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MONOCLONAL ANTIBODIES AGAINST BCMA
The present invention relates to new antibodieghag8CMA, their manufacture and use.
Background of the Invention

Human B cell maturation antigen, also known as BCMAR17_HUMAN, TNFRSF17 (UniProt
Q02223), is a member of the tumor necrosis receptperfamily that is preferentially expressed in
differentiated plasma cells (Laabi et al. 1992; Weaet al. 1998). BCMA is a non-glycosylated typk I
transmembrane protein, which is involved in B aefhturation, growth and survival. BCMA is a
receptor for two ligands of the TNF superfamily: RIR (a proliferation-inducing ligand), the high-
affinity ligand to BCMA and the B cell activatioradtor BAFF, the low-affinity ligand to BCMA
(THANK, BlyS, B lymphocyte stimulator, TALL-1 andTAF4). APRIL and BAFF show structural
similarity and overlapping yet distinct receptondiing specificity. The negative regulator TACI also
binds to both BAFF and APRIL. The coordinate bigdof APRIL and BAFF to BCMA and/or TACI
activates transcription factor NéB and increases the expression of pro-survivalB@mily members
(e.g. Bcl-2, Bcel-xL, Bcl-w, Mcl-1, Al) and the dowggulation of pro-apoptotic factors (e.g. Bid, Bad,
Bik, Bim, etc.), thus inhibiting apoptosis and piing survival. This combined action promotes B cel
differentiation, proliferation, survival and antiy production (as reviewed in Rickert RC et al.,
Immunol Rev (2011) 244 (1): 115-133).

Antibodies against BCMA are described e.g. in Qva®. et al. Int Immunol. 7 (1995) 1093-1106,
W0200124811, W0O200124812, W0O2010104949 and WO2(® Antibodies against BCMA and
their use for the treatment of lymphomas and mieltipyeloma are mentioned e.g. in WO2002066516
and W02010104949. W02013154760 and WO201505253& rel chimeric antigen receptors (CAR)
comprising a BCMA recognition moiety and a T-caltigation moiety. Ryan, MC et al., Mol. Cancer
Ther. 6 (2007) 3009-3018 relate to anti BCMA antiles with ligand blocking activity that could
promote cytotoxicity of multiple myeloma (MM) cdiihes as naked antibodies or as antibody-drug
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conjugates. Ryan showed that SG1, an inhibitory BCivitibody, blocks APRIL—dependent activation
of nuclear factorB in a dose-dependent manner in vitro. Ryan alsotioeed antibody SG2 which
inhibited APRIL binding to BCMA not significantly.

A wide variety of recombinant bispecific antibodyrhats have been developed in the recent past, e.g.
by fusion of, e.g. an IgG antibody format and singhain domains (see e.g. Kontermann RE, mAbs 4:2,
(2012) 1-16). Bispecific antibodies wherein theiatle domains VL and VH or the constant domains
CL and CH1 are replaced by each other are desarnb@2009080251 and W02009080252.
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An approach to circumvent the problem of mispabggdroducts, which is known as 'knobs-into-holes',
aims at forcing the pairing of two different antilyoheavy chains by introducing mutations into the
CH3 domains to modify the contact interface. On om&in bulky amino acids were replaced by amino
acids with short side chains to create a ‘holenv€rsely, amino acids with large side chains were
introduced into the other CH3 domain, to createnab)’. By coexpressing these two heavy chains (and
two identical light chains, which have to be appiage for both heavy chains), high yields of
heterodimer formation ('knob-hole") versus homodif@mation (‘hole-hole' or 'knob-knob') was
observed (Ridgway JB, Presta LG, Carter P. Pr&am 9, 617-621 (1996); and W0O1996027011). The
percentage of heterodimer could be further incidtdyeremodeling the interaction surfaces of the two
CH3 domains using a phage display approach anohtitzeluction of a disulfide bridge to stabilize the
heterodimers (Merchant A.M, et al, Nature Bioteéh(1998) 677-681; Avell S, Ridgway JB, Wells
JA, Carter P., J Mol. Biol 270 (1997) 26-35). Neppeoaches for the knobs-into-holes technology are
described in e.g. in EP 1870459A1. Although thisviat appears very attractive, no data describing
progression towards the clinic are currently avddaOne important constraint of this strategyhiatt
the light chains of the two parent antibodies hi@mvbe identical to prevent mispairing and formatadn
inactive molecules. Thus this technique is not appate for easily developing recombinant, bispecif
antibodies against two targets starting from twtbadies against the first and the second target, a
either the heavy chains of these antibodies anldéoidentical light chains have to be optimizede, X.,

et al, J Immunol. Methods 286 (2005) 95-101 refera format of bispecific antibody using scFvs in
combination with knobs-into-holes technology foe #C part.

The TCR/CD3 complex of T-lymphocytes consists diieai a TCR alphaa()/beta ) or TCR gamma
(y)/delta @) heterodimer coexpressed at the cell surface thighinvariant subunits of CD3 labeled
gammay), delta §), epsilon €), zeta {), and etarf). Human CD3 is described under UniProt PO7766
(CD3E_HUMAN).

An anti CD3 antibody described in the state of the art is S¥&hg SJ, The Journal of Immunology
(1986) 137; 1097-1100). SP34 reacts with both penend human CD3. SP34 is available from
Pharmingen. A further anti CD3 antibody described the state of the art is UCHT-1 (see
W02000041474). A further anti CD3 antibody desatibethe state of the art is BC-3 (Fred Hutchinson
Cancer Research Institute; used in Phase l/listadlGvHD, Anasetti et al., Transplantation 54: 844
(1992)). SP34 differs from UCHT-1 and BC-3 in tis®-34 recognizes an epitope present on solely the
¢ chain of CD3 (see Salmeron et al., (1991) J. Inwhuh47: 3047) whereas UCHT-1 and BC-3
recognize an epitope contributed by both dlendy chains. Further anti-CD3 antibodies are described
in  WO02008119565, WO02008119566, WO2008119567, WOR2B1836, W0O2010037837,
W02010037838, and US8236308 (W02007042261). CDRsakd VL sequences of a further anti-
CD3 antibody are shown in SEQ ID NO:7 and 8.
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Bispecific antibodies against CD3 and BCMA are rmemed in WO2007117600, WO2009132058,
W02012066058, and W02012143498. CAR compounds tilfaties against BCMA are mentioned
inW02013154760, WO2013154760, and W0O2014140248.

Cell-mediated effector functions of monoclonal batlies (like antibody dependent cellular cytotoyicit
(ADCC)) can be enhanced by engineering their oligokaride composition at Asn297 as described in
Umaria, P., et al., Nature Biotechnol. 17 (1999) -186; and US6602684. W01999054342,
W02004065540, W0O2007031875, and W0O2007039818, ddiasbv D, Fischer R, Linden L., Mol
Biotechnol. 2012 Oct 25. (Epub) also relate to gheosylation engineering of antibodies to enhance
Fc-mediated cellular cytotoxicity.

Also several amino acid residues in the hinge regind the CH2 domain influence cell-mediated
effector functions of monoclonal antibodies (Eurlmddmunol., 23, 1098 (1993), Immunology, 86, 319
(1995), Chemical Immunology, 65, 88 (1997)] Chemitamunology, 65, 88 (1997)]. Therefore
modification of such amino acids can enhance cellliated effector functions. Such antibody
modifications to increase cell-mediated effectarclions are mentioned in EP1931709, W0O200042072
and comprise in the Fc part substitutions at anaicid position(s) 234, 235, 236, 239, 267, 268, 293,
295, 324, 327, 328, 330, and 332. Further antibodgifications to increase cell-mediated effector
functions are mentioned in EP1697415 and comprisen@ acid replacement of EU amino acid
positions 277, 289, 306, 344, or 378 with a chamymtho acid, a polar amino acid, or a nonpolar amin
acid.

Antibody formats and formats of bispecific and nagéecific antibodies are also pepbodies
(W0200244215), Novel Antigen Receptor (“NAR") (WQRD14161), diabody-diabody dimers
“TandAbs” (W02003048209), polyalkylene oxide-moddi scFv (US7150872), humanized rabbit
antibodies (W0O2005016950), synthetic immunoglobdbmains (WO2006072620), covalent diabodies
(W02006113665), flexibodies (W0O2003025018), domaamtibodies, dAb (W0O2004058822),

vaccibody (W02004076489), antibodies with new wogdmate framework (W0O2007019620),

antibody-drug conjugate with cleavable linkers (V002117531), IgG4 antibodies with hinge region
removed (W02010063785), bispecific antibodies wigw4 like CH3 domains (W02008119353),

camelid Antibodies (US6838254), nanobodies (US76957CAT diabodies (US5837242), bispecific
(scFv) directed against target antigen and CD3 (US7235641sIgA plAntibodies (US6303341),

minibodies (US5837821), IgNAR (US2009148438), ardies with modified hinge and Fc regions
(US2008227958, US20080181890), trifunctional armties (US5273743), triomabs (US6551592),
troybodies (US6294654).
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W02014122143 disclose anti-human BCMA antibodiearatterized in that the binding of said
antibody is not reduced by 100 ng/ml APRIL for miwan 20% measured in an ELISA assay as OD at
405 nm compared to the binding of said antibodiguman BCMA without APRIL, said antibody does
not alter APRIL-dependent Ni&B activation for more than 20%, as compared to AP&bne, and said
antibody does not alter NiEB activation without APRIL for more than 20%, asmgmared without said
antibody.W02014122144 discloses bispecific antibodies sjpadiy binding to the two targets human
CD3e and human BCMA, comprising anti-human BCMA antiiesdof W02014122143. An anti-
human BCMA antibody with unique properties, espécia regard to its therapeutic use as a bispecifi
T cell binder, is antibody 83A10, characterized dmymprising as CDR regions CDR1H of SEQ ID
NO:15, CDR2H of SEQ ID NO16CDR3H of SEQ ID NO:17CDR1L of SEQ ID NO:18CDR3L of
SEQ ID NO:19and CDR3L of SEQ ID NO:20, disclosed also in W0201414£24and W02014122144.

Summary of the Invention

The invention comprises monoclonal antibodies spadly binding to human B cell maturation antigen
(BCMA). The antibodies according to the inventiamprise as CDR3H and CDR3L regions the same
CDR regions as antibody 83A10.

The antibodies according to the invention compiisan embodiment as CDR3H and CDR3L regions
the same CDR regions as antibody 83A10, but shqeotsly potent and efficient advantages in
comparison to antibody 83A10 for killing of MM celin patient bone marrow aspirates.

The invention comprises a monoclonal antibody djpadiy binding to BCMA, characterized in
comprising a CDR3H region of SEQ ID NO:17 and a GDRegion of SEQ ID NO:20 and a CDR1H,
CDR2H, CDRI1L, and CDR2L region combination selecteftom the group of
a) CDR1H region of SEQ ID NO:21 and CDR2H regiorS&Q ID NO:22, CDRL1L region of SEQ ID
NO:23, and CDR2L region of SEQ ID NO:24,

b) CDR1H region of SEQ ID NO:21 and CDR2H regiorS&Q ID NO:22, CDR1L region of SEQ ID
NO:25, and CDR2L region of SEQ ID NO:26,

c) CDR1H region of SEQ ID NO:21 and CDR2H regiorS&Q ID NO:22, CDRL1L region of SEQ ID
NO:27, and CDR2L region of SEQ ID NO:28,

d) CDR1H region of SEQ ID NO:29 and CDR2H regiorS&fQ ID NO:30, CDR1L region of SEQ ID
NO:31, and CDR2L region of SEQ ID NO:32,

e) CDR1H region of SEQ ID NO:34 and CDR2H regiorS&Q ID NO:35, CDRL1L region of SEQ ID
NO:31, and CDR2L region of SEQ ID NO:32,and
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f) CDR1H region of SEQ ID NO:36 and CDR2H regionSEQ ID NO:37, CDRLL region of SEQ ID
NO:31, and CDR2L region of SEQ ID NO:32,

The invention comprises a monoclonal antibody djpadiy binding to BCMA, characterized in
comprising a VH region comprising a CDR1H regionS&EQ ID NO:21, a CDR2H region of SEQ ID
NO:22 and a CDR3H region of SEQ ID NO:17 and a ¥gion comprising a CDR3L region of SEQ ID
NO:20 and a CDRI1L and CDR2L region combination el from the group of
a) CDR1L region of SEQ ID NO:23 and CDR2L region dBEQ ID NO:24,
b) CDRIL region of SEQ ID NO:25 and CDR2L region of GGEID NO:26, or
c) CDRI1L region of SEQ ID NO:27 and CDR2L region 0BEQ ID NO:28.

The invention provides an antibody according toittvention, characterized in comprising a VL region
selected from the group consisting of VL regionS&Q ID NO:12, 13, and 14 wherein amino acid 49
is selected from the group of amino acids tyrdheglutamic acid (E), serine (S), and histidimé).(

In one embodiment amino acid 49 is E within SEQNID:12, S within SEQ ID NO:13 or H within SEQ
ID NO:14.

The invention provides an antibody according toittvention, characterized in comprising a VL region
selected from the group consisting of VL regionS&Q ID NO:12, 13, and 14 wherein amino acid 74
is threonine (T) or alanine (A). In one embodimamino acid 74 is A within SEQ ID NO:14.

The antibodies according to the invention compnsan embodiment as CDR3H, CDR1L, CDR2L, and
CDR3L regions the same CDR regions as antibody 83Ahe invention comprises a monoclonal
antibody specifically binding to BCMA, charactemzen comprising a VH region comprising a CDR3H
region of SEQ ID NO:17 and a VL region comprisem@DR1L region of SEQ ID NO:31, a CDR2L

region of SEQ ID NO:32 and a CDR3L region of SEQND:20 and a CDR1L and CDR2L region

combination selected from the group of

a) CDR1H region of SEQ ID NO:29 and CDRZ2H regiorS&Q ID NO:30,
b) CDR1H region of SEQ ID NO:34 and CDR2H regiorS&Q ID NO:35, or
¢) CDR1H region of SEQ ID NO:36 and CDR2H regiorS&Q ID NO:37.

The invention provides in one embodiment an angbadcording to the invention, characterized in
comprising a VL region of SEQ ID NO:12 and a VHimgselected from the group comprising the VH
regions of SEQ ID NO:38, 39, and 40. The inventiwavides an antibody according to the invention,
characterized in comprising a VL region SEQ ID NB):Wvherein amino acid 49 is selected from the
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group of amino acids tyrosine(Y), glutamic acid, (&erine (S), and histidine (H). In one embodiment
amino acid 49 is E.

The invention provides in one embodiment an angbadcording to the invention, characterized in
comprising as VH region a VH region of SEQ ID NQ:TIbe invention provides in one embodiment an
antibody according to the invention, characterisedomprising as VL region a VL region selected
from the group consisting of VL regions of SEQ IIN2, 13, and 14. The invention provides in one
embodiment an antibody according to the inventmaracterized in that comprising as VH region a
VH region of SEQ ID NO:10 and as VL region a VL i@gof SEQ ID NO:12. The invention provides
in one embodiment an antibody according to thentive, characterized in that comprising as VH
region a VH region of SEQ ID NO:10 and as VL regioWL region of SEQ ID NO:13. The invention
provides in one embodiment an antibody accordirtp@anvention, characterized in that comprising as
VH region a VH region of SEQ ID NO:10 and as VLimyga VL region of SEQ ID NO:14.

The invention provides in one embodiment an anybadcording to the invention, characterized in
comprising as VH region a VH region selected frawa group consisting of SEQ ID NO:38, 39, and 40.
The invention provides in one embodiment an anitaxtording to the invention, characterized in that
comprising as VH region a VH region of SEQ ID NO:&&d as VL region a VL region of SEQ ID
NO:12.The invention provides in one embodiment an antitanrtording to the invention, characterized
in that comprising as VH region a VH region of SEHRNO:39 and as VL region a VL region of SEQ
ID NO:12. The invention provides in one embodiment an anbaedcording to the invention,
characterized in that comprising as VH region a gion of SEQ ID NO:40 and as VL region a VL
region of SEQ ID NO:12.

In one embodiment the antibody according to themtion is further characterized in that it bindsoal
specifically to cynomolgus BCMA. In one embodimemt antibody of the invention shows regarding
binding to BCMA a cyno/human affinity gap betweeh and 5 or 1.5 and 10 or 1.5 and 16 (table 5).

The bispecific antibody according to the inventisitherefore in one embodiment characterized inh tha
it binds also specifically to cynomolgus CD3. Ineoembodiment the bispecific anti-BCMA/anti-CD3
antibody of the invention shows a cyno/human gablalb CD3 between 1.25 and 5 or between 0.8 and
1.0.

In a further embodiment of the invention the andiyp@according to the invention is an antibody with a
Fc part or without an Fc part including a multisfiecantibody, bispecific antibody, a single chain
variable fragment (scFv) such as a bispecific Tscehgager, diabody, or tandem scFv, an antibody
mimetic such as DARPin, a naked monospecific adiipar an antibody drug conjugate. In one
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embodiment a multispecific antibody, bispecific ibotly, a bispecific T cells engager, diabody, or
tandem scFv is specifically binding to BCMA and CD3

Based on an antibody according to the inventiois ipossible to generate antibody-drug conjugates
against BCMA and multispecific or bispecific antilies against BCMA and one or more further targets
in different formats with or without an Fc portidmown in the state of the art (see e. g. above in
“background of the invention”), single chain vatmdragments (scFv) such as bispecific T cells
engagers, diabodies, tandem scFvs, and antibodyetiosnsuch as DARPIns, all of them are also
embodiments of the invention. Bispecific antibodynfiats are well known in the state of the art and e
also described in Kontermann RE, mAbs 4:2 1-16 Z20Holliger P., Hudson PJ, Nature Biotech.23
(2005) 1126- 1136 and Chan AC, Carter PJ NatundeRs Immunology 10, 301-316 (2010) and
Cuesta AM et al., Trends Biotech 28 (2011) 355-362.

A further embodiment of the invention is a bispecéntibody against the two targets human €D3
(further named also as “CD3") and the extracelldamain of human BCMA (further named also as
“BCMA"), characterized in comprising as BCMA bindjmortion an anti-BCMA antibody according to

the invention.

The invention relates in one embodiment to a bifipeantibody against BCMA and CD3, characterized
in comprising within the BCMA binding portion a CIBR region of SEQ ID NO:17 and a CDR3L
region of SEQ ID NO:20 and a CDR1H, CDR2H, CDR1hd & DR2L region combination selected
from the group of

a) CDR1H region of SEQ ID NO:21 and CDR2H regiorS&Q ID NO:22, CDRL1L region of SEQ ID
NO:23, and CDR2L region of SEQ ID NO:24,

b) CDR1H region of SEQ ID NO:21 and CDR2H regiorS&Q ID NO:22, CDRLL region of SEQ ID
NO:25, and CDR2L region of SEQ ID NO:26,

¢) CDR1H region of SEQ ID NO:21 and CDR2H regiorS&Q ID NO:22, CDRL1L region of SEQ ID
NO:27, and CDR2L region of SEQ ID NO:28,

d) CDR1H region of SEQ ID NO:29 and CDR2H regiorS&fQ ID NO:30, CDR1L region of SEQ ID
NO:31, and CDR2L region of SEQ ID NO:32,

e) CDR1H region of SEQ ID NO:34 and CDR2H regiorS&Q ID NO:35, CDRL1L region of SEQ ID
NO:31, and CDR2L region of SEQ ID NO:32,and
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f) CDR1H region of SEQ ID NO:36 and CDR2H regionSEQ ID NO:37, CDRLL region of SEQ ID
NO:31, and CDR2L region of SEQ ID NO:32,

The invention relates in one embodiment to a bifipeantibody against BCMA and CD3, characterized
in comprising a VH region of an antibody accordiogthe invention (further named “BCMA VH")
comprising a CDR1H region of SEQ ID NO:21, a CDR&gion of SEQ ID NO:22 and a CDR3H
region of SEQ ID NO:17 and a VL region(further namiBCMA VL") comprising a CDR3L region of
SEQ ID NO:20 and a CDR1L and CDR2L region comboratielected from the group of

a) CDRI1L region of SEQ ID NO:23 and CDR2L regiorS&Q ID NO:24,
b) CDRL1L region of SEQ ID NO:25 and CDR2L regionS&Q ID NO:26, or
c) CDRI1L region of SEQ ID NO:27 and CDR2L regionSEQ ID NO:28.

The invention provides in one embodiment a bispecdntibody according to the invention,
characterized in comprising as BCMA VH a VH regaSEQ ID NO:10.

The invention relates in one embodiment to a biipeantibody against BCMA and CD3, characterized
in that the BCMA VL is selected from the group dstiag of VL regions of SEQ ID NO:12, 13,and 14.
The invention provides in one embodiment an angbadcording to the invention, characterized in
comprising as BCMA VH region a VH region of SEQ NID:10 and as VL region a VL region of SEQ
ID NO:12. The invention provides in one embodimem antibody according to the invention,
characterized in comprising as BCMA VH a VH regiohSEQ ID NO:10 and as VL region a VL
region of SEQ ID NO:13. The invention provides ineoembodiment an antibody according to the
invention, characterized in comprising as BCMA VN1d region of SEQ ID NO:10 and as VL region a
VL region of SEQ ID NO:14.

The invention provides a bispecific antibody acaugdo the invention, characterized in comprising a
VL region selected from the group consisting of VL regionsS&Q ID NO:12, 13, and 14 wherein
amino acid 49 is selected from the group of amicidsa tyrosine(Y), glutamic acid (E), serine (S)da
histidine (H). In one embodiment amino acid 49 i6SEQ ID NO:12), S (SEQ ID NO:13) or H (SEQ
ID NO:14). The invention provides a bispecific @otly according to the invention, characterized in
comprising a VL region selected from the group ¢siimgy of VL regions of SEQ ID NO:12, 13, and 14
wherein amino acid 74 is threonine (T) or alar(iAg In one embodiment amino acid 74 is A within
SEQ ID NO:14.

The invention relates to a bispecific antibody agaBCMA and CD3, characterized in comprising a
BCMA VH comprising a CDR3H region of SEQ ID NO:1d@nd a BCMA VL comprising a CDR1L
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region of SEQ ID NO:31, a CDR2L region of SEQ ID 8@ and a CDR3L region of SEQ ID NO:20
and a CDR1L and CDR2L region combination seleatendhfthe group of

a) CDR1H region of SEQ ID NO:29 and CDR2H regiors&Q ID NO:30,
b) CDR1H region of SEQ ID NO:34 and CDR2H regiorS&Q ID NO:35, or
¢) CDR1H region of SEQ ID NO:36 and CDR2H regiorS&Q ID NO:37.

The bispecific antibody against BCMA and CD3 isrelaéerized in one embodiment in comprising an
anti BCMA antibody according to the invention amdaanti CD3 antibody, wherein

a) the light chain and heavy chain of an antibodscHjally binding to one of said targets CD3
and BCMA; and

b) the light chain and heavy chain of an antibodgctjrally binding to the other one of said
targets, wherein the variable domains VL and VHha& constant domains CL and CH1 are
replaced by each other.

In one embodiment a VH domain of said anti-CD3kaodiy portion is linked to a CH1 or CL domain of
said anti-BCMA antibody portion. In one embodiman¥L domain of said anti-CD3 antibody portion
is linked to a CH1 or CL domain of said anti-BCMAti&body portion.

In one embodiment the bispecific antibody comprisesmore than one Fab fragment of an anti-CD3
antibody portion, not more than two Fab fragmeritaro anti-BCMA antibody portion and not more
than one Fc part, in one embodiment a human Fc padne embodiment not more than one Fab
fragment of the anti-CD3 antibody portion and nairenthan one Fab fragment of the anti-BCMA
antibody portion are linked to the Fc part and ilgkis performed via C-terminal binding of the Fab
fragment(s) to the hinge region. In one embodimthet second Fab fragment of the anti-BCMA
antibody portion is linked via its C-terminus eithe the N-terminus of the Fab fragment of the -anti
CD3 antibody portion or to the hinge region of #epart and therefore between the Fc part and the
anti-CD3 antibody portion. The preferred bispecé#itibodies are shown in Figures 1 to 3.

Especially preferred are the bispecific antibodiemprising only the Fab fragments and the Fc mrt a
specified, with or without “aa substitution”:

Fab BCMA-Fc-Fab CD3 (bispecific format fig. 1A oB),
Fab BCMA-Fc-Fab CD3-Fab BCMA (bispecific format.&é or 2B),

Fab BCMA-Fc-Fab BCMA-Fab CD3 (bispecific format.2¢ or 2D),
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Fc-Fab CD3-Fab BCMA (bispecific format fig.3A or BB
Fc-Fab BCMA-Fab CD3 (bispecific formfg). 3C or 3D).

As shown in figures 1 to 3 “Fab BCMA-Fc, “Fab BCM#&-Fab CD3” and “Fab BCMA-Fc-Fab CD3”
means that the Fab fragment(s) is (are) boundtsiétheir) C-terminus to the N-terminus of the Fc
fragment. “Fab CD3- Fab BCMA” means that the FatB&&gment is bound with its N-terminus to the
C-terminus of the Fab BCMA fragment. “Fab BCMA F@D3” means that the Fab BCMA fragment
is bound with its N-terminus to the C-terminus e Fab CD3 fragment.

In one embodiment the bispecific antibody comprisesecond Fab fragment of said anti-BCMA
antibody linked with its C-terminus to the N-terménof the CD3 antibody portion of said bispecific
antibody. In one embodiment a VL domain of saidtfanti-CD3 antibody portion is linked to a CH1 or
CL domain of said second anti-BCMA antibody.

In one embodiment the bispecific antibody comprisesecond Fab fragment of said anti-BCMA
antibody linked with its C-terminus to the Fc péike the first Fab fragment of said anti-BCMA
antibody) and linked with its N-terminus to the €rhinus of the CD3 antibody portion. In one
embodiment a CH1 domain of said anti-CD3 antiboaolfipn is linked to the VH domain of said second
anti-BCMA antibody portion.

In one embodiment the bispecific antibody compriged-c part linked with its N-terminus to the C-

terminus of said CD3 antibody Fab fragment. In en#odiment the bispecific antibody comprises an
Fc part linked with its first N-terminus to the @dninus of said CD3 antibody Fab fragment and a
second Fab fragment of said anti-BCMA antibody dicikwith its C-terminus to the second N-terminus
of the Fc part. In one embodiment the CL domainhef CD3 antibody Fab fragment is linked to the
hinge region of the Fc part. In one embodimentGhd domain of the BCMA antibody Fab fragment is

linked to the hinge region of the Fc part.

The Fab fragments are chemically linked togethethigyuse of an appropriate linker according to the
state of the art. In one embodiment a (Gly4-Selibjdr is used (Desplancq DK et al., Protein Eng.
1994 Aug;7(8):1027-33 and Mack M. et al., PNAS Jd§, 1995 vol. 92 no. 15 7021-7025).
“Chemically linked” (or “linked”) means according the the invention that the fragments are linked b
covalent binding. As the linker is a peptidic linksuch covalent binding is usually performed by
biochemical recombinant means, using a nucleic acicbding the VL and/or VH domains of the
respective Fab fragments, the linker and if appadgthe Fc part chain.
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The invention relates in one embodiment to a bifipeantibody against BCMA and CD3 according to
the invention, characterized in that the varialbendin VH of the anti-CD3 antibody portion (further
named as “CD3 VH") comprises the heavy chain CDRSEQ ID NO: 1, 2 and 3 as respectively heavy
chain CDR1H, CDR2H and CDR3H and the variable domé&i of the anti-CD3 antibody portion
(further named as “CD3 VL") comprises the lightith@DRs of SEQ ID NO: 4, 5 and 6 as respectively
light chain CDR1L, CDR2L and CDR3L.

In one embodiment such a bispecific antibody adogrdo the invention is characterized in that the
variable domains of the anti CBantibody portion are of SEQ ID NO:7 and 8.

The invention relates to a bispecific antibody adow to the invention, characterized in that diné-
CD3 antibody portion is linked at its N-terminustie C-terminus of a of the anti-BCMA antibody
portion and the variable domains VL and VH of #m&-CD3 antibody portion or the constant domains
CL and CH1 are replaced by each other.

In one embodiment the VH domain of said anti-CD8barly portion is linked to a CH1 or CL domain
of said anti-BCMA antibody portion. In one embodimhe VL domain of said anti-CD3 antibody
portion is linked to a CH1 or CL domain of saidid@€MA antibody portion.

An antibody portion according to the inventionnisone embodiment a Fab fragment of the respective
antibody.

In a further embodiment of the invention the bisfie@antibody wherein the variable domains VL and
VH in the light chain and the respective heavy glddithe anti-CD3 antibody portion or the anti-BCMA
antibody portion are replaced by each other, isasftarized in comprising a constant domain CL ef th
anti-CD3 antibody portion or the anti-BCMA antibopgrtion wherein the amino acid at position 124 is
substituted independently by lysine (K), arginii® 6r histidine (H) (numbering according to Kabat),
and in the respective constant domain CH1 the a@amiat position 147 and the amino acid at pasitio
213 is substituted independently by glutamic a&dl, ©r aspartic acid (D). In one embodiment the
antibody is monovalent for CD3 binding. In one exib@ent in addition to the amino acid replacement
at position 124 in the constant domain CL the anaicid at position 123 is substituted independdmyly
lysine (K), arginine (R) or histidine (H) (furtheralled as “charge variant exchange”). In one
embodiment the antibody is monovalent for CD3 lnigdand amino acid 124 is K, amino acid 147 is E,
amino acid 213 is E, and amino acid 123 is R. la embodiment the bispecific antibody comprises in
addition the same anti-BCMA binding portion onceren¢in one embodiment a Fab fragment). That

means also, that if the first anti-BCMA binding fion comprises the charge variant exchange, then th
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second anti-BCMA binding portion comprise the sadmarge variant exchange. (All amino acid

numbering is according to Kabat).
The invention relates to a bispecific antibody adowa to the invention, characterized in comprising

a) the first light chain and the first heavy chaiha first antibody which specifically binds to
BCMA,; and

b) the second light chain and the second heavnalfaa second antibody which specifically binds
to CD3, and wherein the variable domains VL andiWlthe second light chain and second heavy chain

of the second antibody are replaced by each cdine;

c) whereinin the constant domain CL of the first light chainder a) the amino acid at position
124 is substituted independently by lysine (K),i@rge (R) or histidine (H) (numbering according to
Kabat), and wherein in the constant domain CH1hefftrst heavy chain under a) the amino acid at
position 147 and the amino acid at position 218uisstituted independently by glutamic acid (E), or
aspartic acid (D) (numbering according to Kabatg(se.g. Figures 1A, 2A, 2C, 3A, 3C).

In one embodiment said bispecific antibody desdrilie the last preceding paragraph is further
characterized in that said bispecific antibody cosgs in addition a Fab fragment of said first laody
(further named also as “BCMA-Fab”) and in the cansidomain CL said BCMA-Fab the amino acid at
position 124 is substituted independently by lys{g9, arginine (R) or histidine (H) (numbering
according to Kabat), and wherein in the constamhaln CH1 of said BCMA-Fab the amino acid at
positions 147 and the amino acid at position 218ulsstituted independently by glutamic acid (E), or
aspartic acid (D) (numbering according to Kabatg(s.g. Figures 2A, 2C).

The invention further relates to a bispecific antipp according to the invention, characterized in

comprising

a) the first light chain and the first heavy chaiha first antibody which specifically binds to
BCMA,; and

b) the second light chain and the second heavnalfaa second antibody which specifically binds
to CD3, and wherein the variable domains VL andiWlthe second light chain and second heavy chain

of the second antibody are replaced by each adinéryvherein

¢) in the constant domain CL of the second lighaichunder b) the amino acid at position 124 is
substituted independently by lysine (K), arginii® 6r histidine (H) (numbering according to Kabat),
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and wherein in the constant domain CH1 of the sgéét@avy chain under b) the amino acid at positions
147 and the amino acid at position 213 is substituhdependently by glutamic acid (E), or aspartic

acid (D) (numbering according to Kabat).

In one embodiment in addition to the amino acidaegment at position 124 in the constant domain CL
of the first or second light chain the amino adigpasition 123 is substituted independently byrgsi
(K), arginine (R) or histidine (H).

In one embodiment in the constant domain CL thenanaicid at position 124 is substituted by lysine
(K), in the constant domain CH1 the amino acidaifon 147 and the amino acid at position 213 are
substituted by glutamic acid (E). In one embodimergddition in the constant domain CL in the amino
acid at position 123 is substituted by arginine (R)

In a preferred embodiment of the invention the éisfic antibody according to the invention consts
one Fab fragment of an antibody specifically bigdia CD3 (further named also as “CD3-Fab”), and
one Fab fragment of an anti-BCMA antibody accordmghe invention (further named also as “BCMA-
Fab(s)”) and a Fc part, wherein the CD3-Fab andBB#MA-Fab are linked via their C-termini to the
hinge region of said Fc part. Either the CD3-Falther BCMA-Fab comprises aa substitution and the
CD3-Fab comprises crossover (Figures 1A and 1B).

In a preferred embodiment of the invention the &tsfic antibody according to the invention conssts
one CD3-Fab, and one BCMA-Fab and a Fc part, whehei CD3-Fab and the BCMA-Fab are linked
via their C-termini to the hinge region of said part and a second BCMA-Fab, which is linked with it
C-terminus to the N-terminus of the CD3-Fab. The3&Hab comprises crossover and either the CD3-
Fab or both BCMA-Fabs comprise aa substitution (Fég 2A and 2B). Especially preferred is a
bispecific antibody comprising BCMA-Fab-Fc-CD3-FBGMA-Fab, wherein both BCMA-Fabs
comprise aa substitution and the CD3-Fab comprige®H crossover (Figures 2A). Especially
preferred is a bispecific antibody consisting of &&-Fab-Fc-CD3-Fab-BCMA-Fab, wherein both
BCMA-Fabs comprise aa substitution Q124K, E123R4 K and K213E and the CD3-Fab comprises
VL/VH crossover. Especially preferred is that b@@EMA-Fabs comprise as CDRs the CDRs of
antibody 21, 22, or 42, or as VH/VL the VH/VL oftdody 21, 22, or 42.

In a preferred embodiment of the invention the éisfic antibody according to the invention consts
two BCMA-Fabs and an Fc part, wherein one BCMA-Ralol the CD3 Fab are linked via their C-
termini to the hinge region of said Fc part anddheond BCMA-Fab is linked with its C-terminus to
the N-terminus of the CD3-Fab. The CD3-Fab compris®ssover and either the CD3-Fab or both
BCMA-Fabs comprise aa substitution (Figures 2A 2B}
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In a preferred embodiment of the invention the éisfic antibody according to the invention consts
two BCMA-Fabs and an Fc part, wherein the BCMA-Fabs linked via their C-termini to the hinge
region of said Fc part and a CD3-Fab, which isdhkvith its C-terminus to the N-terminus of one
BCMA-Fab. The CD3-Fab comprises crossover and rettiee CD3-Fab or both BCMA-Fabs comprise
aa substitution (Figures 2C and 2D).

In a preferred embodiment of the invention thelady according to the invention consists of one €D3
Fab, which is linked via its C-terminus to the lenggion of said Fc part and a BCMA-Fab, which is
linked with its C-terminus to the N-terminus of ti®3-Fab. The CD3-Fab comprises crossover and
either the CD3-Fab or the BCMA-Fab comprise aat#tutisn (Figures 1A and 1B).

In a preferred embodiment of the invention thelady according to the invention consists of one €D3

Fab, which is linked via its C-terminus to the fenggion of said Fc part and a BCMA-Fab, which is

linked with its C-terminus to the N-terminus of ti®3-Fab. The CD3-Fab comprises crossover and
either the CD3-Fab or the BCMA-Fab comprise aat#tutisn (Figures 3A and 3B).

In a preferred embodiment of the invention the oty according to the invention consists of one
BCMA-Fab, which is linked via its C-terminus to thimge region of said Fc part and a CD3-Fab, which
is linked with its C-terminus to the N-terminustbe BCMA-Fab. The CD3-Fab comprises crossover
and either the CD3-Fab or the BCMA-Fab compriseusstitution (Figures 3C and 3D).

The Fab fragments are chemically linked togethethigyuse of an appropriate linker according to the
state of the art. In one embodiment a (Gly4-Sefib}r is used (Desplancq DK et al., Protein Eng.

1994 Aug;7(8):1027-33 and Mack M. et al., PNAS Ju8y 1995 vol. 92 no. 15 7021-7025). Linkage

between two Fab fragments is performed betweehdhgy chains. Therefore the C-terminus of CH1 of
a first Fab fragment is linked to the N-terminusvtf of the second Fab fragment (no crossover) or to
VL (crossover). Linkage between a Fab fragment #red Fc part is performed according to the

invention as linkage between CH1 and CH2.

The first and a second Fab fragment of an antibspgcifically binding to BCMA are in one
embodiment derived from the same antibody and & embodiment identical in the CDR sequences,
variable domain sequences VH and VL and/or the taohsiomain sequences CH1 and CL. In one
embodiment the amino acid sequences of the fibtaasecond Fab fragment of an antibody specifically
binding to BCMA are identical. In one embodimerg B8CMA antibody is an antibody comprising the
CDR sequences of antibody 21, 22, or 42, an anyitmmmprising the VH and VL sequences of
antibody 21, 22, or 42yr an antibody comprising the VH, VL, CH1, and CL seages of antibody 21,
22, 0r 42,
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In one embodiment the bispecific antibody comprase$-ab fragments and Fc part, not more than one
Fab fragment of an anti-CD3 antibody, not more ttvemFab fragments of an anti-BCMA antibody and
not more than one Fc part, in one embodiment a huftapart. In one embodiment the second Fab
fragment of an anti-BCMA antibody is linked via i@&terminus either to the N-terminus of the Fab
fragment of an anti-CD3 antibody or to the hinggioa of the Fc part. In one embodiment linkage is
performed between CH1 of BCMA-Fab and VL of CD3-KF®h/VH crossover).

In one embodiment the antibody portion specifichilyding to human CD3, in one embodiment the Fab
fragment, is characterized in comprising a varialdenain VH comprising the heavy chain CDRs of
SEQ ID NO: 1, 2 and 3 as respectively heavy ch&dRT, CDR2 and CDR3 and a variable domain VL
comprising the light chain CDRs of SEQ ID NO: 4afd 6 as respectively light chain CDR1, CDR2
and CDR3 of the anti-CB3antibody (CDR MAB CD3). In one embodiment theilody portion
specifically binding to human CD3 is characterizedhat the variable domains are of SEQ ID NO:7
and 8 (VHVL MAB CD3).

The invention relates to a bispecific antibody $ipeadly binding to the extracellular domain of ham
BCMA and to human CD3 characterized in comprising a heavy and lightrclsat selected from the
group consisting of polypeptides

i) SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, andBD NO:51(2x); (set 1 TCB of antibody 21),

i) SEQ ID NO:48, SEQ ID NO:52, SEQ ID NO:53, and SBQNO:54 (2x) (set 2 TCB of antibody
22), and

ii) SEQ ID NO:48, SEQ ID NO:55, SEQ ID NO:56, aBEQ ID NO:57(2x) (set 3 TCB of antibody
42).

In one embodiment the bispecific antibody accordmghe invention is characterized in that the CH3
domain of one heavy chain and the CH3 domain ofatther heavy chain each meet at an interface
which comprises an original interface between thi#thady CH3 domains; wherein said interface is
altered to promote the formation of the bispec#itibody, wherein the alteration is characterized i
that:

a) the CH3 domain of one heavy chain is alteredthab within the original interface the CH3
domain of one heavy chain that meets the origintdriace of the CH3 domain of the other
heavy chain within the bispecific antibody, an amatid residue is replaced with an amino acid
residue having a larger side chain volume, thergbgerating a protuberance within the
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interface of the CH3 domain of one heavy chain Whi positionable in a cavity within the
interface of the CH3 domain of the other heavy rlzaid

b) the CH3 domain of the other heavy chain is altese that within the original interface of the
second CH3 domain that meets the original interfate¢he first CH3 domain within the
bispecific antibody an amino acid residue is regthavith an amino acid residue having a
smaller side chain volume, thereby generating atycavthin the interface of the second CH3
domain within which a protuberance within the ifdee of the first CH3 domain is
positionable.

In one embodiment such a bispecific antibody &ratterized in that said amino acid residue hasing
larger side chain volume is selected from the groapsisting of arginine (R), phenylalanine (F),
tyrosine (), tryptophan (W).

In one embodiment such a bispecific antibody &ratterized in that said amino acid residue hasing
smaller side chain volume is selected from the gransisting of alanine (A), serine (S), threor(fg
valine (V).

In one embodiment such a bispecific antibody isratiarized in that both CH3 domains are further
altered by the introduction of cysteine (C) as amatid in the corresponding positions of each CH3
domain.

In one embodiment such a bispecific antibody isattarized in that one of the constant heavy chain
domains CH3 of both heavy chains is replaced bgrstant heavy chain domain CH1; and the other
constant heavy chain domain CH3 is replaced bynataat light chain domain CL.

The invention relates further to an antibody acicwrdo the invention, comprising a modified Fc part

inducing cell death of 20% or more cells of a prafan BCMA expressing cells after 24 hours at a
concentration of said antibody of 100 nM by ADCCQatiwe to a control under identical conditions

using the same antibody with the parent Fc padoarol. Such an antibody is in one embodiment a
naked antibody.

In one embodiment the antibody according to thertion is an antibody with an amount of fucose of
60% or less of the total amount of oligosacchar{dagars) at Asn297 (see e.g. US20120315268).

In one embodiment the Fc part comprises the amgibsaubstitutions which are introduced in a human
Fc part and disclosed in SEQ ID NO:55 and 56.

A further embodiment of the invention is a chimexitigen receptor (CAR) of an anti- BCMA antibody
according to the invention. In such an embodimbatanti-BCMA antibody consists of a single chain
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VH and VL domain of an antibody according to theention and a CD3-zeta transmembrane and
endodomain. Preferably the CD3 zeta domain is inka a spacer with the C-terminus of said VL
domain and the N terminus of the VL domain is lihkéa a spacer to the C terminus of said VH
domain. Chimeric antigen receptors of BCMA antilesdi useful transmembrane domains and
endodomains, and methods for the production areribesl e.g. in Ramadoss NS. et al., J. Am. Chem.
Soc. J., DOI: 10.1021/jacs.5b01876 (2015), Carpdd@ et al., Clin. Cancer. ReROI: 10.1158/1078-
0432.CCR-12-2422 (2013), W02015052538 and WO201R3G4

Further embodiments of the invention are the adig®Mab21, Mab22, Mab42, Mab27, Mab33, and
Mab39 as described herein by their CDR sequence¥ora VH/VL sequences together with the

described CL and CH1 sequences, as antigen bifidigments, especially Fab fragments, as bispecific
antibodies binding to BCMA and CD3, with and withdec part, as bispecific antibodies in the

described formats, especially the 2+1 format, dred lispecific antibodies with the heavy and light

chains as described herein, especially as desdriltatle 1A.

A further embodiment of the invention is a methddgeneration an anti-BCMA antibody which
depletes, in the bispecific format according toitheention, human malignant plasma cells in Mugip
Myeloma MM bone marrow aspirates to at least 80&fter a 48 hour treatment in a concentration of
between 10 nM and 1 fM, anti-BCMA antibody charaet in panning a variable heavy chain (VH)
and a variable light chain (VL) phage-display lityraf antibody 83A10 (VH library, VL library) with

1 -50 nM cyno BCMA in 1-3 rounds and selecting @ialgle light chain and a variable heavy chain
which have such properties as such bispecific Thietler has . Preferably panning is performed in 3
rounds, using 50nM cynoBCMA for round 1, 25nM cyB&Nbr round 2 and10nM cyBCMA for round
3. Peferably the libraries are randomized in eitherlight chain CDR1 and CDR2 or the heavy chain
CDR1 and CDR2. Preferably a light and heavy chamidentified which each bind as Fab fragment,
comprising in addition the corresponding VH or VE antibody 83A10, to huBCMA with a Kd of
50pM to 5nM and to cyno BCMA with a Kd of 0.1nM 20 nM. Preferably the bispecific format is the
format of fig. 2A, comprising the respective comstdomains VL and VH of the CD3 Fab replacement
by each other and within both BCMA Fabs amino aexdhanges K213E and K147E in the CH1
domain and amino acid exchanges E123R and Q12#¢i@L domain.

A further embodiment of the invention is a method the preparation of an antibody according to the
invention comprising the steps of

a) transforming a host cell with
b) vectors comprising nucleic acid molecules enapdime light chain and heavy chain of an
antibody according to the invention,
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¢) culturing the host cell under conditions thavwallsynthesis of said antibody molecule; and

d) recovering said antibody molecule from said aeltu

A further embodiment of the invention is a methodthe preparation of a bispecific antibody acaugdi

to the invention comprising the steps of

e) transforming a host cell with

f) vectors comprising nucleic acid molecules encgdihe light chain and heavy chain of an

antibody specifically binding to the first target

g) vectors comprising nucleic acid molecules enapdime light chain and heavy chain of an

antibody specifically binding to the second targéigerein the variable domains VL and VH or

the constant domains CL and CH1 are replaced ty ether;

h) culturing the host cell under conditions thadwallsynthesis of said antibody molecule; and

i) recovering said antibody molecule from said audtu

A further embodiment of the invention is a hostl a@mprising vectors comprising nucleic acid

molecules encoding an antibody according to thentien. A further embodiment of the invention is a

host cell comprising vectors comprising nucleicdagiolecules encoding the light chain and heavy

chain of an antibody specifically binding to thesfitarget and vectors comprising nucleic acid

molecules encoding the light chain and heavy cloéian antibody specifically binding to the second

target, wherein the variable domains VL and VHh& tonstant domains CL and CH1 are replaced by

each other.

A further embodiment of the invention is a pharmadioal composition comprising an
according to the invention and a pharmaceuticalbeptable excipient.

A further embodiment of the invention is a pharmaioal composition comprising an
according to the invention for use as a medicament.

A further embodiment of the invention is a pharmaioal composition comprising an
according to the invention for use as a medicarimetiite treatment of plasma cell disorders.

A further embodiment of the invention is a pharmaioal composition comprising an
according to the invention for use as a medicarnmetiite treatment of Multiple Myeloma.

antibody

antibody

antibody

antibody

A further embodiment of the invention is pharmamaltcomposition comprising an antibody according

to the invention for use as a medicament in thetitiment of systemic lupus erythematosus.
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A further embodiment of the invention is pharmagsutcomposition comprising an antibody according
to the invention, including a monospecific antibpdyp ADCC enhanced naked antibody, an antibody-
drug conjugate, a multispecific antibody or a bgfie antibody for use as a medicament in the
treatment of antibody-mediated rejection.

In one embodiment an antibody according to theritiga can be used for the treatment of plasma cell
disorders like Multiple Myeloma MM or other plasmoall disorders expressing BCMA as described
below. MM is a plasma cell malignancy characteribgch monoclonal expansion and accumulation of
abnormal plasma cells in the bone marrow compartnMi also involves circulating clonal plasma
cells cells with same IgG gene rearrangement andato hypermutation. MM arises from an
asymptomatic, premalignant condition called monoealogammopathy of unknown significance
(MGUS), characterized by low levels of bone marpasma cells and a monoclonal protein. MM cells
proliferate at low rate. MM results from a progiessoccurrence of multiple structural chromosomal
changes (e.g. unbalanced translocations). MM ireethhe mutual interaction of malignant plasma cells
and bone marrow microenvironment (e.g. normal boaerow stromal cells). Clinical signs of active
MM include monoclonal antibody spike, plasma cellsrcrowding the bone marrow, Iytic bone lesions
and bone destruction resulting from overstimulatidrosteoclasts (Dimopulos & Terpos, Ann Oncol
2010; 21 suppl 7: viil43-150). Another plasma ckforder involving plasma cells i.e. expressing
BCMA is systemic lupus erythematosus (SLE), alsovkm as lupus. SLE is a systemic, autoimmune
disease that can affect any part of the body amdpsesented with the immune system attacking the
body’'s own cells and tissue, resulting in chromflammation and tissue damage. It is a Type |l
hypersensitivity reaction in which antibody-immueemplexes precipitate and cause a further immune
response (Inaki & Lee, Nat Rev Rheumatol 2010;26-337). Further plasma cell disorders are plasma
cell leukemia and AL-Amyloidosis (see also Exampl@sand 20). In all these plasma cell disorders
depletion of plasma cells/malignant plasma cellauybodies according to this invention is expedted
be beneficial for the patients suffering from saadtiisease.

A further embodiment of this invention is an antipcaccording to the invention for the treatment of
antibody-mediated allograft rejectianvolving plasma cells and alloantibodies includiagute and
chronic antibody-mediated rejection (AMR). Acute RMs characterized by graft dysfunction that
occurs over days and is the result of either preréal or de novo donor specific antibodies developed
post-transplant. It occurs in about 5-7% of allney transplants and causes 20-48% of acute rajectio
episodes among pre-sensitized positive crossmatibnps (Colvin and Smith, Nature Rev Immunol
2005; 5 (10): 807-817). Histopathology in patiemth acute AMR often reveals endothelial cell
swelling, neutrophilic infiltration of glomeruli ahperitubular capillaries, fibrin thrombi, intets
edema, and hemorrhage (Trpkov et al. Transplantati®96; 61 (11): 1586-1592). AMR can be
identified with C4d-staining or other improved medls of antibody detection in allograft biopsies.
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Another form of AMR is also known as chronic allafjrinjury which also involves donor specific
antibodies but manifests within months and everrsy@dter transplantation. It is seen as transplant
glomerulopathy (also known as chronic allograft ngdoulopathy) on kidney biopsies and is
characterized by glomerular mesangial expansiorcapilary basement membrane duplication (Regele
et al. J Am Soc Nephrol 2002; 13 (9): 2371-238®e Tlinical manifestations vary from patients being
asymptomatic in the early stages to having nephnathge proteinuria, hypertension, and allograft
dysfunction in the advanced stages. Disease pmsigresan be quite rapid, especially with ongoing
acute AMR, resulting in graft failure within montkBotheringham et al. Nephron — Clin Pract 2009;
113 (1): c1-c7). The prevalence of transplant gloepathy in patient biopsies varies between 5% at
1lyrto 20% at 5 years (Cosio et al. Am J Transpk@3; 8: 292-296).

A further embodiment of the invention is an antipoaccording to the invention for use as a
medicament.

A further embodiment of the invention is a pharmaioal composition comprising an antibody
according to the invention for use as a medicament.

A further embodiment of the invention is a pharmaical composition comprising a naked antibody or
a bispecific antibody according to the inventiondse as a medicament.

A further embodiment of the invention is a pharmaioal composition comprising an antibody
according to the invention with increased effedtmrction for use as a medicament.

A further embodiment of the invention is a pharmaioal composition comprising an antibody
according to the invention with decreased effeftinction for use as a medicament.

A further embodiment of the invention is a pharmaioal composition comprising an antibody
according to the invention as bispecific antiboolydse as a medicament.

A further embodiment of the invention is a pharmaioal composition comprising an antibody
according to the invention as multispecific antipdor use as a medicament.

A further embodiment of the invention is a pharmaioal composition comprising an antibody
according to the invention as conjugate with aapeutic agent (drug conjugate) e.g. with a cyt@toxi
agent or radiolabel for use as a medicament.

A further embodiment of the invention is a pharmaioal composition comprising an antibody
according to the invention as a diabody for usa emdicament.
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In one embodiment the antibody according to themtion, especially when being a bispecific antibody
against CD3 and BCMA, is administered once or tvdceeek in one embodiment via subcutaneous
administration (e.g. in one embodiment in the daswe of 0.1 to 2.5, preferably to 25 mdhwveek,
preferably to 250 mg/fweek ). Due to superior cytotoxicity activities of thatdody according to the
invention it can be administered at least at tlreesmagnitude of clinical dose range (or even lowasr)
compared to conventional monospecific antibodiesamventional bispecific antibodies that are not T
cell bispecifics (i.e. do not bind to CD3 on onmarlt is envisaged that for an antibody accordmthe
invention subcutaneous administration is prefemethe clinical settings (e.g. in the dose rang.&f—
250 mg/miweek). In addition, in patients with high levelsserum APRIL and BAFF (e.g. multiple
myeloma patients) it may not be required to incegas dose for an antibody according to this ineant
as it may not be affected by ligand competition.n dontrast, the doses for other ligand-
blocking/competing anti-BCMA antibodies may need te increased in those patients. Another
advantage of the antibody according to the invenisoan elimination half-life of about 4 to 12 days
which allows at least once or twice/week admintgira

In one embodiment the antibody according to thention in the case of naked/unconjugated ADCC
enhanced monospecific antibodies is an antibody \pitoperties allowing for once/twice a week
treatment by intravenous route but preferably wibcsitaneous administration (e.g. a dosage in the
range of 200-2000 mg/ m/week for 4 weeks). It isisaged that for an antibody according to the
invention subcutaneous administration is possihlt greferred in the clinical settings (e.g. in tuse
range of 200-2000 mghAfwveek , depending on the disease indications). In additio patients with
high levels of serum APRIL and BAFF (e.g. multiplejeloma patients) it may not be required to
increase the dose for an antibody according to ithiention (e.g. non-ligand blocking/competing
antibody) as it may not be affected by ligand cotitipa. In contrast, the doses for other ligand-
blocking/competing anti-BCMA antibodies may need ke increased in those patients, making
subcutaneous administration technically more chgltey (e.g. pharmaceutical). Another advantage of
the antibody according to the invention is basedheninclusion of an Fc portion, which is assodate
with an elimination half-life of 4 to 12 days anitbavs at least once or twice/week administration.

A further preferred embodiment of the inventiomisliagnostic composition comprising an antibody
according to the invention.

Description of the Fiqures

Figure 1. Bispecific bivalent antibodies comprisingly the Fab fragments (specific to CD3 and
BCMA) and the Fc part as specified: (A) Fab BCMA(EEK)-Fc-Fab CD3; (B) Fab BCMA-Fc-Fab
CD3(RK/EE). aa substitutions for RK/EE introduéedCL-CH1 to reduce LC mispairing/side products
in production. The Fab CD3 includes a VL-VH crossotw reduce LC mispairing and side-products.



10

15

20

25

30

22
Figure 2. Preferred bispecific trivalent antibodasnprising only the Fab fragments (specific to CD3
and BCMA) and the Fc part as specified: (A) Fab BERK/EE)-Fc-Fab CD3-Fab BCMA(RK/EE);
(B) Fab BCMA-Fc-Fab CD3(RK/EE)-Fab BCMA; (C) Fab B@G(RK/EE)-Fc-Fab BCMA(RK/EE)-
Fab CD3; (D) Fab BCMA-Fc-Fab BCMA-Fab CD3(RK/EE® substitutions for RK/EE introduced in
CL-CHL1 to reduce LC mispairing/side-products indarction. Preferably, the Fab CD3 includes a VL-
VH crossover to reduce LC mispairing and side-potslu Preferably, Fab CD3 and Fab BCMA are

linked to each other with flexible linkers.

Figure 3. Bispecific bivalent antibodies comprisingly the Fab fragments (specific to CD3 and
BCMA) and the Fc part as specified: (A) Fc-Fab G BCMA(RK/EE); (B) Fc-Fab CD3(RK/EE)-
Fab BCMA,; (C) Fc-Fab BCMA(RK/EE)-Fab CD3; (D) Fci#-BCMA-Fab CD3(RK/EE). Preferably,
the Fabs CD3 include a VL-VH crossover to reducenhi€pairing and side-products. Fab CD3 and Fab
BCMA are linked to each other with flexible linkers

Figure 4. Redirected T-cell lysis of H929 MM ceitgluced by anti-BCMA/anti-CD3 T-cell bispecific
antibodies as measured by LDH release. Concenragisponse curves for lysis of H929 MM cells
induced by 21-TCBcv (closed circle), 22-TCBcv (@dstriangle), 42-TCBcv (closed square) in
comparison with 83A10-TCBcv (open circle, dottetk)i. There was a concentration-dependent killing
of H929 cells for all anti-BCMA/anti-CD3 T cell kpecific antibodies while no killing was observed
with the control-TCB. Experiments were performedn®BMC donor 1 (A), donor 3 (B), donor 4 (C),
donor 5 (D) using an effector cell to tumor targetl (E:T) ratio of 10 PBMCs to 1 MM cell (see

example 8).

Figure 5. Redirected T-cell lysis of L363 MM ceigluced by anti-BCMA/anti-CD3 T-cell bispecific

antibodies as measured by LDH release. Conceamiratisponse curves for lysis of L363 MM cells
induced by 21-TCBcv (closed circle), 22-TCBcv (@dstriangle), 42-TCBcv (closed square) in
comparison with 83A10-TCBcv (open circle, dotteel. A concentration-dependent killing of L363
cells was observed for all anti-BCMA/anti-CD3 T Icbkispecific antibodies while no killing was

observed with the control-TCB. Experiments werefgrered with PBMC donor 1 (A), donor 2 (B),

donor 3 (C), donor 4 (D), donor 5 (E) using an Eafio of 10 PBMCs to 1 MM cell (see example 9).

Figure 6. Redirected T-cell lysis of RPMI-8226 MMlls induced by anti-BCMA/anti-CD3 T-cell
bispecific antibodies as measured by LDH releasgoncentration response curves for lysis of RPMI-
8226 MM cells induced by 21-TCBcv (closed circl22-TCBcv (closed triangle), 42-TCBcv (closed
square) in comparison with 83A10-TCBcv (open cirdetted line). A concentration-dependent killing
of RPMI-8226 cells was observed for all anti-BCMA#aCD3 T cell bispecific antibodies while no
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killing was observed with the control-TCB. Experimt® were performed with PBMC donor 2 (A),
donor 3 (B), donor 4 (C), donor 5 (D) using an Eafio of 10 PBMCs to 1 MM cell (see example 10).

Figure 7. Redirected T-cell lysis of JIN-3 MM cehisluced by anti-BCMA/anti-CD3 T-cell bispecific
antibodies as measured by flow cytometry. Coneatioti-dependent killing of JIN-3 MM cells by 22-
TCBcv (closed triangle), 42-TCBcv (closed square)comparison with 83A10-TCBcv (open circle,
dotted line). Percentage of annexin-V positive -3JBklls (A, C) and tumor cell lysis (B, D) were
determined and plotted. The percentage of lysi3Jbf-3 cells induced by a specific concentration of
anti-BCMA/anti-CD3 T cell bispecific antibody deteined as the following: the absolute count of
annexin-V-negative JIN-3 cells at a given TCB cairegion and subtracting it from the absolute count
of annexin-V-negative JIN-3 cells without TCB; diedl by the absolute count of annexin-V-negative
JJIN-3 cells without TCB. Experiments were performeith 2 PBMC donors: donor 1 (A, B) and donor
2 (C, D) using an E:T ratio of 10 PBMCs to 1 MMIdeke example 11).

Figure 8. Redirected T-cell lysis of multiple myela patient bone marrow myeloma plasma cells in
presence of autologous bone marrow infiltrating dllsc (patient’s whole bone marrow aspirates)
induced by anti-BCMA/anti-CD3 T-cell bispecific @dmdies as measured by multiparameter flow
cytometry. Percentage of annexin-V positive myelg@tasma cells was determined and plotted against
TCB concentrations. Concentration-dependent ardifiplysis of patient myeloma plasma cells were
observed while lysis of T cells, B cells, and NKllxewas not observed based on an 8-color
multiparameter panel. No induction of cell deathnyeloma plasma cells with control-TCB at the
highest concentration of TCB antibodies tested.cémpared to 83A10-TCBcv (A), 42-TCBcv (B) and
22-TCBcv (C) were more potent to induce killingpatient bone marrow myeloma plasma cells (see

example 13).

Figure 9. Redirected T-cell lysis of multiple myela patient bone marrow myeloma plasma cells in
presence of autologous bone marrow infiltrating dllsc (patient’s whole bone marrow aspirates)
induced by anti-BCMA/anti-CD3 T-cell bispecific #@mdies as measured by flow cytometry.
Percentage of annexin-V negative myeloma plasmis e&s determined and plotted against TCB
concentrations. Concentration-dependent and $pdgsis of patient myeloma plasma cells were
observed while lysis of non-malignant bone marrasliscwas not observed (data not shown). No
induction of cell death of myeloma plasma cellsestasd with control-TCB at the highest concentration
of TCB antibodies tested (data not shown). As caneg to 83A10-TCBcv, 42-TCBcv and 22-TCBcv
were more potent to induce killing of patient banarrow myeloma plasma cells as reflected by the
concentration-dependent reduction of viable (arm&ki negative) myeloma plasma cells.
Representative experiments in patient 001 (A) axtaept 007 (B) (see example 13).
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Figure 10. Redirected T-cell lysis of multiple myela patient bone marrow myeloma plasma cells in
presence of autologous bone marrow infiltrating dllscinduced by anti-BCMA/anti-CD3 T-cell
bispecific antibodies as measured by flow cytome®grcentage of propidium iodide negative myeloma
plasma cells was determined and the percentagéabfevbone marrow plasma cells relative to the
medium control (MC) was plotted against TCB conraiuns. Concentration-dependent and specific
lysis of patient myeloma plasma cells were obser¢dd— G) while lysis of bone marrow
microenvironment (BMME) was not observed (H). Mduction of cell death of myeloma plasma cells
observed with control-TCB at the highest conceitnabf TCB antibodies tested. As compared to
83A10-TCBcv, 42-TCBcv and 22-TCBcv were more poteninduce killing of patient bone marrow
myeloma plasma cells as reflected by the concémraependent reduction of viable (propidium iodide
negative) myeloma plasma cells. An effect was id@med statistically significant if the-#alue of its
corresponding statistical test was <5% (*), < 199 @r <0.1% (***). Experiments performed using
bone marrow aspirate samples collected from pafig@#), patient 2 (B), patient 3 (C), patient 4 (D)
patient 5 (E), patient 6 (F), and patient 7 (G($te example 13).

Figure 11. Activation of myeloma patient bone marfD cells in presence of bone marrow plasma cells
(patient whole bone marrow aspirates) induced biyB@MA/anti-CD3 T-cell bispecific antibodies as
measured by multiparameter flow cytometry (8-cdtaining panel). Magnitude of T-cell activation
was compared among 83A10-TCBcv (A), 42-TCBcv (Bj @8-TCBcv (C) (see example 14).

Figure 12. Concentrations of 83A10-TCBcv measudreth serum samples (closed symbols with full
lines) and bone marrow samples (open symbols watted lines) after single intravenous (IV) injectio

in cynomolgus monkeys with 0.003, 0.03 and 0.1 mg@k83A10-TCBcv. Serum samples collection
was performed at pre-dose and 30, 90, 180 min4748, 96, 168, 336, 504 h after dosing. Bone

marrow samples were collected at pre-dose, anth@@36 h after dosing (see example 16).

Figure 13. Peripheral T-cell redistribution obsenia cynomolgus monkeys following a single IV
injection of 83A10-TCBcv (0.003, 0.03 and 0.3 mg/kgnimals A and B, C and D, and E and F
respectively received an 1V injection of 0.003,34dhd 0.3 mg/kg of 83A10-TCBcv. Absolute blood T-

cell cell counts (CD2+ cells per pL of blood) wetetted against time post treatment (see example 16

Figure 14. Reduction of blood plasma cells obsermedynomolgus monkeys following a single IV
injection of 83A10-TCBcv (0.3 mg/kg) as measurednwyltiparameter flow cytometry. Plasma cells
(PCs) were identified based on a 6-color stainiaggb and percentages of PCs over lymphocytes were
measured and plotted in contour plots (A). Kinetidlood plasma cell depletion after treatment with

83A10-TCBcv 0.3 mg/kg in cynomolgus monkeys wagtptb(B) (see example 16).
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Figure 15. Antitumoral activity induced by 83A10-BEs anti-BCMA/anti-CD3 T cell bispecific
antibody in the H929 human myeloma xenograft modsing PBMC-humanized NOG mice.
Immunodeficient NOD/Shi-scid IL2rgamma(null) (NOGgceived on day 0 (d0) human multiple
myeloma H929 cells as a subcutaneous (SC) injedtiinthe right dorsal flank. On day 15 (d15),
NOG mice received a single intraperitoneal (IPgdtion of human PBMCs. Mice were then carefully
randomized into the different treatment and congomups (n=9/group) and a statistical test was
performed to test for homogeneity between groufise experimental groups were the control untreated
group, control-TCB treated group, 83A10-TCBcv 2.Bl/kg treated group and BCMA50-BITE®
(BCMAXCD3 (scFv)) 2.6 nM/kg treated group. Antibody treatment gilsy tail vein injection started
on day 19 (d19), i.e. 19 days after SC injectiorH829 tumor cells. The TCB antibody treatment
schedule consisted of a once a week IV adminietrdor up to 3 weeks (i.e. total of 3 injections of
TCB antibody). Tumor volume (TV) was measured blper during the study and progress evaluated
by intergroup comparison of TV. TV (mm3) plotteghinst day post tumor injection. On d19, first day
of treatment, the mean tumor volume had reachedt3D&1L mma3 for the vehicle treated control group
(A), 315 £ 148 mm3 for the 2.6 nM/kg control-TCRedéted group (A), 293 + 135 mm3 for the 2.6
nM/kg 83A10-TCBcv group (B) and 307 + 138 mm3 fhet2.6 nM/kg BCMA50-BITE® group (C).
TV of each individual mouse per experimental grewgue plotted against day post tumor injection: (A)
control groups including vehicle control (full linend control-TCB (dotted line), (B) 83A10-TCBcv
(2.6 nM/kg) group, and (C) BCMAS0-BITE® (2.6 nM/kglack arrows show the TCB treatment given
by IV injection. In the 83A10-TCBcv (2.6 nM/kg) aup, 6 out of 9 mice (67%) had their tumor
regressed even below TV recorded at d19 i.e. Ti&B treatment and tumor regression was maintained
until termination of study. The 3 mice in the 83AICBcv (2.6 nM/kg) treated group which failed to
show tumor regression had their TV equal to 37&, @9d 522 mm3 respectively at d19. In contrast,
none of the 9 mice (0%) treated with an equimotasedof BCMA50-BITE® (2.6 nM/kg) at a once a
week schedule for 3 weeks had their tumor regreassady timepoint (see example 17).

Figure 16. Percentage of tumor growth (TG) caleddbr d19 to d43 and compared between 83A10-
TCBcv (2.6 nM/kg) group and BCMAS0-BITE® (2.6 nM/kgThe percentage of tumor growth defined
as TG (%) was determined by calculating TG (%) 8 £@median TV of analyzed group)/ (median TV
of control vehicle treated group). For ethicals@a mice were euthanized when TV reached at least
2000 mm3. TG (%) was consistently and signifisareduced in the 83A10-TCBcv (2.6 nM/kg)
group as well as the TG (%) was always lower whempared to BCMAS50-BITE® (2.6 nM/kg) (see
example 17).
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Figure 17. Surface plasmon resonance (SPRY®tlones selected from ELISA. All experiments were
performed at 25°C using PBST as running bufferr®d PBS, pH 7.4 and 0.005% (v/v) Tween®20)
with a ProteOn XPR36 biosensor equipped with GL@ &M sensor chips and coupling reagents.
Immobilizations were performed at 30 pl/min on aNGthip. pAb (goat) anti hu IgG, F(ab)2 specific
Ab (Jackson) was coupled in vertical directionngsa standard amine-coupling procedure: all six
ligand channels were activated for 5 min with atomig of EDC (200 mM) and sulfo-NHS (50 mM).
Immediately after the surfaces were activated, pddmat) anti hu IgG, F(ab)2 specific antibody (50
pg/ml, 10 mM sodium acetate, pH 5) was injectedsgiall six channels for 5 min. Finally, channels
were blocked with a 5 min injection of 1 M ethamoiae—HCI (pH 8.5). Final immobilization levels
were similar on all channels, ranging from 1100@ 1500 RU. The Fab variants were captured from
e.coli supernantants by simultaneous injectiongliore of the separate whole horizontal channels (3
pl/min) for 5 min and resulted in levels, rangingm 200 to 900 RU, depending on the concentratfon o
Fab in supernatant; conditioned medium was injealedg the sixth channel to provide an ‘in-line’
blank for double referencing purposes. One-shatiirmeasurements were performed by injection of a
dilution series of human and cyno BCMA (50, 1002, 0.08, 0 nM, 50 pl/min) for 3 min along the
vertical channels. Dissociation was monitored fom#. Kinetic data were analyzed in ProteOn
Manager v. 2.1. Processing of the reaction spa datolved applying an interspot-reference and a
double-reference step using an inline buffer bl@vikszka, 1999). The processed data from replicate
one-shot injections were fit to a simple 1:1 Langmhbinding model without mass transport
(O'Shannessy et al., 1993).

Figure 18. Binding affinity of BCMA antibodies on BK-huBCMA cells as measured by flow
cytometry. The anti-BCMA antibodies were used ast fantibody then a secondary PE-labeled anti-
human Fc was used as detection antibody. It wasdfdhat binding of antibodies Mab 21, Mab 22,
Mab 27, Mab 39 and Mab 42 to huBCMA on HEK cellsswt significantly better than the binding of
Mab 83A10 to huBCMA-HEK cells.

Figure 19.Concentrations of 42-TCBcv measured in serum and boarrow after single IV or SC
injection in cynomolgus monkeys. Animals receigedingle IV or SC. injection of 42-TCBcv) and
blood samples per timepoint were collected viagbepheral vein for PK evaluations at Pre-dose, 30,
90, 180 min, 7, 24, 48, 96, 168, 336, 504 h aftsirh. Blood samples were allowed to clot in tuloes
serum separation for 60 min at room temperatur& dlbt was spun down by centrifugation. The
resultant serum was directly stored at -80°C ufntither analysis. Bone marrow samples for PK
evaluations were also collected at the femur umshesthesia/analgesic treatment at Pre-dose, 96 and

336 h after dosing. Bone marrow samples were alibte clot in tubes for serum separation for 60 min
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at room temperature. The clot was spun down byriéeg&tion. The resultant bone marrow was directly
stored at - 80°C until further analysis. The PKadanalysis and evaluation were performed. Standard
non compartmental analysis was performed using Oapmckage (v 7.4, Thermo Fisher Scientific
Waltman, MA, USA) or Phoenix WinNonlin system (v.36 Certara Company, USA). Effective
concentration range of 42-TCBcv in multiple myelopatient bone marrow aspirates corresponding to
10 pm to 10 nM (grey area). Concentrations in phesis are in nM.

Figure 20. Redirected T-cell lysis of plasma celldemia patient bone marrow or blood leukemic cells
in presence of autologous T cells or bone marrdiltrating T cells induced by anti-BCMA/anti-CD3
T-cell bispecific antibodies as measured by flowooyetry. Percentage of propidium iodide negative
myeloma plasma cells was determined and the pegerdf viable bone marrow or blood plasma cell
leukemic cells relative to the medium control (M@jas plotted against TCB concentrations.
Concentration-dependent and specific lysis of pagdasma cell leukemic cells were observed (A, B)
while lysis of bone marrow microenvironment (BMMHEJas not observed (data not shown). No
induction of cell death of myeloma plasma cellsestasd with control-TCB at the highest concentration
of TCB antibodies tested. 42-TCBcv was very poteribduce killing of patient bone marrow or blood
plasma cell leukemic cells as reflected by the eatration-dependent reduction of viable (propidium
iodide negative) myeloma plasma cells. An effeaswonsidered statistically significant if thev&ue

of its corresponding statistical test was <5% €11% (**) or <0.1% (***). The figure shows resalt
obtained from bone marrow samples of patient 1¢#) patient 2(B) (see also example 20).

Detailed Description of the Invention

The term “BCMA, the target BCMA, human BCMA” as dseerein relates to human B cell maturation
antigen, also known as BCMA; TR17_HUMAN, TNFRSFUA{Prot Q02223), which is a member of
the tumor necrosis receptor superfamily that idepemtially expressed in differentiated plasmascell
The extracellular domain of BCMA consists accordiadJniProt of amino acids 1 — 54 (or 5-51). The
term “antibody against BCMA, anti-BCMA antibody” ased herein relates to an antibody specifically
binding to the extracellular domain of BCMA.

“Specifically binding to BCMA or binding to BCMA”afer to an antibody that is capable of binding to
the target BCMA with sufficient affinity such th#lte antibody is useful as a therapeutic agent in
targeting BCMA. In some embodiments, the extentbwfding of an anti-BCMA antibody to an
unrelated, non-BCMA protein is about 10-fold prafdy >100-fold less than the binding of the
antibody to BCMA as measured, e.g., by surfacenptasresonance (SPR) e.g. Biacore®, enzyme-
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linked immunosorbent (ELISA) or flow cytometry (FAE In one embodiment the antibody that binds
to BCMA has a dissociation constant (Kd) of®1M or less, preferably from oM to 10% M,
preferably from 18 M to 10" M. In one embodiment the anti-BCMA antibody biridsan epitope of
BCMA that is conserved among BCMA from differentesies, preferably among human and
cynomolgus. “Bispecific antibody specifically bimgi to CD3 and BCMA, bispecific antibody against
CD3 and BCMA" refers to a respective definition fiinding to both targets. An antibody specifically
binding to BCMA (or BCMA and CD3) does not binddther human antigens. Therefore in an ELISA,
OD values for such unrelated targets will be edqualower to that of the limit of detection of the
specific assay, preferably > 0.3 ng/mL, or equdbarer to OD values of control samples without @lat
bound-BCMA or with untransfected HEK293 cells.

Preferably the anti-BCMA antibody is specificallining to a group of BCMA, consisting of human
BCMA and BCMA of non-human mammalian origin, prefiely BCMA from cynomolgus, mouse
and/or rat. “cyno/human gap” refer to the affinitgtio KD cynomolgus BCMA[M]/KD human
BCMA[M] (details see example 3)cyno/human gap of Mab CD3” as used herein refaftimity ratio

KD cynomolgus CD3[M]/KD human CD3[M]. In one embatknt the bispecific anti-BCMA/anti-CD3
antibody of the invention shows a cyno/human gaplalb CD3 between 1.25 and 5 or between 0.8 and
1.0. The bispecific antibody according to the iri@mis in one embodiment characterized in that it
binds also specifically to cynomolgus CD3. In omabediment the bispecific anti-BCMA/anti-CD3
antibody of the invention shows a cyno/human gablalh CD3 between 1.25 and 5 or between 0.8 and
1.0. Preferably the cyno/human gap is in the samge for anti-BCMA- and the anti-CD3 antibody.

The term “APRIL” as used herein relates to recombintruncated murine APRIL (amino acids 106—
241; NP_076006). APRIL can be produced as descitb&yan, 2007 (Mol Cancer Ther; 6 (11): 3009—
18).

The term “BAFF” as used herein relates to recomiginauncated human BAFF (UniProt Q9Y275
(TN13B_HUMAN) which can be produced as describe@ardon, 2003 (Biochemistry; 42 (20): 5977-
5983). Preferably a His-tagged BAFF is used acogrdo the invention. Preferably the His-tagged
BAFF is produced by cloning a DNA fragment encodB@FF residues 82285 into an expression
vector, creating a fusion with an N-terminal Hig-fallowed by a thrombin cleavage site, expressing
said vector and cleaving the recovered protein thitbmbin.

Anti-BCMA antibodies are analyzed by ELISA for bind to human BCMA using plate-bound BCMA.
For this assay, an amount of plate-bound BCMA pedfly 1.5ug/mL and concentration(s) ranging
from 0.1 pM to 200 nM of anti-BCMA antibody are dse
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The term “NFxB” as used herein relates to recombinantd®p50 (accession number (P19838). NF-
kB activity can be measured by a DNA-binding ELISAan extract of NCI-H929 MM cells (CRL-
9068™). NCI-H929 MM cells, untreated or treatedhwit 1 ug/mL TNF-, 1000 ng/mL heat-treated
HT-truncated-BAFF, 1000 ng/mL truncated-BAFF, 0 po 200 nM isotype control, and with or
without 0.1 pM to 200 nM anti-BCMA antibodies amcubated for 20 min. NkB activity can be
assayed using a functional ELISA that detects chimmescent signal from p65 bound to the k8-
consensus sequence (US6150090).

The term “further target” as used herein meansepabty CD3. The term “first target and second
target” means either CD3 as first target and BCMAacond target or means BCMA as first target and
CD3 as second target.

The term “CD3 or CD3” as used herein relates to human €@d8scribed under UniProt PO7766
(CD3E_HUMAN). The term “antibody against CB3anti CD3 antibody” relates to an antibody
specifically binding to CD& In one embodiment the antibody comprises a virialomain VH
comprising the heavy chain CDRs of SEQ ID NO: lar?l 3 as respectively heavy chain CDR1H,
CDR2H and CDR3H and a variable domain VL compridimg light chain CDRs of SEQ ID NO: 4, 5
and 6 as respectively light chain CDR1L, CDR2L &@dR3L. In one embodiment the antibody
comprises the variable domains of SEQ ID NO:7 (\dH)l SEQ ID NO:8 (VL).

The term "antibody" as used herein refers to a rolonal antibody. An antibody consists of two pairs
of a "light chain" (LC) and a "heavy chain” (HC)u¢h light chain (LC) /heavy chain pairs are
abbreviated herein as LC/HC). The light chains hedvy chains of such antibodies are polypeptides
consisting of several domains. Each heavy chainpcises a heavy chain variable region (abbreviated
herein as HCVR or VH) and a heavy chain constagibre The heavy chain constant region comprises
the heavy chain constant domains CH1, CH2 and Cit@ibody classes IgA, IgD, and IgG) and
optionally the heavy chain constant domain CH4 iljaadly classes IgE and IgM). Each light chain
comprises a light chain variable domain VL andyatlichain constant domain CL. The variable domains
VH and VL can be further subdivided into regions lofpervariability, termed complementarity
determining regions (CDR), interspersed with regidhat are more conserved, termed framework
regions (FR). Each VH and VL is composed of thrdeR€ and four FRs, arranged from amino-
terminus to carboxy-terminus in the following ordER1, CDR1, FR2, CDR2, FR3, CDR3, FR4. The
"constant domains" of the heavy chain and of thktichain are not involved directly in binding af a
antibody to a target, but exhibit various effedianctions. The term "antibody" as used herein eefer
comprises also the portion of an antibody whiciméeded at least for specific binding to the antigen
CD3 resp. BCMA. Therefore such an antibody (orkadiyy portion) can be in one embodiment a Fab
fragment, if said antibody portion is comprisedaibispecific antibody according to the inventioheT
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antibody according to the invention can also bel,F-(ab’}, a scFv, a di-scFv, or a bi-specific T-cell
engager (BIiTE).

The term “antibody” includes e.g. mouse antibodisnan antibodies, chimeric antibodies, humanized
antibodies and genetically engineered antibodiewigmt or mutant antibodies) as long as their
characteristic properties are retained. Especipligferred are human or humanized antibodies,
especially as recombinant human or humanized atigbo Further embodiments are heterospecific
antibodies (bispecific, trispecific etc.) and otbenjugates, e.g. with cytotoxic small molecules.

The term “bispecific antibody" as used herein refarone embodiment to an antibody in which one of
the two pairs of heavy chain and light chain (HGJlispecifically binding to CD3 and the other ése
specifically binding to BCMA. The term also refaécsother formats of bispecific antibodies according
to the state of the art, in one embodiment to lmi$igesingle-chain antibodies.

The term “TCB” as used herein refer to a bispedfitibody specifically binding to BCMA and CD3.
The term “83A10-TCBcv” as used herein refer to spbcific antibody specifically binding to BCMA
and CD3 as specified by its heavy and light chamlzination of SEQ ID NO:45, SEQ ID NO:46, SEQ
ID NO:47 (2x), and SEQ ID NO:48, and as shown gurfe 2A and described in EP14179705. The
terms “21-TCBcv, 22-TCBcv, 42-TCBcv” as used henafer to the respective bispecific antibodies of
Mab21, as specified by its heavy and light chaimlgimation of SEQ ID NO:48, SEQ ID NO:49, SEQ
ID NO:50, and SEQ ID NO:51 (2x), Mab 22 as spedifiy its heavy and light chain combinations of
SEQ ID NO:48, SEQ ID NO:52, SEQ ID NO:53, and SBEQNO:54 (2x), and Mab42 as specified by
its heavy and light chain combination of SEQ ID M®pof SEQ ID NO:55, SEQ ID NO:56, and SEQ
ID NO:57-(2x).

The term “naked antibody " as used herein refeentantibody which is specifically binding to BCMA,
comprising an Fc part and is not conjugated wittherapeutic agent e.g. with a cytotoxic agent or
radiolabel. The term “conjugated antibody, drugjagate” as used herein refers to an antibody wisich
specifically binding to BCMA, and is conjugated ki therapeutic agent e.g. with a cytotoxic agent o
radiolabel.

The term “bispecific single-chain antibody" as udeerein refers to a single polypeptide chain
comprising in one embodiment two binding domainge gpecifically binding to BCMA and the other
one in one embodiment specifically binding to CE&Ach binding domain comprises one variable
region from an antibody heavy chain ("VH regiomherein the VH region of the first binding domain
specifically binds to the CD3 molecule, and the ¥é&gion of the second binding domain specifically
binds to BCMA. The two binding domains are optityéihked to one another by a short polypeptide
spacer. A non-limiting example for a polypeptideasgr is Gly-Gly-Gly-Gly-Ser (G-G-G-G-S) and
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repeats thereof. Each binding domain may additipreaimprise one variable region from an antibody
light chain ("VL region"), the VH region and VL riggp within each of the first and second binding
domains being linked to one another via a polygkeplinker, long enough to allow the VH region and
VL region of the first binding domain and the VHjiren and VL region of the second binding domain
to pair with one another such that, together, #reyable to specifically bind to the respectivetfand
second binding domains (see e.g. EP0623679).Bispsirigle-chain antibodies are also mentioned e.g.
in Choi BD et al., Expert Opin Biol Ther. 2011 1ul(7):843-53 and Wolf E. et al., Drug Discov Today.
2005 Sep 15;10(18):1237-44.

The term “diabody” as used herein refers to a srbathlent and bispecific antibody fragment
comprising a heavy (VH) chain variable domain caee to a light chain variable domain (VL) on the
same polypeptide chain (VH- VL) connected by a pgeptinker that is too short to allow pairing
between the two domains on the same chain (Kipoyaimt. J. Cancer 77 (1998), 763-772). This forces
pairing with the complementary domains of anothieaic and promotes the assembly of a dimeric
molecule with two functional antigen binding sit@® construct bispecific diabodies of the invention
the V-domains of an anti-CD3 antibody and an a@M3 antibody are fused to create the two chains
VH(CD3)-VL(BCMA), VH(BCMA)-VL(CD3). Each chain bytself is not able to bind to the respective
antigen, but recreates the functional antigen bmdsites of anti-CD3 antibody and anti-BCMA
antibody on pairing with the other chain. The tveds molecules, with a linker between heavy chain
variable domain and light chain variable domain th@oo short for intramolecular dimerization, ae
expressed and self-assemble to form bi-specifieoubés with the two binding sites at opposite ends.
By way of example, the variable regions encoding tiinding domains for BCMA and CD3,
respectively, can be amplified by PCR from DNA domsts obtained as described, such that they can
be cloned into a vector like pHOG, as describedipiriyanov et al., J. Immunol, Methods, 200, 69-77
(1997a). The two scFV constructs are then combimethe expression vector in the desired orientation
whereby the VH- VL linker is shortened to preveackfolding of the chains onto themselves. The
DNA segments are separated by a STOP codon abdsome binding site (RBS). The RBS allows for
the transcription of the mRNA as a bi-cistronic sage, which is translated by ribosomes into two
proteins which non-covalently interact to form tti@body molecule. Diabodies, like other antibody
fragments, have the advantage that they can bessgu in bacteria (E. coli) and yeast (Pichia pia$to
in functional form and with high yields (up to [g/l

The term “tandem scFVs” as used herein referssiogle chain Fv molecule (i.e. a molecule formed by
association of the immunoglobulin heavy and lighdio variable domains, VH and VL, respectively) as
described e.g, in WO 03/025018 and WO 03/04820hSev molecules, which are known as
TandAbs® comprise four antibody variable domainkesein (i) either the first two or the last two of
the four variable domains bind intramolecularlyaioe another within the same chain by forming an
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antigen binding scFv in the orientation VH/VL or MH (ii) the other two domains bind
intermolecularly with the corresponding VH or VLmdains of another chain to form antigen binding
VH/VL pairs. In a preferred embodiment, as mentiniea WO 03/025018, the monomers of such Fv
molecule comprise at least four variable domain/aith two neighboring domains of one monomer
form an antigen-binding VH- VL or VL- VH scFv unit.

The term “DARPIns” as used herein refers to a lmjgeankyrin repeat molecule as described e.g. in
US 2009082274. These molecules are derived fronralaankyrin proteins, which can be found in the
human genome and are one of the most abundantafésding proteins. A DARPIn library module is
defined by natural ankyrin repeat protein sequenegag 229 ankyrin repeats for the initial dessgml
another 2200 for subsequent refinement. The modle® as building blocks for the DARPIn libraries.
The library modules resemble human genome sequeAcPé&RPin is composed of 4 to 6 modules.
Because each module is approx. 3.5 kDa, the sizn @dverage DARPIn is 16-21 kDa. Selection of
binders is done by ribosome diplay, which is corgblecell-free and is described in He M and Taussig
MJ., Biochem Soc Trans. 2007, Nov;35(Pt 5):962-5.

The term “T cell bispecific engage®ére fusion proteins consisting of two single-chaariable
fragments (scFvs) of different antibodies, or aman@ sequences from four different genes, onglesin
peptide chain of about 55 kilodaltons. One of tbEvs binds to T cells via the CD3 receptor, and the
other to a BCMA.

There are five types of mammalian antibody heawjirchdenoted by the Greek lettarss, ¢, y, andu
(Janeway CA, Jr et al (2001). Immunobiology. 5thy &@hrland Publishing). The type of heavy chain
present defines the class of antibody; these clam$ound in IgA, IgD, IgE, 19gG, and IgM antiboslje
respectively (Rhoades RA, Pflanzer RG (2002). HurRdysiology, 4th ed., Thomson Learning).
Distinct heavy chains differ in size and compositie andy contain approximately 450 amino acids,
while u ande have approximately 550 amino acids.

Each heavy chain has two regions, the constanbmegyid the variable region. The constant region is
identical in all antibodies of the same isotypd, ditfers in antibodies of different isotype. Heaslyains

Y, o. andd have a constant region composed of three condtamains CH1, CH2, and CH3 (in a line),
and a hinge region for added flexibility (Woof JuBon D Nat Rev Immunol 4 (2004) 89-99); heavy
chainsy ande have a constant region composed of four constamiachs CH1, CH2, CH3, and CH4
(Janeway CA, Jr et al (2001). Immunobiology. 5th &hrland Publishing). The variable region of the
heavy chain differs in antibodies produced by défe B cells, but is the same for all antibodies
produced by a single B cell or B cell clone. Thealale region of each heavy chain is approximately
110 amino acids long and is composed of a singibaty domain.



10

15

20

25

30

33

In mammals there are only two types of light chaihich are called lambda)(and kappax). A light
chain has two successive domains: one constant ido@ia and one variable domain VL. The
approximate length of a light chain is 211 to 2h7ire acids. In one embodiment the light chain is a
kappa ) light chain, and the constant domain CL is in engbodiment derived from a kappa (K) light
chain (the constant domain CK).

“aa substitution” as used herein refer to indepahdeino acid substitution in the constant doméaitiC

at the amino acid at positions 147 and 213 by giligacid (E), or aspartic acid (D) and in the ¢ans
domain CL the amino acid at position 124 is subd by lysine (K), arginine (R) or histidine (Hi.

one embodiment in addition in the constant domadirth® amino acid at position 123 is independently
substituted by lysine (K), arginine (R) or histidi(H).. In one embodiment amino acid 124 is K, amin
acid 147 is E, amino acid 213 is E, and amino &2@is R. The aa substitutions are either in th& CD
Fab or in one or two BCMA Fabs. Bispecific antileglagainst BCMA and CD3 as charge variants are
described in EP14179705, disclosed by referencth@ucalled as “charge variants resp. charge ntria
exchange”).

All amino acid numbering herein is according to KafKabat, E.A. et al, Sequences of Proteins of
Immunological Interest, 5th ed. Public Health SesyiNational Institutes of Health, Bethesda, MD
(1991), NIH Publication 91-3242).

The terms "monoclonal antibody" or "monoclonalilaody composition” as used herein refer to a
preparation of antibody molecules of a single anaiciol composition.

The "antibodies" according to the invention canadbeny class (e.g. IgA, IgD, IgE, 1gG, and IgM,
preferably 1gG or IgE), or subclass (e.g., 19GXG2g IgG3, 1gG4, IgAl and IgA2, preferably 19G1),
whereby both antibodies, from which the bivalergplicific antibody according to the invention is
derived, have an Fc part of the same subclasslg&d., 1gG4 and the like, preferably IgG1), prefdya
of the same allotype (e.g. Caucasian).

A "Fc part of an antibody" is a term well knowntte skilled artisan and defined on the basis oapap
cleavage of antibodies. The antibodies accordirtheanvention contain as Fc part, in one embodtmen
a Fc part derived from human origin and preferalilpther parts of the human constant regions.Hthe
part of an antibody is directly involved in complem activation, C1q binding, C3 activation and Fc
receptor binding. While the influence of an antipadh the complement system is dependent on certain
conditions, binding to C1q is caused by defineddinig sites in the Fc part. Such binding sites are
known in the state of the art and described e.d.ukgs, TJ., et al., J. Immunol. 127 (1981) 25565
Brunhouse, R., and Cebra, J.J., Mol. Immunol. 1%/9) 907-917; Burton, D.R., et al., Nature 288
(1980) 338-344; Thommesen, J.E., et al., Mol. ImatuB7 (2000) 995-1004; Idusogie, E.E., et al., J.
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Immunol. 164 (2000) 4178-4184; Hezareh, M., etAlYirol. 75 (2001) 12161-12168; Morgan, A., et
al., Immunology 86 (1995) 319-324; and EP 0 307.434

Such binding sites are e.g. L234, L235, D270, NZ&18, K320, K322, P331 and P329 (numbering
according to EU index of Kabat). Antibodies of slalss IgGl, IgG2 and IgG3 usually show

complement activation, C1qg binding and C3 activathereas 1gG4 do not activate the complement
system, do not bind C1q and do not activate C8nlmembodiment the Fc part is a human Fc part.

In one embodiment an antibody according to theritisa comprises an Fc variant of a wild-type
human IgG Fc region, said Fc variant comprisingaamno acid substitution at position Pro329 and at
least one further amino acid substitution, whetb@residues are numbered according to the EU index
of Kabat, and wherein said antibody exhibits a ceduaffinity to the human FRIIIA and/or FgRIIA

and /or FgRI compared to an antibody comprising the wildtyg® Fc region, and wherein the ADCC
induced by said antibody is reduced to at least 20%e ADCC induced by the antibody comprising a
wild-type human IgG Fc region. In a specific emimoeint Pro329 of a wild-type human Fc region in the
antibody according to the invention is substitutéth glycine or arginine or an amino acid residaé
enough to destroy the proline sandwich within tié~By receptor interface, that is formed between the
proline329 of the Fc and tryptophane residues Trar&l Tip 110 of R&RIII (Sondermann et al.: Nature
406, 267-273 (20 July 2000)). In a further aspédhe invention the at least one further amino acid
substitution in the Fc variant is S228P, E233P,4823.235A, L235E, N297A, N297D, or P331S and
still in another embodiment said at least one réimino acid substitution is L234A and L235A aof th
human 1gGl Fc region or S228P and L235E of the hunwgs4 Fc region. Such Fc variants are
described in detail in WO2012130831.

By "effector function” as used herein is meanta@béemical event that results from the interactibaro
antibody Fc region with an Fc receptor or liganffe&or functions include but are not limited to
ADCC, ADCP, and CDC. By "effector cell" as useddiaris meant a cell of the immune system that
expresses one or more Fc receptors and mediatesr anere effector functions. Effector cells include
but are not limited to monocytes, macrophages,rapbils, dendritic cells, eosinophils, mast cells,
platelets, B cells, large granular lymphocytes,dexhans' cells, natural killer (NK) cells, amT cells,
and may be from any organism including but nottiéahito humans, mice, rats, rabbits, and monkeys.
By "library" herein is meant a set of Fc variamtsany form, including but not limited to a list oficleic
acid or amino acid sequences, a list of nucleid aciamino acid substitutions at variable positians
physical library comprising nucleic acids that eseathe library sequences, or a physical library
comprising the Fc variant proteins, either in padfor unpurified form.



10

15

20

25

30

35

35

By "Fc gamma receptor” or "R" as used herein is meant any member of the fanfilyroteins that
bind the IgG antibody Fc region and are substdptadcoded by the FR genes. In humans this family
includes but is not limited to Rl (CD64), including isoforms FRla, FgRIb, and FgRIc; FeyRII
(CD32), including isoforms FRlla (including allotypes H131 and R131),yRtlb (including FgRIlb-1
and FgRIIb-2), and F¢Rllc; and FeRIIl (CD16), including isoforms Rdllla (including allotypes
V158 and F158) and KRlllb (including allotypes FaRIlIb-NAL1 and FgRIlIb- NA2) (Jefferis et al.,
2002, Immunol Lett 82:57-65), as well as any unaleced human R&s or FgR isoforms or
allotypes. An FgR may be from any organism, including but not ledito humans, mice, rats, rabbits,
and monkeys. Mouse #Rs include but are not limited to ¥Rl (CD64), FgRIl (CD32), FgRIIl
(CD16), and FgRIII-2 (CD16-2), as well as any undiscovered mo#sgRs or FgR isoforms or
allotypes.

"Fc variant with increased effector function” agdderein is meant an Fc sequence that differs from
that of a parent Fc sequence by virtue of at least amino acid modification or relates to other
modifications like amendment of glycosylation a.eAsn279 that increase effector functions. Such
modifications are e.g. mentioned in Duncan et 388, Nature 332:563-564; Lund et al., 1991 , J
Immunol 147:2657-2662; Lund et al., 1992, Mol Immln29:53-59; Alegre et al.,, 1994,
Transplantation 57:1537-1543; Hutchins et al., 199fc Natl Acad Sci U S A 92:11980-11984;
Jefferis et al., 1995, //77muno/ Lett 44:111-11dnd et al., 1995, Faseb J 9:115-119; Jefferis.et al
1996, Immunol Lett 54:101-104; Lund et al., 1996niunol 157:4963- 4969; Armour et al., 1999, Eur
J Immunol 29:2613-2624; Idusogie et al., 2000, inimol 164:4178- 4184; Reddy et al., 2000, J
Immunol 164:1925-1933; Xu et al., 2000, Cell ImmuB00: 16-26; Idusogie et al., 2001 , J Immunol
166:2571-2575; Shields et al., 2001 , J Biol Chét®:@591 -6604; Jefferis et al., 2002, Immunol Lett
82:57-65; Presta et al., 2002, Biochem Soc Trard830490; US5624821; US5885573; US6194551;
W0200042072; W0199958572. Such Fc modification® dlxclude according to the invention
engineered glycoforms of the Fc part. By "engindegdycoform" as used herein is meant a
carbohydrate composition that is covalently attdcteean Fc polypeptide, wherein said carbohydrate
composition differs chemically from that of a paréic polypeptide. Engineered glycoforms may be
generated by any method, for example by using eegad or variant expression strains, by co-
expression with one or more enzymes, for exampldDd-acetylglucosaminyltransferase Il (GnTIII),
by expressing an Fc polypeptide in various orgasism cell lines from various organisms, or by
modifying carbohydrate(s) after the Fc polypeptiodas been expressed. Methods for generating
engineered glycoforms are known in the art and ioeetl in Umana et al., 1999, Nat Biotechnol
17:176-180; Davies et al., 2001 , Biotechnol Bioég288-294; Shields et al., 2002, J Biol Chem
277:26733-26740; Shinkawa et al., 2003, J Biol CI23#8:3466-3473) US6602684; WO200061739;
W0200129246; W0200231140; W0O200230954; Potelligertg¢hnology (Biowa, Inc., Princeton,
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N.J.); GlycoMAb™ glycosylation engineering techrgpo(GLYCART biotechnology AG, Zurich,
Switzerland)). Engineered glycoform typically refeo the different carbohydrate or oligosaccharide
composition than the parent Fc polypeptide.

Antibodies according to the invention comprisingr@ variant with increased effector function show
high binding affinity to the Fc gamma receptor(FcyRIll, CD 16a). High binding affinity to RdRlI
denotes that binding is enhanced for CD16a/F15ast 10-fold in relation to the parent antibody
(95 % fucosylation) as reference expressed in CldS bells, such as CHO DG44 or CHO K1 cells,
or/and binding is enhanced for CD16a/V158 at |@8stold in relation to the parent antibody measured
by Surface Plasmon Resonance (SPR) using immabiltie 16a at an antibody concentration of 100
nM. FeyRII binding can be increased by methods accorthntpe state of the art, e.g. by modifying the
amino acid sequence of the Fc part or the glyctisylaof the Fc part of the antibody (see e.g.
EP2235061). Mori, K et al., Cytotechnology 55 (2[@R and Satoh M, et al., Expert Opin Biol Ther. 6
(2006) 1161-1173 relate to a FUT®8-1,6-fucosyltransferase) gene knockout CHO line tloe
generation of afucosylated antibodies.

The term "chimeric antibody" refers to an antibaiynprising a variable region, i.e., binding region,
from one source or species and at least a porfianconstant region derived from a different sowce
species, usually prepared by recombinant DNA tephes. Chimeric antibodies comprising a murine
variable region and a human constant region ardempeel. Other preferred forms of "chimeric
antibodies" encompassed by the present inventienttasse in which the constant region has been
modified or changed from that of the original aodly to generate the properties according to the
invention, especially in regard to Clqg binding amndFc receptor (FCR) binding. Such chimeric
antibodies are also referred to as "class-switdmiodies". Chimeric antibodies are the product of
expressed immunoglobulin genes comprising DNA segsneencoding immunoglobulin variable
regions and DNA segments encoding immunoglobulimstant regions. Methods for producing
chimeric antibodies involve conventional recombinBNA and gene transfection techniques are well
known in the art. See, e.g., Morrison, S.L., etRtoc. Natl. Acad. Sci. USA 81 (1984) 6851-685% U
Patent Nos. 5,202,238 and 5,204,244.

The term "humanized antibody" refers to antibodieswhich the framework or "complementarity
determining regions” (CDR) have been modified tonpdse the CDR of an immunoglobulin of
different specificity as compared to that of thegod immunoglobulin. In a preferred embodiment, a
murine CDR is grafted into the framework regionaohuman antibody to prepare the "humanized
antibody." See, e.g., Riechmann, L., et al., Na@82 (1988) 323-327; and Neuberger, M.S., et al.,
Nature 314 (1985) 268-270. Other forms of "humadhizatibodies” encompassed by the present
invention are those in which the constant region tbeen additionally modified or changed from tHat o
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the original antibody to generate the propertieating to the invention, especially in regard tbgC
binding and/or Fc receptor (FcR) binding.

The term "human antibody", as used herein, is dadnto include antibodies having variable and
constant regions derived from human germ line imoglobulin sequences. Human antibodies are well-
known in the state of the art (van Dijk, M.A., aveth de Winkel, J.G., Curr. Opin. Chem. Biol. 5 (2P0
368-374). Human antibodies can also be producedhitsgenic animals (e.g., mice) that are capable,
upon immunization, of producing a full repertoineaoselection of human antibodies in the absence of
endogenous immunoglobulin production. Transferhef human germ-line immunoglobulin gene array
in such germ-line mutant mice will result in theoguction of human antibodies (see, e.g., Jakohovits
A., et al., Proc. Natl. Acad. Sci. USA 90 (1993b25555; Jakobovits, A., et al., Nature 362 ( 1993)
255-258; Bruggemann, M., et al., Year Immunol. B9Q@) 33-40). Human antibodies can also be
produced in phage display libraries (Hoogenboor®.Hand Winter, G., J. Mol. Biol. 227 (1992) 381-
388; Marks, J.D., et al., J. Mol. Biol. 222 (19%B1-597). The techniques of Cole et al. and Boesher
al. are also available for the preparation of humamnoclonal antibodies (Cole et al., Monoclonal
Antibodies and Cancer Therapy, Alan R. Liss, p.(¥985); and Boerner, P., et al., J. Immunol. 147
(1991) 86-95). As already mentioned for chimerid Almmanized antibodies according to the invention
the term "human antibody" as used herein also cisepisuch antibodies which are modified in the
constant region to generate the properties acaptdithe invention, especially in regard to Clcdiig
and/or FcR binding, e.g. by "class switching" cleange or mutation of Fc parts (e.g. from IgG1g@4
and/or IgG1/IgG4 mutation.)

The term "recombinant human antibody", as usedimei® intended to include all human antibodies
that are prepared, expressed, created or isolgtescbmbinant means, such as antibodies isolated fr

a host cell such as a NSO or CHO cell or from amah(e.g. a mouse) that is transgenic for human
immunoglobulin genes or antibodies expressed wsiregcombinant expression vector transfected into a
host cell. Such recombinant human antibodies haviale and constant regions in a rearranged form.
The recombinant human antibodies according torikierition have been subjected to in vivo somatic
hypermutation. Thus, the amino acid sequenceseoVthand VL regions of the recombinant antibodies
are sequences that, while derived from and relatddiman germ line VH and VL sequences, may not
naturally exist within the human antibody germ liepertoire in vivo.

The "variable domain" (variable domain of a lighamn (VL), variable region of a heavy chain (VH}) a
used herein denotes each of the pair of light @@ chains which is involved directly in bindirtget
antibody according to the invention. The domainyvarfiable human light and heavy chains have the
same general structure and each domain comprisesrionework (FR) regions whose sequences are
widely conserved, connected by three "hypervariadggons” (or complementarity determining regions,
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CDRs). The framework regions adopft-aheet conformation and the CDRs may form loopsiecting
the pB-sheet structure. The CDRs in each chain are helthéir three-dimensional structure by the
framework regions and form together with the CDR&fthe other chain the binding site. The antibody
heavy and light chain CDR3 regions play a partidylamportant role in the binding specificity/affty

of the antibodies according to the invention aretafore provide a further object of the invention.

The terms "hypervariable region” or "target-bindpmytion of an antibody" when used herein refer to
the amino acid residues of an antibody which aspassible for target-binding. The hypervariable
region comprises amino acid residues from the "dementarity determining regions" or "CDRs".
"Framework" or "FR" regions are those variable diomagions other than the hypervariable region
residues as herein defined. Therefore, the ligtheavy chains of an antibody comprise from N- 1o C
terminus the domains FR1, CDR1, FR2, CDR2, FR3, 8D&d FR4. CDRs on each chain are
separated by such framework amino acids. Especi@DR3 of the heavy chain is the region which
contributes most to target binding. CDR and FR aegiare determined according to the standard
definition of Kabat et al., Sequences of Proteifidnumunological Interest, 5th ed., Public Health
Service, National Institutes of Health, Bethesda) N1991). The terms “CDR1H, CDR2H and
CDR3H” as used herein refer to the respective CBiRke heavy chain located in the variable domain
VH. The terms “CDR1L, CDR2L and CDR3L" as used hereiierto the respective CDRs of the light
chain located in the variable domain VL.

The constant heavy chain domain CH1 by which tlehehain domain CH3 is replaced can be of any
Ig class (e.g. IgA, IgD, IgE, IgG, and IgM), or sldss (e.g., IgG1, 1gG2, 1gG3, 1gG4, IgAl and I1gA2)
The constant light chain domain CL by which thevyeehain domain CH3 is replaced can be of the
lambda ) or kappaK) type, preferably the kappg)(type.

The term "target" or "target molecule"” as used ineege used interchangeable and refer to human
BCMA. In regard to bispecific antibodies the terafiers to BCMA and the second target. Preferably in
regard to bispecific antibodies the term refeB&MA and CD3.

The term "epitope” includes any polypeptide detaent capable of specific binding to an antibody. In
certain embodiments, epitope determinant includenitally active surface groupings of molecules
such as amino acids, sugar side chains, phosploorgylfonyl, and, in certain embodiments, may have
specific three dimensional structural charactasstand or specific charge characteristics. Arogpitis

a region of a target that is bound by an antibody.

In general there are two vectors encoding the lafilain and heavy chain of an antibody according to
the invention. In regard to a bispecific antibolgre are two vectors encoding the light chain aa/i
chain of said antibody specifically binding to tiirst target, and further two vectors encoding ligbt
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chain and heavy chain of said antibody specifichihding to the second target. One of the two wscto
is encoding the respective light chain and therotiiehe two vectors is encoding the respectiverhea
chain. However in an alternative method for theppration of an antibody according to the invention,
only one first vector encoding the light chain dmdvy chain of the antibody specifically bindinghe
first target and only one second vector encodirg ltght chain and heavy chain of the antibody
specifically binding to the second target can kedler transforming the host cell.

The term "nucleic acid or nucleic acid molecules' used herein, is intended to include DNA molecules
and RNA molecules. A nucleic acid molecule may ibgle-stranded or double-stranded, but preferably
is double-stranded DNA.

As used herein, the expressions “cell,” "cell lirmd "cell culture" are used interchangeably alhd a
such designations include progeny. Thus, the wadrdasformants” and "transformed cells” include the
primary subject cell and cultures derived therefsmitihout regard for the number of transfers. laliso
understood that all progeny may not be precisebntidal in DNA content, due to deliberate or
inadvertent mutations. Variant progeny that haeesdime function or biological activity as screefoed

in the originally transformed cell are included. ®vé distinct designations are intended, it willckear
from the context.

The term "transformation” as used herein referprtess of transfer of a vectors/nucleic acid mto
host cell. If cells without formidable cell wall bsgers are used as host cells, transfection isezhout
e.g. by the calcium phosphate precipitation meth®described by Graham and Van der Eh, Virology
52 (1978) 546ff. However, other methods for intrcidg DNA into cells such as by nuclear injection or
by protoplast fusion may also be used. If prokacyoells or cells which contain substantial cellllwa
constructions are used, e.g. one method of train@fieis calcium treatment using calcium chloride as
described by Cohen SN, et al, PNAS 1972, 69 (8)022114.

Recombinant production of antibodies using tramsédion is well-known in the state of the art and
described, for example, in the review articles aflkiides, S. C, Protein Expr. Purif. 17 (1999) 1822
Geisse, S., et al.,, Protein Expr. Purif. 8 (19968)-282; Kaufman, RJ., Mol. Biotechnol. 16 (2000115
161; Werner, R.G., et al., Arzneimittelforschung @®98) 870-880 as well as in US6331415 and
US4816567.

As used herein, "expression" refers to the probgswhich a nucleic acid is transcribed into mRNA
and/or to the process by which the transcribed mR&l&o referred to as transcript) is subsequently
being translated into peptides, polypeptides, otguns. The transcripts and the encoded polypeptide
are collectively referred to as gene product. ¥ tolynucleotide is derived from genomic DNA,
expression in a eukaryotic cell may include spiairfi the mRNA.
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A "vector" is a nucleic acid molecule, in partiaukelf-replicating, which transfers an insertedleiec
acid molecule into and/or between host cells. Tdrentincludes vectors that function primarily for
insertion of DNA or RNA into a cell (e.g., chromasal integration), replication of vectors that fuoot
primarily for the replication of DNA or RNA, and pression vectors that function for transcription
and/or translation of the DNA or RNA. Also includede vectors that provide more than one of the
functions as described.

An "expression vector" is a polynucleotide whictyem introduced into an appropriate host cell, aan b
transcribed and translated into a polypeptide. &xptession system" usually refers to a suitableé hos
cell comprised of an expression vector that cawctfan to yield a desired expression product.

The antibodies according to the invention are paély produced by recombinant means. Such methods
are widely known in the state of the art and cosgprotein expression in prokaryotic and eukaryotic
cells with subsequent isolation of the antibody ypeptide and usually purification to a
pharmaceutically acceptable purity. For the protipression, nucleic acids encoding light and heavy
chains or fragments thereof are inserted into esgive vectors by standard methods. Expression is
performed in appropriate prokaryotic or eukarydtast cells like CHO cells, NSO cells, SP2/0 cells,
HEK?293 cells, COS cells, yeast, or E.coli cellg] #me antibody is recovered from the cells (supeamta

or cells after lysis).The bispecific antibodies mag present in whole cells, in a cell lysate, orain
partially purified or substantially pure form. Fiigation is performed in order to eliminate otheflalar
components or other contaminants, e.g. other eglhulcleic acids or proteins, by standard techmigue
including alkaline/SDS treatment, column chromaapdry and others well known in the art. See
Ausubel, F., et al., ed., Current Protocols in Malar Biology, Greene Publishing and Wiley
Interscience, New York (1987).

Expression in NSO cells is described by, e.g., 8arh.M., et al., Cytotechnology 32 (2000) 109-123;
and Barnes, L.M., et al., Biotech. Bioeng. 73 (208d1-270. Transient expression is described lgy, e.
Durocher, Y., et al.,, Nucl. Acids. Res. 30 (200%. Eloning of variable domains is described by
Orlandi, R., et al., Proc. Natl. Acad. Sci. USA(8689) 3833-3837; Carter, P., et al., Proc. Natlad\

Sci. USA 89 (1992) 4285-4289; and Norderhaug, Lale J. Immunol. Methods 204 (1997) 77-87. A
preferred transient expression system (HEK293escdbed by Schlaeger, E.- J., and Christensen, K.,
in Cytotechnology 30 (1999) 71-83 and by SchlaeBed]., in J. Immunol. Methods 194 (1996) 191-
199.

The control sequences that are suitable for prokesy for example, include a promoter, optionafly a
operator sequence, and a ribosome binding sitearifalic cells are known to utilize promoters,
enhancers and polyadenylation signals.
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The antibodies are suitably separated from theuilimedium by conventional immunoglobulin
purification procedures such as, for example, moteSepharose, hydroxylapatite chromatography, gel
electrophoresis, dialysis, or affinity chromatodrgpDNA or RNA encoding the monoclonal antibodies
is readily isolated and sequenced using converitiprcedures. The hybridoma cells can serve as a
source of such DNA and RNA. Once isolated, the DiN&y be inserted into expression vectors, which
are then transfected into host cells such as HEKZIB, CHO cells, or myeloma cells that do not
otherwise produce immunoglobulin protein, to obtdire synthesis of recombinant monoclonal
antibodies in the host cells.

Amino acid sequence variants (or mutants) of aibady according to the invention are prepared by
introducing appropriate nucleotide changes intoahgbody DNA, or by nucleotide synthesis. Such
modifications can be performed, however, only imeay limited range, e.g. as described above. For
example, the modifications do not alter the abowsntioned antibody characteristics such as the 1gG
isotype and target binding, but may improve thdédya the recombinant production, protein stabibty
facilitate the purification.

The invention provides in one embodiment an isdlaie purified nucleic acid sequence encoding a
chimeric antigen receptor (CAR), wherein the CARnpaises an antigen recognition moiety directed
against BCMA, a transmembrane moiety and a T-aefivation moiety, characterized in that the
antigen recognition moiety is an antibody accordimghe invention (here not the bispecific antibpdy
The encoded antibody can be also an antigen bindaggnent thereof as specified. Structures and
generation of such “BCMA CARs” are described e.g. W02013154760, WO2015052538,
W02015090229, and W0O2015092024.

In one embodiment the invention comprises a churantigen receptor (CAR) comprising:

0] a B cell maturation antigen (BCMA) recognitioroiety;

(i) a spacer domain; and

(ii) a transmembrane domain; and

(i) an intracellular T cell signaling domain,

characterized in that the BCMA recognition moietyai monoclonal antibody specifically binding to
BCMA, characterized in comprising a CDR3H regionS&EQ ID NO:17 and a CDR3L region of SEQ
ID NO:20 and a CDR1H, CDR2H, CDR1L, and CDR2L regimmbination selected from the group of

a) CDR1H region of SEQ ID NO:21 and CDR2H regiorS&Q ID NO:22, CDRL1L region of SEQ ID
NO:23, and CDR2L region of SEQ ID NO:24,
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b) CDR1H region of SEQ ID NO:21 and CDR2H regiorS&fQ ID NO:22, CDR1L region of SEQ ID
NO:25, and CDR2L region of SEQ ID NO:26,

¢) CDR1H region of SEQ ID NO:21 and CDR2H regiorS&Q ID NO:22, CDRL1L region of SEQ ID
NO:27, and CDR2L region of SEQ ID NO:28,

d) CDR1H region of SEQ ID NO:29 and CDR2H regiorS&Q ID NO:30, CDR1L region of SEQ ID
NO:31, and CDR2L region of SEQ ID NO:32,

e) CDR1H region of SEQ ID NO:34 and CDR2H regiorS&Q ID NO:35, CDR1L region of SEQ ID
NO:31, and CDR2L region of SEQ ID NO:32,and

f) CDR1H region of SEQ ID NO:36 and CDR2H regionSEQ ID NO:37, CDR1L region of SEQ ID
NO:31, and CDR2L region of SEQ ID NO:32.

The T-cell activation moiety can be any suitabldatyoderived or obtained from any suitable molecule
In one embodiment, for example, the T-cell actmatmoiety comprises a transmembrane domain. The
transmembrane domain can be any transmembrane niatesved or obtained from any molecule
known in the art. For example, the transmembramaailo can be obtained or derived from a CD8a
molecule or a CD28 molecule. CD8 is a transmembglywprotein that serves as a co-receptor for the
T-cell receptor (TCR), and is expressed primariiytloe surface of cytotoxic T-cells. The most common
form of CD8 exists as a dimer composed of a CDBalpnd CD8 beta chain. CD28 is expressed on T-
cells and provides co-stimulatory signals requiie@dT-cell activation. CD28 is the receptor for QD8
(B7.1) and CD86 (B7.2). In a preferred embodim#ém,CD8 alpha and CD28 are human. In addition to
the transmembrane domain, the T-cell activation etyoifurther comprises an intracellular (i.e.,
cytoplasmic) T-cell signaling domain. The interaldl T-cell signaling domain can be obtained or
derived from a CD28 molecule, a CD3 zeta moleculmadified versions thereof, a human Fc receptor
gamma (FcRy) chain, a CD27 molecule, an OX40 mddecu 4-IBB molecule, or other intracellular
signaling molecules known in the art. As discusseove, CD28 is a T-cell marker important in T-cell
co-stimulation. CD3 zeta, associates with TCRs rodpce a signal and contains immunoreceptor
tyrosine-based activation motifs (ITAMs). 4-1BB,sal known as CD137, transmits a potent
costimulatory signal to T-cells, promoting diffetiation and enhancing long-term survival of T
lymphocytes. In one embodiment, the CD28, CD3 zetHBB, OX40, and CD27 are human.

The invention provides in one embodiment an isdlaie purified nucleic acid sequence encoding a
chimeric antigen receptor (CAR) as specified above.
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T cell bispecific (TCB) binders have very high centration/tumor-cell-receptor-occupancy dependent
potency in cell killing (e.g. E&s in in vitro cell killing assays in the sub- or Igsicomolar range; Dreier
et al. Int J Cancer 2002), T-cell bispecific bindgiCB) are given at much lower doses than
conventional monospecific antibodies. For examggnatumomab (CD19xCD3) is given at a
continuous intravenous dose of 5 topidin?/day (i.e. only 0.35 to 0.105 mg/m2/week) for treant of
acute lymphocytic leukemia or §@/m’/day for treatment of Non Hodgkin Lymphoma, and skeum
concentrations at these doses are in the rang® o6 @ ng/ml (Klinger et al., Blood 2012; Toppaét J
Clin Oncol 2011; Goebeler et al. Ann Oncol 20118c8use low doses of TCB can exert high efficacy
in patients, it is envisaged that for an antibodyoading to the invention subcutaneous administnais
possible and preferred in the clinical settingefgmrably in the dose range of 0.1 to 2.5, prefgr&hl
mg/nfiweek, preferably 250 mg/m2/week). Even at thesev looncentrations/doses/receptor
occupancies, TCB can cause considerable adversesefidinger et al., Blood 2012). Therefore it is
critical to control tumor cell occupancy/coveragdme.patients with high and variable levels of serum
APRIL and BAFF (e.g. multiple myeloma patients, aux et al. 2004; Blood 103(8): 3148-3157)
number of TCB bound to the tumor cells resp. tuo@lk occupancy may be considerably influenced by
APRIL/BAFF. But by using said antibody of this imt@®n, tumor cell occupancy respectively
efficacy/safety it may not be required to incretsedose for an antibody according to this invents
said antibody may not be affected by APRIL/BAFFaligd competition. Another advantage of the
antibody according to the invention is based onititusion of an Fc portion, which increases the
elimination half-life to about 4 to 12 days andoal§ at least once or twice/week administrations as
compared to TCBs without an Fc portion (e.g. blinadmab) which are required to be given
intravenously and continuously with a pump carbgdgatients.

The biological properties of the antibodies acawgdito the invention respectively their anti-
BCMA/anti-CD3 TCB antibodies have been investigaitedeveral studies in comparison to 83A10-
TCBcv. The potency to induce T-cell redirected tyxcity of e.g. anti-BCMA/anti-CD3 TCB
antibodies 21-TCBcv, 22-TCBcv, 42-TCBcv in companigo 83A10-TCBcv was measured on H929
MM cell line (Example 8, Table 12, Figure 4). Thatibodies of this invention were studied and
analysis showed that concentration dependent ¢itinH929 cells resp. the EC50 values were found to
be higher than EC50 values determined for 83A10-GW;Buggesting that the anti-BCMA antibodies
according to the invention as TCBs were less paterihduce killing of H929 MM cells than Mab
83A10 as TCB. Surprisingly a turnover was obsembdn T-cell redirected cytotoxicity was measured
on RPMI-8226 MM cell line and also JIN-3 cell lifrespectively, examples 10 and 11, Tables 13, and
14 and 15, Figures 6 and 7): the antibodies acegridi the invention as TCBs showed lower EC50 and
therefore higher potency than 83A10-TCBcv. To thpsse of the inventors, the antibodies according
to the invention as TCBs showed several advantages direct comparison with 83A10 TCBcv in
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bone marrow aspirates freshly taken from MM pasignbte: to get the best possible comparison,lin al
bone marrow aspirates always all T-cell bispecificCB) antibodies have been tested at same
concentrations);

- Higher killing potency of myeloma cells, i.e. safb of killing already at lower concentrations
than with 83A10-TCBcv respectively concentrati@sponse curves for killing shifted to the left
(Example 13, Tables 18,19 and 20, Figures 8, 9H)d Already at a concentration of 1 nM of
antibodies as TCBs according to the invention inesedifferent patient bone marrow aspirates
reduction relative to control of propidium iodidegative viable multiple myeloma cancer cells was
between 77.1 and 100%. With 1 nM 83A10-TCBcvdms seven bone marrow aspirates reductions of
only 37.1 to 98.3% have been achieved (Tables d®ah

- Higher maximal killing as compared to 83Al0-TCBavas achieved at the highest
concentration tested (10 nM) in the same experimétin the seven (7) bone marrow aspirates for
antibodies as TCBs according to the invention (@200 and 21).

- Non responders to 83A10-TCBcv can be turnedsparders if 22-TCBcv/42-TCBcv are used:

In two (2) bone marrow patient samples in whichkiiling response to 83A10-TCBcv was observed,

surprisingly killing could be found with antibodias TCBs according to the invention (Figures 9A and
9B).

The BCMAXCD3 TCB of this invention bind to humandacynomolgus monkeys (cyno) BCMA and to
BCMA of mice and rat, appropriate for toxicologiedamination in cynomolgus monkeys if the CD3
binder also binds to cynomolgus CD3 or in mousdfthie CD3 binder also binds to mouse/rat BCMA..
Surprisingly the binding affinity to cyno BCMA isw close to the binding affinity to human BCMA.
SPR has been used to measure binding affinitidsutoan and cyno BCMA (Example 2, Table 4).
Cyno/human gap (ratio of affinity for cyno to humBE&MA, KD) has been calculated from measured
affinity data by dividing affinity to cyno BCMA tlough affinity to human BCMA (Example 3, Table
5). For 83A10 a cyno/human gap of 15.3 was foured {i5.3 times lower binding affinity to cyno than
to human BCMA). To the surprise of the inventors #ntibodies according to the invention showed
cyno/human gaps between 15.4 and 1.7, which igasior in majority more favorable cyno/human gap
than that of 83A10 (Table 5). Because the CD3 binded in the BCMAXCD3 TCB according to the
invention is cross-reactive to cynomolgus monkey3CPharmacokinetics and pharmacodynamics
investigations can be obtained from cynomolgus regak(see Example 16). Also toxicological
investigations in cynomolgus monkeys are prediabf/the pharmacological and toxicological effects i
humans and the cross-reactivity to cynomolgus mymkeature is to the benefit of patients. The BCMA
antibodies of this invention also bind to murineNB& (e.g. Kd of clones 22 and 42 measured by SPR
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as 0.9 nM and 2.5 nM) see table 2D in Example A.4)1 The CD3 binder of the BCMAXCD3 TCB is
not cross-reactive to murine CD3.

In summary the potency and efficacy advantageifting of low BCMA expressing MM cell lines
like RPMI-8226 and JIN-3 and especially for killiohMM cells in patient bone marrow aspirates and

5 in addition the very favorable cyno/human gap inding affinities to BCMA make the antibodies of
this invention and respective TCBs essentially psorg agents for treatment of MM patients. In
addition the anti-BCMAXCD3 TCBcv of this inventidmve, as 83A10-TCBcv, favorable properties
like long elimination half-life, efficacy at onceveeek administration (intravenously, subcutanequsly
low or no tendency to aggregation and can be matwrfzd with high purity and good yield.

10 Table 1A: Antibody sequences

SEQ ID NO: Name(s) aa sequences
1 CD3 CDR1H TYAMN
2 CD3 CDR2H RIRSKYNNYATYYADSVKG
3 CD3 CDR3H HGNFGNSYVSWFAY
4 CD3 CDR1L GSSTGAVTTSNYAN
5 CD3 CDR2L GTNKRAP
6 CD3 CDR3L ALWYSNLWV

EVQLLESGGGLVQPGGSLRLSCAASGFTFSTYAMNWVR
QAPGKGLEWVSRIRSKYNNYATYYADSVKGRFTISRDD
SKNTLYLQMNSLRAEDTAVYYCVRHGNFGNSYVSWFA
YWGQGTLVTVSS

7 CD3 VH

QAVVTQEPSLTVSPGGTVTLTCGSSTGAVTTSNYANWYV
8 CD3 VL QEKPGQAFRGLIGGTNKRAPGTPARFSGSLLGGKAALT
LSGAQPEDEAEYYCALWYSNLWVFGGGTKLTVL

EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVR
9 83A10 VH QAPGKGLEWVSAISGSGGSTYYADSVKGRFTISRDNSK
NTLYLQMNSLRAEDTAVYYCAKVLGWFDYWGQGTLV
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TVSS
Mab21 VH EVOLLESGGGLVQPGGSLRLSCAASGFTFSDNAMGWY
" N RQAPGKGLEWVSAISGPGSSTYYADSVKGRFTISRDNSK
a
NTLYLQMNSLRAEDTAVYYCAKVLGWFDYWGQGTLV
Mab42 VH TVSS
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQ
11 83A10 VL KPGQAPRLLIYGASSRATGIPDRFSGSGSGTDFTLTISRLE
PEDFAVYYCQQYGYPPDFTFGQGTKVEIK
Mab21 VL
Vab27 VL EIVLTQSPGTLSLSPGERATLSCRASQSVSEYYLAWYQQ
12 KPGQAPRLLIEHASTRATGIPDRFSGSGSGTDFTLTISRLE
Mab33 VL PEDFAVYYCQQYGYPPDFTEFGQGTKVEIK
Mab39 VL
EIVLTQSPGTLSLSPGERATLSCRASQSVSSYYLAWYQQ
13 Mab22 VL KPGQAPRLLISGAGSRATGIPDRFSGSGSGTDFTLTISRL
PEDFAVYYCQQYGYPPDFTFGQGTKVEIK
EIVLTQSPGTLSLSPGERATLSCRASQSVSDEYLSWYQQ
14 Mab42 VL KPGQAPRLLIHSASTRATGIPDRFSGSGSGTDFTLAISRLE
PEDFAVYYCQQYGYPPDFTFGQGTKVEIK
15 83A10 CDRIH | SYAMS
16 83A10 CDR2H | AISGSGGSTYYADSVKG
83A10 CDR3H
Mab21 CDR3H
Mab22 CDR3H
17 Mab42 CDR3H | VLGWFDY

Mab27 CDR3H
Mab33 CDR3H

Mab39 CDR3H

E
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18 83A10 CDRIL | RASQSVSSSYLAW
19 83A10 CDR2L | YGASSRAT
83A10 CDR3L
Mab21 CDR3L
20 QQYGYPPDET
Mab22 CDR3L
Mab42 CDR3L
Mab21 CDR1H
21 Mab22 CDRIH | DNAMG
Mab42 CDR1H
Mab21 CDR2H
22 Mab22 CDR2H | AISGPGSSTYYADSVKG
Mab42 CDR2H
23 Mab21 CDRIL | RASQSVSEYYLAW
24 Mab21 CDR2L | EHASTRAT
25 Mab22 CDRIL | RASQSVSSYYLAW
26 Mab22 CDR2L | SGAGSRAT
. Maba2 CORLL | RASQSVSDEYLSW
28 Mab42 CDR2L | HSASTRAT
29 Mab27 CDRIH | SAPMG
30 Mab27 CDR2H | AISYIGHTYYADSVKG
Mab27 CDR1L
31 Mab33 CDRIL | RASQSVSEYYLA

Mab39 CDR1L
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R

Mab27 CDR2L
32 Mab33 CDR2L HASTRAT
Mab39 CDR2L
Mab27 CDR3L
33 Mab33 CDR3L | QQYGYPPDFT
Mab39 CDR3L
34 Mab33 CDR1H TNAMG
35 Mab33 CDR2H AINRFGGSTYYADSVKG
36 Mab39 CDR1H QNAMG
37 Mab39 CDR2H AISPTGFSTYYADSVKG
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSAPMGWVH
38 Mab27 VH QAPGKGLEWVSAISYIGHTYYADSVKGRFTISRDNSKNT
a
LYLOQMNSLRAEDTAVYYCAKVLGWFDYWGQGTLVTV
SS
EVQLLESGGGLVQPGGSLRLSCAASGFTFYTNAMGWYV
RQAPGKGLEWVSAINRFGGSTYYADSVKGRFTISRDNS
39 Mab33 VH
KNTLYLQMNSLRAEDTAVYYCAKVLGWFDYWGQGTL
VTVSS
EVOQLLESGGGLVQPGGSLRLSCAASGFTFTQNAMGWYV
RQAPGKGLEWVSAISPTGFSTYYADSVKGRFTISRDNSK
40 Mab39 VH
NTLYLQMNSLRAEDTAVYYCAKVLGWFDYWGQGTLV
TVSS
83A10 BCMA CH1
Mab21 BCMA CH1 ASTKGPSVFPLAPSSKSTSGGTAALGCLVEDYFPEPVTYV|
41 SWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGT

Mab22 BCMA CH1

Mab42 BCMA CH1

QTYICNVNHKPSNTKVDEKVEPKSC
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83A10 BCMA CL
Mab21 BCMA CL
Mab22 BCMA CL

Mab42 BCMA CL

RTVAAPSVFIFPPSDRKLKSGTASVVCLLNNFYPREAKV
QWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA
DYEKHKVYACEVTHQGLSSPVTKSFNRGEC

43

CD3 CH1

ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTYV|

SWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGT

QTYICNVNHKPSNTKVDKKVEPKSC

44

CD3CL

ASVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKV
QWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA
DYEKHKVYACEVTHQGLSSPVTKSFNRGEC

45

83A10 knob HC

EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVR
QAPGKGLEWVSAISGSGGSTYYADSVKGRFTISRDNSK
NTLYLQMNSLRAEDTAVYYCAKVLGWFDYWGQGTLV
TVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVEDYFPE
VTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSS
LGTQTYICNVNHKPSNTKVDEKVEPKSCDGGGGSGGG
GSQAVVTQEPSLTVSPGGTVTLTCGSSTGAVTTSNYAN
WVQEKPGQAFRGLIGGTNKRAPGTPARFSGSLLGGKAA
LTLSGAQPEDEAEYYCALWYSNLWVFGGGTKLTVLSS
ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTYV|

SWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGT

QTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPE
AAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPE
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVL
HOQDWLNGKEYKCKVSNKALGAPIEKTISKAKGQPREPQ
VYTLPPCRDELTKNQVSLWCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVF
SCSVMHEALHNHYTQKSLSLSPGK

]

46

83A10 hole HC

EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVR
QAPGKGLEWVSAISGSGGSTYYADSVKGRFTISRDNSK
NTLYLQMNSLRAEDTAVYYCAKVLGWFDYWGQGTLV

TVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVEDYFPE
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VTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSS
LGTQTYICNVNHKPSNTKVDEKVEPKSCDKTHTCPPCP
APEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHE
DPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVL
TVLHQDWLNGKEYKCKVSNKALGAPIEKTISKAKGQPR
EPQVCTLPPSRDELTKNQVSLSCAVKGFYPSDIAVEWES
NGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQGN
VFSCSVMHEALHNHYTQKSLSLSPGK

47

83A10 LC

EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQ
KPGQAPRLLIYGASSRATGIPDRFSGSGSGTDFTLTISRLE
PEDFAVYYCQQYGYPPDFTFGQGTKVEIKRTVAAPSVFI
FPPSDRKLKSGTASVVCLLNNFYPREAKVQWKVDNAL
QSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY
ACEVTHQGLSSPVTKSFNRGEC

48

CD3 LC

EVQLLESGGGLVQPGGSLRLSCAASGFTFSTYAMNWVR
QAPGKGLEWVSRIRSKYNNYATYYADSVKGRFTISRDD
SKNTLYLOMNSLRAEDTAVYYCVRHGNFGNSYVSWFA
YWGQGTLVTVSSASVAAPSVFIFPPSDEQLKSGTASVVC
LLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDS
TYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFN
RGEC

49

Mab21 knob HC

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDNAMGWYV
RQAPGKGLEWVSAISGPGSSTYYADSVKGRFTISRDNSK
NTLYLQMNSLRAEDTAVYYCAKVLGWFDYWGQGTLV
TVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVEDYFPEP
VTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSS
LGTQTYICNVNHKPSNTKVDEKVEPKSCDGGGGSGGG
GSQAVVTQEPSLTVSPGGTVTLTCGSSTGAVTTSNYAN
WVQEKPGQAFRGLIGGTNKRAPGTPARFSGSLLGGKAA
LTLSGAQPEDEAEYYCALWYSNLWVFGGGTKLTVLSS
ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTYV|
SWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGT
QTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPE

AAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPE
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VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVL
HOQODWLNGKEYKCKVSNKALGAPIEKTISKAKGQPREPQ
VYTLPPCRDELTKNQVSLWCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVF
SCSVMHEALHNHYTQKSLSLSPGK

50

Mab21 hole HC

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDNAMGWV
RQAPGKGLEWVSAISGPGSSTYYADSVKGRFTISRDNSK
NTLYLQMNSLRAEDTAVYYCAKVLGWFDYWGQGTLV
TVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVEDYFPEP
VTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSS
LGTQTYICNVNHKPSNTKVDEKVEPKSCDKTHTCPPCP

APEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHE
DPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVL

TVLHQDWLNGKEYKCKVSNKALGAPIEKTISKAKGQPR

EPQVCTLPPSRDELTKNQVSLSCAVKGFYPSDIAVEWES
NGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQGN
VFSCSVMHEALHNHYTQKSLSLSPGK

51

Mab21 LC

EIVLTQSPGTLSLSPGERATLSCRASQSVSEYYLAWYQQ
KPGQAPRLLIEHASTRATGIPDRFSGSGSGTDFTLTISRLE
PEDFAVYYCQQYGYPPDFTFGQGTKVEIKRTVAAPSVFI
FPPSDRKLKSGTASVVCLLNNFYPREAKVQWKVDNAL
QSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY
ACEVTHQGLSSPVTKSFNRGEC

52

Mab22 knob HC

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDNAMGWYV
RQAPGKGLEWVSAISGPGSSTYYADSVKGRFTISRDNSK
NTLYLOMNSLRAEDTAVYYCAKVLGWFDYWGQGTLV
TVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVEDYFPEP
VTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSS
LGTQTYICNVNHKPSNTKVDEKVEPKSCDGGGGSGGG
GSQAVVTQEPSLTVSPGGTVTLTCGSSTGAVTTSNYAN
WVQEKPGQAFRGLIGGTNKRAPGTPARFSGSLLGGKAA
LTLSGAQPEDEAEYYCALWYSNLWVFGGGTKLTVLSS
ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTYV|
SWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGT
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QTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPE
AAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPE
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVL
HQDWLNGKEYKCKVSNKALGAPIEKTISKAKGQPREPQ
VYTLPPCRDELTKNQVSLWCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVF
SCSVMHEALHNHYTQKSLSLSPGK

53

Mab22 hole HC

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDNAMGWYV
RQAPGKGLEWVSAISGPGSSTYYADSVKGRFTISRDNSK
NTLYLQMNSLRAEDTAVYYCAKVLGWFDYWGQGTLV
TVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVEDYFPEP
VTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSS
LGTQTYICNVNHKPSNTKVDEKVEPKSCDKTHTCPPCP

APEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHE
DPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVL

TVLHODWLNGKEYKCKVSNKALGAPIEKTISKAKGQPR

EPQVCTLPPSRDELTKNQVSLSCAVKGFYPSDIAVEWES
NGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQGN
VFSCSVMHEALHNHYTQKSLSLSPGK

54

Mab22 LC

EIVLTQSPGTLSLSPGERATLSCRASQSVSSYYLAWYQQ
KPGQAPRLLISGAGSRATGIPDRFSGSGSGTDFTLTISRLE
PEDFAVYYCQQYGYPPDFTFGQGTKVEIKRTVAAPSVFI
FPPSDRKLKSGTASVVCLLNNFYPREAKVQWKVDNAL
QSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY
ACEVTHQGLSSPVTKSFNRGEC

55

Mab42 knob HC

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDNAMGWV
RQAPGKGLEWVSAISGPGSSTYYADSVKGRFTISRDNSH
NTLYLQMNSLRAEDTAVYYCAKVLGWFDYWGQGTLV
TVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVEDYFPEP
VTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSS
LGTQTYICNVNHKPSNTKVDEKVEPKSCDGGGGSGGG
GSQAVVTQEPSLTVSPGGTVTLTCGSSTGAVTTSNYAN
WVQEKPGQAFRGLIGGTNKRAPGTPARFSGSLLGGKAA
LTLSGAQPEDEAEYYCALWYSNLWVFGGGTKLTVLSS
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ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTYV|
SWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGT
QTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPE
AAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPE
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVL
HOQDWLNGKEYKCKVSNKALGAPIEKTISKAKGQPREPQ
VYTLPPCRDELTKNQVSLWCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVF
SCSVMHEALHNHYTQKSLSLSPGK

56

Mab42 hole HC

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDNAMGWYV
RQAPGKGLEWVSAISGPGSSTYYADSVKGRFTISRDNSK
NTLYLOMNSLRAEDTAVYYCAKVLGWFDYWGQGTLV
TVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVEDYFPEP
VTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSS
LGTQTYICNVNHKPSNTKVDEKVEPKSCDKTHTCPPCP

APEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHE
DPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVL

TVLHQDWLNGKEYKCKVSNKALGAPIEKTISKAKGQPR

EPQVCTLPPSRDELTKNQVSLSCAVKGFYPSDIAVEWES
NGQPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQGN
VFSCSVMHEALHNHYTQKSLSLSPGK

57

Mab42 LC

EIVLTQSPGTLSLSPGERATLSCRASQSVSDEYLSWYQQ
KPGQAPRLLIHSASTRATGIPDRFSGSGSGTDFTLAISRLE
PEDFAVYYCQQYGYPPDFTFGQGTKVEIKRTVAAPSVFI
FPPSDRKLKSGTASVVCLLNNFYPREAKVQWKVDNAL
QSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY
ACEVTHQGLSSPVTKSFNRGEC

Remark: SEQ ID NO:20 and SEQ ID NO:33 are identical

Table 1B: Antibody sequences (short list)

SEQ ID NO:

CD3 antibody

VH VL | CDR1H| CDR2H CDR3H CDR1L CDR2L. @&3L




54

7 8 1 2 3 4 5 6
al?;](;gﬂogy VH VL | CDR1H | CDRZ2H CDR3H | CDR1L| CDR2L CDR3L
83A10 9 11 15 16 17 18 19 20
Mab21 10 12 21 22 17 23 24 20
Mab22 10 13 21 22 17 25 26 20
Mab42 10 14 21 22 17 27 28 20
Mab27 38 12 29 30 17 31 32 33
Mab33 39 12 34 35 17 31 32 33
Mab39 40 12 36 37 17 31 32 33

Table 2A: Additional constructs

SEQ ID NO:
Fragment/Construct 83A10 Mab21 Mab22 Mab42
BCMA CH1 41 41 41 41
BCMA CL 42 42 42 42
CD3 CH1 43 43 43 43
CD3 CL 44 44 44 44
Table 2B: Additional constructs
SEQ ID NO:
Construct 83A10 Mab2]l Mab22 Mab4p
I(?;(Cri(l\)/lt;AHVCI-;_Cchv x CD3 VL_CH1 Fc knob LALA PG 45 49 52 55
BCMAcv HC hole LALA PG (hole HC) 46 50 53 56
BCMAcv hum IgG1 LC (BCMA LC) 47 51 54 57
CD3 VH_CL (CD3 LC) 48 48 48 48

To make the following (2+1) Fc-containing anti-BCNKéiti-CD3 TCBs, the respective constructs /
5 sequence IDs as mentioned in the table 2B above wssd:

83A10-TCBcv: 45, 46, 47 (x2), 48 (Figure 2A)
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21-TCBcv: 48, 49, 50, 51 (x2) (Figure 2A)
22-TCBcv: 48, 52, 53, 54 (x2) (Figure 2A)
42-TCBcv: 48, 55, 56, 57 (x2) (Figure 2A)
In the following specific embodiments of the invientare listed:

1. A monoclonal antibody specifically binding to BI3, characterized in comprising a CDR3H region
of SEQ ID NO:17 and a CDR3L region of SEQ ID NO£® a CODR1H, CDR2H, CDRL1L, and
CDRZ2L region combination selected from the group of

a) CDR1H region of SEQ ID NO:21 and CDR2H regiors&Q ID NO:22, CDRLL region of SEQ ID
NO:23, and CDR2L region of SEQ ID NO:24,

b) CDR1H region of SEQ ID NO:21 and CDR2H regiorS&Q ID NO:22, CDR1L region of SEQ ID
NO:25, and CDR2L region of SEQ ID NO:26,

¢) CDR1H region of SEQ ID NO:21 and CDR2H regiorS&Q ID NO:22, CDRL1L region of SEQ ID
NO:27, and CDR2L region of SEQ ID NO:28,

d) CDR1H region of SEQ ID NO:29 and CDR2H regiorS&fQ ID NO:30, CDRL1L region of SEQ ID
NO:31, and CDR2L region of SEQ ID NO:32,

e) CDR1H region of SEQ ID NO:34 and CDR2H regiorS&Q ID NO:35, CDRL1L region of SEQ ID
NO:31, and CDR2L region of SEQ ID NO:32,and

f) CDR1H region of SEQ ID NO:36 and CDR2H regionSEQ ID NO:37, CDR1L region of SEQ ID
NO:31, and CDR2L region of SEQ ID NO:32.

2. A monoclonal antibody specifically binding to B/, characterized in comprising a VH region
comprising a CDR1H region of SEQ ID NO:21, a CDR&gion of SEQ ID NO:22 and a CDR3H
region of SEQ ID NO:17 and a VL region comprisinG@R3L region of SEQ ID NO:20 and a CDR1L
and CDR2L region combination selected from the grol

a) CDRI1L region of SEQ ID NO:23 and CDR2L regiorS&Q ID NO:24,
b) CDRLL region of SEQ ID NO:25 and CDR2L regionSEQ ID NO:26, or

c) CDRI1L region of SEQ ID NO:27 and CDR2L regionSEQ ID NO:28.
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3. The antibody according to embodiment lor 2, attarized in comprising as VL region a VL region
selected from the group consisting of VL regionSBQ ID NO:12, 13,and 14.

4. The antibody according to any one of embodimértts 3, characterized in comprising as VH region
a VH region of SEQ ID NO:10 and as VL region a \dgion of SEQ ID NO:12.

5. The antibody according to any one of embodimermt 3, icharacterized in comprising as VH region a
VH region of SEQ ID NO:10 and as VL region a VL imgof SEQ ID NO:13.

6. The antibody according to any one of embodimermt 3, icharacterized in comprising as VH region a
VH region of SEQ ID NO:10 and as VL region a VL imgof SEQ ID NO:14.

7. The antibody according to embodiment 1 or 2, chiarered in that amino acid 49 of the VL region is
selected from the group of amino acids tyrosine gf)tamic acid (E), serine (S), and histidine (H).

8. The antibody according to embodiment 7, charaadrin that amino acid 74 of the VL region is
threonine (T) or alanine (A).

9. A monoclonal antibody specifically binding to B, characterized in comprising a VH region
comprising a CDR3H region of SEQ ID NO:17 and anégion comprising a CDR1L region of SEQ
ID NO:31, a CDR2L region of SEQ ID NO:32 and a CbR8&gion of SEQ ID NO:20 and a CDR1L
and CDR2L region combination selected from the grou

a) CDR1H region of SEQ ID NO:29 and CDR2H regiors&Q 1D NO:30,
b) CDR1H region of SEQ ID NO:34 and CDR2H regiorS&Q ID NO:35, or
c) CDR1H region of SEQ ID NO:36 and CDR2H regiorS&Q ID NO:37.

10. The antibody according to embodiment 9, charetd in comprising a VL region of SEQ ID
NO:12 and a VH region selected from the group casimg the VH regions of SEQ ID NO:38, 39, and
40.

11. The antibody according to embodiment 9 or h@yacterized in comprising in in that amino acid 49
of the VL region is selected from the group of amnactids tyrosine(Y), glutamic acid (E), serine (S),
and histidine (H).

12. The antibody according to embodiment 9 or h@racterized in that amino acid 74 of the VL region
is threonine (T) or alanine (A).
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13. The antibody according to any one of embodimdnto 12, characterized in that it binds also
specifically to cynomolgus BCMA and comprises awiidnal Fab fragment specifically binding to
CDg3e.

14. The antibody according to any one of embodimértb 13characterized in being an antibody with
an Fc or without an Fc part.

15. A bispecific antibody specifically binding to BCMAnd CDg, characterized in comprising a
CDR3H region of SEQ ID NO:17 and a CDR3L regionSiE#Q ID NO:20 and a CDR1H, CDR2H,
CDR1L, and CDR2L region combination selected frowa group of

a) CDR1H region of SEQ ID NO:21 and CDR2H regiorS&Q ID NO:22, CDRL1L region of SEQ ID
NO:23, and CDR2L region of SEQ ID NO:24,

b) CDR1H region of SEQ ID NO:21 and CDR2H regiorS&Q ID NO:22, CDR1L region of SEQ ID
NO:25, and CDR2L region of SEQ ID NO:26,

c) CDR1H region of SEQ ID NO:21 and CDR2H regiorS&Q ID NO:22, CDRL1L region of SEQ ID
NO:27, and CDR2L region of SEQ ID NO:28,

d) CDR1H region of SEQ ID NO:29 and CDR2H regiorS&fQ ID NO:30, CDR1L region of SEQ ID
NO:31, and CDR2L region of SEQ ID NO:32,

e) CDR1H region of SEQ ID NO:34 and CDR2H regiorS&Q ID NO:35, CDRL1L region of SEQ ID
NO:31, and CDR2L region of SEQ ID NO:32,and

f) CDR1H region of SEQ ID NO:36 and CDR2H regionSEQ ID NO:37, CDRLL region of SEQ ID
NO:31, and CDR2L region of SEQ ID NO:32.

16. A bispecific antibody specifically binding to therd targets which are the extracellular domain of
human BCMA (further named also as “BCMA”") and hunab3 (further named also as “CD3"),
characterized in comprising a VH region comprism@DR1H region of SEQ ID NO:21, a CDR2H
region of SEQ ID NO:22 and a CDR3H region of SEQND:17 and a VL region comprising a CDR3L
region of SEQ ID NO:20 and a CDR1L and CDR2L regiombination selected from the group of

a) CDRI1L region of SEQ ID NO:23 and CDR2L regiorS&Q ID NO:24,
b) CDRL1L region of SEQ ID NO:25 and CDR2L regionS&Q ID NO:26, or

c) CDRI1L region of SEQ ID NO:27 and CDR2L regionSEQ ID NO:28.
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17. The bispecific antibody according to embodimghtor 16, characterized in comprising as VH
region a VH region of SEQ ID NO:10.

18. The bispecific antibody according to any oneswfbodiments 15 to 16, characterized in that the
BCMA VL is selected from the group consisting of Y&gions of SEQ ID NO:12, 13,and 14.

19. The bispecific antibody according to any onembodiments 14 to 18, characterized in comprising
as BCMA VH region a VH region of SEQ ID NO:10 arsl\4L region a VL region of SEQ ID NO:12,
or as BCMA VH a VH region of SEQ ID NO:10 and as ¥4gion a VL region of SEQ ID NO:13, or as
BCMA VH a VH region of SEQ ID NO:10 and as VL regia VL region of SEQ ID NO:14.

20. The bispecific antibody according to any onembodiments 15 or 19, characterized in comprising
in in that amino acid 49 of the VL region is setettfrom the group of amino acids tyrosine(Y),
glutamic acid (E), serine (S), and histidine (H).

21. The bispecific antibody according to any onembodiments 15 to 20, characterized in that amino
acid 74 ) of the VL region is threonine (T) or atan(A).

22. A bispecific antibody specifically binding taMA and CD3, characterized in comprising a VH
region comprising a CDR3H region of SEQ ID NO:1iida VL region comprising a CDR1L region of
SEQ ID NO:31, a CDR2L region of SEQ ID NO:32 andCBR3L region of SEQ ID NO:20and a
CDR1L and CDR2L region combination selected fromghoup of

a) CDR1H region of SEQ ID NO:29 and CDR2H regiors&Q ID NO:30,
b) CDR1H region of SEQ ID NO:34 and CDR2H regiorS&Q ID NO:35, or
¢) CDR1H region of SEQ ID NO:36 and CDR2H regiorS&Q ID NO:37.

23. The bispecific antibody according to embodim22it characterized in comprising a VL region of
SEQ ID NO:12 and a VH region selected from the groomprising the VH regions of SEQ ID NO:38,
39, and 40.

24. The bispecific antibody according to embodim&ator 23, characterized in comprising in in that
amino acid 49 of the VL region is selected fromgheup of amino acids tyrosine(Y), glutamic acig, (E
serine (S), and histidine (H).

25. The bispecific antibody according to any onembodiments 22 to 24, characterized in that amino
acid 74 of the VL region is threonine (T) or alanii).
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26. The bispecific antibody according to any onembodiments 15 to 25, characterized in comprising
an anti BCMA antibody according to the inventiomam anti CD3 antibody, wherein

a) the light chain and heavy chain of an antibarboeading to any one of embodiments 1 to 7; and

b) the light chain and heavy chain of an antibqgac#ically binding to CD3, wherein the variable
domains VL and VH or the constant domains CL and @k replaced by each other.

27. The bispecific antibody according to any onembodiments 15 to 26, characterized in comprising
not more than one Fab fragment of an anti-CD3 adtitportion, not more than two Fab fragments of
an anti-BCMA antibody portion and not more than &eepart.

28. The bispecific antibody according to any onembodiments 15 to 27, characterized in comprising
a Fc part linked with its N-terminus to the C-temus of said CD3 antibody Fab fragment and to the C-
terminus of one of said BCMA antibody Fab fragments

29. The bispecific antibody according to any onemibodiments 15-28, characterized in comprising a
second Fab fragment of said anti-BCMA antibody (BE&htibody portion) linked with its C-terminus
to the N-terminus of said Fab fragment of said-@mi3 antibody (CD3 antibody portion) of said
bispecific antibody.

30. The bispecific antibody according to emboditr#d characterized in that the VL domain of said
anti-CD3 antibody Fab fragment is linked to the Gdtinain of said second anti-BCMA antibody Fab
fragment.

31. The bispecific antibody according to any oneewfbodiments 15 to 30, characterized in that the
variable domain VH of the anti-CD3 antibody porti(farther named as “CD3 VH") comprises the
heavy chain CDRs of SEQ ID NO: 1, 2 and 3 as raspg heavy chain CDR1, CDR2 and CDR3 and
the variable domain VL of the anti-CD3 antibody o (further named as “CD3 VL") comprises the
light chain CDRs of SEQ ID NO: 4, 5 and 6 as retipely light chain CDR1, CDR2 and CDRS3.

32. The bispecific antibody according to any oneewibodiments 15 to 31, characterized in that the
variable domains of the anti CPantibody portion are of SEQ ID NO:7 and 8.

33. A bispecific antibody specifically binding thet two targets which are the extracellular domédin o
human BCMA and human Cl3characterized in comprising
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a) the first light chain and the first heavy chafra first antibody according to any one of claiins
to 7; and
b) the second light chain and the second heavnalfaa second antibody which specifically binds

to CD3, and wherein the variable domains VL andiWlthe second light chain and second heavy chain
of the second antibody are replaced by each cdinel;

C) wherein in the constant domain CL of the fiight chain under a) the amino acid at position
124 is substituted independently by lysine (K),irirge (R) or histidine (H) (numbering according to

Kabat), and wherein in the constant domain CH1hefftrst heavy chain under a) the amino acid at
position 147 and the amino acid at position 218uisstituted independently by glutamic acid (E), or
aspartic acid (D) (numbering according to Kabatg(s.g. Figures 1A, 2A, 2C, 3A, 3C).

34. A bispecific antibody specifically accordingdaim 33, characterized in comprising in additén
Fab fragment of said first antibody (further namaézb as “BCMA-Fab”) and in the constant domain CL
said BCMA-Fab the amino acid at position 124 isssitilted independently by lysine (K), arginine (R)
or histidine (H) (numbering according to Kabat)damherein in the constant domain CH1 of said
BCMA-Fab the amino acid at positions 147 and theinamacid at position 213 is substituted
independently by glutamic acid (E), or asparticda@®) (numbering according to Kabat) (see e.g.
Figures 2A, 2C).

35. A bispecific antibody specifically binding thet two targets which are the extracellular domdin o
human BCMA and human CB3characterized in comprising

a) the first light chain and the first heavy chafra first antibody according to any one of claiins
to 7; and
b) the second light chain and the second heavynalfaa second antibody which specifically binds

to CD3, and wherein the variable domains VL andiWlthe second light chain and second heavy chain
of the second antibody are replaced by each cdineryvherein

c) in the constant domain CL of the second lighaichunder b) the amino acid at position 124 is
substituted independently by lysine (K), arginif®g 6r histidine (H) (numbering according to Kabat),

and wherein in the constant domain CH1 of the sgééb@avy chain under b) the amino acid at positions
147 and the amino acid at position 213 is substituhdependently by glutamic acid (E), or aspartic
acid (D) (numbering according to Kabat).
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36. A bispecific antibody specifically binding thet two targets which are the extracellular domdin o
human BCMA and human C3characterized in comprising a heavy and lighirclsat selected from
the group consisting of polypeptides

i) SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, and@EED NO:51 (2x); (set 1 TCB of antibody
21),

i) SEQ ID NO:48, SEQ ID NO:52, SEQ ID NO:53, and SEBQNO:54 (2x) (set 2 TCB of antibody
22), and

iii) SEQ ID NO:48, SEQ ID NO:55, SEQ ID NO:56, aBEQ ID NO:57 (2x) (set 3 TCB of antibody
42).

37. A method for the preparation of an antibodyoading to any one of claims 1 to 36 comprising the

steps of
a) transforming a host cell with
b) vectors comprising nucleic acid molecules enmgdhe light chain and heavy chains of an

antibody according to any one of claims 1 to 36,
c) culturing the host cell under conditions thddwlsynthesis of said antibody molecule; and
d) recovering said antibody molecule from saidureit

38. A host cell comprising vectors comprising nigckecid molecules encoding an antibody according to
any one of claims 1 to 36.

39. A pharmaceutical composition comprising ankaraty according to any one of claims 1 to 36 and a
pharmaceutically acceptable excipient.

40. A pharmaceutical composition comprising antaay according to any one of claims 1 to 36 for
use as a medicament.

41. A pharmaceutical composition comprising antaay according to any one of claims 1 to 36 for
use as a medicament in the treatment of plasmaliseliders.

42. A pharmaceutical composition comprising antmay according to any one of claims 1 to 36 for
use as a medicament in the treatment of Multipleleiya, Plasma Cell Leukemia and AL-Amyloidosis
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43. A pharmaceutical composition comprising anketty according to any one of claims 1 to 36 for
use as a medicament in the treatment of systempicslarythematosus.

44. A pharmaceutical composition comprising an ety according to any one of claims 1 to 36,
including a monospecific antibody, an ADCC enhancakled antibody, an antibody-drug conjugate or
a bispecific antibody for use as a medicamentéantitsatment of antibody-mediated rejection.

45. A chimeric antigen receptor (CAR) comprising: antigen recognition moiety directed against
BCMA and a T-cell activation moiety, characterized that the antigen recognition moiety is a
monoclonal antibody or antibody fragment accordimgny one of embodiments 1 to 14.

46. A chimeric antigen receptor (CAR) accordingtebodiment 45, characterized in comprising:

Q) a B cell maturation antigen (BCMA) recognitiomiety;

(i) a spacer domain; and

(i) a transmembrane domain; and

(i) an intracellular T cell signaling domain.

47. A chimeric antigen receptor (CAR) accordingetobodiment 45 or 46, characterized in that the
antigen recognition moiety is a monoclonal antibamtyantibody fragment specifically binding to
BCMA, characterized in comprising a CDR3H regionS&EQ ID NO:17 and a CDR3L region of SEQ
ID NO:20 and a CDR1H, CDR2H, CDR1L, and CDR2L regammbination selected from the group of
a) CDR1H region of SEQ ID NO:21 and CDR2H regiorS&Q ID NO:22, CDRL1L region of SEQ ID
NO:23, and CDR2L region of SEQ ID NO:24,

b) CDR1H region of SEQ ID NO:21 and CDR2H regiorS&fQ ID NO:22, CDR1L region of SEQ ID
NO:25, and CDR2L region of SEQ ID NO:26,

¢) CDR1H region of SEQ ID NO:21 and CDR2H regiorS&Q ID NO:22, CDRL1L region of SEQ ID
NO:27, and CDR2L region of SEQ ID NO:28,

d) CDR1H region of SEQ ID NO:29 and CDR2H regiorS&fQ ID NO:30, CDRL1L region of SEQ ID
NO:31, and CDR2L region of SEQ ID NO:32,

e) CDR1H region of SEQ ID NO:34 and CDR2H regiorS&Q ID NO:35, CDR1L region of SEQ ID
NO:31, and CDR2L region of SEQ ID NO:32,and

f) CDR1H region of SEQ ID NO:36 and CDR2H regionSEQ ID NO:37, CDR1L region of SEQ ID
NO:31, and CDR2L region of SEQ ID NO:32.



10

15

20

25

30

63

48. An isolated or purified nucleic acid sequeneeoeing a chimeric antigen receptor (CAR),according
to any one of embodiments 45 to 47.

49. A method of generation a monoclonal antibodsc#jrally binding to BCMA, which depletes as
bispecific antibody according to any one of embaatits 15 to 36 human malignant plasma cells in
multiple myeloma MM bone marrow aspirates in a nerio at least 80% after a 48 hour treatment in
a concentration of between 10 nM and 1 fM, anti-BEClhtibody, characterized in

a) panning a variable heavy chain (VH) phage-disgiarary of SEQ ID NO:9 with 1-50 nM
cynomolgus BCMA in 1-3 rounds and selecting a \@eédeavy chain , which when combined with the
variable light chain of SEQ ID NO:11 to a bispecifintibody according to any one of embodiments 15
to 36 which depletes such human malignant plagtisiio such manner,

€) panning a variable light chain (VL) phage-digplibrary of SEQ ID NO:11 with 1 -50 nM
cynomolgus BCMA in 1-3 rounds and b)selecting aalde light chain , which when combined with the
variable heavy chain of SEQ ID NO:9 to to a bispeantibody according to any one of embodiments
15 to 36 which depletes such human malignant @asetis in such manner, and

combining said selected variable heavy chain alettsel variable light chain to to a bispecific aotily
according to any one of embodiments 4 to 16 whagpletes such human malignant plasma cells in
such manner.

50. A pharmaceutical composition comprising antsttiy according to any one of claims 1 to 36 and
45 to 47 for use as a medicament in the treatmfamudiiple myeloma or systemic lupus erythematosus
or plasma cell leukemia or AL-amyloidosis.

In one embodiment the binding of the antibody aditay to the invention is not reduced by 100 ng/ml
APRIL for more than 20% measured in an ELISA assayD at 405 nm compared to the binding of
said antibody to human BCMA without APRIL, does afier APRIL-dependent NkB activation for
more than 20%, as compared to APRIL, and does Itest dF«B activation without APRIL for more
than 20%, as compared without said antibody.

In one embodiment the binding the antibody in aceoitration of 6.25nM is not reduced by 140 ng/ml
murine APRIL for more than 10%, preferably not reeld by for more than 1% measured in an ELISA
assay as OD at 450 nm compared to the bindingidfasdibody to human BCMA without APRIL. The
binding of said antibody in a concentration of 50ivhot reduced by 140 ng/ml murine APRIL for
more than 10%, measured in an ELISA assay as Ofb@tnm, compared to the binding of said
antibody to human BCMA without APRIL.



10

15

20

25

30

64

In one embodiment the binding of said antibodydsreduced by 100 ng/ml APRIL and not reduced by
100 ng/ml BAFF for more than 20% measured in anSALAssay as OD at 405 nm compared to the
binding of said antibody to human BCMA without ARRir BAFF respectively, the antibody does not
alter APRIL-dependent NkB activation for more than 20%, as compared to AP&bne, does not
alter BAFF-dependent N&B activation for more than 20%, as compared to BAkfe, and does not
alter NFxB activation without BAFF and APRIL for more tha®%, as compared without said
antibody.

In one embodiment the binding of said antibody ummbhn BCMA is not reduced by 100 ng/ml APRIL
for more than 15%, measured in said ELISA, not ceduby 1000 ng/ml APRIL, for more than 20%,
measured in said ELISA, and not reduced by 1006hhgPRIL for more than 15%, measured in said
ELISA.

In one embodiment the binding of said antibody ummbhn BCMA is not reduced by 100 ng/ml APRIL

and not reduced by 100 ng/ml BAFF for more than 1Bf#asured in said ELISA, not reduced by 1000
ng/ml APRIL and not reduced by 1000 ng/ml BAFF, fioore than 20%, measured in said ELISA, not
reduced by 1000 ng/ml APRIL and not reduced by 110@®onl BAFF for more than 15%, measured in
said ELISA.

In one embodiment the antibody according to theemtion does not alter APRIL-dependent NF-kB
activation for more than 15%, does not alter BAp&hdent NF-kB activation for more than 15%, and
does not alter NikB activation without APRIL and BAFF for more thaf%.

In one embodiment the binding of the antibody t©MBA is not reduced by APRIL, not reduced by
BAFF for more than 25%, not more than 20%, andmote than 10%, measured as binding of said
antibody in a concentration of 5nM, preferably 5Qrévid 140nM to NCI-H929 cells (ATCC® CRL-
9068™) in presence or absence of APRIL or respelgtiBAFF in a concentration of 2.5ug/ml
compared to the binding of said antibody to NCI-BI@2lls without APRIL or BAFF respectively.

In one embodiment the following examples, sequéisting and figures are provided to aid the
understanding of the present invention, the tregpsof which is set forth in the appended claimss |
understood that modifications can be made in tbeqatures set forth without departing from the spiri
of the invention.

Materials & general methods

Recombinant DNA techniques
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Standard methods were used to manipulate DNA asibed in Sambrook, J. et al., Molecular cloning:
A laboratory manual; Cold Spring Harbor LaboratBrgss, Cold Spring Harbor, New York, 1989. The
molecular biological reagents were used accordiogthte manufacturer's instruction§&eneral
information regarding the nucleotide sequencesuofidn immunoglobulins light and heavy chains is
given in: Kabat, E.A. et al., (1991) Sequences wftéins of Immunological Interest5ed., NIH
Publication No. 91-3242. Amino acids of antibodwicis were numbered and referred to according to
Kabat, E.A., et al., Sequences of Proteins of Imohagical Interest, 5th ed., Public Health Service,
National Institutes of Health, Bethesda, MD, (1991)

Gene synthesis

a) Desired gene segments were prepared from olgjeotides made by chemical synthesis. The 600 -
1800 bp long gene segments, which were flankedirgukar restriction endonuclease cleavage sites,
were assembled by annealing and ligation of oligteatides including PCR amplification and
subsequently cloned via the indicated restrictibesse.g. Kpnl/ Sad or Ascl/Pacl into a pPCRScript
(Stratagene) based pGA4 cloning vector. The DNAusrges of the subcloned gene fragments were
confirmed by DNA sequencing. Gene synthesis fragsnemere ordered according to given
specifications at Geneart (Regensburg, Germany).

b) Desired gene segments where required were gjdr@rated by PCR using appropriate templates or
were synthesized by Geneart AG (Regensburg, Geinfamy synthetic oligonucleotides and PCR
products by automated gene synthesis. The geneesggftanked by singular restriction endonuclease
cleavage sites were cloned into standard expressgtors or into sequencing vectors for further
analysis. The plasmid DNA was purified from tramsfed bacteria using commercially available
plasmid purification kits. Plasmid concentration sweetermined by UV spectroscopy. The DNA
sequence of the subcloned gene fragments was maafiby DNA sequencing. Gene segments were
designed with suitable restriction sites to allawb-€loning into the respective expression vecttrs.
required, protein coding genes were designed whhend DNA sequence coding for a leader peptide
which targets proteins for secretion in eukaryosts.

DNA sequence determination
DNA sequences were determined by double strancesemg.

DNA and protein sequence analysis and sequence data management
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The Clone Manager (Scientific & Educational Soft@jasoftware package version 9.2 was used for
sequence mapping, analysis, annotation and ilbimtra

Expression vectors

a) The fusion genes comprising the described ajilmhains as described below were generated by
PCR and/or gene synthesis and assembled with krmewombinant methods and techniques by
connection of the according nucleic acid segmergsesing unique restriction sites in the respectiv
vectors. The subcloned nucleic acid sequences weréed by DNA sequencing. For transient
transfections larger quantities of the plasmidsprepared by plasmid preparation from transformed E
coli cultures (Nucleobond AX, Macherey-Nagel).

b) For the generation of anti-BCMA antibody express/ectors, the variable regions of heavy andtligh
chain DNA sequences were subcloned in frame witfeethe human IgG1 constant heavy chain or the
hum IgG1 constant light chain pre-inserted into thepective generic recipient expression vector
optimized for expression in mammalian cell linefieTantibody expression is driven by a chimeric
MPSV promoter comprising a CMV enhancer and a Mp8&moter followed by a 5 UTR, an intron
and a Ig kappa MAR element. The transcription imieated by a synthetic polyA signal sequence at
the 3’ end of the CDS. All vectors carry a 5-eDNIA sequence coding for a leader peptide which
targets proteins for secretion in eukaryotic céfisaddition each vector contains an EBV OriP saegae
for episomal plasmid replication in EBV EBNA expsig cells.

c¢) For the generation of BCMAXCD3 bispecific antilyovectors, the IgG1 derived bispecific molecules
consist at least of two antigen binding moietiegatde of binding specifically to two distinct ardigjc
determinants CD3 and BCMA. The antigen binding tieseare Fab fragments composed of a heavy
and a light chain, each comprising a variable adrestant region. At least one of the Fab fragments
was a “Crossfab” fragment, wherein VH and VL wexelteanged. The exchange of VH and VL within
the Fab fragment assures that Fab fragments ddreift specificity do not have identical domain
arrangements. The bispecific molecule design wasowedent for CD3 and bivalent for BCMA where
one Fab fragment was fused to the N-terminus ofinther CrossFab (2+1). The bispecific molecule
contained an Fc part in order for the moleculeaweha long half-life. A schematic representatiothef
constructs is given in Figure 2; the preferred segas of the constructs are shown in SEQ ID NOs 39
to 52. The molecules were produced by co-transfecting HEBKEBNA cells growing in suspension
with the mammalian expression vectors using polybzsed solution. For preparation of 2+1 CrossFab-
IgG constructs, cells were transfected with theresponding expression vectors in a 1:2:1:1 ratio
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(“vector Fc(knob)” : “vector light chain” : “vectotight chain CrossFab” : “vector heavy chain-
CrossFab”).

Cdl culturetechniques

Standard cell culture techniques are used as 8esciin Current Protocols in Cell Biology (2000),
Bonifacino, J. S., Dasso, M., Harford, J.B., Lipptt-Schwartz, J. and Yamada, K.M. (eds.), John
Wiley & Sons, Inc.

Transient expression in HEK293 cells (HEK293-EBNA system)

Bispecific antibodies were expressed by transiemdransfection of the respective mammalian
expression vectors in HEK293-EBNA cells, which weudtivated in suspension, using polymer-based
solution. One day prior to transfection the HEKZEENA cells were seeded at 1.5 Mio viable cells/mL
in Ex-Cell medium, supplemented with 6 mM of L-Glatine. For every mL of final production
volume 2.0 Mio viable cells were centrifuged (5 otas at 210 x g). The supernatant was aspiratgd an
the cells resuspended in 100 uL of CD CHO mediufine DNA for every mL of final production
volume was prepared by mixing 1 pg of DNA (Rati@he chain: modified heavy chain: light chain:
modified light chain = 1:1:2:1) in 100 puL of CD CH®edium. After addition of 0.27 uL of polymer-
based solution (1 mg/mL) the mixture was vortexadl seconds and left at room temperature for 10
minutes. After 10 minutes, the resuspended cells2NA/ polymer-based solution mixture were put
together and then transferred into an appropriat¢aier which was placed in a shaking device (37°C
5% CQ). After a 3 hours incubation time 800 pL of ExHQdedium, supplemented with 6 mM L-
Glutamine, 1.25 mM valproic acid and 12.5% Pepssy ¢/L), was added for every mL of final
Production volume. After 24 hours, 70 uL of feetuion was added for every mL of final production
volume. After 7 days or when the cell viability svaqual or lower than 70%, the cells were separated
from the supernatant by centrifugation and stditi@tion. The antibodies were purified by aniaitfy
step and one or two polishing steps, being catiechange chromatography and size exclusion
chromatography. When required, an additional poip step was used. The recombinant anti-BCMA
human antibody and bispecific antibodies were preduin suspension by co-transfecting HEK293-
EBNA cells with the mammalian expression vectorlgigolymer-based solution. The cells were
transfected with two or four vectors, dependinthie format For the human IgG1 one plasmid encoded
the heavy chain and the other plasmid the lightrcheor the bispecific antibodies four plasmids ever
co-transfected. Two of them encoded the two differeavy chains and the other two encoded the two
different light chains. One day prior to transfentithe HEK293-EBNA cells were seeded at 1.5 Mio
viable cells/mL in F17 Medium, supplemented witinBl of L-Glutamine.
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Protein determination

Determination of the antibody concentration wasedby measurement of the absorbance at 280 nm,
using the theoretical value of the absorbance @fL& solution of the antibody. This value was based
on the amino acid sequence and calculated by GPMéfWare (Lighthouse data).

SDS-PAGE

The NUPAGE® Pre-Cast gel system (Invitrogen) idusecording to the manufacturer's instruction. In
particular, 10% or 4-12% NuPAGE® Novex® Bis-TRISRast gels (pH 6.4) and a NUPAGE® MES
(reduced gels, with NUPAGE® Antioxidant running feufadditive) or MOPS (non-reduced gels)
running buffer is used.

Protein purification

By protein A affinity chromatography

For the affinity step the supernatant was loaded protein A column (HiTrap Protein A FF , 5 mL, GE
Healthcare) equilibrated with 6 CV 20 mM sodium phteste, 20 mM sodium citrate, pH 7.5. After a
washing step with the same buffer the antibody @hated from the column by step elution with 20 mM
sodium phosphate, 100 mM sodium chloride, 100 mici@de, pH 3.0. The fractions with the desired
antibody were immediately neutralized by 0.5 M $Sodi Phosphate, pH 8.0 (1:10), pooled and
concentrated by centrifugation. The concentrate stasle filtered and processed further by cation

exchange chromatography and/or size exclusion chiagraphy.

By cation exchange chromatography

For the cation exchange chromatography step theecirated protein was diluted 1:10 with the elution
buffer used for the affinity step and loaded ontoation exchange colume (Poros 50 HS, Applied
Biosystems). After two washing steps with the ebtation buffer and a washing buffer resp. 20 mM
sodium phosphate, 20 mM sodium citrate, 20 mM TRI$5.0 and 20 mM sodium phosphate, 20 mM
sodium citrate, 20 mM TRIS, 100 mM sodium chlorjué 5.0 the protein was eluted with a gradient
using 20 mM sodium phosphate, 20 mM sodium citr2@enM TRIS, 100 mM sodium chloride pH 8.5.

The fractions containing the desired antibody wpomled, concentrated by centrifugation, sterile
filtered and processed further a size exclusiop. ste

By analytical size exclusion chromatography
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For the size exclusion step the concentrated prateis injected in a XK16/60 HiLoad Superdex 200
column (GE Healthcare), and 20 mM Histidine, 140 r&ddium Chloride, pH 6.0 with or without
Tween20 as formulation buffer. The fractions caritaj the monomers were pooled, concentrated by
centrifugation and sterile filtered into a stesilal.

Measurement of purity and monomer content

Purity and monomer content of the final proteinpamation was determined by CE-SDS (Caliper
LabChip GXII system (Caliper Life Sciences)) resfPLC (TSKgel G3000 SW XL analytical size

exclusion column (Tosoh)) in a 25 mM potassium phase, 125 mM Sodium chloride, 200 mM L-

arginine monohydrochloride, 0.02 % (w/v) SodiundazipH 6.7 buffer.

Molecular weight confirmation by LC-MS analyses
Deglycosylation

To confirm homogeneous preparation of the molediimes protein solution of was analyzed by LC-MS
analyses. To remove heterogeneity introduced Hyotedrates the constructs are treated with PNGaseF
(Prozyme). Therefore the pH of the protein solutieas adjusted to pH7.0 by adding 2 pl 2 M Tris to
20 pg protein with a concentration of 0.5 mg/m8 g PNGaseF was added and incubated for 12 h at
37 °C.

LC-MSanalysis - On line detection

The LC-MS method was performed on an Agilent HPLEOA coupled to a TOF 6441 mass
spectrometer (Agilent). The chromatographic separatvas performed on a Macherey Nagel
Polysterene column; RP1000-8 (8 um patrticle siz&x£250 mm; cat. No. 719510). Eluent A was 5 %
acetonitrile and 0.05 % (v/v) formic acid in watelyent B was 95 % acetonitrile, 5 % water and 0405
formic acid. The flow rate was 1 ml/min, the sefiarawas performed at 40°C and 6 pug (15 ul) of a
protein sample obtained with a treatment as desgtiefore.

Time (min.) %B
0.5 15
10 60

12.5 100
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14.5 100

14.6 15
16 15

16.1 100

During the first 4 minutes the eluate was direcgted the waste to protect the mass spectrometen fro
salt contamination. The ESI-source was running \&ittirying gas flow of 12 I/min, a temperature of
350 °C and a nebulizer pressure of 60psi. The MStsp were acquired using a fragmentor voltage of
380V and a mass range 700 to 3200 m/z in positimemode using. MS data were acquired by the
instrument software from 4 to 17 minutes.

| solation of human PBMCs from blood

Peripheral blood mononuclear cells (PBMCs) wer@ared by Histopaque density centrifugation from
enriched lymphocyte preparations (buffy coats) iolei from local blood banks or from fresh blood
from healthy human donors. Briefly, blood was ditlitwith sterile PBS and carefully layered over a
Histopaque gradient (Sigma, H8889). After centrfiign for 30 minutes at 450 x g at room temperature
(brake switched off), part of the plasma above RBMC containing interphase was discarded. The
PBMCs were transferred into new 50 ml Falcon tuded tubes were filled up with PBS to a total
volume of 50 ml. The mixture was centrifuged atmotemperature for 10 minutes at 400 x g (brake
switched on). The supernatant was discarded andPBMC pellet washed twice with sterile PBS
(centrifugation steps at 4°C for 10 minutes at 35). The resulting PBMC population was counted
automatically (ViCell) and stored in RPMI1640 madiucontaining 10% FCS and 1% L-alanyl-L-
glutamine (Biochrom, K0302) at 37°C, 5% {0 the incubator until assay start.

I solation of primary cynomolgus PBMCs from heparinized blood

Peripheral blood mononuclar cells (PBMCs) were are@ by density centrifugation from fresh blood
from healthy cynomolgus donors, as follows: Hegdaed blood was diluted 1:3 with sterile PBS, and
Lymphoprep medium (Axon Lab #1114545) was dilue®®% with sterile PBS. Two volumes of the
diluted blood were layered over one volume of theteld density gradient and the PBMC fraction was
separated by centrifugation for 30 min at 520 wighout brake, at room temperature. The PBMC band
was transferred into a fresh 50 ml Falcon tubevaashed with sterile PBS by centrifugation for 16mi

at 400 x g at 4°C. One low-speed centrifugation pexformed to remove the platelets (15 min at 150 x
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g, 4°C), and the resulting PBMC population was mnattically counted (ViCell) and immediately used

for further assays.

Examples

Example 1: Generation of anti-BCMA antibodies
Example 1.1: Production of antigens and tool reagés
Example 1.1.1: Recombinant, soluble, human BCMA exicellular domain

The extracellular domains of human, cynomolgus erline BCMA that were used as antigens for
phage display selections were transiently expreased-terminal monomeric Fc-fusion in HEK EBNA
cells and in vivo site-specifically biotinylatedavico-expression of BirA biotin ligase at the ag-ta
recognition sequence located at the C-terminusi@fRc portion carrying the receptor chain (Fc knob
chain). The extracellular domains of human and pylgus BCMA comprised methionine 4 to
asparagine 53, and methionine 4 to asparagineeSgectively. These were N-terminally fused to the
hinge of a human IgG1 enabling heterodimerizatioth van unfused human IgG1 Fc portion (hole

chain) by knobs-into-holes technology.
Example 1.1.1A: Generation of anti-BCMA antibodies by matuation
1.1.1A.1 Libraries and selections

Two libraries were constructed on basis of antib88A10. These libraries are randomized in either
CDR1 and CDR2 of the light chain (83A10 L1/L2) obR1 and CDR2 of the heavy chain (83A10
H1/H2), respectively. Each of these libraries waisstructed by 2 subsequent steps of amplificatimh a
assembly. Final assembly products have been diybktel / BsiwI for 83A10 L1/L2 library, Munl and
Nhel for 83A10 H1/H2 library, alongside with simika treated acceptor vectors based on plasmid
preparations of clone 83A10. The following amountsligested randomized (partial) V-domains and
digested acceptor vector(s) were ligated for thepeetive libraries (ug V-domain / pg vector):
a.m.83A10 L1/L2 library (3/10), 83A10 H1/H2 libra(®/10), Purified ligations of 83A10 L1/L2 and
83A10 H1/H2 libraries were pooled, respectivelyd arsed for 15 transformations of E.coli TG1 cells
for each of the 2 libraries, to obtain final libyaizes of 2.44 x 1@ for 83A10 L1/L2 library, and 1.4 x
10" for a.m.83A10 H1/H2 library. Phagemid particlespaying these Fab libraries were rescued and
purified.
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1.1.1A.2 Selections of clones

Selections were carried out against the ectodoméiluman or cyno B-cell maturation antigen
(BCMA) to which were cloned upstream a Fc and artay. Prior to selections, the Fc depleter was
coated onto neutravidin plates at a concentratid@d@@nM. Selections were carried out accordinghi® t

following pattern:

1) binding of ~ 1&? phagemid particles of library.83A10 L1/L2 libragy 83A10 H1/H2 library to
immobilized Fc depleter for 1h, 2) transfer of unbd phagemid particles of library.83A10 L1/L2
library or 83A10 H1/H2 library to 50nM, 25nM, 10nMr 2nM human or cyno BCMA (depending on
library and selection round) for 20min, 3) addinggnetic streptavidin beads for 10min, 4) washing of
magnetic streptavidin beads using 10 x 1ml PBS/Twe20 and 10 x 1ml PBS, 5) elution of phage
particles by addition of 1ml 100mM TEA (triethylane) for 10 min and neutralization by addition of
500ul 1M Tris®/HCI pH 7.4 and 6) re-infection ofggphase E.coli TG1 cells, infection with
helperphage VCSM13 and subsequent PEG/NaCl pratipit of phagemid particles to be used in
subsequent selection rounds.

Selections have been carried out over 3 roundsamditions were adjusted in 5 streamlines for ezch

the 2 libraries individually. In detail, selectiparameters were:

Streamline 1(50nM huBCMA for round 1, 25nM cynoBCNMZ round 2, 10nM huBCMA for round 3),
Streamline 2(50nM huBCMA for round 1, 10nM huBCM#r fround 2, 2nM huBCMA for round 3),
Streamline 3(50nM huBCMA for round 1, 25nM huBCMéx fround 2, 10nM cynoBCMA for round 3),
Streamline 4(50nM huBCMA for round 1, 25nM cynoBCNM#@ round 2, 10nM cynoBCMA for round
3), ‘
Streamline 5(50nM cynoBCMA for round 1, 25nM cynd®& for round 2, 10nM cynoBCMA for
round 3).

The heavy chains of Mab 21, Mab 22, Mab 33, and M2lBBCMA antibodies were derived from
Streamline 5 which used only cynoBCMA.

1.1.1A.3 Screening method

Individual clones were bacterially expressed as duiures in 96-well format and supernatants were
subjected to a screening by ELISA. Specific bindegse defined as signals higher than 5 x background

for human and cyno BCMA and signals lower thant@&gkground for Fc depleter. Neutravidin 96 well
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strip plates were coated with 10nM of huBCMA, 10myBCMA or 50nM Fc-depleter followed by

addition of Fab-containing bacterial supernatamid detection of specifically binding Fabs via their
Flag-tags by using an anti-Flag/[HRP secondary adjib ELISA-positive clones were bacterially
expressed as 1ml cultures in 96-well format andeswgtants were subjected to a kinetic screening

experiment ProteOn. 500 positive clones were ifledtimost of them having similar affinity.
1.1.1A.4 Surface plasmon resonance screen witlblsolkabs and IgGs

70 clones were further tested by SPR. All expertm&ere performed at 25°C using PBST as running
buffer (10 mM PBS, pH 7.4 and 0.005% (v/v) TweenPZ0ProteOn XPR36 biosensor equipped with
GLC and GLM sensor chips and coupling reagents fiM sodium acetate, pH 4.5, sulfo-N-
hydroxysuccinimide, 1-ethyl-3-(3-dimethylaminpropgarbodiimide hydrochloride [EDC] and
ethanolamine) was purchased from BioRad Inc. (HesgCA). Immobilizations were performed at 30
pl/min on a GLM chip. pAb (goat) anti hu IgG, F(akgpecific Ab (Jackson) was coupled in vertical
direction using a standard amine-coupling procedaltesix ligand channels were activated for 5 min
with a mixture of EDC (200 mM) and sulfo-NHS (50 mMmmediately after the surfaces were
activated, pAb (goat) anti hu IgG, F(ab)2 specifatibody (50 pg/ml, 10 mM sodium acetate, pH 5)
was injected across all six channels for 5 minalynchannels were blocked with a 5 min injectairl

M ethanolamine—HCI (pH 8.5). Final immobilizaticgvkels were similar on all channels, ranging from
11000 to 11500 RU. The Fab variants were captuced €.coli supernantants by simultaneous injection
along five of the separate whole horizontal chas (@0 pl/min) for 5 min and resulted in levels,gimg
from 200 to 900 RU, depending on the concentraboRab in supernatant; conditioned medium was
injected along the sixth channel to provide anlitie* blank for double referencing purposes. Onetsh
kinetic measurements were performed by injectioradilution series of human, cyno and mouse
BCMA (50, 10, 2, 0.4, 0.08, 0 nM, 50 pl/min) fom@in along the vertical channels. Dissociation was
monitored for 5 min. Kinetic data were analyzedPinoteOn Manager v. 2.1. Processing of the reaction
spot data involved applying an interspot-refereand a double-reference step using an inline buffer
blank (Myszka, 1999). The processed data from aemi one-shot injections were fit to a simple 1:1

Langmuir binding model without mass transport (@i8tessy et al., 1993).

For measurements of IgG from supernatants of HElyetions in 6-well format, the IgG variants were
captured from HEK293 supernatants by simultanemjesction along five of the separate whole
horizontal channels (30 pl/min) for 5 min and résdlin levels, ranging from 200 to 400 RU;

conditioned medium was injected along the sixthndeh to provide an ‘in-line’ blank for double
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referencing purposes. One-shot kinetic measuremestts performed by injection of a dilution serids o

human, cyno and mouse BCMA (25, 5, 1, 0.2, 0.04M) 50 pl/min) for 3 min along the vertical
channels. Dissociation was monitored for 5 min. i data were analyzed as described above. The

OSK measurements are summarized in Table 2D; moonclusive measurement. Affinity to huBCMA

5 was found to be between about 50 pm to 5 nM. Aifito cynoBCMA was found to be between about 2

10

15

20

nM to 20 nM (few clones fall outside the range, Begire 17).
1.1.1A5. Further selection of HC and LC clones

Due to their experience the inventors selectedobihese 70 clones further 27 clones based on their
binding properties to huBCMA, cynoBCMA, murineBCMAnd ratio, measured in different assays.
Out of these clones 4VH and 9VL clones were setgoihich results in 34 VH/VL combinations.
Binding affinity on HEK-huBCMA cells was measureligure 18 and Table 2E). It was found that
binding of antibodies Mab 21, Mab 22, Mab 27, M&wsa&d Mab 42 to huBCMA on HEK cells was not
significantly better than the binding of Mab 83AtOhuBCMA-HEK cells. However Mab21, Mab 22,
Mab27, Mab33, Mab39, and Mab42 were selected duthdd overall properties, like affinity for
huBCMA, cynoBCMA, binding as bispecific antibody BCMA-positive multiple myeloma cell lines
H929, L363 and RPMI-8226 by flow cytometry, killingptency of myeloma cells H929, L363 and
RPMI-8226, of viable myeloma plasma cells from g@atibone marrow aspirates, and pharmacokinetics
(PK)) and pharmacodynamics (killing of BCMA poséicells) data in cynomolgus monkeys.

Table 2C: Relationship of antibodies to streamlines

Mab No. _Derived from Clone HC _Derived from Clone LC
library 2 (HC) library 1 (LC)

Mab 21 Streamline 5 5F04 Streamline 1 1D04
Mab 22 Streamline 5 5F04 Streamline 1 1C05
Mab 27 Streamline 1 1A08 Streamline 1 1D04
Mab 33 Streamline 5 5D03 Streamline 1 1D04
Mab 39 Streamline 2 2E12 Streamline 1 1D04
Mab 42 Streamline 5 5F04 Streamline 5 5A11

Table 2D: One-shot-kinetic affinity measurements to humanpmolgus and mouse BCMA
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Mab No. VH VL <D «b KD
huBCMA cyBCMA muBCMA
83A10 pCON1532 pCON1080 1.5E-09 1.4E-08 i/m
Mab 21 pCON1531 pCON1522 2.8E-11 5.1E-11 7.3E-10
Mab 22 pCON1531 pCON1521 4.8E-11 i/m 9.0E-1D
Mab 27 pCON1520 pCON1522 3.9E-13 1.0E-10 9.7E-10
Mab 33 pCON1530 pCON1522 1.7E-11 3.4E-11 4.9E-10
Mab 39 pCON1524 pCON1522 6.2E-11 2.7E-1Q i/m
Mab 42 pCON1531 pCON1527 2.3E-10 3.9E-1( 2.5E-09
Table 2E: Binding of IgG variants on HEK-huBCMA cells
Mab No VH VL Eg?gi[’:]?vl] Bi’}ﬂig/?i](:m
83A10 PCON1532 PCON1080 2.4 0.34
Mab 14 PCON1530 PCON1527 1.47 0.21
Mab 21 pCON1531 PCON1522 2.46 0.35
Mab 22 PCON1531 pCON1521 2.08 0.30
Mab 23 PCON1531 PCON1519 4.97 0.71
Mab 27 PCON1520 PCOM1522 10.57 1.52
Mab 28 PCON1520 PCOM1521 11.34 1.63
Mab 30 PCON1530 PCON1526 10.35 1.49
Mab 31 PCON1530 PCON1525 1.34 0.19
Mab 33 pCOM1530 PCON1522 1.18 0.17
Mab 34 PCON1530 PCON1521 1.24 0.18
Mab 35 PCON1530 PCON1519 1.63 0.23
Mab 39 PCON1524 PCON1522 1.73 0.25
Mab 42 PCON1531 pCON1527 2.10 0.30
Mab 44 PCON1520 PCON1527 1.55 0.22

Example 1.2: BCMA-expressing cells as tools

of BCMA receptor number on cell surface

5 Example 1.2.1: Human myeloma cell lines expressi§CMA on their surface and quantification



10

15

20

25

76
BCMA expression was assessed on five human myetmthdines (NCI-H929, RPMI-8226, U266B1,

L-363 and JJIN-3) by flow cytometry. NCI-H929 cd|{51929) ATCC® CRL-9068™) were cultured in
80-90% RPMI 1640 with 10-20% heat-inactivated F@8 aould contain 2 mM L-glutamine, 1 mM
sodium pyruvate and 50 uM mercaptoethanol. RP22E8cells ((RPMI) ATCC® CCL-155™) were
cultured in a media containing 90% RPMI 1640 anéolifeat-inactivated FCS. U266B1 ((U266)
ATCC® TIB-196™) cells were cultured in RPMI-1640 medium modifieal contain 2 mM L-
glutamine, 10 mM HEPES, 1 mM sodium pyruvate, 450¢/L glucose, and 1500 mg/L sodium
bicarbonate and 15% heat-inactivated FCS. L-368B lee (Leibniz Institute DSMZ — German
collection of microorganisms and cell cultures; DBEMo. ACC 49) was cultured in 85% RPMI 1640
and 15% heat-inactivated FCS. JJN-3 cell line (Z9Wb. ACC 541) was cultured in 40% Dulbecco’s
MEM + 40% Iscove’'s MDM + 20% heat-inactivated FB®riefly, cells were harvested, washed,
counted for viability, resuspended at 50,000 os#dl/ of a 96-well round bottom plate and incubated
with anti-human BCMA antibody (Abcam, #ab54834, m@ugG1) at 10 pg/ml for 30 min at 4°C (to
prevent internalization). A mouse IgG1 was usedsatype control (BD Biosciences, #554121). Cells
were then centrifuged (5 min at 350 x g), washeidevand incubated with the FITC-conjugated anti
mouse secondary antibody for 30 min at 4°C. Atehd of incubation time, cells were centrifuged (5
min at 350 x g), washed twice with FACS bufferugsended in 100 ul FACS buffer and analyzed on a
Cantoll device running FACS Diva software. Theatiek quantification of BCMA receptor number on
the surface membrane of H929, RPMI-8226 and U26®&B&loma cell lines was assessed by QIFIKIT
analysis (Dako, #K0078, following manufacturer'stinictions). H929 cells expressed human BCMA
with the highest density, up to 5-6-fold higher mtian other myeloma cell lines. H929 is considlere
as a high BCMA-expressing myeloma cell line as carag to U266 and L363 which are medium/low
BCMA-expressing myeloma cells, RPMI-8226 which &v& BCMA-expressing myeloma cells and
JJIN-3 which are very low BCMA-expressing myelom#sceTable 3 summarizes the relative BCMA

receptor number on the cell surface of human maltipyeloma cell lines per each experiment (n=5).

Table 3: Quantification of BCMA receptor number on membraneface of H929, L363, RPMI-8226,
U266B1 and JIN-3 human myeloma cell lines

Human Specific antigen binding capacity (SABC)
myeloma
cell lines | Experiment1 | Experiment 2 | Experiment 3 | Experiment 4 | Experiment 5

H929 19357 54981 44800 100353 98050
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L363 16,970 / 11300 11228 /
U266(B1) / 12852 11757 / 9030
RPMI-8226 1165 5461 / 11361 2072

JIN-3 / / / / 650

Example 2: BCMA binding assays: surface plasmon res@ance

Assessment of binding of anti-BCMA antibodies toambinant BCMA by surface plasmon resonance
(SPR) as follow. All SPR experiments were perfornoeda Biacore T200 at 25 °C with HBS-EP as
running buffer (0.01 M HEPES pH 7.4, 0.15 M NaCInB1 EDTA, 0.005% Surfactant P20, Biacore,
Freiburg/Germany). The avidity of the interactioatveeen anti-BCMA antibodies and recombinant
BCMA Fc(kih) (human and cynomolgus) was determin8ibtinylated recombinant human and
cynomolgus BCMA Fc(kih) were directly coupled onS# chip following instructions (Biacore,
Freiburg/Germany). The immaobilization level rangeazm 200 to 700 RU. The anti-BCMA antibodies
were passed at a 2-fold concentration range (b ®® nM) with a flow of 3QuL/minutes through the
flow cells over 120 seconds. The dissociation wasitored for 180 seconds. Bulk refractive index
differences were corrected for by subtracting treponse obtained on the reference flow cell. Haee,
anti-BCMA antibodies were flown over an empty saodapreviously activated and deactivated as
described in the standard amine coupling kit. AppaKkinetic constants were derived using the Biacor
T200 Evaluation Software (VAA, Biacore AB, Upps&akden), to fit rate equations for 1:1 Langmuir
binding by numerical integration, despite the bavaly of the interaction for comparison purpose® Th
affinity of the interaction between anti-BCMA artities and recombinant human BCMA Fc(kih) was
also determined. Anti-human Fab antibody (GE Health) was directly coupled on a CM5 chip at pH
5.0 using the standard amine coupling kit (Biacémeiburg/Germany). The immobilization level was
about 6500 RU. Anti-BCMA antibody was captured @iy seconds at 25 nM. Recombinant human
BCMA Fc(kih) was passed at a 4-fold concentratiange (1.95 to 500 nM) with a flow of 30
pL/minutes through the flow cells over 120 seconid®e dissociation was monitored for 120 seconds.
Bulk refractive index differences were corrected iy subtracting the response obtained on reference
flow cell. Here, recombinant BCMA was flown oversarface with immobilized anti-human Fab
antibody but on which HBS-EP has been injectederathan anti-BCMA antibody. Kinetic constants
were derived using the Biacore T100 Evaluation\&mft (VAA, Biacore AB, Uppsala/Sweden), to fit

rate equations for 1:1 Langmuir binding by numérictegration (Table 4).
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Table 4. Affinity constants determined by fitting rate eqoas for 1:1 Langmuir binding

Ligand Analyte Kon[1/Ms] Koff[1/s] KD[M]

huBCMA Fc(kih) 5.07E+05 2.92E-03 5.76E-09

83A10 IgG
cynoBCMA Fc(kih) 2.29E+05 2.03E-02 8.86E-08
huBCMA Fc(kih) 8.51E+05 4.39E-05 5.16E-11

Mab 21 IgG
cynoBCMA Fc(kih) 4.91E+05 2.35E-04 4.78E-1(Q
huBCMA Fc(kih) 8.14E+05 5.15E-05 6.33E-11

Mab 22 IgG
cynoBCMA Fc(kih) 4.54E+05 4.42E-04 9.74E-10Q
huBCMA Fc(kih) 8.03E+05 2.98E-04 3.71E-10

Mab 42 IgG
cynoBCMA Fc(kih) 7.07E+05 4.53E-04 6.41E-10
huBCMA Fc(kih) 3.59E+05 5.93E-05 1.65E-10

Mab 27 IgG
cynoBCMA Fc(kih) 2.16E+05 4.55E-04 2.11E-09
huBCMA Fc(kih) 2.00E+05 3.55E-05 1.78E-10

Mab 33 IgG
cynoBCMA Fc(kih) 1.32E+05 9.76E-05 7.39E-10
huBCMA Fc(kih) 3.61E+05 5.58E-05 1.55E-10

Mab 39 IgG
cynoBCMA Fc(kih) 2.15E+05 4.67E-04 2.17E-09

Example 3: Human/cynomolgus (hu/cyno) affinity gap

Based on the affinity values described in Exampléh2 affinity of anti-BCMA antibodies to human
5 BCMA vs. cynomolgus BCMA were compared and cynddffinity ratio (gap) values were calculated
(Table 5). Affinity cyno/hu gap was calculatedadnity of antibody to cynomolgus BCMA divided by
affinity to human BCMA and means that BCMA antibdaipds to human BCMA with x fold binding
affinity than to cynomolgus BCMA, where x= cyno/bap value. Results are shown in Table 5.

Table 5: Affinity of anti-BCMA antibodies to human BCMA veynomolgus BCMA and hu/cyno gap
10 values
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a-BCMA IgG | Kphuman BCMA[M] KD cynomolgus BCMA[M] | Affinity cyno/h u gap
83A10 5.76E-09 8.86E-08 15.3
Mab 21 5.16E-11 4.78E-10 9.3
Mab 22 6.33E-11 9.74E-10 154
Mab 42 3.71E-10 6.41E-10 1.7
Mab 27 1.65E-10 2.11E-09 12.7
Mab 33 1.78E-10 7.39E-10 4.2
Mab 39 1.55E-10 2.17E-09 14

Example 4: Generation of anti-BCMA/anti-CD3 T cellbispecific antibodies

Anti-BCMA/anti-CD3 T cell bispecific antibodies wegenerated according to WO2014/122144, which

is incorporated by reference.

Example 4.1: Anti-CD3 antibodies

The term “CD3 or CD3” as used herein relates to human €@d8scribed under UniProt PO7766
(CD3E_HUMAN). The term “antibody against CD3, a@D3 antibody” relates to an antibody binding
to CDZ. Preferably the antibody comprises a variable dordéd comprising the heavy chain CDRs of
SEQ ID NO: 1, 2 and 3 as respectively heavy chddRC, CDR2 and CDR3 and a variable domain VL
comprising the light chain CDRs of SEQ ID NO: 4aid 6 as respectively light chain CDR1, CDR2
and CDR3. Preferably the antibody comprises thebk domains of SEQ ID NO:7 (VH) and SEQ ID
NO:8 (VL). Anti-CD3 antibody as described above wasd to generate the T cell bispecific antibodies
which were used in the following examples.

Example 4.2: Generation of anti-BCMA/anti-CD3 T cel bispecific antibodies of Fc-containing 2+1
format
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cDNAs encoding the full heavy and light chains loé torresponding anti-BCMA 1gG1 antibodies as

well as the anti-CD3 VH and VL cDNAs were used ke starting materials. For each bispecific
antibody, four protein chains were involved compgsthe heavy and light chains of the corresponding
anti-BCMA antibody and the heavy and light chairfstlie anti-CD3 antibody described above,

respectively. In order to minimize the formatiohside-products with mispaired heavy chains, for
example with two heavy chains of the anti-CD3 amdijy a mutated heterodimeric Fc region is used
carrying ‘“knob-into-hole mutations” and an engiregkr disulphide bond, as described in

W02009080251 and in W0O2009080252. In order to mize the formation of side-products with

mispaired light chains, for example with two ligiitains of the anti-BCMA antibody, a CH1 x constant
kappa crossover is applied to the heavy and lidhins of the anti-CD3 antibody using the

methodology described in WO2009080251 and in WOR80252.

a) An anti-BCMA/anti-CD3 T cell bispecific antibodyith a 2+1 format i.e. bispecific (Fay (Fab)
antibody that is bivalent for BCMA and monovaleot {CD3 would have advantages on potency,
predictability for efficacy and safety because dubd preferentially bind to the tumor target BCMAda
avoid CD3 antibody sink, thus higher probability flsug exposure focused to the tumor.

Anti-BCMA/anti-CD3 T cell bispecific of the 2+1 forat (i.e. bispecific (Fab)x (Fab) antibody
bivalent for BCMA and monovalent for CD3 with Fc megoroduced for the human BCMA antibodies
previously selected. cDNAs encoding the full Féeavy chain VH and CH1 domains plus light chain
VL and CL domains) of the corresponding anti-BCMyGH antibodies as well as the anti-CD3 VH and
VL cDNAs, were used as the starting materials. éawh bispecific antibody, four protein chains were
involved comprising the heavy and light chains lné torresponding anti-BCMA antibody and the
heavy and light chains of the anti-CD3 antibodycdbgd above, respectively, with Fc regions.

Briefly, each bispecific antibody is produced bynsltaneous cotransfection of four mammalian
expression vectors encoding, respectively: a) thieliht chain cDNA of the corresponding BCMA
antibody, b) a fusion cDNA generated by standardemdar biology methods, such as splice-overlap-
extension PCR, encoding a fusion protein madendfifito C-terminal order) secretory leader sequence
Fab (VH followed by CH1 domains) of the corresporgdanti-BCMA antibody described above, a
flexible glycine(Gly)-serine(Ser) linker with theguence Gly-Gly- Gly- Gly-Ser-Gly-Gly- Gly- Gly-
Ser, Fab (VH followed by CH1 domains) of the cepending anti-BCMA antibody described above, a
flexible glycine(Gly)-serine(Ser) linker with theguence Gly-Gly- Gly- Gly-Ser-Gly-Gly- Gly- Gly-
Ser, the VH of the anti-CD3 antibody described @&bamd the constant kappa domain of a human light
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chain cDNA, c) a fusion cDNA generated by standemalecular biology methods, such as splice-

overlap-extension PC, encoding a fusion proteinanaid(in N- to C-terminal order) secretory leader
sequence, VL of the anti-CD3 antibody describedraboonstant CH1 domain of a human IgG1 cDNA.
Co-transfection of mammalian cells and antibodydpamion and purification using the methods
described above for production of human or humahig&1 antibodies, with one modification: for
purification of antibodies, the first capture stemot done using ProteinA, but instead is donagian
affinity chromatography column packed with a rebinding to human kappa light chain constant
region, such as KappaSelect (GE Healthcare Lifergeis). In addition, a disulfide can be included to
increase the stability and yields as well as aold#i residues forming ionic bridges and increasireg
heterodimerization yields (EP 1870459A1).

For the generation of BCMAXCD3 bispecific antibodsctors, the IgG1 derived bispecific molecules
consist at least of two antigen binding moietigsatde of binding specifically to two distinct ardigjc
determinants CD3 and BCMA. The antigen binding riegewere Fab fragments composed of a heavy
and a light chain, each comprising a variable aldrestant region. At least one of the Fab fragments
was a “Crossfab” fragment, wherein the constant alom of the Fab heavy and light chain were
exchanged. The exchange of heavy and light chaistant domains within the Fab fragment assures
that Fab fragments of different specificity do have identical domain arrangements and consequently
do not interchange light chains. The bispecific enale design was monovalent for CD3 and bivalent
for BCMA where one Fab fragment is fused to theeNwinus of the inner CrossFab (2+1). The
bispecific molecule contained an Fc part in ordehave a longer half-life. A schematic represeotati

of the constructs is given in Figures 1-3; the seges of the preferred constructs are shown ineTabl
2A. The molecules were produced by co-transfecting HEKBRBNA cells growing in suspension with
the mammalian expression vectors using polymerebaskition. For preparation of 2+1 CrossFab-lgG
constructs, cells were transfected with the cooedmg expression vectors in a 1:2:1:1 ratio (“vect

Fc(knob)” : “vector light chain” ; “vector light @in CrossFab” : “vector heavy chain-CrossFab”).
Example 4.3: Generation of anti-BCMA/anti-CD3 T cel bispecific antibodies for comparison

The generation of BCMA50-sc(Rv)also known as BCMAS50-BITE®) anti-BCMA/anti-CD3 gell
bispecific antibody and the amino acid sequencexd usere according to W02013072406 and
W02013072415.

Example 5: Production and purification of anti-BCMA/anti-CD3 Fc-containing (2+1) T cell
bispecific antibodies with charge variants
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Anti-BCMA/anti-CD3 T cell bispecific antibodies wer produced and purified according to

W02014/122144, which is incorporated by reference.

For the production of the bispecific antibodiesspeaicific antibodies were expressed by transient co-
transfection of the respective mammalian expressiectors in HEK293-EBNA cells, which were
cultivated in suspension, using polymer-based molut One day prior to transfection the HEK293-
EBNA cells were seeded at 1.5 Mio viable cells/mlEx-Cell medium, supplemented with 6 mM of L-
Glutamine. For every mL of final production volura® Mio viable cells were centrifuged (5 minutes
at 210 x g). The supernatant was aspirated andeferesuspended in 100 pL of CD CHO medium.
The DNA for every mL of final production volume wpeepared by mixing 1 ug of DNA (Ratio heavy
chain: modified heavy chain: light chain: modifiight chain = 1:1:2:1) in 100 pL of CD CHO
medium. After addition of 0.27 pL of polymer-bassution (1 mg/mL) the mixture was vortexed for
15 seconds and left at room temperature for 10 tm&uAfter 10 minutes, the resuspended cells and
DNA/ polymer-based solution mixture were put togetland then transferred into an appropriate
container which was placed in a shaking device@3B% CQ). After a 3 hours incubation time 800
uL of Ex-Cell Medium, supplemented with 6 mM L-Glatine, 1.25 mM valproic acid and 12.5%
Pepsoy (50 g/L), was added for every mL of finadderction volume. After 24 hours, 70 pL of feed
solution was added for every mL of final produnticlume. After 7 days or when the cell viability
was equal or lower than 70%, the cells were sepdfabm the supernatant by centrifugation andlsteri
filtration. The antibodies were purified by aniaify step and one or two polishing steps, beinipoa
exchange chromatography and size exclusion chrgragiby. When required, an additional polishing

step was used.

For the affinity step the supernatant was loaded protein A column (HiTrap Protein A FF , 5 mL, GE
Healthcare) equilibrated with 6 CV 20 mM sodium phteste, 20 mM sodium citrate, pH 7.5. After a
washing step with the same buffer the antibody ehated from the column by step elution with 20 mM
sodium phosphate, 100 mM sodium chloride, 100 mici@k, pH 3.0. The fractions with the desired
antibody were immediately neutralized by 0.5 M $Sodi Phosphate, pH 8.0 (1:10), pooled and
concentrated by centrifugation. The concentrate stasle filtered and processed further by cation
exchange chromatography and/or size exclusion chiagmaphy.

For the cation exchange chromatography step theecwrated protein was diluted 1:10 with the elution
buffer used for the affinity step and loaded ontocasion exchange colume (Poros 50 HS, Applied

Biosystems). After two washing steps with the dfralttion buffer and a washing buffer resp. 20 mM
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sodium phosphate, 20 mM sodium citrate, 20 mM TRI$ 5.0 and 20 mM sodium phosphate, 20 mM

sodium citrate, 20 mM TRIS, 100 mM sodium chlorjaié 5.0 the protein was eluted with a gradient
using 20 mM sodium phosphate, 20 mM sodium citr2@enM TRIS, 100 mM sodium chloride pH 8.5.
The fractions containing the desired antibody wpomled, concentrated by centrifugation, sterile

filtered and processed further a size exclusiop. ste

For the size exclusion step the concentrated prateis injected in a XK16/60 HiLoad Superdex 200
column (GE Healthcare), and 20 mM Histidine, 140 r&ddium Chloride, pH 6.0 with or without
Tween20 as formulation buffer. The fractions caritaj the monomers were pooled, concentrated by
centrifugation and sterile filtered into a stexilal.

Determination of the antibody concentration wasedby measurement of the absorbance at 280 nm,
using the theoretical value of the absorbance @fl& solution of the antibody. This value was based
on the amino acid sequence and calculated by GPMa&Ware (Lighthouse data).

Purity and monomer content of the final proteinpamation was determined by CE-SDS (Caliper
LabChip GXII system (Caliper Life Sciences)) resfPLC (TSKgel G3000 SW XL analytical size

exclusion column (Tosoh)) in a 25 mM potassium phase, 125 mM Sodium chloride, 200 mM L-

arginine monohydrochloride, 0.02 % (w/v) SodiundazipH 6.7 buffer.

To verify the molecular weight of the final protepreparations and confirm the homogeneous
preparation of the molecules final protein solutibguid chromatography-mass spectometry (LC-MS)
was used. A deglycosylation step was first perfmm To remove heterogeneity introduced by
carbohydrates, the constructs were treated with &¢6 (ProZyme). Therefore, the pH of the protein
solution was adjusted to pH7.0 by adding 2 ul 2 ks To 20 pg protein with a concentration of
0.5 mg/ml. 0.8 pg PNGaseF was added and incubatetfh at 37 °C. The LC-MS online detection
was then performed. LC-MS method was performedroAgilent HPLC 1200 coupled to a TOF 6441
mass spectrometer (Agilent). The chromatograpbparation was performed on a Macherey Nagel
Polysterene column; RP1000-8 (8 um patrticle siz&x£250 mm; cat. No. 719510). Eluent A was 5 %
acetonitrile and 0.05 % (v/v) formic acid in watelyent B was 95 % acetonitrile, 5 % water and 0405
formic acid. The flow rate was 1 ml/min, the sepiarawas performed at 40°C and 6 ug (15 pl) of a
protein sample obtained with a treatment as de=ttifefore.

During the first 4 minutes, the eluate was direéted the waste to protect the mass spectrometen fr
salt contamination. The ESI-source was runnindp &itdrying gas flow of 12 I/min, a temperature of
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350°C and a nebulizer pressure of 60psi. The MBtsp were acquired using a fragmentor voltage of

380V and a mass range 700 to 3200 m/z in posititemode using. MS data were acquired by the

instrument software from 4 to 17 minutes.

Figure 10 of EP14179705 (incorporated by referedegpjcts the CE-SDS (non-reduced) graphs of the
final protein preparations after different methafspurification for 83A10-TCB and 83A10-TCBcv
antibodies. Protein A (PA) affinity chromatograpland size exclusion chromatographic (SEC)
purification steps applied to 83A10-TCB antibodguked in a purity of <30% and 82.8% of monomer
content (A). When additional purifications stepsliing cation exchange chromatography (clEX) and
a final size exclusion chromatographic (re-SECpsteere applied to the final protein preparatians i
(A), the purity was increased to 93.4% but the nmo@ocontent remained the same and the yield was
significantly reduced to 0.42 mg/L. However, whearedfic charge modifications were applied to
83A10 anti-BCMA Fab CL-CH1, namely 83A10-TCBcv dmtiy, a superior production/purification
profile of the TCB molecule, as demonstrated byiaty of 95.3%, monomer content of 100% and yield
of up to 3.3 mg/L, could already be observed evlerwPA + clEX + SEC purification steps were
applied (C) in comparison to (B) with a productjmification profile showing a 7.9-fold lower yield

and 17.2% lower monomer content despite includmgdditional re-SEC purification step.

A head-to-head production run to compare the pribolfpurification profile of 83A10-TCB vs.
83A10-TCBcv antibodies was then conducted to furthaluate the advantages of the CL-CH1 charge
modifications applied to the antibodies. 83A10-TG@GBd 83A10-TCBcv molecules are both of
molecular format as described in Figure 2a. Adaleg in Figure 11, properties of 83A10-TCB and
83A10-TCBcv antibodies were measured side-by-sitecmmpared after each purification steps 1) PA
affinity chromatography only (A, B), 2) PA affinishromatography then SEC (C, D) and 3) PA affinity
chromatography then SEC then clEX and re-SEC (E,TlRe CE-SDS (non-reduced) graphs of the final
protein solutions after the respective methods wfifipation for 83A10-TCB and 83A10-TCBcv
antibodies are demonstrated in Figure 11 of EP1A0Yqincorporated by reference). As shown in
Figures 11A and 11B of EP14179705 (incorporateddfgrence), improvements with applying the
charge variants to the TCB antibody were alreadgeoled after purification by PA affinity
chromatography only. In this head-to-head study,afffity chromatography purification step applied
to 83A10-TCB antibody resulted in a purity of 61.,38&byield of 26.2 mg/L and 63.7% of monomer
content (11A). In comparison, when 83A10-TCBcv ilaody was purified by PA affinity
chromatography all the properties were improvedaitbetter purity of 81.0%, a better yield of 51.5
mg/L and 68.2% of monomer content (11B). When d@diitonal SEC purification step was applied to
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the final protein preparations as seen in Figur2d and 12B of EP14179705 (incorporated by

reference), 83A10-TCB gained a purity of 69.5%jeddyof 14.1 mg/L and 74.7% of monomer content
(C) as compared to 83A10-TCBcv with improved pumtyd monomer content of up to 91.0% and
83.9% respectively, and a yield of 10.3 mg/L (Bven though the yield was slightly less (i.e. 27%
less) for 83A10-TCBcv than for 83A10-TCB in thisrfieular experiment, the percentage of correct
molecule was much better for 83A10-TCBcv than f8BAB0-TCB, respectively 90% vs. 40-60%, as
measured by LC-MS. In the third head-to-head coispa, 83A10-TCB and 83A10-TCBcv final
protein preparations from Figures 11C and 11D dfER 9705 (incorporated by reference) were pooled
with approximately 1 L (equivolume) of respectiveal protein preparations from another purification
batch (same production) following PA affinity chratagraphy purification step only. The pooled
protein preparations were then being further pedifby clEX and SEC purification methods. As
depicted in Figures 11E and 11F of EP14179705 (pwated by reference), improvement of the
production/purification profile of the TCB antibodith the charge variants was consistently observed
when compared to TCB antibody without charge variafier several steps of purification methods.(i.e
PA +/- SEC + clEX + SEC) were used to purify 83A10B antibody, only 43.1% purity was reached
and 98.3% of monomer content could be achievedailite detriment of the yield which was reduced to
0.43 mg/L. The percentage of correct molecule easured by LC-MS was still poor with 60-70%. At
the end, the quality of the final protein prepamativas not acceptable for in vitro use. In starkt@st,
when the same multiple purification steps with #zne chronology were applied to 83A10-TCBcv
antibody, 96.2% purity and 98.9% of monomer contesite reached as well as 95% of correct molecule
as measured by LC-MS. The yield however was alsatly reduced to 0.64 mg/L after clEX
purification step. The results show that betteritpuhigher monomer content, higher percentage of
correct molecule and better yield can be achievigdl 88A10-TCBcv antibody only after two standard
purification steps i.e. PA affinity chromatograpagd SEC (Figure 11D of EP14179705) while such
properties could not be achieved with 83A10-TCBnewtien additional purification steps were applied
(Figure 11E of EP14179705).

Table 12 of EP14179705 (incorporated by refererstehmarizes the properties of 83A10-TCB as
compared to 83A10-TCVcv following PA purificatiotep. Table 13 of EP14179705 (incorporated by
reference) summarizes the properties of 83A10-TE€EB@npared to 83A10-TCVcv following PA and
SEC purification steps. Table 14 of EP141797050fiporated by reference) summarizes the properties
of 83A10-TCB as compared to 83A10-TCVcv following Bnd SEC plus PA alone then clEX and re-
SEC purification steps. For Tables 12 to 14 of EFB¥05 (incorporated by reference), the values in
bold highlight the superior property as comparetiveen 83A10-TCB vs. 83A10-TCVcv. With one
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exception (i.e. yield respectively amount, see &al3 of EP14179705 (incorporated by reference))

which may not be representative, all the produdpiorification parameters and values resulting from
the 3 head-to-head comparison experiments wererieuger 83A10-TCBcv as compared to 83A10-
TCB. The overall results clearly demonstrate ththtaatages in production/purification features could
be achieved with applying CL-CH1 charge modificaioto TCB antibodies and that only two
purification steps (i.e PA affinity chromatograpapd SEC) were required to achieve already high
quality protein preparations with very good develoifity properties. Based on the improved
production/purification properties of 83A10-TCB&4-TCBcv, 22-TCBcv, 27-TCBcv, 33-TCBcv, 39-
TCBcv and 42-TCBcv were generated with charge wgsjan a similar way as 83A10-TCBcv.

Table 6: Production/purification profile of anti-BCMA/an@D3 T cell bispecific antibodies following

protein A affinity chromatography purification step

83A10-TCB 83A10-TCBcv
Purity (%) 61.3 81.0
Yield (mg/L) 26.2 51.5
Amount (mg) 24.3 50.2
Monomer (%) 63.7 68.2
Eglr\igt(r&(;lecule by nd. nd

Table 7: Production/purification profile of anti-BCMA/an@D3 T cell bispecific antibodies following

protein A affinity chromatography and size exclusairomatography purification steps

83A10-TCB 83A10-TCBcv

Purity (%) 69.5 91.0
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Yield (mg/L) 14.1 10.3
Amount (mg) 13.1 10.0
Monomer (%) 74.7 83.9
Correct molecule by

LC-MS (%) 40-60 90

Table 8: Production/purification profile of anti-BCMA/an@D3 T cell bispecific antibodies following
1.a) protein A affinity chromatography and size legsion chromatography and 1.b) protein A affinity
chromatography only pooled together then 2) catimehange chromatography and 3) final size
exclusion chromatography purification steps

83A10-TCB 83A10-TCBcv
Purity (%) 43.1 96.2
Yield (mg/L) 0.43 0.64
Amount (mg) 0.73 1.27
Monomer (%) 98.3 98.9
oredt (’%'ecu'e by 60-70% >95%

Example 6: Binding of anti-BCMA/anti-CD3 T-cell bispecific antibodies to BCMA-positive
multiple myeloma cell lines (flow cytometry)

Anti-BCMA/anti-CD3 TCB antibodies (21-TCBcv, 22-TCB, 42-TCBcv, 83A10-TCBcv) were
analyzed by flow cytometry for binding to human B&Mn BCMA-expressing H929, L363 and RPMI-
8226 cells. MKN45 (human gastric adenocarcinomhblioed that does not express BCMA) was used as
negative control. Briefly, cultured cells are hatesl, counted and cell viability was evaluated gisin
ViCell. Viable cells are then adjusted to 2 ¥ t@lls per ml in BSA-containing FACS Stain Buff@Y
Biosciences). 100 pl of this cell suspension warthér aliquoted per well into a round-bottom 9@twe

plate and incubated with 30 pl of the anti-BCMAibaotlies or corresponding IgG control for 30 min at
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4°c. All Anti-BCMA/anti-CD3 TCB antibodies (and TCBontrols) were titrated and analyzed in final

concentration range between 1 — 300 nM. Cells vleea centrifuged (5 min, 350 x g), washed with
120ul/well FACS Stain Buffer (BD Biosciences), regended and incubated for an additional 30 min at
4°C with fluorochrome-conjugated PE-conjugated wiffiure F(ab”)2 Fragment goat anti-human IgG Fc
5 Fragment Specific (Jackson Immuno Research Lab;1169170). Cells were then washed twice with

Stain Buffer (BD Biosciences), fixed using 100 uD B-ixation buffer per well (#BD Biosciences,
554655) at 4°C for 20 min, resuspended in 120 C&Auffer and analyzed using BD FACS Cantoll.
When applicable, EC50 were calculated using Prigapfad (LaJolla, CA, USA) and EC50 values
denoting the antibody concentration required teahaa 50% of the maximal binding for the binding of

10 anti-BCMA/anti-CD3 TCB antibodies to H929 cells,83cells and RPMI-8226 cells are summarized
in Table 8, Table 9, and Table 10 respectivelyteAs denotes estimated EC50 values as extrapolated
and calculated by Prism software. EC50 values fiodibg of 21-TCBcv to L363 cells and binding of
22-TCBcv to RPMI-8226 cells could not be estimated

Table 8: EC50 values for binding of anti-BCMA/anti-CD3 THdeispecific antibodies to H929 multiple

15 myeloma cells

Esltz'?;g‘éed 83A10-TCBcv| 21-TCBcv| 22-TCBcv| 42-TCBev
M 12.0 11.0 7.9 13.6
ug/ml 1.725 1.589 1.142 1.956

Table 9: EC50 values for binding of anti-BCMA/anti-CD3 THckispecific antibodies to L363 multiple

myeloma cells

Estmated | g3a10-TCBov| 21-TCBev | 22-TCBev| 42-TCBev
nM 17.4 / 30.0 3.8
pug/mi 2.507 / 4.328 0.5534




Table 10: EC50 values for binding of anti-BCMA/anti-CD3 THchkispecific antibodies to RPMI-8226

multiple myeloma cells

89

Esgg"géed 83A10-TCBcv| 21-TCBcv| 22-TCBcv| 42-TCBcv
nM ~ 188428* 6.8 / 13.2
Lg/mi ~ 27151* 0.9817 / 1.907

Example 7: Cytokine production from activated T cels upon binding of anti-BCMA/anti-CD3 T
5 cell bispecific antibodies to CD3-positive T celland BCMA-positive multiple myeloma cell lines

(cytokine release assay CBA analysis)

Anti-BCMA/anti-CD3 T cell bispecific antibodies aranalyzed for their ability to induce T-cell
mediated cytokine production de novo in the presamrcabsence of human BCMA-expressing human
myeloma cells (RPMI-8226, JIN-3). Briefly, humaBNRCs are isolated from Buffy Coats and 0.3

10 million cells per well are plated into a round-loott 96-well plate. Alternatively, 280l whole blood
from a healthy donor are plated per well of a deefj-96-well plate. BCMA-positive tumor target cell
are added to obtain a final E:T-ratio of 10: 1. iABCMA/anti-CD3 TCB antibodies and controls are
added for a final concentration of 0.1 pM — 10 nifter an incubation of up to 24 h at 37°C, 5% £0O
the assay plate is centrifuged for 5 min at 350axd the supernatant is transferred into a new-dedip

15 96-well plate for the subsequent analysis. The @BAlysis was performed on FACS Cantoll according
to manufactur’er's instructions, using either thentdn Thl/Th2 Cytokine Kit 1l (BD #551809) or the
combination of the following CBA Flex Sets: humaargzyme B (BD #560304), human IFN-lex Set
(BD #558269), human TNE-Flex Set (BD #558273), human IL-10 Flex Set (B3&574), human IL-
6 Flex Set (BD #558276), human IL-4 Flex Set (B»&572), human IL-2 Flex Set (BD #558270).

20 Table 13 shows that 83A10-TCBcv induced a conctatralependent increase in cytokine production
and serine protease granzyme B, a marker of cytoicxell function. Table 11 shows the EC50 values
and amount of secreted cytokines/proteases perB@miA/anti-CD3 T-cell bispecific antibody

concentrations.

Table 11. Secretion of cytokine and proteases induced bjB®MA/anti-CD3 T-cell bispecific
25 antibodies in presence of RPMI-8226 cells
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Cytokines/ | EC50 83A10-TCBcv concentration (nM)
proteases | (nM) | 0.00064| 0.0032 0.016 0.08 0.4 2 10
TNF-a 052 | -6.95 | -6.49| -065| 4672 16124 31541 37147
(pg/mL)
IL-10 030 | -921 | 1.95| 2517| 12582 40142  602.84  680.05
(pg/mL)
Gr(zgfm)e Bl 0.34 | 22054| 33155 889.13 5855.02 1586284 21270.23120.52

Example 8: Redirected T-cell cytotoxicity of BCMA-Hgh expressing H929 myeloma cells induced
by anti-BCMA/anti-CD3 T cell bispecific antibodies(colorimetric LDH release assay)

Anti-BCMA/anti-CD3 TCB antibodies were analyzed fthreir potential to induce T cell-mediated
apoptosis in BCMA high-expressing MM cells uponssioking of the construct via binding of the
antigen binding moieties to BCMA on cells. Briefljuman BCMA high-expressing H929 multiple
myeloma target cells were harvested with Cell Diggteon Buffer, washed and resuspended in RPMI
supplemented with 10% fetal bovine serum (InvitrggeApproximately, 30,000 cells per well were
plated in a round-bottom 96-well plate and the eetipe dilution of the construct was added for a
desired final concentration (in triplicates); fimmncentrations ranging from 0.1 pM to 10 nM. For a
appropriate comparison, all TCB constructs and rotsxwere adjusted to the same molarity. Human
PBMCs (effector cells) were added into the wellslbtain a final E:T ratio of 10:1, correspondingato
E:T ratio of approximately 3 to 5 T cells for 1 tamtarget cells. Negative control groups were
represented by effector or target cells only. Rammalization, maximal lysis of the H929 MM target
cells (= 100%) was determined by incubation oftdrget cells with a final concentration of 1% Tnto
X-100, inducing cell death. Minimal lysis (= 0%) svaepresented by target cells co-incubated with
effector cells only, i.e. without any T cell bisffecantibody. After 20-24h or 48h incubation at°87

5% CQO, LDH release from the apoptotic/necrotic MM targetls into the supernatant was then
measured with the LDH detection kit (Roche Appli&tience), following the manufacturer's
instructions. The percentage of LDH release waggquoagainst the concentrations of anti-BCMA/anti-
CD3 T cell bispecific antibodies in concentrati@sponse curves. The EC50 values were measured
using Prism software (GraphPad) and determinetlea3€B antibody concentration that results in 50%
of maximum LDH release. As shown in Figure 4,aaiti-BCMA/anti-CD3 TCB antibodies (21-, 22-,
42-, and 83A10-TCBcv) induced a concentration-ddpankilling of BCMA-positive H929 myeloma
cells as measured by LDH release. The lysis of H&® was specific since control-TCB antibody
which does not bind to BCMA-positive target cellst lonly to CD3 on T cells did not induce LDH
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release, even at the highest concentration tesf€dble 12 summarizes the EC50 values for the

redirected T-cell killing of BCMA high-expressing989 cells induced by anti-BCMA/anti-CD3 TCB

antibodies.

Table 12: EC50 values for redirected T-cell killing of H92®lls induced by anti-BCMA/anti-CD3
TCB antibodies

Anti-BCMA/anti- ECS0 (pM)

CD3 TCB antibodies | ponor 1 | Donor 2| Donor 3| Donor 4 | Donor 5 | Donor 6
21-TCBev 971 / 421 | 539 | 387
22-TCBcv £30 / 22 | 232 | 289|
42-TCBcv 9.7 / 117 | 72 68 | |

83A10-TCBcv a9 / 8.5 5.0 43 15

Example 9: Redirected T-cell cytotoxicity of BCMA-malium/low expressing L363 myeloma cells
induced by anti-BCMA/anti-CD3 T cell bispecific anibodies (LDH release assay)

Anti-BCMA/anti-CD3 TCB antibodies were also analgizior their ability to induce T cell-mediated
apoptosis in BCMA medium/low-expressing MM cellongerosslinking of the construct via binding of
the antigen binding moieties to BCMA on cells. Byighuman BCMA medium/low-expressing L363
multiple myeloma target cells are harvested withi Dessociation Buffer, washed and resuspended in
RPMI supplemented with 10% fetal bovine serum thwgen). Approximately, 30,000 cells per well
are plated in a round-bottom 96-well plate and réepective dilution of the construct is added for a
desired final concentration (in triplicates); fimancentrations ranging from 0.1 pM to 10 nM. For a
appropriate comparison, all TCB constructs and rotmtare adjusted to the same molarity. Human
PBMCs (effector cells) were added into the welllbtain a final E:T ratio of 10:1, correspondingato
E:T ratio of approximately 3 to 5 T cells for 1 tamtarget cells. Negative control groups were
represented by effector or target cells only. Fannralization, maximal lysis of the MM target cefts
100%) is determined by incubation of the targetsceith a final concentration of 1% Triton X-100,
inducing cell death. Minimal lysis (= 0%) was reggated by target cells co-incubated with effector
cells only, i.e. without any T cell bispecific dmidy. After 20-24 h incubation at 37°C, 5% £ QDH

release from the apoptotic/necrotic MM target ceil® the supernatant was then measured with the
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LDH detection kit (Roche Applied Science), followithe manufacturer’'s instructions. The percentage

of LDH release was plotted against the concentratiof anti-BCMA/anti-CD3 T cell bispecific
antibodies in concentration-response curves. ThBOB@lues were measured using Prism software
(GraphPad) and determined as the TCB antibody ectration that results in 50% of maximum LDH
release. As shown in Figure 5, all anti-BCMA/anBD& TCB antibodies (21-, 22-, 42-, and 83A10-
TCBcv) induced a concentration-dependent killind3@MA-positive L363 myeloma cells as measured
by LDH release. The lysis of L363 cells was spedfnce control-TCB antibody which does not bind to
BCMA-positive target cells but only to CD3 on T Ieatlid not induce LDH release, even at the highest
concentration tested. Table 13 summarizes the B@k@s for the redirected T-cell killing of BCMA
medium/low-expressing L363cells induced by anti-B&khti-CD3 TCB antibodies.

Table 13: EC50 values for redirected T-cell killing of L368lIs induced by anti-BCMA/anti-CD3 TCB
antibodies

Anti-BCMA/anti-CD3 ECS0 (PM)

TCB antibodies Donor 1 Donor 2 Donor3 | Donor 4 Donor 5
21-TCBcv 83.6 38.4 18.9 19.1 46.4
22-TCBcv 97.5 27.7 16.5 14.6 56.0
42-TCBcv 155 16.7 5.2 2.2 10.6

83A10-TCBcv 16.8 47.8 28.4 12.6 39.0

Example 10: Redirected T-cell cytotoxicity of BCMA-nedium/low expressing RPMI-8226
myeloma cellsinduced by anti-BCMA/anti-CD3 T cell bispecific anibodies (LDH release assay)

Anti-BCMA/anti-CD3 TCB antibodies were analyzed ftimeir ability to induce T cell-mediated
apoptosis in BCMA medium/low-expressing MM celloagcrosslinking of the construct via binding of
the antigen binding moieties to BCMA on cells. Byighuman BCMA medium/low-expressing L363
multiple myeloma target cells are harvested withi Dessociation Buffer, washed and resuspended in
RPMI supplemented with 10% fetal bovine serum thagen). Approximately, 30,000 cells per well
are plated in a round-bottom 96-well plate and riéspective dilution of the construct is added for a

desired final concentration (in triplicates); fimancentrations ranging from 0.1 pM to 10 nM. For a
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appropriate comparison, all TCB constructs and rotstare adjusted to the same molarity. Human

PBMCs (effector cells) were added into the wellslbtain a final E:T ratio of 10:1, correspondingato
E:T ratio of approximately 3 to 5 T cells for 1 tamtarget cells. Negative control groups were
represented by effector or target cells only. Fannralization, maximal lysis of the MM target cefts
100%) was determined by incubation of the targhs edgth a final concentration of 1% Triton X-100,
inducing cell death. Minimal lysis (= 0%) was reggated by target cells co-incubated with effector
cells only, i.e. without any T cell bispecific dmidy. After 20-24 h incubation at 37°C, 5% £QDH
release from the apoptotic/necrotic MM target ceil® the supernatant was then measured with the
LDH detection kit (Roche Applied Science), followithe manufacturer’s instructions. The percentage
of LDH release was plotted against the concentratiof anti-BCMA/anti-CD3 T cell bispecific
antibodies in concentration-response curves. ThBOB@lues were measured using Prism software
(GraphPad) and determined as the TCB antibody ectration that results in 50% of maximum LDH
release. As shown in Figure 6, all anti-BCMA/anBD& TCB antibodies (21-, 22-, 42-, and 83A10-
TCBcv) induced a concentration-dependent killingB@MA-positive RPMI-8226 myeloma cells as
measured by LDH release. The lysis of RPMI-8228scelas specific since control-TCB antibody
which does not bind to BCMA-positive target cellst lonly to CD3 on T cells did not induce LDH
release, even at the highest concentration tesfEdble 13 summarizes the EC50 values for the
redirected T-cell killing of BCMA medium/low-expreisg RPMI-8226 cells induced by anti-
BCMA/anti-CD3 TCB antibodies.

Table 13: EC50 values for redirected T-cell killing of RP226 cells induced by anti-BCMA/anti-
CD3 TCB antibodies

Anti-BCMA/anti-CD3 ECS0 (pM)

TCB antibodies Donor1 | Donor 2 Donor 3 | Donor 4 Donor 5
21-TCBcv / 41.3 8.8 4.0 8.4
22-TCBcv / 47.6 7.6 3.2 55
42-TCBcv / 382.8 18.7 35 1.5

83A10-TCBcv / 620.5 229.3 35.0 64.9

Example 11: Redirected T-cell cytotoxicity of BCMA-bw expressing JIJN-3 myeloma celisduced

by anti-BCMA/anti-CD3 T cell bispecific antibodies(flow cytometry and LDH release)




10

15

20

25

30

94
Anti-BCMA/anti-CD3 TCB antibodies were analyzed ftimeir ability to induce T cell-mediated

apoptosis in BCMA low-expressing MM cells upon aloking of the construct via binding of the
antigen binding moieties to BCMA on cells. Brieflgjuman BCMA low-expressing JIN-3 multiple
myeloma target cells are harvested with Cell Disgimn Buffer, washed and resuspended in RPMI
supplemented with 10% fetal bovine serum (InvitroggeApproximately, 30,000 cells per well are
plated in a round-bottom 96-well plate and the eeige dilution of the construct is added for aidbs
final concentration (in triplicates); final conceations ranging from 0.1 pM to 10 nM. For an
appropriate comparison, all TCB constructs and rotsitare adjusted to the same molarity. Human
PBMCs (effector cells) were added into the wellltain a final E:T ratio of 10:1, correspondingato
E:T ratio of approximately 3 to 5 T cells for 1 tamtarget cells. Negative control groups were
represented by effector or target cells only. Fannralization, maximal lysis of the MM target cefts
100%) was determined by incubation of the targhs edgth a final concentration of 1% Triton X-100,
inducing cell death. Minimal lysis (= 0%) was reggated by target cells co-incubated with effector
cells only, i.e. without any T cell bispecific dmidy. i) After 48 h incubation at 37°C, 5% ¢ Ghe
cultured myeloma cells were collected, washed dathexd with fluorochrome-conjugated antibodies
and Annexin-V for determination of apoptotic myebmells. The staining panel comprised CD138-
APCC750/CD38-FITC/CD5-BV510/CD56-PE/CD19-PerCP-QDA5-V450/ Annexin-V-PerCP-
Cy5.5. Fluorochrome-labelled antibodies used werehased from BD Biosciences (San Jose, CA) and
Caltag Laboratories (San Francisco CA). Acquisiticas performed using a multicolor flow cytometer
and installed software (e.g. Cantoll device runni§CS Diva software or FACSCalibur flow
cytometer using the CellQUEST software). The PAi@ate PRO program (BD Biosciences) was used
for data analysis. Annexin-V was measured on J3{3 and the percentage of annexin-v-positive
JIN-3 cells was plotted against the concentratfoant-BCMA/anti-CD3 T cell bispecific antibodies.
The percentage of lysis of JIN-3 cells induced lspecific concentration of anti-BCMA/anti-CD3 T
cell bispecific antibody was also determined by sugimg the absolute count of annexin-V-negative
JIN-3 cells at a given TCB concentration and saotihg it from the absolute count of annexin-V-
negative JIN-3 cells without TCB; divided by thesallate count of annexin-V-negative JIN-3 cells
without TCB. Figure 7 shows that anti-BCMA/anti-CD&B antibodies (22-, 42-, and 83A10-TCBcv)
induced a concentration-dependent killing of BCMAwiexpressing JIN-3 myeloma cells as measured
by flow cytometry. The lysis of JIN-3 cells was dfie since control-TCB antibody which does not
bind to BCMA-positive target cells but only to C@® T cells did not induce increase in annexin-v
positive JIN-3 cells or JIN-3 cell lysis, evenhat highest concentration tested. Table 14 and THble
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summarize respectively the percentages of annexiasitive JIN-3 cells and percentages of lysis of
JJIN-3 cells induced by anti-BCMA/anti-CD3 TCB awfilies.

Detection of LDH is also performed after 20-24 h4@&rh incubation at 37°C, 5% GOLDH release
from the apoptotic/necrotic JJN-3 MM target cefitoithe supernatant is then measured with the LDH

5 detection kit (Roche Applied Science), followingetimanufacturer’s instructions. The percentage of

LDH release is plotted against the concentratidrati-BCMA/anti-CD3 T cell bispecific antibodies i

concentration-response curves. The EC50 valuesnassured using Prism software (GraphPad) and

determined as the TCB antibody concentration th&ults in 50% of maximum LDH release.

Table 14. Redirected T-cell killing of BCMA low-expressirddN-3 cells induced by anti-BCMA/anti-

10 CD3 TCB antibodies: percentages of annexin-V pasitiells

Experiment 1

Annexin-V positive

Anti-BCMA/anti-CD3 TCB concentration (pM)

JIN-3 cells (%) 10000 1000 100 10 1 0.1 0
83A10-TCBcv 16.78 10.21 9.12 11.11 11.36 8.14 9|6
42-TCBcv 24.83 16.84 8.62 12.3 11.9 / 9.6

22-TCBcv 22.95 26.15 12.48 13.29 9.3 12.48 916
Control-TCB 8.84 / / / / / /
Experiment 2
Annexin-V positive Anti-BCMA/anti-CD3 TCB concentration (pM)
JIN-3 cells (%) 10000 1000 100 10 1 0.1 0
83A10-TCBcv 22.86 17.53 16.5 15.94 14.372 13.07 10[74
42-TCBcv 26.88 21.68 14.42 13.6] 13.47 12.75 10.74
22-TCBcv 29.72 26.97 18.35 15.94 15 14.8 10.74
Control-TCB 12.82 / / / / / /

Table 15. Redirected T-cell killing of BCMA low-expressiigN-3 cells induced by anti-BCMA/anti-

CD3 TCB antibodies: percentages of lysis of JINI&C

Experiment 1
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Anti-BCMA/anti-CD3 TCB concentration (pM)

Lysis of JIN-3 cells (%)

10000 1000 100 10 1 0.1 0
83A10-TCBcv 70.30 26.66 18.43 41.88 24.42  -14{45 000.
42-TCBcv 92.92 84.02 41.87 38.96 40.29 / 0.00
22-TCBcv 88.02 90.54 56.26 73.56 -4.29 26.28  0.00
Control-TCB -6.55 / / / / / /

Experiment 2
Anti-BCMA/anti-CD3 TCB concentration (pM)

Lysis of JIN-3 cells (%)
10000 1000 100 10 1 0.1 0
83A10-TCBcv 51.18 25.30 20.12 39.58 -1.88 22.28 00,0
42-TCBcv 90.37 81.12 55.32 39.44 34.94 17.62 0.00
22-TCBcv 91.21 94.12 53.03 41.66 24.36 36.47 0.00
Control-TCB 4.18 / / / / / /

Example 12: BCMA expression on bone marrow myelomalasma cells from multiple myeloma

patients

5 Human cell lines expressing the tumor target oérigdt are very useful and practical tools for the
measurement of TCB antibody potency to induce tuoedr cytotoxicity in presence of T cells and
determination of EC50 values and for the rankingd 6B molecules. However, despite being readily
accessible and practical human myeloma cell lirre® the caveat of not representing the heterogeneit
of multiple myeloma, a very complex disease whihharacterized by a significant heterogeneithat t

10 molecular level. In addition, myeloma cell lines bt express BCMA receptor with the same intensity
and density as some cells express BCMA more styaiingin others (e.g. H929 cells vs. RPMI-8226
cells), and such heterogeneity at the cellularllenay also be observed among different patients.
Throughout academic collaborations with key opinieaders in multiple myeloma, determination of
BCMA expression and density in patient samples evaluation of the anti-BCMA/anti-CD3 TCB

15 antibodies with clinical patient samples are bdimgestigated. Blood and bone marrow aspirates are
collected from multiple myeloma patients after imfie@d consent is given, in accordance with local
ethical committee guidelines and the DeclaratiorHefsinkia) BCMA expression as detected by

multiparameter flow cytometry (mean fluorescence itensity)
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To determine the expression of BCMA receptor onebararrow myeloma cells, immunophenotypic

analyses were performed using freshly isolated ai@ine marrow aspirates. Erythrocyte-lysed K
EDTA (ethylenediaminetetraacetic acid) anticoagidawvhole bone marrow samples were used for the
immunophenotypic analyses. A total of 2 x° &6lls per tube were stained, lysed, and then washe
using a direct immunofluorescence technique andicoldr staining, which was aimed at the specific
identification and immunophenotypic characterizataf malignant plasma cells identified @9138
CD38 CD45 CD19 CD56. The cells were then stained using a panel afrfichrome-conjugated
antibodies including at least CD38-FITC/CD56-PE/GBPerCP-Cy7/CD45-V450/BCMA-APC.
Fluorochrome-labelled antibodies used are purchasad BD Biosciences (San Jose, CA) and Caltag
Laboratories (San Francisco CA). In-house APC-agatid anti-human BCMA antibody was used in
the immunophenotypic analyses. Acquisition wadgoered using a multicolor flow cytometer and
installed software (e.g. Cantoll device running FADiva software or FACSCalibur flow cytometer
using the CellQUEST software). The Paint-A-Gate Rit@gram (BD Biosciences) was used for data
analysis. BCMA expression was measured gated enmiignant plasma cell population and mean

fluorescence intensity (MFI) values were determiaed compared among the myeloma patients.

Table 16. BCMA expression on patient bone marrow myelomasmk cells as detected by

multiparameter flow cytometry (mean fluorescenderisity)

Patient N° MFI _ua
P1 2863
P2 3528
P3 602
P4 389
P5 955
P6 1475
P7 282
P8 1621
P9 116
P10 125
P11 1495
P12 2451
P13 398
P14 2040
P15 678
P16 945
P17 1672
P18 1491
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P19 2198
P20 1058
P21 3594
P22 615
P23 159

b) Determination of BCMA specific antigen binding @pacity (quantitative flow cytometry

analysis)

The Qifikit (Dako) method was used to quantify BCMgecific antigen binding capacity (SABC) on
the cell surface of patient bone marrow myelomamla cells. Myeloma plasma cells isolated from
whole bone marrow aspirates were stained with 50frhouse anti-human BCMA IgG (BioLegend
#357502) or a mouse lgG2a isotype control (BioLeg#@01501) diluted in FACS buffer (PBS, 0.1%
BSA) to a final concentration of 25ug/ml (or atwsation concentrations) and staining was performed
for 30 min at 4°C in the dark. Next, 100 ul of tBet-up or Calibration Beads were added in separate
wells and the cells, as well as the beads were edashkice with FACS buffer. Cells and beads were
resuspended in 25 pul FACS buffer, containing flsoegn conjugated anti-mouse secondary antibody (at
saturation concentrations), provided by the Qifi€iells and beads were stained for 45 min at 4%@en
dark. The cells were washed once and all sampées vesuspended in 100 pl FACS buffer. Samples
were analyzed immediately on a multicolor flow eyeter and installed software (e.g. Cantoll device
running FACS Diva software or FACSCalibur flow cyteter using the CellQUEST software).

Table 17.BCMA specific antigen binding capacity on patidane marrow myeloma plasma cells as

measured by quantitative flow cytometry analysis

Patient N° SABGscuma
P1 n/a
P2 n/a
P3 679
P4 145
P5 957
P6 969
P7 554
P8 4479
P9 350
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P10 414
P11 2756
P12 2911
P13 1267
P14 3453
P15 1006
P16 1097
P17 1622
P18 429
P19 1684
P20 383
P21 1602
P22 799
P23 204

Example 13: Redirected T-cell cytotoxicity of bonemarrow patient myeloma plasma cells in
presence of autologous bone marrow infiltrating T ells induced by anti-BCMA/anti-CD3 T cell

bispecific antibodies (multiparameter flow cytometry)

One of the most meaningful and critical in vitrcachcterization during preclinical evaluation of TCB
antibody candidates for multiple myeloma is whetler TCB molecule could activate the patients’ T
cells and induce redirected T-cell killing of primamyeloma plasma cells from the patients’ bone
marrow. To evaluate the effect of anti-BCMA/aniD& TCB antibodies to induce redirected T-cell
killing of bone marrow myeloma plasma cells, whddene marrow aspirates were collected from
multiple myeloma patients in EDTA-coated tubes enohediately used for the cell culture assays. The
ratio of effector cells to tumor cells (E:T ratipresent in the whole bone marrow samples was
determined and measured by flow cytometry. BrieZ@0 ul of bone marrow samples were transferred
into 96 deep-well plates. Anti-BCMA/anti-CD3 TCBitbody and control antibody dilutions were
prepared in sterile medium and 10 pl of the prefmaravere added to the respective wells for final
concentrations ranging from 0.1 pM to 30 nM. Thendanarrow-antibody suspension is mixed by
gentle shaking and then incubated at 37°C, 5 % 0048 h, sealed with paraffin film. After the
incubation period, 20 pl of a corresponding FAC8baly solution prepared based on an antibody-
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panel including CD138-APCC750/CD38-FITC/CD5-BV51D8&5-PE/CD19-PerCP-Cy7/ CDA45-

V450/BCMA-APC/Annexin-V-PerCP-Cy5.5 were added irdo 96-U-bottom plate. Fluorochrome-
labelled antibodies were purchased from BD BiosmenSan Jose, CA) and Caltag Laboratories (San
Francisco CA) and in-house APC-conjugated anti-hmuB&MA antibody was used. The samples
were then incubated for 15 minutes in the darloatrr temperature and acquired and analyzed using a
multicolor flow cytometer. Cell death of the myela cells was determined by evaluating annexin-V
positive expression gated on the myeloma cell mimris CD138 CD38 CD45 CD19 CD56.
Percentage of myeloma cell death was then detednmirtee percentage of lysis of patient bone marrow
myeloma plasma cells induced by a specific conaéiotr of anti-BCMA/anti-CD3 T cell bispecific
antibody was also determined by measuring the atesobunt of annexin-V-negative myeloma plasma
cells at a given TCB concentration and subtractirfgpom the absolute count of annexin-V-negative
myeloma plasma cells without TCB; divided by thes@bte count of annexin-V-negative myeloma
plasma cells without TCB. To verify the specificibf the anti-BCMA/anti-CD3 T cell bispecific
antibodies, annexin-V expression was also meadarether bone marrow cell types such as T cells, B
cells and NK cells. As shown in Figure 8, theresveaconcentration-dependent and specific lysis of
patient myeloma plasma cells while lysis of T géli<ells, and NK cells was not observed. In addjt
control-TCB which binds to CD3 only but not to BCMid not induce cell death of myeloma plasma
cells at the highest concentrations of TCB antibsdiAs shown in Table 18, percentage of annexin-V
positive patient bone marrow myeloma cells at tighdwst concentration (30 nM) reached up to 52.54%
and 55.72% for 42-TCBcv and 22-TCBcv respectivedycampared to 29.31% for 83A10-TCBcv,
concluding that 42-TCBcv and 22-TCBcv are more pbthan 83A10-TCBcv to induce killing of

patient bone marrow myeloma plasma cells.

Table 18.Percentage of annexin-V positive myeloma plasntia fem patient bone marrow aspirates
induced by anti-BCMA/anti-CD3 T cell bispecific @mddies.

Annexin-V positive Anti-BCMA/anti-CD3 T cell bispecific antibody concentration (pM)
myeloma plasma cells (%) | 30000 10000 1000 100 10 0
83A10-TCBcv 29.31 30.95 23.14 15.74 16.76 13.11
42-TCBcv 52.54 39.87 29.96 10.51 19.6 13.11
22-TCBcv 55.72 51.71 31.01 14.81 14.19 13.11
Control-TCB 15.18 10.93 / / / /
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In another study in bone marrow aspirates from fiedint MM patients, the percentage of viable

myeloma plasma cells was determined by gating orexn-V negative cell population and plotted
against the concentration of anti-BCMA/anti-CD3 @ll dbispecific antibody. The EC50 values were
measured and determined as the TCB antibody camadiemnt that results in 50% of maximum viable
myeloma plasma cells. EMAX (%) was determined aximum of viable myeloma plasma cells in
presence of respective anti-BCMA/anti-CD3 T cefigacific antibody. 83A10-TCBcv was much less
potent in inducing lysis of myeloma plasma cellarntt22-TCBcv and 42-TCBcv in majority of the five
myeloma patient bone marrow aspirate samples (Tafild-igure 9 shows as example concentration
response curves for 2 of the 5 patients). Concemtralependent reduction of viable myeloma cells wa
observed in 5/5 patient samples treated with 22-G\C& 42-TCBcv, as compared to only 1/5 patient
samples for 83A10-TCBcv. Table 19 shows the comparof 83A10-TCBcv with 22-TCBcv and 42-
TCBcv and the effect of the anti-BCMA/anti-CD3 Tllckispecific antibodies on viability of bone
marrow myeloma plasma cells. The results cleahigwsthat there were less viable bone marrow
myeloma plasma cells with 22-TCBcv and 42-TCBce.(more lysis of the bone marrow myeloma
plasma cells) in 4/5 patient samples as demondtigtéower EMAX (%) values for 22-TCBcv and 42-
TCBcv vs. 83A10-TCBcv in respective patient sampl€oncentration-dependent and specific lysis of
patient myeloma plasma cells were observed whdes lgpf non-malignant bone marrow cells was not

observed (data not shown).

Table 19.EMAX (%) values in respect to annexin-V negativable myeloma plasma cells from patient

bone marrow aspirates in presence of by anti-BCM#@D3 T cell bispecific antibodies.

piggﬁtr;‘:;:g‘l’; ?;f&g";ez) 83A10-TCBcv | 22-TCBcv | 42-TCBcv
EMAX (%)
Patient 001 100 7.6 22.6
Patient 003 54.3 38.9 44.6
Patient 004 100 66.6 53.9
Patient 006 81.8 65.9 73.5
Patient 007 81.8 48.6 72.8

In a further investigations of the new anti-BCMA#a@D3 T cell bispecific antibodies of this inveori
compared to 83A10-TCBcv, seven freshly taken patigmole bone marrow samples/aspirates were

stained with CD138 magnetic microbeads (MiltenybtBc, Bergisch Gladbach, Germany), passed
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through an autoMACS cell separation column and dbkected fractions with sufficient remaining

number of MM plasma cells of usually >4% myelomaspha cells were used for further experiments.
In 24-well plates, 500,000 cells/well were incubated aotiured for 48 hours. Anti-BCMA/anti-CD3
TCB antibodies and control antibody dilutions wedded to the respective wells for a final TCB
concentration of 0.1. pM to 10 nM. Each dose pwia$ done in triplicates. Viability of the plasmdise
and cells of the bone marrow microenvironment wagstigated by propidium iodide/CD1B8TC
doublestaining using flow cytometry (FACSCalibur; Bectbickinson). Data analysis was performed
using FACSDiva Software (Becton Dickinson). Asidegd in Figure 10, bar plots show mean values
normalized on the mean over the triplicates of rlsgpective medium control (MC). For statistical
analysis, a onsided ttest was used. The maximum inhibition of MM plascell growth at a
concentration of 10 nM (IMAX10) and the inhibitioneasured at 1 nM (IMAX1), respectively, were
given in percent as referred to the medium confféle maximum inhibition of the control-TCB
antibody (10 nM) compared to the medium control &kE® depicted. Computations were performed
using R 3.1.19, and Bioconductor 2.1310, but fdcudation of the IMAX values (Microsoft Excel®;
Microsoft Office Professional 2013). An effect wamnsidered statistically significant if thev@lue of

its corresponding statistical test was <5% (*),% ¢*) or <0.1% (***). As shown in Figures 10A-
10G, the results clearly show that there were W&ssle bone marrow myeloma plasma cells with 22-
TCBcv and 42-TCBcv (i.e. more lysis of the bone mmarmyeloma plasma cells) in 7/7 patient samples
as compared to 83A10-TCBcv. Table 20 demonsttatepercentage of viable myeloma plasma cells
from patient bone marrow aspirates induced by BE#AA/anti-CD3 T cell bispecific antibodies
relative to medium control. Table 21 shows the K1® and IMAX1 values. The results demonstrate
that 22-TCBcv and 42-TCBcv are clearly more pothan 83A10-TCBcv to induce killing of patient
bone marrow myeloma plasma cells. Despite spebjifis of bone marrow plasma cells (BMPC)
induced by the anti-BCMA/anti-CD3 T cell bispecifamtibodies and observed in all bone marrow
patient samples, the bone marrow microenvironnBRt\ME) was unaffected in the respective samples
(Figure 10H, representative of 7 patient samples).

Table 20. Relative percentage of propidium iodide negatiabke myeloma plasma cells from patient

bone marrow aspirates induced by anti-BCMA/anti-CD&:Il bispecific antibodies.

_ _ Anti-BCMA/anti-CD3 T cell bispecific antibody
Patient sample No. 1/ Viable concentration (nM)

myeloma plasma cells (%)

0.01 0.1 1 10
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83A10-TCBcv 181.3 106.3 31.3 9.4
42-TCVev 81.3 15.6 9.4 9.4
22-TCVcv 37.5 6.3 6.3 9.4
Ctrl-TCB / / / 162.5

_ _ Anti-BCMA/anti-CD3 T cell bispecific antibody
Patient Sample No. 2 / Viable concentration (nM)
myeloma plasma cells (%)
0.01 0.1 1 10

83A10-TCBcv 89.5 31.6 5.3 0
42-TCVcv 42.1 10.5 0
22-TCVcv 15.8 5.3 0
Ctrl-TCB / / / 94.7

_ ] Anti-BCMA/anti-CD3 T cell bispecific antibody
myeloma plasma cells (%)
0.01 0.1 1 10

83A10-TCBcv 76.7 35.0 1.7 0
42-TCVcv 13.3 0 0
22-TCVcv 3.3 0 0
Ctrl-TCB / / / 86.7

_ . Anti-BCMA/anti-CD3 T cell bispecific antibody
Patient sample No. 4/ Viable concentration (nM)
myeloma plasma cells (%)
0.01 0.1 1 10

83A10-TCBcv 93.9 515 9.1 6.1
42-TCVcv 9.1 0 0 0
22-TCVcv 15.2 15.2 0 0
Ctrl-TCB / / / 127.3

] ] Anti-BCMA/anti-CD3 T cell bispecific antibody
myeloma plasma cells (%)
0.01 0.1 1 10

83A10-TCBcv 100 914 62.9 20.0
42-TCVcv 71.4 34.3 22.9 11.4
22-TCVcv 20.0 22.9 14.3 11.4
Ctrl-TCB / / / 85.7

_ . Anti-BCMA/anti-CD3 T cell bispecific antibody
Patient sample No. 6/ Viable concentration (nM)
myeloma plasma cells (%)
0.01 0.1 1 10
83A10-TCBcv 55.6 22.2 6.7 4.4
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42-TCVcv 35.6 6.7 4.4 4.4
22-TCVcv 24.4 3.3 8.9 2.2
Ctrl-TCB / / / 117.8

Patient sample No. 7 / Viable
myeloma plasma cells (%)

Anti-BCMA/anti-CD3 T cell bispecific antibody
concentration (nM)

0.01 0.1 1 10
83A10-TCBcv 84.4 82.6 46.8 19.3
42-TCVcv 67.0 33.9 12.8 5.5
22-TCVcv 24.4 3.3 8.9 2.2
Ctrl-TCB / / / 106.4

Table 21. IMAX10 and IMAX1 values in respect to maximal ibition of MM plasma cell growth at

10 nM IMAX10 and inhibition at 1nM IMAX1 based gropidium iodide negative viable myeloma

5 plasma cells from patient bone marrow aspiratepriesence of by anti-BCMA/anti-CD3 T cell
bispecific antibodies.

Patient 83A10-TCBcv 42-TCBcv 22-TCBcv Ctrl-TCB
Sample | |MAX10 | IMAX1 IMAX10 | IMAX1 IMAX10 | IMAX1 IMAX10
No. (%) (%) (%) (%) (%) (%) (%)

1 90.6 68.8 90.6 90.6 90.6 93.8 -62.5
3 100 94.7 100 100 100 100 5.3

4 100 98.3 100 100 100 100 13.3
5 93.9 90.9 100 100 100 100 -27.3
6 80.0 37.1 88.6 77.1 88.6 85.7 14.3
7 95.6 93.3 95.6 95.6 97.8 91.1 -17.8
8 80.7 53.2 94.5 87.2 97.2 97.2 -6.4

10

Example 14: T-cell activation of patient bone marrav T cells induced by anti-BCMA/anti-CD3 T

cell bispecific antibodies (multiparameter flow cybmetry)

To evaluate whether anti-BCMA/anti-CD3 TCB antibeslinduce activation of myeloma patient CD4

and CD8 T cells (i.e. bone marrow infiltrated T cells (Mi)), the samples from the respective treated,
untreated and control groups after 48 h of inculpatvere also stain with a FACS antibody solution
antibody-panel including eightarkers: CD8/CD69/TIM-

3/CD16/CD25/CD4/HLA-DR/PD-1. The samples were thiecubated for 15 minutes in the dark at

15 room temperature and acquired and analyzed usingliécolor flow cytometer. T-cell activation was

prepared based on an
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determined by evaluating CD25, CD69 and/or HLA-D&Sifive expression gated on CDdnd CD8

T-cell populations. Percentages of T-cell activatiwere then measured. Figure 11 shows a

concentration-dependent upregulation of CD69 an@%&h bone marrow-infiltrated CD4nd CD8 T

cells from multiple myeloma patients. Table 22 swari@es the increase of CD69 and CD25 expression

on CD4 and CD8 T cells induced by anti-BCMA/anti-CD3 TCB antibedj data from one patient.

Table 22: T-cell activation of myeloma patient autologousé€lls induced by anti-BCMA/anti-CD3 T-

cell bispecific antibodies in presence of patiemdmarrow myeloma plasma cells

CD69+/CD4 T cells (%)

Anti-BCMA/anti-CD3 T cell bispecific antibody concentration (pM)

30000 10000 1000 100 10 0
83A10-TCBcv 21.8 14.93 1.80 0.93 1.02 0.8
42-TCBcv 29.6 24.8 1.90 1.57 0.94 0.8%
22-TCBcv 34.99 30.72 3.62 1.69 2.31 0.8
Control-TCB 0.7 0.62 / / / /

CD69+/ CD8 T cells (%)

Anti-BCMA/anti-CD3 T cell bispecific antibody concentration (pM)

30000 10000 1000 100 10 0
83A10-TCBcv 25.50 22.07 8.330 5.60 5.14 5.30
42-TCBcv 23.61 24.22 11.125 9.26 6.28 5.30
22-TCBcv 25.48 28.14 11.460 6.64 14.08 5.30
Control-TCB 5.71 4.93 / / / /

CD25+/CDA4T cells (%)

Anti-BCMA/anti-CD3 T cell bispecific antibody concentration (pM)

30000 10000 1000 100 10 0
83A10-TCBcv 17.47 12.86 5.18 4.58 4.07 7.5
42-TCBcv 8.65 7.42 3.51 2.71 2.81 7.5
22-TCBcv 12.34 11.52 5.23 4.89 4.90 7.5
Control-TCB 6.90 6.50 / / / /

CD25+/CD8T cells (%)

Anti-BCMA/anti-CD3 T cell bispecific antibody concentration (pM)

30000 10000 1000 100 10 0
83A10-TCBcv 9.79 6.560 0.42 0.13 0.12 0.11
42-TCBcv 2.20 2.231 0.42 0.14 0.08 0.13
22-TCBcv 3.57 4.110 0.65 0.10 0.08 0.13
Control-TCB 0.09 0.100 / / / /
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Example 15: Increased T-cell function (cytokine prduction) of patient bone marrow T cells
induced by anti-BCMA/anti-CD3 T cell bispecific anibodies (multiplexed-bead based

immunoassay /flow cytometry)

To evaluate whether anti-BCMA/anti-CD3 TCB antibesl(83A10-TCBcv, 22-TCBcv and 42-TCBcv)
induce T-cell activation and increased functiomgfeloma patient bone marrow infiltrating CDand
CDS8' T cells, supernatant were collected from the calbf the respective treated, untreated and control
groups after 48 h of incubation and the contergybdkines and serine proteases were measured. The
cytokine bead array (CBA) analysis is performed ammulticolor flow cytometer according to
manufacturer's instructions, using either the Hur@liTh2 Cytokine Kit Il (BD #551809) or the
combination of the following CBA Flex Sets: humaargzyme B (BD #560304), human IFN-lex Set

(BD #558269), human TNE-Flex Set (BD #558273), human IL-10 Flex Set (B3&574), human IL-

6 Flex Set (BD #558276), human IL-4 Flex Set (B3&572), human IL-2 Flex Set (BD #558270).

Example 16: Pharmacokinetic/pharmacodynamic (PK/PD¥tudy in cynomolgus monkeys

A clear advantage an anti-BCMA/anti-CD3 TCBcv aotlp could have over other bispecific antibodies
such as (scFV¥)(e.g. BCMAXCD3 bispecific T-cell engager BiTE® dsscribed in WO2013072415
and W02013072406) is the much longer eliminatidftlfa/lower clearance in vivo which could allow
a twice or once a week IV or SC administration asgared to the very short elimination half-life of
(scFV) (e.g. 1 to 4 hours) requiring treatment adminederia a pump carried by the patients for weeks
to months (Topp et al. J Clin Oncol 2011; 29(18)92-8). A twice or once a week administration
would be much more convenient for the patients @ad much less risky (e.g. failure of pump, issues

with the catheter, etc.).

a) To verify the elimination half-life/clearance ariiti-BCMA/anti-CD3 83A10-TCBcv antibody in vivo,
single dose pharmacokinetic (PK) pharmacodynami) (ftudies with anti-BCMA/anti-CD3 T-cell
bispecific antibodies (83A10-TCBcv, 22-TCBcv and-H2Bcv) were conducted at experienced
AAALAC-accredited CRO. Biologically naive adult aymolgus monkeys of about two years old and
weighing approximately 3 kg were acclimatized folemst 40 days and selected on the basis of body
weight, clinical observations and clinical pathglaxaminations. Animals were identified by Indivadu
tattoos and color-coded cage carddl the animal procedures (including housing, Heationitoring,
restrain, dosing, etc) and ethical revision wadqguered according to the current country legislation
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enforcing the Directive on the protection of animaised for biomedical research. Animals were

randomly assigned to the treatment group basetlembst recent pretest body weight. After excluding
animals with unacceptable pretest findings, a cderpprogram included in the Pristifhaystem
designed to achieve balance with respect to prbtekt weights was used to exclude animals from both
body weight extremes and randomize the remainirials to the treatment group. Animals were
assigned to three treatment groups with 83A10-TCBe2 animals i.e. 1 female and 1 male per group)
at 0.003; 0.03; and 0.3 mg/kg. Animals receivethgle i.v. injection of 83A10-TCBcv and at leas8 0
mL of blood samples per timepoint were collecteal thie peripheral vein for PK evaluations according
to the following collection schedule and proceduf®-dose, 30, 90, 180 min, 7, 24, 48, 96, 168, 33
504 h after dosing. Blood samples were allowed dbiol tubes for serum separation for 60 min at room
temperature. The clot was spun down by centrifogatat least 10 min., 1200g, +4 °C). The resultant
serum (about 300 pL) was directly stored at -80A@l further analysis. Bone marrow samples for PK
evaluations were also collected at the femur uradersthesia/analgesic treatment according to the
following collection schedule: Pre-dose, 96 and B28ter dosing. Bone marrow samples were allowed
to clot in tubes for serum separation for 60 mirr@im temperature. The clot was spun down by
centrifugation (at least 10 min, 1200g, +4°C). Thsultant bone marrow (about 1 mL) was directly
stored at - 80°C until further analysis. The PKadanalysis and evaluation are performed. Standamd n
compartmental analysis is performed using Watsakage (v 7.4, Thermo Fisher Scientific Waltman,
MA, USA) or Phoenix WinNonlin system (v. 6.3, Cega&Company, USA). As shown in Figure 12 and
Table 23, serum concentrations of 83A10-TCBcv wareasured by ELISA from serum samples
collected at different timepoints after IV injeatioTable 24 shows the concentrations of 83A10-TCBcv
in bone marrow as measured by ELISA for each treatngroup (BLQ means below level of

guantification).

Several information relevant for potential clinicede of a bispecific antibody according to the imian
can be taken from Figure 12, Table 23 and Table 24:

- In bone marrow aspirates from MM patients, coneaitns of 1 nM or 10 nM of TCBs of this
invention induce significant or even total killio MM plasma cells; at the dose 0.03 mg/kg in the
interval from injection to 168 hours (7 days) pi@sconcentrations between approx. 1 nM and 4
nM have been achieved showing that once a weekpkearith doses of approx. 0.03 mg/kg may
well be feasible (200 ng/ml corresponds to apptaxiM)

- Figure 12 shows that in the investigated dose gaR§ is largely dose linear; that means

concentrations are proportional to dose; a usetpgrty for clinical therapy
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- MM is a disease mainly located in the bone marrGancentrations of 83A10-TCBcv detected in

bone marrow are close to serum concentrations €T24), e.g. at 96 h after injection bone marrow

concentrations of approx. 1 and 2 nM have been unedsthese are concentrations of TCB of this

invention at which significant killing of MM plasmeells is observed in bone marrow aspirates

5 freshly taken from MM Patients; demonstrating ag#ie opportunity for convenient dosing

intervals like once a week

- Between 24 and 504 hours post injection, the eliidn is largely first order with an elimination

half-life of approx. 6 to 8 days showing again tipgortunity for e.g. once a week dosing

Table 23.Serum concentrations of 83A10-TCBcv after IV tmeant in cynomolgus monkeys

83A10-TCBcv
conc. 0.003 mg/kg IV 0.03 mg/kg IV 0.3 mg/kg IV
(ng/mL) A B C D E F
Pre-dose 0.00 0.00 0.00 0.00 0.00 0.00
30 min 75.69 74.99 668.66 796.54 17207.20 14943.85
90 min 70.92 74.56 951.81 628.72 12831.5¢4 16248.97
180 min 76.54 62.55 981.42 722.27 10653.28 6824.72
7h 53.17 77.39 700.67 972.34 8204.77 4560.36
24 h 33.16 50.41 358.90 532.11 4609.28 4127.41
48 h 26.05 37.40 279.80 433.30 3546.09 2700.43
96 h 17.28 19.52 226.01 429.8( 1959.96 2006.92
168 h 17.33 15.87 55.58 365.67 1918.06 1382.57
336 h 11.21 4.43 102.94 153.54 1102.96 773.5%
504 h 4.33 BLQ 43.99 130.14 952.03 377.04

10

Table 24. Bone marrow concentrations of 83A10-TCBcv aftergke IV treatment in cynomolgus

monkeys
conc. 0.003 mg/kg 0.03 mg/kg 0.3 mg/kg
(ng/mL) A B C D E F
Pre-dose 0.00 0.00 0.00 0.00 0.00 0.00
96 h 25.07 37.15 179.87 469.08 3432.54 2674.70
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336 h 9.92 6.90 59.39 47.22 1987.48 850.87

Pharmacodynamics (PD) measurements: Blood santptesppints: pre-dose, 24, 48, 96, 168, 336, 504
h after dosing) and bone marrow samples (timepojms-dose, 96 and 336 hs after dosing) were
collected in tubes containing 7.5% K3 EDTA for P@kation by flow cytometry to evaluate the effect
of 83A10-TCBcv give i.v. as single dose on blood &#one marrow plasma cells, B cells, and T cells.
A “lyse and wash” direct immunofluorescence stainmethod of the surface markers was applied.
Briefly, 100 pL of blood or bone marrow was incudshtwith two antibody mixtures including
CD45/CD2/CD16/CD20/CD27/CD38 or CD45/CD2/CD16/CDB&5/CDS8 in the dark for 30 min at
+4°C. To lyse red blood cells, 2 mL of lysing bufé®lution was added to the sample and incubated 15
min at room temperature in the dark. Cells werdectéd by centrifugation and washed with staining
buffer (PBS 2% Fetal Bovine Serum). The stainedpesmwere kept refrigerated, protected from light,
until acquisition with cytometer on the same d&®ACS data acquisition was performed with a Becton
Dickinson flow cytometer equipped with 488 and 6&8er lines, BD FACS Canto Il. BD FACSDiva
software was used for data collection and analysihe absolute cell number enumeration was
performed with a double platform, based upon theGMBunt obtained by the hematology analyzer
(ADVIA ™ 120, Siemens). As shown in Figure 13, periph€regll redistribution was observed in all
animals receiving a single dose IV treatment of B3A CBcv as shown by the decrease in circulating T
cell counts. As shown in Figure 14A, already ah 2dter treatment with 83A10-TCBcv 0.3 mg/kg a
decrease in blood plasma cells (BCMA-positive ¢ellas observed in animals treated while there was
no decrease in total B cells (BCMA-negative celldfigure 14b shows the kinetic of plasma cell

reduction in blood after treatment with 83A10-TCBX2 mg/kg in cynomolgus monkeys.

Blood samples were also processed for plasma toltefor cytokine analysis (IL-1b, IL-2, IL-6, IL4,
TNF-a. and IFN«) in accordance with the following collection schkd Pre-dose, 30, 90, 180 min, 7,
24, 48, 96, 168 h after dosing. Blood samples weitein plastic tubes kept in an ice-water batenth
centrifuged (at least 10 min., 1200g, +4 °C). Thsuitant plasma was directly stored at -80°C until
analysis. Cytokines analysis is performed with ildix bead-based cytokine immunoassay (Luminex
Technology). Data are analyzed using Bio-Plex Manat.1 software (Bio-Rad): a five—parameter

logistic regression model (5PL) is used.

b) In a further study, cynomolgus monkeys wereté@avith 42-TCBcv or 22-TCBcv. Animals
(n=2/group) received a single IV (0.01; 0.1; an@ rhg/kg) or SC (0.01 and 0.1 mg/kg) injection of 42
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TCBcv or single IV injection with 22-TCBCv (0.1 nkg). Blood and bone marrow samples are

collected at timepoints following a defined colieat schedule and processed accordingly for PK and
PD measurement (immunophenotyping and cytokineymtizh).

Animals received a single IV or SC. injection of#€Bcv or 22-TCBcv (only 1V) and blood samples
per timepoint were collected via the peripheralnviar PK evaluations according to the following
collection schedule and procedures: Pre-dose, 30180 min, 7, 24, 48, 96, 168, 336, 504 h after
dosing. Blood samples were allowed to clot in tulfes serum separation for 60 min at room
temperature. The clot was spun down by centrifogatat least 10 min., 1200g, +4 °C). The resultant
serum (about 300 pL) was directly stored at -80A@l turther analysis. Bone marrow samples for PK
evaluations were also collected at the femur uradersthesia/analgesic treatment according to the
following collection schedule: Pre-dose, 96 and B36ter dosing. Bone marrow samples were allowed
to clot in tubes for serum separation for 60 mirr@m temperature. The clot was spun down by
centrifugation (at least 10 min, 1200g, +4°C). Thseultant bone marrow (about 1 mL) was directly
stored at - 80°C until further analysis. The PKadahalysis and evaluation were performed. Standard
non compartmental analysis was performed using Oapmckage (v 7.4, Thermo Fisher Scientific
Waltman, MA, USA) or Phoenix WinNonlin system (v.36 Certara Company, USA). As shown in
Figure 19 and Table 24A-D, concentrations of 42-TCBvere measured by ELISA from serum and
bone marrow samples collected at different timegsa@fter IV or SC injection. Effective concentratio
range of 42-TCBcv in multiple myeloma patient banarrow aspirates corresponding to 10 pm to 10
nM (grey area). Concentrations in parenthesis areM. BLQ, below level of quantification; i/m,

inconclusive measurement.

Table 24A. Serum concentrations of 42-TCBcv after IV treattriertynomolgus monkeys

42-TCBcv

conc. 0.01 mg/kg IV 0.1 mg/kg IV 1.0 mg/kg IV
(ng/mL) Male Female Male Female Male Female
Pre-dose BLQ BLQ i/m BLQ BLQ BLQ

30 min 468.57 613.44 4720.33 4506.64 41939.31 32Q77
90 min 333.09 427.16 4284.66 3214.61 30889.73 10332
180 min 392.37 422.36 4336.89 2865.36 29201.69 BEB5

7h 421.96 356.34 4028.47 3070.84 25064.81 29962,62
24 h 242.64 305.74 2996.24 2321.66 19365.86 23656.6
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Table 24B. Bone marrow concentrations of 42-TCBcv after gn@V/ treatment in cynomolgus

monkeys
42-TCBcv
conc. 0.01 mg/kg IV 0.1 mg/kg IV 1.0 mg/kg IV
(ng/mL) Female Male Female | Female Male Female
Pre-dose BLQ BLQ 406.99 BLQ BLQ BLQ
96 h 54.39 130.03 956.56 1022.87 4089.88 4339.3
336 h 27.23 18.49 227.20 170.34 3705.74 62.44

5 Table 24C.Serum concentrations of 42-TCBcv after SC treatrimreaynomolgus monkeys

42-TCBcv
conc. 0.01 mg/kg SC 0.1 mg/kg SC
(ng/mL) Male Female Male Female
Pre-dose 4,76 12.41 BLQ BLQ
30 min 8.25 12.51 25.11 14.62
90 min 16.38 22.71 140.73 145.39
180 min 23.75 48.51 334.95 269.66
7h 37.46 63.48 836.86 565.1(
24 h 68.15 115.31 2100.42 904.22
48 h 116.63 118.03 1956.60 1111.06
96 h 150.77 120.62 1810.13 1817.52
168 h 106.28 98.64 1192.65 1653.26
336 h 67.02 46.21 482.39 571.04
504 h 25.69 31.99 4.08 83.91

48 h i/m 192.97 2595.62 1781.91 20539.5p 13523.68
96 h 128.50 148.02 2153.34 1277.02 13147.09 12855/5
168 h 51.13 72.64 1388.24 948.31 6189.79 3952.05
336 h 27.68 13.03 195.51 190.87 5337.8% 54.15
504 h 18.17 8.04 275.93 13.96 3678.69 37.88

3
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Table 24D. Bone marrow concentrations of 42-TCBcv after #n@C treatment in cynomolgus

monkeys
42-TCBcv
conec. 0.01 mg/kg SC 0.1 mg/kg SC
(ng/mL) Female Male Female Female
Pre-dose 5.59 10.70 BLQ BLQ
96 h 109.88 73.93 1064.66 1066.79
336 h 29.35 48.78 518.40 906.48

5 The results from Tables 24A and 24C show an aieacterum concentration profile suitable for oace
week or even once every two weeks treatment waHT@Bcv. Area under the curve AUC for serum
concentrations after IV and SC administration weetermined, comparison of the AUC values
showedhigh bioavailability of close to 100 % witl® $hjection of 42-TCBcv. In addition, the results
show that concentration of 42-TCBcv in bone marr@sv very similar to 42-TCBcv serum

10 concentrations. 42-TCBcv concentrations in theirsecould well represent the concentrations of 42-
TCBcv available in the bone marrow i.e. at the mlaication where the myeloma tumor cells are

enriched.

Pharmacodynamic (PD) measurements are valuablaeriafmn to corroborate with PK measurements.
Further PD analyses were perfomed. Cynomolgus CB2€ells from blood also express BCMA on
15 the cell surface and are significantly more frequérgher absolute count) than plasma cells in ¢hloo
Blood B-cell depletion was used as a reliable pla@odynamic effect of anti-BCMA/anti-CD3 TCBcv
antibodies and to compare the in vivo efficacy leetv 83A10-TCBcv, 42-TCBcv and 22-TCBcv.
Absolute B-cell counts were calculated based ordtheble platform consisting of flow cytometry and
WBC count obtained with a hematology analyser ardsured at the following timepoints: pre-dose,
20 24h, 48h, 96h and 196h after 10-min IV infusiorheTpercentage of B-cell depletion was calculated as

followed:

= [absolute B-cell count at pre-dosefabsolute B-cell count at timepoint]

[absolute B-cell count at pre-dose] * 100
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Table 24E: Pharmacodynamic effects of anti-BCMA/anti-CD3 TCExutibodies: B-cell depletion

B-cell depletion relative to pre-dose (%)
Time after IV injection
(hours) 83A10-TCBcv 42-TCBcv 22-TCBcv
0.3 mg/kg (n=2) 0.1 mg/kg (n=2) 0.1 mg/kg (n=2)
24h 19.9+ 0.21 91.4+ 3.8 77.8+ 3.7
48h 11.9+ 17.6 88.8t 3.9 61.5+ 9.8
96h 5.0+ 10.8 93.0t 7.2 89.2+ 4.8
168h -0.23+61.4 96.6t 3.5 91.9+ 3.9

42-TCBcv and 22-TCBcv are more potent than 83A1BdCto induce depletion of BCMA-expressing
B cells in cynomolgus monkeys following a singleséddV injection (see Table 24E). Since the three
5 molecules share the same molecular structure argiiidler, the difference in efficacy in cynomolgus

monkeys could be mainly attributed to the resped8CMA antibody.

To confirm that depletion of BCMA-expressing B seith cynomolgus monkeys after IV injection is a
result of the mechanistic pharmacodynamic effedtandi-BCMA/anti-CD3 TCBcv antibodies, the
increase of activated CD&ytotoxic T cells (i.e. effector cells) was measliin the bone marrow
10 enriched of BCMA-positive cells (i.e. target cellstays (96 h) and 3 weeks (336h) after IV injattio
Absolute CD8 CD25" activated T-cell counts were calculated basedherdbuble platform consisting

of flow cytometry and WBC count obtained with a laatogy analyser

Table 24F: Pharmacodynamic effects of anti-BCMA/anti-CD3 TCBantibodies: Increase in CD8
CD25" activated T cells

Increase in CDBCD25 activated T cells relative to pre-dose (%)

Time after IV injection

83A10-TCBcv

42-TCBcv

22-TCBcv

(hours)
0.3 mg/kg (n=2) 0.1 mg/kg (n=2) 0.1 mg/kg (n=2)
96h 284+ 244 % 585t 496 % 144% 1715 %
336h -0.9+ 1.3% 110+ 187 % -6.6+ 45.3 %
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42-TCBcv and 22-TCBcv are more potent than 83A1®3IL to induce T-cell activation in

cynomolgus monkeys following a single dose IV itigc (see Table 24F). Since the three molecules
share the same molecular structure and CD3 biriterdifference in pharmacodynamic effects in
cynomolgus monkeys could be mainly attributed torsspective BCMA antibody. The results indicate
that depletion of BCMA-positive B cells in bone m@ax and in blood is most likely the result of
activation of cytotoxic T cells induced by anti-B@i¥&nti-CD3 TCBcv antibodies.

Example 17: Antitumoral activity induced by anti-BCMA/anti-CD3 T cell bispecific antibody in
the H929 human myeloma xenograft model using PBMCdmanized NOG mice

With a long elimination half-life, Fc-containing @BCMA/anti-CD3 TCBcv antibodies could be more
efficacious than (scFwbased bispecific antibodies such as BCMAS0-BIiTH® g at equimolar doses,
in a once a week schedule . The in vivo effe@3410-TCBcv and BCMA50-BITE® (as described in
WO02013072415 and W02013072406) was compared andated in the H929 human myeloma
xenograft model in PBMC-humanized NOG mice. NOG anége appropriate for humanized mouse
models as they completely lack of immune cellsudiig resident NK cell population and are therefore
more permissive to tumor engraftment of human xeneig cells (Ito et al. Curr Top Microbiol
Immunol 2008; 324: 53-76). Briefly, on day 0 (dff)the study, 5x10human myeloma cell line NCI-
H929 (NCI-H929, ATCC® CRL-9068™) in 100 uL RPMI 1®4nedium containing 50:50 matrigel
(BD Biosciences, France) were subcutaneously (S@gcted into the right dorsal flank of
immunodeficient NOD/Shi-scid IL2rgamma(null) (NO@male mice of 8-10 weeks of age (Taconic,
Ry, Danemark ). Twenty-four to 72 hours prior 829 tumor cell SC implantation, all mice received a
whole body irradiation with gsource (1.44 Gy°Co, BioMep, Breteniéres, France). On day 15 (d15),
NOG mice received a single intraperitoneal (IPgatijon of 2x10 human PBMCs (in 500 pL PBS 1X
pH7.4). Characterization of the human PBMC wasfgoered by immunophenotyping (flow
cytometry). Mice were then carefully randomizedoirthe different treatment and control groups
(n=9/group) using Vivo manadersoftware (Biosystemes, Couternon, France) andatistital test
(analysis of variance) was performed to test fombgeneity between groups. Antibody treatment
started on day 19 (d19), i.e. 19 days after SCiige of H929 tumor cells when the tumor volume ha
reached at least 100-150 rhim all mice, with a mean tumor volume of 38161 mnd for the vehicle
treated control group, 315148 mni for the 2.6 nM/kg control-TCB treated group, 20335 mnd for

the 2.6 nM/kg 83A10-TCBcv group and 307 + 138 infor the 2.6 nM/kg BCMASO0-(scFy)
(BCMAS50-BITE®) group. The TCB antibody treatmenthedule was based on the pharmacokinetic

results previously obtained with 83A10-TCBcv andsisted of a once a week IV administration for up
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to 3 weeks (i.e. total of 3 injections of TCB awtily). Four days after reconstitution of the hostem

with human PBMCs (d19), a first dose of the antiM@anti-CD3 83A10-TCBcv antibody (2.6 nM/kg
respectively 0.5 mg/kg) was given via tail veinecgon. Blood samples were collected by
jugular/mandibular vein puncture (under anesthekih)before each treatment, 2 h before the second
treatment and at termination in mice from all gupmeated with 83A10-TCBcv and control-TCBcv.
Blood samples were immediately transferred intd aldivator containing tubes (T MG tubes, cherry
red top, Capiject®, Terumo®). Tubes were left atnnatemperature for 30 min to allow clotting. Then
tubes were centrifuged at 1,300 g for 5 min fort/serum separation. Serum aliquots were prepared,
flash frozen in liquid nitrogen and stored at -8Qifttil further analysis. Tumor volume (TV) was
measured by caliper during the study and progreakiaed by intergroup comparison of TV. The
percentage of tumor growth defined as TG (%) wasrdened by calculating TG (%) = 100 x (median
TV of analysed group)/ (median TV of control vebidteated group). For ethical reason, mice were
euthanized when TV reached at least 2000’ migigure 15 shows the TV of each individual mopse
experimental group: (A) control groups includinghigte control (full line) and control-TCB (dotted
line), (B) 83A10-TCBcv (2.6 nM/kg) group, and (CICBIA50-BITE® (2.6 nM/kg). In the 83A10-
TCBcv (2.6 nM/kg) group, 6 out of 9 mice (67%) Hhdir tumor regressed even below TV recorded at
di19 i.e. first TCB treatment and tumor regressi@s waintained until termination of study. The 8eni

in the 83A10-TCBcv (2.6 nM/kg) treated group whigied to show tumor regression had their TV
equal to 376, 402 and 522 mnespectively at d19. In contrast, none of thei@ni0%) treated with an
equimolar dose of BCMAS0-BITE® (2.6 nM/kg) at a era week schedule for 3 weeks had their tumor
regressed at any timepoints. Table 25 shows pssigme of tumor volumes over time in all
experimental groups. The percentage of tumor dromas calculated for d19 to d43 and compared
between 83A10-TCBcv (2.6 nM/kg) group and BCMASO-B® (2.6 nM/kg) (Figure 16). The results
demonstrate that TG (%) is consistently and sigaifily reduced in the 83A10-TCBcv (2.6 nM/Kkg)
group as well as the TG (%) is always lower whemgared to BCMA50-BITE® (2.6 nM/kg). Table
26 shows the median tumor volume (TV) and percentsfgumor growth (TG (%)) at days 19 to 43.
The overall results clearly demonstrated that 83ACBcv is superior to BCMA50-BITE® to induce
antitumor activity in vivo when treatment is givah equimolar dose in once a week schedule for 3

weeks.

Table 25.Progression of tumor volumes over time in mice fraontrol vehicle group and mice treated
with equimolar doses of control-TCB, 83A10-TCBcwW&BCMAS50-(scFv) (BCMAS0-BITE®)
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Tumor
volume
(mn) Al A2 A3 A4 A5 A6 A7 A8 A9 Mean| SD

Control vehicle Group A

Day5 | 95 58 63 71 63 68 67 65 36| 65 15

Day 8 70 61 71 70 56 68 74 70 49 66 8
Day 12 | 66 65 53 50 57 58 60 59 56| 58 5
Day 15| 101 95 131 80 61 65 89 37 161 91 37

Day 19 | 333 327 566 123 197 191 444 97 427 300 | 161

Day 23 | 565 481 1105 470 310 309 517 281 581513 | 249

Day 27| 1071 877 1989 823 560 675 1089 580 870 9430 | 4

Day 30 | 1870 1129 X 419.1 8671 1060 | 1368 673 1331 1090 | 450

™Y

Day 34 X 1653 507 1056 1521 1805 1008 2042 1370 | 535
Day 37 2140 2043 1309 201y 2394 1267 1862 |464
Day 40 X X 1592 X X 1346 1469 | 174
Day 43 1548 1994 1771 | 314
Day 47 X X
Day 51
Tumor 2.6 nM/kg Control TCB Group B
volume
(mm3) Bl B2 B3 B4 B5 B6 B7 B8 B9 Mearn SD
Day 5 68 65 84 83 46 63 73 74 14 69 11
Day 8 55 64 54 73 60 103 56 55 76 66 16
Day 12| 45 92 73 76 83 78 1043 69 76 77 16
Day 15 72 169 64 99 69 150Q 2238 115 88 117 54
Day 19| 257| 334 71 318 268 460 60p 236 285 315 148
Day 23| 430| 773 95 444 553 738 808 381 461 5p0 P27
Day 27| 924| 1252 232 780 76§ 10Q9 915 606 630 791 9 |28
Day 30 | 1191 1714 326 867 1230 1349 1118 8(L7 ¥83 4 10498
Day 34 | 1684 X 592| 1466 1660 1954 1765 1180 %76  1BFR9
Day 37 | 2522 597 173b 110% X X 1402 861 1370 691
Day 40 X 978 | 2384 1952 2277 1365 1792 604
Day 43 1302 X X X 1895 1599 419
Day 47 2346 23783 2359 19
Day 51 X X
Tumor 2.6 nM/kg 83A10-TCBcv Group C
volume
(mm3) C1l C2 C3 C4 C5 C6 C7 Cs8 C9 Mearn SD
Day 5 78 79 55 77 53 47 39 53 60 6( 15
Day 8 69 37 67 75 62 59 59 77 75 64 12
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Day12| 58| 61| 60| 69 48 59 46 63 8y 61 12
Day15| 136| 41 61| 138 48 57 76 71 217 94 58
Day19 | 376| 151| 238 522 154 133 377 287 402 293 135
Day23| 656| 322| 375 847 311 249 642 395 @81 498 P10
Day 27 | 1119 376| 443 1400 253 258 678 371 1166 §7341 |4
Day30 | 1607 187 26Q 1975 88 118 219 191 1590 692 3 |78
Day34 | 2143 68| 100  x 34 54 63 53 2429 618 1D33
Day37 | x 41 | 44 43 34 34 35 X 38 5
Day 40 64 | 40 43 38 32 39 43 11
Day 43 40 | 43 33 24 32 25 33 8
Day 47 14| 21 16 12 19 14 16 3
Day 51 15| 30 20 20 15 18 20 g
VTol:lTrgg 2.6 nM/kg BCMA50-(scFv), (BCMA50-BITE®) Group D

(mm?) | D1 | D2 | D3 | D4 D5 D6 D7 D8 D9| Mean SD
Day5 | 75| 92| 78| 86 57 91 74 58 6R 75 13
Day8 | 51 | 87 | 61| 99 70 88 90 73 71 77 15
Day12| 70| 73| 63| 76 84 76 85 58 113 78 16
Day15| 142 | 72 | 61| 128 87 77 121 60 188 104 44
Day19| 232 | 212| 81| 474/ 303 260 36( 304 539 307 138
Day23| 560 | 483| 121| 811 665 408 654 45y 1115 586 278
Day 27| 827 | 879 | 216| 1224 1092 732 886 90B 1526 921  B859
Day 30 | 1026 1414 227 1476 1373 1256 1210 1228 2433941 567

Day 34 | 1368| 1855 418 2185 1734 1936 1465 1645 x 1576 B35
Day 37 | 1691] 2754 599 254p 2102 2062 1958 765
Day 40 | 2764| x | 706 X X X 1735 1455
Day43| X 807 807 n/a
Day 47 X

Day 51

Table 26.Median tumor volume (TV) and percentage of tummomgh (TG (%)) at days 19 to 43:

5 83A10-TCBcv in comparison to BCMAS0-BITE®.

Tumor
growth
inhibition
TGinn (%)

Vehicle treated | 83A10-TCBcv BCMAS0-BITE® Control-TCB
Control 2.6 nM/kg 2.6 nM/kg 2.6 nM/kg
Median| TG Median TG Median TG Median TG

TV (%) TV (%) TV (%) TV (%)
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Day 19 327 100 287 87.8 303 92.7 285 87.2

Day 23 481 | 100 395| 821 560 1164 461 9538
Day 27 870 | 100 443 | 509  886|  101.B 78( 8d.7
Day30 | 1094.5 100 219] 20 1256  114)8 1118  1d21
Day34 | 1521| 100| 655 43| 16895 1111 1563  102.8
Day37 | 2030| 100 38 19| 208] 1026 12535 617
Day40 | 1469| 100 | 395| 27| 1733 1181 1952  13R.9
Day43 | 1771| 100| 325 1.8 807 456 15985  90.3
Day 47 / / 15 / / / 2359.5 /

Day 51 / / 19 / / / / /

Example 18: Antitumoral activity induced by anti-BCMA/anti-CD3 T-cell bispecific antibodies in
RPMI-8226 human myeloma xenograft model in PBMC-huranized NOG mice

Alternatively to H929 myeloma cell line, human nmymla RPMI-8226 cell line for which the level of
expression of surface BCMA is lower than that oPBI%ind more representative of the level detected on
primary myeloma cells is used as tumor xenografiefly, on day 0 (d0) of the study, 10X1020x1C
human myeloma cell line RPMI-8226 (ATCC® CCL-15511)200 pL 0.9% NaCl solution containing
50:50 matrigel (BD Biosciences, France) are sulmagasly (SC) injected into the right dorsal flarik o
immunodeficient NOD/Shi-scid IL2rgamma(null) (NO@male mice of 8-10 weeks of age (Taconic,
Ry, Danemark ). Twenty-four to 72 hours prior t®NR-8226 cell line SC implantation, all mice
received a whole body irradiation withysource (1.44 Gy°Co, BioMep, Breteniéres, France). NOG
mice receive a single intraperitoneal (IP) injestiaf 2x10 human PBMCs (in 500 puL PBS 1X pH7.4)
once between day 9 (d9) and day 45 (d45) once uhmrt volumes reach at least 100-150 inm
Characterization of the human PBMC is performednimpnunophenotyping (flow cytometry). Mice are
then carefully randomized into the different treatihand control groups (n=9/group) using Vivo
managet software (Biosystemes, Couternon, France) andatistital test (analysis of variance) is
performed to test for homogeneity between the ggoufntibody treatment starts at least 24h to 48h
after human PBMC IP injection and when the tumdunte reaches at least 100-150 frimall mice.
The TCB antibody treatment schedule is based ovique pharmacokinetic results and consisted of a
once or twice a week IV administration via the tagin for up to 3 weeks (i.e. total of 3 injectionis
TCB antibody). Blood samples are collected by jagmandibular vein puncture (under anesthesia) 1 h
before each treatment, 2 h before the second tesaitand at termination. Blood samples are

immediately transferred into clot activator contagntubes (T MG tubes, cherry red top, Capiject®,
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Terumo®). Tubes are left at room temperature fom®d to allow clotting. Then tubes are centrifuged

at 1,300 g for 5 min for clot/serum separation.u8eraliquots are prepared, flash frozen in liquid
nitrogen and stored at -80°C until further analysisimor volume (TV) is measured by caliper during
the study and progress evaluated by intergroup aosgn of TV. The percentage of tumor growth as
defined as inhibition TG (%) is determined by c#dting TG (%) = 100 x (median TV of analysed

group)/ (median TV of control vehicle treated grpup

The model development of the RPMI-8226 human myalaanograft in PBMC-humanized NOG mice
was first performed to ensure that the xenografiehavas appropriate for testing anti-BCMA/anti-CD3
T-cell bispecific antibodies. BCM®X-expressing RPMI-8226 MM cells were injected SCNOG
mice on day 0. At day 22, human PBMCs were ingedBe and human T cells could be detected in
blood one week later (data not shown). As depiateligure 20, tumor growth and bodyweight were
measured until day 50. Unfortunately and unexpdgtéius xenograft model turned out to be unsugabl
to test the antitumor activity of anti-BCMA/anti-@BDT-cell bispecific antibodies for the following
reasons: 1) RPMI-8226 human myeloma xenograftdaibegrow consistently in the PBMC-humanized
NOG mice; 2) the PBMC-humanized NOG mice transgldntith RPMI-8226 xenograft started losing
bodyweight soon after IP injection of human PBMGCsign of graft-versus host disease. These mice
were euthanized for ethical reasons; 3) loss of BGMpression observed in tumor xenograft post SC

injection at sacrifice of the host mice.

Example 19: Redirected T-cell cytotoxicity of plasma cells from peripheral blood mononuclear
cells or bone marrow aspirates of patient with plama cell leukemia (PCL) in presence of
autologous T cells induced by anti-BCMA/anti-CD3 Tcell bispecific antibodies as measured by
flow cytometry

Plasma cell leukemia (PCL) is a leukemic variantngkeloma arising eithete novo or from clinically
pre-existent multiple myeloma (MM). The current idalsle treatments are rather limited and consist
mainly of combinations of MM drugs and chemotherafyo date no therapy has ever been explicitly
registered for this highly aggressive and deadigase. BCMA plays an essential role in the surafva
normal plasma cellsand an anti-BCMA/anti-CD3 T tédipecific antibodies according to the invention
can be used forplasma cell leukemia treatment pateent suffering from said disease. Freshly taken
peripheral blood mononuclear cells (PBMC) from plascell leukemia patient samples containing >
80% plasma cells at high leucocyte counts are teswldy density gradient using Ficoll or other
comparable methods and incubated for 24h and 48h anti-BCMA/anti-CD3 T cell bispecific
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antibody concentrations or control antibodies df PM to 30 nM at 37°C in a humidified air

atmosphere. Whole bone marrow aspirates from p@lasefi leukemia patients can also be used as
samples. Each dose point is done in triplicatggptosis is determined by annexin/propidium iodide
staining of the whole population and of the CD188itive cells on a FACSCalibur using Diva software
(BD). Viability of the plasma cells and PBMC whofmopulation are investigated by propidium
iodide/CD138FITC doublestaining using flow cytometry (FACSCalibur; Bect@ickinson). Data
analysis is performed using FACSDiva Software (BedDickinson). Mean values are normalized on
the mean over the triplicates of the respectiveiumdontrol (MC). For statistical analysis, a esided
t-test is used. The maximum inhibition of PCL celbwgth at a concentration of 10 nM (IMAX10) and
the inhibition measured at 1 nM (IMAX1), respectiyeare given in percent as referred to the medium
control. The maximum inhibition of the control-TGBitibody (10 or 30 nM) compared to the medium
control is also measured. Computations are peddrosing R 3.1.19, and Bioconductor 2.1310, but for
calculation of the IMAX values (Microsoft Excel®; istosoft Office Professional 2013). An effect is
considered statistically significant if thevBlue of its corresponding statistical test is <% < 1%

(**) or <0.1% (***). BCMA expression is also meas on PBMC CD138plasma cells from plasma
cell leukemia patient samples as well as effecadisdo tumor cells (E:T) ratio is determined. As
shown in Figure 20, the results clearly show thetre was significantly reduced viable bone marrow
(Fig. 20A) or peripheral blood (Fig. 20B) plasmadl éeukemic cells with 42-TCBcv (i.e. more lysis of
the bone marrow plasma cell leukemic cells) in plasma cell leukemia patient samples as compared
to the medium control Table 27 demonstrates #regmtage of maximum inhibition of plasma cell
leukemic cells from patient bone marrow aspiratggesipheral blood induced by 10 nM (IMAX10) and

1 nM (IMAX1) anti-BCMA/anti-CD3 T cell bispecific ribodies relative to medium control. The
results demonstrate that 42-TCBcv is very potenintluce killing of patient bone marrow and blood
plasma cell leukemic cells. Despite specific lydi®one marrow plasma cell leukemic cells indulbgd
the anti-BCMA/anti-CD3 T cell bispecific antibodiesd observed bone marrow samples (PCL patient
1), the bone marrow microenvironment (BMME) was ftewted in the respective samples (data not

shown).

Table 27. IMAX10 and IMAX1 values in respect to maximal ibhion of plasma cell leukemia plasma
cell growth at 10 nM (IMAX10) and inhibition at 1nfdMAX1) based on propidium iodide negative
viable plasma cell leukemic cells from patient bom&rrow aspirates or blood in presence of by anti-
BCMA/anti-CD3 T cell bispecific antibodies.

Patient Sample No. 42-TCBcv Ctrl-TCB
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IMAX10 | IMAX1 | IMAX10
(%) (%) (%)
99.6 88.2 2.7
~60.0 ~40.0 ~8.0

Example 20: Redirected T-cell cytotoxicity of bonemarrow plasma cells from patient with AL
amyloidosis in presence of autologous T cells inded by anti-BCMA/anti-CD3 T cell bispecific

antibodies as measured by flow cytometry

AL amyloidosis is a rare disease caused by a disarfithe bone marrow which usually affects people
from ages 50-80 and with two-third of the patieb&sng male. AL amyloidosis is reflected by an
abnormal production of antibody / immunoglobulimigin by the plasma cells. In AL amyloidosis, the
light chains (LC) of the antibody are misfolded ahé abnormal LC misfolded protein result is the
formation of amyloid. These misfolded amyloid gios are deposited in and around tissues, nereks an
organs. As the amyloid builds up in an organ, nenvéissue, it gradually causes damage and affects
their function. Patients with AL amyloidosis areesf affected with more than one organ. Since BCMA
plays an essential role in the survival of normakma cells, it is highly justified to evaluate thigect

of anti-BCMA/anti-CD3 T cell bispecific antibodiés killing plasma cells in AL amyloidosis. Freshly
taken AL amyloidosis patient whole bone marrow siasipspirates are either exposed directly to the
anti-BCMA/anti-CD3 TCB antibodies or stained witib€38 magnetic microbeads (Miltenyi Biotec,
Bergisch Gladbach, Germany), passed through aM#\@& cell separation column and the collected
fractions with sufficient remaining number of AL gwidosis plasma cells of usually >4% are used for
further experiments. In 2dell plates, 500,000 cells/well are incubated amtuced for 48 hours. Anti-
BCMA/anti-CD3 TCB antibodies and control antibodjutions are added to the respective wells for a
final TCB concentration of 0.1 pM to 30 nM. Eachsdgoint is done in triplicates. Viability of the
plasma cells and cells of the bone marrow micrgenment is investigated by propidium
iodide/CD138FITC doublestaining using flow cytometry (FACSCalibur; Bect@ickinson). Data
analysis is performed using FACSDiva Software (BedDickinson). Mean values are normalized on
the mean over the triplicates of the respectiveiumdontrol (MC). For statistical analysis, a esided
t-test is used. The maximum inhibition of PCL celbwth at a concentration of 10 nM (IMAX10) and
the inhibition measured at 1 nM (IMAX1), respectiyeare given in percent as referred to the medium
control. The maximum inhibition of the control-TGBitibody (10 or 30 nM) compared to the medium

control is also measured. Computations are peddrosing R 3.1.19, and Bioconductor 2.1310, but for
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calculation of the IMAX values (Microsoft Excel®; ibtosoft Office Professional 2013). An effect is

considered statistically significant if thevBlue of its corresponding statistical test is <6% < 1%
(**) or <0.1% (***). BCMA expression is also measd on bone marrow CD13®lasma cells from

AL amyloidosis patient samples as well as effectdls to tumor cells (E:T) ratio is determined.
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Claims

1. A monoclonal antibody specifically binding to human B cell maturation antigen
(BCMA), wherein the antibody comprises a CDR3H region of SEQ ID NO:17 and a CDR3L
region of SEQ ID NO:20 and a CDR1H, CDR2H, CDR1L, and CDR2L region combination
selected from the group of:

a) CDR1H region of SEQ ID NO:21 and CDR2H region of SEQ ID NO:22, CDR1L
region of SEQ ID NO:25, and CDR2L region of SEQ ID NO:26, and

b) CDR1H region of SEQ ID NO:21 and CDR2H region of SEQ ID NO:22, CDR1L
region of SEQ ID NO:27, and CDR2L region of SEQ ID NO:28.

2. The antibody according to claim 1, wherein the antibody comprises as VH region a VH
region of SEQ ID NO:10 and as VL region a VL region selected from the group consisting of VL
regions of SEQ ID NO: 13 and 14.

3. A bispecific antibody specifically binding to BCMA and human CD3e (further named
also as “CD3”), wherein the bispecific antibody comprises a CDR3H region of SEQ ID NO:17
and a CDR3L region of SEQ ID NO:20 and a CDR1H, CDR2H, CDR1L, and CDR2L region
combination selected from the group of:

a) CDR1H region of SEQ ID NO:21 and CDR2H region of SEQ ID NO:22, CDR1L
region of SEQ ID NO:25, and CDR2L region of SEQ ID NO:26, and

b) CDR1H region of SEQ ID NO:21 and CDR2H region of SEQ ID NO:22, CDR1L
region of SEQ ID NO:27, and CDR2L region of SEQ ID NO:28.

4, The bispecific antibody according to claim 3, wherein the bispecific antibody comprises
as BCMA VH a VH region of SEQ ID NO:10 and as VL region a VL region of SEQ ID NO:13,
or as BCMA VH a VH region of SEQ ID NO:10 and as VL region a VL region of SEQ ID
NO:14.

5. The bispecific antibody according to claim 3 or 4, wherein the bispecific antibody
comprises a light chain and a heavy chain of an antibody specifically binding to CD3, wherein the
variable domains VL and VH or the constant domains CL and CH1 are replaced by each other,
optionally wherein the variable domain VVH of the anti-CD3 antibody portion (further named as
“CD3 VH”) comprises the heavy chain CDRs of SEQ ID NO: 1, 2 and 3 as respectively heavy
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chain CDR1, CDR2 and CDR3 and the variable domain VL of the anti-CD3 antibody portion
(further named as “CD3 VL”) comprises the light chain CDRs of SEQ ID NO: 4, 5 and 6 as
respectively light chain CDR1, CDR2 and CDR3.

6. A bispecific antibody specifically binding to BCMA and CD3, characterized in comprising:

a) the first light chain and the first heavy chain of a first antibody according to any one of
claims 1 to 2; and

b) the second light chain and the second heavy chain of a second antibody which
specifically binds to CD3, and wherein the variable domains VL and VH in the second
light chain and second heavy chain of the second antibody are replaced by each other;
and

¢) wherein in the constant domain CL of the first light chain under a) the amino acid at
position 124 is substituted independently by lysine (K), arginine (R) or histidine (H)
(numbering according to Kabat), and wherein in the constant domain CH1 of the first
heavy chain under a) the amino acid at position 147 and the amino acid at position 213 is
substituted independently by glutamic acid (E), or aspartic acid (D), optionally wherein
the bispecific antibody comprises in addition a Fab fragment of said first antibody
(further named also as “BCMA-Fab”) and in the constant domain CL said BCMA-Fab
the amino acid at position 124 is substituted independently by lysine (K), arginine (R) or
histidine (H) (numbering according to Kabat), and wherein in the constant domain CH1
of said BCMA-Fab the amino acid at positions 147 and the amino acid at position 213 is
substituted independently by glutamic acid (E), or aspartic acid (D) (numbering
according to EU index of Kabat) (see e.g. Figures 2A, 2C).

7. A bispecific antibody specifically binding to BCMA and CD3, characterized in comprising

a) the first light chain and the first heavy chain of a first antibody according to any one of
claims 1 to 2; and

b) the second light chain and the second heavy chain of a second antibody which
specifically binds to CD3, and wherein the variable domains VL and VH in the second
light chain and second heavy chain of the second antibody are replaced by each other;
and wherein
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¢) in the constant domain CL of the second light chain under b) the amino acid at position
124 is substituted independently by lysine (K), arginine (R) or histidine (H) (numbering
according to Kabat), and wherein in the constant domain CH1 of the second heavy chain
under b) the amino acid at positions 147 and the amino acid at position 213 is substituted
independently by glutamic acid (E), or aspartic acid (D) (humbering according to EU
index of Kabat).

8. The bispecific antibody according to any one of claims 3 to 7, wherein the bispecific
antibody comprises:

a) not more than one Fab fragment of an anti-CD3 antibody portion, not more than two
Fab fragments of an anti-BCMA antibody portion and not more than one Fc part;

b) an Fc part linked with its N-terminus to the C-terminus of said CD3 antibody Fab
fragment and to the C-terminus of one of said BCMA antibody Fab fragments; and/or

¢) a second Fab fragment of said anti-BCMA antibody portion linked with its C-terminus
to the N-terminus of the CD3 antibody portion of said bispecific antibody, optionally
wherein the VL domain of said anti-CD3 antibody Fab fragment is linked to the CH1
domain of said second anti-BCMA antibody Fab fragment.

9. The bispecific antibody according to claim 3, wherein the bispecific antibody comprises
a heavy and light chain set selected from the group consisting of polypeptides:

i) SEQ ID NO:48, SEQ ID NO:52, SEQ ID NO:53, and SEQ 1D NO:54 (2x), and
ii) SEQ ID NO:48, SEQ ID NO:55, SEQ ID NO:56, and SEQ ID NO:57 (2x).

10. A method for the preparation of an antibody according to any one of claims 1 to 9 comprising
the steps of:

a) transforming a host cell with

b) vectors comprising nucleic acid molecules encoding the light chain and heavy chain of
an antibody according to any one of claims 1 to 9;

¢) culturing the host cell under conditions that allow synthesis of said antibody molecule;
and

d) recovering said antibody molecule from said culture.
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11. A pharmaceutical composition comprising an antibody according to any one of claims 1 to 9
and a pharmaceutically acceptable excipient.

12. Use of an antibody in the manufacture of a medicament for treating multiple myeloma or
plasma cell leukemia, wherein said antibody is as described in any one of claims 3 to 9.

13. A chimeric antigen receptor (CAR), wherein the CAR comprises an antigen recognition
moiety directed against BCMA and a T-cell activation moiety, wherein the antigen recognition
moiety is a monoclonal antibody or antibody fragment according to claim 1 or 2.

14. A host cell comprising vectors comprising nucleic acid molecules encoding an antibody

according to any one of claims 1 to 9.





