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ABSTRACT 

NeW cytokine polypeptides, and nucleic acids encoding 
them, are provided. Compositions including these polypep 
tides and nucleic acids, recombinant cells comprising said 
polypeptides and nucleic acids, methods of making the 
polypeptides and nucleic acid, antibodies to the polypep 
tides, and methods of using the polypeptides and nucleic 
acids are provided. Integrated systems comprising the 
sequences of the nucleic acids or polypeptides are also 
provided. 
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CYTOKINE POLYPEPTIDES AND NUCLEIC 
ACIDS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part applica 
tion of and claims the bene?t of and priority to US. Patent 
Application Ser. No. 60/169,035, ?led Dec. 2, 1999, the 
disclosure of Which is incorporated herein by reference in its 
entirety for all purposes. 

COPYRIGHT NOTIFICATION 

[0002] Pursuant to 37 C.F.R. l.7l(e), a portion of this 
patent document contains material Which is subject to copy 
right protection. The copyright oWner has no objection to the 
facsimile reproduction by anyone of the patent document or 
the patent disclosure, as it appears in the Patent and Trade 
mark Of?ce patent ?le or records, but otherWise reserves all 
copyright rights Whatsoever. 

FIELD OF THE INVENTION 

[0003] The present invention relates to the generation of 
neW cytokine polypeptides and nucleic acids Which encode 
them. 

BACKGROUND OF THE INVENTION 

[0004] T helper (TH) cells, key regulators of the immune 
system, are divided into tWo subsets, THl and TH2, based 
upon their pattern of cytokine synthesis (Paul and Seder 
(1994) Cell 76: 241-251). THl cells predominantly produce 
high levels of interleukin-2 (IL-2) and interferon-gamma 
(IFN-y). THl cells also activate antigen-presenting cells 
(macrophages and dendritic cells) and enhance the cytotoxic 
activity of CD8+Cytotoxic T-lymphocyte (CTL) and Natural 
Killer (NK) cells. In contrast, TH2 cells produce elevated 
levels of IL-4, IL-5 and IL-13, and mediate allergic 
responses as a result of inducing IgE isotype sWitching and 
differentiation of B cells into IgE secreting cells (De Vries 
and Punnonen (1996) In Cytokine regulation of humaral 
immunity: basic and clinical aspects. Eds. Snapper, C. M., 
John Wiley & Sons, Ltd., West Sussex, UK, p. 195-215). 

[0005] It is desirable to modify the relative populations of 
THl and TH2 cells in various circumstances. Modulators 
Which up-regulate THl-mediated responses by, for example, 
directing the differentiation of naive T cells into THl cells, 
inducing THl cell proliferation, and increasing IFN-y pro 
duction and macrophage activation, are useful in promoting 
cell-mediated immunity to infectious agents such as bacte 
rial, protoZoan, intracellular parasitic and viral infections. 
Modulators Which doWn-regulate THl-mediated responses 
are useful in situations Where a decreased cell-mediated 
immune response in desired, for example, in treatment of 
autoimmune diseases such as multiple sclerosis. 

[0006] The discovery of novel cytokine polypeptides 
Which modulate THl-mediated responses, and nucleic acids 
encoding them, satis?es a need in the art by providing neW 
compositions useful in modifying host immune responses 
and in treating disease. 

SUMMARY OF THE INVENTION 

[0007] The invention provides modi?ed cytokine polypep 
tides (also referred to herein as “modi?ed p40 polypeptides” 
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and as “modi?ed p35 polypeptides”), nucleic acids encoding 
the polypeptides and complementary nucleotide sequences 
thereof, fragments of said polypeptides and nucleic acids, 
antibodies to the polypeptides, and uses therefor, a computer 
or computer readable medium comprising a sequence record 
comprising one or more data sets containing character 
strings of neW cytokine sequences, and automated systems 
for using the character strings. 

[0008] In one aspect, the invention includes an isolated or 
recombinant nucleic acid encoding a modi?ed cytokine 
polypeptide of the invention. Included are polynucleotide 
sequences comprising a mature polypeptide coding region of 
a sequence selected from SEQ ID NO:1 to SEQ ID NO:7, or 
SEQ ID NO:16 to SEQ ID NO135, and complementary 
polynucleotide sequences thereof. Polynucleotide sequences 
encoding a polypeptide comprising a mature polypeptide 
region of an amino acid sequence selected from SEQ ID 
NO:8 to SEQ ID NO:14 or SEQ ID NO:26 to SEQ ID 
NO135, and complementary polynucleotide sequences 
thereof, are also a feature of the invention. Similarly, a 
polynucleotide sequence Which hybridiZes under at least 
highly stringent conditions over substantially the entire 
length of any one of the preceding polynucleotide sequences 
is a feature of the invention. A polynucleotide sequence 
Which encodes a polypeptide comprising an amino acid 
sequence having at least about 90% sequence identity to a 
mature polypeptide region of a sequence selected from SEQ 
ID NO:8 to SEQ ID NO:14 and SEQ ID NO139, or to a 
mature polypeptide region of a sequence selected from SEQ 
ID NO:26 to SEQ ID NO:35 and SEQ ID NO:40, is also a 
feature of the invention. In various embodiments, the poly 
nucleotide sequence encodes a polypeptide comprising an 
amino acid sequence having at least about 90%, 92%, 95%, 
96%, 97%, 98%, or 99% identical to a mature polypeptide 
region of a sequence selected from SEQ ID NO:8 to SEQ ID 
NO:14 and SEQ ID NO:39, or to a mature polypeptide 
region of a sequence selected from SEQ ID NO:26 to SEQ 
ID NO:35 and SEQ ID NO:40. In addition, a polynucleotide 
sequence comprising a nucleotide fragment of any of the 
preceding polynucleotide sequences, Which nucleotide frag 
ment encodes a polypeptide having T-cell proliferative activ 
ity and/or IFN-gamma induction activity in T-cells (e.g., 
human T-cells) in the presence of a p35 polypeptide or a p40 
polypeptide is also a feature of the invention. 

[0009] Any of the polynucleotides described above may 
optionally include a leader peptide coding region, Which 
encodes a leader peptide region. In one embodiment, the 
optional leader peptide coding region encodes a leader 
peptide region comprising an amino acid sequence at least 
about 90% identical to the amino acid sequence set forth as 
the leader peptide region of any one of SEQ ID NO:8 to SEQ 
ID NO:14, or SEQ ID NO:26 to SEQ ID NO135. In various 
embodiments, the optional leader peptide coding region 
encodes a leader peptide region comprising an amino acid 
sequence at least about 90%, 92%, 95%, 96%, 97%, 98%, or 
99% identical to the amino acid sequence set forth as the 
leader peptide region of any one of SEQ ID NO:8 to SEQ ID 
NO:14, or SEQ ID NO:26 to SEQ ID NO:35. In another 
embodiment, the optional leader peptide coding region 
encodes a leader peptide region comprising an amino acid 
sequence set forth as the leader peptide region of any one of 
SEQ ID NO:8 to SEQ ID NO: 14, or SEQ ID NO:26 to SEQ 
ID NO135. 
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[0010] The invention also includes an isolated or recom 
binant nucleic acid, comprising a polynucleotide sequence 
encoding a modi?ed p40 polypeptide comprising an amino 
acid modi?cation located at an amino acid position equiva 
lent to (i.e., an “equivalent position” to) that in the amino 
acid sequence of a naturally-occurring or Wild-type p40 
polypeptide (SEQ ID NO: 15). The modi?cation can include: 
(a) a substitution of the speci?ed amino acid for a di?cerent 
amino acid at one or more equivalent position to that of SEQ 
ID NO:15 selected from Leu62, Ser71, Gln78, His99, 
Thr127, Arg130, Lys185, Glu186, Tyr187, Glu188, Ser190, 
Asp196, Met211, Val289, Ser305, Ser307, Arg309, and 
Gln311; (b) a deletion of one or more amino acid residues 
at equivalent position Arg181 to Asn184 inclusive, or a 
substitution, of the amino acid residues at equivalent posi 
tions Arg181 to Asn184 inclusive, for the amino acid resi 
dues Ser-(Leu or Met)-(Glu or Asp)-His-Arg; (c) a deletion 
of one or more amino acid residues at equivalent positions 
Asp287 and Arg288. The modi?ed p40 polypeptide may 
optionally include tWo or more of modi?cation (a), (b) or (c). 
The modi?ed p40 polypeptide sequence encoded by the 
nucleic acid of the invention may be a modi?ed sequence of 
a naturally-occurring (i.e., Wild-type) p40 polypeptide 
sequence of a mammal (e. g., human, a non-human primate, 
a ruminant, or a rodent), preferably a primate, more prefer 
ably human. The modi?ed p40 polypeptide sequence 
encoded by the nucleic acid of the invention may be a 
modi?ed sequence of a polypeptide selected from the group 
consisting of p40 polypeptides encoded by nucleic acids 
having the GenBank accession numbers: M65272, M65290, 
U19841, U19834, Y11129, U83184, Y07762, AF054607, 
U49l00, AF091134, U57752, U10160, AF007576, 
AF004024, U11815, U08317, X97019, AF082494, 
AF133197, U16674, M86671, S82426, AF097507, and 
AF046211. A modi?ed polypeptide of the invention may 
comprise at least one of the substitutions Leu62Ser; 
Ser7lThr; Gln78His; His99(Arg or Gln); Thr127(Ser or Ile); 
Arg130Lys; Lys185Glu; Glu186Tyr; Tyr187(Lys or Asn); 
Glu188Lys; Ser190(Arg or Thr); Asp196Gly; Met211Val; 
Val289(Ile or Leu); Ser305Lys; Ser307Arg; Arg309Gln; and 
Gln311Arg. A modi?ed polypeptide of the invention may 
also comprise at least one of the substitutions Lys27Glu; 
Asp29Asn; Asp40Asn; Met45Thr; Thr49Ala; Glu67Gly, 
His9lArg; Glu95(Ala or Thr), Val96Ala; Glu122Lys; 
Asnl25Ala; Asn135Asp; Arg139His; Thrl47Ala; 
Thr153Lys; Serl55Thr; Ser163Thr; Glnl66(Arg or His), 
Alal72Thr; Ala173Val; Thrl74Leu; Ala177Glu; 
Glu178Asp; Arg179Leu; Val180Gly; Ala201Ser; 
Val212Leu; Asp213Glu; Val215Ile; Ser226Arg; Lys244Arg; 
Gln251His; Val254Ile; Ser255Asn; Glu257Gly; Thr264(Ala 
or Ile); Thr272Met; Cys274Gly; Val275Ile; Lys280Arg; 
Ser281Asn; Lys285Asp; Lys286Arg; Phe290Ser; 
Thr29l(Met or Val); Lys293Gln; Thr297Lys; Ile299(Thr or 
Val); Arg301His; Asn303Asp; Ser318Phe; Glu321Asp; 
Pro326Ser; Cys327Leu; and Ser328(Gly or Gln). 

[0011] The invention also includes an isolated or recom 
binant nucleic acid, comprising a polynucleotide sequence 
encoding a modi?ed p40 polypeptide, Wherein the modi?ed 
p40 polypeptide comprises an amino acid sequence having 
at least about 90% amino acid sequence identity to the amino 
acid sequence identi?ed herein as the mature polypeptide 
region (amino acid residue positions 23-328) of SEQ ID 
NO:39: IWEL-X27-K-X29-VYVVELDWYP-X4O-APGE 
X45-VVL-X49-CDTPEEDGITWT-X62-DQSS-X67-VLG 
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X7 1 -GKTLTI-X78-VKEFGDAGQYTC-X9 l -KGG-X95 
X96-LS-X99-SLLLLHKKEDGIWSTDILKDQK-Xl22-PK 
Xm-K-Xm-FL-XBO-CEAK-XBS-YSG-XBQ 
FTCWWLT-Xl47-ISTDL-Xl53-F-Xl55-VKSSRGS-Xl63 
DP'X166'GVTCG'X172'X173'X174'LS'X177'X17S'X179' 
X1s0'X1s1'X1s2'X1s3'X1s4'X1s5'X1s6'X1s7'X1ss'Y'X190' 
VECQE-Xl96-SACP-X2Ol-AEESLPIEV-X2ll-X2l2-X2l3 
A-X2lS-HKLKYENYTS-X226-FFIRDIIKPDPPKNLQL 
X244-PLKNSR-X25l-VE-X254-X255-W-X257-YPDTWS 
X264-PHSYFSLTF-X274-X275-QVQG-X28O-X28l-KRE 
X285‘X2s6'X2s7'X2ss'X2s9'F'X291'D'X293'TSA'X297'V' 
X299'C'X301'K'X303'A'X305'I'X307'V'X309'A'X31i'DRY' 
X315_SS_X318_WS_X321_WASV_X326_X327_X328’ or a 
conservatively substituted variation thereof, Where X27 is K 
or E; X29 is D or N; X4O is D or N; X45 is M or T; X49 is T 
or A; X62 is S; X67 is E or G; X71 is T; X78 is H; X91 is H 
or R; X95 is E, A, K, or T, X96 is V orA; X99 is R or Q; X122 
is E or K; X125 is N orA; X127 is S or I; X130 is K; X135 is 
N or D; X139 is R or H; X147 is T orA; X153 is T or K; X155 
is S or T; X163 is S or T; X166 is Q, R, or H; X172 is Aor T; 
X173 is A or V; X174 is T or L; X177 is A or E; X178 is E or 
D; X179 is R, L, or K; X180 is V or G; X181 to X184 inclusive 
is deleted, or is replaced With the sequence S-(L or M)-(E or 
D)-H-R; X185 is E; X186 is Y; X187 is K or N; X188 is K; X190 
is R or T; X196 is G; X201 is A or S; X211 is V; X212 is V or 
L; X213 is D or E; X215 is V or I; X226 is S or R; X244 is K 
or R; X251 is Q or H; X254 is V or I; X255 is S or N; X257 is 
E or G; X264 is T or A; X274 is C or G; X275 is V or I; X280 
is K or R; X281 is S or N; X285 is K or D; X286 is K or R; 
X287 is D or is deleted; X288 is R or is deleted; X289 is I or 
L; X291 is T or M; X293 is K or Q; X297 is T or K; X299 is 
I, T, or V; X301 is R or H; X303 is N or D; X305 is K; X307 
is R; X309 is Q; X311 is R; X315 isYor H; X318 is S or F; X321 
is E or D; X326 is P or S; X327 is C or L; and X328 is S, G, 
or Q. As used herein and throughout the speci?cation, each 
of the single letters in the amino acid sequences presented 
above represents a particular amino acid residue, according 
to standard practice knoWn to those of ordinary skill in the 
art. In various embodiments, the modi?ed p40 polypeptide 
encoded by the nucleic acid of the invention comprises an 
amino acid sequence having at least about 90%, 92%, 95%, 
96%, 97%, 98%, or 99% amino acid sequence identity to the 
mature polypeptide region (amino acid residue positions 
23-328) of SEQ ID NO:39. In another embodiment, the 
nucleic acid of the invention encodes a modi?ed p40 
polypeptide comprising an amino acid sequence identi?ed 
herein as the mature polypeptide region (amino acid residue 
positions 23-328) of SEQ ID NO:39. 
[0012] The modi?ed p40 polypeptide encoded by a 
nucleic acid of the invention may further comprise a leader 
peptide sequence having at least about 90%, 92%, 95%, 
96%, 97%, 98%, or 99% amino acid sequence identity to the 
amino acid sequence M-X2-X3-QQLV-X8-SWFSLV-Xl5 
LASPL-X21 -A, identi?ed herein as the leader peptide region 
(amino acid residue positions 1-22) of SEQ ID NO:39, 
Where X2 is C or H; X3 is H or P; X8 is I or V; Xl5 is F or 
L; and X21 is V or M. 

[0013] The invention also includes an isolated or recom 
binant nucleic acid, comprising a polynucleotide sequence 
encoding a polypeptide comprising a leader peptide 
sequence having at least about 90% amino acid sequence 
identity to the amino acid sequence M-X2-X3-QQLV-X8 
SWFSLV-Xl S-LASPL-X21 -A, identi?ed herein as the leader 
peptide region (amino acid residue positions 1-22) of SEQ 
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ID NO:39, Where X2 is C or H; X3 is H or P; X8 is I or V; 
Xl5 is F or L; and X21 is V or M. In various embodiments, 
the leader peptide sequence encoded by the nucleic acid of 
the invention comprises an amino acid sequence having at 
least about 90%, 92%, 95%, 96%, 97%, 98%, or 99% amino 
acid sequence identity to leader peptide region (amino acid 
residues 1-22) of SEQ ID NO:39. 
[0014] The invention also includes an isolated or recom 
binant nucleic acid, comprising a polynucleotide sequence 
encoding a modi?ed p35 polypeptide comprising an amino 
acid modi?cation located at an amino acid position equiva 
lent to (i.e., an equivalent position to) that in the amino acid 
sequence of a naturally-occurring (i.e., Wild-type) p35 
polypeptide (SEQ ID NO:36). The modi?cation can include: 
(a) a substitution of the speci?ed amino acid for a different 
amino acid at one or more equivalent position to that of SEQ 
ID NO:36 selected from Thr91, Met120, Ala121, Val212, 
Thr213, and Ala218; (b) a insertion of one or more amino 
acids Phe-His-Leu betWeen equivalent positions Leu19 and 
Ser20; (c) a deletion of the amino acid at equivalent position 
Pro36. The modi?ed p35 polypeptide may optionally 
include tWo or more of modi?cation (a), (b) or (c). The 
modi?ed p35 polypeptide sequence encoded by the nucleic 
acid of the invention may be a modi?ed sequence of a 
naturally-occurring (i.e., Wild-type) p35 polypeptide 
sequence of a mammal (e. g., human, a non-human primate, 
a ruminant, or a rodent), preferably a primate, more prefer 
ably human. The modi?ed p35 polypeptide sequence 
encoded by the nucleic acid of the invention may be a 
modi?ed sequence of a polypeptide selected from the group 
consisting of p35 polypeptides encoded by nucleic acids 
having the GenBank accession numbers M65271, M65291, 
U19842, U19835, U83185, Y07761, AF054605, U49085, 
L35765, Y11130, U14416, U57751, AF173557, AF003542, 
X97018, AF177031, M86672, and S82419. Preferred sub 
stitutions include Thr91 (Ala or Ile); Met120Thr; Ala121Thr; 
Val212Met; Thr213Met; and Ala218Ser. 
[0015] The invention also includes an isolated or recom 
binant nucleic acid, comprising a polynucleotide sequence 
encoding a modi?ed p35 polypeptide, Wherein the modi?ed 
p35 polypeptide comprises an amino acid sequence having 
at least about 90% amino acid sequence identity to the amino 
acid sequence identi?ed herein as the mature polypeptide 
region (amino acid residue positions 23-219) of SEQ ID 
NO:40: R-X24-LP-X27-X28-T-X3O-X3l-PG-X34-X35-X36 
CL-X39-X4O-SQNLL-X46-A-X48-SN-X5 l -LQ-X54-A-X5 6 
Q-X58-LEFY-X63-CTSEE-X69-DHEDIT-X76-DKT 
STVEACLPLEL-X9l-X92-NESCL-X98-SR-XlOl-XlO2-S 
XlO4-ITNGSCLASRKTSFM-X12O-Xl2l-LC-Xl24-Xl25 
SIYEDLKMYQ-Xl36-EFK-Xl4O-MNAKLLM-Xl48 
PKRQIFLDQNML-Xl6l-Xl62-I-Xl64-EL-Xl67-QALN 
Xl72-NSET-Xl77-PQK-Xl8l-SLEE-Xl86 
DFYKTKIKLCILLHAFRIRAVTI-X2lO-R-X212-X2l3 
SYLN-XZIS-S, or a conservatively substituted variation 
thereof, Where X24 is N or S; X27 is V or T; X28 is A or T; 
X3O is P or A; X31 is D, S, or G; X34 is M or R; X35 is F, S, 
or L; X36 is P or is deleted; X39 is H or D; X4O is H or Y; X46 
is R or K; X48 is V orA; X51 is M or T; X54 is K or R; X56 
is K or R; X58 is T or I; X63 is P or S; X69 is I or T; X76 is 
K or Q; X91 is Aor I; X92 is K or T; X98 is N or A; X101 is 
E or G; X102 is T or I; X104 is F or L; X120 is T; X121 is T; 
X124 is L or H; X125 is S or G; X136 is V or M; X140 is T or 
A; X148 is D or N; X161 is Aor T; X162 is V orA; X164 is D 
or A; X167 is M or L; X172 is F or V; X177 is V or A; X181 
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is S or P; X186 is P or L; X210 is D or N; X212 is M; X213 is 
M; and X218 is S. In various embodiments, the nucleic acid 
of the invention encodes a modi?ed p35 polypeptide com 
prising an amino acid sequence having at least about 90%, 
92%, 95%, 96%, 97%, 98%, or 99% amino acid sequence 
identity to the mature polypeptide region (amino acid resi 
due positions 23-219) of SEQ ID NO:40. In another embodi 
ment, the nucleic acid of the invention encodes a modi?ed 
p35 polypeptide comprising an amino acid sequence iden 
ti?ed herein as the mature polypeptide region (amino acid 
residue positions 23-219) of SEQ ID NO:40. 

[0016] The modi?ed p35 polypeptide encoded by a 
nucleic acid of the invention may further comprise a leader 
peptide sequence having at least about 90%, 92%, 95%, 
96%, 97%, 98%, or 99% amino acid sequence identity to the 
amino acid sequence M-X2-P-X4-R-X6-LLL-XlO-Xl 1 
TLVLL-Xl7-HLSL-X22, identi?ed herein as the leader pep 
tide region (amino acid residue positions 1-22) of SEQ ID 
NO:40, Where X2 is C or Y; X4 is A, L or P; X6 is S or G; 
Xl0 is V or I; Xll is Aor S; Xl7 is D or H; and X22 is A or 
G, and optionally includes an insertion of the amino acids 
P-H-L betWeen positions 18 and 19. 

[0017] The invention also includes an isolated or recom 
binant nucleic acid, comprising a polynucleotide sequence 
encoding a polypeptide comprising a leader peptide 
sequence having at least about 90% amino acid sequence 
identity to the amino acid sequence M-X2-P-X4-R-X6-LLL 
Xlo-Xn-TLVLL-X16-HLSL-X22, identi?ed herein as the 
leader peptide region (amino acid residue positions 1-22) of 
SEQ ID NO:40, Where X2 is C or Y; X4 is A, L, or P; X6 is 
S or G; X1O is V or I; Xll is A or S; Xl6 is D or H; X22 is 
A or G, and optionally includes an insertion of the amino 
acids P-H-L betWeen positions 18 and 19. In various 
embodiments, the leader peptide sequence encoded by the 
nucleic acid of the invention comprises an amino acid 
sequence having at least about 90%, 92%, 95%, 96%, 97%, 
98%, or 99% amino acid sequence identity to leader peptide 
region (amino acid residue positions 1-22) of SEQ ID 
NO:40. 

[0018] The invention also provides nucleotide fragments 
of any of SEQ NOS: 1-7. In one aspect of the invention, such 
a nucleotide fragment encodes a polypeptide comprising an 
amino acid sequence comprising at least 10 contiguous 
amino acid residues of any one of SEQ ID NOS:8-14. The 
polypeptide sequence encoded by the nucleotide fragment 
typically comprises one or more amino acid substitution, at 
an equivalent position to that of SEQ ID NO:15, selected 
from: Leu62Ser; Ser71Thr; Gln78His; His99(Arg or Gln); 
Thr127(Ser or Ile); Arg130Lys; Lys185Glu; Glu186Tyr; 
Tyr187(Lys or Asn); Glu188Lys; Ser190(Arg or Thr); As 
p196Gly; Met211Val; Val289(Ile or Leu); Ser305Lys; 
Ser307Arg; Arg309Gln; and Gln311 Arg. The polypeptide 
may optionally comprises one or more substitution, at an 
equivalent position to that of SEQ ID NO:15, selected from: 
Cys2His; His3Pro; Ile8Val; Phe15Leu; Val21Met; 
Lys27Glu; Asp29Asn; Asp40Asn; Met45Thr; Thr49Ala; 
Glu67Gly, His91Arg; Glu95(Ala or Thr), Val96Ala; 
Glu122Lys; Asn125Ala; Asn135Asp; Arg139His; 
Thr147Ala; Thr153Lys; Ser155Thr; Ser163Thr; 
Gln166(Arg or His), Ala172Thr; Ala173Val; Thr174Leu; 
Ala 1 77Glu; Glu178Asp; Arg179Leu; Val180Gly; 
Ala201Ser; Val212Leu; Asp213Glu; Val215Ile; Ser226Arg; 
Lys244Arg; Gln251His; Val254Ile; Ser255Asn; Glu257Gly; 










































































































































































