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Table 1. Examples of cytokine engineering reported in the literature

Cytokine Mutation(s) Method Design Objective Functional Effect Reference
IL-1 Chimera of IL-1Ra and IL-1B Yeast display High affinity for IL-1R1 Inhibition of dry-eye disease 1)
IL-2 Q126K; Q126L; Q126D (Mouse analogs) Site-directed mutagenesis Lowered affinity for yc Reduced complex internalization; IL-2 partial agonist )
IL-2 L18M, L19S Cassette mutagenesis Lowered affinity for IL-2RB and yc Increased recycling of IL-2; Enhanced T cell activation 3)
IL-2 T51P Site-directed mutagenesis Lowered affinity for IL-2RB Reduced complex internalization; Higher activity 4)
IL-2 N88R Site-directed mutagenesis Lowered affinity for IL-2RB Specific T cell activation (5)
IL-2 N29S, Y31H, K35R, K48E, V69A, N71R, Q74P, N88D, 189V (Mutant 2-4) Yeast display High affinity for IL-2Ra Increased recycling of IL-2; Enhanced T cell activation (6)
IL-2 PB5A, VB9A, Q74P; K35L, M39V; P65A; VE9A Phage display High affinity for IL-2Ra Not tested @)
IL-2 VB9A, Q74P, 1128T, VI1R, Q126T Yeast display High affinity for IL-2Ra, low affinity for IL-2RB Treg inhibition (8)
IL-2 L8OF, R81D, L85V, 186V, I192F (Mutant H9) Yeast display High affinity for IL-2RB Anti-tumor activity )
IL-2 R38A, F42A, YA5A, E62A Site-Directed Mutagenesis IL-2Ra binding inhibition Melanoma (10)
IL-2 D20T Site-directed mutagenesis Lowered affinity for IL-2RB; Fused to anti-DNA tumor-targeting antibody Anti-tumor activity 1)
IL-3 A101, V116 Site-directed mutagenesis High affinity for IL-3Ra Enhanced biological potency (12)
IL-3 >20 mutations; See reference for details Site-directed mutagenesis High affinity for IL-3Ra Enhanced hematopoietic activity (13)
IL-4 Y124D Site-directed mutagenesis Lowered affinity for for yc/IL13Ra IL-4 antagonist (14)
IL-4 R121E Site-directed mutagenesis yc binding specificity Enhanced Th cell differentiation (15)
IL-4 De novo 4 helix bundle - Binds IL-4Ra IL-4 antagonist (16)
IL-4 K117R, T118V, R121Q, E122S, Y124W, S125F, S128G, S129A Yeast display yc/IL-13Ra1 binding specificity Enhanced Th and dendritic cell differentiation 17
IL-5 E12K Site-directed mutagenesis Lowered affinity for IL-5Ra IL-5 antagonist (18)
IL-6 S176R Site-directed mutagenesis High affinity for IL-6Ra IL-6 agonist (transcriptional enhancement) (19)
IL-6 Y31D, G35F, S118F, V121D, Q175I, S176R, Q183A, S176R Site-directed mutagenesis Lowered affinity for gp130, high affinity for IL-6Ra IL-6 antagonist (20)
IL-6 Q1751, S176R, Q183A Site-directed mutagenesis High affinity IL-6Ra IL-6 agonist (transcriptional enhancement) (20)
IL-6 Q159E, T162P, F170L, S176A and substitution of human IL-6 residues 43-55 with mouse IL-6 residues Site-directed mutagenesis Lowered affinity for gp130, high affinity for IL-6Ra IL-6 antagonist (21)
IL-6 Y31D, G35F, S118R, V121D, L57D, E59F, N60W, Q75Y, S76K, Q175I, S176R, Q183A Site-directed mutagenesis Lowered affinity for gp130, high affinity for IL-6Ra IL-6 antagonist (22)
IL-6 AS56D, 157D, E59F, N60W, Q75Y, S76K Phage display High affinity IL-6Ra IL-6 agonist (proliferation enhancement) (23)
IL-6 Fusion of IL-6 and IL-6Ra Single-chain fusion High affinity for gp130 IL-6 agonist (hematopoietic cell expansion enhancement) (24)
LIF Q25A, S28A, Q32A Site-directed mutagenesis Lowered affinity for gp130 LIF antagonist (26)
LIF P53G,N54L,N55L,L56Q,D57G, Q29A,G124R Phage display High affinity for LIFR, Loweredaffinity for gp130 LIF antagonist (27)

CNTF F152A,K155A,5166D,Q167H Site-directed mutagenesis Lowered affinity for CNTFRa CNTF antagonist (28)
IL-7 W143A Site-directed mutagenesis Lowered affinity for yc chain IL-7 antagonist (29)
IL-13 R112D Site-directed mutagenesis High affinity for IL-13Ra IL-13 agonist (30)
IL-13 R112D, E12K Site-directed mutagenesis High affinity for IL-13Ra1, lowered affinity for IL-4Ra IL-13 antagonist (31)
IL-13 E12K, R66D, S69D Site-directed mutagenesis Lowered affinity for IL-4Ra Inhibition of Glioblastoma multiforme (32)
IL-13 K105R Site-directed mutagenesis High affinity for IL-13Ra2 Inhibition of Glioblastoma multiforme (33)
IL-15 Q101D, Q108D Site-directed mutagenesis High affinity for IL-15Ra IL-15 antagonist (proliferation and infiltration obstruction) (34)
IL-15 Fusion of IL-15 and truncated IL-15Ra (Residues 1-66) Single-chain fusion High affinity for IL-2RB/yc heterodimer IL-15 agonist (proliferation enhancement and prevention of apoptosis) (35)
IL-15 N72D Site-directed mutagenesis High affinity for IL-2RB IL-15 agonist (proliferation enhancement and prevention of apoptosis) (36)
IFN IFNo2 with the IFNa8 C-terminal region Site-directed mutagenesis High affinity for IFNAR2 Antiviral, antiproli activity ent it (37)
IFN >20 mutations; See reference for details Gene shuffling High affinity for IFNAR1 High antiviral activity, low antiproliferative activity (38)
IFN H57Y, E58N, Q61S Phage display High affinity for IFNAR1 Antiviral, antiproliferative activity enhancement (39)
IFN R120E Site-directed mutagenesis Lowered affinity for IFNAR1 IFN antagonist (40)
IEN IFNa2 with R120E and IFNa8CTail Site-directed mutagenesis Lowered affinity for IFNAR1, High affinity for IFNAR2 IFN super antagonist (40, 41)
GH R167N,D171S,E174S,F176Y,1179T Phage display High affinity for receptor Not tested (42)
Prolactin S61A, D68N, Q73L, K190R, G129R Scintillation proximity assay High affinity sitel/Low affinity site Il for ProlactinR Prolactin antagonist (43)
Leptin D23L, L39A, D40A, F41A Yeast display High affinity for LeptinR site I/low affinity for site Il Leptin antagonist (44)
EPO EPO mimetic peptides Phage display Dimerization of EpoR EPO agonist (45)
EPO R130A Site-directed mutagenesis Lowered affinity for EpoR EPO antagonist (46)
EPO EPO agonistic antibodies Lentiviral libraries Dimerization of EpoR EPO agonist (47)
TPO TPO mimetic peptides Phage display Dimerization of TpoR TPO agonist (48)
TPO TpoR agonistic diabodies Retroviral library Dimerization of TpoR TPO agonist (49)
TPO TpoR agonistic antibodies Lentiviral library Dimerization of TpoR TPO agonist (50)

GM-CSF E21R Site-directed mutagenesis Lowered affinity for Bc GM-CSF antagonist (51)
EGF Y13G Site-directed mutagenesis Enhancement of EGF/EGFR recycling EGF agonist (52)
EGF Not provided Gene shuffling High affinity for EGFR and increased kinase activity EGF agonist (53)
EGF S$4P, E5K, D11E, H16N, E24G, A25T, K28R, 138V, W50L, E51A Yeast display High affinity for EGFR Not tested (54)
EGF D17G, E24K, L26V, K28R, K48T, E51G, L52P; D3Y, L8P, H10Y, M21R, K28S, I38A, K48R, E51G, L52R Yeast display Increased EGFR kg EGF agonist (55)
EGF D3G, I38A, W49R; E5K, L8P, G12E, E23V, K28R, I38T, K48R, E51K Cell-free protein synthesis array Increased EGF potency (proliferation/migration assays) EGF agonist (56)
HGF KB5E, Q95R, N127D, K132N, K137R, K170E, Q173R, N193D (Mutant M2.2) Yeast display High affinity for Met receptor and enhancement of stability HGF partial agonist (57)

GHRH P1Y, P2R, T6F, R8A, M9R, R10Y, Y11H, Y12R, F27L, T28R, N29R, S30R Site-directed mutagenesis High affinity for GHRH-R Inhibition of Glic multiforme (58)
FGF C16S, C83S, C117S Site-directed mutagenesis Enhancement of stability and mitogenic activity FGF agonist (59)
FGF CA4T7A, H93G Site-directed mutagenesis Ent 1t of stability and mi ic activity FGF agonist (60)
FGF K12C, P134C Site-directed mutagenesis Enhancement of stability and mitogenic activity FGF agonist (61)
KGF Deletion of residues 1-23 Site-directed mutagenesis Enhancement of stability Not tested (62)
IGF E3A, F49A Site-directed mutagenesis Lowered affinity for IGFBP-1, wild type affinity for IGFBP-3 Increased IGF bioavailability and plasma half-life (63)

PDGF $129C; R858S, K86N, R87G on mouse PDGF-A Site-directed mutagenesis Disruption of dimer formation Inhibition of PDGF-A activity (64, 65)

PDGF E156K, Y157P, V158H, R159Q, K160G, K161Q, P162H Site-directed mutagenesis Lowered affinity for PDGF-R Inhibition of 3T3 cell colony formation (66)

PDGF Fusion with a Collagen Binding Domain Site-directed mutagenesis Targeting to collagen scaffold Demonstrate an increase in fibroblast growth rate (67)
SCF Fusion with TPO Mimetic Petide Site-directed mutagenesis Costimulation by TPO and SCF Increased cell proliferation (68)
SCF F63C, V49L/F63L, A165C Site-directed mutagenesis Alterered monomer/dimer distribution Altered cell proliferation (69)
SCF Fusion with M-CSF Site-directed mutagenesis Costimulation by M-CSF and SCF Increased cell proliferation (70)

Abbreviations:

IL=Interleukin; LIF=Leukemia Inhibitory Factor; CNTF=Ciliary Neurotrophic Factor; IFN=Interferon; GH=Growth Hormone; EPO=Erythropoeitin, TPO=Thrombopoietin; GM-CSF=Granulocyte-Macrophage Colony-Stimulating Factor, EGF=Epidermal Growth Factor; HGF=Hepatocyte Growth Factor, GHRH=Growth-Hormone-Releasing Hormone;
FGF=Fibroblast Growth Factor; Keratinocyte Growth Factor; IGF=Insulin-Like Growth Factor; PDGF=Platelet-Derived Growth Factor; SCF=Stem Cell Factor; M-CSF=Macrophage Colony-Stimulating Factor
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