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WHAT IS CLAIMED IS: 

laim 1. 	An antibody-like binding protein comprising four polypeptide chains 

fo 	I four antigen binding sites, wherein two polypeptide chains have a structure 

that 

5 repress ted by the formula: 

VLi-L1-VL2-L2-CL 	[I] 

and two pol , . eptide chains have a structure represented by the formula: 

Vip-L1-Viii-L4-Cm-Fc 	[II] 

wherein: 

10 VII  is a first i ' 	unoglobulin light chain variable domain; 

VL2  is a second i I munoglobulin light chain variable domain; 

VH1  is a first immu • globulin heavy chain variable domain; 

VH2 is 	sec,,,,,lininiii 	gl,,bulin hevy chin vniAle (1,-,min; 

CL  is an immunoglobulin • • ht chain constant domain; 

15 CHi  is the immunoglobulin 	i  heavy chain constant domain; 

Fc is the immunoglobulin hinge , egion and CH2, CH3  immunoglobulin heavy 

constant domains; and 

chain 

TL 1, TL,2, TL 3, and L4  are amino acid link 	-; 

and wherein the polypeptides of formula I and t' - polypeptides of formula II form a 

2 0 cross-over light chain-heavy chain pair. 

Claim 2. 	The antibody-like binding protein of claim 	, wherein: 

L1  is 3 to 12 amino acid residues in length; 

L2  is 3 to 14 amino acid residues in length; 

2 5 L3  is 1 to 8 amino acid residues in length; and 

L4  is 1 to 3 amino acid residues in length. 

Claim 3. 	The antibody-like binding protein of either claim 1 or 2, w - -in: 

L1  is 5 to 10 amino acid residues in length; 

3 0 L2  is 5 to 8 amino acid residues in length; 

L3  is 1 to 5 amino acid residues in length; and 
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L4  is 1 to 2 amino acid residues in length. 

k aim 4. 	The antibody-like binding protein of any one of claims 1-3, wherein: 

L1  is 7 amino acid residues in length; 

5 2 is 5 amino acid residues in length; 

L3 	1 amino acid residues in length; and 

L4 is = amino acid residues in length. 

Claim 5. 	The ntibody-like binding protein of claim 1, wherein: 

10 L1  is 1 to 3 am 	o acid residues in length; 

L2 is 1 to 4 amino . cid residues in length; 

L3 is 2 to 15 amino a id residues in length; and 

T 4  19 2 to  15 	ifi.in,-,  ni.- resirliies in length. 

15 Claim 6. 	The antibody-like bin 	ng protein of either claim 1 or 5, wherein: 

L1  is 1 to 2 amino acid residues i , length; 

L2  is 1 to 2 amino acid residues in l' gth; 

TL3 1S A  to 112 amino acid residues in len.th; and 

L4 is 2 to 12 amino acid residues in lengt 

2 0 

Claim 7. 	The antibody-like binding protein of an 	one of claims 1, 5, or 6, wherein: 

L1  is 1 amino acid residue in length; 

L2 is 2 amino acid residues in length; 

L3 is 7 amino acid residues in length; and 

2 5 L4 is 5 amino acid residues in length. 

Claim 8. 	The antibody-like binding protein of claim 1, wherein L1  r 0 amino acid 

residues in length and L3 is 2 or more amino acid residues in length. 

3 0 Claim 9. 	The antibody-like binding protein of claim 1, wherein L3  is 0 amino . cid 

residues in length and L1  is 1 or more amino acid residues in length. 
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Claim 10. 	The antibody-like binding protein of claim 1, wherein L4 is 0 amino acid 

esidues in length and L2 is 3 or more amino acid residues in length. 

5 Clai 	11. 	The antibody-like binding protein of any one of claims 1-10, wherein the 

binding 6 otein is capable of specifically binding one or more antigen targets. 

10 

Claim 12. 	1  he antibody-like binding protein of any one of claims 1-11, wherein the 

one or more antig 	targets is selected from the group consisting of B7.1, B7.2, BAFF, 

B1yS, C3, C5, CCL1 	(eotaxin), CCL15 (MIP-id), CCL17 (TARC), CCL19 (MIP-3b), 

CCL2 (MCP-1), CCL21 (MIP-3a), CCL21 (MIP-2), SLC, CCL24 (MPIF-2/eotaxin-2), 

CCL25 (TECK), CCL26 (- 'toxin-3), CCL3 (MIP-la), CCL4 (MIP-ib), CCL5 

(14  ANTPQ), CCT 7 G1 \4cP-31, 	CT 8, Oncipz)), cm,  cni9, crY20, crY24, cn4.0, cn4.0T , 

CD80, CD86, CDH1 (E-cadheri 	Chitinase, CSF1 (M-CSF), CSF2 (GM-CSF), CSF3 

15 (GCSF), CTLA4, CX3CL1 (SCYD , CXCL12 (SDF1), CXCL13, EGFR, FCER1A, 

FCER2, HER2, IGF1R, IL-1, IL-12, I 	3, IL15, IL17, IL18, ILIA, IL1B, IL1F10, IL113, 

IL2, IL4, IL6, IL7, IL8, IL9, IL12/23, IL 	IL23, IL25, IL27, IL35, ITGB4 (b 4 

integrin), I_ ,_EP (leptin), WIC a ass II, TLR2, ThR4, TLR5, TNF, TNFa, TNFSF74 (0X40 

ligand), TNFSF5 (CD40 ligand), Toll-like recep ors, TREM1, TSLP, TWEAK, XCR1 

2 0 (GPR5/CCXCR1), DNGR-1(CLEC91), and HMG:1 

Claim 13. 	The antibody-like binding protein of any o le of claims 1-12, wherein the 

binding protein is bispecific and capable of binding two dift 	ent antigen targets. 

2 5 Claim 14. 	The antibody-like binding protein of any one of cla 	1-13, wherein the 

two different antigen targets are selected from the group consisting o 	L4 and IL13, 

IGF1R and HER2, IGF1R and EGFR, EGFR and HER2, BK and IL13, ' IL-1 and 

CTLA-4, CTLA4 and MHC class II, IL-12 and IL-18, IL-la and IL-113, 	a and 

IL12/23, TNFa and IL-12p40, TNFa and IL113, TNFa and IL-23, and IL17 an IL23. 

30 
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Claim 15. 	The antibody-like binding protein of any one of claims 1-14, wherein the 

binding protein is capable of inhibiting the function of one or more of the antigen targets. 

Cl • 	16. 	The antibody-like binding protein of any one of claims 1-15, wherein at 

5 least e I e of the linkers selected from the group consisting of L1, L2, L3, and L4  contains at 

least one 	steine residue. 

Claim 17. 	n antibody-like binding protein comprising two polypeptide chains that 

form two antigen , nding sites, wherein a first polypeptide chain has a structure 

10 represented by the fo , ula: 

VII-Li-VL2-L2-CL 	[I] 

and a second polypeptide c 	in has a structure represented by the formula: 

V11211  3-V111-T 4-cm 	[II] 

wherein: 

15 VIA is a first immunoglobuli 	light chain variable domain; 

VL2  is a second immunoglobuli light chain variable domain; 

VH1  is a first immunoglobulin hea 	chain variable domain; 

AT 	I- 
V H2  IN d NelAillli 11111111 inugiu lill1111 lied V 	L.11d111 V dl Id lile litillId111, 

CL is an immunoglobulin light chain con ant domain; 

2 0 CHi is the immunoglobulin CHi heavy chain onstant domain; and 

L1, L2, L3, and L4  are amino acid linkers; 

and wherein the first and second polypeptides form a cro 	-over light chain-heavy chain 

pair. 

2 5 Claim 18. 	The antibody-like binding protein of claim 17, w e -in: 

L1  is 3 to 12 amino acid residues in length; 

L2  is 3 to 14 amino acid residues in length; 

L3  is 1 to 8 amino acid residues in length; and 

L4  is 1 to 3 amino acid residues in length. 

30 

Claim 19. 	The antibody-like binding protein of either claim 17 or 18, wherein: 
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L1  is 5 to 10 amino acid residues in length; 

L2 is 5 to 8 amino acid residues in length; 

L3 is 1 to 5 amino acid residues in length; and 

L4 is 1 to 2 amino acid residues in length. 

5 

Claim 20. The antibody-like binding protein of any one of claims 17-19, wherein: 

L1  is amino acid residues in length; 

L? is 5 . i ino acid residues in length; 

L3 is 1 ami o acid residues in length; and 

10 	 L4 is 2 amino cid residue in length. 

Claim 21. The antibod y like binding protein of claim 17, wherein: 

T , 

L2 

ic 1 

is 1 

1-n 2 arninn ariti 	p•citiiir•c in lrmi-ri-h• 

to 4 amino acid res.sues in length; 

15 	 L3 is 2 to 15 amino acid remn es in length; and 

L4 is 2 to 15 amino acid residue' n length. 

/,1-._— '1,1 
1_ 1d1111 LL. _---=-- 111e d1111 I./L.1y -111W umumg poi. 	11 til elillel LAMM 1 / til L. 1 , Wile]. elll. 

L1  

2 0 	 L2 

is 1 

is 1 

to 2 amino acid residues in length, 

to 2 amino acid residues in length; 

L3 is 4 to 12 amino acid residues in length; any 

L4 is 2 to 12 amino acid residues in length. 

Claim 23. The antibody-like binding protein of any one of . aims 17, 21, or 22, 

2 5 	wherein: 

L1  is 1 amino acid residue in length; 

L2 is 2 amino acid residues in length; 

L3 is 7 amino acid residues in length; and 

L4 is 5 amino acid residues in length. 

30 
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Claim 24. 	The antibody-like binding protein of claim 17, wherein L1  is 0 amino acid 

residues in length and L3  is 2 or more amino acid residues in length. 

Cl ' 	25. 	The antibody-like binding protein of claim 17, wherein L3  is 0 amino acid 

5 residu. 	in length and L1  is 1 or more amino acid residues in length. 

Claim 26. 	The antibody-like binding protein of claim 17, wherein L4  is 0 amino acid 

residues in len. 	and L2  is 3 or more amino acid residues in length. 

10 

15 

Claim 27. 	The a 	body-like binding protein of any one of claims 17-26, wherein the 

binding protein is capab - of specifically binding one or more antigen targets. 

claim 2R 	The 	ntib,-,,ly-li e binrling pmtein ,-,f iiy ,,ne ,-,f claims 17-27 Nvherein the 

one or more antigen targets is sel: ted from the group consisting of B7.1, B7.2, BAFF, 

B1yS, C3, C5, CCL11 (eotaxin), CC .15 (MIP-id), CCL17 (TARC), CCL19 (MIP-3b), 

CCL2 (MCP-1), CCL20 (MIP-3a), CC: 1 (MIP-2), SLC, CCL24 (MPIF-2/eotaxin-2), 

CCL25 (TECK), CCL26 (eotaxin-3), CCL' (MIP-la), CCL4 (MIP-ib), CCLS 

(RAINTES), CCL7 (MCP-3), CCU)  (111cp-2), 	D3, CD.19, CD20, CD24, CD40, CD4OL, 

CD80, CD86, CDH1 (E-cadherin), Chitinase, C` 	1 (M-CSF), CSF2 (GM-CSF), CSF3 

20 (GCSF), CTLA4, CX3CL1 (SCYD1), CXCL12 (S i 1), CXCL13, EGFR, FCER1A, 

FCER2, HER2, IGF1R, IL-1, IL-12, IL13, IL15, IL17, L18, ILIA, IL1B, IL1F10, IL113, 

IL2, IL4, IL6, IL7, IL8, IL9, IL12/23, IL22, IL23, IL25, 	27, IL35, ITGB4 (b 4 

integrin), LEP (leptin), MHC class II, TLR2, TLR4, TLR5„ TNFa, 1NFSF4 (0X40 

ligand), TNFSFS (CD40 ligand), Toll-like receptors, TREM1, 	LP, TWEAK, XCR1 

2 5 (GPR5/CCXCR1), DNGR-1(CLEC91), and HMGB1. 

Claim 29. 	The antibody-like binding protein of any one of claims 1 	8, wherein the 

binding protein is bispecific and capable of binding two different antigen to sets. 

3 0 Claim 30. 	The antibody-like binding protein of any one of claims 17-29, whe -in the 

two different antigen targets are selected from the group consisting of IL4 and IL13, 
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IGF1R and HER2, IGF1R and EGFR, EGFR and HER2, BK and IL13, PDL-1 and 

CTLA-4, CTLA4 and MHC class II, IL-12 and IL-18, IL-1 a and IL-113, TNFa and 

12/23, TNFa and IL-12p40, TNFa and IL113, TNFa and IL-23, and IL17 and IL23. 

5 Claim 	1. 	The antibody-like binding protein of any one of claims 17-30, wherein the 

binding s otein is capable of inhibiting the function of one or more of the antigen targets. 

Claim 32. 	' he antibody-like binding protein of any one of claims 17-31, wherein at 

least one of the li 1 ers selected from the group consisting of L1, L2, L3, and L4  contains at 

10 least one cysteine res sue. 

Claim 33. 	An isolated ucleic acid molecule comprising a nucleotide sequence 

enc,,,ling the 	ntib,-,,ly-like bi 	mg pmtein ,-,f any  (nix ,-,f clirris 1-3'). 

15 Claim 34. 	An expression vector omprising the nucleic acid molecule of claim 33. 

Claim 35. 	An isolated host cell comp 	ing the nucleic acid molecule of claim 33 or 

the expression vector of claim :34. 

2 0 Claim 36. 	The host cell of claim 35, wherein t 	host cell is a mammalian cell or an 

insect cell. 

Claim 37. 	A pharmaceutical composition comprising a . i armaceutically acceptable 

carrier and a therapeutically effective amount of the antibody-li e binding protein of any 

2 5 one of claims 1-32. 

Claim 38. 	A method for making the antibody-like binding protein o .ny one of 

claims 1-16, comprising expressing in a cell one or more nucleic acid mole• les encoding 

polypeptides having structures represented by the formulas [I] and [II] below: 

3 0 VT 1-1-d1NT 2-L2-Cr 	[I] 

V112-1-,3-VH1-1-,4-CH1-FC 	[II] 
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wherein: 

VII  is a first immunoglobulin light chain variable domain; 

VL2  is a second immunoglobulin light chain variable domain; 

VFH  is a first immunoglobulin heavy chain variable domain; 

5 VH2  is a second immunoglobulin heavy chain variable domain; 

CL  s an immunoglobulin light chain constant domain; 

CHi  1 the immunoglobulin CH1  heavy chain constant domain; 

Fc is the mmunoglobulin hinge region and Cif?, CHI immunoglobulin heavy chain 

constant do 	ains; and 

10 L1, L2, L3, any 	4  are amino acid linkers; 

and wherein the polypep des of formula I and the polypeptides of formula II form a 

cross-over light chain-hea 	chain pair. 

Claim 39. 	A method for make • the antibody-like binding protein of any one of 

15 	claims 17-32, comprising expressing 	a cell one or more nucleic acid molecules 

encoding polypeptides having structure 	epresented by the formulas [I] and [II] below: 

VLi-L1-V 	L2-CL 	[I] 

AT 	T 	AT 	T 	/ -1 	FTT1 
V H2-I-,3- V H1-1-, 	k-411 	1_11] 

wherein: 

2 0 VIA is a first immunoglobulin light chain va ..ble domain; 

VL2  is a second immunoglobulin light chain var .ble domain; 

Vm  is a first immunoglobulin heavy chain variabl- • omain; 

VH2  is a second immunoglobulin heavy chain variabl- • omain; 

CL  is an immunoglobulin light chain constant domain; 

2 5 CHi  is the immunoglobulin CH1  heavy chain constant domai ' • and 

L1, L2, L3, and L4  are amino acid linkers; 

and wherein the polypeptide of formula I and the polypeptide of formula 	form a cross- 

over light chain-heavy chain pair. 

3 0 	Claim 40. 	A method of making an antibody-like binding protein comprisina • 

polypeptide chains that form four antigen binding sites, comprising: 

7S 
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(a) identifying a first antibody variable domain that binds a first target antigen 

and a second antibody variable domain that binds a second target antigen, each 

.entaining a VL, and a VH; 

(b) assigning either the light chain or the heavy chain as template chain; 

5 (c) assigning the VL  of the first antibody variable domain or the second 

antibody 	ariable domain as VII; 

(d) assigning a VL2;  a Viii, and a VH2 according to formulas [I] and [II] below: 

VT 1-L1-VT 2-L7-CT 	[I] 

V112-1-,3-V111-1-4-C111-FC 	[II] 

10 (e) deter 	ing maximum and minimum lengths for Li, L2, L3, and L4; 

(f) generatinl  . olypeptide structures of formulas I and II; 

(g) selecting po 	. eptide structures of formulas I and II that bind the first 

tnget antigen 	.1-1,1  the secr,nri t rget antigen  Nvhen cPmbinerl tr,  fr,rm the 	ntib,-,,ly-like 

binding protein; 

15 wherein: 

VLi  is a first immunoglobulin lit t chain variable domain; 

VL2 is a second immunoglobulin lit t chain variable domain; 

V Hi IN d 111 51 1111111l WU giu l) l 11111 Hedy y L. 	dill V di id l) le litillidill, 

VH2 is a second immunoglobulin heavy c . in variable domain; 

2 0 CL is an immunoglobulin light chain consta 	domain; 

CHi is the immunoglobulin CH1 heavy chain co 	tant domain; 

Fc is the immunoglobulin hinge region and CH2, 	immunoglobulin heavy chain 

constant domains; and 

Li, L2, L3, and L4 are amino acid linkers; 

2 5 and wherein the polypeptides of formula I and the polypeptides of ermula II form a 

cross-over light chain-heavy chain pair. 

Claim 41. 	The method of claim 40, wherein the first antibody variable et main and 

the second antibody variable domain are the same. 

30 
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Claim 42. 	A method of making an antibody-like binding protein comprising four 

polypeptide chains that form four antigen binding sites, comprising: 

(a) 	identifying a first antibody variable domain that binds a first target antigen 

any . second antibody variable domain that binds a second target antigen, each 

contai 	ng a VL, and a Vii; 

(. 	assigning either the light chain or the heavy chain as template chain; 

(c) assigning the VL  of the first antibody variable domain or the second 

antibody varia . - domain as VT 1; 

(d) ass 2nmg a VL2,  a VH1, and a VH2 according to formulas [I] and [II] below: 

VII-Li-VL2-L2-CL 	[I] 

Vii2-L3-Viii-L4-Cii1 	[II] 

(e) determining 	aximum and minimum lengths for L1, L2, L3, and L4; 

(n 	generating poi) ,Pptide structures ,-,f fr,rmulas I and  II; v./ 

(g) 	selecting polypept ,e structures of formulas I and II that bind the first 

target antigen and the second target .,1 tigen when combined to form the antibody-like 

binding protein; 

wherein: 

V Li IN d in 51 munuutigiuumm 'iglu t.,11 	I VdIldllle lItillId111, 

VL2 is a second immunoglobulin light ch 'n variable domain; 

VFH is a first immunoglobulin heavy chain 	: able domain; 

VH2 is a second immunoglobulin heavy chain 	iable domain; 

CL  is an immunoglobulin light chain constant do 	in; 

CHi is the immunoglobulin CH1 heavy chain constant omain; and 

L1, L2, L3, and L4 are amino acid linkers; 

and wherein the polypeptides of formula I and the polypeptides of ermula II form a 

cross-over light chain-heavy chain pair. 

Claim 43. 	The method of claim 42, wherein the first antibody variable • 'main and 

the second antibody variable domain are the same. 

R(1 

30 



71 

CLAIMS  

 

Claim 1. An antibody-like binding protein comprising four polypeptide chains that form 

four antigen binding sites, wherein two polypeptide chains have a structure represented by the 

formula: 

VL1-L1-VL2-L2-CL [I] 

and two polypeptide chains have a structure represented by the formula: 

VH2-L3-VH1-L4-CH1-Fc [II] 

wherein: 

VL1 is a first immunoglobulin light chain variable domain; 

VL2 is a second immunoglobulin light chain variable domain; 

VH1 is a first immunoglobulin heavy chain variable domain; 

VH2 is a second immunoglobulin heavy chain variable domain; 

CL is an immunoglobulin light chain constant domain; 

CH1 is the immunoglobulin CH1 heavy chain constant domain; 

Fc is the immunoglobulin hinge region and CH2, CH3 immunoglobulin heavy chain 

constant domains; and 

L1, L2, L3, and L4 are amino acid linkers; 

and wherein the polypeptides of formula I and the polypeptides of formula II form a cross-

over light chain-heavy chain pair. 

 

Claim 2. The antibody-like binding protein of claim 1, wherein: 

L1 is 3 to 12 amino acid residues in length; 

L2 is 3 to 14 amino acid residues in length; 

L3 is 1 to 8 amino acid residues in length; and 

L4 is 1 to 3 amino acid residues in length. 

 

Claim 3. The antibody-like binding protein of either claim 1 or 2, wherein: 

L1 is 5 to 10 amino acid residues in length; 

L2 is 5 to 8 amino acid residues in length; 

L3 is 1 to 5 amino acid residues in length; and 
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L4 is 1 to 2 amino acid residues in length. 

 

Claim 4. The antibody-like binding protein of any one of claims 1-3, wherein: 

L1 is 7 amino acid residues in length; 

L2 is 5 amino acid residues in length; 

L3 is 1 amino acid residues in length; and 

L4 is 2 amino acid residues in length. 

 

Claim 5. The antibody-like binding protein of claim 1, wherein: 

L1 is 1 to 3 amino acid residues in length; 

L2 is 1 to 4 amino acid residues in length; 

L3 is 2 to 15 amino acid residues in length; and 

L4 is 2 to 15 amino acid residues in length. 

 

Claim 6. The antibody-like binding protein of either claim 1 or 5, wherein: 

L1 is 1 to 2 amino acid residues in length; 

L2 is 1 to 2 amino acid residues in length; 

L3 is 4 to 12 amino acid residues in length; and 

L4 is 2 to 12 amino acid residues in length. 

 

Claim 7. The antibody-like binding protein of any one of claims 1, 5, or 6, wherein: 

L1 is 1 amino acid residue in length; 

L2 is 2 amino acid residues in length; 

L3 is 7 amino acid residues in length; and 

L4 is 5 amino acid residues in length. 

 

Claim 8. The antibody-like binding protein of claim 1, wherein L1 is 0 amino acid 

residues in length and L3 is 2 or more amino acid residues in length. 

 

Claim 9. The antibody-like binding protein of claim 1, wherein L3 is 0 amino acid 

residues in length and L1 is 1 or more amino acid residues in length. 
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Claim 10. The antibody-like binding protein of claim 1, wherein L4 is 0 amino acid 

residues in length and L2 is 3 or more amino acid residues in length. 

 

Claim 11. The antibody-like binding protein of any one of claims 1-10, wherein the 

binding protein is capable of specifically binding one or more antigen targets. 

 

Claim 12. The antibody-like binding protein of any one of claims 1-11, wherein the one or 

more antigen targets is selected from the group consisting of B7.1, B7.2, BAFF, BlyS, C3, C5, 

CCL11 (eotaxin), CCL15 (MIP-1d), CCL17 (TARC), CCL19 (MIP-3b), CCL2 (MCP-1), 

CCL20 (MIP-3a), CCL21 (MIP-2), SLC, CCL24 (MPIF-2/eotaxin-2), CCL25 (TECK), 

CCL26 (eotaxin-3), CCL3 (MIP-1a), CCL4 (MIP-1b), CCL5 (RANTES), CCL7 (MCP-3), 

CCL8 (mcp-2), CD3, CD19, CD20, CD24, CD40, CD40L, CD80, CD86, CDH1 (E-cadherin), 

Chitinase, CSF1 (M-CSF), CSF2 (GM-CSF), CSF3 (GCSF), CTLA4, CX3CL1 (SCYD1), 

CXCL12 (SDF1), CXCL13, EGFR, FCER1A, FCER2, HER2, IGF1R, IL-1, IL-12, IL13, 

IL15, IL17, IL18, IL1A, IL1B, IL1F10, IL1β, IL2, IL4, IL6, IL7, IL8, IL9, IL12/23, IL22, 

IL23, IL25,  IL27, IL35, ITGB4 (b 4 integrin), LEP (leptin), MHC class II, TLR2, TLR4, 

TLR5, TNF, TNFα, TNFSF4 (OX40 ligand), TNFSF5 (CD40 ligand), Toll-like receptors, 

TREM1, TSLP, TWEAK, XCR1 (GPR5/CCXCR1), DNGR-1(CLEC91), and HMGB1. 

 

Claim 13. The antibody-like binding protein of any one of claims 1-12, wherein the 

binding protein is bispecific and capable of binding two different antigen targets. 

 

Claim 14. The antibody-like binding protein of any one of claims 1-13, wherein the two 

different antigen targets are selected from the group consisting of IL4 and IL13, IGF1R and 

HER2, IGF1R and EGFR, EGFR and HER2, BK and IL13, PDL-1 and CTLA-4, CTLA4 and 

MHC class II, IL-12 and IL-18, IL-1α and IL-1β, TNFα and IL12/23, TNFα and IL-12p40, 

TNFα and IL1β, TNFα and IL-23, and IL17 and IL23. 

 

Claim 15. The antibody-like binding protein of any one of claims 1-14, wherein the 

binding protein is capable of inhibiting the function of one or more of the antigen targets. 
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Claim 16. The antibody-like binding protein of any one of claims 1-15, wherein at least 

one of the linkers selected from the group consisting of L1, L2, L3, and L4 contains at least one 

cysteine residue. 

 

Claim 17. An antibody-like binding protein comprising two polypeptide chains that form 

two antigen binding sites, wherein a first polypeptide chain has a structure represented by the 

formula: 

VL1-L1-VL2-L2-CL [I] 

and a second polypeptide chain has a structure represented by the formula: 

VH2-L3-VH1-L4-CH1 [II] 

wherein: 

VL1 is a first immunoglobulin light chain variable domain; 

VL2 is a second immunoglobulin light chain variable domain; 

VH1 is a first immunoglobulin heavy chain variable domain; 

VH2 is a second immunoglobulin heavy chain variable domain; 

CL is an immunoglobulin light chain constant domain; 

CH1 is the immunoglobulin CH1 heavy chain constant domain; and 

L1, L2, L3, and L4 are amino acid linkers; 

and wherein the first and second polypeptides form a cross-over light chain-heavy chain pair. 

 

Claim 18. The antibody-like binding protein of claim 17, wherein: 

L1 is 3 to 12 amino acid residues in length; 

L2 is 3 to 14 amino acid residues in length; 

L3 is 1 to 8 amino acid residues in length; and 

L4 is 1 to 3 amino acid residues in length. 

 

Claim 19. The antibody-like binding protein of either claim 17 or 18, wherein: 

L1 is 5 to 10 amino acid residues in length; 

L2 is 5 to 8 amino acid residues in length; 

L3 is 1 to 5 amino acid residues in length; and 
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L4 is 1 to 2 amino acid residues in length. 

 

Claim 20. The antibody-like binding protein of any one of claims 17-19, wherein: 

L1 is 7 amino acid residues in length; 

L2 is 5 amino acid residues in length; 

L3 is 1 amino acid residues in length; and 

L4 is 2 amino acid residue in length. 

 

Claim 21. The antibody-like binding protein of claim 17, wherein: 

L1 is 1 to 3 amino acid residues in length; 

L2 is 1 to 4 amino acid residues in length; 

L3 is 2 to 15 amino acid residues in length; and 

L4 is 2 to 15 amino acid residues in length. 

 

Claim 22. The antibody-like binding protein of either claim 17 or 21, wherein: 

L1 is 1 to 2 amino acid residues in length; 

L2 is 1 to 2 amino acid residues in length; 

L3 is 4 to 12 amino acid residues in length; and 

L4 is 2 to 12 amino acid residues in length. 

 

Claim 23. The antibody-like binding protein of any one of claims 17, 21, or 22, wherein: 

L1 is 1 amino acid residue in length; 

L2 is 2 amino acid residues in length; 

L3 is 7 amino acid residues in length; and 

L4 is 5 amino acid residues in length. 

 

Claim 24. The antibody-like binding protein of claim 17, wherein L1 is 0 amino acid 

residues in length and L3 is 2 or more amino acid residues in length. 

 

Claim 25. The antibody-like binding protein of claim 17, wherein L3 is 0 amino acid 

residues in length and L1 is 1 or more amino acid residues in length. 
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Claim 26. The antibody-like binding protein of claim 17, wherein L4 is 0 amino acid 

residues in length and L2 is 3 or more amino acid residues in length. 

 

Claim 27. The antibody-like binding protein of any one of claims 17-26, wherein the 

binding protein is capable of specifically binding one or more antigen targets. 

 

Claim 28. The antibody-like binding protein of any one of claims 17-27, wherein the one 

or more antigen targets is selected from the group consisting of B7.1, B7.2, BAFF, BlyS, C3, 

C5, CCL11 (eotaxin), CCL15 (MIP-1d), CCL17 (TARC), CCL19 (MIP-3b), CCL2 (MCP-1), 

CCL20 (MIP-3a), CCL21 (MIP-2), SLC, CCL24 (MPIF-2/eotaxin-2), CCL25 (TECK), 

CCL26 (eotaxin-3), CCL3 (MIP-1a), CCL4 (MIP-1b), CCL5 (RANTES), CCL7 (MCP-3), 

CCL8 (mcp-2), CD3, CD19, CD20, CD24, CD40, CD40L, CD80, CD86, CDH1 (E-cadherin), 

Chitinase, CSF1 (M-CSF), CSF2 (GM-CSF), CSF3 (GCSF), CTLA4, CX3CL1 (SCYD1), 

CXCL12 (SDF1), CXCL13, EGFR, FCER1A, FCER2, HER2, IGF1R, IL-1, IL-12, IL13, 

IL15, IL17, IL18, IL1A, IL1B, IL1F10, IL1β, IL2, IL4, IL6, IL7, IL8, IL9, IL12/23, IL22, 

IL23, IL25,  IL27, IL35, ITGB4 (b 4 integrin), LEP (leptin), MHC class II, TLR2, TLR4, 

TLR5, TNF, TNFα, TNFSF4 (OX40 ligand), TNFSF5 (CD40 ligand), Toll-like receptors, 

TREM1, TSLP, TWEAK, XCR1 (GPR5/CCXCR1), DNGR-1(CLEC91), and HMGB1. 

 

Claim 29. The antibody-like binding protein of any one of claims 17-28, wherein the 

binding protein is bispecific and capable of binding two different antigen targets. 

 

Claim 30. The antibody-like binding protein of any one of claims 17-29, wherein the two 

different antigen targets are selected from the group consisting of IL4 and IL13, IGF1R and 

HER2, IGF1R and EGFR, EGFR and HER2, BK and IL13, PDL-1 and CTLA-4, CTLA4 and 

MHC class II, IL-12 and IL-18, IL-1α and IL-1β, TNFα and IL12/23, TNFα and IL-12p40, 

TNFα and IL1β, TNFα and IL-23, and IL17 and IL23. 

 

Claim 31. The antibody-like binding protein of any one of claims 17-30, wherein the 

binding protein is capable of inhibiting the function of one or more of the antigen targets. 
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Claim 32. The antibody-like binding protein of any one of claims 17-31, wherein at least 

one of the linkers selected from the group consisting of L1, L2, L3, and L4 contains at least one 

cysteine residue. 

 

Claim 33. An isolated nucleic acid molecule comprising a nucleotide sequence encoding 

the antibody-like binding protein of any one of claims 1-32. 

 

Claim 34. An expression vector comprising the nucleic acid molecule of claim 33. 

 

Claim 35. An isolated host cell comprising the nucleic acid molecule of claim 33 or the 

expression vector of claim 34. 

 

Claim 36. The host cell of claim 35, wherein the host cell is a mammalian cell or an insect 

cell. 

 

Claim 37. A pharmaceutical composition comprising a pharmaceutically acceptable 

carrier and a therapeutically effective amount of the antibody-like binding protein of any one 

of claims 1-32. 

 

Claim 38. A method for making the antibody-like binding protein of any one of claims 1-

16, comprising expressing in a cell one or more nucleic acid molecules encoding polypeptides 

having structures represented by the formulas [I] and [II] below: 

VL1-L1-VL2-L2-CL [I] 

VH2-L3-VH1-L4-CH1-Fc [II] 

wherein: 

VL1 is a first immunoglobulin light chain variable domain; 

VL2 is a second immunoglobulin light chain variable domain; 

VH1 is a first immunoglobulin heavy chain variable domain; 

VH2 is a second immunoglobulin heavy chain variable domain; 

CL is an immunoglobulin light chain constant domain; 
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CH1 is the immunoglobulin CH1 heavy chain constant domain; 

Fc is the immunoglobulin hinge region and CH2, CH3 immunoglobulin heavy chain 

constant domains; and 

L1, L2, L3, and L4 are amino acid linkers; 

and wherein the polypeptides of formula I and the polypeptides of formula II form a cross-

over light chain-heavy chain pair. 

 

Claim 39. A method for making the antibody-like binding protein of any one of claims 

17-32, comprising expressing in a cell one or more nucleic acid molecules encoding 

polypeptides having structures represented by the formulas [I] and [II] below: 

VL1-L1-VL2-L2-CL [I] 

VH2-L3-VH1-L4-CH1 [II] 

wherein: 

VL1 is a first immunoglobulin light chain variable domain; 

VL2 is a second immunoglobulin light chain variable domain; 

VH1 is a first immunoglobulin heavy chain variable domain; 

VH2 is a second immunoglobulin heavy chain variable domain; 

CL is an immunoglobulin light chain constant domain; 

CH1 is the immunoglobulin CH1 heavy chain constant domain; and 

L1, L2, L3, and L4 are amino acid linkers; 

and wherein the polypeptide of formula I and the polypeptide of formula II form a cross-over 

light chain-heavy chain pair. 

 

Claim 40. A method of making an antibody-like binding protein comprising four 

polypeptide chains that form four antigen binding sites, comprising: 

 (a) identifying a first antibody variable domain that binds a first target antigen and 

a second antibody variable domain that binds a second target antigen, each containing a VL, 

and a VH;   

 (b) assigning either the light chain or the heavy chain as template chain; 

 (c) assigning the VL of the first antibody variable domain or the second antibody 

variable domain as VL1; 
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 (d) assigning a VL2, a VH1, and a VH2 according to formulas [I] and [II] below: 

VL1-L1-VL2-L2-CL [I] 

VH2-L3-VH1-L4-CH1-Fc [II] 

 (e) determining maximum and minimum lengths for L1, L2, L3, and L4;  

 (f) generating polypeptide structures of formulas I and II;  

 (g) selecting polypeptide structures of formulas I and II that bind the first target 

antigen and the second target antigen when combined to form the antibody-like binding 

protein; 

wherein: 

VL1 is a first immunoglobulin light chain variable domain; 

VL2 is a second immunoglobulin light chain variable domain; 

VH1 is a first immunoglobulin heavy chain variable domain; 

VH2 is a second immunoglobulin heavy chain variable domain; 

CL is an immunoglobulin light chain constant domain; 

CH1 is the immunoglobulin CH1 heavy chain constant domain; 

Fc is the immunoglobulin hinge region and CH2, CH3 immunoglobulin heavy chain 

constant domains; and 

L1, L2, L3, and L4 are amino acid linkers; 

and wherein the polypeptides of formula I and the polypeptides of formula II form a cross-

over light chain-heavy chain pair. 

 

Claim 41. The method of claim 40, wherein the first antibody variable domain and the 

second antibody variable domain are the same. 

 

Claim 42. A method of making an antibody-like binding protein comprising four 

polypeptide chains that form four antigen binding sites, comprising: 

 (a) identifying a first antibody variable domain that binds a first target antigen and 

a second antibody variable domain that binds a second target antigen, each containing a VL, 

and a VH;   

 (b) assigning either the light chain or the heavy chain as template chain; 
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 (c) assigning the VL of the first antibody variable domain or the second antibody 

variable domain as VL1; 

 (d) assigning a VL2, a VH1, and a VH2 according to formulas [I] and [II] below: 

VL1-L1-VL2-L2-CL [I] 

VH2-L3-VH1-L4-CH1 [II] 

 (e) determining maximum and minimum lengths for L1, L2, L3, and L4;  

 (f) generating polypeptide structures of formulas I and II;  

 (g) selecting polypeptide structures of formulas I and II that bind the first target 

antigen and the second target antigen when combined to form the antibody-like binding 

protein; 

wherein: 

VL1 is a first immunoglobulin light chain variable domain; 

VL2 is a second immunoglobulin light chain variable domain; 

VH1 is a first immunoglobulin heavy chain variable domain; 

VH2 is a second immunoglobulin heavy chain variable domain; 

CL is an immunoglobulin light chain constant domain; 

CH1 is the immunoglobulin CH1 heavy chain constant domain; and 

L1, L2, L3, and L4 are amino acid linkers; 

and wherein the polypeptides of formula I and the polypeptides of formula II form a cross-

over light chain-heavy chain pair. 

 

Claim 43. The method of claim 42, wherein the first antibody variable domain and the 

second antibody variable domain are the same. 

 

Claim 44. The antibody-like binding protein of either claim 1 or 17, wherein L2 and L4 are 

both at least one amino acid in length, and 

(a)      the length of L2 is at least twice the length of L4; or 

(b)      the length of L4 is at least twice the length of L2. 

 

Claim 45. An antibody-like binding protein or method thereof according to any one of 

claims 1-44 as substantially described herein with reference to the figures and examples. 
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