CLAIMS /

1. A mutein of human tear lipocalin having binding affinity to IL-4 receptor alpha, characterised ir-{/at ‘
least one substitution at a position corresponding to the amino acid p of mature hum’aﬁ tear
lipocalin selected from the group consisting of: Pro, Leu, Asn, Tyr, Lys or. Glu at positiqgn’/%; Lys
at position 32; Trp, Asn, Val, His or Arg at position 34; Leu, Ala, His, Lys or Met atf):i‘gsition 58;
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Leu at position 58; or Lys, Ser, Gin or Pro at position 83. Vs
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2. The mutein of human tear lipocalin according to claim 1, wherein the mutein g@'ﬁprises:
(i) @ mutated amino acid residue at any one or more of the sequence positiony’é?, 28, 30, 31, 33, 53,
&
57, 61, 64, 66, 80, 83, 104-106 and 108 of the linear polypeptide sequence of the mature human
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tear lipocalin, /
(il a mutétedv amino acid residue at any 2 or more of the sequence/yéfsitions 26, 32, 34, 55, 56, 58
and 63 of the linear polypeptide sequence of the mature humarytear lipocalin, wherein the amino
acid sequence of the mutein comprises one of the foliowing sg{s of amino acid combinations:
(1) Ser 26, Glu 34, Leu 55, Lys 58, g’f
(2) Ser 26, Asn 34, Ala 55, Lys 58, ‘ //’
) Ser 26, Val 34, Ve
(4) Pro 28, Ser 34, /
() Pro 26, Ala 55, /
(6) Leu 28, Trp 34, Ala 55,
)

Leu 26, Trp 34, lle 58, //

(8) Asn 26, Asp 34, /
(9) Asn 26, Ala 55, /
(10) Tyr 26, His 34, Ala 55,

(11) Tyr 26, His 34, Ala 58

(12) Lys 26, Arg 34.;Ai7gé, »

(13) Lys 26, Arg 34, Aén 58,

(14) Glu 26, Gly 34'/A\xa 55, .
(15) Glu 26, Gly/34, Leu 58.

3. The mutein of ¢jdim 1 or 2, further comprising at least one of the following: Ala 31, Tyr 33, Trp 61,
Ser 80, Leu 104, Pro 108 and Gin 108.

4. The mutéin of any claims 1-3, further comprising at least one of the following: Phe 53, Leu 83, Tyr
t 64, Leu 66 and Asp 66.



The mutein of claims 1-4, further comprising at least one of the following: Arg 27; Cys 28, Arg 30
Ala 31, Tyr 33, Arg 57, Trp 61, Ser 80, Arg 83, Leu 104, Cys 105, Pro 106 and GIn 108.

The mutein of claims 1-5, further comprising one or both of the sets:
(1) . Phe 53, Tyr 64, Leu 66;
(2)  Leu 33, Met 64, Asp 66.

The mutein of claim 1 or 2, comprising one of the following sets:
(1) Ser 26; Tyr 32; Leu 55; GIn 56; Lys 58;
y  Pro 26; Tyr 32; Ser 34, Ala 55; Gin 56; Lys 63;
) Leu 26{ Phe 32; Trp 34; Ala 55; lle 58; Ser 63;
(4)  Ser 26; Tyr 32; Val 34; Ala 55; Ala 56; lle 58; Ser 63,
(5) Ser 26; Val 32; Asn 34; Ala 55; Gin 56; Lys 58; Lys“’éS;
}  Asn 26; Lys 32; Asp 34; Ala 55; His 56; Arg 58;,\G‘in 63;
(7) Tyr 28; Tyr 32; His 34; Ala 55; His 56; Ala 58;:L‘:ys 63;
(8) Lys 26; Tyr 32; Arg 34; Ala 55; Lys 56; Asn58 Pro 83; and
(9)  Glu 26; His 32; Gly 34; Ala 55; Met 58; Leu 58; Lys 63.

The mutein of claim 1 or 2 as set forth in any one,c"i,f SEQ ID NOs: 3-11 or of a fragment or variant

thereof.

J

A method of generating a mutein of hgﬁ%an tear lipocalin, wherein the mutein binds to IL-4

receptor alpha, comprising:

(a) subjecting a nucleic acid moleg,u‘fé encoding a human tear lipocalin to mutagenesis at
(i) any one or more of the eja/m%no acid sequence positions 27, 28, 30, 31, 33, 53, 57, 61, 64,
66, 80, 83, 104-106 and 108/f9f‘the linear polypeptide sequence of mature human tear lipocalin,
(i} any two or more of tjn% amino acid sequence positions 26, 32, 34, 55, 56, 58 and 63 of the
linear polypeptide sequeﬁée of the mature human tear lipocalin,
thereby obtaining ongjﬁ; more nucleic acids encoding a mutein of human tear Iipocﬁalin, wherein
if mutated at positic}ﬁj%, the mutation comprises Ser, Pro, Leui Asn, Tyr, Lys or Glu;
if mutated at pos}itfon 32, the mutation comprises Tyr, Val, Lys or His;
if mutated at pf@’(sition 34, the mutation comprises Glu, Ser, Trp, Asn, Val, Asp, His, Arg or Gly;
if mutated a;/;/aosition 55, the mutation comprises Leu or Alg;
if mutat?/ét position 56, the mutation comprises Gin, Leu, Ala, His, Lys or Met;
if mutated at position 58, the mutation comprises Lys, Ser, lle, Arg, Ala, Asn or Leu;

if mufated at position 63, the mutation comprises Glu, Lys, Ser, Gin or Pro;

52



(b) expressing the one or more mutein nucleic acid molecule(s) obtained in (a) in an expressipﬁ

system, thereby obtaining one or more mutein(s),

(c) enriching the one or more mutein(s) obtained in (b) and selecting mtiteins that bind‘é to IL-4
receptor alpha with a dissociation constant of less than 10 nM by means of seie;c’fion and/or

isolation.

10. The method according to claim 9, wherein step (c) further comprises:
(ci)  providing IL-4 receptor alpha or an immunogenic fragment theregf}f
(cii) contacting the one or more muteins with the IL-4 receptor a}pﬁ“a or the immunogenic
fragment thereof, thereby allowing the formation of a qpf”;nplex between the IL-4
receptor alpha or the immunogenic fragment thereof and a mutein having binding

affinity.

11. The method of claim 9 or 10, wherein the selection in stepf,z(gz) is carried out under competitive

conditions. ‘
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12. The method according to any of claims 9 to 11,fy\‘7;16rein the mutein comprises one of the
following sets of amino acid: /"
(1) Ser26,Glu34, Leu55,Lys 58,  /
) Ser 26, Asn 34, Ala 55, Lys 58, /
) Ser 26, Val 34,
4) Pro 26, Ser 34,
} Pro 26, Ala 85, /
) Leu 26, Trp 34, Ala 55, /
(7) Leu 26, Trp 34, lie 58,/
(8) Asn26, Asp 34, /
(9) Asn 26, Ala 55, //
(10) Tyr 26, His 34,/\”1a 55,
(11) Tyr 26, His §,4f Ala 58,
(12) Lys 26, Ard 34, Ala 55,
(13) Lys 26, Arg 34, Asn 58,
(14) Glu 26, Gly 34, Ala 55,
(15) GIw'26, Gly 34, Leu 58.

13. A muteing obtainable or obtained according to any of claims 9-12.

14. A nlcleic acid molecule comprising a nuclectide sequence encoding a mutein of any one of

aims 1-8 and 13, '
/ ®
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15. A host cell containing a nucleic acid molecule of claim 14.

16. A pharmaceutical or diagnostic composition comprising a mutein of any oge,of”éi‘aims 1-8 and 13.
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Claims

1. A mutein of human tear lipocalin having binding affinity to IL-4 receptor alpha,
characterised in at least one substitution at a position corresponding to the amino acid
position of mature human tear lipocalin selected from the group consisting of: Pro, Leu, Asn,
Tyr, Lys or Glu at position 26; Lys at position 32; Trp, Asn, Val, His or Arg at position 34;
Leu, Ala, His, Lys or Met at position 56;‘Léu at position 58; or Lys, Ser, Gin or Pro at
position 63, wherein the mutein has a stronger binding afﬁhity than S191.4-B24 (SEQ ID
NO:2).

2. The mutein of human tear lipocalin according to claim 1, wherein the mutein comprises:

- (i) a mutated amino acid residue at any-one or more of the sequence posiﬁons 27, 28, 30,
31, 33, 53, 57, 61, 64, 66, 80, 83, 104 -106 and 108 of the linear polypeptide sequence
of the mature human tear lipocalin, ' |

(i) @ mutated amino acid residue at any 2 or more of the sequence positions 26, 32, 34, 55,
56, 58 and 63 of the linear polypeptide sequence of the mature human tear lipocalin,
wherein the amino acid sequence of the mutein comprises one of the following seis of
aminobacid combinations:

(1) Ser 26, Glu 34, Leu 55, Lys 58,
() Ser 26, Asn 34, Ala 55, Lys 58,
(3) Ser26, Val 34,

(4) Prov 26, Ser 34,
(5) Pro 26, Ala 55,

(8) Leu 26, Trp 34, Ala 55,

(7) Leu 28, Trp 34, lle 58,

(8) Asn 28, Asp 34,

(9) Asn 28, Ala 55,

(10) Tyr 26, His 34, Ala 55,

(11) Tyr 26, His 34, Ala 58,

(12) Lys 26, Arg 34, Ala 55,

(13) Lys 26, Arg 34, Asn 58,

(14) Glu 26, Gly 34, Ala 55,

(15) Giu 26, Gly 34, Leu 58.

3. The mutein of claim 1 or 2, further comprising at feast one of the following: Ala 31, Tyr 33,
Trp 61, Ser 80, Leu 104, Pro 106 and Gin 108.
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4. The mutein of any one of claims 1-3, further comprising at least one of the following: Phe
53, Leu 53, Tyr 64, Met 64, Leu 66 and Asp 66.

5. The mutein of any one of claims 1-4, further comprising at least one of the following: Arg
27, Cys 28, Arg 30, Ala 31,_Tyr 383, Arg 57, Trp 61, Ser 80, Arg 83, Leu 104, Cys 105, Pro
106 and GIn 108, :

8. The mutein of any one of claims 1-5, further comprising one of the following sets of amino
acid substitutions:
| (1) Phe 53, Tyr 64, Leu 66
" (2) Leu 53, Met 64, Asp 66.
7. The mutein of any one of claims 1 or 2, comprising one of the following sets of amino
acid substitutions: ‘
Ser 26; Tyr 32; Leu'55; GIn 56; Lys 58;
Pro 26; Tyr 32; Ser 34; Ala 55; Gin 56; Lys 63;
Leu 26; Phe 32; Trp 34; Ala 55; lle 58; Ser 63;
Ser 26; Tyr 32; Val 34; Ala 55; Ala 56; lle 58; Ser 63;
Ser 26; Val 32; Asn 34; Ala 55; GIn 56; Lys 58; Lys 63;
Asn 26; Lys 32; Asp 34; Ala 55; His 56; Arg 58; Gin 63;
Tyr 26; Tyr 32; His 34, Ala 55; His 56; Ala 58; Lys 63;
Lys 26; Tyr 32; Arg 34; Ala 55; Lys 56; Asn 58; Pro 63; and
Glu 26; His 32; Gly 34; Ala 55; Met 56; Leu 58; Lys 63.

8. The mutein of any one of claims 1 or 2 as set forth in any one of SEQ ID NOs: 3-11 ora

fragment thereof.

9. A method of generating a mutein of human tear Iipocalin,mwherein the mutein binds to 1L
4 receptor alpha and wherein the mutein has a stronger binding affinity than $191.4-B24

(SEQ ID NO:2), comprising:
(a) subjecting a nucleic acid molecule encoding a human tear lipocalin to
mutagenesis at
(iy any one or more of the amino acid sequence positions 27, 28, 30, 31, 33, 53,
57, 61, 64, 66, 80, 83, 104 -106 and 108 of the linear polypeptide sequence of mature

human tear tipocalin, |
(i) any two or more of the amino acid sequence positions 26, 32, 34, 55, 56, 58

and 63 of the linear polypeptide sequence of the mature human tear lipocalin,



thereby obtaining one or more nucleic acids encoding a mutein of human tear
lipocalin, wherein ‘
if mutated at position 26, the mutation comprises Ser, Pro, Leu, Asn, Tyr, Lys or.Glu;
if mutated at position 32, the mutation comprises Tyr, Val, Lys or His; ‘
if mutated at position 34, the mutation comprises Glu, Ser, Trp, Asn, Val, Asp, His,
Arg or Gly;
if mutated at pk_)sition 55, the mutation comprises Leu or Ala;
if mutated at positioh 58, the mutation comprises Gin, Leu, Ala, His, Lys or Met;
if mUtafed at_;position 58, the mutation comprises Lys, Ser, lie, Arg, Ala, Asn or Leu;
if mutated at position 63, the mutation comprises Glu, Lys, Ser, Gin or Pro,

(b) expressing the one or more mutein nucleic acid molecule(s) obtained in (a) in an

expression sysfem, thereby obtaining one or more mutein(s), and

" (c) enriching the one or more mutein(s) obtained in (b) and selecting muteins that
bind to IL 4 receptor alpha with a dissociation constant of less than 10 nM by
means of selection and/or isolation. ‘

10. The method according to claim 9, wherein step (c) further comprises:
(ci} providing IL 4 receptor alpha or an immunogenic fragment thereof,
(cii} contacting the one or more muteins with the L 4 receptor alpha or the
immunogenic fragment thereof, thereby allowing the formation of a complex
between the IL 4 receptor alpha or the immunogenic fragment thereof and a

mutein having binding affinity.

11. The method of claims 9 or 10, wherein the selection in step (c) is carried out under

competitive conditions.

12. The method according to any one of claims 9 to 11, wherein the mutein comprises one
of the following sets of amino acids:

(1) Ser 26, Glu 34, Leu 55, Lys 58,

(2) Ser 26, Asn 34, Ala 55, Lys 58,

(3)  Ser 26, Val 34,

(4)  Pro 286, Ser 34,

(5) Pro 26, Ala 55,

(6) Leu 26, Trp 34, Ala 55,

7) Leu 26, Trp 34, lle 58,

(8) Asn 26, Asp 34,
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9) Asn 26, Ala 55,

0) - Tyr 28, His 34, Ala 55,
1)  Tyr 26, His 34, Ala 58,
12)  Lys 26, Arg 34, Ala 55,
13) Lys 26, Arg 34, Asn 58,
14)  Glu 26, Gly 34, Ala 55,
15)  Glu 26, Gly 34, Leu 58.

- 13. A mutein obtainable br obtained according to any one of claims 9 to 12.

14.- A nucleic acid molecule comprising a nucleotide sequence encoding a mutein of any

one of claims 1 to 8 and 13.
15. A host celf containing a nucleic acid molecule of claim 14.

16. A .pharmaceuﬁcai compositioh comprising a mutein of human tear ]ipocalin as defined in
any one of claims 1 to 8 and 13 and a pharmaceutically acceptable excipient.

17. A diagnostic compaosition comprising a mutein of human tear lipocalin as defined in any
one of claims 1 io 8 and 13 and means for diagnosis.



