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[0005g]  In another aspect, the present disclosure refers to a method of producing a 

heterodimeric protein comprising culturing the host cell as disclosed herein under suitable 

conditions wherein said heterodimeric protein is expressed, and recovering said protein. 

[0005h]  In another aspect, the present disclosure refers to a composition comprising a 

human interleukin 15 (IL-15) variant comprising the amino acid sequence 

NWVNVISDLKKIEDLIQSMHIDATLYTESNVHPSCKVTAMKCFLLELQVISLESGDASIHD

TVQDLIILANNSLSSNGNVTESGCKECEELEEKNIKEFLQSFVHIVQMFINTS. 

[0005i]  In another aspect, the present disclosure refers to a nucleic acid encoding the 

composition comprising the IL-15 variant as disclosed herein.  

[0005j]  In another aspect, the present disclosure refers to an expression vector 

comprising the nucleic acid as disclosed herein.  

[0005k]  In another aspect, the present disclosure refers to a host cell comprising the 

nucleic acid as disclosed herein or the expression vector as disclosed herein. 

[0006] Accordingly, in one example the present disclosure refers to a heterodimeric 

protein comprising a)  a first fusion protein comprising a first protein domain and a first Fc 

domain, wherein the first protein domain is covalently attached to the N-terminus of the 

first Fc domain using a first domain linker; b)  a second fusion protein comprising a second 

protein domain and a second Fc domain, wherein the second protein domain is covalently 

attached to the N-terminus of the Fc domain using a seconddomain linker; wherein the first 

and the second Fc domains have a set of amino acid substitutions selected from the group 

consisting of S267K/L368D/K370S : S267K/S364K/E357Q; S364K/E357Q : L368D/K370S; 

L368D/K370S : S364K; L368E/K370S : S364K; T411E/K360E/Q362E : D401K; L368D/K370S : 

S364K/E357L and K370S : S364K/E357Q, according to EU numbering and wherein the first 

protein domain comprises an IL15 protein and the second protein domain comprises an 

IL15Rα protein, wherein said IL-15 protein comprises one or more amino acid substitutions 

selected from the group consisting of N1D, N4D, D8N, D30N, D61N, E64Q, N65D, and 

Q108E.  In some examples, the first protein domain is covalently attached to the N-terminus 

of the first Fc domain directly and without using the first domain linker and/or the second 

protein domain is covalently attached to the N-terminus of the second Fc domain directly 

and without using the second domain linker.  

[0007] In some examples, the heterodimeric protein comprises: (i) the first fusion 

protein having a polypeptide sequence of SEQ ID NOs: 52, 412, 418, 430 and 436 (15902) 

and the second fusion protein having a polypeptide sequence of SEQ ID NOs: 55, 76, 231, 

237, 243, 249, 415, 427, 644, 732, 738, 744, 750, 756, 762, 768, 774, 780, 786, 792, 798, 

804, 810, 816, 822, 828, 834, 840, 846, 884, 890, 896 and 902 (15908), (ii) the first fusion 

protein having a polypeptide sequence of SEQ ID NOs: 52, 412, 418, 430 and 436  (15902) 

and the second fusion protein having a polypeptide sequence of SEQ ID NOs: 421, 445 and 

463  (15909), (iii) 
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the first fusion protein having a polypeptide sequence of SEQ ID NOs 58, 424, 442 and 448 (16479) 

and the second fusion protein having a polypeptide sequence of SEQ ID NOs 55, 76, 231, 237, 243, 

249, 415, 427, 644, 732, 738, 744, 750, 756, 762, 768, 774, 780, 786, 792, 798, 804, 810, 816, 822, 828, 

834, 840, 846, 884, 890, 896 and 902 (15908), (iv) the first fusion protein having a polypeptide 

sequence of SEQ ID NOs 52, 412, 418, 430 and 436 (15902) and the second fusion protein having a 

polypeptide sequence of SEQ ID NOs 61, 71, 267, 433, 451, 473, 952 and 958 (16481), (v) the first 

fusion protein having a polypeptide sequence of SEQ ID NOs 52, 412, 418, 430 and 436 (15902) 

and the second fusion protein having a polypeptide sequence of SEQ ID NO: 439 (16483), (vi) the 

first fusion protein having a polypeptide sequence of SEQ ID NOs 58, 424, 442 and 448 (16479) 

and the second fusion protein having a polypeptide sequence of SEQ ID NOs 421, 445 and 463 

(15909), (vii) the first fusion protein having a polypeptide sequence of SEQ ID NOs 58, 424, 442 

and 448 (16479) and the second fusion protein having a polypeptide sequence of SEQ ID NOs 61, 

71, 267, 433, 451, 473, 952 and 958 (16481), (viii) the first fusion protein having a polypeptide 

sequence of SEQ ID NOs 454 and 460 (16480) and the second fusion protein having a polypeptide 

sequence of SEQ ID NO: 457 (16482), (ix) the first fusion protein having a polypeptide sequence 

of SEQ ID NOs 454 and 460 (16480) and the second fusion protein h having as a polypeptide 

sequence of SEQ ID NOs 421, 445 and 463 (15909), (x) the first fusion protein having a polypeptide 

sequence of SEQ ID NO:XX (17064) and the second fusion protein having a polypeptide 

sequence of SEQ ID NO: 599 (17038), (xi) the first fusion protein having a polypeptide sequence 

of SEQ ID NO:XX (17064) and the second fusion protein having a polypeptide sequence of SEQ 

ID NOs 167 and 609 (17040), (xii) the first fusion protein having a polypeptide sequence of SEQ ID 

NO:XX (17062) and the second fusion protein having a polypeptide sequence of SEQ ID NOs 172, 

614 and 619 (17044), (xiii) the first fusion protein having a polypeptide sequence of SEQ ID NO: 

729 (17686) and the second fusion protein having a polypeptide sequence of SEQ ID NOs 55, 76, 

231, 237, 243, 249, 415, 427, 644, 732, 738, 744, 750, 756, 762, 768, 774, 780, 786, 792, 798, 804, 810, 

816, 822, 828, 834, 840, 846, 884, 890, 896 and 902 (15908), (xiv) the first fusion protein having a 

polypeptide sequence of SEQ ID NO: 735 (17687) and the second fusion protein having a 

polypeptide sequence of SEQ ID NOs 55, 76, 231, 237, 243, 249, 415, 427, 644, 732, 738, 744, 750, 

756, 762, 768, 774, 780, 786, 792, 798, 804, 810, 816, 822, 828, 834, 840, 846, 884, 890, 896 and 902 

(15908), (xv) the first fusion protein having a polypeptide sequence of SEQ ID NO: 741 (17688) 

and the second fusion protein having a polypeptide sequence of SEQ ID NOs 55, 76, 231, 237, 243, 

249, 415, 427, 644, 732, 738, 744, 750, 756, 762, 768, 774, 780, 786, 792, 798, 804, 810, 816, 822, 828, 

834, 840, 846, 884, 890, 896 and 902 (15908), (xvi) the first fusion protein having a polypeptide 

sequence of SEQ ID NO: 747 (17689) and the second fusion protein having a polypeptide 

sequence of SEQ ID NOs 55, 76, 231, 237, 243, 249, 415, 427, 644, 732, 738, 744, 750, 756, 762, 768, 

774, 780, 786, 792, 798, 804, 810, 816, 822, 828, 834, 840, 846, 884, 890, 896 and 902 (15908), (xvii) the 

first fusion protein having a polypeptide sequence of SEQ ID NO: 753 (17690) and 
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the second fusion protein having a polypeptide sequence of SEQ ID NOs 55, 76, 231, 237, 243, 249, 415, 

427, 644, 732, 738, 744, 750, 756, 762, 768, 774, 780, 786, 792, 798, 804, 810, 816, 822, 828, 834, 840, 846, 

884, 890, 896 and 902 (15908), (xviii) the first fusion protein having a polypeptide sequence of SEQ ID 

NO: 759 (17691) and the second fusion protein having a polypeptide sequence of SEQ ID NOs 55, 76, 

231, 237, 243, 249, 415, 427, 644, 732, 738, 744, 750, 756, 762, 768, 774, 780, 786, 792, 798, 804, 810, 816, 

822, 828, 834, 840, 846, 884, 890, 896 and 902 (15908), (xix) the first fusion protein having a polypeptide 

sequence of SEQ ID NOs 228 and 765 (17692) and the second fusion protein having a polypeptide 

sequence of SEQ ID NOs 55, 76, 231, 237, 243, 249, 415, 427, 644, 732, 738, 744, 750, 756, 762, 768, 774, 

780, 786, 792, 798, 804, 810, 816, 822, 828, 834, 840, 846, 884, 890, 896 and 902 (15908), (xx) the first 

fusion protein having a polypeptide sequence of SEQ ID NOs 234 and 771 (17693) and the second 

fusion protein having a polypeptide sequence of SEQ ID NOs 55, 76, 231, 237, 243, 249, 415, 427, 644, 

732, 738, 744, 750, 756, 762, 768, 774, 780, 786, 792, 798, 804, 810, 816, 822, 828, 834, 840, 846, 884, 890, 

896 and 902 (15908), (xxi) the first fusion protein having a polypeptide sequence of SEQ ID NO: 777 

(17694) and the second fusion protein having a polypeptide sequence of SEQ ID NOs 55, 76, 231, 237, 

243, 249, 415, 427, 644, 732, 738, 744, 750, 756, 762, 768, 774, 780, 786, 792, 798, 804, 810, 816, 822, 828, 

834, 840, 846, 884, 890, 896 and 902 (15908), (xxii) the first fusion protein having a polypeptide 

sequence of SEQ ID NO: 783 (17695) and the second fusion protein having a polypeptide sequence of 

SEQ ID NOs 55, 76, 231, 237, 243, 249, 415, 427, 644, 732, 738, 744, 750, 756, 762, 768, 774, 780, 786, 792, 

798, 804, 810, 816, 822, 828, 834, 840, 846, 884, 890, 896 and 902 (15908), (xxiii) the first fusion protein 

having a polypeptide sequence of SEQ ID NO: 789 (17696) and the second fusion protein having a 

polypeptide sequence of SEQ ID NOs 55, 76, 231, 237, 243, 249, 415, 427, 644, 732, 738, 744, 750, 756, 

762, 768, 774, 780, 786, 792, 798, 804, 810, 816, 822, 828, 834, 840, 846, 884, 890, 896 and 902 (15908), 

(xxiv) the first fusion protein having a polypeptide sequence of SEQ ID NO: 795 (17697) and the 

second fusion protein having a polypeptide sequence of SEQ ID NOs 55, 76, 231, 237, 243, 249, 415, 

427, 644, 732, 738, 744, 750, 756, 762, 768, 774, 780, 786, 792, 798, 804, 810, 816, 822, 828, 834, 840, 846, 

884, 890, 896 and 902 (15908), (xxv) the first fusion protein having a polypeptide sequence of SEQ ID 

NO: 801 (17698) and the second fusion protein having a polypeptide sequence of SEQ ID NOs 55, 76, 

231, 237, 243, 249, 415, 427, 644, 732, 738, 744, 750, 756, 762, 768, 774, 780, 786, 792, 798, 804, 810, 816, 

822, 828, 834, 840, 846, 884, 890, 896 and 902 (15908), (xxvi) the first fusion protein having a 

polypeptide sequence of SEQ ID NO: 807 (17699) and the second fusion protein having a polypeptide 

sequence of SEQ ID NOs 55, 76, 231, 237, 243, 249, 415, 427, 644, 732, 738, 744, 750, 756, 762, 768, 774, 

780, 786, 792, 798, 804, 810, 816, 822, 828, 834, 840, 846, 884, 890, 896 and 902 (15908), (xxvii) the first 

fusion protein having a polypeptide sequence of SEQ ID NO: 819 (17701) and the second fusion 

protein having a polypeptide sequence of SEQ ID NOs 55, 76, 231, 237, 243, 249, 415, 427, 644, 732, 738, 

744, 750, 756, 762, 768, 774, 780, 786, 792, 798, 804, 810, 816, 822, 828, 834, 840, 846, 884, 890, 896 and 902 
(15908), (xxviii) the first fusion protein having a polypeptide sequence of SEQ ID NO: 759 (17691) and 

the second fusion protein having a polypeptide sequence of SEQ ID NOs 55, 76, 231, 237, 243, 249, 415, 

427, 644, 732, 738, 744, 750, 756, 762, 768, 774, 780, 786, 792, 798, 804, 810, 816, 822, 828, 834, 840, 846, 

884, 890, 896 and 902 (15908), (xxix) the first fusion protein having a polypeptide sequence of SEQ ID 

NO: 825 (17702) and the second fusion protein having a polypeptide sequence of SEQ ID NOs 55, 76, 

231, 237, 243, 249, 415, 427, 644, 732, 738, 744, 750, 756, 762, 768, 774, 780, 786, 792, 798, 804, 810, 816, 

822, 828, 834, 840, 846, 884, 890, 896 and 902 (15908), (xxx) the first fusion protein having a polypeptide 

sequence of SEQ ID NO: 831 (17703) and the second fusion protein having a polypeptide sequence of 

SEQ ID NOs 55, 76, 231, 237, 243, 249, 415, 427, 644, 732, 738, 744, 750, 756, 762, 768, 774, 780, 786, 792, 

798, 804, 810, 816, 822, 828, 834, 840, 846, 884, 890, 896 and 902 (15908), (xxxi) the first fusion protein 

having a polypeptide sequence of SEQ ID NO: 837 (17704) and the second fusion protein having a 
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polypeptide sequence of SEQ ID NOs 55, 76, 231, 237, 243, 249, 415, 427, 644, 732, 738, 744, 750, 

756, 762, 768, 774, 780, 786, 792, 798, 804, 810, 816, 822, 828, 834, 840, 846, 884, 890, 896 and 902 

(15908), (xxxii) the first fusion protein having a polypeptide sequence of SEQ ID NO: 843 (17705) 

and the second fusion protein having a polypeptide sequence of SEQ ID NOs 55, 76, 231, 237, 243, 

249, 415, 427, 644, 732, 738, 744, 750, 756, 762, 768, 774, 780, 786, 792, 798, 804, 810, 816, 822, 828, 

834, 840, 846, 884, 890, 896 and 902 (15908), (xxxiii) said first fusion protein having a polypeptide 

sequence of SEQ ID NOs 358 and 859 (18295) and said second fusion protein having a polypeptide 

sequence of SEQ ID NOs 361 and 862 (17761), (xxxiv) said first fusion protein having a 

polypeptide sequence of SEQ ID NOs 240 and 881 (18783) and said second fusion protein having a 

polypeptide sequence of SEQ ID NOs 55, 76, 231, 237, 243, 249, 415, 427, 644, 732, 738, 744, 750, 

756, 762, 768, 774, 780, 786, 792, 798, 804, 810, 816, 822, 828, 834, 840, 846, 884, 890, 896 and 902 

(15908), (xxxv) said first fusion protein having a polypeptide sequence of SEQ ID NO: 887 (18784) 

and said second fusion protein having a polypeptide sequence of SEQ ID NOs 55, 76, 231, 237, 

243, 249, 415, 427, 644, 732, 738, 744, 750, 756, 762, 768, 774, 780, 786, 792, 798, 804, 810, 816, 822, 

828, 834, 840, 846, 884, 890, 896 and 902 (15908), (xxxvi) said first fusion protein having a 

polypeptide sequence of SEQ ID NOs 246 and 893 (18786) and said second fusion protein having a 

polypeptide sequence of SEQ ID NOs 55, 76, 231, 237, 243, 249, 415, 427, 644, 732, 738, 744, 750, 

756, 762, 768, 774, 780, 786, 792, 798, 804, 810, 816, 822, 828, 834, 840, 846, 884, 890, 896 and 902 

(15908), (xxxvii) said first fusion protein having a polypeptide sequence of SEQ ID NO: 899 

(18788) and said second fusion protein having a polypeptide sequence of SEQ ID NOs 55, 76, 231, 

237, 243, 249, 415, 427, 644, 732, 738, 744, 750, 756, 762, 768, 774, 780, 786, 792, 798, 804, 810, 816, 

822, 828, 834, 840, 846, 884, 890, 896 and 902 (15908), (xxxviii) said first fusion protein having a 

polypeptide sequence of SEQ ID NOs 264 and 949 (19242) and said second fusion protein having a 

polypeptide sequence of SEQ ID NOs 61, 71, 267, 433, 451, 473, 952 and 958 (16481), or (xxxix) said 

first fusion protein having a polypeptide sequence of SEQ ID NO: 955 (19243) and said second 

fusion protein having a polypeptide sequence of SEQ ID NOs 61, 71, 267, 433, 451, 473, 952 and 

958 (16481).  

[0008] In some instances, the heterodimeric protein is selected from the group consisting of 

XENP20818, XENP20819, XENP21471, XENP21472, XENP21473, XENP21474, XENP21475, 

XENP21476, XENP21477, XENP22013, XENP22815, XENP22816, XENP22817, XENP22818, 

XENP22819, XENP22820, XENP22821, XENP22822, XENP22823, XENP22824, XENP22825, 

XENP22826, XENP22827, XENP22828, XENP22829, XENP22830, XENP22831, XENP22832, 

XENP22833, XENP22834, XENP23343, XENP23554, XENP23555, XENP23557, XENP23559, 

XENP24019, and XENP24020.  

[0009] In a further example, the present disclosure refers to a heterodimeric protein 

comprising: a)  a fusion protein comprising a first protein domain, a second protein domain, and 

a first Fc domain, wherein the first protein domain is covalently attached to the N-terminus of 

the second protein domain using a first domain linker, and wherein the second protein domain is 

covalently attached to the N-terminus of the first Fc domain using a second domain linker; 
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 b)  a second Fc domain; wherein the first and the second Fc domains have a set of amino acid 

substitutions selected from the group consisting of S267K/L368D/K370S : S267K/S364K/E357Q; 

S364K/E357Q : L368D/K370S; L368D/K370S : S364K; L368E/K370S : S364K; T411E/K360E/Q362E : 

D401K; L368D/K370S : S364K/E357L and K370S : S364K/E357Q, according to EU numbering and 

wherein the first protein domain comprises an IL15Rα protein and the second protein domain 

comprises an IL15 protein, wherein said IL-15 protein comprises one or more amino acid 

substitutions selected from the group consisting of N1D, N4D, D8N, D30N, D61N, E64Q, N65D, 

and Q108E.   

[0010] In some examples, the first fusion protein has a polypeptide sequence of SEQ ID NO: 

64 and 466  (16478) and the Fc domain has a polypeptide sequence of SEQ ID NO: 68 and 470 

(8924).  The heterodimeric protein can be XENP21478. 

[0011] In another example, the present disclosure refers to a heterodimeric protein 

comprising: a)  a fusion protein comprising a first protein domain and a first Fc domain, wherein 

the first protein domain is covalently attached to the N-terminus of the first Fc domain using a 

domain linker; b)  a second Fc domain; and c)  a second protein domain noncovalently attached 

to the first protein domain; wherein the first and the second Fc domains have a set of amino acid 

substitutions selected from the group consisting of S267K/L368D/K370S : S267K/S364K/E357Q; 

S364K/E357Q : L368D/K370S; L368D/K370S : S364K; L368E/K370S : S364K; T411E/K360E/Q362E : 

D401K; L368D/K370S : S364K/E357L and K370S : S364K/E357Q, according to EU numbering and 

wherein the first protein domain comprises an IL15Rα and the second protein domain comprises 

an IL15 protein, wherein said IL-15 protein comprises one or more amino acid substitutions 

selected from the group consisting of N1D, N4D, D8N, D30N, D61N, E64Q, N65D, and Q108E. 

[0012] In some examples, the heterodimer protein comprises: (i) the fusion protein having a 

polypeptide sequence of SEQ ID NOs 61, 71, 267, 433, 451, 473, 952 and 958 (16481), the second Fc 

domain having a polypeptide sequence of SEQ ID NOs 70, 75, 161, 166, 171, 472, 583, 588, 593, 

598, 603, 608, 613, 618, 623, 628, 633, 638 and 643 (8793), and a second protein domain having a 

polypeptide sequence of SEQ ID NOs 69, 74, 87, 96, 121, 471, 479, 529, 531, 533, 535, 582, 587, 592, 

642 and 667 (16484); (ii) the fusion protein having a polypeptide sequence of SEQ ID NO: 584 

(17034), the second Fc domain having a polypeptide sequence of SEQ ID NOs 70, 75, 161, 166, 

171, 472, 583, 588, 593, 598, 603, 608, 613, 618, 623, 628, 633, 638 and 643 (8793), and a second 

protein domain having a polypeptide sequence of SEQ ID NOs 69, 74, 87, 96, 121, 471, 479, 529, 

531, 533, 535, 582, 587, 592, 642 and 667 (16484); (iii) the fusion protein having a polypeptide 

sequence of SEQ ID NO: 599 (17038), the second Fc domain having a polypeptide sequence of 

SEQ ID NOs 70, 75, 161, 166, 171, 472, 583, 588, 593, 598, 603, 608, 613, 618, 623, 628, 633, 638 and 

643 (8793), and a second protein domain having a polypeptide sequence of SEQ ID NOs 69, 74, 

87, 96, 121, 471, 479, 529, 531, 533, 535, 582, 587, 592, 642 and 667 (16484); (iv) the fusion protein 

having a polypeptide sequence of SEQ ID NO: 594 (17036), the second Fc domain having a 
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polypeptide sequence of SEQ ID NOs 70, 75, 161, 166, 171, 472, 583, 588, 593, 598, 603, 608, 613, 

618, 623, 628, 633, 638 and 643 (8793), and a second protein domain having a polypeptide 

sequence of SEQ ID NOs 69, 74, 87, 96, 121, 471, 479, 529, 531, 533, 535, 582, 587, 592, 642 and 667 

(16484); (v) the fusion protein having a polypeptide sequence of SEQ ID NO: 599 (17038), the 

second Fc domain having a polypeptide sequence of SEQ ID NOs 70, 75, 161, 166, 171, 472, 583, 

588, 593, 598, 603, 608, 613, 618, 623, 628, 633, 638 and 643 (8793), and a second protein domain 

having a polypeptide sequence of SEQ ID NOs 123, 125, 127, 160, 165, 182, 186, 195, 537, 539, 541, 

597, 602, 607, 654, 658 and 677 (17074); (vi) the fusion protein having a polypeptide sequence of 

SEQ ID NOs 162 and 604 (17039), the second Fc domain having a polypeptide sequence of SEQ ID 
NOs 70, 75, 161, 166, 171, 472, 583, 588, 593, 598, 603, 608, 613, 618, 623, 628, 633, 638 and 643 
(8793), and a second protein domain having a polypeptide sequence of SEQ ID NOs 123, 125, 127, 

160, 165, 182, 186, 195, 537, 539, 541, 597, 602, 607, 654, 658 and 677 (17074); (vii) the fusion protein 

having a polypeptide sequence of SEQ ID NOs 167 and 609 (17040), the second Fc domain having 

a polypeptide sequence of SEQ ID NOs 70, 75, 161, 166, 171, 472, 583, 588, 593, 598, 603, 608, 613, 

618, 623, 628, 633, 638 and 643 (8793), and a second protein domain having a polypeptide 

sequence of SEQ ID NOs 123, 125, 127, 160, 165, 182, 186, 195, 537, 539, 541, 597, 602, 607, 654, 658 

and 677 (17074); (viii) the fusion protein having a polypeptide sequence of SEQ ID NOs 172, 614 

and 619 (17044), the second Fc domain having a polypeptide sequence of SEQ ID NOs 70, 75, 161, 

166, 171, 472, 583, 588, 593, 598, 603, 608, 613, 618, 623, 628, 633, 638 and 643 (8793), and a second 

protein domain having a polypeptide sequence of SEQ ID NOs 543 and 612 (17071); (ix) the fusion 

protein having a polypeptide sequence of SEQ ID NOs 172, 614 and 619 (17044), the second Fc 

domain having a polypeptide sequence of SEQ ID NOs 70, 75, 161, 166, 171, 472, 583, 588, 593, 

598, 603, 608, 613, 618, 623, 628, 633, 638 and 643 (8793), and a second protein domain having a 

polypeptide sequence of SEQ ID NOs 170, 190, 545, 617 and 662 (17072); (x) the fusion protein 

having a polypeptide sequence of SEQ ID NOs 547 and 622 (17075), the second Fc domain having 

a polypeptide sequence of SEQ ID NOs 70, 75, 161, 166, 171, 472, 583, 588, 593, 598, 603, 608, 613, 

618, 623, 628, 633, 638 and 643 (8793), and a second protein domain having a polypeptide 

sequence of SEQ ID NO: 624 (17041); (xi) the fusion protein having a polypeptide sequence of 

SEQ ID NO: 629 (17043), the second Fc domain having a polypeptide sequence of SEQ ID NOs 70, 

75, 161, 166, 171, 472, 583, 588, 593, 598, 603, 608, 613, 618, 623, 628, 633, 638 and 643 (8793), and a 

second protein domain having a polypeptide sequence of SEQ ID NOs 549 and 627 (17070); (xii) 

the fusion protein having a polypeptide sequence of SEQ ID NO: 634 (17045), the second Fc 

domain having a polypeptide sequence of SEQ ID NOs 70, 75, 161, 166, 171, 472, 583, 588, 593, 

598, 603, 608, 613, 618, 623, 628, 633, 638 and 643 (8793), and a second protein domain having a 

polypeptide sequence of SEQ ID NOs 551 and 632 (17073); (xiii) the fusion protein having a 

polypeptide sequence of SEQ ID NO: 639 (17042), the second Fc domain having a polypeptide 

sequence of SEQ ID NOs 70, 75, 161, 166, 171, 472, 583, 588, 593, 598, 603, 608, 613, 618, 623, 628, 

633, 638 and 643 (8793), and a second protein domain having a polypeptide sequence of SEQ ID 

NOs 553 and 637 (17083); or (xiv) the fusion protein having a polypeptide sequence of SEQ ID 
NOs 55, 76, 231, 237, 243, 249, 415, 427, 644, 732, 738, 744, 750, 756, 762, 768, 774, 780, 786, 792, 798, 

804, 810, 816, 822, 828, 834, 840, 846, 884, 890, 896 and 902 (15908), the second Fc domain having a 

polypeptide sequence of SEQ ID NOs 70, 75, 161, 166, 171, 472, 583, 588, 593, 598, 603, 608, 613, 

618, 623, 628, 633, 638 and 643 (8793), and a second protein domain having a polypeptide 

sequence of SEQ ID NOs 69, 74, 87, 96, 121, 471, 479, 529, 531, 533, 535, 582, 587, 592, 642 and 667 

(16484).  The heterodimer protein can be selected 



  

8 

 

from the group consisting of XENP21479, XENP22357, XENP22354, XENP22355, XENP22356, 

XENP22357, XENP22358, XENP22359, XENP22360, XENP22361, XENP22362, XENP22363, 

XENP22364, XENP22365, XENP22366, and XENP22637.  

[0013] In an additional aspect, the present disclosure refers to a heterodimeric protein 

comprising: a)  a first fusion protein comprising a first protein domain and a first Fc domain, 

wherein the first protein domain is covalently attached to the N-terminus of said first Fc domain 

using a domain linker; b)  a second fusion protein comprising a second heavy chain comprising a 

second protein domain and a first second heavy chain comprising a second Fc domain, wherein 

the second protein domain is covalently attached to the C-terminus of the second Fc domain 

using a domain linker; c)  a third protein domain noncovalently attached to the first protein 

domain of the first fusion protein; and d)  a fourth protein domain noncovalently attached to the 

second protein domain of the second fusion protein, wherein the first and the second Fc domains 

have a set of amino acid substitutions selected from the group consisting of S267K/L368D/K370S 

: S267K/S364K/E357Q; S364K/E357Q : L368D/K370S; L368D/K370S : S364K; L368E/K370S : S364K; 

T411E/K360E/Q362E : D401K; L368D/K370S : S364K/E357L and K370S : S364K/E357Q, according 

to EU numbering andwherein the first protein domain and the second protein domain comprise 

an IL15Rα protein, and wherein the third protein domain and the fourth protein domain 

comprises an IL15 protein, wherein said IL-15 protein comprises one or more amino acid 

substitutions selected from the group consisting of N1D, N4D, D8N, D30N, D61N, E64Q, N65D, 

and Q108E.   

[0014] In some examples, the heterodimer protein comprises (i) the first fusion protein has 

a polypeptide sequence of SEQ ID NOs 84, 476 and 480 (17023) the second fusion protein has a 

polypeptide sequence of SEQ ID NOs 84, 476 and 480 (17023), the third protein domain has a 

polypeptide sequence of SEQ ID NOs 69, 74, 87, 96, 121, 471, 479, 529, 531, 533, 535, 582, 587, 592, 

642 and 667 (16484), and the fourth protein domain has a polypeptide sequence of SEQ ID NOs 

69, 74, 87, 96, 121, 471, 479, 529, 531, 533, 535, 582, 587, 592, 642 and 667 (16484) or (ii) the first 

fusion protein has a polypeptide sequence of SEQ ID NOs 179 and 651 (17581), the second fusion 

protein has a polypeptide sequence of SEQ ID NOs 179 and 651 (17581), the third protein domain 

has a polypeptide sequence of SEQ ID NOs 123, 125, 127, 160, 165, 182, 186, 195, 537, 539, 541, 597, 

602, 607, 654, 658 and 677 (17074), and the fourth protein domain has a polypeptide sequence of 

SEQ ID NOs 123, 125, 127, 160, 165, 182, 186, 195, 537, 539, 541, 597, 602, 607, 654, 658 and 677 

(17074).  The heterodimer protein can be XENP21978 or XENP22634.  
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[0015] In an additional example, the present disclosure refers to a heterodimeric protein 

comprising: a)  a first fusion protein comprising a first Fc domain and a first protein domain, 

wherein the first Fc domain is covalently attached to the N-terminus of the first protein domain 

using a domain linker; b)  a second Fc domain, and c)  a second protein domain noncovalently 

attached to the first protein domain of the first fusion protein; wherein the first and the second Fc 

domains have a set of amino acid substitutions selected from the group consisting of 

S267K/L368D/K370S : S267K/S364K/E357Q; S364K/E357Q : L368D/K370S; L368D/K370S : S364K; 

L368E/K370S : S364K; T411E/K360E/Q362E : D401K; L368D/K370S : S364K/E357L and K370S : 

S364K/E357Q, according to EU numbering and wherein the first protein domain comprises an 

IL15Rα protein and the second protein domain comprises an IL15 protein, wherein said IL-15 

protein comprises one or more amino acid substitutions selected from the group consisting of 

N1D, N4D, D8N, D30N, D61N, E64Q, N65D, and Q108E.  

[0016] In some examples, the heterodimer protein comprises (i) the first fusion protein 

having a polypeptide sequence of SEQ ID NO s 92 and 663 (17603), the second Fc domain having 

a polypeptide sequence of SEQ ID NOs  95, 101, 194, 666, 676 and 1113 (8927), and the second 

protein domain having a polypeptide sequence of SEQ ID NOs  69, 74, 87, 96, 121, 471, 479, 529, 

531, 533, 535, 582, 587, 592, 642 and 667 (16484); or ii) the first fusion protein having a polypeptide 

sequence of SEQ ID NOs  191 and 673 (17605), the second Fc domain having a polypeptide 

sequence of SEQ ID NOs 95, 101, 194, 666, 676 and 1113 (8927), and the second protein domain 

having a polypeptide sequence of SEQ ID NOs 123, 125, 127, 160, 165, 182, 186, 195, 537, 539, 541, 

597, 602, 607, 654, 658 and 677 (17074).  

[0017] In any of the examples of the present disclosure, the first and/or the second Fc 

domains can have an additional set of amino acid substitutions comprising 

Q295E/N384D/Q418E/N421D, according to EU numbering.  In some cases, the first and/or the 

second Fc domains have an additional set of amino acid substitutions consisting of 

G236R/L328R, E233P/L234V/L235A/G236del/S239K, E233P/L234V/L235A/G236del/S267K, 

E233P/L234V/L235A/G236del/S239K/A327G, E233P/L234V/L235A/G236del/S267K/A327G and 

E233P/L234V/L235A/G236del, according to EU numbering. 

[0018] In any of the examples of the present disclosure, the IL15 protein has a polypeptide 

sequence selected from the group consisting of SEQ ID NO:1 (full-length human IL15) and SEQ 

ID NO:2 (truncated human IL15), and the IL15Rα protein has a polypeptide sequence selected 

from the group consisting of SEQ ID NO:3 (full-length human IL15Rα) and SEQ ID NO:4 (sushi 

domain of human IL15Rα).  In some cases, the IL15  
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protein and the IL15Rα protein have a set of amino acid substitutions or additions selected 

from the group consisting of E87C : D96/P97/C98; E87C : D96/C97/A98; V49C : S40C; L52C : 

S40C; E89C : K34C; Q48C : G38C; E53C : L42C; C42S : A37C; and L45C : A37C, respectively.   

[0019] Disclosed is a heterodimeric protein selected from the group consisting of 

XENP20818, XENP20819, XENP21471, XENP21472, XENP21473, XENP21474, XENP21475, 

XENP21476, XENP21477, XENP21478, XENP21479, XENP21978, XENP22013, XENP22015, 

XENP22017, XENP22354, XENP22355, XENP22356, XENP22357, XENP22358, XENP22359, 

XENP22360, XENP22361, XENP22362, XENP22363, XENP22364, XENP22365, XENP22366, 

XENP22637, and XENP22639.  Disclosed is a heterodimeric protein selected from the group 

consisting of XENP20818, XENP20819, XENP21471, XENP21472, XENP21473, XENP21474, 

XENP21475, XENP21476, XENP21477, XENP22013, XENP22815, XENP22816, XENP22817, 

XENP22818, XENP22819, XENP22820, XENP22821, XENP22822, XENP22823, XENP22824, 

XENP22825, XENP22826, XENP22827, XENP22828, XENP22829, XENP22830, XENP22831, 

XENP22832, XENP22833, XENP22834, XENP23343, XENP23554, XENP23555, XENP23557, 

XENP23559, XENP24019, and XENP24020.   In an additional example, there is provided a 

heterodimeric protein selected from the group consisting of XENP20818, XENP20819, 

XENP21471, XENP21472, XENP21473, XENP21474, XENP21475, XENP21476, XENP21477, 

XENP22013, XENP22815, XENP22816, XENP22817, XENP22818, XENP22819, XENP22820, 

XENP22821, XENP22822, XENP22823, XENP22824, XENP22825, XENP22826, XENP22827, 

XENP22828, XENP22829, XENP22830, XENP22831, XENP22832, XENP22833, XENP22834, 

XENP23343, XENP23504, XENP23554, XENP23555, XENP23557, XENP23559, XENP24019, 

XENP24020, XENP24045, XENP24051, XENP24052, XENP24113, XENP24301, XENP24306, 

XENP24341, XENP21478, XENP21479, XENP22357, XENP22354, XENP22355, XENP22356, 

XENP22357, XENP22358, XENP22359, XENP22360, XENP22361, XENP22362, XENP22363, 

XENP22364, XENP22365, XENP22366, XENP22637, XENP24349, XENP24383, XENP21978, 

XENP22634, XENP24342, XENP24306, XENP22637, and XENP22639. In an additional 

example, there is provided a nucleic acid composition comprising one or more nucleic acids 

encoding a heterodimeric protein selected from the group consisting of XENP20818, 

XENP20819, XENP21471, XENP21472, XENP21473,
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[0049] Figure 28 depicts sequences for illustrative IL-15 variants engineered with cysteines 

in order to form covalent disulfide bonds with IL-15Rα(sushi) variants engineered with 

cysteines.  

[0050] Figure 29 depicts sequences for illustrative IL-15Rα(sushi) variants engineered with 

cysteines in order to form covalent disulfide bonds with IL-15 variants engineered with 

cysteines.  

[0051] Figures 30A-30C depict IL-15/Rα heterodimers with and without engineered 

disulfide bonds between IL-15 and IL-15Rα(sushi). Non-covalent IL-15/Rα heterodimer or “ncIL-

15/Rα heterodimer” (Figure 30A) comprises IL-15Rα(sushi) and IL-15 transfected separately and 

non-covalently linked. Disulfide-bonded IL-15/Rα heterodimer or “dsIL-15/Rα heterodimer” 

(Figure 30B) comprises IL-15Rα(sushi) and IL-15 transfected separately and covalently linked as 

a result of engineered cysteines. Single-chain IL-15/Rα heterodimer or “scIL-15/Rα Heterodimer” 

(Figure 30C) comprises IL-15Rα(sushi) fused to IL-15 by a variable length Gly-Ser linker.  

[0052] Figure 31 depicts sequences of XENP21996, an illustrative ncIL-15/Rα heterodimer. It 

is important to note that these sequences were generated using polyhistidine (Hisx6 or 

HHHHHH (SEQ ID NO: 1198)) C-terminal tags at the C-terminus of IL-15Rα(sushi). 

[0053] Figure 32 depicts sequences of XENP22004, XENP22005, XENP22006, XENP22008, 

and XENP22494, illustrative dsIL-15/Rα heterodimers, with additional sequences depicted as 

XENPs 22007, 22009, 22010, 22011, 22012, and 22493 in the sequence listing. It is important to 

note that these sequences were generated using polyhistidine (Hisx6 or HHHHHH (SEQ ID NO: 

1198)) C-terminal tags at the C-terminus of IL-15Rα(sushi). 

[0054] Figure 33 depicts the sequence for XENP22049, an illustrative scIL-15/Rα 

Heterodimer. It is important to note that these sequences were generated using polyhistidine 

(Hisx6 or HHHHHH (SEQ ID NO: 1198)) C-terminal tags at the C-terminus of IL-15. IL-15 and IL-

15Rα(sushi) are underlined, linkers are double underlined (although as will be appreciated by 

those in the art, the linkers can be replaced by other linkers, some of which are depicted in Figure 

7), and slashes (/) indicate the border(s) between IL-15, IL-15Rα, and linker 
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[0072] Figure 51 depicts sequences of XENP22801 and XENP22802, illustrative ncIL-

15/Rα heterodimers engineered for lower potency. Additional sequences are depicted as 

XENPs 22791, 22792, 22793, 22794, 22795, 22796, 22803, 22804, 22805, 22806, 22807, 22808, 

22809, 22810, 22811, 22812, 22813, and 22814 in the sequence listing. It is important to note 

that these sequences were generated using polyhistidine (Hisx6 or HHHHHH (SEQ ID NO: 

1198)) C-terminal tags at the C-terminus of IL-15Rα(sushi). 

[0073] Figure 52 depicts sequences of XENP24342, an illustrative IL-15/Rα-Fc fusion 

protein of the “bivalent ncIL-15/Rα-Fc” format engineered for lower potency. IL-15 and IL-

15Rα(sushi) are underlined, linkers are double underlined (although as will be appreciated 

by those in the art, the linkers can be replaced by other linkers, some of which are depicted 

in Figure 7), and slashes (/) indicate the border(s) between IL-15, IL-15Rα, linkers, and Fc 

regions. 

[0074] Figure 53 depicts sequences of XENP23472 and XENP23473, illustrative IL-

15/Rα-Fc fusion proteins of the “dsIL-15/Rα-Fc” format engineered for lower potency. IL-15 

and IL-15Rα(sushi) are underlined, linkers are double underlined (although as will be 

appreciated by those in the art, the linkers can be replaced by other linkers, some of which 

are depicted in Figure 7), and slashes (/) indicate the border(s) between IL-15, IL-15Rα, 

linkers, and Fc regions. 

[0075] Figures 54A-54C depict the induction of (A) NK cell, (B) CD8+ (CD45RA-) T cell, 

and (C) CD4+ (CD45RA-) T cell proliferation by variant IL-15/Rα-Fc fusion proteins based 

on Ki67 expression as measured by FACS. 

[0076] Figure 55 depicts EC50 for induction of NK and CD8+ T cells proliferation by 

variant IL-15/Rα-Fc fusion proteins, and fold reduction in EC50 relative to XENP20818. 

[0077] Figures 56A-56C depict the gating of lymphocytes and subpopulations for the 

experiments depicted in Figures 59A-59D. Figure 56A shows the gated lymphocyte 

population. Figure 56B shows the CD3-negative and CD3-positive subpopulations. Figure 

56C shows the CD16=negative and CD16-positive subpopulations of the CD3-negative cells. 

[0078] Figures 57A-57C depict the gating of CD3+ lymphocyte subpopulations for the 

experiments depicted in Figures 59A-59D.  Figure 57A shows the CD4+, CD8+ and γδ T cell 
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83D), and CD4+ T cells (CD45RA-) (Figure 83E) after dosing cynomolgus monkeys with 

XENP20818. 

[00105] Figures 84A-84E depict lymphocyte counts after dosing cynomolgus monkeys 

with XENP22819. Figures 84A-E respectively show the fold change in absolute count of 

CD56+ NK cells (Figure 84A), CD16+ NK cells (Figure 84B), γδ T cells (CD45RA+CD3+CD4-

CD8-) (Figure 84C), CD8+ T cells (Figure 84D), and CD4+ T cells (Figure 84E). 

[00106] Figures 85A-85E depict proliferation of CD56+ NK cells (Figure 85A), CD16+ NK 

cells (Figure 85B), CD8+ T cells (CD45RA+) (Figure 85C), CD8+ T cells (CD45RA-) (Figure 

85D), and CD4+ T cells (CD45RA-) (Figure 85E) after dosing cynomolgus monkeys with 

XENP22819. 

[00107] Figures 86A-86Edepict lymphocyte counts after dosing cynomolgus monkeys 

with XENP22821. Figures 86A-E respectively show the fold change in absolute count of 

CD56+ NK cells (Figure 86A), CD16+ NK cells (Figure 86B), γδ T cells (CD45RA+CD3+CD4-

CD8-) (Figure 86C), CD8+ T cells (Figure 86D), and CD4+ T cells (Figure 86E).  

[00108] Figures 87A-87E depict proliferation of CD56+ NK cells (Figure 87A), CD16+ NK 

cells (Figure 87B), CD8+ T cells (CD45RA+) (Figure 87C), CD8+ T cells (CD45RA-) (Figure 

87D), and CD4+ T cells (CD45RA-) (Figure 87E) after dosing cynomolgus monkeys with 

XENP22821.   

[00109] Figures 88A-88E depict lymphocyte counts after dosing cynomolgus monkeys 

with XENP22822. Figures 88A-E respectively show the fold change in absolute count of 

CD56+ NK cells (Figure 88A), CD16+ NK cells (Figure 88B), γδ T cells (CD45RA+CD3+CD4-

CD8-) (Figure 88C), CD8+ T cells (Figure 88D), and CD4+ T cells (Figure 88E). 

[00110] Figures 89A-89E depict proliferation of CD56+ NK cells (Figure 89A), CD16+ NK 

cells (Figure 89B), CD8+ T cells (CD45RA+) (Figure 89C), CD8+ T cells (CD45RA-) (Figure 

89D), and CD4+ T cells (CD45RA-) (Figure 89E) after dosing cynomolgus monkeys with 

XENP22822. 

[00111] Figures 90A-90E depict lymphocyte counts after dosing cynomolgus monkeys 

with XENP22834. Figures 90A-E respectively show the fold change in absolute count of 
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[00117] Figure 96 depicts sequences of XENP24346 and XENP24351, illustrative IL-

15/Rα-Fc fusion proteins of the “bivalent ncIL-15/Rα-Fc” format with M428L/N434S 

substitutions. IL-15 and IL-15Rα(sushi) are underlined, linkers are double underlined 

(although as will be appreciated by those in the art, the linkers can be replaced by other 

linkers, some of which are depicted in Figure 7), and slashes (/) indicate the border(s) 

between IL-15, IL-15Rα, linkers, and Fc regions.  

[00118] Figures 97A-97C depict the percentage of Ki67 expression on (A) human CD8+ T 

cells, (B) human CD4+ T cells and (C) human NK cells following treatment with IL-15/Rα 

variants with M428L/N434S Fc mutations. 

[00119] Figures 98A-98C depict the percentage of Ki67 expression on (A) cyno CD8+ T 

cells, (B) cyno CD4+ T cells and (C) cyno NK cells following treatment with IL-15/Rα 

variants with M428L/N434S Fc mutations. 

[00120] Figures 99A-99C depict CD4+ T cell count on (A) Day 4 and (B) Day 7 in whole 

blood and (C) Day 8 in spleen of huPBMC engrafted mice following treatment with 

additional variant IL-15/Rα-Fc fusion proteins.  

[00121] Figures 100A-100C depict CD8+ T cell count on (A) Day 4 and (B) Day 7 in whole 

blood and (C) Day 8 in spleen of huPBMC engrafted mice following treatment with 

additional variant IL-15/Rα-Fc fusion proteins. 

[00122] Figures 101A-101C depicts CD8+ T cell count on (A) Day 4 and (B) Day 7 in 

whole blood and (C) Day 8 in spleen of huPBMC engrafted mice following treatment with 

additional variant IL-15/Rα-Fc fusion proteins. 

[00123] Figures 102A-102F depict the body weight as a percentage of initial body weight 

of huPBMC engrafted mice on Days (A) -2, (B) 1, (C) 5, (D) 8, and (E) 11 following treatment 

with additional IL-15/Rα variants. Each point represents a single NSG mouse. Figure 102F 

depicts a time-course of body weight in huPBMC engrafted mice following treatment with 

the IL-15/Rα variants. 

[00124] Figures 103A-103C depict (A) CD8+ T cell, (B) CD4+ T cell, and (C) NK cell 

counts in cynomolgus monkeys after treatment with IL-15/Rα variants on Day 1. 
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wherein the numbering is according to the EU index as in Kabat.  In some embodiments, for 

example in the context of an Fc region, the lower hinge is included, with the “lower hinge” 

generally referring to positions 226 or 230.  As noted herein, pI variants can be made in the 

hinge region as well. 

[00163] Thus, the present invention provides different antibody domains.  As described 

herein and known in the art, the heterodimeric proteins of the invention comprise different 

domains, which can be overlapping as well.  These domains include, but are not limited to, 

the Fc domain, the CH1 domain, the CH2 domain, the CH3 domain, the hinge domain, and 

the heavy constant domain (CH1-hinge-Fc domain or CH1-hinge-CH2-CH3).   

[00164] Thus, the “Fc domain” includes the -CH2-CH3 domain, and optionally a hinge 

domain.  In some embodiments, the Fc domain also includes a truncated CH1 domain.  In 

the embodiments herein, when a protein fragment, e.g., IL-15 or IL-15Rα is attached to an Fc 

domain, it is the C-terminus of the IL-15 or IL-15Rα construct that is attached to all or part of 

the hinge of the Fc domain; for example, it is generally attached to the sequence EPKSS (SEQ 

ID NO: 1204) which is the beginning of the hinge.  In other embodiments, when a protein 

fragment, e.g., IL-15 or IL-15Rα, is attached to an Fc domain, it is the C-terminus of the IL-15 

or IL15Rα construct that is attached to the CH1 domain of the Fc domain.  

[00165] In some of the constructs and sequences outlined herein of an Fc domain protein, 

the C-terminus of the IL-15 or IL-15Rα protein fragment is attached to the N-terminus of a 

domain linker, the C-terminus of which is attached to the N-terminus of a constant Fc 

domain (N-IL-15 or IL-15Rα protein fragment-linker-Fc domain-C) although that can be 

switched (N- Fc domain-linker- IL-15 or IL-15Rα protein fragment -C).  In other constructs 

and sequence outlined herein, C-terminus of a first protein fragment is attached to the N-

terminus of a second protein fragment, optionally via a domain linker, the C-terminus of the 

second protein fragment is attached to the N-terminus of a constant Fc domain, optionally 

via a domain linker.  In yet other constructs and sequences outlined herein, a constant Fc 

domain that is not attached to a first protein fragment or a second protein fragment is 

provided.  A heterodimer Fc fusion protein can contain two or more of the exemplary 

monomeric Fc domain proteins described herein.   
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[00166] In some embodiments, the linker is a “domain linker”, used to link any two domains 

as outlined herein together, some of which are depicted in Figure 87.  While any suitable linker 

can be used, many embodiments utilize a glycine-serine polymer, including for example (GS)n 

(SEQ ID NO: 1199), (GSGGS)n (SEQ ID NO: 1200), (GGGGS)n (SEQ ID NO: 1203), and (GGGS)n 

(SEQ ID NO: 1201), where n is an integer of at least one (and generally from 0 to 1 to 2 to 3 to 4 to 

5) as well as any peptide sequence that allows for recombinant attachment of the two domains 

with sufficient length and flexibility to allow each domain to retain its biological function.  In 

some cases, and with attention being paid to “strandedness”, as outlined below, charged domain 

linkers.   

[00167] In one embodiment, heterodimeric Fc fusion proteins contain at least two constant 

domains which can be engineered to produce heterodimers, such as pI engineering.  Other Fc 

domains that can be used include fragments that contain one or more of the CH1, CH2, CH3, and 

hinge domains of the invention that have been pI engineered.  In particular, the formats depicted 

in Figures 9A-9G, and 39A-39D are heterodimeric Fc fusion proteins, meaning that the protein 

has two associated Fc sequences self-assembled into a heterodimeric Fc domain and at least one 

protein fragment (e.g., 1, 2 or more protein fragments).  In some cases, a first protein fragment is 

linked to a first Fc sequence and a second protein fragment is linked to a second Fc sequence.  In 

other cases, a first protein fragment is linked to a first Fc sequence, and the first protein fragment 

is non-covalently attached to a second protein fragment that is not linked to an Fc sequence.  In 

some cases, the heterodimeric Fc fusion protein contains a first protein fragment linked to a 

second protein fragment which is linked a first Fc sequence, and a second Fc sequence that is not 

linked to either the first or second protein fragments. 

[00168] Accordingly, in some embodiments the present invention provides heterodimeric Fc 

fusion proteins that rely on the use of two different heavy chain variant Fc sequences, that will 

self-assemble to form a heterodimeric Fc domain fusion polypeptide.   

[00169] The present invention is directed to novel constructs to provide heterodimeric Fc 

fusion proteins that allow binding to one or more binding partners, ligands or receptors.  The 

heterodimeric Fc fusion constructs are based on the self-assembling nature of the two Fc domains 

of the heavy chains of antibodies, e.g., two “monomers” that assemble into a “dimer”.  

Heterodimeric Fc fusions are made by altering the amino acid sequence of each 
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[00189] In some embodiments, the steric variants outlined herein can be optionally and 

independently incorporated with any pI variant (or other variants such as Fc variants, FcRn 

variants, etc.) into one or both monomers, and can be independently and optionally included or 

excluded from the proteins of the invention.   

[00190] A list of suitable skew variants is found in Figure 84.  Of particular use in many 

embodiments are the pairs of sets including, but not limited to,  S364K/E357Q : L368D/K370S; 

L368D/K370S : S364K; L368E/K370S : S364K; T411E/K360E/Q362E : D401K; L368D/K370S : 

S364K/E357L,  K370S : S364K/E357Q and T366S/L368A/Y407V : T366W (optionally including a 

bridging disulfide, T366S/L368A/Y407V/Y349C : T366W/S354C).  In terms of nomenclature, the 

pair “S364K/E357Q : L368D/K370S”  means that one of the monomers has the double variant set 

S364K/E357Q and the other has the double variant set L368D/K370S; as above, the 

“strandedness” of these pairs depends on the starting pI.   

C. pI (Isoelectric point) Variants for Heterodimers 

[00191] In general, as will be appreciated by those in the art, there are two general categories 

of pI variants: those that increase the pI of the protein (basic changes) and those that decrease the 

pI of the protein (acidic changes).  As described herein, all combinations of these variants can be 

done: one monomer may be wild type, or a variant that does not display a significantly different 

pI from wild-type, and the other can be either more basic or more acidic.  Alternatively, each 

monomer is changed, one to more basic and one to more acidic.   

[00192] Preferred combinations of pI variants are shown in Figure 30 of USSN 15/141,350, all 

of which are herein incorporated by reference in its entirety.  As outlined herein and shown in 

the figures, these changes are shown relative to IgG1, but all isotypes can be altered this way, as 

well as isotype hybrids.  In the case where the heavy chain constant domain is from IgG2-4, 

R133E and R133Q can also be used.    

[00193] In one embodiment, a preferred combination of pI variants has one monomer 

comprising 208D/295E/384D/418E/421D variants (N208D/Q295E/N384D/Q418E/N421D when 

relative to human IgG1) if one of the Fc monomers includes a CH1 domain. In some instances, 

the second monomer comprising a positively charged domain linker, including 
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(GKPGS)4 (SEQ ID NO: 1202).  In some cases, the first monomer includes a CH1 domain, 

including position 208.  Accordingly, in constructs that do not include a CH1 domain (for 

example for heterodimeric Fc fusion proteins that do not utilize a CH1 domain on one of the 

domains), a preferred negative pI variant Fc set includes 295E/384D/418E/421D variants 

(Q295E/N384D/Q418E/N421D when relative to human IgG1).   

[00194] In some embodiments, mutations are made in the hinge domain of the Fc 

domain, including positions 221, 222, 223, 224, 225, 233, 234, 235 and 236.  It should be noted 

that changes in 233-236 can be made to increase effector function (along with 327A) in the 

IgG2 backbone.  Thus, pI mutations and particularly substitutions can be made in one or 

more of positions 221-225, with 1, 2, 3, 4 or 5 mutations finding use in the present invention.  

Again, all possible combinations are contemplated, alone or with other pI variants in other 

domains. 

[00195] Specific substitutions that find use in lowering the pI of hinge domains include, 

but are not limited to, a deletion at position 221, a non-native valine or threonine at position 

222, a deletion at position 223, a non-native glutamic acid at position 224, a deletion at 

position 225, a deletion at position 235 and a deletion or a non-native alanine at position 236.  

In some cases, only pI substitutions are done in the hinge domain, and in others, these 

substitution(s) are added to other pI variants in other domains in any combination. 

[00196] In some embodiments, mutations can be made in the CH2 region, including 

positions 274, 296, 300, 309, 320, 322, 326, 327, 334 and 339.  Again, all possible combinations 

of these 10 positions can be made; e.g., a pI antibody may have 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 

CH2 pI substitutions.  

[00197] Specific substitutions that find use in lowering the pI of CH2 domains include, 

but are not limited to, a non-native glutamine or glutamic acid at position 274, a non-native 

phenylalanine at position 296, a non native phenylalanine at position 300, a non-native 

valine at position 309, a non-native glutamic acid at position 320, a non-native glutamic acid 

at position 322, a non-native glutamic acid at position 326, a non-native glycine at position 

327, a non-native glutamic acid at position 334, a non native threonine at position 339, and 

all possible combinations within CH2 and with other domains. 
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[00213] In addition, any of the heterodimerization variants, skew and pI, are also 

independently and optionally combined with Fc ablation variants, Fc variants, FcRn 

variants, as generally outlined herein.    

[00214] In addition, a monomeric Fc domain can comprise a set of amino acid 

substitutions that includes C220S/S267K/L368D/K370S or C220S/S267K/S364K/E357Q. 

[00215] In addition, the heterodimeric Fc fusion proteins can comprise skew variants 

(e.g., a set of amino acid substitutions as shown in Figures 1A-1C of USSN 15/141,350, all of 

which are herein incorporated by reference in its entirety ), with particularly useful skew 

variants being selected from the group consisting of S364K/E357Q : L368D/K370S; 

L368D/K370S : S364K; L368E/K370S : S364K; T411E/K360E/Q362E : D401K; L368D/K370S : 

S364K/E357L, K370S : S364K/E357Q, T366S/L368A/Y407V : T366W and 

T366S/L368A/Y407V/Y349C : T366W/S354C, optionally ablation variants, optionally charged 

domain linkers and the heavy chain comprises pI variants. 

[00216] In some embodiments, the Fc domain comprising an amino acid substitution 

selected from the group consisting of: 236R, 239D, 239E, 243L, M252Y, V259I, 267D, 267E, 

298A, V308F, 328F, 328R, 330L, 332D, 332E, M428L, N434A, N434S, 236R/328R, 239D/332E, 

M428L, 236R/328F, V259I/V308F, 267E/328F, M428L/N434S, Y436I/M428L, Y436V/M428L, 

Y436I/N434S, Y436V/N434S, 239D/332E/330L, M252Y/S254T/T256E, V259I/V308F/M428L, 

E233P/L234V/L235A/G236del/S267K, G236R/L328R and PVA/S267K.  In some cases, the Fc 

domain comprises the amino acid substitution 239D/332E.  In other cases, the Fc domain 

comprises the amino acid substitution G236R/L328R or PVA/S267K.   

[00217] In one embodiment, a particular combination of skew and pI variants that finds 

use in the present invention is T366S/L368A/Y407V : T366W (optionally including a bridging 

disulfide, T366S/L368A/Y407V/Y349C : T366W/S354C) with one monomer comprises 

Q295E/N384D/Q418E/N481D and the other a positively charged domain linker.  As will be 

appreciated in the art, the “knobs in holes” variants do not change pI, and thus can be used 

on either monomer.   

III. IL-15 and IL15Rα Protein Domains 
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substitutions selected from the group consisting of K34C, A37C, G38C, S40C, and L42C, wherein 

the amino acid position is relative to SEQ ID NO:4.  The IL-15Rα protein can have 1, 2, 3, 4, 5, 6, 

7, 8 or more amino acid mutations (e.g., substitutions, insertions and/or deletions).   

IV. Domain Linkers  

[00223] In some embodiments, the IL-15 protein and IL-15Rα protein are attached together 

via a linker.  Optionally, the proteins are not attached via a linker.  In other embodiments, the IL-

15 protein and IL-15Rα protein are noncovalently attached.  In some embodiments, the IL-15 

protein is attached to an Fc domain via a linker.  In certain embodiments, the IL-15 protein is 

attached to an Fc domain directly, such as without a linker.  In other embodiments, the IL-15Rα 

protein is attached to an Fc domain via a linker.  In other embodiments, the IL-15Rα protein is 

attached to an Fc domain directly.  In some cases, a linker is not used to attach the IL-15 protein 

or IL-15Rα protein to an Fc domain.  

[00224] In some embodiments, the linker is a “domain linker”, used to link any two domains 

as outlined herein together.  While any suitable linker can be used, many embodiments utilize a 

glycine-serine polymer, including for example (GS)n (SEQ ID NO: 1199), (GSGGS)n (SEQ ID NO: 

1200), (GGGGS)n (SEQ ID NO: 1203), and (GGGS)n (SEQ ID NO: 1201), where n is an integer of at 

least 0 (and generally from 0 to 1 to 2 to 3 to 4 to 5) as well as any peptide sequence that allows 

for recombinant attachment of the two domains with sufficient length and flexibility to allow 

each domain to retain its biological function.  In certain cases, useful linkers include (GGGGS)0 or 

(GGGGS)1 (SEQ ID NO: 14) or (GGGGS)2 (SEQ ID NO: 15).  In some cases, and with attention 

being paid to “strandedness”, as outlined below, charged domain linkers can be used as 

discussed herein and shown in Figure 7.  

 

V. Useful formats of the Invention 

[00225] As shown in Figures 9A-9G and 39A-39D there are a number of useful formats of 

the bispecific heterodimeric fusion proteins of the invention.  In general, the heterodimeric fusion 

proteins of the invention have two functional components: an IL-15/IL-15Rα(sushi) component 

and an Fc component, both of which can take different forms as 
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outlined herein and both of which can be combined with the other component in any 

configuration.   

[00226] The first and the second Fc domains can have a set of amino acid 

substitutions selected from the group consisting of a) S267K/L368D/K370S : 

S267K/LS364K/E357Q; b) S364K/E357Q : L368D/K370S; c) L368D/K370S : S364K; d) 

L368E/K370S : S364K; e) T411E/K360E/Q362E : D401K; f) L368D/K370S : S364K/E357L and g) 

K370S : S364K/E357Q, according to EU numbering.   

[00227] In some embodiments, the first and/or the second Fc domains have an 

additional set of amino acid substitutions comprising Q295E/N384D/Q418E/N421D, 

according to EU numbering.   

[00228] Optionally, the first and/or the second Fc domains have an additional set of 

amino acid substitutions consisting of G236R/L328R, E233P/L234V/L235A/G236del/S239K, 

E233P/L234V/L235A/G236del/S267K, E233P/L234V/L235A/G236del/S239K/A327G, 

E233P/L234V/L235A/G236del/S267K/A327G and E233P/L234V/L235A/G236del, according to 

EU numbering.   

[00229] Optionally, the first and/or second Fc domains have 428L/434S variants for 

half life extension. 

A. IL-15/Rα-heteroFc format 

[00230] In this embodiment, as shown in Figure 9A, the heterodimeric fusion protein 

comprises two monomers.  The first monomer comprises (from N-to C-terminus) IL-15-

optional domain linker-CH2-CH3, where the domain linker sometimes comprises all or part 

of the hinge.  The second monomer comprises the IL-15/Rα(sushi) domain-optional domain 

linker-CH2-CH3, where the domain linker sometimes comprises all or part of the hinge.   

[00231] In the IL-15/Rα-heteroFc format, a preferred embodiment utilizes the skew 

variant pair S364K/E357Q : L368D/K370S.   

[00232] In the IL-15/Rα-heteroFc format, a preferred embodiment utilizes the IL-15 

variant Q108E. 
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[00374] General and specific scientific techniques are outlined in US Publications 

2015/0307629, 2014/0288275 and WO2014/145806, all of which are expressly incorporated by 

reference in their entirety and particularly for the techniques outlined therein.   

X. Example 1: IL-15/IL-15Rα(sushi) Fc Fusion Proteins 

[00375] In order to address the short half-life of IL-15/IL-15Rα heterodimers, we generated 

the IL-15/IL-15Rα(sushi) complex as a Fc fusion (hereon referred to as IL-15/Rα-Fc fusion 

proteins) with the goal of facilitating production and promoting FcRn-mediated recycling of the 

complex and prolonging half-life. 

A. Example 1A: Engineering IL-15/Rα-Fc fusion proteins 

[00376] Plasmids coding for IL-15 or IL-15Rα sushi domain were constructed by standard 

gene synthesis, followed by subcloning into a pTT5 expression vector containing Fc fusion 

partners (e.g., constant regions as depicted in Figures 8). Cartoon schematics of illustrative IL-

15/Rα-Fc fusion protein formats are depicted in Figures 9A-G. 

[00377] The IL-15Rα heterodimeric Fc fusion or “IL-15/Rα-heteroFc” format comprises IL-15 

recombinantly fused to one side of a heterodimeric Fc and IL-15Rα sushi domain recombinantly 

fused to the other side of the heterodimeric Fc (Figure 9A). The IL-15 and IL-15Rα may have a 

variable length linker (see Figure 7) between their respective C-terminus and the N-terminus of 

the Fc region. Illustrative proteins of this format include XENP20818 and XENP21475, sequences 

for which are depicted in Figure 10 (see also Table 1). Sequences for additional proteins of this 

format are listed as XENPs 20819, 21471, 21472, 21473, 21474, 21476, and 21477 in the figures and 

in the sequence listing.  

Table 1 

 

XENP IL-15-Fc Linker IL-15Rα(sushi)-Fc Linker 

20818 (GGGGS)1 (SEQ ID NO: 14) (GGGGS)1 (SEQ ID NO: 14) 

20819 (GGGGS)1 (SEQ ID NO: 14) (GGGGS)4 (SEQ ID NO: 17) 

21471 NONE (GGGGS)1 (SEQ ID NO: 14) 

21472 (GGGGS)1 (SEQ ID NO: 14) NONE 

21473 (GGGGS)1 (SEQ ID NO: 14) (GGGGS)3 (SEQ ID NO: 16) 

21474 NONE (GGGGS)4 (SEQ ID NO: 17) 
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21475 NONE NONE 

21476 (GGGGS)2 (SEQ ID NO: 15) (GGGGS)2 (SEQ ID NO: 15) 

21477 (GGGGS)2 (SEQ ID NO: 15) (GGGGS)4 (SEQ ID NO: 17) 

 

[00378] The single-chain IL-15/Rα-Fc fusion or “scIL-15/Rα-Fc” format comprises IL-15Rα 

sushi domain fused to IL-15 by a variable length linker (termed a “single-chain” IL-15/IL-15Rα 

complex or “scIL-15/Rα”) which is then fused to the N-terminus of a heterodimeric Fc-region, 

with the other side of the molecule being a “Fc-only” or “empty-Fc” heterodimeric Fc (Figure 

9B). Sequences for illustrative linkers are depicted in Figure 7. An illustrative protein of this 

format is XENP21478, sequences for which are depicted in Figure 11 (also see Table 2). Sequences 

for additional proteins of this format are listed as XENPs 21993, 21994, 21995, 23174, 23175, 

24477, and 24480 in the figures and the sequence listing. 

Table 2 

XENP Linker between IL-15 

and IL-15Rα 

21478 (GGGGS)6 (SEQ ID NO: 

19) 

21993 (GGGGS)5 (SEQ ID NO: 

18) 

21994 (GGGGS)4 (SEQ ID NO: 

17) 

21995 (GGGGS)3 (SEQ ID NO: 

16) 

23174 (GKPGS)6 (SEQ ID NO: 

24) 

23175 (GKPGS)5 (SEQ ID NO: 

23) 

24477 (GGGGS)7 (SEQ ID NO: 

20) 

24480 30AA-linker 

 

[00379] The non-covalent IL-15/Rα-Fc fusion or “ncIL-15/Rα-Fc” format comprises IL-15Rα 

sushi domain fused to a heterodimeric Fc region, while IL-15 is transfected separately so that a 

non-covalent IL-15/IL-15Rα complex is formed, with the other side of the molecule being a “Fc-

only” or “empty-Fc” heterodimeric Fc (Figure 9C). Illustrative proteins of this format include 

XENP21479, XENP22366 and XENP24348, sequences for which are depicted in Figure 12. 
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WHAT IS CLAIMED IS: 

1.  A heterodimeric protein comprising: 

 a)  a first fusion protein comprising an interleukin-15 (IL-15) protein 

covalently attached to the N-terminus of a first Fc domain via a first domain linker, 

wherein the IL-15 protein comprises the amino acid sequence 

NWVNVISDLKKIEDLIQSMHIDATLYTESNVHPSCKVTAMKCFLLELQVISLESGDASIH

DTVQDLIILANNSLSSNGNVTESGCKECEELEEKNIKEFLQSFVHIVQMFINTS and 

wherein the first Fc domain comprises the amino acid sequence 

EPKSSDKTHTCPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVKHEDPEVKFN

WYVDGVEVHNAKTKPREEEYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIE

KTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCDVSGFYPSDIAVEWESDGQPENNYK

TTPPVLDSDGSFFLYSKLTVDKSRWEQGDVFSCSVLHEALHSHYTQKSLSLSPGK; and 

 b)  a second fusion protein comprising an IL-15 receptor alpha (IL-15Rα) 

protein covalently attached to the N-terminus of a second Fc domain via a second domain 

linker, wherein the IL-15Rα protein comprises the amino acid sequence 

ITCPPPMSVEHADIWVKSYSLYSRERYICNSGFKRKAGTSSLTECVLNKATNVAHWTTPS

LKCIR and wherein the second Fc domain comprises the amino acid sequence 

EPKSSDKTHTCPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVKHEDPEVKFN

WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIE

KTISKAKGQPREPQVYTLPPSREQMTKNQVKLTCLVKGFYPSDIAVEWESNGQPENNYK

TTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVLHEALHSHYTQKSLSLSPGK.  

2.  The heterodimeric protein according to claim 1, wherein the first domain 

linker comprises the amino acid sequence GGGGS. 

3.  The heterodimeric protein according to claim 1, wherein the second 

domain linker comprises the amino acid sequence GGGGS. 

4.  The heterodimeric protein according to claim 1, wherein the first domain 

linker comprises the amino acid sequence GGGGS and the second domain linker comprises 

the amino acid sequence GGGGS. 
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5.  The heterodimeric protein according to any one of claims  1 to 4, wherein 

the first fusion protein comprises the amino acid sequence 

NWVNVISDLKKIEDLIQSMHIDATLYTESNVHPSCKVTAMKCFLLELQVISLESGDASIHD

TVQDLIILANNSLSSNGNVTESGCKECEELEEKNIKEFLQSFVHIVQMFINTSGGGGSEPKSS

DKTHTCPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVKHEDPEVKFNWYVDG

VEVHNAKTKPREEEYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKG

QPREPQVYTLPPSREEMTKNQVSLTCDVSGFYPSDIAVEWESDGQPENNYKTTPPVLDSD

GSFFLYSKLTVDKSRWEQGDVFSCSVLHEALHSHYTQKSLSLSPGK. 

6.  The heterodimeric protein according to any one of claims 1 to 4, wherein 

the second fusion protein comprises the amino acid sequence 

ITCPPPMSVEHADIWVKSYSLYSRERYICNSGFKRKAGTSSLTECVLNKATNVAHWTTPSL

KCIRGGGGSEPKSSDKTHTCPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVKH

EDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK

ALPAPIEKTISKAKGQPREPQVYTLPPSREQMTKNQVKLTCLVKGFYPSDIAVEWESNGQP

ENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVLHEALHSHYTQKSLSLSPGK. 

7.  A heterodimeric protein comprising a first fusion protein and a second 

fusion protein, wherein the first fusion protein comprises the amino acid sequence 

NWVNVISDLKKIEDLIQSMHIDATLYTESNVHPSCKVTAMKCFLLELQVISLESGDASIHD

TVQDLIILANNSLSSNGNVTESGCKECEELEEKNIKEFLQSFVHIVQMFINTSGGGGSEPKSS

DKTHTCPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVKHEDPEVKFNWYVDG

VEVHNAKTKPREEEYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKG

QPREPQVYTLPPSREEMTKNQVSLTCDVSGFYPSDIAVEWESDGQPENNYKTTPPVLDSD

GSFFLYSKLTVDKSRWEQGDVFSCSVLHEALHSHYTQKSLSLSPGK and the second fusion 

protein comprises the amino acid sequence 

ITCPPPMSVEHADIWVKSYSLYSRERYICNSGFKRKAGTSSLTECVLNKATNVAHWTTPSL

KCIRGGGGSEPKSSDKTHTCPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVKH

EDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK

ALPAPIEKTISKAKGQPREPQVYTLPPSREQMTKNQVKLTCLVKGFYPSDIAVEWESNGQP

ENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVLHEALHSHYTQKSLSLSPGK. 

8.  A heterodimeric protein comprising: 
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a) a first fusion protein comprising an interleukin-15 (IL-15) protein 

covalently attached to the N-terminus of a first Fc domain via a first domain linker, wherein 

the IL-15 protein comprises an amino acid sequence encoded by a polynucleotide that 

encodes the amino acid sequence 

NWVNVISDLKKIEDLIQSMHIDATLYTESNVHPSCKVTAMKCFLLELQVISLESGDASIHD

TVQDLIILANNSLSSNGNVTESGCKECEELEEKNIKEFLQSFVHIVQMFINTS and wherein 

the first Fc domain comprises an amino acid sequence encoded by a polynucleotide that 

encodes the amino acid sequence 

EPKSSDKTHTCPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVKHEDPEVKFNW

YVDGVEVHNAKTKPREEEYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTIS

KAKGQPREPQVYTLPPSREEMTKNQVSLTCDVSGFYPSDIAVEWESDGQPENNYKTTPPV

LDSDGSFFLYSKLTVDKSRWEQGDVFSCSVLHEALHSHYTQKSLSLSPGK; and  

b) a second fusion protein comprising an IL-15 receptor alpha (IL-15Rα) 

protein covalently attached to the N-terminus of a second Fc domain via a second domain 

linker, wherein the IL-15Rα protein comprises an amino acid sequence encoded by a 

polynucleotide that encodes the amino acid sequence 

ITCPPPMSVEHADIWVKSYSLYSRERYICNSGFKRKAGTSSLTECVLNKATNVAHWTTPSL

KCIR and wherein the second Fc domain comprises an amino acid sequence encoded by a 

polynucleotide that encodes the amino acid sequence 

EPKSSDKTHTCPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVKHEDPEVKFNW

YVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTI

SKAKGQPREPQVYTLPPSREQMTKNQVKLTCLVKGFYPSDIAVEWESNGQPENNYKTTPP

VLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVLHEALHSHYTQKSLSLSPGK. 

9.  The heterodimeric protein according to claim 8, wherein the first domain 

linker comprises an amino acid sequence encoded by a polynucleotide that encodes the 

amino acid sequence GGGGS. 

10.  The heterodimeric protein according to claim 8, wherein the second 

domain linker comprises an amino acid sequence encoded by a polynucleotide that encodes 

the amino acid sequence GGGGS. 
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11.  The heterodimeric protein according to claim 8, wherein the first domain 

linker comprises an amino acid sequence encoded by a polynucleotide that encodes the 

amino acid sequence GGGGS and the second domain linker comprises an amino acid 

sequence encoded by a polynucleotide that encodes the amino acid sequence GGGGS. 

12.  The heterodimeric protein according to any one of claims 8 to 11, wherein 

the first fusion protein comprises an amino acid sequence encoded by a polynucleotide that 

encodes the amino acid sequence 

NWVNVISDLKKIEDLIQSMHIDATLYTESNVHPSCKVTAMKCFLLELQVISLESGDASIHD

TVQDLIILANNSLSSNGNVTESGCKECEELEEKNIKEFLQSFVHIVQMFINTSGGGGSEPKSS

DKTHTCPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVKHEDPEVKFNWYVDG

VEVHNAKTKPREEEYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKG

QPREPQVYTLPPSREEMTKNQVSLTCDVSGFYPSDIAVEWESDGQPENNYKTTPPVLDSD

GSFFLYSKLTVDKSRWEQGDVFSCSVLHEALHSHYTQKSLSLSPGK. 

13.  The heterodimeric protein according to any one of claims 8 to 11, wherein 

the second fusion protein comprises an amino acid sequence encoded by a polynucleotide 

that encodes the amino acid sequence 

ITCPPPMSVEHADIWVKSYSLYSRERYICNSGFKRKAGTSSLTECVLNKATNVAHWTTPSL

KCIRGGGGSEPKSSDKTHTCPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVKH

EDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK

ALPAPIEKTISKAKGQPREPQVYTLPPSREQMTKNQVKLTCLVKGFYPSDIAVEWESNGQP

ENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVLHEALHSHYTQKSLSLSPGK. 

14.  A heterodimeric protein comprising a first fusion protein and a second 

fusion protein, wherein the first fusion protein comprises an amino acid sequence encoded 

by a polynucleotide that encodes the amino acid sequence 

NWVNVISDLKKIEDLIQSMHIDATLYTESNVHPSCKVTAMKCFLLELQVISLESGDASIHD

TVQDLIILANNSLSSNGNVTESGCKECEELEEKNIKEFLQSFVHIVQMFINTSGGGGSEPKSS

DKTHTCPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVKHEDPEVKFNWYVDG

VEVHNAKTKPREEEYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKG

QPREPQVYTLPPSREEMTKNQVSLTCDVSGFYPSDIAVEWESDGQPENNYKTTPPVLDSD

GSFFLYSKLTVDKSRWEQGDVFSCSVLHEALHSHYTQKSLSLSPGK and the second fusion 
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protein comprises an amino acid sequence encoded by a polynucleotide that encodes the 

amino acid sequence 

ITCPPPMSVEHADIWVKSYSLYSRERYICNSGFKRKAGTSSLTECVLNKATNVAHWTTPSL

KCIRGGGGSEPKSSDKTHTCPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVKH

EDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK

ALPAPIEKTISKAKGQPREPQVYTLPPSREQMTKNQVKLTCLVKGFYPSDIAVEWESNGQP

ENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVLHEALHSHYTQKSLSLSPGK. 

15.  A nucleic acid composition comprising: 

a) a first nucleic acid encoding the first fusion protein of any one of claims 1 

to 14; and 

b) a second nucleic acid encoding the second fusion protein of any one of 

claims 1 to 14. 

16.  An expression vector composition comprising:  

a) a first expression vector comprising the first nucleic acid of claim 15; and 

b) a second expression vector comprising the second nucleic acid of claim 15. 

17.  A host cell comprising the expression vector composition of claim 16. 

18.  A method of producing a heterodimeric protein comprising culturing the 

host cell of claim 17 under suitable conditions wherein said heterodimeric protein is 

expressed, and recovering said protein. 

19.  A composition comprising a human interleukin 15 (IL-15) variant 

comprising the amino acid sequence 

NWVNVISDLKKIEDLIQSMHIDATLYTESNVHPSCKVTAMKCFLLELQVISLESGDASIHD

TVQDLIILANNSLSSNGNVTESGCKECEELEEKNIKEFLQSFVHIVQMFINTS. 

20.  A nucleic acid encoding the composition comprising the IL-15 variant of 

claim 19. 

21.  An expression vector comprising the nucleic acid of claim 20. 
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22.  A host cell comprising the nucleic acid of claim 20 or the expression 

vector of claim 21. 
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