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binders disclosed therein, use of a crossover-Fab based bispecific format results in improved 
yield and less aggregates and side-products during production. In addition, scFv- and scFab-
based DR5-FAP targeting bispecific antibodies demonstrated the tendency to form aggregates 
and therefore bear a higher riskto non-specifically crosslinkDR5 even in absence of FAP. Hence 

5 these formats have the disadvantage of potentially inducing apoptosis in non-target cells (i.e. 
healthy cells). 

The DR5 and FAP binding moieties of the novel bispecific antibodies provided herein 
exhibit superior in vivo efficacy compared to conventional DR5 antibodies. The preferred 
bispecific antibodies of the present invention bind with a high affinity to FAP on the tumor 

10 stroma and with a lower affinity to DR5 on the tumor cell. Moreover, the DR5 and FAP targeting 
bispecific antibodies provided herein do not crossreact with closely related proteins DR4, DcRl, 
DcR2 (closely related to DR5) and DPPIV (closely related to FAP). In addition it is now for the 
first time possible to provide a DR5-FAP bispecific antibody in various bispecific formats with 
no limitation as to the number of valencies of each binding specifity. 

15 To summarize, the novel bispecific DR5-FAP antibodies provided therein are highly 
specific and potent: They selectively induce apoptosis by DR5 hyperclustering in tumor cells in a 
FAP dependent manner, with low binding to normal cells. 

SUMMARY 

The present wmrtiea-application relates to bispecific antibodies combining a Death 

20 Receptor 5 (DR5) targeting antigen binding site with a second antigen binding site that targets 

Fibroblast Activation Protein (FAP). By that the death receptors become cross linked and 

apoptosis of the targeted tumor cell is induced. The advantage of these bispecific death receptor 

agonistic antibodies over conventional death receptor targeting antibodies is the specificity of 

induction of apoptosis only at the site where FAP is expressed as well as the higher potency of 

25 these bispecific antibodies due to the induction of DR5 hyperclustering. In addition, novel 

antibodies binding to DR5 are provided. As outlined above the inventors of the present 

application -developed novel DR5 binding moieties with superior properties compared 

to known DR5 binders that are incorporated into novel and advantageous DR5-FAP bispecific 

antibodies. 

30 

fa-ii»€-€»b©€lfflimtrtThe application javeatieft-provides a bispecific antibody that binds to death 

receptor 5 (DR5) and Fibroblast Activation Protein (FAP), comprising at least one antigen 

binding site specific for DR5, comprising 



(a) a heavy chain CDR1 consisting of SEQ ID NO.:l, SEQIDNO.:17 and SEQ ID 

NO.:75; 

(b) a heavy chain CDR2 of SEQ ID NP.:2, SEQ ID NO.:18, SEQ ID NO.:25 and SEQ ID 

NO.:83; 

5 (c) a heavy chain CDR3 of SEQ ID NO.:3, SEQ ID NO.: 19, SEQ ID NO.:84, SEQ ID 

NO.:96, SEQ ID NO.:98, SEQ ID N0.:104 and SEQ ID N0.:108; 

(d) a light chain CDR1 of SEQ ID N0.:4, SEQ ID N0.:20, SEQ ID NO.:27 and SEQ ID 

NO.:86; 

(e) a light chain CDR2 of SEQ ID NO.:5, SEQ ID NO.:21 and SEQ ID NO.:28; and 

10 (f) a light chain CDR3 of SEQ ID NO.:6, SEQ ID NO.:22, SEQ ID NO.:87, SEQ ID 

NO.:99, SEQ ID N0.:105, SEQ ID N0.:109 and SEQ ID NO.:97; 

and at least one antigen binding site specific for FAP, comprising 

(a) a heavy chain CDR1 of SEQ ID NO.:9 and SEQ ID NO.:33; 

(b) a heavy chain CDR2 of SEQ ID NO.: 10 and SEQ ID NO.:34; 

15 (c) a heavy chain CDR3 of SEQ ID NO.:l 1 and SEQ ID NO.:35; 

(d) a light chain CDR1 of SEQ ID NO.: 12 and SEQ ID NO.:36; 

(e) a light chain CDR2 of SEQ ID NO.: 13 and SEQ ID NO.:37; 

(f) a light chain CDR3 of SEQ ID NO.: 14 and SEQ ID NO.:38. 

In one aspect, the present application provides a bispecific antibody that binds to death receptor 

5 (DR5) and Fibroblast Activation Protein (FAP), comprising at least one antigen binding site 

specific for DR5, comprising 

fa) a heavy chain complementarity determining region 1 (CDRl) of SEQ ID NO.:l; 

(b) a heavy chain complementarity determining region 2 (CDR2) of SEP ID NO.:2; 

(c) a heavy chain complem.enta.rity determining region 3 (CD.R3) selected from the group 

of SEP ID NO.:3. SEP ID NO.:96. SEP ID NO.:98; SEP ID NQ.:104 and SEP ID 

NO.: 108: 

fd) a light chain CDRl of SEP ID NO.:4: 

fe) a light chain CDR2 of SEP ID NO.:5: and 

C'f) a light chain C.DR3 selected from the group of SEP ID NO.:6. SEP ID NO.:99, SEP 

ID NO.: 105, SEP IP-NQ.:109 and SEP ID NO.:97: 
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and at least one antigen binding site specific for FAP, comprising 

fa) a heavy chain CDRl selected from the group of SEQ ID NO/.9 and SEQ ID NO.:33; 

ib) a heavy chain CDR2 selected from the group of SEP ID NO.: 10 and SEP ID NO.:34; 

fc) a heavy chain CDR3 selected from the group of SEQ ID NO.: 11 and SEP ID NP.:35; 

fd) a light chain CDRl selected from the group of SEP ID NO.: 12 and SEP ID NP.:36; 

fe) a light chain CDR2 selected from the group of SEQ ID NP.:13 and SEP ID NP.:37; 

ff) a light chain CDR3 selected from the group of SEQ ID NP.:14 and SEP ID NP.:38. 

In one embodiment, the application. iweaMefi-provides a bispecific antibody wherein the antigen 

10 binding site specific for DR5 comprises 

(a) a heavy chain CDRl of SEQ ID NP.:1; 

(b) a heavy chain CDR2 of SEQ ID NP.:2; 

(c) a heavy chain CDR3 of SEQ ID NP.:3; 

(d) a light chain CDRl of SEQ ID NP.:4; 

15 (e) a light chain CDR2 of SEQ ID NP.:5; 

(f) a light chain CDR3 of SEQ ID NP.:6 

and the antigen binding site specific for FAP comprises 

(a) a heavy chain CDRl of SEQ ID NP.:9; 

(b) a heavy chain CDR2 of SEQ ID NP.: 10; 

20 (c) a heavy chain CDR3 of SEQ ID NP.: 11; 

(d) a light chain CDRl of SEQ ID NP.: 12; 

(e) a light chain CDR2 of SEQ ID NP.:13; 
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comprises three amino acid substitutions that abolish binding to an activating or inhibitory Fc 

receptor and/or effector function wherein said amino acid substitutions are L234A, L235A and 

P329G. 

In one embodiment a bispecific antibody is provided wherein the Fc part of the first heavy chain 

comprises a first dimerization module and the Fc part of the second heavy chain comprises a 

second dimerization module allowing a heterodimerization of the two heavy chains of the 

antibody. In one embodiment the first dimerization module comprises knobs and the second 

dimerization module comprises holes according to the knobs into holes strategy. 

10 The application also provides antibody that specifically binds to DR5 
is-fH=evM«i, comprising 

(a) a heavy chain complementarity determining region 1 (CDRl) selected from the group 
consisting of SEQ ID NP.:1, SEQ ID NO.: 17 and SEQ ID NO.:75; 

(b) a heavy chain complementarity determining region 2(CDR2) selected from the group of 
15 SEQ ID NO.:2, SEQ ID NO.: 18, SEQ ID NO.:25 and SEQ ID NO.:83: 

(c) a heavy chain complementarity determining region 3 (CDR3) selected from the group 
of SEQ ID NO.:3, SEQ ID NO.: 19, SEQ ID NO.:84, SEQ ID NO.:96, SEQ ID NO.:98, SEQ ID 
NO.: 104 and SEQ ID NO.: 108; 

(d) a light chain CDRl selected from the group of SEQ ID NO.:4, SEQ ID N0.:20, SEQ 
20 ID NO.:27 and SEQ ID NO.:86; 

(e) a light chain CDR2 selected from the group of SEQ ID NO.:5, SEQ ID NO.:21 and 
SEQ ID NO.:28; and 

(f) a light chain CDR3 selected from the group of SEQ ID NO.:6, SEQ ID NO.:22, SEQ ID 
NO.:87, SEQ ID NO.:99, SEQ ID N0.:105, SEQ ID N0.:109 and SEQ ID NP.:97f, 

25 

30 

In another aspect, the present application provides an antibody that specifically binds to DR5, 
comprising 

(a) a heavy chain complementarity determining region 1 (CDRl) of SEQ ID NO.: 1: 
(b) a heavy chain complementarity determining region 2 (CDR2) of SEP ID NO.:2; 
(c) a heavy chain complementarity determining region 3 (CDR3) selected from the group 
of SEP ID NO.:3, SEQ ID NO.:96. SEP ID NO.:98. SEP ID NO.: 104 and SEP ID 
NO.: 108; 
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(d) a light chain CDRl of SEQ ID NQ.:4: 
(e) a light chain CDR2 of SEP ID NQ.:5: and 
(f) a light chain. CDR3 selected from the group of SEQ ID NO.:6. SEP ID NQ.:99. SEQ ID 

NO.: 105, SEP ID NO.: 109 and SEQ ID NQ.:97. 

In a further embodiment an antibody that specifically binds to DR5 is provided, comprising 

(a) a heavy chain CDRl of SEQ ID NO.: 1; 

(b) a heavy chain CDR2 of SEQ ID NO.:2; 

(c) a heavy chain CDR3 of SEQ ID NO.:3; 

(d) a light chain CDRl of SEQ ID NO.:4; 

(e) a light chain CDR2 of SEQ ID NO.:5; 

(I) a light chain CDR3 of SEQ ID NO.:6 
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In a further embodiment an antibody that specifically binds to DR5 is provided, comprising a 

variable heavy chain and a variable light chain comprising an amino acid sequence selected from 

the group of: SEQ ID NO.:7 and SEQ ID NO.:8; SEQ ID NO.:23 and SEQ ID NO,:24; SEQ 

ID NO.:26 and SEQ ID NO.:24; SEQ ID NO.:23 and SEQ ID NO.:29; SEQ ID NO.:23 and 

5 SEQ ID N0.:30; SEQ ID NO.:26 and SEQ ID NO.:31; SEQ ID NO.:26 and SEQ ID NO.:32; 

SEQ ID NO.:26 and SEQ ID N0.:30; SEQ ID NO.:23 and SEQ ID NO.:31; SEQ ID NO.:82 

and SEQ ID NO.:85; SEQ ID NO.: 100 and SEQ ID N0.:101; SEQ ID NO.: 102 and SEQ ID 

N0.:103; SEQ ID N0.:106 and SEQ ID N0.:107; SEQ ID NO.:94 and SEQ ID NO.:95; 

In a further embodiment an antibody that specifically binds to DR5 is provided comprising 
10 a variable heavy chain comprising an amino acid sequence of SEQ ID NO.:7 and a variable light 

chain comprising an amino acid sequence of SEQ ID NO.:8. 

In S'CCOild" -ebjeet—another aspect, the present application ee—relates to a 
pharmaceutical composition comprising a bispecific antibody or the antibody that specifically 
binds to DR5 of the present applicationiayeirtiea 

15 In another aspect, a-4hit#-eMe0lr~-the present application wvenfH>H- relates to a bispecific 
antibody targeting DR5 and FAP or an antibody that specifically binds to DR5 of the present 
application -for the treatment of cancer. In one preferred embodiment said cancer is 
pancreatic cancer or colorectal carcinoma. In another embodiment, use of the bispecific antibody 
or an antibody that specifically binds to DR5 as a medicament is provided. Preferably said use is 

20 for the treatment of cancer, preferably pancreatic cancer or colorectal carcinoma. In another 
aspect, the present application relates to use of the bispecific antibody targeting DR5 and FAP or 
an antibody that specifically binds to PR5 of the present application in the manufacture of a 
medicament. 

fa^iMh«M)fe|e-ete4The present application layenttefralso relates to a nucleic acid sequence 
25 comprising a sequence encoding a heavy chain of a bispecific antibody or an antibody that 

specifically binds to DR5 of the present applicationiayefrtk». In another aspect, the present 
application relates to a nucleic acid sequence comprising a sequence encoding a heavy chain of 
an antibody that specifically binds to DR5 of the present application. The present application 
also relates to^a nucleic acid sequence comprising a sequence encoding a light chain of a 

30 bispecific antibody or an antibody that specifically binds to DR5 of the present 
applicationwmMrikm.-; In another aspect, the present application relates to a nucleic acid sequence 
comprising a sequence encoding a light chain of an antibody that specifically binds to DR5 of 
the present application. In another aspect, the present application relates to -an expression vector 
comprising a nucleic acid sequence of the present application. another aspect, the 

35 present application relates to aftd-te-a prokaryotic or eukaryotic host cell comprising a vector of 
the present appBcationie¥eat*ea. In another aspect, the present application relates to fa-addMea-a 
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method of producing an antibody comprising culturing the host cell so that the antibody is 
produced4s^*m4de4 

BRIEF DESCRIPTION OF THE FIGURES 

5 Figure 1: FACS binding analysis of two different cell lines (SW872 and GM05389) for 
expression levels of human fibroblast activation protein (FAP) (A). The fluorescence intensity 
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Clairns 

1. A bispecific antibody that binds to death receptor 5 (DR5) and Fibroblast Activation 

Protein (FAP), comprising at least one antigen binding site specific for DR5, comprising 

(a) a heavy chain complementarity determining region 1 (CDRl) 
nf cpn rn Nfl • 1 c-cn in XTQ • 1*7 ccn rn TVfQ .75. XSKJXlbiZTViTr^^ KJI uLW IJLs DTiy TX> £'^\77. ITT5TOX3 CTJ^TX^r^^nT^TTXy^T/ZT^ 

(b) a heavy chain complementarity determining region 2 (CDR2) sek*5te44kHH-4he-gFeHp 
,,f CCA rn Kin -o ccn in XJO -i g CPQ TO "Kin -it qpp Try >rr> -QI-

kJJLyV^/ IX-/ 1 >1 V_y.. O'Xl'%7 IX> '1 ^/TTTT; j 1^' t-J '%/ A.L> I i ^JTTXJZJ; 

(c) a heavy chain complementarity determining region 3 (CDR3) selected from the group 

of SEQ ID N0.:3, * ' ~ > 1 ' : SEQ ID NO.:96, SEQ ID NO.:98; 

10 SEQ ID NO.: 104 and SEQ ID NO.: 108; 

(d) a light chain CDRl seleeted-freH^fee-gfettp-of SEQ ID NO.:4. c~pr> Trv \TP> -in ccn 

rn MO •?"7 9.PO TO NO •9.£-try rTc/v:£7 .nv:, 5 

(e) a light chain CDR2 seleeted-freffl-fee^ei^of SEQ ID NO.:5^i^lMO-24^a4 

S£Q4&-N©7i38; and 

15 (f) a light chain CDR3 selected from the group of SEQ ID NO.:6, SEQ4B-NQri33;-SEQ 

iD-NGrfSTrSEQ ID NO.:99, SEQ ID N0.:105, SEQ ID N0.:109 and SEQ ID NO.:97; 

and at least one antigen binding site specific for FAP, comprising 

(a) a heavy chain CDRl selected from the group of SEQ ID NO.:9 and SEQ ID NO.:33; 

(b) a heavy chain CDR2 selected from the group of SEQ ID NO.: 10 and SEQ ID NO.:34; 

20 (c) a heavy chain CDR3 selected from the group of SEQ ID NO.:l 1 and SEQ ID NO.:35; 

(d) a light chain CDRl selected from the group of SEQ ID NO.: 12 and SEQ ID NO.:36; 

(e) a light chain CDR2 selected from the group of SEQ ID NO.: 13 and SEQ ID NO.:37; 

(f) a light chain CDR3 selected from the group of SEQ ID NO.:14 and SEQ ID NO.:38. 

25 2. The bispecific antibody of claim 1, wherein the antigen binding site specific for DR5 

comprises a variable heavy chain and a variable light chain comprising an amino acid 

sequence selected from the group of: SEQ ID NO.:7 and SEQ ID NO.:8; rn wx. :rV^ 

^•nA Q"PA TFi MA A A gi;n IT"! 'KTA nrO Til MO -1A' AHA TA MQ -II ,tyA CpA TA TtllXX 'CrLyx^'J'i~TZP X^TV./, IZJ ;rTX^T7Z^\:./ ilxlvr CT~tZ7\^'' ,."jiirTJ O i J I x-JTTXTTTZTZT UXinCt O xTS# 

wn -pp. cjpr\ ir> xjr\ -o-a nnH g.Ffi ID KID -^0- gJPOTD..-MO •">f. 9.FO TO NO \ • T^'xy~rr2^~T^ TIZT I H K::/''; S ctncr^jx./ riz^ rTx.y«. L> L.J\J nTTTtT",< c-' i. <r 

•30 opn TO NO nnH P.FO TH MO 9.PO III NO •">^ -mri CPA TO "NIP •^.0- g'PO TO J) \J K^~~iXy TXXTTTZAj CXliS.:*: X1 \7. .trZT,, kJI7^7 T£7 T f^J 777,ZXj tXllXT TSTTiT^/ nX^rTv/7n7^ Tjt7\^IJ 

MA -01 ^A CCA rr\ XTQ '11 - CCA in MA -Q/I nr,A QT7A rn "NIO *9** QFA in MO *1(10 T'Nv-/Tr2!rz?™n^rrcr™ox^x^'''TX5 iTv/".".jrr\ ~Kj^5x^^i^'~'T^xz?7^vrzs zttTKX~~orz^7x^'~~£ty T^xyTTtTzn; uijy XJLS INV..IUU 

and SEQ ID NO.: 101; SEQ ID NO.: 102 and SEQ ID NO.: 103; SEQ ID NO.: 106 and 

SEQ ID N0.:107; SEQ ID NO.:94 and SEQ ID NO.:95; 



-270 -

22. The bispecific antibody of any of claims 7 to 21, wherein the Fc domain comprises one or 

more amino acid substitution that reduces binding to an Fc receptor and/or effector 

function. 

5 23. The bispecific antibody of claim 22, wherein said one or more amino acid substitution is 

at one or more position selected from the group of L234, L235, and P329. 

24. The bispecific antibody of claim 23, wherein each subunit of the Fc domain comprises 

three amino acid substitutions that reduce binding to an activating or inhibitory Fc 

10 receptor and/or effector function wherein said amino acid substitutions are L234A, 

L235A and P329G. 

25. The bispecific antibody of any of claims 7 to 24, wherein the Fc part of the first heavy 

chain comprises a first dimerization module and the Fc part of the second heavy chain 

15 comprises a second dimerization module allowing a heterodimerization of the two heavy 

chains of the first antibody. 

26. The bispecific antibody of claim 25, wherein the first dimerization module comprises 

knobs and the second dimerization module comprises holes according to the knobs into 

20 holes strategy. 

27. An antibody that specifically binds to DR5, comprising 
I 

25 

30 

(a) a heavy chain complementarity determining region 1 (CDRl) 
• ... , .. .\Q' V7ii.isiTT£xi IS 

|.'.7 

iisUtnf qpn m NO • 1 g'CQ T~n MA -1 1 CCA T'Pi 'Kin -HZ,-UL/y JL.JL/ 1 j jfSZs Pr<v./"»TT7 orTO C^ 

(b) a heavy chain complementarity determining region 2(CDR2) f jk f.. XT'' ti.i.w '• '£ v/xrr 

rvf rn MO •? O;'PA Ir% TVJQ . i 9. gcA ir\ XTQ Os cpn m ATQ a. WJL uijW iiy i :r» r vv_>;. 

(c) a heavy chain complementarity determining region 3 (CDR3) selected from the group 

of SEQ ID NO.:3, SM ^r^^^BQJI^MO^M^SEQ ID NO.:96, SEQ ID NO.:98, 

SEQ ID N0.:104 and SEQ ID N0.:108; 

(d) a light chain CDRl s#eeted-&effi-Ae-gFe;ap-of SEQ ID NO.:4^ g.CA ID NO -9A CPA U1J\/ i SZfJ.ZJ JZ7X^S 

rn MO -n cpQ in Mn .Qfv TXZP3r\ u. / cortoox;7v^? Ti3? 



-271 -

(e) a light chain CDR2 seteeted-freffiHthe-gFewp-of SEQ ID N0.:5rSEQ--ro-NO7^34~Tiftd 

SEQ ID-NO,:2*; and 

(f) a light chain CDR3 selected from the group of SEQ ID NO.:6, rSBQ4M0-22rSEQ 

4D-NOH*7; SEQ ID NO.:99, SEQ ID NO.: 105, SEQ ID NO.: 109 and SEQ ID NO.:97,f 

5 

28. The antibody of claim 27, comprising 

(a) a heavy chain CDRl of SEQ ID NO.: 1; 

(b) a heavy chain CDR2 of SEQ ID NO.:2; 

(c) a heavy chain CDR3 of SEQ ID NO.:3; 

10 (d) a light chain CDRl of SEQ ID NO.:4; 

(e) a light chain CDR2 of SEQ ID NO.:5; 

(f) a light chain CDR3 of SEQ ID NO.:6. 

29. The antibody of claim 27, comprising a variable heavy chain and a variable light chain 

comprising an amino acid sequence selected from the group of: SEQ ID NO.:7 and SEQ 

ID NO.:8; 

SEQ^N©7T33-«drSBQ4&^Ori39rSBQ-©^OTT33-aad-SEQ4D^I07T50rSBQ® 

NOT^S^SEQ ID NO.: 100 and SEQ ID NO.: 101; SEQ ID NO.: 102 and SEQ ID 

N0.:103; SEQ ID N0.:106 and SEQ ID N0.:107; SEQ ID NO.:94 and SEQ ID NO.:95. 

30. The antibody of any of claims 27 to 29, comprising a variable heavy chain comprising an 

amino acid sequence of SEQ ID NO.:7 and a variable light chain comprising an amino 

25 acid sequence of SEQ ID NO.:8. 

31. A pharmaceutical composition comprising a bispecific antibody of claims 1 to 26 or the 

antibody of claims 27 to 30. 

30 32. The bispecific antibody of claims 1 to 26 or the antibody of claims 27 to 30 for the 

treatment of cancer. 

15 

20 
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33. The bispecific antibody of claims 1 to 26 or the antibody of claims 27 to 30 for use as a 

medicament. 

34. Use of the bispecific antibody of claims 1 to 26 or the antibody of claims 27 to 30 in the 

manufacture of a medicament. 

35. The use of claim 34, wherein the medicament is for treatment of cancer. 

36. The use of claim 34, wherein the medicament is for treatment of pancreatic cancer or 

colorectal carcinoma. 

37. A nucleic acid sequence comprising a sequence encoding a heavy chain e£a-l»ispeoifie 

antibody of olaliBS1 to 26 or #^0 heavy ehoia-of an antibody of claims 27 to 30. 

38. A nucleic acid sequence comprising a sequence encoding a light chain rfTtttspeeilie 

an antibody of claims 27 to 30. 

39. An expression vector comprising a nucleic acid sequence of claim 37 and/or claim 38. 

40. A prokaryotic or eukaryotic host cell comprising a vector according to claim 39. 

41. A method of producing an antibody comprising culturing the host cell of claim 40 so that 

the antibody is produced. 


