347 0.024 >62.5
IgG2 7348 0.088 >62.5
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oo HE LA

Cynomolgls monkeys were treated with 4 weekly doses of 20 mg/kg i.v. of the anti-human
BAFF-R monoclonal antibody MOR06654 (IgG1/k). B cells numbers in blood were

determined at different pre-dose and post dose time points by FACS analysis. In brief, blood

samples were incubated with fluorescence-labelled anti-CD20 antibody (Anti-human CD20-
PE, Clone 2H7, BD, cat# 555623) or anti-CD40 antibody (Anti- human CD40-APC, Clone
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In addition to the antibody chain genes and regul atory sequences, the
reconbi nant expression vectors of the invention may carry additi onal
sequences, SURR1H8788quences that WO 20101007082PCl 1EP280GERROWSAFOr egul at e
replication of the vector in host cells (e.g., origins of replication) and
sel ect abl eCc3ar Ber cg# 1585591 heTree lCecttaldes (BRI kak 3¢9EI3e). frasirédutt@bessheehéct i on of
host cellgkgg 9 whi ch the vector has been introduced (see, e.g., US. Pat.
Nos. 4, 399, , 4,634,665 and 5,179,017, all by Axel et al.). For exanple,

typically the selec ﬁgl rker gene confers resistance to drugs, such as
i, hy GFOTE P BT OETHISES BYEPIE] TERASISHEEE elFen A g i hPHESY BEFDr has
been i nt r adomoedn=BeRetictdl & Belikematped esincreasaddeatht sabsediubriytdivedsoTisd mesreduct ase
(DHFR) ge ?B({W Hfod Badbbe, @- torCEd %%tﬁsr@%{i %J%( fe8t dose. A gradual
sel ectii on?)anpel fr?caﬁ? on? and ﬁ"@ Neo ylger’le' '4or % rse‘?each%sr? [ gradua

increase of B cell numbers was observed after day 56.

In conclusion, treatment with the human anti-BAFF-R antibody leads to a rapid and sustained

reduction in peripheral B cells in cynomolgus monkey. This pharmacodynamic effect is

reversible, allow for the restoration of the normal B cell homeostasis after elimination of the

antibody from circulation.

Example 4: Stronger and more sustained B cell depletion with non-fucosylated

antibodies

In a second experiment, cynomolgus monkeys were treated with a single dose of MOR06654
(IgG1) or the non-fucosylated variant MOR06654B. MOR06654B was produced using the

Potelligent™

cell lines (Biowa, Inc.). These cell lines are CHO mammalian cell lines,
knocked-out for the gene encoding fucosyltransferase. The antibodies (MOR06654B)
produced in such cell lines are not fucosylated. This time, the single dose was only 20 pug/kg

i.v.

As shown in figure 3, a marginal, but observable reduction of B cells by treatment with 20
ug/kg i.v. MOR06654 was observed on day 7 (mean reduction 22%, n=3). The decrease in
peripheral B cell was more pronounced and more sustained for the antibody MOR06654B,
lacking fucose. Here the reduction reached 57% (n=3) and is still about 40% (n=3) 28 days

after the single dose.

Example 5: Screening antibodies that cross-block BAFFR binding antibodies of the

present invention
Biacore cross-blocking assay

The following generally describes a suitable Biacore assay for determining whether an
antibody or other binding agent cross-blocks or is capable of cross-blocking antibodies
according to the invention. It will be appreciated that the assay can be used with any of the
BAFFR binding agents described herein.

The Biacore machine (for example the BlAcore 3000) is operated in line with the

manufacturer's recommendations.
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For expression of the |ight and heavy chains, the expression vector(s)

encodi ng the heavy and |light chains is transfected into a host cell by

st andard t echPPYUBY82The various forns of the term "traRSTERIPHBHIIOMre i nt ended
to enconpass a wi de variety of techniques comonly used for the introduction
of exogen®@AFFRNAayi bﬁat@uﬁ]e@ltcﬂdﬁgrQIOMB(Bla];breamﬁﬂhSWﬁ « rdaisély aedd amiee goupllng

el ect 1 OpOr LAy, SEISIANLNARNALEPLER PLLAL! Olleel AR B LA, LiADST ect | on

and the |9 éoreti O expresSs the an es of the
i nvent i on oblgireineareirabie Biels pﬁbundlnarty@mdlar%@@t%@ rmancz?ellrilts of Ek\ﬁFBsrBayolms of

ant i bodi egoiifle£idkRE Mr% (tRis GRolist gived n%%&r‘a[%lla"l@%lsr@m%b%ﬂd RO thet&lneStimd S
di scussed because such eukaryotic cel particul ar manmal i an cells,

are nore I'P36Y $At¢RER bﬁFWP%‘F?E’P”@é’T ieét rﬁﬁge&ég%?ﬂ)‘l'sédbnd secrete a properly
fol ded and i mmunol ogically active anti body. Prokaryotic expression of antibody

genes has Avediarmatsorayed attachtng BATETY ledbs Bicpigrehipriuesingn "@poast yersipn éf ds of
active antgapeetyfot g%ﬁple M-te%ma@-@ﬂCM@rﬂ%al Gis-thgged BXFFR IMRAbARY, ahoganid: 12- 13) .

Manmal i an host, cel eXpr ess th ecopbi nant anti of the

i nvent i on 3R Md‘@“@?% Pni'iee!3 &Sé'p(ﬁdq%éﬁegg's %gﬁﬁﬁ?gg‘%ﬁ% YIS 2 cHo

cel |l s, degasiddesdelihd aurfacantth&hids and capBBEd B the antNelislantiddaad. Sci . USA
77:4216-4220 used with a DH FR sel ectable marker, e.g., as described in R J.

Kauf man ante RNé\ant%a.émo B8 eMYd. folBheit abilth % 6:8ds- @8& ed&ﬁ@tH&V@le&ﬁi&e&ﬁi'é s, CCS
cells and SP S articular, for u

el oma anot her
expr essi on'% '8W8 C?'la”l%t ate%%”ee’)%“&%‘?"’ﬁr{a%gi QIR %916'% T A SV@%%#L%@E%Z, VO
89/ 01036 amdrekfe B88edAixtulen Toadutarhcdd nﬂatybgcaltyaaimnﬂferamh|M|stnooeéIIySJséd)nn

eXPY eSS] NG bl cERORPLAAN, ATHERIdh SR Plad ey WY REL 0] REI e, Mg Tan cel

lines deficien expr essi on xanpl e as escrl
US6, 946, 293120, \phieh# ) %@ﬁﬁ?'ﬁdﬁtﬂgé%ﬁé@@mﬁﬁoﬂﬁe@t@b'@d'é%kﬁﬁjbw Bamassdyr genes are

i nt r oducedydight 8 dFPEHEBOdYaE aft@fHed & bé ﬁwe tétbﬂn@%dlé?%g%oﬂﬁ@aﬂfb@@ly@iﬁde@b!y cul turing
the host cells for %:%E%E hent ta | ow for expression of the
anti body P enuaroBEl ARy iofEe 5155 ain RSB T body 1 nto t he cul Lur e

medi umin _which the host cells are grown. Antibodies can be recovered fromthe
cul ture nedPRNEASIAP e AR rAIRAg IR {56 MPIERAEI S RethiEhdRoudiNy ensure

201010070%35@ti&£82(9@9{n9i5§@i3& for that antibody on the BAFFR molecules which are bound on

the BlAcore chip. The antibodies in the mixture are at the same molar concentration (on a
binding basis) and that concentration would typically be between 1.0mM and 1.5mM (on a
binding site basis).

Separate solutions containing the separate antibodies on their own are also prepared. The
buffer used for these separate solutions should be the same buffer and at the same

concentration as was used for the test mixture.

The test mixture is passed over the BAFFR-coated BlAcore chip and the binding recorded.
The bound antibodies are thereafter removed by treating the chip with e.g. an acid, such as
30mM HCI for about 1 minute. It is important that the BAFFR molecules which are bound to

the chip are not damaged.

The solution of the first antibody alone is then passed over the BAFFR-coated surface and
the binding is recorded. Thereafter, the chip is treated to remove all of the bound antibody

without damaging the chip-bound BAFFR, e.g. by way of above mentioned acid treatment.

The solution of the second antibody alone is then passed over the BAFFR-coated surface

and the amount of binding recorded.
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| mmunoconi uoates | n another aspect, the present invention features an

anti - BAFFR anti body, or a fragnent thereof, conjugated to a therapeutic
moi ety, suchV@301&0¥Y 20t oxin, a drug (e.g., an i munosupBFEEBHAYIOGP a
radi ot oxi n. Such conjugates are referred to herein as "inmunoconj ugates”.

| MmunoconjTugatasnd habreticet bindiag oae b defliied @s et sptmoofitisbiadity toeSARFRed etich as

4i t oxinps.," A toxi t ' N hat i
det i mont ATy pGHbO G B, RNt O b ffe SRS B BRGS0
gr am ci di mePsuret hifdheirachabindieg ienfevémthan nthatoafy thentheeretigeo dirdmg. theendposi de,

vincri sti ngiibodicRRlAsbisNocking e88H GhiCi N, doxorubi cin, daunorubicin, di hydroxy
ant hracin dione, mtoxantrone, mthramycin, actinonycin D, 1 -

dehydr ot eg_;lt,,-g)ﬂ)gsr QQ%ssglo%r‘?é:ers%}COi ds, procaine, tetracaine, |idocaine,
ol, and [

pr opr anol puromyci n and anal ogs or honol ogs thereof. Therapeutic agents

6 mor capt ORI HEE. AT QAT RS, PO et ™ SPFFR I ST "R ne).

abl ati ng algtenates by esigg an REISAlaes®at ham ne, t hi oepa chl oraxnbucil, neiphal an,
carnustine (BSNU) and | onmustine (CCNU), cyclothospham de, busulfan,
di br omomamak tgeheralSirin €iple & @e0ElI BA-abdaly s ve$ céating BAl abii-BAHFR Ahwoadoatite pl at i num

Il DDP) ci spl atd h | .g.,.d e f I [
(bl domor WL R Ton BRI ASHELLOER0E 0 ol SRl DL SRR el e ™
bl eonyci n,BARFRhardihgdi 18, themdddaat ihrsaiwjien 1.ef AMP9undandhafLiSAmlesy.i & limgent s (e. g.,
vinecri sting,aRchBARPRESd 118) adddiiehe GATP! s of therapeutic cytotoxins that

can be conjugated to an anti body of the invention include duocarmnycins,

cal i chearm gl g MBXbANSE NS5 3 AHE LRI ALMAR AEHER LRLLY & JABEROL: AN
exanpl e of 'a calicheam Cin antlbo y conjugate I's commercially a &l aBI e
( Myl ot ar gPmdingyatthe Apigds tymbeCyaf BGFRR maacuirs. dbejpiatratseitien waalmdi hodinege of t he

| nvent i on diFFRE-d IHakREis hECHARNAINA LBbbA BRI driCiodiido dHABRhESeaInd! | nker
types that have been used to conjugate a cytofoxin to an anti body i1 nclude, but

are not | iSAuiyPhase. AYRPA, 8hes!l ap Ny comeleses lospet Betwapt tler $agaad. sxslytion

pepti de- ceRh& Mtibgdy hmKkBABER-Ac.| THaK@houdabf b&und IBXYFER i hisdn msasufear usingpam! e,
susceptible to.cl low pH within the |yso | _,coppartnent .or
suscept i brgeeRdr BAER Getio el A Mfd M O PERGT R G PRI 4
expr essed coated antihody Wi Paebkue bauss agitieepsinmize rfumbgr of BAfARepsieadesBhat@e D) .

coated antibody can bind relative to the number of BAFFR molecules that the coated

antibody can bind in the absence of the second, solution phase, antibody.

This assay is described in more detail further below for two antibodies termed Ab-X and Ab-
Y. In the instance where Ab-X is chosen to be the immobilized antibody, it is coated onto the
wells of the ELISA plate, after which the plates are blocked with a suitable blocking solution
to minimize non-specific binding of reagents that are subsequently added. An excess amount
of Ab-Y is then added to the ELISA plate such that the moles of Ab-Y BAFFR binding sites
per well are at least 10 fold higher than the moles of Ab-X BAFFR binding sites that were
used, per well, during the coating of the ELISA plate. BAFFR-Fc is then added such that the
moles of BAFFR-Fc added per well are at least 25-fold lower than the moles of Ab-X BAFFR
binding sites that were used for coating each well. Following a suitable incubation period, the
ELISA plate is washed and a BAFFR detection reagent is added to measure the amount of
BAFFR specifically bound by the coated anti-BAFFR antibody (in this case Ab-X). The
background signal for the assay is defined as the signal obtained in wells with the coated
antibody (in this case Ab-X), second solution phase antibody (in this case Ab-Y), BAFFR
buffer only (i.e. no BAFFR) and BAFFR detection reagents. The positive control signal for the

assay is defined as the signal obtained in wells with the coated antibody (in this case Ab-X),
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For further discussion of types of cytotoxins, linkers and nethods for
conjugating therapeutic agents to antibodies, see also Saito, G et al., 2003
Adv. Drug DV ¢Ol0/pg¥s2 55: 199-215; Trail, P.A et al., 260BEEHAYEPOP munol .

| munot her. 52: 328-337; Payne, G, 2003 Cancer Cell 3:207-212: Allen, T™M,
2002 Nat . sBennd scanaephade adbibodp Byffdrasity dite. nd se@nd sKluint pghase aftibody), BRKFIR Curr .

pin. Inv i .3:1089-1 : nt P. i hge ! 001 Adv.
v ug Dei 151 RS SR A b SRSt TR b0dl edaTb Rt o bal es of 1t he
present i riversitign cerltrobsignahis lskleas ) tunpatieedbackoraundegiirehct i ve i sot ope to generate
cytotoxi c radi opharmaceuticals, also referred to as radi oi nmunoconj ugat es.
Exanpl es db awadl eagctartifectd $0d.opgsfidahét diffarenbefficitey bgatend AboX amtli Mpdifes for use
di agnost i ¢gl Lot tic [: AC L J.0di ne',
i amml ST OubEERRRE R b Gy, Bl & e Do) kB addunie?

radi oi nurie By argae escoad écasyretiion)iaseadyi the ciegs-hleekind=ega hessls d¢ be run in two

radi ol MURQERRE YORKRS 1Ak SVHERITAEKGE el dhtiBYRI thal Beatéd6dtd HengLIER \ld BAM ( DEC
Phar maceut j ¢ I,siﬂeand Bexxar TMH§+[C]Ior,| xa Phar macegtl cal s%,, agd zéﬁngl ar_met hods
can be usé® Y& Breateieadr Giomiipios dnPaliteaLis fgMehe ' PBod-¢s's dfe t he

i nvent i on.aniltheely atidt iidbadyedcany thgatleSA platd drel AnXeatheaonpatitobantibs@dihtiois odi fy a

gi ven bi Ols8ﬂii<9nal response, and the drug noiety is not to be construed as
limted to classical chem cal therapeutic agents. For exanple, the drug noiety
may be a protein or polypeptide possessing a desired biological activity. Such
proteins may include, for exanple, an enzymatically active toxin, or active
fragnment thereof, such as abrin, ricin A pseudononas exotoxin, or diphtheria
toxin;, a protein such as tunor necrosis factor or interferon-y; or, biological
response nodifiers such as, for exanple, |ynphokines, interleukin-1 ("IL-1"),
interleukin-2 ("IL-2"), interleukin-6
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6"), granul ocyte nmacrophage colony stinulating factor ("GW CSF"), granul ocyte
colony stimulating factor ("G CSF"), or other growh factors. Techni ques for
conj ugating such therapeutic noiety to antibodies are well known, see, e.g.,
Anon et al ., I'?'(}gbnocl onal Anti bodi es For Immunotargeting O Drugs In Cancer
Ther apy", Gleft nocl onal Anti bodi es And Cancer Therapy, Reisfeld et al. (eds.),
pp. 243-56 (Alan R Liss, Inc. 1985); Hellstromet at., "Antibodies For Drug
Del i very",TiAR iEET Gnikegy B BgUTSEPTA) @FSJEIT SAAPELNY) an RIFFAEHANtPORieN of 88s. ), pp.
223- 53 l(lvberrmidwah@rget B/NBI'?AR %&ﬁgéb\t,i&jeﬁm |a,NOA{7t),ida|@rdyte€g{c)1rma _&rasm@g?l@bﬂyt oni C |
gents In ncer erapy: evy,ew', 1rF noc a t1 bodies '84:- Biologica
And G i ni CAIPRGP] BRET Be B ob dvesp A 2 R g oot S gere DB Heaay
"Anal ysi s,to Reguktos SEQNE NROg: 906 RNd spé& qloiypeptiCe sqendd bavinpealitieast % perGnt
Radi ol abel g¢i | T 240l : i i or Cancer
Det ection %?r@_ﬁidregg%{o %&oﬁ?\ﬂ%ﬁ@%% 'Qﬁf@s(oﬁéé .g)atﬂd W.Qr%?o%-@%m_ _(?:Ja%g%hc@g%{ess
1985), andrqtRBopEs & thg BAFFRpRgpemitide with e Ko R MPaMayiase rd BhpitoBerS in¢useey

Ant i body- TRxiaR BN ipHAR RSN with BAIObE 10RINor Jes§ 3nd d&hirSs B $8RB2) vivBbispesbf i C
nmol ecul es I n anot her aspect, the present invention features bispecific or

mul ti specifi % nol ecul e cqn%:l]i sin n anti - BAFFR an\%i body, or a fragnent
thereof, of WREMPRAA'GREICNRh PEYRIT BHAP LT PRETSIA B ntri RAVPEBICCFAHYER-Bi ndi ng
regi ons t heE@of NOcENartes \derdlypaptidzeedqwance bkl I0D ROasmdt her functional nol ecul e,
e.g., another peptide or protein (e.g., another antibody or ligand for a

receptor) enerat e bi.specifi.c lecule that binds to at |east t
i f1erent bi RaE Ly dgioRE plost ol PRl rbifs dnfi Bidell 1R Isnnti on may
in fact beSEHeM Nat Zzad Y. dalywketifletsoqueanceof SEQ ID NO: 45.

4. The antibody or functional protein of claim 1 comprising a V4 polypeptide sequence of
SEQ ID NO: 53 and a V_ polypeptide sequence of SEQ ID NO: 46.

5. The antibody or functional protein of claim 1 comprising a Vu polypeptide sequence of
SEQ ID NO: 54 and a V| polypeptide sequence of SEQ ID NO: 47.

6. The antibody or functional protein of claim 1 comprising a Vy polypeptide sequence of
SEQ ID NO: 55 and a V| polypeptide sequence of SEQ ID NO: 48.

7. The antibody or functional protein of claim 1 comprising a Vy polypeptide sequence of
SEQ ID NO: 56 and a V| polypeptide sequence of SEQ ID NO: 49.

8. An isolated antibody or a functional protein comprising an antigen-binding portion of an
antibody for a target BAFFR polypeptide (SEQ ID NO: 87), characterized in that the antibody

or functional protein comprises

(a) a heavy chain variable region CDR1 amino acid sequence selected from the group
consisting of SEQ ID NOs: 1-7;

(b) a heavy chain variable region CDR2 amino acid sequence selected from the group
consisting of SEQ ID NOs: 8-14;
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WO 20101007082PCT1EP20091059030 t han one ot her functional nolecule to generate
mul ti-specific nolecules that bind to nore than two different binding sites
and/ or target nolecules; such nmulti-specific nDIecuIes are also intended to be
enconpass the term?”" ul.e" as use O create a

b1 spec 11 dOnbletaraSrotaE RRGE Al mah St e B tor chEv EhTen Pafetin be

f unct i onaldoysistingleEGEQED §!Os: tyr2them cal coupling, genetic fusion, noncoval ent
associ ation or otherwi se) to one or nore other binding nolecules, such as

anot her a’l& 9 g%ét cﬁ‘é?ﬁ'\}gﬁféfe & &F%‘E)tm Qrﬁ%'ﬂﬁd gé(}tpzh&glsglgct% TR Ghe ﬁrldﬁ that a

bi specific ule resu ccordln I esent 1 nvention i udes
b|speC|f|§0W%ﬁ@69f§§Q¢%h%Fl§iﬁb at Ieast one flrst bi ndi ng specificity for
BAFFR and a second binding specificity for a second target epitope. For

exanpl e, b SehoRikil Aabic SRULPROFS ARG seRichaDSeBhieBARRR G ent from
the first tarqet epito her exanp els a ISpECI ic nolecule conpr|S|ng

at | east GRBSiing &t SER Nﬁﬁ &petieffcity for BAFFR and a second binding
specificity for an epitope within CD20. Additionally, for the invention in

Whi Ichdt he (i)iheﬁwgéﬁitg;ﬁélﬁ uaabtﬂ@uégeod 8f n:@htsiarﬁpﬁgbﬁiscequér{&e s;]a@lc%atﬂ&n QféggrfoUﬂSt hgr
include a thi.r e Clty, In addition to the first and secon
t ar get ep| Bgmg o ledbnlgN%% gé 4}_
and wherein said antibody or functional protein binds to the BAFFR polypeptide with a Kp of
100nM or less and inhibits BLyS induced human B cell proliferation with an 1Cs, of 10nM or

less and depletes B cells in vivo or in vitro.

9. The antibody or functional protein according to claim 8 comprising a heavy chain variable
region CDR1 of SEQ ID NO: 2; a heavy chain variable region CDR2 of SEQ ID NO: 9; a
heavy chain variable region CDR3 of SEQ ID NO: 18; a light chain variable region CDR1 of
SEQ ID NO: 23; a light chain variable region CDR2 of SEQ [D NO: 30; and a light chain
variable region CDR3 of SEQ ID NO: 37.

10. The antibody or functional protein according to claim 8 comprising a heavy chain variable
region CDR1 of SEQ ID NO: 3; a heavy chain variable region CDR2 of SEQ ID NO: 10; a
heavy chain variable region CDR3 of SEQ 1D NO: 17; a light chain variable region CDR1 of
SEQ ID NO: 24; a light chain variable region CDR2 of SEQ ID NO: 31; and a light chain
variable region CDR3 of SEQ ID NO: 38.

11. The antibody or functional protein according to claim 8 comprising a heavy chain variable
region CDR1 of SEQ ID NO: 4; a heavy chain variable region CDR2 of SEQ ID NO: 11; a
heavy chain variable region CDR3 of SEQ ID NO: 18; a light chain variable region CDR1 of
SEQ ID NO: 25; a light chain variable region CDR2 of SEQ ID NO: 32; and a light chain
variable region CDR3 of SEQ ID NO: 39

12. The antibody or functional protein according to claim 8 comprising a heavy chain variable
region CDR1 of SEQ ID NO: 5; a heavy chain variable region CDR2 of SEQ ID NO: 12; a
heavy chain variable region CDR3 of SEQ ID NO: 19; a light chain variable region CDR1 of
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In one enbodi nent, the bispecific nolecules of the invention conprise as a
bi ndi ng specificity at |east one antibody, or an antibody fragnment thereof,
including, e.g., an Fab, Fab', F(ala()2, Fv, or a single chain Fv. The

ant i body 0 he a |light chaln or heavy chain dinmer, or any mninm
fragnent (OHR TR dne dehEhep Gratle o) EORRE REQosiPLaE S et Efgkd i n
Ladner et vahiabldkeGion IR SEHQ IDAYQ4B, 778, the contents of which is expressly
i ncorporated by reference. ther anti bodi es which can be enployed in the

bi speci fi Iec e nt 0

n”:)igcl Ionlal gh %sor fuﬂ?go %r|8 %chrdﬁ@ﬁ%gl 'Imezgc%?prfswg *}eséyeﬂla'” Vr?\/mﬂ?l on can
be prepar edglbyCaamqﬁ@&ﬂ IrﬁgNDh@, a:bemivlcrhalewarléjllmuhgm @:ﬁRﬂ:Dﬁ$Eﬁ)ﬂDé@ 1@séang

met hods knaun, ér{élrf%%aﬂéfr%gud:n (ED%%HE%@ IDW%b P&{t@ﬂaﬁ%&a’b 'r%bll':)b(c@;hatd?e

bi speci fic nol ecul e can ener ated sep arate hen conju to one
anot her . \#h IR NO: B ndiliaky Cé‘E)@c‘iaf‘?*é!? e SPBZM&E@ 'I%N@r f)eftﬂoj t chaifari ety of
coupl i ng aarigd®&gohidNRIWY sEgenino.can be used for coval ent conjugation.
Exanpl es of cross-1linking agents include protein A carbodiimde,

N—suc0|n|n1d I-S—ﬁ |-thio cetate SSATA 5 5'- dlthIOblsg - nltro enzoi c
26 d) (DTN ThomnREmy s RAPBI o COPLMG oA SURRISRP FiRTg . Gisraiarinte
pyri dyl di tregien) pDepiod Is&ECelD [$PDP) 3 heavel chsih fvasabte tegion Tyk2 4 SR nBUINS: madenet hyl )

Bxp. e b ieborpBh fedgi bR pEE) (GIRE A7, gy FRIRTERE R g D o)
Q her net IR 1D N6 Rdea tibldshatlescrnilb eebidmCPRRISEQUGBEOBaHIrANdge lighd chaintt. No,

78, 18- 13261 enagh Rl seqliiosel ence 229: 81-83), WD
20101007082PCl 1EP2009/ 059030

15. The antibody or functional protein according to any one of claims 1-14, comprising a full
length heavy chain comprising an amino acid sequence that is at least 95% identical to an
amino acid sequence selected from the group consisting of SEQ ID NOs 75-78 and a full
length light chain comprising an amino acid sequence that is at least 95% identical to an

amino acid sequence selected from the group consisting of SEQ ID NOs 71-74.

16. An antibody comprising a heavy chain sequence of SEQ ID NO: 75 and a light chain
sequence of SEQ ID NO: 71.

17. An antibody comprising a heavy chain sequence of SEQ ID NO:76 and a light chain
sequence of SEQ [D NO:72.

18. An antibody comprising a heavy chain sequence of SEQ ID NO:77 and a light chain
sequence of SEQ ID NO:73.

19. An antibody comprising a heavy chain sequence of SEQ ID NO:78 and a light chain
sequence of SEQ ID NO:74.

20. The isolated antibody or functional protein of any one of claims 1-14 and 16-19, wherein
said antibody or functional protein depletes B cells in vifro with an ECsq of 10nM or less as

measured in a human B cell depleting ADCC assay.

21. The antibody or functional protein of any of claims 1-14 and 16-19, wherein said antibody

or functional protein is capable of reducing in vivo the percentage of B cells up to 90% as
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and G ennie et al., 1987 J. I munol. 139: 2367-2375). Conjugating agents are
SATA and sul fo-SMCC, both available from Pierce Chem cal Co. (Rockford, IL).
When the binding specificities are antibodies, they can be conjugated by

2 par b1 Ul APy e REAC h@e R U =P BGT DAL WAt P10 SOLRRCEIh odd

nunber of Bsedl$.hydryl residues, for exarrpl e one, prior to conjugation.
Al ternatively, both binding specificities can be encoded in the sanme vector

and expre e I rticularly
usef ul m?gﬂ%ﬁ?@%g@d@ﬁ %ﬁ&a {eth ?f%ﬁ?gf Mﬁibqa ah%\bgqgﬁzwb@é Egﬁd a@at%g& F(ab')2
or |igand @?f@a@nﬁtﬁﬁﬁem f}?ﬁ@?é@W'S“AabﬁVsipem fic nmolecule of the invention can be
a single chain nolecule conprising one single chain antibody and a binding

det er m nang, i arﬁ.bé&ﬁ&'f@n&&?&l Bro'?én$9€c%+d‘|dgctor£% %PHéﬁsqofﬁpédd%”@ WhRn i odi ng
determinants. Bispecific nolecul es may conprise at |east two Single chain

mol ecul es./UIVBHRBRST Ppanized i | #gbef¥speci fi ¢ nol ecul es are descri bed for
exanple in U S. Patent Nunber 5,260,203; U S. Patent Nunber 5, 455,030; U S.

Pat ent Numhetrhedarfi8ddylorFunctibral prBﬁiirEéﬁanNéH@Bf cldmd 32,4403, 1649SwhiBlat &ndrishiimber
5,091, 513; U.S Patent unbe

at ent Nunber 5,013,653; U S
Patent ~NuVEIESSSEaT B Tt es &M LAt ﬁaiffﬁewh%e'zgz'd@%36*6%%31%0% the
bi speci f i anaviflee il egiohoprovidssr inepesHdf ABCE aactj@ty switsncdmepaca fitn nald tiyye, FE or
exanpl e, % qre- | i nked i mmunosor bent assay (ELISA), radioi nmunoassay (REA),
FAGS anal ysi's, bioassay (e.g., growmh inhibition), or Western Bl ot assay. Each
of these assays generally detects the presence of protein-antibody conpl exes
of parti cubarh¢ antodser Bypctampl prpieitgofaaryairel @ dlareaddritandelbg19, whrreimsdihody)
speci fic fQhbdd)@r oMM 8%y RfudoBYILEE Bt non-fucosylated and has reduced amounts of or no

fucosyl residues.

26. The antibody of claim 25, which is produced by recombinant expression in a mammalian
cell line with deficient expression of the FUT8 gene encoding fucosyltransferase, thereby
increasing ADCC activity of antibodies produced therein as compared with a cell line

expressing the wild type FUT8 gene.

27. The antibody or functional protein according to any one of claims 1-14 and 16-19, for use

as a medicament.

28. The antibody or functional protein according to any one of claims 1-14 and 16-19, for the
treatment of a pathological disorder that is mediated by BAFF Receptor or that can be

treated by Killing or depleting B cells.

29. The antibody or functional protein according to any one of claims 1-14 and 16-19, for the

treatment of autoimmune diseases.

30. The antibody or functional protein according to claim 29 for the treatment of rheumatoid
arthritis, systemic lupus erythematosus, Sjégren’s syndrome, pemphigus vulgaris or multiple

sclerosis.

31. The antibody or functional protein according to any one of claims 1-14 and 16-19, for the

treatment of B cell neoplasm.
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Mul tival ent antibodies I n another aspect, the present invention provides
mul tival ent anti bodies conprising at |least two identical or different
anti gen-bi ndi ng portions of the antibodies of the invention binding to BAFFR

In one e dipent. the nultivalent antibodies provides at_|east two, three or
Fourant 1 gin T AdEREy SoPviaha Betet AR Bealt ViR 4 BaRT BrmatRys por 1 ons
can be | i rkeghdragetkeria i mygorod.ei n fusi on or coval ent or non coval ent |inkage.
Al ternatively, nethods of |inkage have been described for the bispecific

nol ecul es. T | en : t al: /| Gress-1inking
ant  bodi oo M ALEaSY bi/EATBRHARR R 2ok ndt ARG P he TR M AT, s o

t he const dfdgkiegiorpdones.t he anti bodi es of the invention, for exanple the Fc or
hi nge regi on. Pharnmaceutical conpositions

34. The antibody or functional protein according to claim 33, wherein the B-cell Non-

Hodgkin's lymphomas is small lymphocytic lymphoma, lymphoplasmacytoid lymphoma,
mantle cell lymphoma, follicular lymphoma, mucosa-associated lymphoid tissue lymphoma,
diffuse large cell lymphoma, and Burkitt's lymphoma; precursor B-lymphoblastic leukemia;

and B-cell chronic lymphocytic leukemia, and multiple myeloma.

35. A pharmaceutical composition for the treatment of rheumatoid arthritis, systemic lupus
erythematosus, Sjogren’s syndrome, multiple sclerosis, pemphigus vulgaris, lymphoma,
leukemia or myeloma comprising an antibody or functional protein according to any one of
claims 1-14 and 16-19.

36. An isolated nucleic acid encoding the antibody or functional protein according to any one
of claims 1-14 and 16-19.

37. A cloning or expression vector comprising one or more nucleic acids according to claim
36.

38. A host cell comprising one or more cloning or expression vectors according to claim 37.

39. A process for the production of an antibody or functional protein of any one of claims 1-
14 and 16-19, comprising culturing the host cell comprising one or more nucleic acids

encoding the antibody or functional protein according to anyone of claims 1-14 and 16-19.

40. The process of claim 39, wherein said host cell is a cell line lacking fucosyltransferase

expression.

41. The process of claim 40, wherein said cell line is a mammalian cell deficient for the

expression of a gene encoding fucosyltransferase.

42, The process of claim 41, wherein the mammalian cell deficient for the expression of a

gene encoding fucosyltransferase is a CHO cell line deficient for the FUT8 gene.
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WO 20101007082PCl 1EP2009/ 059030 I n anot her aspect, the present invention

provi des a conposition, e.g., a pharmaceutical conposition, containing one or
a conbi nati on of nonocl onal anti bodi es, or antigen-binding portion(s) thereof,
of the present invention, fornulat ede thg_%etper wi th a pharmaceutically
acceptable carrier. Such cogppsidd pfgs?mmﬁql ncl ude one or a conbi nati on of
(e.g., two or nore different) antibodies, or inmmnoconjugates or bispecific
mol ecul e31®%f ¥yartinvénti on. For exanpl e, a pharnaceutical conposition of the

i nventi QR GaANsFPRRINk SRn8s1GONbi nation of antibodies that bind to different
epitopes on the target antigen or that have conplenentary activities.

Phar maceti®cat2’ééhposi ti ons of the invention al so can be adninistered in

conbi nath@n téerapy, i.e., conbined with other agents. For exanple, the

conbi nation therapy can_ include an anti-BAFFR anti body of the present

i nvent i oA’ ContAtRRT WY R 3teast one other anti-inflammatory or anot her

chenot hepgapeuti c agent, for exanple, a cytotoxic, anti-cancer or
anti-prekiPer®ive agent. Exanples of therapeutic agents that can be used in
conbi natjﬁ%ﬁ t%asr%ig{se described in greater detail below in the section on
uses of the antibodies of the invention. As used herein, "pharmaceutically
accept abhed>catrier" includes any and all solvents, dispersion nedia, coatings,
ant i bact.er i ng j f A1l oni,c and absorption del ayi ng agents,
and the%l%l/ ngt%gﬁagréérpﬁ%}g?%q ggm ng})hilghpé;tyi ble. The carrier should be
suitable for intravenous, intranuscular, subcutaneous, parenteral, spinal or
epi der mgh,@dm ni stration (e.g., by injection or infusion). Depending on the
route ok2aom 1w stration, the active compound, i.e., antibody, inmunoconjuage,
or bi spé% i cPRfol ecul e, may be coated in a material to protect the conpound
from t hé“&¢ti G ot*Pa¢1°ds and other natural conditions that may inactivate the
conpound400> 2
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The pharmaceutical conpounds of the invention may include one or nore
phar maceutical ly acceptable salts. A "pharmaceutically acceptable salt" refers
to a salt that retains the desired biological activity of the parent conpound
and does not inpart any undesired toxigplopical effects (see e.g., Berge,
S.M, etoflh.,1,1977 J. Pharm Sci. 66°1-T§}. Exanpl es of such salts include
aci d addiiz-orprsal t s and base addition salts. Acid addition salts include those
deri ved <f¥am itBALGRI 'S nor gani ¢ aci ds, such as hydrochloric, nitric,
phosphotkgys sgil furic, hydrobrom c, hydroiodic, phosphorous and the |ike, as
wel |l as from nontoxic organic acids such as aliphatic nono- and di-carboxylic
aci ds, FReAyP-SSODSY | 340t 8T APkaRDAL? AR d<P Hydroxy al kanoic acids, aromatic
acids, aliphatic and aromatic sulfonic acids and the |ike. Base addition salts
i nclude those derived fromal kaline earth netals, such as sodium potassium
magnesi §§f2>caf.ci um and the like, as well as from nontoxic organic anines, such
> 2
as N,lezdgbamﬁylethylenedianine, N- et hyl gl ucam ne, chl oroprocai ne, choli ne,
di et hane?Bnri nemoetahydrenedi ami ne, procaine and the |ike. WO
20101007082PG 1EP2009/ 059030 A pharmaceutical conposition of the invention
al so may 1 nclude a pharnmaceutically acceptabl e anti-oxidant. Exanpl es of
pharnac?hi%émﬁky\@dc &l asrafAet o ddat’seriqiel ude: wat er sol ubl e anti oxi dants,
such as~ascorbic acid, cysteine hydﬁ8ch|oride, sodi um bi sul fate, sodi um
nmet abi sul fite, sodiumsulfite and the like; oil-soluble antioxidants, such as
ascor byk2¥al i t at e, butyl ated hydroxyani sol e (BHA), butyl ated hydroxyt ol uene
(BHT), E Lt gk, propyl gallate, al pha-tocopherol, and the |ike; and netal
chel at i rRpL3agedins, sapios as citric acid, ethylenediam ne tetraacetic acid
(EDWA),<aRLbi§oI, tartaric acid, phosphoric acid, and the |ike. Exanples of
sui t abl e 'aqueous and nonaqueous carriers that may be enployed in the
phar macecd ir¢altyconyposigt $eonsyofird hier iAavesbin Alacvaideemabd®er, et hanol, polyols
(such a$ glycerol, ptopylene glycol %ol yethyl ene gltycol, and the Iike), and
suitable m xtures thereof, vegetable oils, such as olive oil, and injectable
organi crLestsers, such as ethyl oleate. Proper fluidity can be maintained, for
exanpl e, by the use of coating materials, such as lecithin, by the naintenance
of the required particle size in the case of dispersions, and by the use of

surfact atls. 9
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These conpositions may al so contain adjuvants such as preservatives, wetting
agents, enulsifying agents and di spersing agents. Prevention of presence of

m croorgani snms nmay be ensured both by sterilization procedures, supra, and by
the inclusion of various antibacteri alhc_and1 antifungal agents, for exanple,

par aben ., ghl osggbut anol , phenol sorbiC acid, and the like. It may al so be

desi r abkel30 Homglaadeenssot oni ¢ agents, such as sugars, sodiumchloride, and the
like i nt<90&>hellconposi tions. In addition, prolonged absorption of the

i nj ect abl e pharmaceutical form nmay be brought about by the inclusion of agents
whi ch defraylabbsoriptrison sarchysasrp abumsnusnmmositaewlate aad gel atin.

Phar macéutical |y acceptabl e carriersfnclude steril & aqueous sol utions or

di spersions and sterile powders for the extenporaneous preparation of sterile
i nj ect ab¥essol uti ons or di spersion. The use of such nedia and agents for
pharmaceutically active substances is known in the art. Except insofar as any
conventional nedia or agent is inconpatible with the active conpound, use

t her eof <>t hg phar maceuti cal conpositions of the invention is contenplated.
Suppl enéﬁgryggqctive conpounds can al so be incorporated into the conpositions.
Ther apeudt13s ceRposbtér@ns typically nust be sterile and stable under the

condi ti ons of _manuf acture and storage. The conposition can be fornul ated as a
sol uti oﬁ‘,1 %i Foenul si on, |iposone, or other ordered structure suitable to high
drug conegnté alyronyr Adaesaaryd erp acan ABe s@rselrveaat var seli sper si on medi um

cont ai nitng, for exanple, water, ethdfol, polyol (fot#5exanple, glycerol,

propyl ene glycol, and |iquid pol yethylene glycol, and the |ike), and suitable
m Xt ur esy4 sereof The proper fluidity can be nmintai ned, for exanple, by the
use of a coating such as WD 20101007082PCl 1EP2009/ 059030
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lecithin, by the maintenance of the required particle size in the case of

di spersion and by the use of surfactants. |In many cases, one can include

i sotoni ¢ agents, for exanple, sugars, polyal cohols such as mannitol, sorbitol
or sodiumchloride in the con‘position1 Pr ol onged absorption of the injectable
conposi tions can be brought about by*% hc®lding in the conposition an agent

t hat dekays absorption for exanple, nonostearate salts and gel atin. Reviews on
t he deve mef_ of stable protein (e.g., antibody) fornulations may be found
in O el 3hthet ighb- s4p19Q3) Git. Reviews. Ther. Drug Carrier Systens
10(4):307-377 and Wei Wang (1999) Int. J. Pharmaceutics 185:129-88. Additi onal
f or mul at<Ffir discussi ons for anti bodies may be found, e.g., in Daugherty and

M sny (agp%pA@garhqeﬁ#oDcwI@hw%y pIR@VAsg\@erSS: 686- 706; US 6171586;

US4618486; US2006028%103; W06044908,0 W07095337; WO04016286; Col andene et al .
(2007) J. Pharm Sci 96:1598-1608; Schul man (2001) Am J. Respir. Crit. Care
Med. 16466- 871 and ot her known references. Solutions or suspensions used for

i nt radex@®l> 012 subcut aneous application typically include one or nore of the
foIIomﬁ@%i?pnﬁ%Qe£#§éwa sterile diluent such as water for injection, saline
solution, Tixed oll's, polyethylene glycols, glycerine, propylene glycol or

ot her syA®thetl sol vents; antibacterial agents such as benzyl al cohol or

met hyl X t i 0Xj orhic acid or sodiumbisulfite;
chelatiggFggggﬁg @ﬂc%thﬂigkifegggag%?ﬁ%ﬁe%gaacetic acid; buffers such as
acetates, citrates or phosphates; and agents for the adjustnent of tonicity
such as spgdi um chloride or dextrose. The pH can be adjusted with adds or

bases, sub am hydrochl oric acid or sodi um hydroxide. Such preparations may be
enclosedzgy aﬁ?bules, di sposabl e syringes or nultiple dose vials made of gl ass
or plastft®” St%8Pi 18 ¥hj ect abl e sol utions can be prepared by incorporating the
ant i body4ad> ttee invention in the required anount in an appropriate sol vent
with one or a coannation ﬁi i re?i nts enunerated above, as required,

fol | owed”byY3t€PiY4' 24t ofF M TF¥i'P ri%?i‘bsﬁ.seéener ally, dispersions are prepared
by incorporating the active conpound into a sterile vehicle that contains a
basi c dL§P>rsL9n medi um and the required other ingredients fromthose

enumner at.éfh.abpve. In the case of sterile powders for the preparation of

steril e<end>ectrabl e sol utions, the nethods of preparation are vacuum drying and
freeze- B3 ngiqPyGPRENSi zati on) that yield a powder of the active ingredient

pl us anys@ddi {d onal desired ingredient froma previously sterile-filtered

sol ution thereof.
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When a therapeutically effective anount of an anti body of the invention is
adm ni stered by, e.g., intravenous, cutaneous or subcutaneous injection, the
bi nding agent will be in the formof a pyrogen-free, parenterally acceptable
aqueous sol ution. The preparation ofeo HCSQ parenteral |y acceptable protein

sol uti onsyishaw ng due regard to pH, Tsot o ci ty, stability, and the like, is
w thin khe>skidrl in the art. A preferred pharnmaceutical conposition for

i ntravendt’s, AP 2GPOIB0O7082PCI 7EP2009/ 059030 cut aneous, or subcut aneous

i njectiQehow d contain, in addition to binding agents, an isotonic vehicle
such as sodium chloride injection, Ringer's injection, dextrose injection,
dext rosé"%h‘@ia S68i U 21 bYs PRj €8T ilYR,"Hax"at ed Ringer's injection, or other
vehicl e as known in the art. The pharmaceutical conposition(s) of the present
di scl osure may al so contain stabilizers, preservatives, buffers, antioxidants,
or ot heﬁ%%ﬁ@dié ve known to those of skill in the art. The anobunt of active

i ngr edi enf2>whirgh can be conbined with a carrier material to produce a single
dosage &&¥m widnp spargnsdependi ng upon the subject being treated, and the
particul ggo.moge of adm nistration. The anpunt of active ingredient which can
be conbined wth a carrier material to produce a single dosage formw ||
gener al Pyg Béa tSeatclaniinileofsnt hey dosrggsilel orerwhi ch produces a therapeutic
effect. 'General | y, out of one hundr & percent, this amount will range from
about 0.01 per cent to about ninety-nine percent of active ingredient, from
about O0c 1(1)per24cent to about 70 per cent, or fromabout 1 percent to about 30
per cent: ziac&' ve ingredient in conbination with a pharmaceutically acceptable
carrier<213> Homo sapiens
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Dosage regi nens are adjusted to provide the opti num desired response (e.g., a
t herapeutic response). For exanple, a single bolus my be adm ni stered,
several divided doses may be adm nistered over tine or the dose may be
proportionally reduced or increased %§f_isnd1' cated by the exigencies of the
t her apeubi Shdndaddp@ths |t is especiall'y *d8vant ageous to fornul ate parenteral
conpositions in dosage unit formfor ease of admnistration and uniformty of
dosage. <t¥f¥age unit formas used herein refers to physically discrete units
suited asg UnhtREYeidosager AW LEharsubl oGl Ssdro be treated; each unit contains a
predet enm ned quantiiy of active compound cal cul ated to produce the desired
therapeutic effect in association wth the required pharnmaceutical carrier.
The spechfgscaig on for the dosage unit forns of the invention are dictated by
and direetl>y dependent on the unique characteristics of the active conpound
and thejé%itifﬁé%asra gg,%rapeuti c effect to be achieved, and the limtations
i nherent 11 the art o conpoundi ng such an active conpound for the treatnent
of sensi#@0i t38 in i ndividuals. For adm nistration of the antibody, the dosage
ranges f t-.0. 000 d nore usually 0.01 to 5 ng/ kg, of
t he host:'IElgz)pﬁ@bﬂ\i\/giTdﬁtglgF%eirI gi%rgrg'f g%é%%g@? can be 0.3 ng/ kg body weight, 1
ng/ kg body wei ght, 3 ng/kg body weight, 5 ng/kg body wei ght or 10 ny/ kg body
wei ght gpgai tdyy n the range of 1-10 ng/kg. An exenplary treatnent regine
entail s<ao3i mistrati on once per week, once every two weeks, once every three
weeks, oAbe eRRéry four weeks, once a nonth, once every 3 nonths or once every
three t5°6 noiRs*®Ptid¥age regi mens for an anti-BAFFR anti body of the invention
i ncl ude <4o00¥g/30g body wei ght or 3 ng/ kg body wei ght by intravenous
adm ni strati on,, v¥ th 1 hg apt i body bei ng. gi ven using one of the follow ng
dosi ng §Eh&GHIEE: YEVEPY Y out weekEYfgP i x dosages, then every three nonths;
WO 20101007082PClI 1EP2009/ 059030 every three weeks; 3 ng/ kg body wei ght once
foll ovvegzp(% ]31rrg/ kg body wei ght every three weeks.
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In sonme nethods, two or nore nonocl onal antibodies with different binding
specificities are adm ni stered sinultaneously, in which case the dosage of
each anti body adm nistered falls within the ranges indicated. Antibody is
usual |y adm nistered on multiple occa§'ons I nterval s between single dosages
can be, @ exanpl e, weekly, nmonthly°'Ev&RY three months or yearly. Intervals
can al so be irregular as indicated by neasuring blood | evels of antibody to

t he tar@@{Lahﬂﬂgéh”iﬁbTﬁ%‘Eﬁtﬁéhﬁng_a§@ﬁe met hods, dosage is adjusted to

achi eve™a plasnma antibody concentration of about 1-1000 pg/nml and in sone

met hods about 25-300 pg/m . Alternatively, antibody can be adm nistered as a
sustainé@%?elﬁpse formulation, in which case |less frequent adm nistration is
requireézfibSﬁge and frequency vary depending on the half-life of the antibody
in the patd3>erHomolsapierser al , human anti bodi es show the | ongest half-1life,

fol | owed mani zed anti bodi es, chineric antibodi es, and nonhuman

ant i bodi es. e dosage and frequency of adm nistration can vary dependi ng on
whet her Lelneet ridatTyentlyi Serppeopligt actirdaorthrt her apeutic. I n prophylactic
applicatlions, a relatively | ow dosag® is adninistered at relatively infrequent
intervals over a long period of tinme. Some patients continue to receive

treat nertl®or3& he rest of their lives. In therapeutic applications, a
relativég%ihiﬁg.dosage at relatively short intervals is sonetinmes required
until progresemornsapiedshe di sease is reduced or terminated or until the patient
shows partial_ or conplete anelioration of synptons of disease. Thereafter, the
patient<@§ﬁ adm ni stered a prophylactic regi ne. Actual dosage |evels of the
active cngredivantsriaspt e pracm@ceuti cal conpositions of the present invention
may be varied so as 1o obtain an anount of the active ingredient which is
effective to achieve the desired therapeutic response for a particul ar

pati ent <2menmysi ti on, and node of adm nistration, wthout being toxic to the
patient.<2l e &el ected dosage | evel will depend upon a variety of
pharnacé%1>etm%bf§@§9gs including the activity of the particular conpositions
of the present invention enployed, or the ester, salt or am de thereof, the
route of‘¥miHistration, the tine of adninistration, the rate of excretion of
t he partigcuhar.gogposndshepnguenpl oyed, the duration of the treatment, other
drugs, @onmpounds andfor materials used in conmbination with the particul ar
conpositions enployed, the age, sex, weight, condition, general health and
prior megigalsgi story of the patient being treated, and |li ke factors well
known i r2tlre §redi cal arts. A "therapeutically effective dosage" of an
anti-BAEEEiadﬁggqgéig& the invention can results in a decrease in severity of
di sease synptons, I'ncrease in frequency and duration of disease

synpt om<f@0ee I¥eri ods, or a prevention of inpairnent or disability due to the

di Seaseiﬁi fehh Gl Oy ger Ser Pro Met

<210> 39
<211> 8

<212> PRT

<213> Homo sapiens

<400> 39
GIn GIn Phe Tyr Ser Ser Pro Leu
1 5

<210> 40

<211> 8

<212> PRT

<213> Homo sapiens

<400> 40
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WO 20101007082PCl 1EP2009/ 059030 A conposition of the present invention can be
adm ni stered by one or nore routes of adm nistration using one or nore of a
vari ety of methods known in the art. As will be appreciated by the skilled
artisan, the route and/ or node of adm']]g_i stiati on will vary dependi ng upon the
desi redqfeshhtfe RAULESAf padiipi str& TR for antibodies of the invention

i ncl ude1i ntravenous,5intranmuscul ar, intradermal, intraperitoneal,

subcut aneous, spinal or other parenteral routes of adm nistration, for exanple
by injecti@n or infusion. The phrase "parenteral adm nistration"” as used
herei n reEns grodes of adm nistration other than enteral and topical

adm ni st ?ﬁ ofRT usual |y by injection, and includes, w thout limtation,

. <2T3> "HOmp sapiens . . .

i ntravenous, THCraAMUSCul ar, intraarterial, intrathecal, i nt racapsul ar,

i ntraorbk#t@l ,41 ntracardi ac, intradermal, intraperitoneal, transtracheal,
subcut aneous, L%prq,t%ecruggr Pri nLe aarticul ar, subcapsul ar, subarachnoid,

i ntrasphnal, eprdurat and I ntrastenal i njection and infusion. Alternatively,
an anti body of the invention can be adm ni stered by a nonparenteral route,
such as _ >opjrzcal, epi dermal or nucosal route of adm nistration, for exanple,
i nt ranasg}by,g orally, vaginally, rectally, sublingually or topically. The
active ¢ outrrds can be prepared with carriers that will protect the conpound
agai nst <?}$i d'9"8| ¥RSE'S such as a controlled rel ease formul ation, including

i mpl ant s40d>r aqpsder mal pat ches, and m croencapsul ated delivery systens.
Biodegragable, bi oconpati bl e pol yners can be used, such as ethyl ene vinyl

acet at e$ ' &G LHRYHY %s,serpBTcS/QF@/col ic acid, collagen, polyorthoesters, and

pol ylactic acid. Many nethods for the preparation of such formnulations are
patented_or generally known to those skilled in the art. See, e.g., Sustained
and Contjﬁﬁil eﬁoRel ease Drug Delivery Systens, J.R Robinson, ed., Marcel
Dekker, <bres. ,pR¥ew Yor k, 1978.

<213> Homo sapiens

<400> 43

Asp Ile val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser GIn Phe Ile Ser Ser Ser
20 25 30

Tyr Leu Ser Trp Tyr GIn GIn Lys Pro Gly Gln Ala Pro Arg Leu Leu
35 40 45

Ile T%r Gly Ser Ser Ser Arg Ala Thr Gly val Pro Ala Arg Phe Ser
5 55 60

Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Glu
65 70 75 80

Pro Glu Asp Phe §1a val Tyr Tyr Cys ng Gln val Tyr Asp Ile Pro
5 9 95

Ile Thr phe Gly Gln Gly Thr Lys val Glu Ile Lys Arg Thr
100 105 110

<210> 44
<211> 110
<212> PRT
<213> Homo sapiens

<400> 44
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Ther apeutic conpositions can be adm nistered with nedical devices known in the
art. For exanple, in one enbodinent, a therapeutic conposition of the

i nvention can be adm nistered with a needl el ess hypoderm c injection device,
such as the devices shown in U S. Pat &E 5,399, 163; 5, 383,851; 5,312, 335;
5, 064, 4%%3I4eQ41l&ﬁoﬂw46ﬂ99m8243Qﬁa4%§§§u 6.  Xadbes @ wel | known inplants
and nodal es useful in the present inmvention includeisU. S. Patent No.
4,487,603, which shows an inplantable mcro-infusion punp for dispensing

medi cat icQf A3h A2 CORLIRl t&dcyahRy Abh Ser RALE: NQ. 24 486 alP4, Which shows a

t herapeutic devic® for adm ni sterbng nedi cants tbyough the skin; U S. Patent
No. 4,447,233, which shows a nedication infusion punp for delivering

medi cat rrfm Lal RrprechseciMEUSLN pFaledy dInSiaPatoeRty Naw L4y 447, 224, whi ch shows
a variable flow inplantable i ABusi on apparat us for conti nuous drug delivery;
U S. Patent No. 4,439,196, which shows an osnotic drug delivery system having
mul ti - chaarheF Gq?rmariermﬁrsm@nva BhS.c1PateNroNOla AsAéde $86, which shows an
osnotic drug delivery systé&m Many ot her stfich inplants, delivery systens, and
nodul es are known to those skilled in the art. WO 20101007082PCl 1EP2009/ 059030
| n certaiy septdi @@nd1s, TRRsher@AK ARECIHeNale et shodées1of the invention can
be formabated to ensure’roper distributsion in vivo. F8f exanple, the

bl ood-brain barrier (BBB) excludes many hi ghly hydrophilic conmpounds. To
ensur e phatc1i heptarer gpewdli eycompayndsnafintiha tyrvest senpes 0ss the BBB (i f
desired), they can b® formul ated, f& exanple, in |Pposomes. For nethods of
manuf acturing |iposones, see, e.g., U S Patents 4,522,6811; 5, 374,548; and

5, 399, 384t ThherhkiQ@sdmes]ymayr CoNPEi $AuanNe@ 10/ Amr ennoi eties which are
selectively transi¥8rted into speéPfic cells or ot¥ans, thus enhance targeted
drug delivery (see, e.g., V.V. Ranade, 1989 J. dine Pharmacol. 29:685).
Exenpl akyid-ar4get i ng noi eties include folate or biotin (see, e.g., U S Patent
5,416, 0% ]t>o w et al.); nmannosides (Unezawa et al., 1988 Bi ochem Bi ophys.
Res. CoQ 3:sk838); antibodies (PG Bloeman et al., 1995 FEBS Lett.
357:140; M O/val s et al., 1995 Antim crob. Agents Chernother. 39:180);
surfact afOprtein A receptor (Briscoe et al., 1995 Am J. Physiol.1233:134):
pP120 (Sghy eheva®tiedl vhr dR94er prd8in®k ThEPhRM se26Q9080)50 g8 al so K. Kei nanen;

M L. Ladkkanen, 19945 FEBSLett. 346:123; J.J. Killiom? 1.J. Fidler, 1994

| nrnunonet hods 4:273. Uses and nethods of the invention

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser GIn Phe Ile Ser Ser Ser
20 25 30

Tyr Leu Ser Trp Tyr Gln GlIn kys Pro Gly GIn Ala Pro Arg Leu Leu
35 0 45

Ile Tyr Gly Ser Ser Ser Arg Ala Thr Gly val Pro Ala Arg Phe Ser
50 55 60

Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Glu
65 70 75 80

Pro Glu Asp Phe Ala val Tyr Tyr Cys Gln GIn Leu Tyr Ser Ser Pro
85 90 95

Met Thr Phe Gly GIn Gly Thr Lys val Glu Ile Lys Arg Thr
100 105 110

<210> 46
<211> 110
<212> PRT
<213> Homo sapiens
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The anti bodies of the present invention have in vitro and in vivo diagnostic
and therapeutic utilities. For exanple, these nolecules can be admnistered to
cells in culture, e.g. invitro or in vivo or in a subject, e.g., invivo, to
treat, prevent or diagnose a varlety EE §orders The tern1"subject" as used
herein iggdntended to include human &nd 8n- human ani mal's. Nonhunan ani nal s
include all vertebrates, e.g., mamual s and non-manmal s, such as nonhuman

pri mat e$sP SHeef, M%g?”’ﬁhtém”Bﬁ%@1aqgf§é§ &¥h¥%kéﬁé§g%ﬁ%hlblans and reptiles.
The nethods are particularly suitabl'e for treating, "preventing or diagnhosing
BAFFR-r el at ed di sorders and/ or autoi mmune di seases, e.g., system c |upus

eryt hemét b8 Ad¢ Jhietftabdi @Y arthriltissr G‘i’fﬂé“qtn%@nsg PhehPED provi des met hods for
depleting B cells 1 n an ani mal, preferably depl eting or killing human B cel

by adm nistering a conposition conprising a therapeutically efficient dose of
the ant bedﬁ%%eéif”tph@”i AVeALT gy PAS Q¥ helRel i, A" -BAEFR- el at ed di sorder”

i ncl udes condltlons associated with or characterized by aberrant BLyS | evels
and/or diseases or conditions that can be treated by depleting or killing B
cel I 's. Fhedgrid¥ HdeSimPafimrdt yedi G offe, A &t fet é'i‘%ée%md allergic
conditions, hypersensitivity reactions, aut0|nnune di seases, severe

i nfections, and organ or tissue transBIant rejection. These further include
B- cel | eq Ser Gly Thr Asp Phe Thr Leu Thr ITe Ser Ser Leu Glu
: 70

80

Pro Glu Asp Phe Ala val Tyr Tyr Cys GIn Gln Phe Tyr Ser Ser Pro
85 90

Leu Thr Phe Gly GIn Gly Thr Lys val Glu Ile Lys Arg Thr
100 105 110

<210> 47

<211> 110

<212> PRT

<213> Homo sapiens

<400> 47

Asp Ile val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser GIn Glu Ile Leu Pro Glu
20 25 30

Tyr Leu Ser Trp Tyr GIn Gln Lys Pro Giy GIn Ala Pro Arg Leu Leu
35 40 45

Ile Tyr Gly Ser Ser Ser Arg Ala Thr Gly val Pro Ala Arg Phe Ser
50 55 60

Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Glu
65 70 75 80

Pro Glu Asp Phe Ala val Tyr Tyr Cys GIn GIn Phe Tyr Ser Ser Pro
85 90 95

Leu Thr Phe Giy GIn Gly Thr Lys val Glu Ile Lys Arg Thr
100 105 110

<210> 48
<211> 110
<212> PRT
Page 10



For exanple, the antibodies of the invention may be used for the treatnent of
conbi ned heart -1 ung,
WO 20101007082PCI 1EP2009/ 059030 i ncl udi ng
rejec

reci pients of heart,

skin or cornea

<400> 48

| ung,

transpl ants,
al lograft rejection or xenograft

graf t - vepsis- hpstsgdi sgase, such as Gl
transpl ant associ ated arterioscl erosis.

i on

Fsiithg

Asp ITe val Leu Thr GIn Ser Pro Ala Thr Leu Ser

1

Glu Arg Ala

Tyr Leu Ser
35

Ile Tyr Gly
50

Gly ser Gly
65

Pro Glu Asp
Met Thr Phe

<210> 49

<211> 110
<212> PRT
<213> Homo

<400> 49

Asp ITe val
1
Glu Arg Ala

Tyr Leu Ser
35

Ile Tyr Gly
50

Gly Ser Gly
65
Pro Glu Asp

Leu Thr Phe

<210> 50

Thr

20

Trp

ser

ser

Phe

Gly

5

Leu

Tyr

ser

Gly

Ala

85

Gln

sapiens

Leu

Thr

20

Trp

Ser

Ser

Phe

Gly

Thr

5

Leu

Tyr

Ser

Gly

Ala

85

Gln

ser

GlIn

ser

Thr

70

val

Gly

GIn

Ser

Gln

Ser

Thr

70

val

Gly

cys

GIn

Arg

55

ASp

Tyr

Thr

ser

cys

GIn

Arg

55

Asp

Tyr

Thr

Arg

Phe

Tyr

Lys

Pro

Arg

Lys

Ala

Phe

Tyr

Lys

Ala

25

Pro

Thr

Thr

Cys

val
105

Ala

Ala

25

Pro

Thr

Thr

Cys

val
105

10

ser

Gly

Gly

Leu

Gln

90

Glu

Thr
10

Ser
Gly
Gly
Leu
Gln
90

Glu

Gln

Gln

val

Thr

75

Gln

Ile

Leu

Gln

Gln

val

Thr

75

Gln

Ile

Trp

Ala

Pro

60

Ile

Leu

Lys

Ser

Met

Ala

Pro

60

Ile

Phe

Lys
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and for the prevention of
bone marrow transpl ant,

Leu

Ile

Pro

45

Ala

ser

Tyr

Arg

Leu

Ile

Pro

45

Ala

Ser

Tyr

Arg

liver,

ser

Glu

30

Arg

Arg

ser

ser

Thr
110

Ser

Asp

30

Arg

Arg

Ser

Ser

Thr
110

Pro

15

Ala

Leu

Phe

Leu

Ser
95

Pro

15

Leu

Leu

Phe

Leu

Ser
95

ki dney, pancreatic,

Gly

Gly

Leu

ser

Glu

80

Pro

Gly

Arg

Leu

Ser

Glu

80

Pro

and organ



The anti bodies of the invention are useful for the treatnment, prevention, or
anel i orati on of autoi mmune di sease and of inflammtory conditions, in
particular inflammtory conditions with an aeti ol ogy includi ng an aut oi nmrune
conponent such as arthritis (for exaenp¥_%erpeumt oid arthritis, arthritis
chroni caprogirdi ente and arthritis def oflans) and rheumatic di seases,
i ncl udi ng;lasnfmrmrat ory conditions and rheumatic di seases involving bone | oss,
i nf | ammat By AP SaP&YPndyl oar hr opat hi es i ncl udi ng ankol si ng spondylitis,
Reiter symgdrodye, reactive arthritis, psoriatic arthritis, and enterophathics
arthritis, hypersensitivity (including both _airways hypersensitivity and
der mal BYypersénsitauvEy§iraner &lY &rgig¥.egpedi PiscPBUED- Chfune di seases for
whi ch anti bodi es of the invention may be enpl oyed incl ude autoi nmune
haemat ol ogi cal disorders (including e.g. henolytic anaem a, aplastic anaem a,
pure redMceRY SShadH Hrahtd AR Sb‘étglgl"cmt’rﬁ'san%fdc‘ﬁ]?r%‘@rn?%f) Asmcquired hemophilia A,
col d agglutinin disease, cryoglobulinema, thronbotic thronbocytopenic
purpura, Sjogren's syndrone, system c |upus erythematosus, inflanmmatory muscle
di sor der§", Aggl &hGRA? ¥t T, Ik’cl“é? Sdorms” Pefﬁt‘f]ynﬁi’t FbphfY S&Yt opl asmi ¢ anti body-
associ ated vasculitis, IgM I’T’Eél at ed neuropat hy, opsocl onus nyocl onus syndrone,
Wegener _granul gmat osi.s, dermatornyositis, chronic acti ve hepatitis, myasthenia
gravi s, TB%@GF YISt ey B JHhAEDTSyHar Shey pepATRyIY" ¢if garis, penphi gus
foliacius, 1diopathic sprue, autoinmune inflammtory bowel disease (including
e.g. ul cer ative.colitis Cré)hn' S qi sease and Irritable Bowel Syndrone),
endocri ¥& &ﬁﬁtvﬁ&%p%etrh%g QVBSTTRIASBAER, A%®altoP tosY S 45Tl ti pl e sclerosis,
neuronyelitis optica, primary biliary cirrhosis, juvenile diabetes (diabetes
mellitus type 1), uveitis (anterior, internediate an osterior as well as
panuvei ﬁ%%ﬁe kSg%aLteSc i beﬁ'céfnvis P YaLiTBE 8N “v‘ésrpnikl"ﬂ anf gf‘ conjunctivitis,
interstitial lung fibrosis, psoriatic arthritis and gl onerul onephritis (with
and wi thout nephrotic syndro .g.. including idiopathic nephrotic syndrone
or mni Eﬁéﬁ tr¥ acriféeﬁqd%e% r¥ ra{*%"g;?,*p S{ﬁ?mprrg ﬂyiszﬂleag]n‘?fa %gﬁedlblg%ase of skin and
cornea, nyositis, |oosening of bone inplants, nmetabolic disorders, such as
at her os LQsSi i t iL.slipkdenm a,. The anti bodi es of the invention
are al sgkﬁggfﬁ%fﬁgpa(fbﬁe Wég{]g%gﬂﬂp‘%‘e\%ﬁt%n, or anelioration of asthnms,
bronchitis, pneunobconiosis, pulnonary enphysema, and ot her obstructive or
inflammat gLy di seases of the airways. The antibodies of the invention are also
useful Lkeofistreating di seases of bone netabolismincluding osteoarthritis,
ost eoporéEi>s RRId ot her inflamratory arthritides, and bone | oss in general,
i ncl udi g &g 81 ¥PET bone 1 oss, and in particul ar periodontal disease.

<400> 51

Gln val GIn Leu GIn GIn Ser Gly Pro Gly Leu val Lys Pro Ser Gln
1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Ile Ser Gly Asp Ser val Ser Ser Asn
20 25 30

Ser Ala Ala Trp Gly Trp Ile Arg Gln Ser Pro Gly Arg Gly Leu Glu
35 40 45

Trp LSU Gly Arg Ile Tyr Tyr Arg Ser Lys Trp g%r Asn Ser Tyr Ala
5 55

val Ser val Lys Ser Arg Ile Thr Ile Asn Pro Asp Thr Ser Lys Asn
65 70 75 80

GIn Phe Ser Leu GIn Leu Asn Ser val Thr Pro Glu Asp Thr Ala val
85 90 95
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WO 20101007082PCT1EP20091059030 Si nce BAFFR bi nding to human peri pheral bl ood
| ynphocytes and to the human B-cell line is nediated by BAFFR pol ypepti des,
the anti bodies of the invention nay al so be useful in diagnosing or treating
B-cel |l neopl asns. Exanpl es of such di§ ases and conditions include, but are
not limted to, B-cell Non-Hodgkin' s° {ymfhomas, such as small |ynphocytic

| ynmphomayr hymulepliasaracwirorsh rypnphomee uyantlleecigevd1 Pyphoma, fol i cul ar

| ynphoma, nucosa-®8soci ated | ynpR8td tissue | ynph¥ha, diffuse |arge cel

| ymphoma, and Burkitt's |ynphoma; precursor B-1ynphobl astic | eukem a; and
B-cel | echlronp &1y yatphagythircLéevkemha,vaarsdrmdrt i pl e myel oma. Ot her B-cel |

neopl asns are dnconpassed witAhth the scope of the invention. The antibodies of
the invention may be adm ni stered as the sole active ingredient or in

conj unckkms wi2th, e.g. as an adjuvant to or in conbination to, other drugs
e.g. | Tings ressive or immunonodul ati ng agents or other anti-inflamrmatory
agent s QF139t hemo cbodaxi ¢ or anti-cancer agents, e.g. for the treatnent or
prevention of di seases nentioned above. For exanple, the antibodies of the

i nvent i 6f°%my>%be used in conbination with DVARD, e.g. Gold salts,

sul phasalpazkneinanti oml e as, cNEPhete gxatievallhyRepiCkéd am ne, azathi oprine,
mycophemol i ¢ acid, cyclosporine A tlcrolinus, sirol?mnmus, mnocycline,

| efl unom de, gl ococorticoids; a calcineurin inhibitor, e.g. cyclosporin A or
FK 506; tR- meduleatiQl M- tWTRNOEYE €ef &G raYl &l @, s&- ger kKIY720 and FTY720

anal ogs; an niTOR40nhi bitor, e.g. 2papanycin, 40-03Q2-hydroxyethyl)-rapanycin
CCl 779, ABT578, AP23573 or TAFA-93; an asconyci n havi ng | nmuno- suppressive
propert kesale.ada HBTc128np ASMIAL c1etser ;proadilyi £@stBr oéudsiu cycl o- phos- phami de;
azat hi oprene; 3fet hot rexate; n#2oribi ne; mycopkenolic acid; myco-pheno-I|ate
nofetil; 15-deoxyspergualine or an immunosuppressive honol ogue, anal ogue or
deri vat twe Leheneofrg 1IRNMTNOSYUPPrEeSst Les mrposironal sentybatd es, e. g., nonocl ona
anti bodi es 3o | eukocyte reeeptors, e.g., MIC, 0D2, CD3, CD4, CD7, CD8, CD1 |a,
CD25, CD28, CD40. CD45, CD52, CD58, CD80O, CD86 or their |igands; other

i Mmunonedulsat oy WwengEeundsIle Tl Ide necarbismanthrbsardiygAsml ecul e havi ng at

| east abportion of the &ktracellular dofain of CTLA4 of%a nutant thereof, e.g.
an at |east extracellular portion of CTLA4 or a nutant thereof joined to a
non-CTLAnwmhe&ernesaqfenneaaESg:vswunAHgo(émrAQMThdekigmhted ATCC 68629) or a
nutant thereof, e.g.8LEA29Y; adhesi 3 nolecule inhiBitors, e.g. LFA-1

antagoni sts, ICAN1-1 or -3 antagonists, VCAM 4 antagonists or VLA-4

ant agonirgt Syr gys a le vewohirerapaut ivel ®gentys Begslypac! Pheared , genti t abi ne,

ci splati num doxo®lbicin or 5- fl@drouracil; antt%TNF agents, e.g. nonocl ona
antibodies to TNF, e.g. infliximb, adalinumb, CDP870, or receptor constructs
t o TNF- Rer arp IGWF-R1G1yeThy. L&t gpembepr] REGENF- Rl ; bl ockers of proinfl ammatory
cyt oki nes, | L-1£° bl ockers, e.g;ﬂ%nakinra or IL-1 trap, AAL160, ACZ 885, IL-6

bl ockers; chenoki nes bl ockers, e.g inhibitors or activators of proteases, e.g.
nmet al | opgB¥reaxies, anti-1L4 antibodies, anti-IL-15 antibodies, anti-IL-6

ant i bodigks, afffi -1L-21 antibodies, anti-IL-12 antibodies, anti-p40 anti bodies,
anti - I L<113>Wo0 12p06h6082PCl 1EP2009/ 059030

<400> 53

G1In val GIn Leu GIn Gin Ser Gly Pro Gly Leu val Lys Pro Ser GIn
1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Ile Ser Gly Asp Ser val Ser Ser Asn
20 25 3

Ser Ala ?;a Trp Gly Trp Ile Arg Gln Ser Pro Gly Arg Gly Leu Glu
40 45

Trp Leu Gly Arg Ile Tyr Tyr Arg Ser Lys Trp Tyr Asn Asn Tyr Ala
Page 13



anti bodi es, anti-CD20 anti bodi es, NSAI Ds, such as aspirin or an
anti-infectious agent (list not limted to the agent nentioned). |In accordance
with the foregoing the present invention provides in a yet further aspect: A
nmet hod as defined above conpri sing cohadmpl stration, e.g. concomtantly or in
sequence, @f a therapeuticayly ef fecti Vé°&mpunt of a BAFFR antagonist, e.g.,
an anti body of the |nvent| on, and at | east one second drug substance, said
second dr tance bein S re ve / nom)dul atory,

anti-i ngﬁﬂ%%%? ch% d?erghepél!ﬂtl c "L,’DF ASp ’D’é fug, e.g. as indicated
above. O, a therapeutlc conbl natlon e.g. a k|t conpr|3| ng of a

t herapeutical | ffetlve AF nt ago e.g. an anti body
of the Fﬁnvgﬁ %nq‘ ré, b5eu stVOLTﬂ)spzﬂgo(’ﬁ /ESpbﬂ} aggaeosel ected froma

I mruno- suppressive / i m*runormdul atory, anti-inflamratory chenotherapeutic or

anti-i ”frf hg?;&grd/{ Hg/xrggﬁnﬁsﬂp{‘%?%gqy@bﬁ‘é%w 08 kid J0py comprise

i nstruct 100 I'strat hen 110

Ser Trp Gly GiIn Gly Thr Leu val Thr val Ser Ser
115 120

<210> 54

<211> 124

<212> PRT

<213> Homo sapiens

<400> 54

Gln val GIn Leu GIn GIn Ser Gly Pro Gly Leu val Lys Pro Ser Glin
1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Ile Ser Gly Asp Ser val Ser Ser Asn
20 25 30

Ser Ala Ala Trp Gly Trp Ile Arg GIn Ser Pro Gly Arg Gly Leu Glu
35 40 45

Trp ggu Gly Arg Ile Tyr gyr Arg Ser Lys Trp gyr Asnh Ser Tyr Ala
5 0

val Ser val Lys Ser Arg Ile Thr Ile Asn Pro Asp Thr Ser Lys Asn
65 70 75 80

GIn Phe Ser Leu Gln Leu Asn Ser val Thr Pro Glu Asp Thr Ala val
85 90 95

Tyr Tyr Cys Ala Arg Tyr GIn Trp val Pro Lys Ile Gly val Phe Asp
100 105 110

ser Trp Gly GIn Gly Thr Leu val Thr val Ser Ser
115 120

<210> 55

<211> 124

<212> PRT

<213> Homo sapiens

<400> 55

GIn val GIn Leu GIn Gln Ser Gly Pro Gly Leu val Lys Pro Ser Gln
1 5 10 15
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Where the antibodies of the invention are adm nistered in conjunction with

ot her i mmunosuppressive / immunonodul atory, anti-inflammatory chenot herapeutic
or anti-infectious therapy, dosages of the co-adm nistered conbination
conmpound wi Il of course vary depending on 1 he type of co-drug enpl oyed, e.g.
whether it is a DMARD, anti-TNF, |L-751°68ker or others, on the specific drug
enpl oyedhr aputsee anthrt Cyanaheiihg str eay edpadedt & $@r tér Ak one specific

embodi ment, the atibodies of thédinvention may B® administered in comnbination
wi th another B-cell killing agent, i.e., e.g, a CD20 targeting antibody with
ADCC actewialy Alsuch Gy Ript 0kd e Glh rseotArercignbedeTyenéy Glihe anti bodi es of the

i nvention are 3adnini stered onf) to patient popul ation which is sel ected anpng
patients suffering from SLE or RA and exhibiting an abnormal serum | evel of
BLyS. | mrptherclgmMrgdiirentr, T¥heraser hodims i 4dmesemvention are adm ni stered
only to patPent popul ati on’which are sel ec®ed anobng group of patients which
respond to anti-BLyS treatnent. Biomarkers that identify patients that have an
i ncr ease&dl Isekelail hoedseaf Argesbomai nde taon aambiAsBLS sereagysmest nay be any of the
fol I owi Ag wi thout being’dimted to these: elevated | evéfs of serum BLyS,

el evated levels of certain B cell subsets, presence or absence of certain

t ypes ofilmkhe-santlepodinessu Asn 6ere vehtTodiArendilu AdpeTlantidbedi es of the invention
can be used to detect’ | evel s of BAFPR or levels of 2tells that contain BAFFR
This can be achi eved, for exanple, by contacting a sanple (such as an in vitro
sanpl e) Tanhdya @@entleodrastrmher Win at weo ansi IIBAFHFRVaInfidesy under conditions
that allow for the% ormation of &Oionplex bet weeh™ he anti body and BAFFR Any

conpl exes fornmed between the anti body and BAFFR are detected and conpared in
t he Leu Trp Gly GIn Gly Thr Leu Xg% Thr val Ser Ser
115

<210> 56

<211> 124

<212> PRT

<213> Homo sapiens

<400> 56
GIn val GIn Leu GIn Gln Ser Gly Pro Gly Leu val Lys Pro Ser Gln
1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Ile Ser Gly Asp Ser val Ser Ser Asn
20 25 30

ser Ala Ala Trp Gly Trp Ile Arg Gln Ser Pro Gly Arg Gly Leu Glu
35 40 45

Trp Leu Gly Arg Ile Tyr Tyr Arg Ser Lys Trp Trp Asn Asp Tyr Ala
50 55 60

val Ser val Lys Ser Arg Ile Thr Ile Asn Pro Asp Thr Ser Lys Asn
65 70 75 80

Gln Phe Ser Leu GIn Leu Asn Ser VvVal Thr Pro Glu Asp Thr Ala val
85 90 95

Tyr Tyr Cys Ala Arg Tyr Asp Trp val Pro Lys Ile Gly val Phe Asp
100 105 110

Gly Trp Gly GIn Gly Thr Leu val Thr val Ser Ser
115 120
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WO 20101007082PCl 1EP2009/ 059030 sanple and the control. For exanple, standard
detecti on nethods, well known in the art, such as ELISA and flow cytonetic
assays, can be perfornmed using the conpositions of the invention. Accordingly,
in one aspect, the invention further row ﬂes nmet hods for detecting the
presence,qf, BAFFR (e.g., human BAFFR® Fltsiﬁ in a sanple, or measuring the
anount @P1IBAF3R, conprising contacting the sarrpl e, and a control sanple, with
an anti bgﬁg dINAt he invention, or an antigen binding region thereof, which
specifi ¢ MR §'SBAFFR, under conditions that allow for formation of a
conpl eX<b®>we3§'n the anti body or portion thereof and BAFFR. The formation of a
conpl ex IPRLEHOT ERRACEEAIRE , COMPRIRT N CRIAIFF o9& Sif€eI9CA2 A6HTIICe3CS or mB®i on bet ween
the sanralc@ag@@gmaga%qgigqcs rﬁt%ﬁttftokct_s@m& txctidieathygopfa thapresence of
BAFFR in the sanple. Also within the scope of the invention are kits

consi st CAYPISFAATNEREBFATEE | AT TS T e IGL L BTt BoaFEsac HEnMCE %t | b8P es and

bi speci gt @C B8l AchEdcRA¥EREE1QRa @Rt daRSItHE tch @RS gbAr USSR The kit can
further contain a Ieast one additional reagent, or one or nore additional

ant i bodic€%928$ahE A EnE i GATY9E P CAaTUERTOI %V%é@ltﬁ@ctét%npl éRentary activity
whi ch blca@tggaaghgegégagpqag&g&a? target antigen distinct fromsgfe first

anti body). Kits typically include a | abel indicating the intended use of the
contents, kit. The term | abel includes any witing, or

recorded nateri al
suppl i e&zplr; oggovmth the kit, or which otherw se acconpanies the kit.

The kit

Page 16

may fur khEr dlmrgrl se tools for di agnosi ng whet her a patient belongs to a group

that reSpbiRds’¥8 BRIt i - BAFFR anti body treatnment, as defined above.
<400> 58
gatatcgtgc tgacccagag cccggcgacc ctgagcctgt ctccgggcga acgtgcgacc 60
ctgagctgca gagcgagcca gatgattgat cttcgttatc tgtcttggta ccagcagaaa 120
ccaggtcaag caccgcgtct attaatttat ggttcttctt ctcgtgcaac tggggtcccg 180
gcgcgtttta gcggctctgg atccggcacg gattttaccc tgaccattag cagcctggaa 240
cctgaagact ttgcggtgta ttattgccag cagctttatt cttctcctat gacctttggc 300
cagggtacga aagttgaaat taaacgtacg 330
<210> 59
<211> 330
<212> DNA
<213> Homo sapiens
<400> 59
gatatcgtgc tgacccagag cccggcgacc ctgagcctgt ctccgggcga acgtgcgacc 60
ctgagctgca gagcgagcca gtttatttct tcttcttatc tgtcttggta ccagcagaaa 120
ccaggtcaag caccgcgtct attaatttat ggttcttctt ctcgtgcaac tggggtcccg 180
gcgcgtttta gcggctctgg atccggcacg gattttaccc tgaccattag cagcctggaa 240
cctgaagact ttgcggtgta ttattgccag cagctttatt cttctcctat gacctttggc 300
cagggtacga aagttgaaat taaacgtacg 330
<210> 60
<211> 330
<212> DNA )
<213> Homo sapiens
<400> 60
gatatcgtgc tgacccagag cccggcgacc ctgagcctgt ctccgggcga acgtgcgacc 60
ctgagctgca gagcgagcca gatgattgat cttcgttatc tgtcttggta ccagcagaaa 120
ccaggtcaag caccgcgtct attaatttat ggttcttctt ctcgtgcaac tggggtcccg 180



The invention having been fully described, it is further illustrated by the
foll ow ng exanples and clainms, which are illustrative and are not neant to be
further limting. Brief Description of the Figures Figure 1 shows the results
of Collagen - induced arthritis (Cl A%ﬂ%n A/l mce (MCOL37) after

i mmuni zation at day 0, Booster at day 2T°%and Treatment starting day minus 9.
The squatecgaytrdaoyqgstayy tdtecqansy searticang cf ajacAntthg BAkdctiiza MORBT43-m g&Ra with
a dose equal tq 200 200ul i.p. 2x_.a wee n=8). The trian synbol s shows
he_ pavdouRar P rOP R B e e e R sk T eh e O e o H0se equal to
200 pg/ 20fptadgapaad2xgamanekacdtacy/) . Statistics: Dunnett Ml tipBe Conpari sons
Test (One -way ANOVA). Conpared with the Vehicle control

(p<0. 05%,f450. 1", p>0.05n.s.). Figure 2 shows the absol ute nunber of CD20+ and
CD40+ peg@he&*ml bl ood cells in 3 cynonol gous nonkeys after 20ng/ kg
>

i nt raverj aﬁﬁﬁomonsla%;ernastl on of anti-BAFFR (MOR0O6654) anti bodi es.
<400> 61
gatatcgtgc tgacccagag cccggcgacc ctgagcctgt ctccgggcga acgtgcgacc 60
ctgagctgca gagcgagcca ggagattctt cctgagtatc tgtcttggta ccagcagaaa 120
ccaggtcaag caccgcgtct attaatttat ggttcttctt ctcgtgcaac tggggtcccg 180
gcgcgtttta gcggctctgg atccggcacg gattttaccc tgaccattag cagcctggaa 240
cctgaagact ttgcggtgta ttattgccag cagttttatt cttctcctct tacctttggce 300
cagggtacga aagttgaaat taaacgtacg 330
<210> 62
<211> 330
<212> DNA
<213> Homo sapiens
<400> 62
gatatcgtgc tgacccagag cccggcgacc ctgagcctgt ctccgggega acgtgcgacc 60
ctgagctgca gagcgagcca gtggattgag gctggttatc tgtcttggta ccagcagaaa 120
ccaggtcaag caccgcgtct attaatttat ggttcttctt ctcgtgcaac tggggtcccg 180
gcgcgtttta gcggctctgg atccggcacg gattttaccc tgaccattag cagcctggaa 240
cctgaagact ttgcggtgta ttattgccag cagctttatt cttctcctat gacctttggce 300
cagggtacga aagttgaaat taaacgtacg 330
<210> 63
<211> 330
<212> DNA )
<213> Homo sapiens
<400> 63
gatatcgtgc tgacccagag cccggcgacc ctgagcctgt ctccgggcga acgtgcgacc 60
ctgagctgca gagcgagcca gatgattgat cttcgttatc tgtcttggta ccagcagaaa 120
ccaggtcaag caccgcgtct attaatttat ggttcttctt ctcgtgcaac tggggtcccg 180
gcgcgtttta gcggctctgg atccggcacg gattttaccc tgaccattag cagcctggaa 240
cctgaagact ttgcggtgta ttattgccag cagttttatt cttctcctct tacctttggce 300
cagggtacga aagttgaaat taaacgtacg 330
<210> 64
<211> 372
<212> DNA
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WO 20101007082PCl 1EP2009/ 059030 Fi gure 3A shows the absol ute nunber of CD20+
and CD40+ peripheral blood cells in 3 cynonol gous nonkeys after 2Qug/ kg

i ntravenous adm ni stration of anti-BAFFR (MJRO6654) anti bodi es. Figure 3B
shows the absol ute nunber o CD20+ an% g:g4 + peripheral blood cells in 3
cynorol gous nRRkexs @kt er 20ngi kg i (°f BvERbus adni nistration of

non-fucosyl at ed anti BAFFR (MDR06654) anti bodi es.

égggzgcggt tgcaacagtc tggtccgggc ctggtgaaac cgagccaaac cctgagcctg 60
acctgtgcga tttccggaga tagcgtgagc tctaattctg ctgettgggg ttggattcgce 120
cagtctcctg ggcgtggcct cgagtggctg ggccgtatct attatcgtag caagtggtat 180
aacgattatg cggtgagcgt gaaaagccgg attaccatca acccggatac ttcgaaaaac 240
cagtttagcc tgcaactgaa cagcgtgacc ccggaagata cggccgtgta ttattgcgcg 300

cgttatgatt gggttcctaa gattggtgtt tttgattctt ggggccaagg caccctggtg 360

acggttagct ca 372
<210> 65

<211> 372

<212> DNA

<213> Homo sapiens

<400> 65

caggtgcaat tgcaacagtc tggtccgggc ctggtgaaac cgagccaaac cctgagcctg 60

acctgtgcga tttccggaga tagcgtgagc tctaattctg ctgcttgggg ttggattcgc 120
cagtctcctg ggcgtggcct cgagtggctg ggccgtatct attatcgtag caagtggtat 180
aactcttatg cggtgagcgt gaaaagccgg attaccatca acccggatac ttcgaaaaac 240
cagtttagcc tgcaactgaa cagcgtgacc ccggaagata cggccgtgta ttattgcgcg 300

cgttatgatt gggttcctaa gattggtgtt tttgattctt ggggccaagg caccctggtg 360

acggttagct ca 372
<210> 66

<211> 372

<212> DNA

<213> Homo sapiens

<400> 66

caggtgcaat tgcaacagtc tggtccgggc ctggtgaaac cgagccaaac cctgagcctg 60

acctgtgcga tttccggaga tagcgtgagc tctaattctg ctgcttgggg ttggattcgc 120
cagtctcctg ggcgtggecct cgagtggctg ggccgtatct attatcgtag caagtggtat 180
aactcttatg cggtgagcgt gaaaagccgg attaccatca acccggatac ttcgaaaaac 240
cagtttagcc tgcaactgaa cagcgtgacc ccggaagata cggccgtgta ttattgcgcg 300

cgttatgatt gggttcctaa gattggtgtt tttgattctt ggggccaagg caccctggtg 360

acggttagct ca 372
<210> 67

<211> 372

<212> DNA

<213> Homo sapiens

<400> 67

caggtgcaat tgcaacagtc tggtccgggc ctggtgaaac cgagccaaac cctgagectg 60
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WO 2010/ 007082PCTUEP2009/ 059030 Experinental Parts |. Screening assays FAGS
Screening of initial Pannings
eolf-seql
acctgtgcga tttccggaga tagcgtgagc tctaattctg ctgcttgggg ttggattcgce 120
cagtctcctg ggcgtggcct cgagtggctg ggccgtatct attatcgtag caagtggtat 180
aacaattatg cggtgagcgt gaaaagccgg attaccatca acccggatac ttcgaaaaac 240
cagtttagcc tgcaactgaa cagcgtgacc ccggaagata cggccgtgta ttattgcgcg 300
cgttataagt gggttcctaa gattggtgtt tttgattctt ggggccaagg caccctggtg 360
acggttagct ca 372
<210> 68
<211> 372
<212> DNA .
<213> Homo sapiens
<400> 68
caggtgcaat tgcaacagtc tggtccgggc ctggtgaaac cgagccaaac cctgagcctg 60
acctgtgcga tttccggaga tagcgtgagc tctaattctg ctgcttgggg ttggattcgc 120
cagtctcctg ggcgtggect cgagtggctg ggccgtatct attatcgtag caagtggtat 180
aactcttatg cggtgagcgt gaaaagccgg attaccatca acccggatac ttcgaaaaac 240
cagtttagcc tgcaactgaa cagcgtgacc ccggaagata cggccgtgta ttattgcgcg 300
cgttatcagt gggttcctaa gattggtgtt tttgattctt ggggccaagg caccctggtg 360
acggttagct ca 372
<210> 69
<211> 372
<212> DNA
<213> Homo sapiens
<400> 69
caggtgcaat tgcaacagtc tggtccgggc ctggtgaaac cgagccaaac cctgagcctg 60
acctgtgcga tttccggaga tagcgtgagc tctaattctg ctgcttgggg ttggattcgc 120
cagtctcctg ggcgtggcct cgagtggctg ggccgtatct attatcgtag caagtggtat 180
aactcttatg cggtgagcgt gaaaagccgg attaccatca acccggatac ttcgaaaaac 240
cagtttagcc tgcaactgaa cagcgtgacc ccggaagata cggccgtgta ttattgcgcg 300
cgttatgatt gggttcctaa gattggtgtt tttgatcttt ggggccaagg caccctggtg 360
acggttagct ca 372
<210> 70
<211> 372
<212> DNA
<213> Homo sapiens
<400> 70
caggtgcaat tgcaacagtC tggtccgggc ctggtgaaac cgagccaaac cctgagcctg 60
acctgtgcga tttccggaga tagcgtgagc tctaattctg ctgcttgggg ttggattcgc 120
cagtctcctg ggcgtggcct cgagtggctg ggccgtatct attatcgtag caagtggtgg 180
aacgattatg cggtgagcgt gaaaagccgg attaccatca acccggatac ttcgaaaaac 240



For the detection of BAFFR binding Fab antibodies fromfirst primary
screening, e.g., phage display screening and/or for the secondary screening
process of ELISA positive clones, |ysates of selected E. colt clones can be
screened in FAGS as follows: Cells of ]Lhe 1respective cell line (parental cells
or cells transfected with BAFFR) ar &°Lbififed and adjusted to 2x107 cells/m in
PBS/ 3% ckdiStadtcORaNaiy3da (cedcSobadf t@gragadta @gb6rtwed lttamagogtgbot 8om pl ate, 2x105
cells are m xed w 5 plL_.Fab-containing lbacterial |ysate i final vol unme
of 100" Er AR edet B e OB B ot ARG B one iBur "Cei I are
t hen wastgdtaneecan t h FAGS buffer and resuspended in phycoery8hi n-conjugated
goat anti human |1 gG secondary anti body which has been diluted 1:200 in FAGS

buf fer. .Af¢.erzione hour incubation at 4C on a shaker, cells were again washed
once w kM1FAGSs5buffer, resuspended in FACS buffer and cell surface binding is
measur egggﬁorpgﬁé%a le,. via fluorescence intensity of the cells in the

FACSAr r ay Tnsiorurmsht (sBecton Di ckinson). Fc Capture EL/SA To identify BAFFR

bi ndi ng<F&b afiti bodies in the enriched cl ones from phage di splay, |ysates of
sel ecte i s.-ar e i Fc captu SA setting as

foll owsgsﬁﬁgl‘?ggh pL%gﬁ?w%ﬁl Q%rfgf%gvif{gp crlc?g{%& bﬁ%t Eérzéf%gﬂm goat anti-human 1gG
Fc diluted in PBS overnight at 4C. On the next day, the plates are washed,

bl ocked -y d.j i - Fc (Al exis) for one
hour at Gwo%prr? ?Z%Fi‘tlﬂr%} %&gtﬁjgﬁegf}%Eﬁﬁgg/eg%%{?gﬁ?%’g bacterial |ysates
are blocked wth a final concentration of 2.5% m |k powder. Then, pre-bl ocked
bacteri I r e tyre FR: F he pl at es.

Subsequzlrl]':t ILgé%EéﬁﬁF@rﬁgﬁdﬁn%gy&%Ego g?g dgétAce#g’% &/g F%ngf‘)%ti on with al kaline
phosphat ase conj ugated goat anti-human 1gG Fab specific, diluted 1:5000 in

0. 5% MPBRI ¢ F%ﬁ}%‘é’?%eby_s@dﬂigt WD R AL hRIPhes flupresierace substrate (Roche

Di agnosticsp. Fluorescencesgm ssion at 53%onmis recorded with excitation at
430 nmin a TECAN Spectrafl uor plate reader.

Gly Sser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Glu
65 70 80

Pro Glu Asp Phe Ala val Tyr Tyr Cys GIn GIn Leu Tyr Ser Ser Pro
85 90 95

Met Thr Phe Gly GIn Gly Thr Lys val Glu Ile Lys Arg Thr val Ala
100 105 110

Ala pro Ser val Phe ITe Phe Pro Pro Ser Asp Glu GIn Leu Lys Ser
115 120 125

Gly Thr Ala Ser val val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu
130 135 140

Ala Lys val GIn Trp Lys val Asp Asn Ala Leu GIn Ser Gly Asn Ser
145 150 155 160

GIn Glu Ser val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu
165 170 175

Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys val
180 185 190

Tyr Ala Cys Glu val Thr His GIn Gly Leu Ser Ser Pro val Thr Lys
195 200 205

ser Phe Asn Arg Gly Glu Cys
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Fab Capture EL1SA For the detection of BAFFR binding Fab anti bodi es from phage
di splay, lysates of selected E. coli clones are screened in a Fab capture

ELI SA setting: Maxisorp 384-well plates are coated with a sheep anti-human

IgG Ed fragnent specific antibody dil ;éut ed,1: 1000 in PBS overnight at 4C. On
the next daye the plates apg washed End Bfbcked with TBS/ 0.05% Tween/ 5% ni | k
powder (5% MIBST) for one hour at roomtenperature. In WO
201010012%&PC%%EP2009/059030 paral lel, the Fab containing bacterial |ysates
are bl og wish a final concentration of 2.5% m |k powder. Then, pre-blocked
bact eri akld>yserres are added to the capture anti body i nmobilized on the plates.
SubsequentdPy HaFe AP Ur ed HUCAC- Fab fragnents are allowed to bind to 1 pg/m

bi oti nyl.agsed BAFFR Fc (diluted in PBST) which is finally detected by

i ncubation with_Streptavidin conjugated to al kali ne phosphat ase (Zymax),

di | ut ed41P 306031 2. BYo MPBST, Proiyevida sy wdditi 8% 8f° AlY oPhos fl uor escence
substrate (Roche Di agnostics). Fluorescence em ssion at 535 nmwas recorded

with excitation at 430 nmin a TECAN Spectrafl uor plate reader.
Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser GIn Met Ile Asp Leu Arg

20 25 30

Tyr Leu Ser Trp Tyr GIn GIn Lys Pro Gly GIn Ala Pro Arg Leu Leu
35 40 45

ITe Tyr Gly Ser Ser Ser Arg Ala Thr Gly val Pro Ala Arg Phe Ser
50 55 60

Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Glu
65 70 75 80

Pro Glu Asp Phe §1a val Tyr Tyr Cys GIn GIn Phe Tyr Ser Ser Pro
5 90 5

Leu Thr phe Gly GIln Gly Thr Lys val Glu Ile Lys Arg Thr val Ala
100 105 110

Ala Pro Ser val Phe I1e Phe Pro Pro Ser Asp Glu GIn Leu Lys Ser
115 120 125

Gly Thr Ala Ser val val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu
130 135 140

Ala Lys val GIn Trp Lys val Asp Asn Ala Leu GIn Ser Gly Asn Ser
145 150 155 160

GIn Glu Ser val Thr Glu GIn Asp Ser Lys Asp Ser Thr Tyr Ser Leu
165 170 175

Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys val
180 185 190

Tyr Ala Cys Glu val Thr His GIn Gly Leu Ser Ser Pro val Thr Lys
195 200 205 '

Ser Phe Asn Arg Gly Glu Cys
210 215

<210> 73
<211> 215
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BAFFR - BLyS binding ELISA To directly identify inhibitory antibodi es,
FLAG t agged Fabs are screened in a BAFFR BLyS bi ndi ng ELI SA: Maxi Sorp 96-wel |
pl ates are coated with 1 pg/m hsBLyS in PBS, overnight at 4C. On the next
day, the plates are washed and bl ockeq with PBS/ 2% BSA for at | east one hour
at roompeapesature. In parallel, thHE Fa9tont ai ni ng bacterial |ysates are

bl ocked <m3h @ombi sm@aliersoncentrati on of 2. 5% BSA. The pre-bl ocked bacteri al

| ysat es %ﬁ{e %fcubated with 5 pg/ mL nonocl onal anti-FLAG M2 anti body for 30
mn in 6rdér to increase the inhibitory activity by cross-Ilinking and
subsequenp Inye Ma1ngumihrbe ot sery lPad eda BAFRRuFs:r( tid séredreé B1¥PBS/ 2% BSA) are added
for anotther 30 min at room tenperatufe, slightly shaking. The pre-incubated

| ysat e/ bio-BAFFR Fc m xture is added to pl ate-bound hsBLyS. After 30 min at
room t empersat wle amdiavasdri ngs ArhelBlseS dausid bicotBAPFRGFe i s det ected by

i ncubation with St% eptavidin conjdgated to al kal Phe phosphat ase (Zymax)
diluted 1:3000 in PBS/ 2.5%BSA, followed by addition of AttoPhos fl uorescence
subst r atrer (LRoclee Dipagirostn ¢¥) Ly$IPuoradgo@ncel aepiossroneat eb35 nm was recor ded
with excitation at 430 nmin 4°TECAN Spectrafflor plate reader. In case
purified Fabs are used instead of bacterial |ysates, the anti-FLAG

cross- | ithkiTag St egeri Seropert ted A1FABS Sgreénimgaaf fey PMatsar at i on Second

mat ur at i on:*° >> 60

Gly ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Glu
65 70 7 80

Pro Glu Asp Phe §1a val Tyr Tyr Cys GIn GIn Phe Tyr Ser Ser Pro
5 90 95

Leu Thr Phe Gly GIn Gly Thr Lys val Glu ITe Lys Arg Thr val Ala
100 105 110

Ala Pro Ser val Phe Ile Phe Pro Pro Ser Asp Glu GIn Leu Lys Ser
115 120 125

Gly Thr Ala ser val val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu
130 135 140

Ala Lys val GIn Trp Lys val Asp Asn Ala Leu GIn Ser Gly Asn Ser
145 150 155 160

Gln Glu Ser val Thr Glu GIn Asp Ser Lys Asp Ser Thr Tyr Ser Leu
165 170 175

Sser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys val
180 185 190

Tyr Ala Cys Glu val Thr His Gln Gly Leu Ser Ser Pro val Thr Lys
195 200 205

ser Phe Asn Arg Gly Glu Cys
210 215

<210> 74

<211> 215

<212> PRT

<213> Homo sapiens

<400> 74
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For the screening of binders fromthe maturation the FACS anal ysis can be
performed as described with the follow ng changes: the |ysate of the selected
E. coli clones is diluted until maximum signals are bel ow saturation. The

| ysates are anal yzed for binding to I§§1j:_isec]el I's. 5x104 cells per 96-well are

m xed Wit 110Qaple0f rit-herdiéif eFEnRta Ghl Utegthdbacd,eedrabrd ¥sat es. The detection of
t he cel - bound Fabs %s perforned as idescri bed. Cl on&s can be ranked according
to their signal strength. 2. Affinity Determ nation of antibodies identified

from scieenirggiassayiseuVr26L0 1PP A0S 2RE o ERRA0SL0RR08Q, Red uti on Equilibrium
Titration (SET) M$thod for KD De&rm nation Usingo Bi oVeris

Tyr Leu Ser Trp Tyr GIn Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu
35 40 45

Ile Tyr Gly Ser Ser Ser Arg Ala Thr Gly val Pro Ala Arg Phe Ser
50 55 60

Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Glu
65 70 75 80

Pro Glu Asp Phe Ala val Tyr Tyr Cys GIn Gln Phe Tyr Ser Ser Pro
85 90 95

Leu Thr pPhe Gly GIn Gly Thr Lys val Glu ITe Lys Arg Thr val Ala
100 105 110

Ala pPro Ser val Phe Ile Phe Pro Pro Ser Asp Glu GIn Leu Lys Ser
115 120 125

Gly Thr Ala Ser val val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu
130 135 140

Ala Lys val GIn Trp Lys val Asp Asn Ala Leu Gln Ser Gly Asn Ser
145 150 155 160

GIn Glu Ser val Thr Glu GIn Asp Ser Lys Asp Ser Thr Tyr Ser Leu
165 170 175

Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys val
180 185 190

Tyr Ala Cys Glu val Thr His Gln Gly Leu Ser Ser Pro val Thr Lys
195 200 205

Ser Phe Asn Arg Gly Glu Cys
210 215

<210> 75

<211> 454

<212> PRT

<213> Homo sapiens

<400> 75
GIn val GIn Leu GIn GIn Ser Gly Pro Gly Leu val Lys Pro Ser Gln
1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Ile Ser Gly Asp Ser val Ser Ser Asn
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Affinity determnation in solution can be basically perfornmed as described in
the literature (Friquet et al. (1985) J. |mmunol. Meth. 77, 305-319 and Haenel
et al. (2005) Anal. Biochem 339, 182-184). In order to inprove the
sensitivity and accuracy of the SET m?%hod the nethod is transferred from
classical ELISA tg ECL based Bi oegri% 't e€hhol ogys,1 my/m goatanti - human
(Fab) 2 or goat-anti-nmouse 1gG Fc fragnment specific antibodies (D anova) were
| abel l ed with E’rV-tagf m NHS- Est er &Bi overis 1Eur %pe1 Wt g?g/m Oxfordshire, UK)
accor di 1§ (02 t518 TRNUPaltPur & 459 ICAR P It P ohY. 4oPh&YekPerfifent is carried out in
pol ypropyl ene mcroliter plates and PBS pH 7.4 supplenented with 0.5% BSA and
0. 02% Tween 20.as, assay_huffer. Unlabeled BAFFR Fc is diluted in 2n series.
Vel |s WIW?KI)”I(IE'@E ANtAT eﬁemarefgﬁrséag ,'[“é(e)r &ét"eﬁﬁiﬁe‘r r?agervg rug % After addition of
100 pM Fab (final concentration in 75 pl final volune), the m xture was

i ncubat ed, far QuUrs a bsequent 1Lxture of 25 pl Dynabeads (0.4
ng/ mlL M%?h(fegtvrzaép yzﬁv?eéi é{;gREW\IiEr ﬁ%téﬁﬂr%?,%@(% re%erwnu(fh @ér.] 25 pg/ mL biotinyl at ed
BAFFR Fc antigen and BV-tag | abel ed detection antibody in a final dilution of
5 1000, 90 (RRITUIBL FaNPA.A 2000 LAE ANLLITRUSR,) g3 Yy o aded per vl I

el ectrochem | um nescence signals are detected using a M 384 SERI ES@

Wor kst at | i, Qveri [ i t j,nat | n Directly Coated
Ant i gentrsfﬁgyﬁﬁfﬁgtﬁe'os %c?r%g{rggﬁ Tﬂﬁgggrﬁdi@aﬁ% %&?‘é%n%eggs% th serial dilutions
of the respective Fab binding to either Fe-captured BAFFR Fc or to covalently
i mobi | i .1EC I Ny ot-ec i ng.the Bl Acore 3000

i nstr uné%fdr(gﬁggc%r]g,d%sai'? X%ﬁfr\g @r}éﬁz %E?ﬁgo%l g%’]rt H?rlnﬁg%i lization of the
antigens or the anti-Fc capture anti body standard EDC- NHS am ne coupling

chem st iy, inSo Useda1 KieE i HEASHUILEHRAL SsePerg £ong, i 8o PRS, (136 MM NaCl, 2.7 nM
KCl, 10 n¥\/|1|3|a2HPO4, 1.76 mMBKH2PO4 pH 7.4)148t a flow rate of 20 pllmn using
Fab concentrations ranging from1.5 to 500 nM The injection tinme for each
concent oy iR 18 Aaridh cf0LOWed Y 5L LIBT3 B 4R B A ssoci ation phase.  For
regenerasson two injectisins of Gycine/1s€l pH 1.5 are applied. Al sensograns
are fitted using the Bl A evaluation software 3.1 (Biacore). For affinity

det er m Rat itQR Jal JU-ep@nes ofr LOP0hamRD serdum éNevki ned ke measurenent is
performed in PBS cont&i ni ng 10% humamoser um whi ch wags sterile filtered (pore
size 1.2 and 0.2 pm prior to use in order to renove protein aggregates after

t hawi Ngphe Pro Ala val Leu GIn Ser Ser Gly Leu Tyr Ser Leu Ser Ser val
180 185 190

val Thr val Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Ash
195 200 205

val Asn His Lys Pro Ser Asn Thr Lys val Asp Lys Arg val Glu Pro
210 215 220

Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu
225 230 235 240

Leu Leu Gly Gly Pro Ser val Phe Leu Phe Pro Pro Lys Pro Lys Asp
245 250 255

Thr Leu Met Ile Ser Arg Thr Pro Glu val Thr Cys val val val Asp
260 265 270

val Ser His Glu Asp Pro Glu val Lys Phe Asn Trp Tyr val Asp Gly
275 280 285

val Glu val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn
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Det er m nati on of

FAGS) The BAFFR -

| C50 Val ues

BLYS bi nding assay is perfornmed using Raji
endogenous BAFFR. The BAFFR specific Fabs are used in final

in the BAFFR -

BLYyS Bi ndi ng Assay (Conpetition

from40 to 0.001 nM WO 20101007082PC%}EP2909/059030
eolf-seq
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Arg

Thr
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Pro
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300
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Pro

Trp
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Ser

Tyr

Tyr

Phe

430
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The diluted Fabs are incubated in 96-wel|l plates with 5x10/ Raji cells per
well for 1 h at 4C on a shaker. Then biotinylated hsBLyS is added in a final
concentration of 25 ng/m and the cells were incubated for 30 mn at 4C on a
shaker. The cells are washed tw ce vvlt1 F buffer and then resuspended in
phycoeryt hri n- conj ugat ed Streptavidif t(]'ljeﬁ ova) which has been diluted 1:200
in FACS buffer. The staining is perfornmed for one hour at 4"C on a shaker.
Fi nal | yG’ﬂ'f']é‘héesle!stezblrgl%”v\/ka%"néﬂ1 £6F 8! vggfh"'”FA@S A Tier 513 &3Lspended in FAGS
buffer and BLyS bindinhg to cell surfiace BAFFR is defected via fluorescence
cytonetry in the FACSArray instrunent (Becton Dickinson). Determ nation of
/ C53 ValT¥esVyT rfye g aBMEFR FeYs TBLyS] BirﬁdiyﬁgI1As%1a’y\l’$]g)06h?Jéfﬁ’ti on ELSA) 96-wel |
Maxi Sorp plates are coated over night at 4C with hunman sol ubl e BLyS. After
coating, the wells were washed 4 tinmes with PBS/ 0.05./0 Tween20 (PBST) and
then bl 68k&APfHY 4 "hClat T@?Eewg?%: TPBIT! it %ggsi'%TbroWﬁe serum al buni n
foll owed by 4 washing steps w PBST. Biotinylated human BAFFR: Fc fusion
protein ﬁAxxor a) at ZOn?/ml was added and captured for 1 h at 37 C together
with in€ é{igr?@'"c‘@ﬂc%ﬂﬁ % L8 o At - BARRR #ift T'Hodfe&!Y After another washing
round, ExtrAvidin-Alkaline osphat ase (Signa) was added to the wells and
i ncubat _%d fTor :%0_ njanutueg at 37C. T1he bound rhF())spprat ase was detected by adding
a sol ut Sgh Ebrft aihienfUpsly CropRENGI 'Hhdkghat’e Nen fl &th&Epl anin (Sigma). The
col or reaction was stopped after ca. 20 mnutes with an equal volume of 2N
sodi um h%}gr %xi d(.? and_t he absorl‘[)ange was_ neasured a1t 405 nmon a pl ate reader
(Spect r IvBX 196 W01 BRUPHr SBe e 437 Lopeter @i Y1 Bi2 'EB0 Val ues in the BAFFR
pepti de Onini BR3) - BLYS Bi nding Assay (Conpetition ELI SA)

Phe Pro Ala val Leu GIn Ser Ser Gly Leu Tyr Ser Leu Ser Ser val

180 185

val Thr val Pro Ser Ser Ser Leu Gly Thr GIn Thr Tyr Ile Cys Asn
195 200 205

val Asn His Lys Pro Ser Asn Thr Lys val Asp Lys Arg val Glu Pro
210 215 220

Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu
225 230 235 240

Leu Leu Gly Gly pro Ser val Phe Leu Phe Pro Pro Lys Pro Lys Asp
245 250 255

Thr Leu Met Ile Ser Arg Thr Pro Glu val Thr Cys val val val Asp
260 265 270

val Ser His Glu Asp Pro Glu val Lys Phe Asn Trp Tyr val Asp Gly
275 280 285

val Glu val His Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn Tyr Asn
290 295 300

ser Thr Tyr Arg val val Ser val Leu Thr val Leu His Gln Asp Trp
305 310 315 320

Leu Asn Gly Lys Glu Tyr Lys Cys Lys val Ser Asn Lys Ala Leu Pro
325 330 335

Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu
340 345 350
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96-wel | Maxi Sorp plates are coated over night at 4C with human sol ubl e BLyS.

After coating,

t hen bl ocked for

foll owed by 4 washing steps with PB%%

the wells were washed 4 tinmes with PBS/ 0. 05i

Tween20 (PBST) and

1 h at 37C with PBST containing 1% bovine serum al bum n
Q{inylated BAFFR deri ved peptide

(mni BR3, PiCHEM Austria) at 20ng/
together with increasing concentrations _of anti-BAFFR anti bodies. After

anot her PRASAT
the wells and T'ncubated for 3
detected_by adding a solution containi

5 dHall" THeLEbVB! Rkt iR

di et hanSl'a

b

wi th an equa

405 nmon a

@@1fﬁﬁhHF

PR

-
was

Be

added and captured for 1 h at 37C

FER REAAKAIGHS P
8 m nutes at 37

vol une of 2N sodi um hydr oxi
x 19

Cr oss- R(%ég:tviavﬁ ¥ 8
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The cross-reactivity of the Fabs to cynonol gus BAFFR is tested in FACS
titration anal ysis on cyno BAFFR transfected HEK293T cells. The final

candi date Fabs are used in dilutions ranging from 177 nMto 0.001 nM The
diluted Fabs are incubated in 96-wel|  plates with 5x104 cells per well for 1 h
at 4C on a shaker. Then the cells ar€ wasfed twice with FAGS buffer and

r esusperdedrbsephyedorrey bl Lot adanjPugaeedsegoats set Thrhaemely gG (D anova) whi ch
has been di¥fted 1:200 in EXGS buffer. Thel®taining is performed for 1 h at 4C
on a shaker. Finally, the cells are washed twice with FAGS buffer and Fab

bi ndi ng cils THetdetAld MviuaGTy apy escente ysyAsoneirr hhe Ard heu FACSArray i nstrumnent
(Bect on1f® cki nson). Anal3%is of cross-rleactivity to BOWO and TAG FAGS The
cross-reactivity of the Fabs to BCVMA is tested in FAGS titration anal ysis on
BCMVA t r ansfibct\ed HEKRO3ASrCebt Sy the Leabdhrasee eibed’l Aif iThal concentrations
rangi ng from hi gh nM%r even uM dowl’fo pM The stai Aihg of the cells and the

detection of Fab binding are perforned as described. Elisa

Phe Pro Ala val Leu GIn Ser Ser Gly Leu Tyr Ser Leu Ser Ser val
180 185 190

val Thr val Pro Ser Ser Ser Leu Gly Thr GIn Thr Tyr Ile Cys Asn
195 200 205

val Asn His Lys Pro Ser Asn Thr Lys val Asp Lys Arg val Glu Pro
210 215 220

Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu
225 230 235 240

Leu Leu Gly Gly Pro Ser val Phe Leu Phe Pro Pro Lys Pro Lys Asp
245 250 255

Thr Leu Met Ile Ser Arg Thr Pro Glu val Thr Cys val val val Asp
260 265 270

val Ser His Glu Asp Pro Glu val Lys Phe Asn Trp Tyr val Asp Gly
275 280 285

val Glu val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn
290 295 300

Ser Thr Tyr Arg val val Ser val Leu Thr val Leu His Gln Asp Trp
305 310 315 320

Leu Asn Gly Lys Glu Tyr Lys Cys Lys val Ser Asn Lys Ala Leu Pro
325 330 335

Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly GIn Pro Arg Glu
340 345 350

Pro Gln val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn
355 360 365

GIn val Ser Leu Thr Cys Leu val Lys Gly Phe Tyr Pro Ser Asp Ile
370 375 380

Ala val Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn Asn Tyr Lys Thr
385 390 395 400
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384-wel |l Maxi Sorp plates are coated over night at 4C with a goat anti-human
| gG Fc fragnent specific capture anti body. After coating the wells were
washed twice with PBS/ 0. 05% Tween20 (PBST) and then blocked for 1 h at RT with
PBST containing 5% m | k powder foll 0e"6'?9—s%¥1 two washing steps with PBST.
Reconbi nant BCVA and TACI Fc-fusion protei'ns are added and captured for 1 h at
RT. Thenht ireo pupialeickuansh det utred1BARFRhspaei faucTyaber aye added and the pl ates
are incubated for 1 #%at RT. To detédf the Fabs, an®il kal i ne phosphatase
(AP) -conj ugat ed goat anti-human 1gG Fab specific is added and the plates are
i ncubat édu fror ValMsat LRTser6td ow ﬁgn gdchsly onbetli eire seegys he wel | s are washed
five times with PBET. For the det'etion of the AP%onjugates, AttoPhos (Roche)
is used according to the manufacturer's instructions. Fluorescence is neasured
usi ng asSFECAN l\?geﬁ'tsrfam Nor Ll df € AseaderTyr3thrCelnl Lyrased Lewnct i onal assays BLyS
i nduced co-sti%fol ati on of humdf®B-cell prolif&ation Untouched B-1ynphocytes
were purified from peripheral bl ood nononucl ear cells by depletion of other
cell types Lggiseg RieeGIVACS B-Cel | isolation kit Il (MItenyi Biotec). To induce
B-cell pr ol*Pferati on, 100p1 containing 1 x105 cells were seeded into
round- bottom 96well plates in five replicates. Human sol ubl e BLYyS was added at
a concentfat i of 3ng/mL together with 0.35% (vol/vol) beads coupled with
anti-hu { anti bodi es. To determ ne

<213> Homo sapiens

<400> 78
Gln val GIn Leu GIn Gln Ser Gly Pro Gly Leu val Lys Pro Ser Gln
1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Ile ger Gly Asp Ser val ger Ser Asn
20 5 0

ser Ala Ala Trp Gly Trp Ile Arg GIn Ser Pro Gly Arg Gly Leu Glu
35 40 45

Trp Leu Gly Arg Ile Tyr Tyr Arg Ser Lys Trp Trp Asn Asp Tyr Ala
50 55 60

val Ser val Lys Ser Arg Ile Thr Ile Asn Pro Asp Thr Ser Lys Asn
65 70 75 80

Gln Phe Ser Leu Gln Leu Asn Ser val Thr pPro Glu Asp Thr Ala val
85 90 95

Tyr Tyr Cys Ala Arg Tyr Asp Trp val Pro Lys ITe Gly val Phe Asp
100 105 110

Gly Trp Gly GIn Gly Thr Leu val Thr val Ser Ser Ala Ser Thr Lys
115 120 125

Gly Pro Ser val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly
130 135 140

Gly Thr Ala Ala Leu Gly Cys Leu val Lys Asp Tyr Phe Pro Glu Pro
145 150 155 160

val Thr val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly val His Thr
165 170 175
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WO 20101007082PCl 1EP2009/ 059030 their inhibitory potencies, anti-BAFFR

anti bodies at different concentrations were added at different concentrations.
For the determi nation of agonistic properties of anti-BAFFR anti bodies, the
cells were induced with 0.35% (vol /ve%H}_sggfds coupled with anti-human | gM

ant i bodirgs FaPGh1bNENEASI BTh €8NCENtN AtledNS roderandd s&AEERvant i bodi es (no

addi tional BLyS added). Afterwards8; the cells weit® cultured for 3 days. For
the last 12 hours, 1pCilwell of tritiated thym dine was added. Cells were

har vest @gh afk aad drol $@F s@ndet Ny @8Y IThassaciat Bg frdepaath vity was quantified
in a scintill&aon counter. BR9® induced co-stl5mul ati on of human B-cell (961
production Untouched B-1ynphocytes were purified from peripheral bl ood
nmononuchearmsealiksyRypdeptehirnofiyotaeraspelys Axgpes usi pgot he MACS B- Cel |
isolation Rl 11 (MItenyi 2Biotec). To indi¥®e | gGlL synthesis, 100pl contai ni ng
1 x105 cells were seeded into round-bottom 96well plates in five replicates
and sti mys aedywi Ash SgFHALHTUITERN c5O1AbI e oBlySeicogRt hes et h 100 ng/ nmL human

| L-21 (Pépro Tech Inc.)230To determ ne t4€ir inhibitory?2pdtencies, anti-BAFFR
anti bodi es were added at different concentrations. For the determ nation of
agoni st iLeu peopRytdigsraf sentviat BA-ERu antidrodires,yst he cgd lasp wer e i nduced wi th 100
ng/ mL human | L-21 an#fSi ncreasi ng corééntrations of ahti-BAFFR anti bodies (no
addi ti onal BLyS added). The cells were cultured for 9 days and the

super natrantLeu wer erleotdrecitedhr PadsE1wasal deirerysi viddvainvihesgel | super nat ants by
enzyme |inked i nmfio-sorbent assa&§>(ELI SA). 270

val Ser His Glu Asp Pro Glu val Lys Phe Asn Trp Tyr Val Asp Gly
275 280 285

val Glu val His Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn Tyr Asn
290 295 300

Ser Thr Tyr Arg Vval val Ser val Leu Thr val Leu His GIn Asp Trp
305 310 315 320

Leu Asn Gly Lys Glu Tyr Lys Cys Lys val Ser Asn Lys Ala Leu Pro
325 330 335

Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly GIn Pro Arg Glu
340 345 350

Pro GIn val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn
355 360 365

Gln val Ser Leu Thr Cys Leu val Lys Gly Phe Tyr Pro Ser Asp Ile
370 375 380

Ala val Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn Asn Tyr Lys Thr
385 390 395 400

Thr Pro Pro val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
405 410 415

Leu Thr val Asp Lys Ser Arg Trp GIn GIn Gly Asn val Phe Ser Cys
420 425 430

Ser val Met His Glu Ala Leu His Asn His Tyr Thr GIn Lys Ser Leu
435 440 445

page 30



Anti body dependent cellular cylotoxicity assay (ADCC) Untouched B-|ynphocytes
were purified from peripheral blood nononuclear cells (PBMC) by depl etion of
other cell types using the MACS B-Cell isolation kit Il (Mltenyi Biotec).
Simlarly, autologous natural Kkill er, QN Q cells were purified from PBMC by
negat i vge,dcigbeg,tepqa}ooaya[ygAutoMACs devi ce usi ng the MACS human NK Cel |

| sol ation Kb® (M Iteny Biotech). Increasing concentrations of anti-BAFFR

anti bodies in 100pl were incubated with 1x104B-cells in 50p1 of culture medium
in V-shaped 96-well plates (Corning) for 20 m nutes. Then, 50pl containing
1x105 NK2ILlel | Beder e added and incubated for 4 hours at 37C. The cells were

spun do@%ﬁ%nq‘i” 50%% super natant was renoved. The cells were re-suspended
and 10pl o 1 |Iut| on of 7-am no actinonycin D (7-PAD. Becton
Di cki nsef0>wa® added. The cells were enunerated in a FACScal i bur (Becton

Di cki ns 6P P r T8RRI DAL LAM Y STHT 67297 - PAEF 83T CFUEREN s waS per f or med

usi ng tB@ct@Eb&CQJﬂ&Ead?cha &@t,&gm@ﬁgt é&ﬁ@tmgac@&tﬂgg@&tgg«hcdg@ vi vgo functi onal
assays In vivo B cel etin ef fects of ant|8-BAFFR

assa
RO A R e ARt SR PR L VL RIS L ks

20101007Z083PC HERZRODYGDYQ3éhgcagg atcaccatca accctgacac cagcaagaac 240
cagttctcac tgcagctcaa cagcgtgacc cccgaggaca ccgccgtgta ctactgcgec 300
agatacgact gggtgcccaa gatcggcgtg ttcgacagct ggggccaggg caccctggtg 360
accgtgtcaa gcgccagcac caagggcccc agcgtgttcc ccctggcccc cagcagcaag 420
agcaccagcg gcggcacagc cgccctgggce tgcctggtga aggactactt ccccgagcecc 480
gtgaccgtgt cctggaacag cggagccctg acctccggcg tgcacacctt ccccgccgtg 540
ctgcagagca gcggcctgta cagcctgtcc agcgtggtga cagtgcccag cagcagcctg 600
ggcacccaga cctacatctg caacgtgaac cacaagccca gcaacaccaa ggtggacaag 660
agagtggagc ccaagagctg cgacaagacc cacacctgcc ccccctgeccc agccccagag 720
ctgctgggcg gaccctccgt gttcctgttc ccccccaagc ccaaggacac cctgatgatce 780
agcaggaccc ccgaggtgac ctgcgtggtg gtggacgtga gccacgagga cccagaggtg 840
aagttcaact ggtacgtgga cggcgtggag gtgcacaacg ccaagaccaa gcccagagag 900
gagcagtaca acagcaccta cagggtggtg tccgtgctga ccgtgctgca ccaggactgg 960
ctgaacggca aggaatacaa gtgcaaggtc tccaacaagg ccctgccagc ccccatcgaa 1020
aagaccatca gcaaggccaa gggccagcca cgggagcccc aggtgtacac cctgcccccc 1080
tcccgggagg agatgaccaa gaaccaggtg tccctgacct gtctggtgaa gggcttctac 1140
cccagcgaca tcgccgtgga gtgggagagc aacggccagc ccgagaacaa ctacaagacc 1200
acccccccag tgctggacag cgacggcagc ttcttcctgt acagcaagct gaccgtggac 1260
aagtccaggt ggcagcaggg caacgtgttc agctgcagcg tgatgcacga ggccctgcac 1320
aaccactaca cccagaagag cctgagcctg tccccecggea ag 1362
<210> 80
<211> 1362
<212> DNA
<213> Homo sapiens
<400> 80
caggtgcagc tgcagcagag cggcccaggc ctggtgaagc cctctcagac cctgagcctg 60
acctgcgcca tcagcggcga cagcgtgagc agcaacagcg ccgcctgggg ctggatcagg 120
cagagccccg gcaggggcct ggaatggctg ggcaggatct actataggtc caagtggtac 180
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a) Relative nunbers of B cells in the blood |Iynphocyte conpartnment are
nmeasured by staining of whole blood or isolated peripheral bl ood nononucl ear
cells (PBMC) with fluorescent |abelled antibodies specific for Bcell and T
cell surface markers (CD3 and CD19, ero?:g%ecti vely). The rel ative percentage of
CD3 and CD19 positive cells is quanti i &g y flow cytonetry and a sel ective
reduct i eacaattdBgceldtsagran daegexpress@dcdiyaarciquraasegdangdadse rasdo of T cells
to B Ce!c.last't B cel |l nunbers rtﬁ de%ern‘i r&c—c\d a

b). Asol ut
col ') nE eSS TSP OB B by P St G 85 FHoPeeEent Fabel | ed
ant i - CDaggtantddvoghotpercedrdsi rugtgion twighbagir LOOWNRgYaIlbesccf @ty # 340334; Bect on
Di cki ns J L Ng rer's jnstr ions. 01,4
ani mal %g%?gﬁgﬁésg%%@%%égégﬁg% uc%%‘%éé %rc {%@g&?g%&%cggc%gen g?(g)posed to
refl ect ageiya@gpewbsa@ic tdgecdtugamn talicsedge. agBh@acst icncgeedtcby “ddruni sati on of
genetic C i i 0 1 i I gencjhn adjuvant and
is medi glfée%cgt;;scaﬁc& P%ﬁg%thgégdé:gﬁgo%%éﬁcg%cyd%ggagé%gﬁoékﬁ%g%d&? ger%!é(?ati on, which
t hen bi nthdaoagrapaaogFcgtarcapeoter afcotypealdagepickagemsqa@idtp. B6Ph B- and
T- 1 ymphggyt es, ar & 4, ppett ant J athegenesis of e jirnt histology in
t he ani %a rma(fgl cﬁcgs maély E?%Bf%agr?%cﬁeé tg g{lhe ﬁmr%&aq%g(é%?e vvi%%(ﬂ aspects such
as synowdditodnagoerqehasdicag cgargomal ceraostiasn @adctdest ractccegrdof ¥A@ cartil age

surface cpﬁiiteggcﬁoég'accgiccﬁb%tfc&%t_ajc'{cegc&fccgagg &%SJ@QQM%E&H&Q&& 780

agcaggaccc ccgaggtgac ctgcgtggtg gtggacgtga gccacgagga cccagaggtg 840
aagttcaact ggtacgtgga cggcgtggag gtgcacaacg ccaagaccaa gcccagagag 900
gagcagtaca acagcaccta cagggtggtg tccgtgctga ccgtgctgca ccaggactgg 960
ctgaacggca aggaatacaa gtgcaaggtc tccaacaagg ccctgccagc ccccatcgaa 1020
aagaccatca gcaaggccaa gggccagcca cgggagcccc aggtgtacac cctgeccccc 1080
tcccgggagg agatgaccaa gaaccaggtg tccctgacct gtctggtgaa gggcttctac 1140
cccagcgaca tcgccgtgga gtgggagagc aacggccage ccgagaacaa ctacaagacc 1200
acccccccag tgctggacag cgacggcagc ttcttcctgt acagcaagct gaccgtggac 1260
aagtccaggt ggcagcaggg caacgtgttc agctgcagcg tgatgcacga ggccctgcac 1320
aaccactaca cccagaagag cctgagcctg tcccccggca ag 1362
<210> 81

<211> 1362

<212> DNA

<213> Homo sapiens

<400> 81
caggtgcagc tgcagcagag cggcccaggc ctggtgaagc cctctcagac cctgagcctg 60

acctgcgcca tcagcggcga cagcgtgagc agcaacagcg ccgcctgggg ctggatcagg 120
cagagccccg gcaggggcct ggaatggctg ggcaggatct actataggtc caagtggtac 180
aacagctacg ccgtgagcgt gaagagcagg atcaccatca accccgacac cagcaagaac 240
cagttcagcc tgcagctcaa cagcgtgacc cccgaggaca ccgccgtgta ctactgcgcec 300
aggtatcagt gggtgcccaa gatcggcgtg ttcgacagct ggggccaggg caccctggtg 360
accgtgagca gcgctagcac caagggcccc agcgtgttcc ccctggcccc cagcagcaag 420
agcaccagcg gcggcacagc cgccctgggce tgcctggtga aggactactt ccccgagccc 480
gtgaccgtgt cctggaacag cggagccctg acctccggcg tgcacacctt ccccgecgtg 540
ctgcagagca gcggcctgta cagcctgtcc agcgtggtga cagtgcccag cagcagcctg 600
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After imruni zation with col |l agen type |
booster treatnent with G 11 at day 21, DBA/1 mce usually devel op severe

synptonms of arthritis.
i ntraperitoneally,

or isotype e
approximately d

end of tcbf‘ct@mrgi&eﬁcdgt e lgk N c&fdckb £ReYcdad

nph nodes can be assessed

spl een,

od and

iuéréﬂtaéigdtg

In the present study,
twice weekly with

(CG11) at day 0 and subsequent

per

the mce are treated
mouse of anti

BAFFR anti bodi es

Q%@g%gh& @a&agg&xﬁg&u&ca@gbf@g@a(a@ays 6B nus 10 to

iS nmonitored throughout the experinent as
an i ndi @arBLIBIC ﬁqaéé%ég s‘@%ﬁ'alg?‘f CH%FHC&QSFCF%'C%E‘% R8FGReE99n t &0 paws at the

aw swel

g%lé§@ lc¥

eghrgB ccel lrgglepl etion in
|solat|on and FACS

ly
anay| si $9CEEPSA FORIHWEF COFI™4Gkh IBHLIHGA %a‘éqaégi)éﬁ%?ﬁﬁ%td t o8fhvesti gate

whet her agmca&tﬂ gg;cqygttglgg '®g t@@ad §tgscg@£gcgs&gggacggﬁ igeedigesagar e opg esuned to have
ey exhibit a statistically

good efflcac¥

si gni fi G429

(ONE V\A‘&Mg%)a fasabean ApRlageth thsdaddgy dditkgechanst @kegaat 0 1@200% reduction
time course with

in paw swel |1
each gr Gﬁﬁf‘ccatc

tccecgggagg
cccagcgaca
acccccccag
aagtccaggt
aaccactaca
<210>
<211>
<212>
<213>

<400> 82
caggtgcagc

82
DNA

acctgcgeca
cagagccccg
aacgactacg
cagttcagcc
agatatgact
accgtgagca
agcaccagcg
gtgaccgtgt
ctgcagagca
ggcacccaga
agagtggagc
ctgctgggcg
agcaggaccc
aagttcaact
gagcagtaca
ctgaacggca

aagaccatca

In a

1362

over the
gcaaggccaa

agatgaccaa
tcgeegtgga
tgctggacag
ggcagcaggg

cccagaagag

Homo sapiens

tgcagcagag
tcagcggega
gcaggggcct
ccgtgagcgt
tgcagctcaa
gggtgcccaa
gcgctagceac
gcggcacagc
cctggaacag
gcggcctgta
cctacatctg
ccaagagctg
gaccctccgt
ccgaggtgac
ggtacgtgga
acagcaccta
aggaatacaa

gcaaggccaa

ani m
u%ctalgﬁ?fc'tﬁ @ﬁ%qtpﬂ%tméﬂc@atiﬁﬂﬁ%fttﬂéa KPP HIY corplri son test

gggccageca
gaaccaggtg
gtgggagagc
cgacggcagc
caacgtgttc

cctgagectg

cggcccaggce
cagcgtgagce
ggaatggctg
gaagagcagg
cagcgtgacc
gatcggcgtg
caagggcccc
cgccctgggce
cggagccctg
cagcctgtcc
caacgtgaac
cgacaagacc
gttcctgttc
ctgcgtggtg
cggcgtggag
cagggtggtg
gtgcaaggtc

gggccagceca

if th

cgggagcccc
tccctgacct
aacggccagc
ttcttectgt
agctgcageg

tccceccggea

ctggtgaagc
agcaacagcg
ggcaggatct
atcaccatca
cccgaggaca
ttcgacggct
agcgtgttcc
tgcctggtga
acctcecggeg
agcgtggtga
cacaagccca
cacacctgcc
ccccccaage
gtggacgtga
gtgcacaacg
tccgtgctga
tccaacaagg

cgggagcccc
Page 3

| ow vari ati on

aggtgtacac
gtctggtgaa
ccgagaacaa
acagcaagct
tgatgcacga

ag

cctctcagac
ccgectgggg
actataggtc
accccgacac
ccgecgtgta
ggggccaggg
ccctggeccc
aggactactt
tgcacacctt
cagtgcccag
gcaacaccaa
ccecectgcecc
ccaaggacac
gccacgagga
ccaagaccaa
ccgtgectgea
ccctgecagce

aggtgtacac
3

cctgceccccc
gggcttctac
ctacaagacc
gaccgtggac

ggccctgecac

cctgagcctg
ctggatcagg
caagtggtgg
cagcaagaac
ctactgcgcec
caccctggtg
cagcagcaag
ccccgagecc
cceccgecgtg
cagcagcctg
ggtggacaag
agccccagag
cctgatgatc
cccagaggtg
gcccagagag
ccaggactgg
ccccatcgaa

cctgccecceccc

between animals within
1080

1140
1200
1260
1320
1362

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080



tcccgggagg
cccagcgaca
acccccccag
aagtccaggt
daccactaca
<210>
<211>
<212>
<213>

<400> 83
gatatcgtgc

83
645
DNA

ctgtcctgea
cccggecagg
gccaggttca
cccgaggact
cagggcacca
cccagcgacg
taccceccggg
caggagagcg
accctgagca
ggcctgtcca
<210>
<211>
<212>
<213>

<400> 84
gacatcgtgc

84
645
DNA

ctgtcctota
cccggcecagg
gccaggttca
cccgaggact
cagggcacca
cccagcgacg
tacccccggg
caggagagcg
accctgagca

ggcctgtcca

agatgaccaa
tcgccgtgga
tgctggacag
ggcagcaggg

cccagaagag

Homo sapiens

tgacacagag
gggccagcca
cccctagact
gcggcagegg
tcgccgtgta
aggtggagat
agcagctgaa
aggccaaggt
tcaccgagca
aggccgacta

gcceccgtgac

Homo sapiens

tgacacagag
gggccagceca
cccccaggcet
gcggcagegg
tcgecegtgta
aggtggagat
agcagctgaa
aggccaaggt
tcaccgagca
aggccgacta

gccececgtgac

gaaccaggtg
gtgggagage
cgacggcagc
caacgtgttc

cctgagcectg

ccecegecacc
gtttatcagc
gctgatctac
ctccggeacc
ctactgccag
caagcgtacg
gagcggcacc
gcagtggaag
ggacagcaag
cgagaagcat

caagagcttc

ccecegecacce
gatgatcgac
cctgatctac
ctccggcacc
ctactgccag
caagcgtacg
gagcggcacc
gcagtggaag
ggacagcaag
cgagaagcat

caagagcttc

eolf-seql

tccetgacct
aacggccagc
ttcttectgt
agctgcagcg

tceccecggea

ctgagcctga
agcagctacc
ggcagctcct
gacttcaccc
cagctgtaca
gtggccgcetc
gccagegtgg
gtggacaacg
gactccacct
aaggtgtacg
aacaggggceg

ctgagcctga
ctgagatacc
ggcagctcta
gacttcaccc
cagttctaca
gtggccgctc
gccagcgtgg
gtggacaacg
gactccacct
aaggtgtacg
aacaggggcg

gtctggtgaa
ccgagaacaa
acagcaagct
tgatgcacga

a9

gcccaggega
tgtcctggta
ctcgggcecac
tgacaatcag
gctcacccat
ccagcgtgtt
tgtgcctgct
ccctgcagag
acagcctgag
cctgcgaggt

agtgc

gcccaggega
tgagctggta
gcagggctac
tgaccatctc
gcagccccct
ccagcgtgtt
tgtgcctgct
ccctgcagag
acagcctgag
cctgcgaggt

agtgc

Page 34

gggcttctac
ctacaagacc
gaccgtggac

ggccctgcac

gagggccacc
tcagcagaag
cggcgtgecc
cagcctggag
gaccttcggc
catcttcccc
gaacaacttc
cggcaacagc
cagcaccctg

gacccaccag

gagggccacc
tcagcagaag
cggcgtgecec
aagcctggaa
gaccttcggc
catcttcccce
gaacaacttc
cggcaacagc
cagcaccctg

gacccaccag

1140
1200
1260
1320
1362

60
120
180
240
300
360
420
480
540
600
645

60
120
180
240
300
360
420
480
540
600
645



<210>
<211>
<212>
<213>

85
645
DNA

<400> 85

gacatcgtgc
ctgtcctgta
ccecggecagg
gccaggttca
cccgaggact
cagggcacca
cccagcgacg
tacccccggg
caggagagcg
accctgagca
ggcctgtcca
<210>
<211>

<212>
<213>

86
645
DNA

<400> 86
gacatcgtgc
ctgtcctgta
cccggcecagg
gccaggttca
cccgaggact
cagggcacca
cccagcgacyg
tacccccggg
caggagagcg
accctgagca
ggcctgtcca
<210>
<211>

<212>
<213>

87
184
PRT

<400> 87

Homo sapiens

tgacacagag
gggccagcca
cccccaggcet
gcggcagegg
tcgecgtgta
aggtggagat
agcagctgaa
aggccaaggt
tcaccgagca
aggccgacta

gccccgtgac

Homo sapiens

tgacacagag
gggccagcca
cccccaggcet
gcggcagegg
tcgccgtgta
aggtggagat
agcagctgaa
aggccaaggt
tcaccgagca
aggccgacta

gcceccgtgac

Homo sapiens

cccegcecacc
ggaaatcctg
cctgatctac
ctccggeacc
ctactgccag
caagcgtacg
gagcggcacc
gcagtggaag
ggacagcaag
cgagaagcat

caagagcttc

cccegecacc
gatgatcgac
cctgatctac
ctccggceacc
ctactgccag
caagcgtacg
gagcggcacc
gcagtggaag
ggacagcaag
cgagaagcat

caagagcttc

eolf-seql

ctgagcctga
cccgagtacc
ggcagctcta
gacttcaccc
cagttctaca
gtggccgctc
gccagegtgg
gtggacaacg
gactccacct
aaggtgtacg
aacaggggcg

ctgagcctga
ctgagatacc
ggcagctcta
gacttcaccc
cagttctaca
gtggccgcetc
gccagcgtgg
gtggacaacg
gactccacct
aaggtgtacg

dacaggggcg

gcccaggega
tgagctggta
gcagggctac
tgaccatctc
gcagccccct
ccagcgtgtt
tgtgcctgcet
ccctgcagag
acagcctgag
cctgcgaggt

agtgc

gcccaggcga
tgagctggta
gcagggctac
tgaccatctc
gcagcceccct
ccagcgtgtt
tgtgcctgct
ccctgcagag
acagcctgag
cctgcgaggt

agtgc

gagggccacc
tcagcagaag
cggcgtgecc
aagcctggaa
gaccttcggc
catcttcccc
gaacaacttc
cggcaacagc
cagcaccctg

gacccaccag

gagggccacc
tcagcagaag
cggcgtgccc
aagcctggaa
gaccttcggce
catcttcccc
gaacaacttc
cggcaacagc
cagcaccctg

gacccaccag

Met Arg Arg Gly Pro Arg Ser Leu Arg Gly Arg Asp Ala Pro Ala Pro
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Thr Pro

val Ala

ser Ser
50

Ala Gly
65

Ala Pro

Gly Leu

Ser Ala

Lys val
130

Trp Pro

val Pro

Lys Thr

<210>
<211>
<212>
<213>

<400>
Pro Thr
1

Cys val

Cys

Ccys

35

Pro

Ala

Ala

val

Glu

115

Ile

Pro

val

Ala

88
24
PRT
Homo
88

Pro

Ala

val

20

Gly

Ala

Gly

Leu

ser

100

Ala

Ile

Pro

Pro

Gly

Pro

Leu

Pro

Glu

Leu

85

Trp

Pro

Leu

Gly

Ala

165

Pro

sapiens

Cys

cys
20

val
5

Gly

Ala

Leu

Arg

Ala

70

Gly

Arg

ASp

ser

Glu

150

Thr

Glu

Pro

Leu

Glu

Arg

Thr

55

Ala

Leu

Arg

Gly

Pro

135

Asp

Glu

GlIn

Ala

Leu

Ccys

Thr

40

Ala

Leu

Ala

Arg

Asp

120

Gly

Pro

Leu

Glu

Arg

Phe

25

Pro

Leu

Pro

Leu

Gln

105

Lys

Ile

Gly

Gly

eolf-seql
10

Asp Leu Leu
Arg Pro Lys

GIn Pro Gln
60

Leu Pro Gly
75

val Leu Ala
90

Arg Arg Leu
Asp Ala Pro

Ser Asp Ala
140

Thr Thr Pro
155

Ser Thr Glu
170

val

Pro

45

Glu

Leu

Leu

Arg

Glu

125

Thr

Pro

Leu

Arg

30

Ala

ser

Leu

val

Gly

110

Pro

Ala

Gly

val

15

His

Gly

val

Phe

Leu

95

Ala

Leu

Pro

His

Thr
175

Cys

Ala

Gly

Gly

80

val

Ser

Asp

Ala

ser

160

Thr

Cys Phe Asp Leu Leu Vval égg His

10
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