
ANTHRANILAMIDE DERIVATIVES AS INSECTICIDES The present
invention relates to novel anthranilamide derivatives,
to processes for their preparation, to compositions
comprising those compounds, and to their use for
controlling insects or representatives of the order
Acarina. Anthranilamide derivatives with insecticidal
properties are known and described, for example, in WO
01/70671, WO 03/016284, WO 03/015518, WO 03/024222 and
WO 04/033468. There have now been found novel
anthranilamide derivatives with pesticidal properties,
especially for the control of insects and members of
the order Acarina. The present invention accordingly
relates to compounds of formula I wherein each of E1
and E2, which may be the same or different, represents
oxygen or sulfur; each R1 independently is halogen,
cyano, nitro, hydroxy, C1-C6alkyl, C2-C6alkenyl, C2-
C6alkynyl, C3-C6cycloalkyl, C1-C6haloalkyl,
C2-C6haloalkenyl, C2-C6haloalkynyl, C3-
C6halocycloalkyl, C1-C4alkoxy, C1-C4haloalkoxy,
C1-C4alkylthio, C1-C4haloalkylthio, C-i-
C4haloalkylsulfinyl, C-i-C4haloalkylsulfonyl,
C1-C4alkylsulfinyl, C1-C4alkylsulfonyl, C1-
C4alkylamino, C2-C4dialkylamino, C3-C6cycloalkylamino,
C1-C6alkyl-C3-C6cycloalkylamino, C2- C4alkylcarbonyl,
C2-C6alkoxycarbonyl, C2-C6alkylaminocarbonyl,
C3-C6dialkylaminocarbonyl, C2-C6alkoxycarbonyloxy,
C2-C6alkylaminocarbonyloxy,
C3-C6dialkylaminocarbonyloxy, C3- C6trialkylsilyl,
phenyl, benzyl or phenoxy, or phenyl, benzyl or
phenoxy mono-, di- or trisubstituted by halogen,
cyano, nitro, halogen, C1-C6alkyl, C2-C6alkenyl,
C2-C6alkynyl, C3- C6cycloalkyl, C1-C6haloalkyl,
C2-C6haloalkenyl, C2-C6haloalkynyl,
C3-C6halocycloalkyl, C1- C4alkoxy, C1-C4haloalkoxy,
C1-C4alkylthio, C1-C4haloalkylthio,
C1-C4alkylsulfinyl, C1- C4alkylsulfonyl,
C1-C4alkylamino, C2-C4dialkylamino,
C3-C6cycloalkylamino, C1-C6alkyl-C
3-C6cycloalkylamino, C2-C4alkylcarbonyl,
C2-C6alkoxycarbonyl, C2-C6alkylaminocarbonyl, C3-
C6dialkylaminocarbonyl, C2-C6alkoxycarbonyloxy,
C2-C6alkylaminocarbonyloxy, C3-
C6dialkylaminocarbonyloxy or C3-C6trialkylsilyl; n is
O, 1, 2, 3 or 4; each of R2 and R3, which may be the
same or different, represents hydrogen, C1-C6alkyl,
C2- C6alkenyl, C2-C6alkynyl or C3-C8cycloalkyl; or
C1-C6alkyl, C2-C6alkenyl, C2-C6alkynyl or C3-
C8cycloalkyl substituted by one, two or three
substituents selected from halogen nitro, cyano,
hydroxy, C1-C4alkoxy, C1-C4haloalkoxy, C1-C4alkylthio,
C1-C4haloalkylthio, C1-C4alkylsulfinyl,
C1-C4alkylsulfonyl, C1-C4alkylamino,
C2-C4dialkylamino, C3-C6cycloalkylamino and C1-
C6alkyl-C3-C6cycloalkylamino; D is phenyl, 2-pyridyl,
3-pyridyl or 4-pyridyl; or phenyl, 2-pyridyI,
3-pyridyl or 4-pyridyl mono-, di- or trisubstituted by
C1-C6alkyl, C3-C6cycloalkyl, C1-C6haloalkyl, halogen,
cyano, C1- C4alkoxy, C1-C4haloalkoxy, C1-C4alkylthio,
C1-C4haloalkylthio, C1-C4alkylsulfinyl, C1-
C4alkylsulfonyl, C1-C4haloalkylsulfinyl or
C-i-C4haloalkylsulfonyl; or D is a group R4, R10, R1 ,
and R19 independently from each other, are hydrogen,
C1-C6alkyl, C3- C6cycloalkyl, C1-C6 haloalkyl,
halogen, cyano, C1-C4alkoxy, C1-C4haloalkoxy, C2-
C4alkoxycarbonyl, C1-C4alkylthio, C1-C4haloalkylthio,
C1-C4alkylsulfinyl, C1-C4alkylsulfonyl,
C1-C4haloalkylsulfinyl or C1-C4haloalkylsulfonyl; 5,
R6, R8, R11 , R12, R15, R16 and R18 independently from
each other, are C1-C6alkyl, or C1- C6alkyl mono-, di-
or trisubstituted by halogen, cyano, nitro, hydroxy,
C1-C4alkoxy, C2- C4alkoxycarbonyl, C1-C4alkylthio,
C1-C4alkylsulfinyl, C1-C4alkylsulfonyl,
C-i-C4alkylamino, C2-C4dialkylamino or
C3-C6cycloalkylamino; or are phenyl, 2-pyridyl,
3-pyridyl, 4-pyridyl; or are or phenyl, 2-pyridyl,
3-pyridyl or 4-pyridyl mono-, di- or trisubstituted by
C1-C6alkyl, C3- C6cycloalkyl, C1-C6haloalkyl, halogen,
cyano, C1-C4alkoxy, C1-C4IIaIOaIkOXy, C1-dalkylthio,
C1-C4haloalkylthio, C1-C4alkylsulfinyl,
C1-C4alkylsulfonyl, C1-C4haloalkylsulfinyl or C1-
C4haloalkylsulfonyl; R7, R9, R13 and R14 independently
from each other, are hydrogen, C1-C6alkyl,
C1-C6haloalkyl, C2-C6alkenyl, C2-C6haloalkenyl,
C3-C6alkenyl or C3-C6haloalkenyl; Y 1a is a
C1-C6alkylene, C2-C6alkenylene or C3-C6alkynylene
chain which may be mono-, dior trisubstituted by R2o,
where the unsaturated bonds of the chain are not
attached directly to the sulfur atom; or is
C3-C6cycloalkylene, which may be mono-, di- or
trisubstituted by R2-i; or Y 1aand Y2 form together
with the chain -G-Y 1b-S(=O=N-Z)- a ring system of at
least 3 members; wherein Y 1aand Y2 together represent
the group -CH2-; -CH2-CH2-; -CH2-CH2-CH2 -CH2-CH=CH-;
-CH=CH-CH 2-; -CH2-G6-CH2-; -CH2-CH2-G10-CH2-;
-CH2-G7-CH2-CH2- or -CH2-CH2-G11-CH2-CH2-; G6 is
oxygen, N(-Z7) or sulfur; G7 is oxygen, N(-Z8) or
sulfur; G10 is oxygen, N(-Z 11 ) or sulfur; G1 1 is
oxygen, N(-Z12) or sulfur; R20 and R2 1 independently
of one another are halogen, nitro, cyano, hydroxy,
C1-C6alkyl, C1-C6haloalkyl, C1-C6alkylthio,
C1-C6alkylsulfinyl, C1-C6alkylsulfonyl,
C1-C6haloalkylthio, C1-C6haloalkylsulfinyl,
C1-C6haloalkylsulfonyl, C1-C6alkoxycarbonyl,
C1-C6alkylcarbonyl, C1-C6alkoxy-C1-C6alkyl,
C1-C6alkoxy-C1-C6alkyl, C1-C6alkoxy, C1-C6halo-alkoxy,
benzyl or phenyl, where phenyl and benzyl for their
part may be mono-, di- or trisubstituted by
C1-C6alkyl, C1-C6haloalkyl, C1-C6alkoxy,
C1-C6haloalkoxy, halogen, cyano, hydroxyl or nitro; Y
1bis a direct bond or is a C1-C6alkylene,
C2-C6alkenylene or C3-C6alkynylene chain which may be
mono-, di- or trisubstituted by R22, where the
unsaturated bonds of the chain are not attached
directly to the sulfur atom; or is C3-C6cycloalkylene,
which may be mono-, di- or trisubstituted by R23, or
is 1,2-, 1,3- or 1,4-phenylene; or Y^ and R3 form
together with the chain -N-Y 1a-G- a ring system of at
least 3 members; wherein Y 1b and R3 together
represent the group -CH2- ; -CH2-CH2-;
-CH2-CH2-CH2,-CH2-CH=CH-; -CH=CH-CH 2- ; -CH2-G4-CH2-
; -CH2-CH2-G12-CH2-; -CH2-G5-CH2-CH2- or
-CH2-CH2-G13-CH2-CH2- ; G4 is oxygen, N(-Z5) or
sulfur; 



G5 is oxygen, N(-Z6) or sulfur;G12 is oxygen, N(-Z13)
or sulfur; G13 is oxygen, N(-Z14) or sulfur; R22 and
R23 independently of one another are halogen, nitro,
cyano, hydroxy, C1-C6alkyl, C1-C6haloalkyl,
C1-C6alkylthio, C1-C6alkylsulfinyl,
C1-C6alkylsulfonyl, C1-C6haloalkylthio,
C1-C6haloalkylsulfinyl, C1-C6haloalkylsulfonyl,
C1-C6alkoxycarbonyl, C1-C6alkylcarbonyl, C1-C6alkoxy-
C1-C6alkyl, C1-C6alkoxy-C1-C6alkyl, C1-C6alkoxy,
C1-C6halo-alkoxy, benzyl or phenyl, where phenyl and
benzyl for their part may be mono-, di- or
trisubstituted by C1-C6alkyl, C1-C6haloalkyl,
C1-C6alkoxy, C1-C6haloalkoxy, halogen, cyano, hydroxyl
or nitro; Y2 is a C -i-C6alkylene, C2-C6alkenylene or
C3-C6alkynylene chain which may be mono-, di- or
trisubstituted by R24, where the unsaturated bonds of
the chain are not attached directly to the sulfur
atom; or is C3-C6cycloalkylene, which may be mono-,
di- or trisubstituted by R25 ; or Y2 and R3 form
together with the chain -N-Yia-G-Yib-S(=O=N-Z)- a ring
system of at least 3 members; wherein Y2 and R3
together represent the group -CH2-; -CH2-CH2-; -CH2-
CH2-CH ; -CH2-CH=CH-; -CH=CH-CH2-; -CH2-G8-CH2- ;
-CH2-CH2-G14-CH2-; -CH2-G9-CH2- CH2- or
-CH2-CH2-G15-CH2-CH2- ; G8 is oxygen, N(-Z9) or
sulfur; G9 is oxygen, N(-Z10) or sulfur; G14 is
oxygen, N(-Z15) or sulfur; G15 is oxygen, N(-Z16) or
sulfur; R24 and R25 independently of one another are
halogen, nitro, cyano, hydroxy, C1-C6alkyl,
C1-C6haloalkyl, C1-C6alkylthio, C1-C6alkylsulfinyl,
C1-C6vlkylsulfonyl, C1-C6haloalkylthio,
C1-C6haloalkylsulfinyl, C1-C6haloalkylsulfonyl,
C1-C6alkoxycarbonyl, C1-C6alkylcarbonyl, C1-C6alkoxy-
C1-C6alkyl, C1-C6alkoxy-C1-C6alkyl, C1-C6alkoxy,
C1-C6halo-alkoxy, benzyl or phenyl, where phenyl and
benzyl for their part may be mono- or polysubstituted
by C1-C6alkyl, C1-C6haloalkyl, C1-C6alkoxy,
C1-C6haloalkoxy, halogen, cyano, hydroxyl or nitro; Y3
is hydrogen, halogen, C1-C6haloalkyl or C1-C6alkyl; G
is a direct bond, oxygen, N(-Z1), sulfur or the group
GrC(=G 2)-G3; G1 is a direct bond, oxygen, N(-Z2) or
sulfur; G2 is oxygen, N(-Z3) or sulfur; G3 is a direct
bond, oxygen, N(-Z4) or sulfur; Z, Z1, Z2, Z3 , Z4,
Z5, Z6, Z7, Z8, Z9, Z10, Z11 , Z12, Z13, Z14 , Z15 and
Z16 independently of one another are hydrogen,
C1-C6alkyl, C1-C6haloalkyl, C1-C6cycIoalkyl,
C1-C6halocycloalkyl, C1-C6alkylthio,
C1-C6haloalkylthio or C1-C6 alkoxy-C1-C6alkyl; or
C1-C6alkyl, C1-C6haloalkyl, C1-C6cycloalkyl,
C1-C6halocycloalkyl, C1-C6 alkylthio,
C1-C6haloalkylthio orC1-C6alkoxy-C 1-C6alkyl
substituted by C1-C6alkyl, C1-C6haIoalkyl,
C1-C6cycloalkyl, C1-C6halocycloalkyl, C1-C6alkoxy,
cyano, nitro or C1-C6haloalkoxy; or Z, Z1, Z2, Z3 and
Z4 independently of one another are -C(O)R26,
-C(O)O-R27, -CONR28R29, -SO2R30 or -P(O)(OR 3 1)(0R
32)-0R 33; R26 is C1-C6alkyl, C1-C6haloalkyl,
C1-C6cycloalkyl, C1-C6halocycloalkyl, C1-C6alkylthio,
C1-C6haloalkylthio, C1-C6alkoxycarbonyl,
C1-C6alkylcarbonyl or C1-C6alkoxy-C1-C6alkyl; or
C1-C6alkyl, C1-C6haloalkyl, C1-C6cycloalkyl,
C1-C6halocycloalkyl, C1-C6alkylthio,
C1-C6haloalkylthio, C1-C6alkoxycarbonyl,
C1-C6alkyIcarbonyl or C1-C6alkoxy-C1-C6alkyl
substituted by C1-C6alkyl, C1-C6haloalkyl,
C1-C6cycloalkyl, C1-C6halocycloalkyl, C1-C6alkoxy, or
C1-C6 haloalkoxy; and R27, R28, R29, R30, R3 1 , R32
and R33 independently of one another are C1-C6alkyl,
C1-C6haloalkyl, C1-C6cycloalkyl or
C1-C6halocycloalkyl; or C1-C6alkyl, C1-C6haloalkyl,
C1-C6cycloalkyl or C1-C6halocycloalkyl substituted by
C1-C6alkyl, C1-C6haloalkyl, C1-C6cycloalkyl,
C1-C6halocycloalkyl, C1-C6alkoxy, C1-C6haloalkoxy; and
agronomically acceptable
salts/isomers/enantiomers/tautomers/N-oxides of those
compounds; with the exception of the compounds
N-(4-chloro-2-methyl-6-[([1 -{Ntrifluoroacetyl}
methanesulfoximinyl-cyclobutylmethyl]amino)carbonyl]ph
enyl)-1-(3-chloro-2- pyridinyl) -3-(trif
luoromethyl)-1 H-pyrazole-5-carboxamide,
N-(4-chloro-2-methyl-6-[([1 -
methanesulfoximinyl-cyclobutylmethyl]amino)carbonyl]ph
enyl)-1-(3-chloro-2-pyridinyl)-3- (trifluoromethyl)-1
H-pyrazole-5-carboxamide, N-(4-chloro-2-methyl-6-[([1
-{Ntrifluoroacetyl}
methanesulfoximinyl-cyclopropylmethyl]amino)carbonyl]p
henyl)-1-(3-chloro-2- pyridinyl)-3-(trif
luoromethyl)-1 H-pyrazole-5-carboxamide and
N-(4-chloro-2-methyl-6-[([1 -
methanesulfoximinyl-cyclopropylmethyl]amino)carbonyl]p
henyl)-1-(3-chloro-2-pyridinyl)-3- (trifluoromethyl)-i
H-pyrazole-5-carboxamide. Compounds I which have at
least one basic centre can form, for example, acid
addition salts, for example with strong inorganic
acids such as mineral acids, for example perchloric
acid, sulfuric acid, nitric acid, nitrose acid, a
phosphorus acid or a hydrohalic acid, with strong
organic carboxylic acids, such as
C1-C4alkanecarboxyIic acids which are unsubstituted or
substituted, for example by halogen, for example
acetic acid, such as saturated or unsaturated
dicarboxylic acids, for example oxalic acid, malonic
acid, succinic acid, maleic acid, fumaric acid or
phthalic acid, such as hydroxycarboxylic acids, for
example ascorbic acid, lactic acid, malic acid,
tartaric acid or citric acid, or such as benzoic acid,
or with orga nic sulfonic acids, such as C1-C4alkane-
or arylsulfonic acids which are unsubstituted or
substituted, for example by halogen, for example
methane- or p-toluenesulfonic acid. Compounds I which
have at least one acidic group can form, for example,
salts with bases, for example mineral salts such as
alkali metal or alkaline earth metal salts, for
example sodium, potassium or magnesium salts, or salts
with ammonia or an organic amine, such as morpholine,
piperidine, pyrrolidine, a mono-, di- or
tri-lower-alkylamine, for example ethyl-, die thyl-,
triethyl- or dimethylpropylamine, or a mono-, di- or
trihydroxy-lower-alkylamine, for example mono-, di- or
triethanolamine. Where appropriate, the corresponding
internal salts can furthermore be formed. Preferred
within the scope of the invention are agrochemically
advantageous salts; however, the invention also
encompasses salts which have disadvan tage for
agrochemical use, for example salts which are toxic to
bees or fish, and which are employed, for example, for
the isolation or purification of free compounds I or
agrochemically 



utilizable salts thereof. Owing to the close
relationship between the compounds I in free form and
in the form of their salts, for the purposes of the
invention the free compounds I or their salts
hereinabove and hereinbelow are respectively to be
understood as including, where appropriate, the
corresponding salts or the free compounds I. The same
applies analogously to tautomers of compounds I and
salts thereof. In general, the free form is preferred
in each case. The alkyl groups occurring in the
definitions of the substituents can be straight-chain
or branched and are, for example, methyl, ethyl,
n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl,
tert-butyl, pentyl, hexyl, heptyl and octyl and their
branched isomers. Alkoxy, alkenyl and alkynyl radicals
are derived from the alkyl radicals mentioned. The
alkenyl and alkynyl groups can be mono- or
polyunsaturated. Halogen is generally fluorine,
chlorine, bromine or iodine. This also applies,
correspondingly, to halogen in combination with other
meanings, such as haloalkyl or halophenyl. Haloalkyl
groups preferably have a chain length of from 1 to 6
carbon atoms. Haloalkyl is, for example, fluoromethyl,
difluoromethyl, trifluoromethyl, chloromethyl,
dichloromethyl, trichloromethyl, 2,2,2-trifluoroethyl,
2-fluoroethyl, 2-chloroethyl, pentafluoroethyl,
1,1-difluoro- 2,2,2-trichIoroethyl,
2,2,3,3-tetrafluoroethyl and 2,2,2-trichloroethyl;
preferably trichloro methyl, difluorochloromethyl,
difluoromethyl, trifluoromethyl and
dichlorofluoromethyl. Suitable haloalkenyl groups are
alkenyl groups which are mono- or polysubstituted by
halogen, halogen being fluorine, chlorine, bromine and
iodine and in particular fluorine andchlorine, for
example 2,2-dif luoro-1 -methylvinyl,
3-fluoropropenyl, 3-chloropropenyl, 3-bromopropenyl,
2,3,3-trifluoropropenyl, 2,3,3-trichloropropenyl and
4,4,4-trifluorobut-2-en- 1-yl. Among the C3-C2oalkenyl
groups which are mono-, di- or trisubstituted by
halogen, preference is given to those having a chain
length of from 3 to 5 carbon atoms. Suitable
haloalkynyl groups are, for example, alkynyl groups
which are mono- or polysubstituted by halogen, halogen
being bromine, iodine and in particular fluorine and
chlorine, for example 3-fluoropropynyl,
3-chloropropynyl, 3-bromopropynyl,
3,3,3-trifluoropropynyl and
4,4,4-trifluorobut-2-yn-1-yl. Among the alkynyl groups
which are mono- or polysubstituted by halogen,
preference is given to those having a chain length of
from 3 to 5 carbon atoms. Alkoxy groups preferably
have a preferred chain length of from 1 to 6 carbon
atoms. Alkoxy is, for example, methoxy, ethoxy,
propoxy, i-propoxy, n-butoxy, isobutoxy, sec-butoxy
and tert-butoxy and also the isomeric pentyloxy and
hexyloxy radicals; preferably methoxy and ethoxy.
Alkoxycarbonyl is, for example, methoxycarbonyl,
ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl,
n-butoxycarbonyl, isobutoxycarbonyl,
sec-butoxycarbonyl or tertbutoxycarbonyl; preferably
methoxycarbonyl or ethoxycarbonyl. Haloalkoxy groups
preferably have a chain length of from 1 to 6 carbon
atoms. Haloalkoxy is, for example, fluoromethoxy,
difluoromethoxy, trifluoromethoxy,
2,2,2-trifluoroethoxy, 1,1 ,2,2- tetrafluoroethoxy,
2-fluoroethoxy, 2-chloroethoxy, 2,2-difluoroethoxy and
2,2,2- trichloroethoxy; preferably difluoromethoxy,
2-chloroethoxy and trifluoromethoxy. Alkylthio groups
preferably have a chain length of from 1 to 6 carbon
atoms. Alkylthio is, for example, methylthio,
ethylthio, propylthio, isopropylthio, n-butylthio,
isobutylthio, sec-butylthio or tertbutylthio,
preferably methylthio and ethylthio. Alkylsulfinyl is,
for example, methylsulfinyl, ethylsulfinyl,
propylsulfinyl, isopropylsulfinyl, n-butylsulfinyl,
isobutylsulfinyl, sec-butylsulfinyl,
tert-butylsulfinyl; preferably methylsulfinyl and
ethylsulfinyl. Alkylsulfonyl is, for example,
methylsulfonyl, ethylsulfonyl, propylsulfonyl,
isopropylsulfonyl, n-butylsulfonyl, isobutylsulfonyl,
sec-butylsulfonyl or tert-butylsulfonyl; preferably
methylsulfonyl or ethylsulfonyl. Alkoxyalkoxy groups
preferably have a chain length of from 1 to 8 carbon
atoms. Examples of alkoxyalkoxy groups are:
methoxymethoxy, methoxyethoxy,methoxypropoxy,
ethoxymethoxy, ethoxyethoxy, propoxymethoxy or
butoxybutoxy. Alkylamino is, for example, methylamino,
ethylamino, n-propylamino, isopropylamino or the
isomeric butylamines. Dialkylamino is, for example,
dimethylamino, methylethylamino, diethylamino,
n-propylmethylamino, dibutylamino and
diisopropylamino. Preference is given to alkylamino
groups having a chain length of from 1 to 4 carbon
atoms. Alkoxyalkyl groups preferably have a chain
length of 1 to 6 carbon atoms. Alkoxyalkyl is, for
example, methoxymethyl, methoxyethyl, ethoxymethyl,
ethoxyethyl, n-propoxymethyl, n-propoxyethyl,
isopropoxymethyl or isopropoxyethyl. Alkylthioalkyl
groups preferably have from 1 to 8 carbon atoms.
Alkylthioalkyl is, for example, methylthiomethyl,
methylthioethyl, ethylthiomethyl, ethylthioethyl,
n-propylthiomethyl, n-propylthioethyl,
isopropylthiomethyl, isopropylthioethyl,
butylthiomethyl, butylthioethyl or butylthiobutyl. The
cycloalkyl groups preferably have from 3 to 6 ring
carbon atoms, for example cyclopropyl, cyclobutyl,
cyclopentyl and cyclohexyl. Phenyl, also as part of a
substituent such as phenoxy, benzyl, benzyloxy,
benzoyl, phenylthio, phenylalkyl, phenoxyalkyl, may be
substituted. In this case, the substituents can be in
ortho, meta and/or para position. The preferred
substituent positions are the ortho and para positions
to the ring attachment point. Yia as
C3-C6cycloalkylene, which may be mono-, di- or
trisubstituted by R2i , represents together with the
adjacent nitrogen and G group for example the
following groups:Y 1bas C3-C6cycloalkylene, which may
be mono-, di- or trisubstituted by R23, represents
together with the adjacent sulfur and Y3 for example
the following groups: Y1b as 1,2-, 1,3- or
1,4-phenylene means Compounds of formula I are
preferred, wherein R1 is C1-C4alkyl, nitro, cyano or
halogen and n is 2; R2 and R3 are hydrogen; E1 and E2
are oxygen; D is D1, wherein R4 is C1-C4haloalkyl,
halogen or C1-C4haloalkoxy and R5 is pyridine which
can be substituted by halogen, preferably by chloro; Y
1a is C1-C6alkylene which can be mono- or
disubstituted by C1-C6alkyl, or is C3-
C6cycloalkylene; 



Y 1b is C1-C6alkylene or a direct bond; G is a direct
bond or oxygen;Y2 is a C1-C6alkylene chain Z is
hydrogen, C1-C4halogenalkylcarbonyl, or Y2 and R3 form
together with the chain -N-Yia-G-Y 1b-S(=O=N-Z)- a
ring system of at least 3 members; wherein Y2 and R3
together represent the group -CH2-CH2-. Special
mention should be made of compounds of formula I
wherein R1 is selected from C1-C4 alkyl, halogen,
cyano, C1-C5haloalkyl, nitro, C1-C4alkoxy,
C1-C4-haloalkoxy, C1- C4alkylthio, C1-C4alkylsulfinyl,
C1-C4alkylsulfonyl, C1-C4 haloalkylthio,
C1-C4haloalkylsulfinyl and C1-C4haloalkylsulfonyl, in
particular from halogen, cyano and C1-C6alkyl,
preferably selected from C1-C4 alkyl, halogen, cyano
and C1-C5haloalkyl, most preferably selected from
methyl, cyano and chloro, and n is 1 or 2, preferably
2. Preferred position of R1 is meta to the group -C(=E
2)-N(R 3)-. E1 and/or E2 is preferably oxygen. Further
preferred compounds of formula I are those, wherein
Y1b is a direct bond or is a C1-C6alkylene,
C2-C6alkenylene or C3-C6alkynylene chain which may be
mono-, di- or trisubstituted by R22, where the
unsaturated bonds of the chain are not attached
directly to the sulfur atom; or is C3-C6cycloalkylene,
which may be mono-, di- or trisubstituted by R23 and
Z, Z1, Z2, Z3 , Z4, Z5, Z6, Z7, Z8, Z9, Z10, Z11 ,
Z12, Z13, Z14, Z15 and Z16 independently of one
another are hydrogen, C1-C6alkyl, C1-C6haloalkyl,
C1-C6cycIoalkyl, C1-C6halocycloalkyl, C1-C6alkylthio,
C1-C6haloalkylthio or C1-C6alkoxy- C1-C6alkyl; or
C1-C6alkyl, C1-C6haloalkyl, C1-C6cycloalkyl,
C1-C6halocycloalkyl, C1-C6alkylthio,
C1-C6haloalkylthio or C1-C6alkoxy-C1-C6alkyl
substituted by C1-C6alkyl, C1-C6haloalkyl,
C1-C6cycloalkyl, C1-C6halocycloalkyl, C1-C6alkoxy or
C1-C6haloalkoxy. Preference is given to subgroups of
compounds of formula I wherein a) R2 is hydrogen or
C1-C4 alkyl; and/or b) R3 is hydrogen or C1-C4 alkyl.
A preferred subgroup of compounds of formula I is
represented by the compounds of formula Iawherein R9 1
is C1-C4alkyl or halogen, preferably chloro, bromo or
methyl; R92 is halogen or cyano, preferably, fluoro,
chloro, bromo or cyano; R93 is halogen, C1-C4haloalkyl
or C1-C4haloalkoxy; and Y2, Y3, Z, G, Y a and Y b have
the meanings given under formula I. Special emphasis
should also be given to compounds of formula I wherein
d) Y 1a is C1-C6alkylene or C1-C6cyclo-alkylene
substituted with C1-C6alkyl, preferably C(CH 3)2CH2,
C(CH3)2(CH2)2, C(CH3)2(CH2)3, C(CH3)2(CH2)4 or CH(CH
3), CH(CH 3)CH2, CH(CH 3)(CH2)2, CH2CH2, CH2CH2CH2;
and/or e) Yib is a direct bond, C1-C6alkylene or
C1-C6cyclo-alkylene, preferably methylene; and/or f) G
is a direct bond, oxygen, sulfur Or- N(-Z1)-,
preferably a direct bond; and/or g) Y2 is
C1-C6alkylene, C1-C6cyclo-alkylene, preferably
methylene; and/or h) Y3 is hydrogen or C1-C6alkyl,
preferably hydrogen; and/or i) Z is hydrogen, -C(O)R
26, -C(O)O-R 7, -CONR13R14, -SO2R15 or -OP(OR 16)(OR
17)-OR18 , preferably hydrogen or -C(O)CF 3; wherein
R26 is C1-C6alkyl, C1-C6haloalkyl, C1-C6cycloalkyl or
C1-C6halocycloalkyl. In preferred compounds of formula
I, R7, R13, R14,R15, R16, R17 and R18 independently of
one another are C1-C6alkyl or C1-C6haloalkyl; or
C1-C6alkyl or C1-C6haloalkyl substituted with
C1-C6alkyl or C1-C6haloalkyl. The process according to
the invention for preparing compounds of the formula I
is carried out analogously to known processes, for
example those described in WO 01/70671 ,WO 03/016284,
WO 03/015518 and WO 04/033468.The process for the
preparation of a compound of the formula I or, where
appropriate, a tautomer thereof, in each case in free
form or in salt form, comprises, for example, a) to
prepare a compound of the formula I, in which R2 is
hydrogen and E1 and E2 are oxygen, or, where
appropriate, a tautomer and/or salt thereof, by
reacting a compound of the formula in which R1, n, and
D have the meanings given for the formula I, or, where
appropriate, a tautomer and/or salt thereof with a
compound of the formula HN(R3)-Y1a-G-Y1b-S(=O)(=NZ)-Y
2-Y3 (III), in which R3, Y1a, G, Y 1b, Z, Y2 and Y3
have the meanings given for the formula I, or, where
appropriate, with a tautomer and/or salt thereof or,
b) to prepare a compound of the formula I, or, where
appropriate, a tautomer and/or salt thereof, reacting
a compound of the formula in which R1, R2, n, E1, E2
and D have the meanings given for the formula I; and
X1 is a leaving group,or, where appropriate, a
tautomer and/or salt thereof with a compound of the
formula HN(R3)-Y1a-G-Y1b-S(=O)(=NZ)-Y 2-Y3 (HI),in
which R3, Y1 , G, Y , Z, Y2 and Y3 have the meanings
given for the formula I, or, where appropriate, with a
tautomer and/or salt thereof or, c) to prepare a
compound of the formula I, or, where appropriate, a
tautomer and/or salt thereof, by reacting a compound
of the formula in which n, R1, R2, R3, Yia, G, Y1b, Z,
Y2 and Y3 have the meanings given for the formula I,
or, where appropriate, a tautomer and/or salt thereof
with a compound of the formula X2C(=O)D (Vl), in which
D has the meaning given for the formula I; and X2 is a
leaving group, or, where appropriate, with a tautomer
and/or salt thereof and/or converting a compound of
the formula I or, where appropriate, a tautomer
thereof, in each case in free form or in salt form,
into another compound of the formula I or, where
appropriate, a tautomer thereof, separating an isomer
mixture, which can be obtained in accordance with the
process, and isolating the desired isomer and/or
converting a free compound of the formula I or, where
appropriate, a 



tautomer thereof into a salt or a salt of a compound
of the formula I or, where appropriate, a tautomer
thereof into the free compound of the formula I or,
where appropriate, a tautomer thereof or into another
salt. What has been said above for tautomers and/or
salts of compounds I applies analogously to starting
materials mentioned hereinabove and hereinbelow with
regard to the tautomers and/or salts thereof. The
reactions described hereinabove and hereinbelow are
carried out in a manner known per se, for example in
the absence or, normally, in the presence of a
suitable solvent or diluent or of a mixture of these,
the process being carried out, as required, with
cooling, at room temperature or with heating, for
example in a temperature range of from approximately
-80C to the boiling point of the reaction mixture,
preferably from approximately -20C to approximately +
150C, and, if required, in a sealed vessel, under
reduced, normal or elevated pressure, in an inert gas
atmosphere and/or under anhydrous conditions.
Especially advantageous reaction conditions can be
seen from the examples. Unless otherwise specified,
the starting materials mentioned hereinabove and
hereinbelow, which are used for the preparation of the
compounds I or, where appropriate, the tautomers
thereof, in each case in free form or in salt form,
are known or can be prepared by methods known per se,
for example in accordance with the information given
below. Variant a) The reactants can be reacted with
each other as such, i. e. without addition of a
solvent or diluent, for example in the melt. In most
cases, however, it is advantageous to add an inert
solvent or diluent or a mixture of these. Examples of
such solvents or diluents which may be mentioned are:
aromatic, aliphatic and alicyclic hydrocarbons and
halohydrocarbons such as benzene, toluene, xylene,
mesitylene, tetralin, chlorobenzene, dichlorobenzene,
bromobenzene, petroleum ether, hexane, cyclohexane,
dichloromethane, trichloromethane, tetrachloromethane,
dichloroethane, trichloroethene or tetrachloroethene;
esters such as ethyl acetate; ethers such as diethyl
ether, dipropyl ether, diisopropyl ether, dibutyl
ether, tert-butyl methyl ether, ethyleneglycol
monomethyl ether, ethylene glycol monoethyl ether,
ethylene glycol dimethyl ether, dimethoxydiethyl
ether, tetrahydrofuran or dioxane; ketones, such as
acetone, methyl ethyl ketone or methyl isobutyl
ketone; alcohols, such as methanol, ethanol, propanol,
isopropanol, butanol, ethylene glycol or glycerol;
amides such as N,N-dimethylformamide,
N,N-diethylformamide, N,N-dimethylacetamide,
N-methylpyrrolidone or hexamethylphosphoric triamide;
nitriles, such as acetonitrile or propionitrile; and
sulfoxides, such as dimethyl sulfoxide. The reaction
is advantageously carried out in a temperature range
from approximately -80C to approximately +140C,
preferably from approximately -30C to approximately
+100C, in many cases in the range between room
temperature and approximately +80C. Variant b)Examples
of suitable leaving groups Xi in the compounds IV are
hydroxy, C1-C8alkoxy, halo- C1-C8alkoxy,
C1-C8alkanoyloxy, mercapto, C1-C8alkylthio,
haIo-C1-C8alkylthio, C1-C8alkylsulfonyloxy, halo-C
1-Csalkylsulfonyloxy, benzenesulfonyloxy,
toluenesulfonyloxy and halogen, such as chlorine.
Preferred are hydroxy, C1-C8alkoxy and chlorine. The
reactants can be reacted with each other as such, i.e.
without adding a solvent or dilu ent. In most cases,
however, it is advantageous to add an inert solvent or
diluent or a mixture of these. Examples of suitable
solvents or diluents are of the type described under
variant a). The reaction is advantageously carried out
in a temperature range from approximately -80C to
approximately +140C, preferably from approximately
-2OC to approximately +100C, in many cases in the
range between room temperature and the reflux
temperature of the reaction mixture. Variant c)
Examples of suitable leaving groups X2 in the
compounds Vl are hydroxy, C1-C8alkoxy, halo-
C1-C8alkoxy, C1-C8alkanoyloxy, mercapto,
C1-C8alkylthio, halo-C 1-C8alkylthio,
C1-C8alkylsulfonyloxy, halo-C 1-C8alkylsulfonyloxy,
benzenesulfonyloxy, toluenesulfonyloxy and halogen,
such as chlorine. Preferred are hydroxy and chlorine.
The reactants can be reacted in the presence of a
base. Examples of suitable bases for facilitating the
detachment of HX2 are alkali metal or alkaline earth
metal hydroxides, alkali metal or alkaline earth metal
hydrides, alkali metal or alkaline earth metal amides,
alkali metal or alkaline earth metal alkoxides, alkali
metal or alkaline earth metal acetates, alkali metal
or alkaline earth metal carbonates, alkali metal or
alkaline earth metal dialkylamides or alkali metal or
alkaline earth metal alkylsilylamides, alkylamines,
alkylenediamines, free or Nalkylated saturated or
unsaturated cycloalkylamines, basic heterocycles,
ammonium hydroxides and carbocyclic amines. Examples
which may be mentioned are sodium hydroxide, sodium
hydride, sodium amide, sodium methoxide, sodium
acetate, sodium carbonate, potassium tert-butoxide,
potassium hydroxide, potassium carbonate, potassium
hydride, lithium diisopropylamide, potassium
bis(trimethylsilyl)amide, calcium hydride,
triethylamine, diisopropylethylamine,
triethylenediamine, cyclohexylamine,
N-cyclohexyl-N,Ndimethylamine, N,N-diethyIaniline,
pyridine, 4-(N,N-dimethylamino)pyridine, quinuclidine,
Nmethylmorpholine, benzyltrimethylammonium hydroxide
and 1,8-diazabicyclo[5.4.0]undec-7- ene (DBU). The
reactants can be reacted with each other as such, i.e.
without adding a solvent or dilu ent. In most cases,
however, it is advantageous to add an inert solvent or
diluent or a mixture of these. Examples of suitable
solvents or diluents are of the type described under
variant a). If the reaction is carried out in the
presence of a base, bases which are employed in
excess, such as triethylamine, pyridine,
N-methylmorpholine or N,N-diethylaniline, may also act
as solvents or diluents. The reaction is
advantageously carried out in a temperature range from
approximately -80C to approximately +140C, preferably
from approximately -30C to approximately + 100C, in
many cases in the range between room temperature and
approximately +80C. 



A compound I can be converted in a manner known per se
into another compound I by replacing one or more
substituents of the starting compound I in the
customary manner by (an)other substituent(s) according
to the invention. Alternatively, a compound of the
formula I, or, where appropriate, a tautomer and/or
salt thereof, in each case in free form or in salt
form, is prepared, for example, from a compound of the
formula in which n, R1, R2, R3, D, E1, E2, Y 1a, G,
Yib, Y2 and Y3 have the meanings given in the formula
I and m is 0 or 1, according to known procedures (H.
Okamura, C. BoIm, Org. Lett. 2004, 6, 1305; H.
Okamura, C. BoIm, Chem. Lett. 2004, 33, 482; D. Leca,
K. Song, M. Amatore, L. Fensterbank, E. Lacdte, M.
Malacria, Chem. Eur. J. 2004, 10, 906) or as described
below.A compound of formula VII (m = 0) is prepared,
for example, from a compound of formula in which n,
R1, R2, R3, D, Y 1a, G, Y 1b, E1 and E2 have the
meanings given in the formula I, under conditions
described in the literature (e.g. J. Org. Chem. 1992,
57, 128) in the presence of a compound of formula
X3-Y2-Y3 (IX), where Y2 and Y3 have the meanings given
in the formula I and X3 is a leaving group such as Cl,
Br, I, O-p-Toluol, O-Mesyl, wherein a compound of the
formula VIII is prepared from a compound of formula in
which n, R1, R2, R3, D, Y 1a, G, Y 1b, E1 and E2 have
the meanings given in the formula I, under conditions
described in the literature (Mitsunobu reaction, see
e.g. J. Org. Chem. 1992, 57, 128).A compound of
formula X is prepared, for example, under similar
conditions as described for a compound of formula I in
variants a), b) or c), where the group
S(=O)(=NZ)-Y2-Y3 of formula I in variants a), b) or c)
is replaced by OH. A compound of formula I or a
compound of formula III is prepared, for example, from
a compound of formula in which n, R1, R2, R3, D, E1,
E2, Y 1a, G, Y 1b, Y2 and Y3 have the meanings given
in the formula I and m is 0 or 1, respectively from a
compound of formula HN(R3)-Y1a-G-Y 1b-S(=O)m-Y2-Y3
(Xl), in which R3, Y 1a, G, Y 1b, Y2 and Y3 have the
meanings given in the formula I and m is 0 or 1,
according to known procedures procedures (scheme 1: m
= 0: step A and then B; m = 1: step B, see e.g. M.
Reggelin, C. Zur, Synthesis, 2000, 1).Alternatively, a
compound of formula I or a compound of formula III are
prepared, for example, from a compound of formula in
which n, R1, R2, R3, D, E1, E2, Y 1a, G, Y1b, Z, Y2
and Y3 have the meanings given in the formula I
respectively from a compound of formula
HN(R3)-Y1a-G-Y1b-S(=NZ)-Y2-Y3 (XIII),in which R3, Y1a,
G, Yib, Z, Y2 and Y3 have the meanings given in the
formula I, according to known methods (scheme 1, step
A'), wherein a compound of formula XII or a compound
of formula XIII are prepared, for example, from a
compound of formula VII (m = 0) respectively from a
compound of formula Xl (m = 0) according to known
methods, as described in scheme 1, step B'. For the
transformation of a sulfide to a sulfoxide or a
sulfilimine to a sulfoximine (scheme 1, step A or A'),
classical oxidation reagents are KMnO4, mCPBA, NaIO
/RuO 2, H2O2, oxone. For the transformation of a
sulfoxide to a sulfoximine or a sulfide to a
sulfilimine (scheme 1, step B or B'), typical reagents
are NaN3/H2SO4, O-mesitylenesulfonylhydroxylamine
(MSH), or metal-catalyzed methods such as RN3ZFeCI2,
PhI=N-RZCuOTf, PhI=N-RZCu(OTf) 2, PhI=NRZCuPF 6,
PHI(OAc) 2ZR-NH2ZMgOZRu2(OAc)4 or oxaziridines (e.g.
3-(4-cyano-phenyl)- oxaziridine-2-carboxylic acid
tert-butyl ester). The reactants can be reacted in the
presence of a base. Examples of suitable bases for
facilitating the detachment of HX2 are alkali metal or
alkaline earth metal hydroxides, alkali metal or
alkaline earth metal hydrides, alkali metal or
alkaline earth metal amides, alkali metal or alkaline
earth metal alkoxides, alkali metal or alkaline earth
metal acetates, alkali metal or alkaline earth metal
carbonates, alkali metal or alkaline earth metal
dialkylamides or alkali metal or alkaline earth metal
alkylsilylamides, alkylamines, alkylenediamines, free
or Nalkylated saturated or unsaturated
cycloalkylamines, basic heterocycles, ammonium
hydroxides and carbocyclic amines. Examples which may
be mentioned are sodium hydroxide, sodium hydride,
sodium amide, sodium methoxide, sodium acetate, sodium
carbonate, potassium tert-butoxide, potassium
hydroxide, potassium carbonate, potassium hydride,
lithium diisopropylamide, potassium
bis(trimethylsilyl)amide, calcium hydride,
triethylamine, diisopropylethylamine,
triethylenediamine, cyclohexylamine,
N-cyclohexyl-N,Ndimethylamine, N,N-diethylaniIine,
pyridine, 4-(N,N-dimethylamino)pyridine, quinuclidine,
Nmethylmorpholine, benzyltrimethylammonium hydroxide
and 1,8-diazabicyclo[5.4.0]undec-7- ene (DBU). The
reactants can be reacted with each other as such, i.e.
without adding a solvent or dilu ent. In most cases,
however, it is advantageous to add an inert solvent or
diluent or a mixture of these. Examples of suitable
solvents or diluents are of the type described
undervariant a). If the reaction is carried out in the
presence of a base, bases which are employed in
excess, such as triethylamine, pyridine,
N-methylmorpholine or N,N-diethylaniline, may also act
as solvents or diluents. A compound I can be converted
in a manner known per se into another compound I by
replacing one or more substituents of the starting
compound I in the customary manner by (an)other
substituent(s) according to the invention. Depending
on the choice of the reaction conditions and starting
materials which are suitable in each case, it is
possible, for example, in one reaction step only to
replace one substituent by another substituent
according to the invention, or a plurality of
substituents can be re placed by other substituents
according to the invention in the same reaction step.
Salts of compounds I can be prepared in a manner known
per se. Thus, for example, acid addition salts of
compounds I are obtained by treatment with a suitable
acid or a suitable ion exchanger reagent and salts
with bases are obtained by treatment with a suitable
base or 



with a suitable ion exchanger reagent. Salts of
compounds I can be converted in the customary manner
into the free compounds I, acid addition salts, for
example, by treatment with a suitable basic compound
or with a suitable ion exchanger reagent and salts
with bases, for example, by treatment with a suitable
acid or with a suitable ion exchanger reagent. Salts
of compounds I can be converted in a manner known per
se into other salts of compounds I, acid addition
salts, for example, into other acid addition salts,
for example by treatment of a salt of inorganic acid
such as hydrochloride with a suitable metal salt such
as a sodium, barium or silver salt, of an acid, for
example with silver acetate, in a suitable solvent in
which an inorganic salt which forms, for example
silver chloride, is insoluble and thus precipitates
from the reaction mixture. Depending on the procedure
or the reaction conditions, the compounds I, which
have saltforming properties can be obtained in free
form or in the form of salts.The compounds I and,
where appropriate, the tautomers thereof, in each case
in free form or in salt form, can be present in the
form of one of the isomers which are possible or as a
mixture of these, for example in the form of pure
isomers, such as antipodes and/or diastereomers, or as
isomer mixtures, such as enantiomer mixtures, for
example racemates, diastereomer mixtures or racemate
mixtures, depending on the number, absolute and
relative configuration of asymmetric carbon atoms
which occur in the molecule and/or depending on the
configuration of non-aromatic double bonds which occur
in the molecule; the invention relates to the pure
isomers and also to all isomer mixtures which are
possible and is to be understood in each case in this
sense hereinabove and hereinbelow, even when
stereochemical details are not mentioned specifically
in each case. Diastereomer mixtures or racemate
mixtures of compounds I , in free form or in salt
form, which can be obtained depending on which
starting materials and procedures have been chosen can
be separated in a known manner into the pure
diasteromers or racemates on the basis of the
physicochemical differences of the components, for
example by fractional crystallization, distillation
and/or chromatography. Enantiomer mixtures, such as
racemates, which can be obtained in a similar manner
can be resolved into the optical antipodes by known
methods, for example by recrystallization from an
optically active solvent, by chromatography on chiral
adsorbents, for example highperformance liquid
chromatography (HPLC) on acetyl celulose, with the aid
of suitable mi croorganisms, by cleavage with
specific, immobilized enzymes, via the formation of
inclusion compounds, for example using chiral crown
ethers, where only one enantiomer is complexed, or by
conversion into diastereomeric salts, for example by
reacting a basic end-pro duct racemate with an
optically active acid, such as a carboxylic acid, for
example camphor, tartaric or malic acid, or sulfonic
acid, for example camphorsulfonic acid, and separating
the diastereomer mixture which can be obtained in this
manner, for example by fractional cry stallization
based on their differing solubilities, to give the
diastereomers, from which the de sired enantiomer can
be set free by the action of suitable agents, for
example basic agents. Pure diastereomers or
enantiomers can be obtained according to the invention
not only by separating suitable isomer mixtures, but
also by generally known methods of diastereoselective
or enantioselective synthesis, for example by carrying
out the process according to the invention with
starting materials of a suitable stereochemistry.It is
advantageous to isolate or synthesize in each case the
biologically more effective iso mer, for example
enantiomer or diastereomer, or isomer mixture, for
example enantiomer mixture or diastereomer mixture, if
the individual components have a different biological
ac tivity. The compounds I and, where appropriate, the
tautomers thereof, in each case in free form or in
salt form, can, if appropriate, also be obtained in
the form of hydrates and/or include other solvents,
for example those which may have been used for the
crystallization of compounds which are present in
solid form. The compounds I according to the invention
are preventively and/or curatively valuable ac tive
ingredients in the field of pest control, even at low
rates of application, which have a very favorable
biocidal spectrum and are well tolerated by
warm-blooded species, fish and plants. The active
ingredients according to the invention act against all
or individual developmental stages of normally
sensitive, but also resistant, animal pests, such as
insects or representatives of the order Acarina. The
insecticidal or acaricidal activity of the active in
gredients according to the invention can manifest
itself directly, i. e. in destruction of the pests,
which takes place either immediately or only after
some time has elapsed, for exam ple during ecdysis, or
indirectly, for example in a reduced oviposition
and/or hatching rate, a good activity corresponding to
a destruction rate (mortality) of at least 50 to 60%.
Examples of the abovementioned animal pests are: from
the order Acarina, for example, Acarus siro, Aceria
sheldoni, Aculus schlechtendali, Amblyomma spp., Argas
spp., Boophilus spp., Brevipalpus spp., Bryobia
praetiosa, Calipitrimerus spp., Chorioptes spp.,
Dermanyssus gallinae, Eotetranychus carpini, Eriophyes
spp., Hyalomma spp., Ixodes spp., Olygonychus
pratensis, Omithodoros spp., Panonychus spp.,
Phyllocoptruta oleivora, Polyphagotarsonemus latus,
Psoroptes spp., Rhipicephalus spp., Rhizoglyphus spp.,
Sarcoptes spp., Tarsonemus spp. and Tetranychus spp.;
from the order Anoplura, for example, Haematopinus
spp., Linognathus spp., Pediculus spp., Pemphigus spp.
and Phylloxera spp.; from the order Coleoptera, for
example,Agriotes spp., Anthonomus spp., Atomaria
linearis, Chaetocnema tibialis, Cosmopolites spp.,
Curculio spp., Dermestes spp., Diabrotica spp.,
Epilachna spp., Eremnus spp., Leptinotarsa
decemlineata, Lissorhoptrus spp., Melolontha spp.,
Orycaephilus spp., Otiorhynchus spp., Phlyctinus spp.,
Popillia spp., Psylliodes spp., Rhizopertha spp.,
Scarabeidae, Sitophilus spp., Sitotroga spp., Tenebrio
spp., Tribolium spp. and Trogoderma spp.; from the
order Diptera, for example, 



Aedes spp., Antherigona soccata, Bibio hortulanus,
Calliphora erythrocephala, Ceratitis spp., Chrysomyia
spp., Culex spp., Cuterebra spp., Dacus spp.,
Drosophila melanogaster, Fannia spp., Gastrophilus
spp., Glossina spp., Hypoderma spp., Hyppobosca spp.,
Liriomyza spp., Lucilia spp., Melanagromyza spp.,
Musca spp., Oestrus spp., Orseolia spp., Oscinella
frit, Pegomyia hyoscyami, Phorbia spp., Rhagoletis
pomonella, Sciara spp., Stomoxys spp., Tabanus spp.,
Tannia spp. and Tipula spp.; from the order
Heteroptera, for example, Cimex spp., Distantiella
theobroma, Dysdercus spp., Euchistus spp., Eurygaster
spp., Leptocorisa spp., Nezara spp., Piesma spp.,
Rhodnius spp., Sahlbergella singularis, Scotinophara
spp. and Triatoma spp.; from the order Homoptera, for
example, Aleurothrixus floccosus, Aleyrodes brassicae,
Aonidiella spp., Aphididae, Aphis spp., Aspidiotus
spp., Bemisia tabaci, Ceroplaster spp., Chrysomphalus
aonidium, Chrysomphalus dictyospermi, Coccus
hesperidum, Empoasca spp., Eriosoma larigerum,
Erythroneura spp., Gascardia spp., Laodelphax spp.,
Lecanium corni, Lepidosaphes spp., Macrosiphus spp.,
Myzus spp., Nephotettix spp., Nilaparvata spp.,
Parlatoria spp., Pemphigus spp., Planococcus spp.,
Pseudaulacaspis spp., Pseudococcus spp., Psylla spp.,
Pulvinaria aethiopica, Quadraspidiotus spp.,
Rhopalosiphum spp., Saissetia spp., Scaphoideus spp.,
Schizaphis spp., Sitobion spp., Trialeurodes
vaporariorum, Trioza erytreae and Unaspis citri; from
the order Hymenoptera, for example, Acromyrmex, Atta
spp., Cephus spp., Diprion spp., Diprionidae, Gilpinia
polytoma, Hoplocampa spp., Lasius spp., Monomorium
pharaonis, Neodiprion spp., Solenopsis spp. and Vespa
spp.; from the order Isoptera, for example,
Reticulitermes spp.; from the order Lepidoptera, for
example,Acleris spp., Adoxophyes spp., Aegeria spp.,
Agrotis spp., Alabama argillaceae, Amylois spp.,
Anticarsia gemmatalis, Archips spp., Argyrotaenia
spp., Autographa spp., Busseola fusca, Cadra cautella,
Carposina nipponensis, Chilo spp., Choristoneura spp.,
Clysia ambiguella, Cnaphalocrocis spp., Cnephasia
spp., Cochylis spp., Coleophora spp., Crocidolomia
binotalis, Cryptophlebia leucotreta, Cydia spp.,
Diatraea spp., Diparopsis castanea, Earias spp.,
Ephestia spp., Eucosma spp., Eupoecilia ambiguella,
Euproctis spp., Euxoa spp., Grapholita spp., Hedya
nubiferana, Heliothis spp., HeIIuIa undalis,
Hyphantria cunea, Keiferia lycopersicella, Leucoptera
scitella, Lithocollethis spp., Lobesia botrana,
Lymantria spp., Lyonetia spp., Malacosoma spp.,
Mamestra brassicae, Manduca sexta, Operophtera spp.,
Ostrinia nubilalis, Pammene spp., Pandemis spp.,
Panolis flammea, Pectinophora gossypiela, Phthorimaea
operculella, Pieris rapae, Pieris spp., Plutella
xylostella, Prays spp., Scirpophaga spp., Sesamia
spp., Sparganothis spp., Spodoptera spp., Synanthedon
spp., Thaumetopoea spp., Tortrix spp., Trichoplusia ni
and Yponomeuta spp.; from the order Mallophaga, for
example, Damalinea spp. and Trichodectes spp.; from
the order Orthoptera, for example, Blatta spp.,
Blattella spp., Gryllotalpa spp., Leucophaea maderae,
Locusta spp., Periplaneta spp. and Schistocerca spp.;
from the order Psocoptera, for example, Liposcelis
spp.; from the order Siphonaptera, for example,
Ceratophyllus spp., Ctenocephalides spp. and
Xenopsylla cheopis; from the order Thysanoptera, for
example, Frankliniella spp., Hercinothrips spp.,
Scirtothrips aurantii, Taeniothrips spp., Thrips palmi
and Thrips tabaci; and from the order Thysanura, for
example, Lepisma saccharina. The active ingredients
according to the invention can be used for
controlling, i. e. containing or destroying, pests of
the abovementioned type which occur in particular on
plants, especi ally on useful plants and ornamentals
in agriculture, in horticulture and in forests, or on
or gans, such as fruits, flowers, foliage, stalks,
tubers or roots, of such plants, and in some ca ses
even plant organs which are formed at a later point in
time remain protected against these pests.Suitable
target crops are, in particular, cereals, such as
wheat, barley, rye, oats, rice, maize or sorghum;
beet, such as sugar or fodder beet; fruit, for example
pomaceous fruit, stone fruit or soft fruit, such as
apples, pears, plums, peaches, almonds, cherries or
berries, for example strawberries, raspberries or
blackberries; leguminous crops, such as beans,
lentils, peas or soya; oil crops, such as oilseed
rape, mustard, poppies, olives, sunflowers, coconut,
castor, cocoa or ground nuts; cucurbits, such as
pumpkins, cucumbers or melons; fibre plants, such as
cotton, flax, hemp or jute; citrus fruit, such as
oranges, lemons, grapefruit or tangerines; vegetables,
such as spinach, lettuce, asparagus, cabbages,
carrots, onions, to matoes, potatoes or bell peppers;
Lauraceae, such as avocado, Cinnamonium or camphor;
and also tobacco, nuts, coffee, eggplants, sugarcane,
tea, pepper, grapevines, hops, the plantain family,
latex plants and ornamentals. The active ingredients
according to the invention are especially suitable for
controlling Aphis craccivora, Diabrotica balteata,
Heliothis virescens, Myzus persicae, Plutella
xylostella and Spodoptera littoralis in cotton,
vegetable, maize, rice and soya crops. The active
ingredients according to the invention are further
especially suitable for controlling Mamestra
(preferably in vegetables), Cydia pomonella
(preferably in apples), Empoasca(preferably in
vegetables, vineyards), Leptinotarsa (preferably in
potatos) and Chilo supressalis (preferably in rice).
The term "crops" is to be understood as including also
crops that have been rendered tolerant to herbicides
like bromoxynil or classes of herbicides (such as, for
example, HPPD 



inhibitors, ALS inhibitors, for example primisulfuron,
prosulfuron and trifloxysulfuron, EPSPS
(5-enol-pyrovyl-shikimate-3-phosphate-synthase)
inhibitors, GS (glutamine synthetase) inhibitors) as a
result of conventional methods of breeding or genetic
engineering. An example of a crop that has been
rendered tolerant to imidazolinones, e.g. imazamox, by
conventional methods of breeding (mutagenesis) is
Clearfield(r) summer rape (Canola). Examples of crops
that have been rendered tolerant to herbicides or
classes of herbicides by genetic engineering methods
include glyphosate- and glufosinate-resistant maize
varieties commercially available under the trade names
RoundupReady(r) , Herculex I(r) and LibertyLink(r).
The term "crops" is to be understood as including also
crop plants which have been so transformed by the use
of recombinant DNA techniques that they are capable
ofsynthesising one or more selectively acting toxins,
such as are known, for example, from toxin-producing
bacteria, especially those of the genus Bacillus.
Toxins that can be expressed by such transgenic plants
include, for example, insecticidal proteins, for
example insecticidal proteins from Bacillus cereus or
Bacillus popliae; or insecticidal proteins from
Bacillus thuringiensis, such as d-endotoxins, e.g.
CrylA(b), CrylA(c), CrylF, CrylF(a2), CryllA(b),
CrylllA, CrylllB(bi) or Cry9c, or vegetative
insecticidal proteins (VIP), e.g. VIP1 , VIP2, VIP3 or
VIP3A; or insecticidal proteins of bacteria colonising
nematodes, for example Photorhabdus spp. or
Xenorhabdus spp., such as Photorhabdus luminescens,
Xenorhabdus nematophilus; toxins produced by animals,
such as scorpion toxins, arachnid toxins, wasp toxins
and other insect-specific neurotoxins; toxins produced
by fungi, such as Streptomycetes toxins, plant
lectins, such as pea lectins, barley lectins or
snowdrop lectins; agglutinins; proteinase inhibitors,
such as trypsine inhibitors, serine protease
inhibitors, patatin, cystatin, papain inhibitors;
ribosome-inactivating proteins (RIP), such as ricin,
maize-RIP, abrin, luffin, saporin or bryodin; steroid
metabolism enzymes, such as 3-hydroxysteroidoxidase,
ecdysteroid-UDP-glycosyl-transferase, cholesterol
oxidases, ecdysone inhibitors, HMG-COA-reductase, ion
channel blockers, such as blockers of sodium or
calcium channels, juvenile hormone esterase, diuretic
hormone receptors, stilbene synthase, bibenzyl
synthase, chitinases and glucanases. In the context of
the present invention there are to be understood by
d-endotoxins, for example CrylA(b), CrylA(c), CrylF,
CrylF(a2), CryllA(b), CrylllA, CrylllB(bi) or Cry9c,
or vegetative insecticidal proteins (VIP), for example
VIP1, VIP2, VIP3 or VIP3A, expressly also hybrid
toxins, truncated toxins and modified toxins. Hybrid
toxins are produced recombinantly by a new combination
of different domains of those proteins (see, for
example, WO 02/15701). Truncated toxins, for example a
truncated CrylA(b), are known. In the case of modified
toxins, one or more amino acids of the naturally
occurring toxin are replaced. In such amino acid
replacements, preferably non-naturally present
protease recognition sequences are inserted into the
toxin, such as, for example, in the case of
CrylllA055, a cathepsin-D-recognition sequence is
inserted into a CrylllA toxin (see WO 03/018810).
Examples of such toxins or transgenic plants capable
of synthesising such toxins are disclosed, for
example, in EP-A-O 374 753, WO 93/07278, WO 95/34656,
EP-A-O 427 529, EP-A-451 878 and WO 03/052073.The
processes for the preparation of such transgenic
plants are generally known to the person skilled in
the art and are described, for example, in the
publications mentioned above. Cryl-type
deoxyribonucleic acids and their preparation are
known, for example, from WO 95/34656, EP-A-O 367 474,
EP-A-O 401 979 and WO 90/13651 . The toxin contained
in the transgenic plants imparts to the plants
tolerance to harmful insects. Such insects can occur
in any taxonomic group of insects, but are especially
commonly found in the beetles (Coleoptera), two-winged
insects (Diptera) and butterflies (Lepidoptera).
Transgenic plants containing one or more genes that
code for an insecticidal resistance and express one or
more toxins are known and some of them are
commercially available. Examples of such plants are:
YieldGard(r) (maize variety that expresses a CrylA(b)
toxin); YieldGard Rootworm(r) (maize variety that
expresses a CrylllB(bi) toxin); YieldGard Plus(r)
(maize variety that expresses a CrylA(b) and a
CrylllB(bi) toxin); Starlink(r) (maize variety that
expresses a Cry9(c) toxin); Herculex I(r) (maize
variety that expresses a CrylF(a2) toxin and the
enzyme phosphinothricine N-acetyltransferase (PAT) to
achieve tolerance to the herbicide glufosinate
ammonium); NuCOTN 33B(r) (cotton variety that
expresses a CrylA(c) toxin); Bollgard I(r) (cotton
variety that expresses a CrylA(c) toxin); Bollgard
II(r) (cotton variety that expresses a CrylA(c) and a
CryllA(b) toxin); VIPCOT(r) (cotton variety that
expresses a VIP toxin); NewLeaf(r) (potato variety
that expresses a CrylllA toxin); Nature- Gard(r)
Agrisure(r) GT Advantage (GA21 glyphosate-tolerant
trait), Agrisure(r) CB Advantage (Bt1 1 corn borer
(CB) trait) and Protecta(r). Further examples of such
transgenic crops are: 1. Bt11 Maize from Syngenta
Seeds SAS, Chemin de I'Hobit 27, F-31 790 St. Sauveur,
France, registration number C/FR/96/05/1 0.
Genetically modified Zea mays which has been rendered
resistant to attack by the European com borer
(Ostrinia nubilalis and Sesamia nonagrioides) by
transgenic expression of a truncated CrylA(b) toxin.
Bt1 1 maize also transgenically expresses the enzyme
PAT to achieve tolerance to the herbicide glufosinate
ammonium.2. BtI 76 Maize from Syngenta Seeds SAS,
Chemin de I'Hobit 27, F-31 790 St. Sauveur, France,
registration number C/FR/96/05/1 0. Genetically
modified Zea mays which has been rendered resistant to
attack by the European corn borer (Ostrinia nubilalis
and Sesamia nonagrioides) by transgenic expression of
a CrylA(b) toxin. Bt176 maize also transgenically
expresses the enzyme PAT to achieve tolerance to the
herbicide glufosinate ammonium. 3. MIR604 Maize from
Syngenta Seeds SAS, Chemin de I'Hobit 27, F-31 790 St.
Sauveur, France, registration number C/FR/96/05/1 0.
Maize which has been rendered insect-resistant by
transgenic expression of a modified CrylllA toxin.
This toxin is Cry3A055 modified by insertion of a
cathepsin-D-protease recognition sequence. The
preparation of such 



transgenic maize plants is described in WO 03/018810.
4. MON 863 Maize from Monsanto Europe S.A. 270-272
Avenue de Tervuren, B-1 150 Brussels, Belgium,
registration number C/DE/02/9. MON 863 expresses a
CrylllB(bi) toxin and has resistance to certain
Coleoptera insects. 5. IPC 531 Cotton from Monsanto
Europe S.A. 270-272 Avenue de Tervuren, B-1 150
Brussels, Belgium, registration number C/ES/96/02. 6.
1507 Maize from Pioneer Overseas Corporation, Avenue
Tedesco, 7 B-1 160 Brussels, Belgium, registration
number C/NL/00/10. Genetically modified maize for the
expression of the protein Cry1 F for achieving
resistance to certain Lepidoptera insects and of the
PAT protein for achieving tolerance to the herbicide
glufosinate ammonium. 7. NK603 MON 810 Maize from
Monsanto Europe S.A. 270-272 Avenue de Tervuren, B-1
150 Brussels, Belgium, registration number
C/GB/02/M3/03. Consists of conventionally bred hybrid
maize varieties by crossing the genetically modified
varieties NK603 and MON 810. NK603 x MON 810 Maize
transgenically expresses the protein CP4 EPSPS,
obtained from Agrobacterium sp. strain CP4, which
imparts tolerance to the herbicide Roundup(r)
(contains glyphosate), and also a CrylA(b) toxin
obtained from Bacillus thuringiensis subsp. kurstaki
which brings about tolerance to certain Lepidoptera,
include the European corn borer.Transgenic crops of
insect-resistant plants are also described in BATS
(Zentrum fur Biosicherheit und Nachhaltigkeit, Zentrum
BATS, Clarastrasse 13, 4058 Basel, Switzerland) Report
2003, (http://bats.ch ) . The term "crops" is to be
understood as including also crop plants which have
been so transformed by the use of recombinant DNA
techniques that they are capable of synthesising
antipathogenic substances having a selective action,
such as, for example, the so-called
"pathogenesis-related proteins" (PRPs, see e.g. EP-A-O
392 225). Examples of such antipathogenic substances
and transgenic plants capable of synthesising such
antipathogenic substances are known, for example, from
EP-A-O 392 225, WO 95/33818, and EP-A-O 353 191 . The
methods of producing such transgenic plants are
generally known to the person skilled in the art and
are described, for example, in the publications
mentioned above. Antipathogenic substances which can
be expressed by such transgenic plants include, for
example, ion channel blockers, such as blockers for
sodium and calcium channels, for example the viral KP1
, KP4 or KP6 toxins; stilbene synthases; bibenzyl
synthases; chitinases; glucanases; the so-called
"pathogenesis-related proteins" (PRPs; see e.g. EP-A-
0 392 225); antipathogenic substances produced by
microorganisms, for example peptide antibiotics or
heterocyclic antibiotics (see e.g. WO 95/33818) or
protein or polypeptide factors involved in plant
pathogen defence (so-called "plant disease resistance
genes", as described in WO 03/000906). Other
indication areas for the active ingredients of the
invention are the protection of stored goods and
storerooms and the protection of raw materials, such
as wood, textiles, floor coverings or buildings, and
also in the hygiene sector, especially the protection
of humans, domestic animals and productive livestock
against pests of the mentioned type. In the hygiene
sector, the compositions according to the invention
are active against ectoparasites such as hard ticks,
soft ticks, mange mites, harvest mites, flies (biting
and licking), parasitic fly larvae, lice, hair lice,
bird lice and fleas. Examples of such parasites are:Of
the order Anoplurida: Haematopinus spp., Linognathus
spp., Pediculus spp. and Phtirus spp., Solenopotes
spp.. Of the order Mallophagida: Trimenopon spp.,
Menopon spp., Trinoton spp., Bovicola spp.,
Werneckiella spp., Lepikentron spp., Damalina spp.,
Trichodectes spp. and Felicola spp.. Of the order
Diptera and the suborders Nematocerina and
Brachycerina, for example Aedes spp., Anopheles spp.,
Culex spp., Simulium spp., Eusimulium spp.,
Phlebotomus spp., Lutzomyia spp., Culicoides spp.,
Chrysops spp., Hybomitra spp., Atylotus spp., Tabanus
spp., Haematopota spp., Philipomyia spp., Braula spp.,
Musca spp., Hydrotaea spp., Stomoxys spp., Haematobia
spp., Morellia spp., Fannia spp., Glossina spp.,
Calliphora spp., Lucilia spp., Chrysomyia spp.,
Wohlfahrtia spp., Sarcophaga spp., Oestrus spp.,
Hypoderma sp-p\ , Gasterophilus spp., Hippobosca spp.,
Lipoptena spp. and Melophagus spp.. Of the order
Siphonapterida, for example Pulex spp.,
Ctenocephalides spp., Xenopsylla spp., Ceratophyllus
spp.. Of the order Heteropterida, for example Cimex
spp., Triatoma spp., Rhodnius spp., Panstrongylus
spp.. Of the order Blattarida, for example Blatta
orientalis, Periplaneta americana, Blattelagermanica
and Supella spp.. Of the subclass Acaria (Acarida) and
the orders Meta- and Meso-stigmata, for example Argas
spp., Ornithodorus spp., Otobius spp., Ixodes spp.,
Amblyomma spp., Boophilus spp., Dermacentor spp.,
Haemophysalis spp., Hyalomma spp., Rhipicephalus spp.,
Dermanyssus spp., Raillietia spp., Pneumonyssus spp.,
Sternostoma spp. and Varroa spp.. Of the orders
Actinedida (Prostigmata) and Acaridida (Astigmata),
for example Acarapis spp., Cheyletiella spp.,
Ornithocheyletia spp., Myobia spp., Psorergatesspp.,
Demodex spp., Trombicula spp., Listrophorus spp.,
Acarus spp., Tyrophagus spp., Caloglyphus spp.,
Hypodectes spp., Pterolichus spp., Psoroptes spp.,
Chorioptes spp., Otodectes spp., Sarcoptes spp.,
Notoedres spp., Knemidocoptes spp., Cytodites spp. and
Laminosioptesspp.. The compositions according to the
invention are also suitable for protecting against
insect infestation in the case of materials such as
wood, textiles, plastics, adhesives, glues, paints,
paper and card, leather, floor coverings and
buildings. The compositions according to the invention
can be used, for example, against the following pests:
beetles such as Hylotrupes bajulus, Chlorophorus
pilosis, Anobium punctatum, Xestobium rufovillosum,
Ptilinuspecticomis, Dendrobium pertinex, Emobius
mollis, Priobium 



carpini, Lyctus brunneus, Lyctus africanus, Lyctus
planicollis, Lyctus linearis, Lyctus pubescens,
Trogoxylon aequale, Minthesrugicollis, Xyleborus
spec.,Tryptodendron spec, Apate monachus, Bostrychus
capucins, Heterobostrychus brunneus, Sinoxylon spec,
and Dinoderus minutus, and also hymenopterans such as
Sirex juvencus, Urocerus gigas, Urocerus gigas taignus
and Urocerus augur, and termites such as Kalotermes
flavicollis, Cryptotermes brevis, Heterotermes
indicola, Reticulitermes flavipes, Reticulitermes
santonensis, Reticulitermes lucifugus, Mastotermes
darwiniensis, Zootermopsis nevadensis and Coptotermes
formosanus, and bristletails such as Lepisma
saccharina. The invention therefore also relates to
pesticidal compositions such as emulsifiable concen
trates, suspension concentrates, directly sprayable or
dilutable solutions, spreadable pastes, dilute
emulsions, soluble powders, dispersible powders,
wettable powders, dusts, granules or encapsulations in
polymeric substances, which comprise - at least - one
of the active ingredients according to the invention
and which are to be selected to suit the intended aims
and the prevailing circumstances. In these
compositions, the active ingredient is employed in
pure form, a solid active ingredi ent for example in a
specific particle size, or, preferably, together with
- at least - one of the auxiliaries conventionally
used in the art of formulation, such as extenders, for
example sol vents or solid carriers, or such as
surface-active compounds (surfactants). Examples of
suitable solvents are: unhydrogenated or partially
hydrogenated aromatic hy drocarbons, preferably the
fractions C8 to Ci 2 of alkylbenzenes, such as xylene
mixtures, al kylated naphthalenes or
tetrahydronaphthalene, aliphatic or cycloaliphatic
hydrocarbons, such as paraffins or cyclohexane,
alcohols such as ethanol, propanol or butanol, glycols
and their ethers and esters such as propylene glycol,
dipropylene glycol ether, ethylene glycol orethylene
glycol monomethyl ether or ethylene glycol monoethyl
ether, ketones, such as cyclohexanone, isophorone or
diacetone alcohol, strongly polar solvents, such as
N-methylpyrrolid- 2-one, dimethyl sulfoxide or
N,N-dimethylformamide, water, unepoxidized or
epoxidized vegetable oils, such as unexpodized or
epoxidized rapeseed, castor, coconut or soya oil, and
silicone oils. Solid carriers which are used for
example for dusts and dispersible powders are, as a
rule, ground natural minerals such as calcite, talc,
kaolin, montmorillonite or attapulgite. To im prove
the physical properties, it is also possible to add
highly disperse silicas or highly dis perse absorbtive
polymers. Suitable particulate adsorptive carriers for
granules are porous types, such as pumice, brick grit,
sepiolite or bentonite, and suitable non-sorptive
carrier materials are calcite or sand. In addition, a
large number of granulated materials of inorganic or
organic nature can be used, in particular dolomite or
comminuted plant residues. Suitable surface-active
compounds are, depending on the type of the active
ingredient to be formulated, non-ionic, cationic
and/or anionic surfactants or surfactant mixtures
which have good emulsifying, dispersing and wetting
properties. The surfactants mentioned below are only
to be considered as examples; a large number of
further surfactants which are conven tionally used in
the art of formulation and suitable according to the
invention are described in the relevant literature.
Suitable non-ionic surfactants are, especially,
polyglycol ether derivatives of aliphatic or
cycloaliphatic alcohols, of saturated or unsaturated
fatty acids or of alkyl phenols which may contain
approximately 3 to approximately 30 glycol ether
groups and approximately 8 to approximately 20 carbon
atoms in the (cyclo)aliphatic hydrocarbon radical or
approximately 6 to approximately 18 carbon atoms in
the alkyl moiety of the alkyl phenols. Also suitable
are water-soluble polyethylene oxide adducts with
polypropylene glycol, ethylenediaminopolypropylene
glycol or alkyl polypropylene glycol having 1 to
approximately 10 carbon atoms in the alkyl chain and
approximately 20 to approximately 250 ethylene glycol
ether groups and approximately 10 to approximately 100
propylene glycol ether groups. Normally, the
abovementioned compounds contain 1 to approximately 5
ethylene glycol units per propy lene glycol unit.
Examples which may be mentioned are
nonylphenoxypolyethoxyethanol, castor oil polyglycol
ether, polypropylene glycol/polyethylene oxide
adducts, tributylphenoxypolyethoxyethanol,
polyethylene glycol or octylphenoxypolyethoxyethanol.
Also suitable are fatty acid esters of polyoxyethylene
sorbitan, such as polyoxyethylene sorbitan trioleate.
The cationic surfactants are, especially, quartemary
ammonium salts which generally have at least one alkyl
radical of approximately 8 to approximately 22 C atoms
as substituents and as further substituents
(unhalogenated or halogenated) lower alkyl or
hydroxyalkyl or benzyl radicals. The salts are
preferably in the form of halides, methylsulfates or
ethylsulfates. Examples are stearyltrimethylammonium
chloride and benzylbis(2-chloroethyl)ethylammonium
bromide. Examples of suitable anionic surfactants are
water-soluble soaps or water-soluble synthetic
surface-active compounds. Examples of suitable soaps
are the alkali, alkaline earth or (unsubstituted or
substituted) ammonium salts of fatty acids having
approximately 10 to appro ximately 22 C atoms, such as
the sodium or potassium salts of oleic or stearic
acid, or of natural fatty acid mixtures which are
obtainable for example from coconut or tall oil;
mention must also be made of the fatty acid methyl
taurates. However, synthetic surfactants are used more
frequently, in particular fatty sulfonates, fatty
sulfates, sulfonated benzimidazole derivatives or
alkylaryl sulfonates. As a rule, the fatty sulfonates
and fatty sulfates are pre sent as alkali, alkaline
earth or (substituted or unsubstituted) ammonium salts
and they ge nerally have an alkyl radical of
approximately 8 to approximately 22 C atoms, alkyl
also to be understood as including the alkyl moiety of
acyl radicals; examples which may be mentioned are the
sodium or calcium salts of lignosulfonic acid, of the
dodecylsulfuric ester or of a fatty alcohol sulfate
mixture prepared from natural fatty acids. This group
also includes the salts of the sulfuric esters and
sulfonic acids of fatty alcohol/ethylene oxide
adducts. The sulfonated benzimidazole derivatives
preferably contain 2 sulfonyl groups and a fatty acid
radical of approximately 8 to approximately 22 C
atoms. Examples of alkylarylsulfonates are the sodium,
calcium or triethanolammonium salts of
decylbenzenesulfonic acid, of
dibutylnaphthalenesulfonic 



acid or of a naphthalenesulfonic acid/formaldehyde
condensate. Also possible are, furthermore, suitable
phosphates, such as salts of the phosphoric ester of a
pnonylphenol/( 4-1 4)ethylene oxide adduct, or
phospholipids. As a rule, the compositions comprise
0.1 to 99%, especially 0.1 to 95%, of active
ingredient and 1 to 99.9%, especially 5 to 99.9%, of
at least one solid or liquid adjuvant, it being
possible as a rule for 0 to 25%, especially 0.1 to
20%, of the composition to be surfactants(% in each
case meaning percent by weight). Whereas
concentratedcompositions tend to be preferred for
commercial goods, the end consumer as a rule uses
dilute compositions which have substantially lower
concentrations of active ingredient. Preferred
compositions are composed in particular as follows (%
= percent by weight): Emulsifiable concentrates:
active ingredient: 1 to 95%, preferably 5 to 20%
surfactant: 1 to 30%, preferably 10 to 20 % solvent: 5
to 98%, preferably 70 to 85% Dusts: active ingredient:
0.1 to 10%, preferably 0.1 to 1% solid carrier: 99.9
to 90%, preferably 99.9 to 99% Suspension
concentrates: active ingredient: 5 to 75%, preferably
10 to 50% water: 94 to 24%, preferably 88 to 30%
surfactant: 1 to 40%, preferably 2 to 30% Wettable
powders: active ingredient: 0.5 to 90%, preferably 1
to 80% surfactant: 0.5 to 20%, preferably 1 to 15%
solid carrier: 5 to 99%, preferably 15 to 98%
Granulates: active ingredient: 0.5 to 30%, preferably
3 to 15% solid carrier: 99.5 to 70%, preferably 97 to
85% The compositions can also comprise further solid
or liquid auxiliaries, such as stabilizers, for
example unepoxidized or epoxidized vegetable oils (for
example epoxidized coconut oil, rapeseed oil or soya
oil), antifoams, for example silicone oil,
preservatives, viscosity regulators, binders and/or
tackifiers, fertilizers or other active ingredients
for achieving specific effects, for example
bactericides, fungicides, nematocides, plant
activators, molluscicides or herbicides. The
compositions according to the invention are prepared
in a manner known per se, in the absence of
auxiliaries for example by grinding, screening and/or
compressing a solid activeingredient and in the
presence of at least one auxiliary for example by
intimately mixing and/or grinding the active
ingredient with the auxiliary (auxiliaries). These
processes for the preparation of the compositions and
the use of the compounds I for the preparation of
these compositions are also a subject of the
invention. The application methods for the
compositions, that is the methods of controlling pests
of the abovementioned type, such as spraying,
atomizing, dusting, brushing on, dressing, scatte ring
or pouring - which are to be selected to suit the
intended aims of the prevailing circum stances - and
the use of the compositions for controlling pests of
the abovementioned type are other subjects of the
invention. Typical rates of concentration are between
0.1 and 1000 ppm, preferably between 0.1 and 500 ppm,
of active ingredient. The rate of application per
hectare is generally 1 to 2000 g of active ingredient
per hectare, in particular 10 to 1000 g/ha, preferably
10 to 600 g/ha. A preferred method of application in
the field of crop protection is application to the
foliage of the plants (foliar application), it being
possible to select frequency and rate of application
to match the danger of infestation with the pest in
question. Alternatively, the active ingredient can
reach the plants via the root system (systemic
action), by drenching the locus of the plants with a
liquid composition or by incorporating the active
ingredient in solid form into the locus of the plants,
for example into the soil, for example in the form of
granules (soil application). In the case of paddy rice
crops, such granules can be metered into the flooded
paddy-field. The compositions according to the
invention are also suitable for the protection of
plant pro pagation material, for example seeds, such
as fruit, tubers or kernels, or nursery plants,
against pests of the abovementioned type. The
propagation material can be treated with the
compositions prior to planting, for example seed can
be treated prior to sowing. Alternatively, the
compositions can be applied to seed kernels (coating),
either by soaking the kernels in a liquid composition
or by applying a layer of a solid composition. It is
also possible to apply the compositions when the
propagation material is planted to the site of
application, for example into the seed furrow during
drilling. These treatment methods for plant
propagation material and the plant propagation
material thus treated are further subjects of the
invention. Preparation ExamplesExample P 1: a)
Preparation of Compound T36.1 .1 from T37.1 . 1
compound T37.1.1 compound T36.1.1 A solution of 1.04 g
( 1 .5 mmol) compound T37.1 .1 and 1.0 g K2CO3 in 50
ml MeOH is stirred 5 hours at ambient temperature.
After filtration on Hyflo, the organic phase is
evaporated and the residue is dissolved in ethyl
acetate and washed with water. Then, the organic phase
is evaporated and the residue is crystallized in
hexane to give 0.60 g (69%) of the title compound (m.
p. 205-208 C). b) Preparation of Compound T37.1 .1
compound T37.1.1To a suspension of 1.2 g (2.1 mmol)
2-(3-Chloro-pyridin-2-yl)-5-trifluoromethyl-2H-pyrazol
e- 3-carboxylic acid
[4-chloro-2-(2-methanesulfinyl-propylcarbamoyl)-6-meth
yl-phenyl]-amide, 1.1 g (4.2 mmol) trifluoroacetamide,
0.75 g (8.4 mmol) MgO and 50 mg Rh2(OAc)4 in 80 ml
dichloromethane is added 2.0 g (3.15 mmol)
iodobenzenediacetate, and the mixture is 



stirred for 15 hours at ambient temperature. Then the
mixture is filtered on Hyflo and the solvent is
evaporated. The residue is submitted to
flash-chromatography (ethyl acetate 1, toluene 1) to
give 1.30 g (92%) of the title compound (m.p. 125-130
C). c) Preparation of 2-(3-chloro-pyridin-2-v
p-5-trifluoromethyl-2H-pyrazole-3-carboxylic acid
Hchloro-
2-(2-methanesulfinyl-propylcarbamoyl)-6-methyl-phenvn-
amide : To a solution of 2 g (3.7 mmol)
2-(3-chloro-pyridin-2-yl)-5-trifluoromethyl-2H-pyrazol
e-3- carboxylic acid
[4-chloro-2-methyl-6-(2-methylsulfanyl-propylcarbamoyl
)-phenyl]-amide in 30 ml methylene chloride a solution
of 1.75 g NaHCO3 in 30 ml water is added. Then, 3-
chloroperbenzoic acid (0.92 g, 3.70 mmol) in 30 ml
methylene chloride is added within 10 minutes. After 6
hours, the mixture is filtered to give 1.45 g white
crystals. From the organic phase 300 g more material
is isolated. The product is dissolved in a minimum DMF
and is submitted to flash-chromatography (ethyl
acetate 19, methanol 1) to give 1.25 g (60%) of the
title compound (m.p. 229-232 C). d) Preparation of
2-(3-chloro-pyridin-2-yl)-5-trifluoromethyl-2H-pyrazol
e-3-carboxylic acid [4-
chloro-2-methyl-6-(2-methylsulfanyl-propylcarbamoyl)-p
henvH-amide :To a suspension of 2.3 g (4.0 mmol)
thioacetic acid
S-[2-(5-chloro-2-{[2-(3-chloro-pyridin-2-
yl)-5-trifluoromethyl-2H-pyrazole-3-carbonyl]-amino}-3
-methyl-benzoylamino)-1 -methyl-ethyl] ester in 100 ml
MeOH is added 1 ml MeI at a temperature of 5 C,
followed by a solution of 0,8 g NaOH in15 ml H2O.
After 30 minutes, the clear solution is evaporated.
The residue is triturated with 300 ml water (pH
brought to 5 by adding HC1 1N). The crystals are
filtered and washed with water and hexane (2.0 g, 92%,
m.p.: 140-145 C). e) Preparation of thioacetic acid S-
- -chloro^-l^-Q-chloro-pyridin- -vp-d-trifluoromethyl-
2H-pyrazole-3-carbonv
p-amino)-3-methyl-benzoylaminoH-methyl-ethvH ester: To
a solution of 2.55 g (9.7 mmol) triphenylphosphine in
250 ml THF is added at a temperature of 0 C 2.25 g
(9.7 mmol) diterbutylazodicarboxylate in 25 ml THF.
The solutionis stirred for 1 hour at a temperature of
0 C. Then 0.35 ml (4.85 mmol) thioacetic acid is added
and a white suspension is formed immediately. After
that, a solution of 2.5 g (4.85 mmol)
2-(3-chloro-pyridin-2-yl)-5-trifluoromethyl-2H-pyrazol
e-3-carboxylic acid [4-chloro-2-(2-
hydroxy-propylcarbamoyl)-6-methyl-phenyl]-amide in 30
ml THF is slowly added at a temperature of 0 C. The
solution is stirred for 1 hour at a temperature of 0
C, and then 15 hours at 25 C, and then evaporated. The
residue is submitted to flash-chromatography (ethyl
acetate 1, hexane 2) to give 2.45 g (88%) white
crystals (m.p. 137-139 C). f) Preparation of
2-(3-chloro-pyridin-2-yl)-5-trifluoromethyl-2H-pyrazol
e-3-carboxylic acid F4-
chloro-2-(2-hvdroxy-propylcarbamoyl)-6-methyl-phenyll-
amide : A solution of 3.5 g (7.9 mmol)
6-chloro-2-[2-(3-chloro-pyridin-2-yl)-5-trifluoromethy
l-2Hpyrazol- 3-yl]-8-methylbenzo[d][1 ,3]oxazin-4-one
and 2.5 g 1-amino-2-propanol in 50 ml THF is heated to
a temperature of 60 C for 2 hours. The solvent is then
evaporated and the residue is treated with 50 ml
hexane. After decantation of the hexane phase, the
residue is crystallised in 10 ml isopropanol to give
3.65 g (89%) white crystals (m.p. 193-197 C). The
examples which follow in Table P show preferred
compounds of formula I. The abbreviation "M. P." means
"melting point". .Table P: Compounds of formula I:IL-7
Variants with Reduced Immunogenicitv Cross Reference
to Related Applications [0001] This application claims
priority to and the benefit of U.S. Provisional Patent
Application No. 60/634,470, filed on December 9, 2004,
the entire disclosure of which is incorporated by
reference herein. Field of the Invention [0002] The
invention relates generally to IL-7 molecules modified
to reduce their immunogenicity. These molecules
include also fusion proteins comprising said modified
IL-7 molecules and immunoglobulin molecules or
portions thereof, especially corresponding Fc fusion
proteins. Background [0003] Cytokines are stimulators
of the immune system and are thus useful as drugs. For
example, interferon-alpha (IFINI-c), interferon-beta
(IFN-b) , \nter\eukin-2 (IL-2), and
granutocyte/macrophage-colony stimulating factor
(GMCSF) are all approved drugs used to treat viral
infections, cancer, immune system misregulation such
as autoimmune disease, and to promote recovery of the
immune system after cancer chemotherapy.
Unfortunately, these proteins can stimulate an immune
response against themselves, causing patients to
develop antibodies against the therapeutic protein.
These antibodies can also inhibit function of the same
protein endogenously produced within the patient,
resulting in potential long-term consequences for
patient health. [0004] lnterleukin-7 is a cytokine
that promotes survival and proliferation of Tcells,
B-cells, and other immune cells. It is also
potentially a therapeutic protein to treat patients
whose immune systems have been damaged by cancer
chemotherapy, HIV infection, or other diseases,
disorders, or chemical exposures. However, based on
its immunostimulatory properties, therapeutically
administered IL-7 is expected to induce an antibody
response against itself. Therefore, there is a need in
the art for improved versions of IL-7 that are less
immunogenic, but that retain the property of
stimulating the immune system.Summary of the Invention
[0005] The present invention is directed to
interleukin-7 (IL-7) which has been modified to reduce
its immunogenicity in comparison to wild-type IL-7.
More specifically, the IL-7 proteins of the invention
are modified to remove potential Tcell epitopes. As a
result, IL-7 proteins, including immunoglobulin -IL7
fusion proteins, preferably Fc-IL7 fusion proteins, of
the invention have improved biological properties
compared to wild-type IL-7. [0006] Accordingly, in one
aspect, the invention features a polypeptide at least
80% identical to a human IL-7 moijety or an active
portion thereof, comprising an amino acid substitution
at one or more residues corresponding to 



Gln22, Leu24, He30, Phe39, Met54, Phe57, Arg58, Ala60,
Leu63, Lys68, Met69, Leu77, HQ88, Val96, Leu104,
Leu128, Met147, Thr149, or Lys150. These amino acid
modifications can be used singly or in combination to
reduce an anti-IL-7 Tcell response. Thus, the
invention encompasses IL-7 moieties with for example,
one, at least two, at least four, or at least eight
amino acid modifications at positions selected from
Gln22, Leu24, lle30, Phe39, Met54, Phe57, Arg58,
Ala60, Leu63, Lys68, Met 69, Leu77, Ile88, Val96,
Leu104, Leu128, Met147, Thr149, and Lys150. In one
embodiment, the IL-7 moiety incorporates one, two,
three, four, five or more of the following
substitutions: Gln22Asp, Leu24Asp, !le30Thr, Phe39Pro,
Met54Ala, Phe57Lys, Phe57Asn, Arg58Asp, Ala OSer,
Arg61 GIu, Leu77Asp, Leu104Ser, Leu104Val, Leu128Ala,
Leu128Val, Leu128Pro, Leu128Ser, Met147Lys, Thr149Ser,
or Lys150Stop. [0007] In one embodiment, the
polypeptide contains a substitution or substitutions
at one or more at Phe39, Phe57, Leu77, and Leu128. In
a further embodiment, the polypeptide has one or more
of substitutions Phe39Pro, Phe57Asn, Leu77Asp, and
Leu128Ser. In another embodiment, the polypeptide
includes the substitutions Phe39Pro, Phe57Asn,
Leu77Asp, and Leu128Ser, while in a further
embodiment, the polypeptide includes the substitutions
Phe39Pro, Phe57Asn, and Leu128Ser. Preferred
substitutions according to this invention are at
postions: Phe39, or Phe57, or Leu77, or Leu128; Phe39
and Phe57, or Phe39 and Leu77, or Phe57 and Leu77,or
Phe39 and Leu128, or Phe57 and Leu128, or Leu77 and
Leu128; Phe39 and Phe 57 and Leu77, or Phe39 and Phe57
and Leu 128, orPhe57 and Leu77 and Leu128, or Phe39
and Leu77 and Leu 128; Phe39 and Phe 57 and Leu77 and
Leu128. Preferred specific substitutions according to
this invention are: Phe39Pro, or Phe57Lys, or
Leu77Asp, or Leu128Ser; Phe39Pro and Phe57Lys, or
Phe39Pro and Leu77Asp, or Phe57Lys and Leu77Asp, or
Phe39Pro and Leu128Ser, or Phe57Lys and Leu128Ser, or
Leu77Asp and Leu1 28Ser; Phe39Pr and Phe 57Lys and
Leu77Asp, or Phe39Pro and Phe57Lys and Leu128Ser, or
Phe57Lys and Leu77Asp and Leu128Ser, or Phe39Pro and
Leu77Asp and Leu128Ser; Phe39Pro and Phe 57Lys and
Leu77Asp and Leu128Ser. [0008] In certain embodiments
of the invention, the polypeptide with at least 80%
identity with a human IL-7 moiety further comprises an
immunoglobulin (Ig) moiety, such as a human Ig moiety.
In one embodiment, the Ig moiety is lgG2. In some
embodiments, the Ig moiety is an Fc portion. The
invention also relates to a cell comprising a nucleic
acid sequence encoding a polypeptide modified
according to the invention. In one embodiment, the
cell is a prokaryotic cell. [0009] In a further
embodiment, the polypeptide has at least 90% identity
to a human IL-7 moiety or an active portion thereof,
while in another embodiment, the polypeptide has at
least 95% identity to a human IL-7 moiety or an active
portion thereof. [0010] The invention also features a
method of treating a patient comprising administering
a therapeutically effective amount of a polypeptide of
the invention to, for example, a patient diagnosed
with cancer or HIV. In one embodiment, the invention
provides for administration of between about 0.01 and
about 10 mg/kg/day or between 0.01 and 10.00 mg/kg/day
of a polypeptide of the invention. Brief Description
of the Drawings [0011] Figure 1 depicts the amino acid
sequence for human IL-7. The signal sequence is shown
in bold. Also depicted in bold and italics is a
stretch of eighteen amino acids which can be deleted
from the IL-7 sequence.[0012] Figure 2 depicts the
amino acid sequence for cow IL-7. The signal sequence
is shown in bold. [0013] Figure 3 depicts the amino
acid sequence for sheep IL-7. The signal sequence is
shown in bold. [0014] Figure 4 depicts the amino acid
sequence of an exemplary deimmunized human IL-7
wherein T cell epitope sequences have been modified.
[0015] Figure 5 depicts the amino acid sequence of a
bacterially produced deimmunized human IL-7. [0016]
Figure 6 depicts the nucleic acid sequence encoding
mature IL-7 incorporating codons for the mutations
F39P, F57N, and L128S. [0017] Figure 7 depicts the
amino acid sequence of mature IL-7 with the mutations
F39P, F57N and L128S. [0018] Figure 8 depicts the
nucleic acid sequence encoding mature IL-7
incorporating codons for the mutations F39P, F57N,
L77D, and L128S. [001 9] Figure 9 depicts the amino
acid sequence of mature IL-7 with the mutations F39P,
F57N, L77D and L128S. [0020] Figure 10 depicts the
nucleic acid sequence encoding bacterially produced
deimmunized IL-7 (bDel-IL-7), codon-optimized for E.
coli with codons for the amino acid mutations K68D,
M69D, I88T, V96G. [0021] Figure 11 depicts the nucleic
acid sequence encoding a mature IL-7 variant,
deimmunized IL-7 (Del-IL-7), with codons for the amino
acid mutations K68D, M69D, I88T, V96G. 



[0022] Figure 12 depicts the amino acid sequence of Fc
1-IL-7, where the Fc portion consists of a g\ hinge, g
CH2, and g\ CH3 region. [0023] Figure 13 depicts the
amino acid sequence of human Fcy2(h)(FN>AQ)-IL-7,
which is an Fc portion with a g hinge, a g2 CH2
domain, and a g2 CH3 domain. The Fc portion
incorporates the amino acid mutations F296A and N297Q.
[0024] Figure 14 depicts the amino acid sequence of
human Fc/1-(linker1)- IL-7, which is an Fc portion
consisting of a 1 hinge, CH1 , and CH2 region
connected to an IL-7 moiety via a polypeptide linker
of amino acid sequence GGGGSGGGGSGGGGS. [0025] Figure
15 depicts the amino acid sequence of human Fc
1(YN>AQ)- (linker 2)-IL-7, which is a g Fc portion
with a g\ hinge, CH1 , and CH2 region,incorporating
the mutations Y296A and N297Q, connected to an IL-7
moiety via a polypeptide linker of amino acid sequence
GGGGSGGGG. [0026] Figure 16 depicts the amino acid
sequence of human Fc/1(YN>AQ,d)- (linker 2)-IL-7,
which is a k1 Fc portion with a g hinge, CH1 , and CH2
domains, incorporating the mutations Y296A and N297Q,
as well deletion of the C-terminal lysine and
preceding glycine of the Fc moiety. The Fc portion is
connected to an IL-7 moiety via a polypeptide linker
of amino acid sequence GGGGSGGGG. [0027] Figure 17
depicts the nucleic acid sequence of Fck1, an Fc
portion with a hinge, CH1 domain and CH2 domain, all
of IgGI . [0028] Figure 18 depicts the nucleic acid
sequence of Fck1(YN>AQ), which is an Fc portion with a
hinge, CH1 domain and CH2 domain, all of IgGI . The Fc
portion incorporates the mutations Tyr296Ala and
Asn297Gln. [0029] Figure 19 depicts the nucleic acid
sequence of Fc 2(h), which is an Fc portion with an
IgGI hinge and lgG2 CH2 and CH3 domains. [0030] Figure
20 depicts the nucleic acid sequence of Fc
2(h)(FN>AQ), which is an Fc portion with an IgGI hinge
and lgG2 CH2 and CH3 domains. The Fc portion
incorporates the mutations F296A and N297Q. [0031]
Figure 2 1 depicts the amino acid sequence of mature
human deimmunized IL-7.1 , wherein the IL-7
incorporates the substitutions L24D, M54A, F57K, A60S,
R61E, M147K, T149S, and deletes residues K150, E151 ,
and H152. [0032] Figure 22 depicts the nucleic acid
sequence encoding the amino acid sequence of Figure 2
1. [0033] Figure 23 depicts the amino acid sequence of
mature human deimmunized IL-7.2 which incorporates the
substitutions D76N, L77D, T87Q, I88T, V96G, L 119S,
L128V, M147K, T149S, and deletes K150, E151 , and H
152. [0034] Figure 24 depicts the nucleic acid
sequence encoding the amino acid sequence of Figure
23. [0035] Figure 25 depicts the amino acid sequence
of mature human deimmunized IL-7.3 which incorporates
the substitutions L24D, I30T, F39P, M54A, F57K, A60S,
R61 E, M68D, N69D, L77D, T87Q, I88T, V96G, L 119S,
L128A, M147K, T149S, and deletes K150, E151 , and
H152. [0036] Figure 26 depicts the nucleic acid
sequence encoding the amino acid sequence of Figure
25.[0037] Figure 27 depicts the nucleic acid sequence
encoding the linker sequence GGGGSGGGG followed by
mature human IL-7 containing the amino acid
substitution F39P, F57N, and L128S (PNS) 1and which
contains flanking restriction sites Xma I and Xho 1at
the 5' and 3' ends respectively.. [0038] Figure 28
depicts the nucleic acid sequence of mature huFc
2(h)(FN>AQ)(linker2)-IL-7(F39P, F57N, L77D, L128S)
which is a human Fc portion with an IgGI hinge, and
lgG2 CH2 and CH3 domains incorporating the mutations
F296A and N297Q connected to the N-terminus of a human
IL-7 moiety incorporating the mutations F39P, F57N,
L77D, and L128S. The Fc portion and the IL-7 moiety
are connected by a linker sequence GGGGSGGGG. [0039]
Figure 29 depicts the nucleic acid sequence of mature
huFc 2(h)- (Iinker2)-IL-7(F39P, F57N, L77D, L128S)
which is a human Fc portion with an IgGI hinge, and
lgG2 CH2 and CH3 domains connected to the N-terminus
of a human IL-7 moiety incorporating the mutations
F39P, F57N, L77D and L128S. The Fc portion and the
IL-7 moiety are connected by a linker sequence
GGGGSGGGG. [0040] Figure 30 depicts the nucleic acid
sequence of mature huFc 2(h)- (Iinker2)-IL-7(F39P,
F57N, L128S) which is a human Fc portion with an IgGI
hinge, and lgG2 CH2 and CH3 domains connected to the
N-terminus of a human IL-7 moiety incorporating the
mutations F39P, F57N, and L128S. The Fc portion and
the IL-7 moiety are connected by a linker sequence
GGGGSGGGG. [0041] Figure 3 1 depicts the amino acid
sequence of mature huFc
2(h)(FN>AQ)-(linker2)-IL-7(F39P, F57N, L128S), which
is a human Fc portion with a hinge of IgGI and CH2 and
CH3 domains of lgG2. The Fc portion contains the
mutations F296A and N297Q. The Fc portion is linked to
the IL-7 moiety via a linker of sequence GGGGSGGGG.
The IL-7 moiety contains the mutations F39P, F57N, and
L128S. [0042] Figure 32 depicts the amino acid
sequence of mature huFc
2(h)(FN>AQ)-(linker2)-IL-7(F39P, F57N, L77D, L128S),
which is a human Fc portion with a hinge of IgGI and
CH2 and CH3 domains of lgG2. The Fc portion contains
the mutations F296A and N297Q. The Fc portion is
linked to the IL-7 moiety via a linker of sequence
GGGGSGGGG. The IL-7 moiety contains the mutations
F39P, F57N, L77D and L128S.005/013145 



[0043] Figure 33 depicts the amino acid sequence of
mature huFc 2(h)- (Iinker2)-IL-7(F39P, F57N, L77D,
L128S), which is a human Fc portion with a hinge of
IgGI and CH2 and CH3 domains of lgG2. The Fc portion
is linked to the IL-7 moiety via a linker of sequence
GGGGSGGGG. The IL-7 moiety contains the mutations
F39P, F57N, L77D and L128S. [0044] Figure 34 depicts
the amino acid sequence of mature huFc 2(h)
(Iinker2)-IL-7(F39P, F57N, L128S), which is a human Fc
portion with a hinge of IgGI and CH2 and CH3 domains
of lgG2. The Fc portion is linked to the IL-7 moiety
via a linker of sequence GGGGSGGGG. The IL-7 moiety
contains the mutations F39P, F57N, L77D and L128S.
[0045] Figure 35 is an amino acid sequence alignment
of IL-7 proteins from human, chimpanzee, baboon,
macaque, bovine, pig, sheep, rat, and murine sources.
[0046] Figure 36 depicts Fc-IL-7 plasma concentrations
in mg/ml for both test mice and control mice
administered Fc-IL-7 subcutaneously. [0047] Figure 37
shows values for the average fold change in plasma
Fc-IL-7 concentrations between day 0 and day 2, and
between day 2 and 4 in test mice administered Fc-IL-7
subcutaneously (SC). [0048] Figure 38 depicts the
average organ weights of organs taken from test mice
sacrificed on day 7 compared to the average organ
weights of mice in the control group. [0049] Figure 39
depicts a comparison of the frequency of granulocyte
Gr-1 + cells in cells///L in the peripheral blood of
mice from the control group, 0.5 mg/kg dosage group,
5.0 mg/kg dosage group, and 25 mg/kg dosage group on
day 7. [0050] Figure 40 depicts a comparison of the
frequency of CD19+ cells in cells///L in the
peripheral blood of mice from the control group, 0.5
mg/kg dosage group, 5.0 mg/kg dosage group, and 25
mg/kg dosage group on day 7. [0051] Figure 4 1 depicts
a comparison of the frequency of CD4+ cells in
cells/mL in the peripheral blood of test from the
control group, 0.5 mg/kg dosage group, 5.0 mg/kg
dosage group, and 25 mg/kg dosage group on day 7.
[0052] Figure 42 depicts a comparison of the frequency
of CD8+ cells in cells///L in the peripheral blood of
test from the control group, 0.5 mg/kg dosage group,
5.0 mg/kg dosage group, and 25 mg/kg dosage group on
day 7.[0053] Figure 43 depicts the activity of Fc-IL-7
as compared to wild type IL-7 based on incorporation
of tritiated thymidine in counts per minute versus
IL-7/Fc- IL-7 concentration in a standard cell
proliferation assay. Detailed Description of the
Invention [0054] The invention is directed to IL-7
proteins that have reduced immunogenicity as compared
to wild-type IL-7, as well as methods for making and
using such proteins. More specifically, the invention
provides mutations within IL-7 moieties that have the
effect of reducing the immunogenicity of IL-7 itself,
primarily by removing T-cell epitopes within IL-7 that
may stimulate to an immune response. The invention
also encompasses fusion proteins incorporating IL-7
moieties modified according to the teachings of the
invention. [0055] T-cell epitopes can be identified by
a variety of computer and noncomputer methods,
including predictions based on structure-based
computer modeling or by synthesis of peptides and
testing for binding to specific MHC Class Il molecules
or in an immunogenicity assay. According to the
invention, a potential T-cell epitope is a sequence
that, when considered as an isolated peptide, is
predicted to bind to an MHC Class Il molecule or an
equivalent in a non-human species. A potential T-cell
epitope is defined without consideration of other
aspects of antigen processing, such as the efficiency
of protein uptake into antigen-presenting cells, the
efficiency of cleavage at sites in an intact protein
to yield a peptide that can bind to MHC Class II, and
so on. Thus, the set of T-cell epitopes that are
actually presented on MHC Class Il after
administration of a protein to an animal is a subset
of the potential T-cell epitopes. According to the
invention, a T-cell epitope is an epitope on a protein
that interacts with an MHC class Il molecule. Without
wishing to be bound by theory, it is understood that a
T-cell epitope is an amino acid sequence in a protein
that failed to undergo the negative T-cell selection
process during T-cell development and therefore will
bq expected to be presented by an MHC Class Il
molecule and recognized by a Tcell receptor. [0056]
B-cell epitopes are also identified by a variety of
computer and noncomputer methods, including
predictions based on structure-based computer modeling
or by synthesis of peptides and testing for binding to
specific B-cell antigen receptor molecules or in an
immunogenicity assay. According to theinvention, a
potential B-cell epitope is a sequence that, when
considered as an isolated peptide, is predicted to
bind to a B-cell antigen receptor or an equivalent in
a non-human species. A B-cell epitope is an epitope
that does bind or is recognized by a B-cell antigen
receptor and is a subset of potential B-ceil epitopes.
[0057] The invention provides methods related to
reducing the immunogenicity of IL-7. According to one
embodiment of the invention, potential non-self T-cell
epitopes are identified in sequences of IL-7. For
example, potential non-self T-cell epitopes are
identified by computational methods based on modeling
peptide binding to MHC Class Il molecules.
Substitutions are then made such that the ability of
peptides containing potential T-cell epitopes to bind
to MHC Class Il is reduced or eliminated. This process
of identifying and 



modifying peptides which bind to MHC Class Il is
termed "de-immunization" and the resultant modified
protein molecules are termed "de-immunized." [0058]
According to the invention, MHC Class Il binding can
be removed in situations where a protein is to be
produced in bacteria or in an organism that does not
generate a mammalian glycosylation pattern, such as
yeast or insect cells. [0059] The invention provides
non-computer methods for reducing or eliminating the
number of T-cell epitopes in IL-7 without requiring
elaborate computer simulations or protein
three-dimensional structures. In one embodiment, a
method of the invention takes advantage of the fact
that a core segment of nine amino acids interacts with
both the MHC class Il molecule as well as the T-cell
receptor during antigen presentation. The most
N-terminal amino acid, the "anchor" position, binds to
a deep pocket within the MHC class Il molecule. One of
the following amino acids is typically present at the
anchor position, which is important for binding to an
MHC class Il molecule: leucine, valine, isoleucine,
methionine, phenylalanine, tyrosine and tryptophan.
According to the invention, an additional 2 to 3 amino
acids adjacent to the core 9 amino acids also affect
the interaction with MHC molecules. [0060] A general
method of the invention includes mutating any
leucines, valines, isoleucines, methionines,
phenylalanines, tyrosines or tryptophans that occur in
IL-7. In one embodiment, one or more of these amino
acids in a candidate T-cell epitope is mutated to a
threonine, an alanine or a proline,thereby retaining
some of the hydrophobic nature of the amino acid that
is replaced. In further embodiments of the invention,
one or more of the abovementioned amino acids is
deleted from a candidate T-cell epitope or potential
Tcell epitope, or replaced with an appropriate amino
acid analog. According to the invention, if an amino
acid is deleted to destroy a potential T-cell epitope,
care should be taken not to generate a new T-cell
epitope that includes amino acids near the deletion.
[0061] Thus, the invention provides nucleic acid
sequences and proteins that are useful in construction
of less immunogenic iL-7 proteins. Specifically, the
invention provides proteins with mutations of
leucines, valines, isoleucines, methionines,
phenylalanines, tyrosines, or tryptophans. Any
aliphatic or aromatic residue (leucine, valine,
isoleucine, methionine, phenylalanine, tryptophan or
tyrosine) presents a high risk of creating an MHC
binding peptide with the amino acid in the first
position (anchor position) that binds the pocket of
the MHC molecule. Therefore, substitution of any of
the above-mentioned amino acids, with an amino acid
that is not one of the above-mentioned amino acids, or
with alanine, proline, or threonine, will remove a
candidate T-cell epitope. [0062] The proteins can be
human proteins with sequences that generally
correspond to sequences found in the human body. The
invention also provides nucleic acid sequences
encoding such proteins. The nucleic acid sequences for
this aspect of the invention may exist as plasmids,
PCR-generated fragments, or nucleic acids produced by
chemical synthesis. [0063] As used herein, the term
"interleukin-7" or "IL-7" means IL-7 polypeptides and
derivatives and analogs thereof having substantial
amino acid sequence identity to wild-type mature
mammalian IL-7. For example, IL-7 refers to an amino
acid sequence of a recombinant or non-recombinant
polypeptide having an amino acid sequence of: i) a
native or naturally-occurring allelic variant of an
IL-7 polypeptide, ii) a biologically active fragment
of an IL-7 polypeptide, iii) a biologically active
polypeptide analog of an IL-7 polypeptide, or iv) a
biologically active variant of an IL-7 polypeptide.
[0064] IL-7 polypeptides modified according to the
invention can be derived from any species, e.g.,
human, cow or sheep. IL-7 nucleic acid and amino acid
sequences are well known in the art. For example, the
human IL-7 amino acid sequence has a Genbank accession
number of NM 000880 (SEQ ID NO:1 ) andis shown in
Figure 1; the mouse IL-7 amino acid sequence has a
Genbank accession number of NM 008371 ; the rat IL-7
amino acid sequence has a Genbank accession number of
AF 367210; the cow IL-7 amino acid sequence has a
Genbank accession number of NM 173924 (SEQ ID NO:2)
and is shown in Figure 2; and the sheep IL-7 amino
acid sequence has a Genbank accession number of U10089
(SEQ ID NO:3) and is shown in Figure 3. The signal
sequence for each of the polypeptide species is shown
in bold in each of the figures and is typically not
included where the IL-7 portion is fused C-terminal to
the carrier protein. [0065] In addition, in Figure 35,
an alignment of various mammalian IL-7 sequences is
shown. IL-7 from non-human primates is generally more
than 90% identical to human IL-7. Although the murine
IL-7 sequence is the most divergent from the human
IL-7 sequence, with less than 70% identity, it is
nevertheless capable or activating the human IL-7
receptor. Therefore, IL-7 moieties from a range of
species are particularly useful in accordance with the
teachings of the invention. [0066] A "variant" of an
IL-7 protein is defined as an IL-7 amino acid sequence
that is altered by one or more amino acids as compared
to wild-type IL- 7. The variant can have
"conservative" changes, wherein a substituted amino
acid has similar structural or chemical properties,
e.g., replacement of leucine with isoleucine. More
rarely, a variant can have "nonconservative" changes,
e.g., replacement of a glycine with a tryptophan.
Similar minor variations can also 



include amino acid deletions or insertions, or both.
[0067] Variant IL-7 proteins also include polypeptides
that have at least about 70%, 75%, 80%, 8 1%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 9 1%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or more sequence
identity with wild-type IL-7. To determine the percent
identity of two amino acid sequences or of two nucleic
acids, the sequences are aligned for optimal
comparison purposes (e.g., gaps can be introduced in
the sequence of a first amino acid or nucleic acid
sequence for optimal alignment with a second amino
acid or nucleic acid sequence). The percent identity
between the two sequences is a function of the number
of identical positions shared by the sequences (i.e..,
% homology = (# of identical positions/total # of
positions)times 100). The determination of percent
homology between two sequences can be accomplished
using a mathematicalalgorithm. A non-limiting example
of a mathematical algorithm utilized for the
comparison of two sequences is the algorithm of Karlin
and Altschul, (1990) Proc. Natl. Acad. Sci. USA,
87:2264-68, modified as in Karlin and Altschul, (1993)
Proc. Natl. Acad. Sci. USA, 90:5873-77. Such an
algorithm is incorporated into the NBLAST and XBLAST
programs of Altschul et al., (1990) J. MoI. Biol ..
215:403- 10. BLAST nucleotide searches can be
performed with the NBLAST program, score=100,
wordlength=12. BLAST protein searches can be performed
with the XBLAST program, score=50, wordlength=3. To
obtain gapped alignments for comparison purposes,
Gapped BLAST can be utilized as described in Altschul
et al., (1997) Nucleic Acids Research ,
25(17):3389-3402. When utilizing BLAST and Gapped
BLAST programs, the default parameters of the
respective programs (e.g., XBLAST and NBLAST) can be
used. [0068] Furthermore, the invention also includes
IL-7 fusion proteins wherein the IL-7 moiety contains
a deletion and which retain comparable activity
compared to the corresponding unmodified IL-7 fusion
proteins. For example, the invention provides a form
of lg-IL-7 or IL-7 in which the IL-7 moiety contains
an eighteen amino acid internal deletion corresponding
to the sequence VKGRKPAALGEAQPTKSL (SEQ ID NO:25), of
wild-type human IL-7. (See SEQ ID NO:1 ) . In
addition, the invention provides an active form of
IL-7 wherein Lys150 is deleted. GIu 151 and His152 may
also be deleted in conjunction with Lys150 while still
leaving an active form of IL-7. [0069] Throughout this
application, the positions of amino acid residues in
the IL-7 sequence are given with reference to the
mature human IL-7 protein. For example, the cysteine
in the N-terminal sequence MDCDIEGK... (SEQ ID NO:22)
of bacterially produced human IL-7 protein, which
includes a start methionine, is still referred to as
Cys2. Modifying IL-7 Proteins [0070] One aspect of the
invention derives from the insight that IL-7 produced
by bacterial expression will not contain
post-translational modifications that are
characteristic of eukaryotes, such as mammals. For
example, IL-7 contains three predicted N-linked
glycosylation sites at positions 70, 9 1, and 116. In
an Fc-IL-7 fusion protein expressed in mammalian
cells, the asparagines at positions 70 and 9 1 are
glycosylated, while the asparagine at position 116 is
not. It is likely that IL- 7 endogenously produced in
the human body is also N-glycosylated, at least
atpositions 70 and 9 1, and possibly at position 116.
These N-linked glycosylations are not present in
bacterially produced IL-7, and represent sequences
that might be recognized by the human immune system as
"non-self," i.e., not normally present in the human
body. As such, the invention encompasses deimmunizing
these potential epitope regions on IL-7 to reduce the
immunogenicity of IL-7 and related proteins. [0071]
According to the invention, T-cell epitopes are
present in IL-7 that include positions 70 and 9 1, as
described in Table 1. The epitopes shown in Table 1
are defined in terms of a minimal 9-mer peptide, with
the strong MHC Class Il anchor residue in the first
position. Table 1 T cell epitopes including T cell
epitopes including position 70 position 91 LRQFLKMHS
(SEQ ID NO :4 ) ILLNCTGQV (SEQ ID NO :7) FLKMNSTGD
(SEQ ID NO : 5 ) LLNCTGQVK (SEQ ID NO: 8) LKMNSTGDP
(SEQ ID NO : 6 ) MNSTGDFDL (SEQ ID NO : 9 ) [0072]
According to the invention, one method for reducing
the immunogenicity of bacterially produced IL-7 is to
introduce one or more of the following mutations:
Leu63Ala, Leu63Val, Leu63Pro, Leu63Thr, Lys68Asp,
Met69Asp, Lys68Glu, Met69Glu, lleddThr, HeddAla,
lleddVal, and Val96Gly. Other mutations may be
introduced at positions 63, 6d, 69, dd and/or 94. Some
mutations are particularly useful in combination, such
as the pairs Lys dAsp coupled with Met69Asp and/or
lleddThr coupled with Val96Gly. [0073] When these
mutations are introduced into IL-7 or a fusion protein
comprising IL-7, the resulting mutant protein
generally has enough IL-7 biological activity to be
useful as a therapeutic protein. In fact, the
biological activity of the IL-7 moiety is at least
10%, 20%, 50%, 70%, dq%, 90%, 95%, 99% or 100% in
comparison to the biological activity of wild type
IL-7. Activity of the IL-7 of the invention can be
tested in an in vitro or in vivo assay. Example 9
shows an assay for testing biological activity of the
IL-7 variants of the invention. [0074] In addition,
the mutations generally allow proper folding of the
IL-7 



moiety so that a pure protein, largely free of
high-molecular weight aggregatesP2005/013145 14 and
incorrectly disulfide-bonded forms, may bq isolated.
However, the folding and biological activity that
results from any particular combination should be
tested, for example as illustrated in the Examples, to
verify that the desired activity is obtained. [0075]
According to the invention, an alternative strategy
for reducing the immunogenicity of bacterially
produced IL-7 is to alter Asn70 and Asn91 to aspartic
acid. Without wishing to be bound by theory, the
mutation of Asn70 and Asn91 to aspartic acid may be
useful for the following reasons. [0076] The
immunogenicity of an exogenously administered
therapeutic protein is mediated, in part, through the
presentation of T-cell epitopes derived from the
therapeutic protein. Such presentation is thought to
occur through the following mechanism. A therapeutic
protein is taken up by an antigen-presenting cell
(APC), such as a dendritic cell, macrophage, or B-cell
by endocytosis. The protein is transported into a
series of vesicles termed endosomes, including the
early, middle and late endosomes. In these vesicles,
the environment becomes progressively more harsh and
less favorable for extracellular, disulfide-bonded
proteins that may be stably folded at neutral pH.
Proteases termed cathepsins degrade internalized
proteins into small peptides. A proportion of these
protein fragments then become bound by MHC Class Il
proteins which transport the fragments to the cell
surface as MHC Class Il/peptide complexes. Such
complexes are recognized by T-cell receptors on CD4+
T-cells. [0077] In the case of peptides deriving from
foreign proteins, presentation of an MHC Class
Il/peptide complex may stimulate an immune response.
However, in the case of peptides deriving from self
proteins, there are multiple mechanisms by which
T-cells recognizing MHC Class Il/peptide complexes are
deleted or prevented from activating an immune
response. [0078] With the preceding two paragraphs
taken as background, it is important to consider how
an N-glycosylated protein would be processed in the
endosome. Such a protein could be degraded into
N-linked oligosaccharidecontaining peptides that could
bind to MHC Class Il molecules. According to an
insight of the invention, the endosome also contains
an endoglycosidase that sometimes removes the
oligosaccharide from asparagine, and in doing so,
converts the asparagine into aspartic acid. Thus, self
protein sequences that contain asparagine-linked
oligosaccharides may be presented by MHC Class Ilas
peptides containing the asparagine linked to an
oligosaccharide, or as corresponding peptides
containing aspartic acid instead of asparagine. [0079]
As part of the invention, it is also recognized that
this strategy for reducing the immunogenicity of
mammalian proteins that are expressed in bacteria may
be applied in a general manner. Specifically, the
substitution of aspartic acid for asparagine at a site
of N-linked glycosylation generally has the effect of
reducing the immunogenicity of a mammalian protein
that is expressed in a prokaryote. [0080] The
invention contains additional mutations that reduce
the immunogenicity of IL-7 and IL-7-containing fusion
proteins when expressed in either bacterial or
mammalian cells. These mutations include those listed
in Table 2 below. An IL-7 or IL-7 containing fusion
protein may comprise one or more of these mutations.
For example, in one embodiment, IL-7 is modified to
incorporate one or more of L24D, M54A, F57K, A60S,
R61E, M147K, and T149S, with K 150, E 15 1 and H152
being deleted. In another embodiment, IL-7 is modified
to incorporate one or more of D76N, L77D, T87Q, I88T,
V96G, L119S, M147K, and T149S, with K150, E151 and
H152 being deleted. In a further embodiment, IL-7 can
be modified to incorporate one or more of L24D, I30T,
F39P, M54A, F57K, A60S, R61E, M68D, N69D, L77D, T87Q,
I88T, V96G, L 119S, L128A, M147K, and T149S, with
K150, E151 and H152 being deleted. [0081] In another
embodiment, an IL-7 molecule or an IL-7 containing
fusion protein may include mutations to one or more of
residues 39, 57, 77 and/or 128 of IL-7. For example,
IL-7 in one embodiment, includes a mutation at residue
39. In another embodiment, IL-7 includes a mutation at
residue 57. In a further embodiment, IL-7 includes
mutations at both residues 39 and 57. In yet another
embodiment, IL-7 includes mutations at residues 39, 57
and 128, while in another embodiment, IL-7 includes
mutations at residues 39, 57 and 77. In yet another
embodiment, IL-7 includes mutations at residues 39,
57, 77 and 128. In a further embodiment, the
phenylalanine residue at position 39 is replaced by a
proline residue (F39P). In another embodiment, the
phenylalanine residue at 57 is replaced by an
asparagines residue (F57N). In another embodiment, the
leucine residue at position 77 is replaced by aspartic
acid (L77D). In yet another embodiment, the leucine
residue at position 128 is replaced by serine
(L128S).3145 16 Table 2 Verification of the Reduced
Immunoqenicitv of the Proteins of the Invention [0082]
To check that a mutation of the invention has indeed
resulted in reduced immunogenicity, standard
experimental tests, which are well known in the art,
may be employed. For example, a T-cell stimulation
assay may be used (e.g. Jones et al., (2004), J.
Interferon Cytokine Res., 24:560). In such an assay,
human peripheral blood mononuclear cells (PBMCs) are
obtained and cultured 



according to standard conditions. After an optional
pre-stimulation, a peptide corresponding to a
potential MHC Class Il epitope is added to the culture
of PBMCs; the PBMCs are further incubated, and at a
later time tritiated thymidine is added. The peptide
may be a minimal 9-mer, or may have about 10 to 15 or
more amino acids. After further incubation of the
cells, incorporation of tritiated thymidine into DNA
is then measured by standard techniques. [0083] The
T-cell stimulation assay is thought to work by the
following mechanisms. First, if a peptide is used as a
stimulator, the peptide must first bind to an MHC
Class Il molecule present on a cell among the PBMCs.
Second, theMHC Class ll/peptide complex must interact
productively with a T-cell receptor on a CD4+ T-cell.
If the test peptide is unable to bind sufficiently
tightly to an MHC Class Il molecule, no signal will
result. If the peptide is able to bind an MHC Class Il
molecule and there are T-cells expressing an
appropriately rearranged Tcell receptor capable of
recognizing a particular MHC Class ll/peptide complex,
a signal should result. However, if such T-cells have
been deleted as a result of a negative selection
process, no signal will result. These mechanisms are
considered relevant to the immunogenicity of a protein
sequence, as inferred from the stimulation or lack of
stimulation by a given peptide. [0084] If recognizing
T-cells are present in very low numbers in the PBMC
population for stochastic reasons relating to failure
of an appropriate T-cell receptor to take place or
proliferation of other, unrelated T-cells followed by
homeostasis of the T-cell population, there may also
be no signal even though a signal is expected. Thus,
false negative results may occur. Based on these
considerations, it is important to use a large number
of different sources of PBMCs and to test these
samples independently. It is also generally useful to
test PBMCs from an ethnically diverse set of humans,
and to determine the MHC Class Il alleles present in
each PBMC population. [0085] The standard T-cell assay
has the disadvantage that the tritium incorporation
signal is often only two-fold greater than the
background incorporation. The proteins and peptides of
the invention may also be tested in a modified T-cell
assay in which, for example, purified CD4+ T-cells and
purified dendritic cells are co-cultured in the
presence of the test peptide, followed by exposure to
tritiated thymidine and then assayed for tritiated
thymidine incorporation. This second assay has the
advantage that tritiated thymidine incorporation into
irrelevant cells, such as CD8+ T-cells, is essentially
eliminated and background is thus reduced. [0086] A
third assay involves the testing of a candidate
protein with reduced immunogenicity in an animal such
as a primate. Such an assay would generally involve
the testing of an entire IL-7 protein or
IL-7-containing fusion protein in which the IL-7
moiety had been designed by testing individual
component peptides for potential immunogenicity in a
cell-based assay such as one described above. Once
such a candidate IL-7-containing protein is designed
and expressed, the protein is tested for
immunogenicity by injection into an
animal.P2005/013145 18 [0087] Injection of the
modified IL-7-containing protein is generally
performed in the same manner as the anticipated route
of delivery during therapeutic use in humans. For
example, intradermal, subcutaneous, intramuscular,
intraperitoneal injection or intravenous infusion may
be used. If more than one administration is used, the
administrations may be by different routes. [0088] For
immunogenicity testing purposes, it may be useful to
coadminister an adjuvant to increase the signal and
minimize the number of animals that need to be used.
If an adjuvant is used, it is possible to use an
adjuvant lacking a protein component, such as
non-coding DNA with unmethylated CpG dinucleotides,
bacterial lipid A , N-formyl methionine, or other
bacterial non-protein components. Without wishing to
be bound by theory, the rationale for avoiding
protein-containing adjuvants is that other proteins
may provide T-cell epitopes that will ultimately
contribute to an antibody response against the
candidate protein. [0089] After one or more
administrations of the candidate IL-7-containing
protein, the presence of anti-IL-7 antibodies is
tested according to standard techniques, such as the
ELISA method. It is found that the altered IL-7-
containing molecules of the invention induce antibody
formation less frequently, and to a lesser extent,
than corresponding molecules containing normal human
IL-7. [0090] Many of the proteins of the invention
alter surface residues of IL-7. It is contemplated
that the proteins of the invention, while being less
immunogenic than corresponding proteins containing
human IL-7, may still occasionally induce formation of
antibodies. Because the B-cell epitopes of the
proteins of the invention are generally different from
those of unmodified IL-7, antibodies to the proteins
of the invention will generally not cross-react with
endogenous IL-7, and formation of antibodies to the
proteins of the invention will have no long-term
consequences for the health of the patient. Fc-IL-7
Fusion Proteins [0091] A key aspect of the invention
is that IL-7 modified according to the invention may
be fused to a carrier protein to create a fusion
protein. In one embodiment, the carrier protein is
disposed towards the N-terminus of the fusion protein
and the IL-7 is disposed towards the C-terminus. In
another embodiment,005/013145 



19 the IL-7 is disposed towards the N-terminus of the
fusion protein and the carrier protein is disposed
towards the C-terminus. [0092] The carrier protein can
be any polypeptide covalently fused to the IL-7
protein. In one embodiment, the carrier protein is
albumin, for example, human serum albumin. The albumin
moiety may be fused to the C-terminal or N-terminal
end of the IL-7 moiety. In another embodiment, the
carrier protein is an immunoglobulin (Ig) moiety, such
as an Ig heavy chain. The Ig chain may be derived from
IgA, IgD, IgE, IgG, or IgM. According to the
invention, the Ig moiety may be an intact antibody and
may direct the IL-7 fusion protein to specific target
sites in the body. Fusion proteins making use of
antibody targeting are known to those in the art.
[0093] In one embodiment, the Ig moiety comprises an
Fc region. As used herein, "Fc portion" encompasses
domains derived from the constant region of an
immunoglobulin, such as a human immunoglobulin,
including a fragment, analog, variant, mutant or
derivative of the constant region. Suitable
immunoglobulins include IgGI , lgG2, lgG3, lgG4, and
other classes. The constant region of an
immunoglobulin is defined as a naturally-occurring or
synthetically-produced polypeptide homologous to the
immunoglobulin C-terminal region, and can include a
hinge, a CH2 domain, a CH3 domain, or a CH4 domain,
separately or in any combination. In the present
invention, the Fc portion typically includes at least
a CH2 domain. For example, the Fc portion can include
hinge-CH2-CH3. Alternatively, the Fc portion can
include all or a portion of the hinge region, the CH2
domain and/or the CH3 domain. Methods for making
Fc-IL-7 fusion proteins are disclosed in U.S.
Provisional Patent Application No. 60/533,406. [0094]
The constant region of an immunoglobulin is
responsible for many important antibody functions
including Fc receptor (FcR) binding and complement
fixation. There are five major classes of heavy chain
constant region, classified as IgA1 IgG, IgD, IgE, and
IgM. For example, IgG is separated into four y
subclasses: g \ g 2, g , and g 4, also known as IgGI,
lgG2, lgG3, and lgG4, respectively. [0095] IgG
molecules interact with multiple classes of cellular
receptors, including three classes of Fey receptors
(Fc y R) specific for the IgG class of antibody,
namely cgR\, FcyRII, and FcpRIN. The important
sequences for the binding of IgG to the Fc R receptors
have been reported to be located in the CH2and CH3
domains. The serum half-life of an antibody is
influenced by the ability of that antibody to bind to
an Fc receptor (FcR). Similarly, the serum half-life
of immunoglobulin fusion proteins is also influenced
by the ability to bind to such receptors (Gillies et
a/., (1999) Cancer Res. 59:2159-66). Compared to those
of IgGI , CH2 and CH3 domains of lgG2 and lgG4 have
biochemically undetectable or reduced binding affinity
to Fc receptors. It has been reported that
immunoglobulin fusion proteins containing CH2 and CH3
domains of lgG2 or lgG4 had longer serum half-lives
compared to the corresponding fusion proteins
containing CH2 and CH3 domains of IgGI (U.S. Patent
No. 5,541 ,087; Lo et al., (1998) Protein Engineering
, 11:495-500). Accordingly, in certain embodiments of
the invention, CH2 and CH3 domains are derived from an
antibody isotype with reduced receptor binding
affinity and effector functions, such as, for example,
lgG2 or lgG4. [0096] The hinge region is normally
located C-terminal to the CH1 domain of the heavy
chain constant region. In the IgG isotypes, disulfide
bonds typically occur within this hinge region,
permitting the final tetrameric molecule to form. This
region is dominated by pralines, serines and
threonines. When included in the present invention,
the hinge region is typically at least homologous to
the naturally-occurring immunoglobulin region that
includes the cysteine residues to form disulfide bonds
linking the two Fc moieties. Representative sequences
of hinge regions for human and mouse immunoglobulins
are known in the art and can be found in Borrebaeck,
C. A. K., ed., (1992) Antibody Engineering, A
Practical Guide,W. H. Freeman and Co. Suitable hinge
regions for the present invention can be derived from
IgGI , lgG2, lgG3, lgG4, and other immunoglobulin
classes. [0097] The IgGI hinge region has three
cysteines, two of which are involved in disulfide
bonds between the two heavy chains of the
immunoglobulin. These same cysteines permit efficient
and consistent disulfide bonding formation of an Fc
portion. Therefore, a hinge region of the present
invention in one embodiment is derived from IgGI ,
such as human IgGI . When the IgGI hinge is used, the
first cysteine can be mutated to another amino acid,
such as serine. [0098] The lgG2 isotype hinge region
has four disulfide bonds that tend to promote
oligomerization and possibly incorrect disulfide
bonding during secretion in recombinant systems. A
suitable hinge region can be derived from an
lgG2hinge. In one embodiment, the first two cysteines
of the lgG2 hinge are mutated to another amino acid.
[0099] The hinge region of IgG4 is known to form
interchain disulfide bonds inefficiently. However, a
suitable hinge region for the present invention can be
derived from the lgG4 hinge region, and can contain a
mutation that enhances correct formation of disulfide
bonds between heavy chain-derived moieties (Angal et
a/. , ( 1993) MoI. Immunol., 30: 105-8). [00100] In
accordance with the present invention, the Fc portion
can contain CH2 and/or CH3 and/or CH4 domains and a
hinge region that are derived from 



different antibody isotypes, i.e., a hybrid Fc
portion. For example, in one embodiment, the Fc
portion contains CH2 and/or CH3 domains derived from
lgG2 or lgG4 and a mutant hinge region derived from
IgGI . Alternatively, a mutant hinge region from
another IgG subclass is used in a hybrid Fc portion.
For example, a mutant form of the lgG4 hinge that
allows efficient disulfide bonding between the two
heavy chains can be used. A mutant hinge can also be
derived from an lgG2 hinge in which the first two
cysteines are each mutated to another amino acid. Such
hybrid Fc portions facilitate high-level expression
and improve the correct assembly of the Fc-IL-7 fusion
proteins. Assembly of such hybrid Fc portions is known
in the art and has been described in U.S. Published
Patent Application No. 2003-0044423. [00101] In some
embodiments, the Fc portion contains amino acid
modifications that generally extend the serum
half-life of an Fc fusion protein. Such amino acid
modifications include mutations substantially
decreasing or eliminating Fc receptor binding or
complement fixing activity. For example, the
glycosylation site within the Fc portion of an
immunoglobulin heavy chain can be removed. In IgGI ,
the glycosylation site is Asn297 within the amino acid
sequence Gln-Tyr-Asn-Ser (SEQ ID NO:26). In other
immunoglobulin isotypes, the glycosylation site
corresponds to Asn297 of IgGL For example, in lgG2 and
lgG4, the glycosylation site is the asparagine within
the amino acid sequence Gln-Phe-Asn-Ser (SEQ ID
NO:28). Accordingly, a mutation of Asn297 of IgGI
removes the glycosylation site in an Fc portion
derived from IgGI . In one embodiment, Asn297 is
replaced with GIn. In other embodiments, the tyrosine
within the amino acid sequence Gln-Tyr-Asn-Ser (SEQ ID
NO:26) is further mutated to eliminate a potential
non-self T-cell epitope resulting from
asparaginemutation. For example, the amino acid
sequence Gln-Tyr-Asn-Ser (SEQ ID NO:26) within an IgGI
heavy chain can be replaced with a Gln-Ala-Gln-Ser
(SEQ ID NO:27) amino acid sequence. [00102] Similarly,
in lgG2 or lgG4, a mutation of asparagine within the
amino acid sequence Gln-Phe-Asn-Ser (SEQ ID NO:28)
removes the glycosylate site in an Fc portion derived
from lgG2 or lgG4 heavy chain. In one embodiment, the
asparagine is replaced with a glutamine. In other
embodiments, the phenylalanine within the amino acid
sequence Gln-Phe-Asn-Ser (SEQ ID NO:28) is further
mutated to eliminate a potential non-self T-cell
epitope resulting from asparagine mutation. For
example, the amino acid sequence Gln-Phe-Asn-Ser (SEQ
ID NO:28) within an lgG2 or lgG4 heavy chain can be
replaced with a GIn- Ala-Gln-Ser (SEQ ID NO:27) amino
acid sequence. Other mutations that are useful in
reducing Fc receptor binding are disclosed in U.S.
Patent Application No. 09/256,156. [00103] It has also
been observed that alteration of amino acids near the
junction of the Fc portion and the non-Fc portion can
dramatically increase the serum half-life of the Fc
fusion protein. (U.S. Published Patent Application No.
2002-014731 1) . Accordingly, the junction region of
an Fc-IL-7 or IL-7-Fc fusion protein of the present
invention can contain alterations that, relative to
the naturally-occurring sequences of an immunoglobulin
heavy chain and IL-7, lie within about 10 amino acids
of the junction point. These amino acid changes can
cause an increase in hydrophobicity by, for example,
changing the C-terminal lysine of the Fc portion to a
hydrophobic amino acid such as alanine or leucine.
(See e.g. SEQ ID NO:34). In yet another embodiment of
the invention, the Cterminal lysine and preceding
glycine of the Fc portion is deleted. (See e.g. SEQ ID
NO:35). [00104] In other embodiments, the Fc portion
contains amino acid alterations of the Leu-Ser-Leu-Ser
segment near the C-terminus of the Fc portion of an
immunoglobulin heavy chain. The amino acid
substitutions of the Leu-Ser-Leu- Ser (SEQ ID NO:29)
segment eliminate potential junctional T-cell
epitopes. In one embodiment, the Leu-Ser-Leu-Ser (SEQ
ID NO:29) amino acid sequence near the C-terminus of
the Fc portion is replaced with an Ala-Thr-Ala-Thr
(SEQ ID NO:30) amino acid sequence. In other
embodiments, the amino acids within the
Leu-Ser-Leu-Ser (SEQ ID NO:29) segment are replaced
with other amino acids13145 23 such as glycine or
proline. Detailed methods of generating amino acid
substitutions of the Leu-Ser-Leu-Ser (SEQ ID NO:29)
segment near the Cterminus of an IgGI, lgG2, lgG3,
lgG4, or other immunoglobulin class molecules, as well
as other exemplary modifications for altering
junctional T-cell epitopes, have been described in
U.S. Published Patent Application No. 2003-01 66877.
[00105] In one embodiment, a spacer or linker peptide
is inserted between the carrier protein and the IL-7
protein. The spacer or linker peptide can be
noncharged or non-polar or hydrophobic. The length of
a spacer or linker peptide is between 1 and about 100
amino acids, or between 1 and about 50 amino acids, or
between 1 and about 25 amino acids, or between 1 and
about 15 amino acids. In one embodiment, the spacer
contains a sequence (G S)n , where n is less than 10.
In another embodiment, the linker sequence is
GGGGSGGGG (SEQ ID NO:67). In yet another embodiment,
the spacer contains a motif that is recognized as an
N-linked glycosylation site. In another embodiment of
the invention, the carrier protein and the IL-7 fusion
protein are joined via a spacer or linker peptide. In
an alternative embodiment of the invention, the
carrier protein and IL-7 fusion protein are separated
by a synthetic spacer, for example a PNA 



spacer. The spacer can be non-charged, or non-polar or
hydrophobic. Production of IL-7 fusion proteins
[00106] Fusion proteins containing IL-7 modified
according to the teachings of the invention can be
synthesized by the non-limiting methods described
herein. Assays useful for testing pharmacokinetic
activities of fusion proteins containing IL-7 modified
according to the invention in in vivo animal models
are also described herein. [00107] The IL-7 fusion
proteins of the invention can be produced using
recombinant expression vectors known in the art. The
term "expression vector" refers to a replicable DNA
construct used to express DNA which encodes the
desired IL-7 fusion protein and which includes a
transcriptional unit comprising an assembly of (1)
genetic element(s) having a regulatory role in gene
expression, for example, promoters, operators, or
enhancers, operatively linked to (2) a DNA sequence
encoding the desired IL-7 fusion protein which is
transcribed into mRNA and translated into protein, and
(3) appropriate transcription and translation
initiation and termination sequences. The choice of
promoter and other regulatory elements generally
varies according to the intended host cell.[00108] The
nucleic acid encoding the IL-7 fusion protein is
transfected into a host cell using recombinant DNA
techniques. In the context of the present invention,
the foreign DNA includes a sequence encoding the
inventive proteins. Suitable host cells include
prokaryotic, yeast or higher eukaryotic cells. In one
embodiment, the host is a prokaryotic organism.
[00109] The recombinant IL-7 fusion proteins can be
expressed in yeast hosts, such as from Saccharomyces
species, such as S. cerevisiae. Yeast of other genera
such as Pichia or Kluyveromyces may also be employed.
Yeast vectors will generally contain an origin of
replication from a yeast plasmid or an autonomously
replicating sequence (ARS), a promoter, DNA encoding
the IL-7 fusion protein, sequences for polyadenylation
and transcription termination and a selection gene.
Suitable promoter sequences in yeast vectors include
the promoters for metallothionein, 3-phosphoglycerate
kinase or other glycolytic enzymes, such as enolase,
glyceraldehyde-3-phosphate dehydrogenase, hexokinase,
pyruvate decarboxylase, phosphofructokinase,
glucose-4-phosphate isomerase, 3-phosphoglycerate
mutase, pyruvate kinase, triosephosphate isomerase,
phosphoglucose isomerase and glucokinase. [00110]
Various mammalian or insect cell culture systems can
be employed to express recombinant protein.
Baculovirus systems for production of proteins in
insect cells are well known in the art. Examples of
suitable mammalian host cell lines include NS/0 cells,
L cells, C127, 3T3, Chinese hamster ovary (CHO), HeLa,
and BHK cell lines. Additional suitable mammalian host
cells include CV-1 cells (ATCC CCL70) and COS-7 cells
both derived from monkey kidney. Another suitable
monkey kidney cell line, CV-1/EBNA, was derived by
transfection of the CV-1 cell line with a gene
encoding Epstein-Barr virus nuclear antigen-1 (EBNA-
1) and with a vector containing CMV regulatory
sequences (McMahan et al., (1991), EMBQ J.. 10:2821).
The EBNA-1 gene allows for episomal replication of
expression vectors, such as HAV-EO or pDC406, that
contain the EBV origin of replication. [001 11]
Mammalian expression vectors may comprise
non-transcribed elements such as an origin of
replication, a suitable promoter and enhancer linked
to the gene to be expressed, and other 5' or 3'
flanking nontranscribed sequences, and 51or 3'
nontranslated sequences, such as necessary ribosome
binding sites, a poly-adenylation site, splice donor
and acceptor sites, andtranscriptional termination
sequences. Commonly used promoters and enhancers are
derived from Polyoma, Adenovirus 2, Simian Virus 40
(SV40), and human cytomegalovirus. DNA sequences
derived from the SV40 viral genome, for example, SV40
origin, early and late promoter, enhancer, splice, and
polyadenylation sites may be used to provide the other
genetic elements required for expression of a
heterologous DNA sequence. [001 12] When secretion of
the IL-7 fusion protein from the host cell is desired,
the expression vector may comprise DNA encoding a
signal or leader peptide. In the present invention the
native signal sequence of IL-7 can be used, or
alternatively, a heterologous signal sequence may be
added, such as the signal sequence from interleukin-4.
[001 13] The present invention also provides a process
for preparing the recombinant proteins of the present
invention including culturing a host cell transformed
with an expression vector comprising a DNA sequence
that encodes the IL-7 fusion protein under conditions
that promote expression. The desired protein is then
purified from culture media or cell extracts. For
example, supernatants from expression systems that
secrete recombinant protein into the culture medium
can be first concentrated using a commercially
available protein concentration filter, for example,
an Amicon or Millipore Pellicon ultrafiltration unit.
Following the concentration step, the concentrate can
be applied to a suitable purification matrix, as known
in the art. [001 14] An "isolated" or "purified" IL-7
fusion protein or biologically active portion thereof
is substantially free of cellular material or other
contaminating proteins from the cell or tissue source
from which the IL-7 fusion protein is derived, or
substantially free from chemical precursors or other
chemicals when chemically synthesized. The language
"substantially free of cellular material" includes
preparations of IL-7 fusion protein in which the
protein is separated from 



cellular components of the cells from which it is
isolated or recombinantly produced. In one embodiment,
the language "substantially free of cellular material"
includes preparations of IL-7 fusion protein having
less than about 30% (by dry weight) of non-lL-7 fusion
protein (also referred to herein as a "contaminating
protein"), less than about 20% of non-IL-7 fusion
protein, less than about 10% of non-IL-7 fusion
protein, or less than about 5% non-IL-7 fusion
protein. When the IL-7 fusion protein or biologically
active portion thereof is5 013145 26 purified from a
recombinant source, it is, in one embodiment,
substantially free of culture medium, i.e.., culture
medium represents less than about 20%, less than about
10%, or less than about 5% of the volume of the
protein preparation. [00115] The term "substantially
pure Ig-I L-7 fusion protein" or "substantially pure
IL-7 fusion protein" refers to a preparation in which
the IL-7 comprising fusion protein constitutes at
least 60%, 70%, 80%, 90%, 95% or 99% of the proteins
in the preparation. Methods of Treatment Usinp IL-7
Proteins [00116] The IL-7 proteins, including fusion
proteins, of the invention are useful in treating
immune deficiencies and in accelerating the natural
reconstitution of the immune system that occurs, for
example, after diseases or treatments that are
immunosuppressive in nature. For example, IL-7
proteins can be used to treat viral infections, immune
disorders, and to enhance the growth (including
proliferation) of specific cell types. Moreover, the
IL-7 proteins can be in the treatment of cancers such
as bladder cancer, lung cancer, brain cancer, breast
cancer, skin cancer, and prostate cancer. In one
example, it is useful to treat patients who have
undergone one or more cycles of chemotherapy with IL-7
proteins as described above to help their immune cells
replenish. Alternatively, it is also useful to
administer the IL-7 proteins described above to
patients with HIV, the elderly, patients receiving a
transplant or other patients with suppressed immune
system function. Administration [00117] Both the IL-7
and IL-7 fusion proteins of the invention can be
incorporated into a pharmaceutical composition
suitable for administration. Such compositions
typically comprise IL-7 or an IL-7 fusion protein and
a pharmaceutically-acceptable carrier. As used herein
the language "pharmaceutically-acceptable carrier" is
intended to include any and all solvents, dispersion
media, coatings, antibacterial and antifungal agents,
isotonic and absorption delaying agents, and the like,
compatible with pharmaceutical administration. The use
of such media and agents for pharmaceutically active
substances is well known in the art. [0118] A
pharmaceutical composition of the invention is
formulated to be compatible with its intended route of
administration. Examples of routes of adrninistration
include parenteral, e.g., intravenous, intradermal,
subcutaneous, oral (e.g., inhalation),13145 27
transdermal (topical), transmucosal, and rectal
administration. Solutions or suspensions used for
parenteral, intradermal, or subcutaneous application
can include the following components: a sterile
diluent such as water for injection, saline solution,
fixed oils, polyethylene glycols, glycerine, propylene
glycol or other synthetic solvents; antibacterial
agents such as benzyl alcohol or methyl parabens;
antioxidants such as ascorbic acid or sodium
bisulfite; chelating agents such as
ethylenediaminetetraacetic acid; buffers such as
acetates, citrates or phosphates and agents for the
adjustment of tonicity such as sodium chloride or
dextrose. pH can be adjusted with acids or bases, such
as hydrochloric acid or sodium hydroxide. The
parenteral preparation can be enclosed in ampoules,
disposable syringes or multiple dose vials made of
glass or plastic. [01 19] Medicaments that contain the
IL-7 proteins of the invention can have a
concentration of 0.01 to 100% (w/w), though the amount
varies according to the dosage form of the
medicaments. [0120] Administration dose depends on the
body weight of the patients, the seriousness of the
disease, and the doctor's opinion. However, it is
generally advisable to administer between about 0.01
to about 10 mg/kg body weight a day, about 0.02 to
about 2 mg/kg/day in case of injection, or about 0.5
mg/kg/day. The dose can be administered once or
several times daily according to the seriousness of
the disease and the doctor's opinion. [0121]
Compositions of the invention are useful when
co-administered with one or more other therapeutic
agents, for example, a molecule also known to be
useful to replenish blood cells. For example, the
molecule may be erythropoietin which is known to be
used to replenish red blood cells, G-CSF which is used
to replenish neutrophils or GM-CSF which is used to
replenish granulocytes and macrophages. [0122] Aspects
of invention are further illustrated by the following
examples. Examples Example 1: Identification of T-cell
epitopes by computational methods [0123] According to
the invention, epitopes of IL-7 can be modified using
methods for introducing mutations into proteins to
modulate their interaction with the immune system.
These methods are similar to those disclosed in U.S.
Published Patent Application No. 2003-0166877.
According to the invention, known methods in the art
that can be adapted according to the invention
includethose described in the prior art (WO 92/10755
and WO 96/40792 (Novo Nordisk), 



EP 0519 596 (Merck & Co.), EP 0699 755(Centro de
lmmunologia Moelcular), WO 98/52976 and WO 98/59244
(Biovation Ltd.) or related methods. [0124]
Advantageous mutant proteins, however, can be obtained
if the identification of said epitopes is realized by
the following method which is described herewith in
detail and applied to IL-7. There are a number of
factors that play important roles in determining the
total structure of a protein, polypeptide or
immunoglobulin. First, the peptide bond, i.e.., that
bond which joins the amino acids in the chain
together, is a covalent bond. This bond is planar in
structure, essentially a substituted amide. An "amide"
is any of a group of organic compounds containing the
grouping -CONH-. [0125] The planar peptide bond
linking Ca of adjacent amino acids may be represented
as depicted below: [0126] Because the O=C and the C-N
atoms lie in a relatively rigid plane, free rotation
does not occur about these axes. Hence, a plane
schematically depicted by the interrupted line is
sometimes referred to as an "amide" or "peptide plane"
plane wherein lie the oxygen (O), carbon (C), nitrogen
(N), and hydrogen (H) atoms of the peptide backbone.
At opposite comers of this amide plane are located the
Ca atoms. Since there is substantially no rotation
about the O=C and C-N atoms in the peptide or amide
plane, a polypeptide chain thus comprises a series of
planar peptide linkages joining the Ca atoms. [0127] A
second factor that plays an important role in defining
the total structure or conformation of a polypeptide
or protein is the angle of rotation of each amide
plane about the common Ca linkage. The terms "angle of
rotation" and "torsion angle" are hereinafter regarded
as equivalent terms. Assuming that the O, C, N, and H
atoms remain in the amide plane (which is usually a
valid assumption, although there may be some slight
deviations from planarity of these atoms for some
conformations), these angles of rotation define the N
and Rpolypeptide's backbone conformation, i.e.., the
structure as it exists between adjacent residues.
These two angles are known as f and y. A set of the
angles f i, yi, where the subscript i represents a
particular residue of a polypeptide chain, thus
effectively defines the polypeptide secondary
structure. The conventions used in defining the f, y
angles, i.e.., the reference points at which the amide
planes form a zero degree angle, and the definition of
which angle is f, and which angle is y, for a given
polypeptide, are defined in the literature. (See,
e.g., Ramachandran et al., (1968), Adv. Prot. Chem.
23:283-437, at pages 285-94). [0128] The method can be
applied to any protein, and is based in part upon the
discovery that in humans the primary Pocket 1 anchor
position of MHC Class Il molecule binding grooves has
a well designed specificity for particular amino acid
side chains. The specificity of this pocket is
determined by the identity of the amino acid at
position 86 of the beta chain of the MHC Class Il
molecule. This site is located at the bottom of Pocket
1 and determines the size of the side chain that can
be accommodated by this pocket. Marshall, J. Immunol.
, (1994), 152:4946-4956. If this residue is a glycine,
then all hydrophobic aliphatic and aromatic amino
acids (hydrophobic aliphatics being: valine, leucine,
isoleucine, methionine and aromatics being:
phenylalanine, tyrosine and tryptophan) can be
accommodated in the pocket, with a preference being
for the aromatic side chains. If this pocket residue
is a valine, then the side chain of this amino acid
protrudes into the pocket and restricts the size of
peptide side chains that can be accommodated such that
only hydrophobic aliphatic side chains can be
accommodated. Therefore, in an amino acid residue
sequence, wherever an amino acid with a hydrophobic
aliphatic or aromatic side chain is found, there is
the potential for a MHC Class Il restricted T-cell
epitope. If the side-chain is hydrophobic aliphatic,
however, it is approximately twice as likely to be
associated with a T-cell epitope than an aromatic side
chain (assuming an approximately even distribution of
Pocket 1 types throughout the global population).
[0129] An exemplary computational method profiles the
likelihood of peptide regions of IL-7 to contain
T-cell epitopes as follows: (1) The primary sequence
of a peptide segment of predetermined length is
scanned, and all hydrophobic aliphatic and aromatic
side chains present are identified. (2) The
hydrophobic5 013145 30 aliphatic side chains are
assigned a value greater than that for the aromatic
side chains; preferably about twice the value assigned
to the aromatic side chains, e.g., a value of 2 for a
hydrophobic aliphatic side chain and a value of 1 for
an aromatic side chain. (3) The values determined to
be present are summed for each overlapping amino acid
residue segment (window) of predetermined uniform
length within the peptide, and the total value for a
particular segment (window) is assigned to a single
amino acid residue at an intermediate position of the
segment (window), preferably to a residue at about the
midpoint of the sampled segment (window). This
procedure is repeated for each sampled overlapping
amino acid residue segment (window). Thus, each amino
acid residue of the peptide is assigned a value that
relates to the likelihood of a T-cell epitope being
present in that particular segment (window). (4) The
values calculated and assigned as described in Step 3,
above, can be plotted against the amino acid
coordinates of the entire amino acid residue sequence
being assessed. (5) All portions of the sequence which
have a score of a predetermined value, e.g., a value
of 1, are deemed likely to contain a T-cell epitope
and can be modified, if 



desired. [0130] This particular aspect of the present
invention provides a general method by which T-cell
epitopes of IL-7 can be described. Modifications to
the peptide in these regions have the potential to
modify the MHC Class Il binding characteristics.
[0131] According to another aspect of the present
invention, T-cell epitopes can be predicted with
greater accuracy by the use of a more sophisticated
computational method which takes into account the
interactions of peptides with models of MHC Class Il
alleles. [0132] The computational prediction of T-cell
epitopes present within a peptide according to this
particular aspect contemplates the construction of
models of at least 42 MHC Class Il alleles based upon
the structures of all known MHC Class Il molecules and
a method for the use of these models in the
computational identification of T-cell epitopes, the
construction of libraries of peptide backbones for
each model in order to allow for the known variability
in relative peptide backbone alpha carbon (Ca)
positions, the construction of libraries of amino-acid
side chain conformations for each backbone dock with
each model for each of the 20 amino-acid alternatives
at positions critical for theinteraction between
peptide and MHC Class Il molecule, and the use of
these libraries of backbones and side-chain
conformations in conjunction with a scoring function
to select the optimum backbone and side-chain
conformation for a particular peptide docked with a
particular MHC Class Il molecule and the derivation of
a binding score from this interaction. [0133] Models
of MHC Class Il molecules can be derived via homology
modeling from a number of similar structures found in
the Brookhaven Protein Data Bank ("PDB"). These may be
made by the use of semi-automatic homology modeling
software (Modeller et al., (1993), J. MoI. Biol. ,
234:779-815) which incorporates a simulated annealing
function, in conjunction with the CHARMm force-field
for energy minimization (available from Molecular
Simulations Inc., San Diego, Ca.). Alternative
modeling methods can be utilized as well. [0134] Other
computational methods which use libraries of
experimentally derived binding data of each amino-acid
alternative at each position in the binding groove for
a small set of MHC Class Il molecules (Marshall et
al., (1995), Biomed. Pept. Proteins Nucleic Acids .
1(3):157-162) are known, as are yet other
computational methods which use similar experimental
binding data in order to define the binding
characteristics of particular types of binding pockets
within the groove, again using a relatively small
subset of MHC Class Il molecules, and then 'mixing and
matching 1pocket types from this pocket library to
artificially create further 'virtual 1MHC Class Il
molecules (Stumiolo et al., (1999), Nat. Biotech,
17(6): 555-561 . Both methods suffer the major
disadvantage that, due to the complexity of the assays
and the need to synthesize large numbers of peptide
variants, only a small number of MHC Class Il
molecules can be experimentally scanned. Therefore the
first method can only make predictions for a small
number of MHC Class Il molecules. The second method
also makes the assumption that a pocket lined with
similar amino-acids in one molecule will have the same
binding characteristics when in the context of a
different Class Il allele and suffers further
disadvantages in that only those MHC Class I!
molecules can be 'virtually' created which contain
pockets contained within the pocket library. Using the
modeling approach described herein, the structure of
any number and type of MHC Class Il molecules can be
deduced, therefore alleles can be specifically
selected to be representative of the global
population. In addition, the number of MHC Class Il
molecules scanned can be increased by making
furthermodels further than having to generate
additional data via complex experimentation. [0135]
The use of a backbone library allows for variation in
the positions of the Ca atoms of the various peptides
being scanned when docked with particular MHC Class Il
molecules. This is again in contrast to the
alternative computational methods described above
which rely on the use of simplified peptide backbones
for scanning amino-acid binding in particular pockets.
These simplified backbones are not likely to be
representative of backbone conformations found in
'real' peptides leading to inaccuracies in prediction
of peptide binding. The present backbone library is
created by superposing the backbones of all peptides
bound to MHC Class Il molecules found within the
Protein Data Bank and noting the root mean square
(RMS) deviation between the Ca atoms of each of the
eleven amino-acids located within the binding groove.
While this library can be derived from a small number
of suitable available mouse and human structures
(currently 13), in order to allow for the possibility
of even greater variability, the RMS figure for each
C"- a position is increased by 50%. The average Ca
position of each amino-acid is then determined and a
sphere drawn around this point whose radius equals the
RMS deviation at that position plus 50%. This sphere
represents all allowed Ca positions. [01 36] Working
from the Ca with the least RMS deviation (that of the
aminoacid in Pocket 1 as mentioned above, equivalent
to Position 2 of the 11 residues in the binding
groove), the sphere is three-dimensionally gridded,
and each vertex within the grid is then used as a
possible location for a Ca of that amino-acid. The
subsequent amide plane, corresponding to the peptide
bond to the subsequent amino-acid is grafted onto each
of these Cas and the f and y angles are rotated
step-wise at set intervals in order to position the
subsequent Ca. If 



the subsequent Ca falls within the 'sphere of allowed
positions' for this Ca than the orientation of the
dipeptide is accepted, whereas if it falls outside the
sphere then the dipeptide is rejected. This process is
then repeated for each of the subsequent Ca positions,
such that the peptide grows from the Pocket 1 Ca
'seed', until all nine subsequent Cas have been
positioned from all possible permutations of the
preceding Cas. The process is then repeated once more
forthe single Ca preceding pocket 1 to create a
library of backbone Ca positions located within the
binding groove. [0137] The number of backbones
generated is dependent upon several factors: The size
of the 'spheres of allowed positions'; the fineness of
the gridding of the 'primary sphere' at the Pocket 1
position; the fineness of the step wise rotation of
the yand y angles used to position subsequent Cas.
Using this process, a large library of backbones can
be created. The larger the backbone library, the more
likely it will be that the optimum fit will be found
for a particular peptide within the binding groove of
an MHC Class Il molecule. Inasmuch as all backbones
will not be suitable for docking with all the models
of MHC Class Il molecules due to clashes with
amino-acids of the binding domains, for each allele a
subset of the library is created comprising backbones
which can be accommodated by that allele. The use of
the backbone library, in conjunction with the models
of MHC Class Il molecules creates an exhaustive
database consisting of allowed side chain
conformations for each amino-acid in each position of
the binding groove for each MHC Class Il molecule
docked with each allowed backbone. This data set is
generated using a simple steric overlap function where
a MHC Class Il molecule is docked with a backbone and
an amino-acid side chain is grafted onto the backbone
at the desired position. Each of the rotatable bonds
of the side chain is rotated step-wise at set
intervals and the resultant positions of the atoms
dependent upon that bond noted. The interaction of the
atom with atoms of side-chains of the binding groove
is noted and positions are either accepted or rejected
according to the following criteria: the sum total of
the overlap of all atoms so far positioned must not
exceed a predetermined value. Thus the stringency of
the conformational search is a function of the
interval used in the step-wise rotation of the bond
and the pre-determined limit for the total overlap.
This latter value can be small if it is known that a
particular pocket is rigid; however, the stringency
can be relaxed if the positions of pocket side-chains
are known to be relatively flexible. Thus allowances
can be made to imitate variations in flexibility
within pockets of the binding groove. This
conformational search is then repeated for every
amino-acid at every position of each backbone when
docked with each of the MHC Class Il molecules to
create the exhaustive database of side-chain
conformations.[0138] A suitable mathematical
expression is used to estimate the energy of binding
between models of MHC Class Il molecules in
conjunction with peptide ligand conformations which
have to be empirically derived by scanning the large
database of backbone/side-chain conformations
described above. Thus a protein is scanned for
potential T-cell epitopes by subjecting each possible
peptide of length varying between 9 and 20 amino-acids
(although the length is kept constant for each scan)
to the following computations: An MHC Class Il
molecule is selected together with a peptide backbone
allowed for that molecule and the side-chains
corresponding to the desired peptide sequence are
grafted on. Atom identity and interatomic distance
data relating to a particular side-chain at a
particular position on the backbone are collected for
each allowed conformation of that amino-acid (obtained
from the database described above). This is repeated
for each side-chain along the backbone and peptide
scores derived using a scoring function. The best
score for that backbone is retained and the process
repeated for each allowed backbone for the selected
model. The scores from all allowed backbones are
compared and the highest score is deemed to be the
peptide score for the desired peptide in that MHC
Class Il model. This process is then repeated for each
model with every possible peptide derived from the
protein being scanned, and the scores for peptides
versus models are displayed. [01 39] In the context of
the present invention, each ligand presented for the
binding affinity calculation is an amino-acid segment
selected from a peptide or protein as discussed above.
Thus, the ligand is a selected stretch of amino acids
about 9 to 20 amino acids in length derived from a
peptide, polypeptide or protein of known sequence. The
terms "amino acids" and "residues" are hereinafter
regarded as equivalent terms. The ligand, in the form
of the consecutive amino acids of the peptide to be
examined grafted onto a backbone from the backbone
library, is positioned in the binding cleft of an MHC
Class Il molecule from the MHC Class Il molecule model
library via the coordinates of the C"-a atoms of the
peptide backbone and an allowed conformation for each
side-chain is selected from the database of allowed
conformations. The relevant atom identities and
interatomic distances are also retrieved from this
database and used to calculate the peptide binding
score. Ligands with a high binding affinity for the
MHC Class Il binding pocket are flagged as candidates
for site-directed mutagenesis. Aminoacid substitutions
are made in the flagged ligand (and hence in the
protein of interest) which is then retested using the
scoring function in order to determine changes which
reduce the binding affinity below a predetermined
threshold value. These changes can then be
incorporated into the protein of interest to remove
Tcell epitopes. [0140] Binding between the peptide
ligand and the binding groove of MHC 



Class Il molecules involves non-covalent interactions
including, but not limited to: hydrogen bonds,
electrostatic interactions, hydrophobic (lipophilic)
interactions and van der Waal's interactions. These
are included in the peptide scoring function as
described in detail below. It should be understood
that a hydrogen bond is a non-covalent bond which can
be formed between polar or charged groups and consists
of a hydrogen atom shared by two other atoms. The
hydrogen of the hydrogen donor has a positive charge
where the hydrogen acceptor has a partial negative
charge. For the purposes of peptide/protein
interactions, hydrogen bond donors may be either
nitrogens with hydrogen attached or hydrogens attached
to oxygen or nitrogen. Hydrogen bond acceptor atoms
may be oxygens not attached to hydrogen, nitrogens
with no hydrogens attached and one or two connections,
or sulphurs with only one connection. Certain atoms,
such as oxygens attached to hydrogens or imine
nitrogens (e.g. C=NH) may be both hydrogen acceptors
or donors. Hydrogen bond energies range from 3 to 7
Kcal/mol and are much stronger than van der Waal's
bonds, but weaker than covalent bonds. Hydrogen bonds
are also highly directional and are at their strongest
when the donor atom, hydrogen atom and acceptor atom
are co-linear. Electrostatic bonds are formed between
oppositely charged ion pairs and the strength of the
interaction is inversely proportional to the square of
the distance between the atoms according to Coulomb's
law. The optimal distance between ion pairs is about
2.8A. In protein/peptide interactions, electrostatic
bonds may be formed between arginine, histidine or
lysine and aspartate or glutamate. The strength of the
bond will depend upon the pKa of the ionizing group
and the dielectric constant of the medium although
they are approximately similar in strength to hydrogen
bonds. [0141] Lipophilic interactions are favorable
hydrophobic-hydrophobic contacts that occur between
the protein and the peptide ligand. Usually, these
will occur between hydrophobic amino acid side chains
of the peptide buried within thepockets of the binding
groove such that they are not exposed to solvent.
Exposure of the hydrophobic residues to solvent is
highly unfavorable since the surrounding solvent
molecules are forced to hydrogen bond with each other
forming cage-like clathrate structures. The resultant
decrease in entropy is highly unfavorable. Lipophilic
atoms may be sulphurs which are neither polar nor
hydrogen acceptors and carbon atoms which are not
polar. [0142] van der Waal's bonds are non-specific
forces found between atoms which are 3- 4A apart. They
are weaker and less specific than hydrogen and
electrostatic bonds. The distribution of electronic
charge around an atom changes with time and, at any
instant, the charge distribution is not symmetric.
This transient asymmetry in electronic charge induces
a similar asymmetry in neighboring atoms. The
resultant attractive forces between atoms reaches a
maximum at the van der Waal's contact distance but
diminishes very rapidly at about 1A to about 2A.
Conversely, as atoms become separated by less than the
contact distance, increasingly strong repulsive forces
become dominant as the outer electron clouds of the
atoms overlap. Although the attractive forces are
relatively weak compared to electrostatic and hydrogen
bonds (about 0.6 Kcal/mol), the repulsive forces in
particular may be very important in determining
whether a peptide ligand may bind successfully to a
protein. [0143] In one embodiment, the Bhm scoring
function (SCORE1 approach) is used to estimate the
binding constant. (Bhm, HJ. , ( 1994), J. Comput.
Aided MoI. Pes. , 8(3):243-256) which is hereby
incorporated in its entirety). In another embodiment,
the scoring function (SCORE2 approach) is used to
estimate the binding affinities as an indicator of a
ligand containing a T-cell epitope (Bohm, H.J.,
(1998), J. Comput. Aided MoI. Pes., 12(4):309-323)
which is hereby incorporated in its entirety).
However, the Bhm scoring functions as described in the
above references are used to estimate the binding
affinity of a ligand to a protein where it is already
known that the ligand successfully binds to the
protein and the protein/ligand complex has had its
structure solved, the solved structure being present
in the Protein Pata Bank ("PDB"). Therefore, the
scoring function has been developed with the benefit
of known positive binding data. In order to allow for
discrimination between positive and negative binders,
a repulsion term must be added to the equation. In
addition, a more satisfactory estimate of binding
energy is achieved by computing the lipophilic
interactions in a pairwiseEP2005/013145 37 manner
rather than using the area based energy term of the
above Bohm functions. Therefore, in one embodiment,
the binding energy is estimated using a modified Bohm
scoring function. In the modified Bohm scoring
function, the binding energy between protein and
ligand (DGbind) is estimated considering the following
parameters: The reduction of binding energy due to the
overall loss of translational and rotational entropy
of the ligand (DGo); contributions from ideal hydrogen
bonds (DGhb) where at least one partner is neutral;
contributions from unperturbed ionic interactions
(DGj0nic); lipophilic interactions between lipophilic
ligand atoms and lipophilic acceptor atoms (DGiipo) ;
the loss of binding energy due to the freezing of
internal degrees of freedom in the ligand, i.e.., the
freedom of rotation about each C-C bond is reduced
(DGrot); the energy of the interaction between the
protein and ligand (Evdw)- Consideration of these
terms gives equation 1: (DGbind)=( D Go)+( D G
hbXNhb)+( DGionicXNionic) + (D GiipoXN|ip 0 )+( D Grot
+ Nrot)+ (Evdw). 



where N is the number of qualifying interactions for a
specific term and, in one embodiment, DG0 DGhb,
DGj0nic, DG|ipo and DGrot are constants which are
given the values: 5.4, -4.7, -4.7, -0.17, and 1.4,
respectively. [0144] The term Nhb is calculated
according to equation 2 : Nhb = S h-bondsf(D R , Da) X
f(Nneighb) X fpos [0145] f (DR, Da) is a penalty
function which accounts for large deviations of
hydrogen bonds from ideality and is calculated
according to equation 3: f(DR, D-a) = f1(DR) x f2(La)
where: fl( DR) = 1 if DR <= TOL or = 1 - (DR -
TOL)/0.4 if DR <= 0.4 + TOL or = 0 if DR >0.4 + TOL
and: f2( Da) = 1 if Da <30 or = 1-(Da - 30)/50 if Da
<=80 or = 0 if Da >80 [0146] TOL is the tolerated
deviation in hydrogen bond length = 0.25A; DR is the
deviation of the H-O/N hydrogen bond length from the
ideal value = 1.9A; Da is the deviation of the
hydrogen bond angle Z N/O-H..O/N from its idealized
value of 180. [0147] f(Nneighb) distinguishes between
concave and convex parts of a protein surface and
therefore assigns greater weight to polar interactions
found in13145 38 pockets rather than those found at
the protein surface. This function is calculated
according to equation 4 below: f(Nneighb) = (N n e
ighb/N neighb,q) Wh rb a = 0.5. [0148] Nneighb is the
number of non-hydrogen protein atoms that are closer
than 5A to any given protein atom. [0149] Nneighb.o is
a constant = 25 [0150] fpcs is a function which allows
for the polar contact surface area per hydrogen bond
and therefore distinguishes between strong and weak
hydrogen bonds and its value is determined according
to the following criteria: fpcs= b when A poiar/NHB <
10 A2 or fPcs= I when Apoiar/NHB > 10 A2 Apoiar is the
size of the polar protein-ligand contact surface NHB
is the number of hydrogen bonds b is a constant whose
value = 1.2 [0151] For the implementation of the
modified Bdhm scoring function, the contributions from
ionic interactions, DGj0nic, are computed in a similar
fashion to those from hydrogen bonds described above
since the same geometry dependency is assumed. [0152]
The term N|jp0 is calculated according to equation 5
below: Niipo = S iif(r iL) [0153] f (hi_) is
calculated for all lipophilic ligand atoms, I, and all
lipophilic protein atoms, L, according to the
following criteria: f(nL) = 1 when m. <= R1f(rO =(HL -
R1)/(R2-R1) when R2 <r,L > R 1 f(riL) =0 when . >= R2
where: R1 = r,vdw + rL vdw + 0.5 and R2 = R 1 + 3.0
and hvdw is the van der Waal's radius of atom I and rL
vdw is the van der Waal's radius of atom L [01 54] The
term Nrot is the number of ratable bonds of the amino
acid side chain and is taken to be the number of
acyclic sp3 - sp3 and sp3 - sp2 bonds. Rotations of
terminal -CH 3 or -NH 3 are not taken into account.
[0155] The final term, Evdw, is calculated according
to equation 6 below:Evdw +r2 vdw)12/r12 - (nvdw +r2
vdw)6/r6) , where: ei and e2 are constants dependent
upon atom identity; nvdw +r2 vdw are the van der
Waal's atomic radii; and r is the distance between a
pair of atoms. [0156] With regard to equation 6, in
one embodiment, the constants ei and e2 are given the
atom values: C: 0.245, N: 0.283, O: 0.316, S: 0.316,
respectively (i.e.. for atoms of Carbon, Nitrogen,
Oxygen and Sulfur, respectively). With regards to
equations 5 and 6, the van der Waal's radii are given
the atom values C: 1.85, N: 1.75, O: 1.60, S: 2.00A.
[0157] It should be understood that all predetermined
values and constants given in the equations above are
determined within the constraints of current
understandings of protein ligand interactions with
particular regard to the type of computation being
undertaken herein. [0158] As described above, the
scoring function is applied to data extracted from the
database of side-chain conformations, atom identities,
and interatomic distances. For the purposes of the
present description, the number of MHC Class Il
molecules included in this database is 42 models plus
four solved structures. It should be apparent from the
above descriptions that the modular nature of the
construction of the computational method of the
present invention means that new models can simply be
added and scanned with the peptide 



backbone library and side-chain conformational search
function to create additional data sets which can be
processed by the peptide scoring function as described
above. This allows for the repertoire of scanned MHC
Class Il molecules to easily be increased, or
structures and associated data to be replaced if data
are available to create more accurate models of the
existing alleles. [0159] The present prediction method
can be calibrated against a data set comprising a
large number of peptides whose affinity for various
MHC Class Il molecules has previously been
experimentally determined. By comparison of calculated
versus experimental data, a cut of value can be
determined above which it is known that all
experimentally determined T-cell epitopes are
correctly predicted.[0160] It should be understood
that, although the above scoring function is
relatively simple compared to some sophisticated
methodologies that are available, the calculations are
performed extremely rapidly. It should also be
understood that the objective is not to calculate the
true binding energy perse for each peptide docked in
the binding groove of a selected MHC Class Il protein.
The underlying objective is to obtain comparative
binding energy data as an aid to predicting the
location of T-cell epitopes based on the primary
structure (i.e.. amino acid sequence) of a selected
protein. A relatively high binding energy or a binding
energy above a selected threshold value would suggest
the presence of a T-cell epitope in the ligand. The
ligand may then be subjected to at least one round of
amino-acid substitution and the binding energy
recalculated. Due to the rapid nature of the
calculations, these manipulations of the peptide
sequence can be performed interactively within the
program's user interface on cost-effectively available
computer hardware. Major investment in computer
hardware is thus not required. [01 61] It would be
apparent to one skilled in the art that other
available software could be used for the same
purposes. In particular, more sophisticated software
which is capable of docking ligands into protein
binding-sites may be used in conjunction with energy
minimization. Examples of docking software are: DOCK
(Kuntz et a/., (1982), J. MoI. Biol. , 161 :269-288),
LUDI (Bdhm, HJ. , (1994), J. Comput Aided Mol. Des. .
8:623-632) and FLEXX (Rarey et a/., (1995), ISMB ,
3:300-308). Examples of molecular modeling and
manipulation software include: AMBER (Tripos) and
CHARMm (Molecular Simulations Inc.). The use of these
computational methods would severely limit the
throughput of the method of this invention due to the
lengths of processing time required to make the
necessary calculations. However, it is feasible that
such methods could be used as a 'secondary screen' to
obtain more accurate calculations of binding energy
for peptides which are found to be 'positive binders'
via the method of the present invention. The
limitation of processing time for sophisticated
molecular mechanic or molecular dynamic calculations
is one which is defined both by the design of the
software which makes these calculations and the
current technology limitations of computer hardware.
It may be anticipated that, in the future, with the
writing of more efficient code and the continuing
increases in speed of computer processors, it may
become feasible to make such calculations within amore
manageable time-frame. Further information on energy
functions applied to macromolecules and consideration
of the various interactions that take place within a
folded protein structure can be found in: Brooks et
a/., (1983), J. Comput. Chem. , 4:187-217 and further
information concerning general protein-ligand
interactions can be found in: Dauber-Osguthorpe et
al., (1988), Proteins , 4(1):31- 47. Useful background
information can also be found, for example, in Fasman,
G.D., ed., Prediction of Protein Structure and the
Principles of Protein Conformation , Plenum Press, New
York, ISBN: 0-306 4313-9. Example 2: In vitro analysis
of IL-7 derived peptides as potential CD4+ T helper
cell epitopes by unfractionated PBMC cultures [0162]
Based on in silico predictions that sequences
surrounding N-linked glycosylation sites of the IL-7
protein are immunogenic, peptides encompassing these
regions, spanning for example Leu63 to Ser71
(LRQFLKMNS SEQ ID NO:4) or Ile88 to Val96 (ILLNCTGQV
SEQ ID NO:7) in mature human IL-7 protein, are
analyzed for their immunogenicity, which is measured
by their ability to induce T-cell proliferation in
vitro. In essence, PBMCs isolated from human blood are
incubated with individual overlapping 15-mer peptides,
and proliferative responses are measured by
3H-thymidine incorporation. In principle, T-cells
within the mixture of PBMCs will only proliferate if
they recognize individual peptide-MHC complexes on
autologous APCs (antigen presenting cells), and thus
proliferation is an indication of peptide
immunogenicity. [01 63] For example, 15-mer peptides
that are staggered by three amino acids and span the
region from, for example, Met54 to LeudOin human IL-7
are synthesized (Pepscan Systems, Netherlands),
resuspended in DMSO (Sigma Chemical, St. Louis, MO,
U.S.A.), and used at a final concentration of 5 mM in
0.5% DMSO in culture media. [0164] PBMCs are isolated
from peripheral blood from healthy donors by
Ficoll-Hypaque gradient centrifugation, and are stored
frozen in liquid nitrogen. In addition, each PBMC
sample is HLA typed, using a SSP PCR typing kit (Bio-
Synthesis, Lewisville, TX) on DNA isolated with a
QiaAmp Tissue Kit (Qiagen, Valencia, CA). [0165] In a
typical proliferation assay, each of the overlapping
15-mer 



peptides is assayed in sextuplicate PBMC cultures
derived from 40 nave donors.Briefly, 2 x105 PBMCs,
thawed rapidly before use, are mixed with 5 mM of each
peptide and incubated at 37C in 5% CO2 for 7 days. As
a positive control, samples are incubated with the
tetanus toxin derived peptide MQYIKANSKFIGI (SEQ ID
NO:15), whereas negative control samples are incubated
with 0.5% DMSO. During the last 12 hours of incubation
the cultures are pulsed with of [methyl- 3H]thymidine
(0.5 //Ci/well) (NEN Life Science Products, Boston,
MA)1the cultures are harvested onto filter mats and
thymidine incorporation is measured as counts per
minute (CPM) using a Wallac microplate beta top plate
scintillation counter (Perkin Elmer, Boston, MA). The
stimulatory index for each peptide is calculated by
dividing the CPM value of a given peptide divided by
the CPM value obtained from negative controls. [0166]
It is found that the stimulatory index of the positive
control peptide is significantly greater than 1 (the
stimulatory index of the negative control), and
peptides containing the core sequence LRQFLKMNS (SEQ
ID NO:4), FLKMNSTGD (SEQ ID NO:5) or LKMNSTGDF (SEQ ID
NO:6), such as, for example peptides ARKLRQFLKMNSTGD
(SEQ ID NO:10), LRQFLKMNSTGDFDL (SEQ ID NO:1 1), or
FLKMNSTGDFDLHLL (SEQ ID NO: 12), have an increase in
stimulatory index. Therefore peptide sequences such as
LRQFLKMNS (SEQ ID NO:4) or LKMNSTGDF (SEQ ID NO:6)
indeed represent potential T-cell epitopes. [0167] A
similar analysis is performed with a series of 15-mer
peptides encompassing a region defined by the core
peptides ILLNCTGQV (SEQ ID NO:7) and LLNCTGQVK (SEQ ID
NO:8), and it is found that these peptide sequences as
well represent potential T-cell epitopes. Example 3:
Mapping of CD4* T helper cell epitopes using
differentiated human dendritic cells (DCs) in vitro
[0168] Mature dendritic cells (DCs) are potent
antigen-presenting cells (APCs) that present antigenic
peptides or whole proteins to T-cells efficiently.
Isolated DCs, pulsed with antigenic peptides in vitro,
are used to induce primary T-cell responses that can
be measured in in vitro proliferation assays.
Differentiated DCs are generated, for example by the
following procedure: first, human monocytes are
generated by allowing PBMCs to adhere to plastic
tissue culture flasks or by purifying CD14+ PBMCs with
magnetically labeled antibodies(Miltenyi Biotec,
Auburn, CA). The purified monocytes (0.5 to 1.5 x 106
cells/ml) are then cultured in AIM V media (GIBCO BRL
1 Grand Island, NY1 U.S.A.) containing 1000 U/ml
GM-CSF (Endogen; Woburn, MA) and 500 U/ml IL-4
(Endogen; Woburn, MA) for 3 days. Subsequently, these
immature DCs are pulsed with 5 g/ml of experimental or
control peptides and further incubated with a
combination of 1000 U/ml TNF-a (Endogen; Woburn, MA),
1000 U/ml GM-CSF and 500 U/ml IL-4 for another 48
hours. Mature DCs are monitored by high surface
expression levels of CD80+, CD86 + and HLA-DR. [0169]
These mature antigen-pulsed DCs are irradiated with
4200 Rads and are used in a proliferation assay with
purified autologous CD4+ T-cells. (CD4+ Tcells are
purified with magnetically labeled antibodies
(Miltenyi Biotec, Auburn, CA), using frozen PBMC
aliquots from the same donor that provides monocytes
for the in vitro DC differentiation.) In a typical
assay, antigen-pulsed DCs (2 105/mL) are incubated
together with autologous CD4+ T-cells (2 106 cells/mL)
in round-bottomed 96-well plates at 370C in 5% CO2 for
7 days, [methyl- 3H]thymidine (NEN Life Science
Products, Boston, MA) is added during the last 12
hours of incubation at 0.5 Ci/well, the samples are
harvested, lysed onto glass filters, and 3H-thymidine
incorporation is measured in a scintillation counter.
[01 70] 15-mer peptides, as described for Example 1,
are tested in this assay and compared to reference
peptides and other controls. It is found that this
assay is more sensitive than the assay described in
Example 1, allowing better differentiation between the
ability of individual peptides to induce T-cell
proliferation. It is found, that IL-7 peptides
containing the core sequences LRQFLKMNS (SEQ ID NO:4),
FLKMNSTGD (SEQ ID NO:5), LKMNSTGDF (SEQ ID NO:6),
ILLNCTGQV(SEQ ID NO:7) or LLNCTGQVK (SEQ ID NO:8) do
indeed induce significant T-cell proliferation and
therefore these sequences do represent potential
T-cell epitopes. Example 4: In vitro analysis of
de-immunizing amino acid substitutions in IL-7 [0171]
Amino acid substitutions in the peptide regions
described above which are considered to render the
IL-7 protein less immunogenic are tested in in vitro
assays, as described in Example 1 and Example 2. For
example, the variant IL-7 peptide encompassing the
sequence LRQFLDDNS (SEQ ID NO:13) is expected to
generate a significantly decreased T-cell
proliferative response compared tothe wild-type
parental peptide encompassing LRQFLKMNS (SEQ ID NO:4).
Similarly, the variant IL-7 peptide encompassing the
sequence TLLNCTGQG (SEQ ID NO: 14) is expected to
generate a significantly decreased T-cell
proliferative response compared to the wild-type
parental peptide encompassing ILLNCTGQV (SEQ ID NO:7)
[0172] A series of IL-7 derived 15-mer peptides is
synthesized that encompass the variant IL-7 sequences
LRQFLDDNS (SEQ ID NO:13) or TLLNCTGQG (SEQ ID NO:14),
as described in Example 1. In addition, the variant
IL-7 proteins, or fusion proteins containing variant
IL-7, which include substitutions of the invention are
produced either in a prokaryotic or eukaryotic
expression system (Del-IL-7's). For example, a variant
IL-7 is produced that includes the amino acid
substitutions K68D, M69D, I88T and V94G. (In addition,



the prokaryotically produced IL-7 proteins include a
start methionine.) These peptides and purified
proteins, and their parental counterparts, are tested
in their ability to induce T-cell proliferation, in
assays with whole PBMC cultures as described in
Example 1 or by pulsing human DCs as described in
Example 2. 25 /yg/ml of protein is used to stimulate
PBMCs or to pulse DCs. [0173] It is found that in
general, peptides derived from the variant IL-7
sequences have a significantly reduced ability to
induce T-cell proliferation compared to the
corresponding peptides derived from the wild-type
human IL-7 protein. Therefore, these variant peptide
sequences are much poorer potential Tcell epitopes.
Likewise, the bacterially produced variant IL-7
protein also has a reduced ability to induce T-cell
proliferation than wild-type IL-7, indicating that
these mutated regions may be significant contributors
to the immunogenicity of prokaryotically produced
IL-7. EXAMPLE 5: Analysis of IL-7 derived peptides as
potential B-cell epitopes [0174] For
bacterially-produced, unglycosylated human IL-7
protein, sequences surrounding N-linked glycosylation
sites of IL-7 may be recognized as "non-self" by the
human immune system, and elicit an antibody response.
Essentially, to assess if these sequences represent
linear B-cell epitopes, peptides spanning these
sequences are used to immunize rabbits, and the
reactivity of resulting antibodies toward
bacterially-produced native human IL-7and denatured
human IL-7 is tested. As a further control, a native
eukaryoticallyproduced glycosylated huFc-IL-7 fusion
protein is used. [0175] Methods and materials to raise
polyclonal antibodies against a specific peptide
antigen in, for example, rabbits, and their subsequent
purification are generally known to those skilled in
the art, and references thereto may be found, for
example, in: Antibodies: A Laboratory Manual, E.
Harlow and D. Lane, Cold Spring Harbor Press. [0176]
Briefly, in one example, a peptide containing the core
sequence FLKMNSTGD (SEQ ID NO:5), such as
LRQFLKMNSTGDFDL[C] (SEQ ID NO: 18) or
[C]LRQFLKMNSTGDFDL (SEQ ID NO:1 9) is coupled via an
added terminal cysteine to three different carrier
proteins, keyhole limpet hemocyanin (KLH, EMD
Biosciences, San Diego, CA), BSA (EMD Biosciences, San
Diego, CA), and ovalbumin (Pierce, Rockford, IL) using
a coupling agent such as SMCC (Pierce, Rockford, IL),
and multiple rabbits are immunized by successive
injections with each of the peptide conjugate in the
presence of adjuvant. The immune response is boosted
with further injections of one of the peptide-carrier
conjugates at monthly intervals, and the resulting
antiserum from each rabbit is affinity-purified over a
Sulfo-Link column (Pierce, Rockford, IL) to which the
peptide is coupled, and the antibody is further
concentrated over a hydroxyapatite column (Bio-Rad
Laboratories, Hercules, CA). [0177] The purified
antibodies are tested against bacterially-produced
native human IL-7, denatured human IL-7 and a
eukaryotically-produced glycosylated huFc-IL-7 fusion
protein in an ELISA assay, following standard
procedures. Briefly, ELISA plates, coated with the
purified protein preparations, are incubated with the
test antibody samples, the plates are washed,
incubated with a secondary antibody such as
horseradish peroxidase-coupled anti-rabbit IgG, washed
again and incubated with a chromogenic substrate
solution to indicate the concentration of bound
antibody. [0178] Similarly, antibodies are raised to
other peptides encompassing the ...MNSTG.. .(SEQ ID
NO:20) glycosylate site (at Asn70) in human IL-7, or
to peptides encompassing the ...LNCTG. . .(SEQ ID
NO:21) glycosylate! site (at Asn91). Using this
approach, it is found that generally the denatured
bacteriallyproduced human IL-7 is well recognized by
the antibodies and that the glycosylated huFc-IL-7
fusion protein is not. Peptides that give rise to
antibodiesreacting with the bacterially-produced
native human IL-7 protein indicate that a linear
B-cell epitope at the glycosylation site is
recognized. It is further found that, in a cell-based
proliferation assay as described in Example 9, the
antibodies raised against peptides of this Example
have the effect of inhibiting IL-7- stimulated cell
proliferation. This result indicates that these
antibodies have neutralizing activity. EXAMPLE 6:
Construction of human IL-7 variants that lack
potential T-cell epitopes [0179] Nucleic acids are
constructed that encode versions of human IL-7
variants either suitable for bacterial expression or
suitable for eukaryotic expression, for instance as a
fusion protein. For example, nucleic acids encoding a
mature human IL-7 variant containing the substitutions
K68D, M69D, I88T, and V96G (Del-IL-7 SEQ ID NO: 16)
are constructed, using standard methods familiar to
those skilled in the art. Figure 11 shows an example
of such a DNA sequence encoding a mature IL-7 variant,
Del-IL-7, with codon substitutions of amino acid
residues K68D, M69D, 188T, and V96G (SEQ ID NO:24).
[0180] For bacterial expression, the protein sequence
of Del-IL-7 including a start methionine (bDel-IL-7
SEQ ID NO:17) is reverse-translated using a codon bias
appropriate for optimal E. coli expression. The
resulting nucleic acid sequence is further adapted to
include desired (or to exclude undesired) features
such as a stop codon or restriction sites, and
sequences are added that facilitate cloning into a
bacterial expression vector, for example an
appropriate vector from the pET series (EMD
Biosciences, San Diego, CA). The nucleic acid sequence
is synthesized by total gene synthesis (Blue Heron
Biotechnology, Bothell, WA) and 



inserted into the expression vector. An example of a
DNA sequence encoding bDel-IL-7, codon-optimized for
E. coli with codon substitutions of amino acid
residues K68D, M69D, I88T, V96G, is shown in Figure 10
(SEQ ID NO:23). [0181] For eukaryotic expression as a
huFc-Del-IL-7 fusion protein, the nucleic acid
sequence of the mature human IL-7 is modified to
incorporate codons for desired amino acid mutations of
the invention as described above. (See e.g. SEQ ID
NO:24). The sequence is further adapted to incorporate
flanking sequences with unique restriction sites for
insertion as a Xma I / Xho I fragment in-frame into a
pdCs-huFc expression vector encoding the hinge, CH2and
CH3 region of IgGI (see Lo et a/., ( 1998), Protein
Engineering 11:495), and is synthesized by total gene
synthesis (Blue Heron Biotechnology, Bothell, WA). The
synthetic Xma I / Xho I Del-IL-7 fragment is then
cloned into the pdCs-huFc vector, yielding an
expression plasmid encoding huFc-Del-IL-7. Other IL-7
and Fc-I L-7 variants of the invention can be produced
by similar methods. [0182] Specifically, nucleic acids
encoding the human deimmunized Fc-IL-7 fusion proteins
huFcg2(h)(FN>AQ)-(linker2)-IL-7(PNS) and
huFcg2(h)(FN>AQ)- (Iinker2)-IL-7(PNDS) were generated
as follows. huFcg2(h)(FN>AQ)-(linker2)-IL- 7(PNS) is a
human Fc-IL-7 fusion protein comprising the N-terminus
of human IL- 7 genetically fused to the C-terminus of
a human lgG2 Fc domain with an IgGI hinge via a linker
sequence GGGGSGGGG. The Fc portion contains the
mutations Phe296Ala and Asn297Gln. The IL-7 portion
contains the mutations F39P, F57N and L128S. huFc
g2(h)(FN>AQ)-(linker2)-IL-7(PNDS) is the same as
huFcg2(h)(FN>AQ)-(linker2)-IL-7(PNS), but for
containing an additional mutation in the IL-7 moiety,
L77D. The sequence also contains codons for the
mutation of the LSLS sequence near the C-terminus of
the Fc portion to be replaced by ATAT. In addition,
the nucleic acid sequence includes a codon to replace
the Cterminal lysine of the Fc portion with an alanine
residue. [0183] A nucleic acid of the sequence
presented in Figure 27 was synthesized de novo (Blue
Heron Biotechnology, Bothell, WA), which encodes the
linker sequence GGGGSGGGG followed by mature human
IL-7 containing the amino acid substitutions F39P,
F57N, and L128S (IL-7(PNS)) and which contains
flanking restriction sites Xma I and Xho I at the 5'-
and 3' ends, respectively. This purified Xma I / Xho I
fragment was ligated to a likewise digested and
purified vector fragment of the pdCs-huFc series, pdC1
0- huFcg2(h)(FN>AQ), generating a plasmid encoding
huFcg2(h)(FN>AQ)-(linker2)- IL-7(PNS). Lo et al.,
(1998), Protein Engineering 11:495. The coding
sequence was ascertained by sequencing. [01 84] The
further introduction of the substitution L77D into
IL-7(PNS) was performed by standard PCR mutagenesis
methods, using mutagenic primers M(s) (d'-TGACTTTGAT
GAC CACCTGTTAAAAGTTTC-S' (SEQ ID NO: 50); mutated
codon underlined) and M(a) (d'-
AACAGGTGGICATCAAAGTCACCAGTGC-S 1) (SEQ ID NO.-51).
Briefly,separate PCR reactions were performed on a
plasmid template containing (Iinker2)-IL-7(PNS), one
with M(s) and the downstream primer 51-
CTCGAGTCAGTGTTCTTTAGTGCCCATC - 3' (SEQ ID NO:52), the
other with M(a) and the upstream primer 5' -
CCCGGGTGCTGGAGGTGGAGGATCAGGTG- 3' (SEQ ID NO:53), the
PCR fragments were purified and combined as the
template for a secound round of PCR using again the
upstream primer 5' - CCCGGGTGCTGGAGGTGGAGGATCAGGTG-
3'(SEQ ID NO:54) and the downstream primer 5' -
CTCGAGTCAGTGTTCTTTAGTGCCCATC - 3'(SEQ ID NO:55). The
resultant purified fragment was inserted into a TA
cloning vector pCR2.1 ((Invitrogen, Carlsbad, CA), and
its sequence was confirmed. An Xma I / Xho I fragment
encoding (Iinker2)-IL-7(PNDS) was excised, and ligated
to a likewise digested and purified vector fragment of
the pdCs-huFc series, pdC10- huFcg2(h)(FN>AQ),
generating a plasmid encoding
huFcg2(h)(FN>AQ)-(linker2)- IL-7(PNDS). [0185]
Similarly, plasmids encoding variants of these fusion
proteins differing in the Fc moiety are obtained; for
example a plasmid encoding
huFcg2(h)(linker2)-IL-7(PNDS) is obtained by ligating
an Xma I / Xho I fragment encoding
(Iinker2)-IL-7(PNDS) to a likewise digested and
purified vector fragment of the pdCs-huFc series,
pdC10-huFc g2(h). EXAMPLE 7: Expression and
purification of IL-7 variants [0186] For eukaryotic
expression of the huFc-Del-IL-7 fusion protein,
electroporation is used to introduce the DNA encoding
the fusion protein into a mouse myeloma NS/0 cell
line. To perform electroporation NS/0 cells are grown
in Dulbecco's modified Eagle's medium supplemented
with 10% heat-inactivated fetal bovine serum, 2 mM
glutamine and penicillin/streptomycin. About 5x1 06
cells are washed once with PBS and resuspended in 0.5
ml PBS. 10 mg of linearized plasmid DNA for
huFc-Del-IL-7 is then incubated with the cells in a
Gene Pulser Cuvette (0.4 cm electrode gap, BioRad) on
ice for 10 min. Electroporation is performed using a
Gene Pulser (BioRad, Hercules, CA) with settings at
0.25 V and 500 mF. Cells are allowed to recover for 10
min on ice, after which they are resuspended in growth
medium and plated onto two 96 well plates.[0187]
Stably transfected clones are selected by their growth
in the presence of 100 nM methotrexate (MTX), which is
added to the growth medium two days post-transfection.
The cells are fed every 3 days two to three more
times, and MTX-resistant clones appear in 2 to 3
weeks. Supematants from clones are 



assayed by anti-Fc ELISA to identify clones that
produced high amounts of the IL- 7 fusion protein.
High producing clones are isolated and propagated in
growth medium containing 100 nM MTX. Typically, a
serum-free growth medium, such as H-SFM or CD medium
(Life Technologies), is used. [0188] A standard
purification of Fc-containing fusion proteins is
performed based on the affinity of the Fc protein
moiety for Protein A. Briefly, NS/0 cells expressing
the fusion protein, such as huFc-Del-IL-7, are grown
in tissue culture medium and the supernatant
containing the expressed protein is collected and
loaded onto a pre-equilibrated Fast Flow Protein A
Sepharose column. The column is then washed
extensively with buffer (such as 100 mM sodium
phosphate, 150 mM NaCI at neutral pH). Bound protein
is eluted at a low pH (pH 2.5 - 3) in same buffer as
above and fractions are immediately neutralized.
[0189] Bacterial expression and purification of
bDel-IL-7 is performed essentially as described by
Cosenza et al. for bacterially-produced IL-7 (see
Cosenza et a/., (1997) JBC , 272:32995). In essence,
bDel-IL-7 is isolated from inclusion bodies, denatured
and refolded. Briefly, bacterial expression cultures
transformed with the expression vector encoding, for
example, bDel-IL-7 are grown to mid-log phase and
recombinant protein expression is induced. Following
induction, the bacteria are harvested and lysed by
sonication, and inclusion bodies are isolated in
buffer A (50 mM Tris HCI (7.5), 5 mM EDTA, 20%
sucrose). After extensive washes, the inclusion bodies
are resuspended in a guanidine denaturation buffer (50
mM Tris-HCI (pHd.0), 5 M guanidine HCI, 5 mM EDTA)1
briefly sonicated and reduced in 6 mM DTT. Denatured
bDel-IL-7 protein is then further purified by
denaturing size exclusion HPLC. The protein is then
refolded in refolding buffer (50 mM glycine, 30 mM
NaOH, 0.4 M L-arginine, 1 mM DTT, pH 10), dialyzed
into a phosphate buffer, and further purified by size
exclusion HPLC.EXAMPLE 8: Biochemical analysis of IL-7
variants [01 90] The effect of the introduced
mutations on the integrity of IL-7 proteins is
assessed by routine reducing and non-reducing SDS-PAGE
analysis and size exclusion chromatography. [0191] For
example, the fusion protein huFc-Del-IL-7, expressed
from NS/0 cells, is captured on Protein A Sepharose
beads (Repligen, Needham, MA) from the tissue culture
medium into which it is secreted, and eluted by
boiling in protein sample buffer, with or without a
reducing agent such as /?-mercaptoethanol. The sample
is fractionated by SDS-PAGE and the protein bands are
visualized by Coomassie staining. It is expected that
a fusion protein containing IL-7 mutations that
sufficiently interfere with proper folding is more
likely to show degradation products by SDS-PAGE.
[0192] Purified huFc-Del-IL-7 is also analyzed by size
exclusion chromatography (SEC) to assess the extent to
which the fusion protein is aggregated. Briefly, the
cell culture supernatant is loaded onto a
pre-equilibrated Fast-Flow Protein A Sepharose column,
the column is washed extensively in a physiological
buffer (such as 100 mM Sodium Phosphate, 150 mM NaCI
at neutral pH), and the bound protein is eluted at
about pH 2.5 to 3 in same salt buffer as above.
Fractions are immediately neutralized, peak fractions
are pooled, and an aliquot is fractionated over an
analytical SEC column. EXAMPLE 9: In vitro activity of
IL-7 variants [01 93] To determine whether the IL-7
variants containing mutations of the invention retain
their cytokine activity in vitro cellular
proliferation bioassays are performed. Human PBMC
(Peripheral Blood Mononuclear Cells) are activated by
PHA-P to produce cells which are responsive to IL-7.
Proliferation is measured in a standard thymidine
incorporation assay. [0194] For example, the cytokine
activity of huFc-Del-IL-7 and bDel-IL-7 is determined.
Briefly, PBMCs are first incubated for five days with
10 microgram/ml PHA-P, cells are washed and then
incubated in medium with huFc- Del-IL-7 or bDel-IL-7,
prepared as a dilution series, for a total of 48
hours. During the final 12 hours, the samples are
pulsed with 0.3 //Ci of [methyl-3H]thymidine
(Dupont-NEN-027). Cells are then washed extensively,
harvested and lysed onto glass filters. 3H-thymidine
incorporated into DNA is measured in a
scintillationcounter. As a standard, wild type hulL-7
protein, obtained from R&D Systems (Minneapolis, MN),
or obtained from the National Institute for Biological
Standards and Control (NIBSC), is assayed. [0195] An
ED50 value of cell proliferation for huFc-Del-IL-7 or
bDel-IL-7 is obtained from plotting a dose response
curve according to standard techniques, and
determining the protein concentration that results in
half-maximal response. Example 10: Induction of
anti-human IL-7 antibodies in monkeys by wild-type IL-
7 and IL-7 variants [0196] It is known that
bacterial-derived wild-type human IL-7 administered to
monkeys often results in neutralizing anti-human IL-7
antibody titers (Storek et ai, (2003), Blood, 101
:4209; Fry et al., (2003), Blood , 101 :2294). Thus,
the propensity of prokaryotically produced variant
IL-7 and wild-type IL-7 proteins, as well as
eukaryotically produced fusion proteins containing
wild-type or variant IL-7 polypeptides, to induce
neutralizing antibodies in nonhuman primates is
assessed. In a typical experiment, rhesus macaques are
injected with 40 mg/kg of the protein samples
subcutaneously once a day for four weeks. For example,
the protein samples are commercially available
prokaryotically-produced IL-7 (PeproTech, Rocky Hill,
NJ), the prokaryotically produced variant IL-7(K68D, 



M69D, I88T, V94G), and the equivalent Fc-IL-7 fusion
proteins produced in a mammalian expression system. At
regular intervals, serum is obtained from the animals,
and serum concentrations of antibodies against human
IL-7 are measured by ELISA using human IL-7 coated 96
well plates (Nunc, Naperville, IL). Typically, serial
dilutions of each serum sample are added to each well
in triplicate for two hours, washed with 0.05% Tween
(Tween 20) in PBS and blocked with 1% BSA/1% goat
serum in PBS. To each sample a horseradish
peroxidase-conjugated anti-macaque IgG is added
(1:60,000 in sample buffer), incubated at 370C for 2
hr, and the plate is washed 8 times with 0.05% Tween
in PBS. Samples are then assayed using the
colorimetric substrate solution OPD
(o-phenylenediamine dihydrochloride) by measuring the
OD at 490 nm, subtracting the background OD reading at
650 nm. [0197] It is found that prokaryotically
produced wild-type IL-7 protein indeed gives rise to
high anti-IL-7 antibody titers. In contrast, the
antibody titers of the prokaryotically produced
variant IL-7 gives rise to significantly lower titers
of antiIL-7 antibodies. It is also found that the
differences in the levels of anti IL-7 antibody titers
produced by animals administered mammalian produced
wild-type and variant Fc-IL-7 fusion proteins, (with
mutations around the N-linked glycosylation sites) are
not as pronounced. This result may indicate that the
lack of glycosylation at these sites in the
prokaryotically produced proteins contributes to the
immunogenicity of these proteins. Example 11: Acute
tolerability of Fc-IL-7 in immunocompetent mice [0198]
The Fc-IL-7 fusion protein huFc
k2(h)(N>Q)(linker2)-hulL-7 was prepared according to
the method described in Example No. 6, purified, then
formulated in 5OmM phosphate, 15OmM sodium chloride pH
7.00, 0,05% (v/v) Tween 80. The protein concentrations
of diluted solutions were determined using the
absorbance at 280nm and the theoretical extinction
coefficient of 0.98 mg/OD 28o, based on the known
protein sequence. For dosing mice, an aliquot of each
sample was removed from stock vials and diluted with
0.9% saline within one hour of dosing. [0199] C57B1/6
mice (Charles River Laboratories, Wilmington, MA), 17
weeks of aged were divided into groups of 2 mice each
and were administered the Fc-IL-7 fusion proteins
subcutaneously for 5 consecutive days. Groups received
dosages of either 0.5, 5.0, 25 mg/kg or the vehicle
control each day. All mice survived the treatment
through day 7, at which point the mice were
sacrificed. [0200] Fc-IL-7 plasma levels were
determined by obtaining blood samples from the
retro-orbital sinus 6 hours after dosing on days 0, 2,
4, and 7. Blood samples were collected in tubes
containing heparin to prevent clotting. Cells were
removed by centrifugation and the concentration of
intact Fc-IL-7 fusion protein in the plasma was
measured using standard ELISA procedures. Plasma
levels of Fc-IL-7 in mg/m\ for test mice are shown in
Figure 36. The plasma of mice showed a dose dependent
increase in Fc-IL-7 concentration at all time points
tested and further increased following each dose.
However, as shown in Figure 37, the magnitude of the
increase lessened after each dosing. [0201] The
functional activity of Fc-IL-7 was confirmed by
measuring increases in B cells and T cells on day 7
following the initiation of dosing. Since IL-7 boosts
the production of immune effector cells such as B
cells and T cells,the cellularity and weight of the
spleen is expected to increase. Mice were sacrificed
on day 7 and organs were removed and weighed. Figure
38 shows the average organ weights on day 7. As
expected, spleen weight increased 3 to 5 fold 1 week
after the initial dose. Lung weights increased 2 fold
following the 2 5 higher doses of Fc-IL-7 due to
lymphotcytic infiltration. No weight changes were
observed in the kidney or liver. [0202] The response
of B cells (CD19+, CD4+, CD8+ and granulocytes (Gr- I
+)) in all groups was observed on day 7. Fig. 39 shows
the frequency of Gr-1 + cells in the peripheral blood
of two mice in each group. As the data shows, i o
granulocytes were generally unresponsive to Fc-IL-7.
Fig. 40 shows the frequency of CD1 9+ cells in the
peripheral blood of two mice in each group. Fig. 4 1
shows the frequency of CD4+ cells in the peripheral
blood of two mice in each group, while Fig. 42 shows
the frequency of CD8+ cells in the peripheral blood of
two mice in each group. The increases in B cell (Fig.
40 and T cell (Figs. 4 1 and 15 42 numbers were
maximal for the 5 mg/kg dosage group with each mouse
tested showing significantly increased T cell and B
cell numbers over the control group and the 0.5 mg/kg
dosage group. However, T cell numbers either declined
or increased for mice in the 25 mg/kg dosage group.
All measurements of cells are shown in cells per mL of
blood. 0 Example 12. Assessment of Human Fc-IL-7
Activity [0203] The biological activity of the Fc-IL-7
fusion protein tested in Example I 1 was measured by
tritiated thymidine uptake in a standard cell
proliferation assay using peripheral blood mononuclear
cell (PBMC) PHA blasts according to 5 the method
described in Yokota et al., (1986), Proc. Natl. Acad.
Sci. USA, 83:5894; and Stern et al., (1990), Proc.
Natl. Acad. Sci. USA , 87:6808-6812, with human IL-7
used as a standard. As shown in Figure 43, cellular
proliferation as measured by the uptake of tritiated
thymidine for the Fc-IL-7 molecule is similar to that
of the standard NIBSC human IL-7 (World Health
Organization), indicating 0 that the activity of the
Fc-IL-7 molecule is similar to wild-type human IL-7. 



Equivalents [0204] The invention may be embodied in
other specific forms without departing from the spirit
or essential characteristics thereof. The
foregoingembodiments are therefore to be considered in
all respects illustrative rather than limiting on the
invention described herein. Scope of the invention is
thus indicated by the appended claims rather than by
the foregoing description, and all changes which come
within the meaning and range of equivalency of the
claims are intended to be embraced therein.Patent
Claims 1. A polypeptide comprising a modified human
IL-7 molecule or an active portion thereof having a
T-cell epitope modified to reduce an anti-IL-7 T-cell
response, wherein said modified IL-7 comprises an
amino acid substitution at one or more residues of the
wild-type IL-7 corresponding to Gln22, Leu24, lle30,
Phe39, Met54, Phe57, Arg58, AladO, Arg61 , Leu63,
Lys68, Met69, Leu77, Ile88, Val96, Leu104, Leu128,
Met147, Thr149, or Lys150. 2 . A polypeptide of claim
1 comprising at least two of said amino acid
substitutions. 3. A polypeptide of claim 1 comprising
at least four of said amino acid substitutions. 4. A
polypeptide of any of the claims 1 - 3, wherein the
substitution is a substitution at one or more of
residues Phe39, Phe57, Leu77, and Leu128. 5. A
polypeptide of any of the claims 1 - 4, comprising one
or more of the following substitutions: Gln22Asp,
Leu24Asp, Ne30Thr, Phe39Pro, Met54Ala, Phe57Lys,
Phe57Asn, Arg58Asp, Ala OSer, Arg61Glu, Leu77Asp,
Leu104Ser, Leu104Val, Leu128Ala, Leu128Val, Leu128Pro,
Leu128Ser Met147Lys, Thr149Ser, or Lys150Stop. 6. A
polypeptide of claim 5, wherein the polypeptide
comprises one or more of substitutions Phe39Pro,
Phe57Asn, Leu77Asp, and Leu128Ser. 7. A polypeptide of
claim 6, wherein the polypeptide comprises the
substitutions Phe39Pro, Phe57Asn, Leu77Asp, and
Leu128Ser. 8. A polypeptide according any of the
claims 1 - 7, wherein said polypeptide is at least 80%
identical to human wild-type II-7.9. A polypeptide
according to any of the claims 1 - 8, wherein said
polypeptide further comprises an immunoglobulin
molecule or a portion thereof fused to said modified
IL-7 molecule or active fragment thereof. 10. A
polypeptide of claim 9, wherein said immunoglobulin
molecule or portion thereof is fused via its
C-terminal to the N-terminal of said modified IL-7
molecule or active fragment thereof. 11. A polypeptide
of claim 9 or 10, wherein said immunoglobulin molecule
is a human immunoglobulin. 12. A polypeptide of any of
the claims 9 - 11, wherein said immunoglobulin
molecule is lgG2. 13. A polypeptide of any of the
claims 9 - 12, wherein said immunoglobulin is an Fc
portion. 14. A nucleic acid molecule encoding a
polypeptide according to any one of claims 1-13. 15.
An expression vector comprising a nucleic acid
molecule of claim 14. 16. A prokaryotic cell
comprising an expression vector of claim 15. 17. Use
of a polypeptide according to any of the claims 1 - 13
for the manufacture of a medicament for the treatment
of cancer diseases or HIV. 18. Use of claim 17,
wherein the effective amount of the polypeptide
administered to the patient is between 0.01 and 10
mg/kg/day. 19. A method of treating a patient
suffering from cancer diseases or HIV by administering
to said patient a therapeutically effective amount of
a polypeptide according to any one of claims 1-1
3.SEQUENCE LISTING <110> Gillies, Stephen D . Way,
Jeffrey <120> IL-7 Variants with Reduced
Immunogenicity <130> LEX-035 <150> US 60/634,470 <151>
2004-12-09 <160> 72 <170> Patentln version 3.3 <210> 1
<211> 177 <212> PRT <213> Homo sapiens <400> 1 Met Phe
His VaI Ser Phe Arg Tyr H e Phe GIy Leu Pro Pro Leu H
e 1 5 10 15 Leu VaI Leu Leu Pro VaI Ala Ser Ser Asp
Cys Asp H e GIu GIy Lys 20 25 30 Asp GIy Lys GIn Tyr
GIu Ser VaI Leu Met VaI Ser H e Asp GIn Leu 35 40 45
Leu Asp Ser Met Lys GIu H e GIy Ser Asn Cys Leu Asn
Asn GIu Phe 50 55 60 Asn Phe Phe Lys Arg His H e Cys
Asp Ala Asn Lys GIu GIy Met Phe 65 70 75 80 Leu Phe
Arg Ala Ala Arg Lys Leu Arg Gin Phe Leu Lys Met Asn
Ser 



85 90 95 Thr GIy Asp Phe Asp Leu His Leu Leu Lys VaI
Ser GIu GIy Thr Thr 100 105 H O H e Leu Leu Asn Cys
Thr GIy Gin VaI Lys GIy Arg Lys Pro Ala Ala 115 120
125 Leu GIy GIu Ala GIn Pro Thr Lys Ser Leu GIu GIu
Asn Lys Ser Leu 130 135 140Lys GIu Gin Lys Lys Leu Asn
Asp Leu Cys Phe Leu Lys Arg Leu Leu 145 150 155 160
GIn GIu lie Lys Thr Cys Trp Asn Lys H e Leu Met GIy
Thr Lys GIu 165 170 175 His <210> 2 <211> 176 <212>
PRT <213> Bos taurus <400> 2 Met Phe His VaI Ser Phe
Arg Tyr lie Phe GIy lie Pro Pro Leu lie 1 5 10 15 Leu
VaI Leu Leu Pro VaI Ala Ser Ser Asp Cys Asp lie Ser
GIy Arg 20 25 30 Asp GIy GIy Ala Tyr GIn Asn VaI Leu
Met VaI Asn lie Asp Asp Leu 35 40 45 Asp Asn Met lie
Asn Phe Asp Ser Asn Cys Leu Asn Asn GIu Pro Asn 50 55
60 Phe Phe Lys Lys His Ser Cys Asp Asp Asn Lys GIu Ala
Ser Phe Leu 65 70 75 80 Asn Arg Ala Ser Arg Lys Leu
Arg Gin Phe Leu Lys Met Asn lie Ser 85 90 95 Asp Asp
Phe Lys Leu His Leu Ser Thr VaI Ser GIn GIy Thr Leu
Thr 100 105 110 Leu Leu Asn Cys Thr Ser Lys GIy Lys
GIy Arg Lys Pro Pro Ser Leu 115 120 125 Ser GIu Ala
GIn Pro Thr Lys Asn Leu GIu GIu Asn Lys Ser Ser Arg
130 135 140GIu Gin Lys Lys Gin Asn Asp Leu Cys Phe Leu
Lys H e Leu Leu GIn 145 150 155 160 Lys H e Lys Thr
Cys Trp Asn Lys H e Leu Arg GIy H e Lys GIu His 165
170 175 <210> 3 <211> 176 <212> PRT <213> Ovis aries
<400> 3 Met Phe His VaI Ser Phe Arg Tyr H e Phe GIy H
e Pro Pro Leu H e 1 5 10 15 Leu VaI Leu Leu Pro VaI
Ala Ser Ser Asp Cys Asp Phe Ser GIy Lys 20 25 30 Asp
GIy GIy Ala Tyr GIn Asn VaI Leu Met VaI Ser H e Asp
Asp Leu 35 40 45 Asp Asn Met H e Asn Phe Asp Ser Asn
Cys Leu Asn Asn GIu Pro Asn 50 55 60 Phe Phe Lys Lys
His Ser Cys Asp Asp Asn Lys GIu Ala Ser Phe Leu 65 70
75 80 Asn Arg Ala Ala Arg Lys Leu Lys GIn Phe Leu Lys
Met Asn H e Ser 85 90 95 Asp Asp Phe Lys Leu His Leu
Ser Thr VaI Ser GIn GIy Thr Leu Thr 100 105 110 Leu
Leu Asn Cys Thr Ser Lys GIy Lys GIy Arg Lys Pro Pro
Ser Leu 115 120 125 GIy GIu Ala GIn Pro Thr Lys Asn
Leu GIu GIu Asn Lys Ser Leu Lys 130 135 140 GIu GIn
Arg Lys GIn Asn Asp Leu Cys Phe Leu Lys H e Leu Leu
GIn 145 150 155 160 Lys H e Lys Thr Cys Trp Asn Lys H
e Leu Arg GIy H e Thr GIu His 165 170 175<210> 4 <211>
152 <212> PRT <2 13> Artificial Sequence <22 0> <223>
Deimmunized Human IL-7 Amino Acid Sequence. <400> 4
Asp Cys Asp lie GIu GIy Lys Asp GIy Lys GIn Tyr GIu
Ser VaI Leu 1 5 10 15 Met VaI Ser lie Asp Gin Leu Leu
Asp Ser Met Lys GIu lie GIy Ser 20 25 30 Asn Cys Leu
Asn Asn GIu Phe Asn Phe Phe Lys Arg His lie Cys Asp 35
40 45 



Ala Asn Lys GIu GIy Met Phe Leu Phe Arg Ala Ala Arg
Lys Leu Arg 50 55 60 Gin Phe Leu Asp Asp Asn Ser Thr
GIy Asp Phe Asp Leu His Leu Leu 65 70 75 8 0 Lys VaI
Ser GIu GIy Thr Thr Thr Leu Leu Asn Cys Thr GIy GIn
GIy 85 90 95 Lys GIy Arg Lys Pro Ala Ala Leu GIy GIu
Ala GIn Pro Thr Lys Ser 100 105 110 Leu GIu GIu Asn
Lys Ser Leu Lys GIu GIn Lys Lys Leu Asn Asp Leu 115
120 125 Cys Phe Leu Lys Arg Leu Leu GIn GIu H e Lys
Thr Cys Trp Asn Lys 130 135 140 H e Leu Met GIy Thr
Lys GIu His 145 150 <210> 5 <211> 153 <212> PRT <213>
Artificial Sequence<22 0> <223> Bacterially Produced
Deimmunized Human IL- 7 Amino acid sequence. <400> 5
Met Asp Cys Asp lie GIu GIy Lys Asp GIy Lys GIn Tyr
GIu Ser VaI 1 5 10 15 Leu Met VaI Ser lie Asp GIn Leu
Leu Asp Ser Met Lys GIu lie GIy 20 25 30 Ser Asn Cys
Leu Asn Asn GIu Phe Asn Phe Phe Lys Arg His lie Cys 35
40 45 Asp Ala Asn Lys GIu GIy Met Phe Leu Phe Arg Ala
Ala Arg Lys Leu 50 55 60 Arg Gin Phe Leu Asp Asp Asn
Ser Thr GIy Asp Phe Asp Leu His Leu 65 70 75 80 Leu
Lys VaI Ser GIu GIy Thr Thr Thr Leu Leu Asn Cys Thr
GIy Gin 85 90 95 GIy Lys GIy Arg Lys Pro Ala Ala Leu
GIy GIu Ala GIn Pro Thr Lys 100 105 110 Ser Leu GIu
GIu Asn Lys Ser Leu Lys GIu GIn Lys Lys Leu Asn Asp
115 120 125 Leu Cys Phe Leu Lys Arg Leu Leu GIn GIu
lie Lys Thr Cys Trp Asn 130 135 140 Lys H e Leu Met
GIy Thr Lys GIu His 145 150 <210> 6 <211> 456 <212>
DNA <213> Artificial Sequence <220> <223> Nucleic acid
sequence encoding mature IL-7 with codon substitutions
for F39P, F57N, and L128S . <400> 6 gattgtgata
ttgagggtaa ggatggcaaa cagtacgaga gtgttctaat ggtgagcatc
60gaccagttat tggacagcat gaaggagatt gggagcaatt
gcctgaataa cgaacccaac 120 ttctttaaga gacacatctg
cgatgccaat aaggaaggga tgtttttaaa ccgtgctgcc 180
cgcaagttga ggcaattcct taaaatgaac agcactggtg actttgatct
ccacctgtta 240 aaagtttcag aaggcaccac aatcctgttg
aactgcactg gccaggtgaa aggaaggaaa 300 cctgctgccc
tgggtgaagc tcaaccaaca aagagtttgg aggagaataa atctttaaag
360 gaacagaaaa aactgaatga cagctgtttc ctaaagagac
tactgcaaga gataaaaact 420 tgctggaata aaatcttgat
gggcactaaa gaacac 456 <210 > 7 <211> 152 <2 12> PRT
<213 > Artificial Sequence <22 0> <223> Amino acid
sequence of mature IL-7 with codons for amino acid
substitutions F39P, F57N, and L128S <400> 7 Asp Cys
Asp lie GIu GIy Lys Asp GIy Lys GIn Tyr GIu Ser VaI
Leu 1 5 10 15 Met VaI Ser lie Asp GIn Leu Leu Asp Ser
Met Lys GIu lie GIy Ser 20 25 30 Asn Cys Leu Asn Asn
GIu Pro Asn Phe Phe Lys Arg His lie Cys Asp 35 40 45
Ala Asn Lys GIu GIy Met Phe Leu Asn Arg Ala Ala Arg
Lys Leu Arg 50 55 60 Gin Phe Leu Lys Met Asn Ser Thr
GIy Asp Phe Asp Leu His Leu Leu 65 70 75 80 Lys VaI
Ser GIu GIy Thr Thr lie Leu Leu Asn Cys Thr GIy GIn
VaI 85 90 95 Lys GIy Arg Lys Pro Ala Ala Leu GIy GIu
Ala GIn Pro Thr Lys Ser 



100 105 110 Leu GIu GIu Asn Lys Ser Leu Lys GIu GIn
Lys Lys Leu Asn Asp Ser 115 120 125Cys Phe Leu Lys Arg
Leu Leu GIn GIu lie Lys Thr Cys Trp Asn Lys 130 135
140 lie Leu Met GIy Thr Lys GIu His 145 150 <210> 8
<211> 456 <212> DNA <213> Artificial Sequence <220>
<223> Nucleic acid sequence encoding mature IL-7 with
codons for amino acid substitutions F39P, F57N, L77D,
and L128S. <400> 8 gattgtgata ttgagggtaa ggatggcaaa
cagtacgaga gtgttctaat ggtgagcatc 60 gaccagttat
tggacagcat gaaggagatt gggagcaatt gcctgaataa cgaacccaac
120 ttctttaaga gacacatctg cgatgccaat aaggaaggga
tgtttttaaa ccgtgctgcc 180 cgcaagttga ggcaattcct
taaaatgaac agcactggtg actttgatga ccacctgtta 240
aaagtttcag aaggcaccac aatcctgttg aactgcactg gccaggtgaa
aggaaggaaa 300 cctgctgccc tgggtgaagc tcaaccaaca
aagagtttgg aggagaataa atctttaaag 360 gaacagaaaa
aactgaatga cagctgtttc ctaaagagac tactgcaaga gataaaaact
420 tgctggaata aaatcttgat gggcactaaa gaacac 456 <210>
9 <211> 152 <212> PRT <213> Artificial Sequence <220>
<223> Amino acid sequence of mature IL-7 with codons
for amino acid substitutions F39P, F57N, L77D, and
L128S. <400> 9 Asp Cys Asp lie GIu GIy Lys Asp GIy Lys
GIn Tyr GIu Ser VaI Leu 1 5 10 15 Met VaI Ser lie Asp
Gin Leu Leu Asp Ser Met Lys GIu lie GIy Ser 20 25 30
Asn Cys Leu Asn Asn GIu Pro Asn Phe Phe Lys Arg His
lie Cys Asp 35 40 45Ala Asn Lys GIu GIy Met Phe Leu
Asn Arg Ala Ala Arg Lys Leu Arg 50 55 60 GIn Phe Leu
Lys Met Asn Ser Thr GIy Asp Phe Asp Asp His Leu Leu 65
70 75 80 Lys VaI Ser GIu GIy Thr Thr lie Leu Leu Asn
Cys Thr GIy GIn VaI 85 90 95 Lys GIy Arg Lys Pro Ala
Ala Leu GIy GIu Ala GIn Pro Thr Lys Ser 100 105 110
Leu GIu GIu Asn Lys Ser Leu Lys GIu GIn Lys Lys Leu
Asn Asp Ser 115 120 125 Cys Phe Leu Lys Arg Leu Leu
Gin GIu H e Lys Thr Cys Trp Asn Lys 130 135 140 H e
Leu Met GIy Thr Lys GIu His 145 150 <210> 10 <211> 462
<212> DNA <213> Artificial Sequence <220> <223>
Nucleic acid sequence encoding bacterially produced
deimmunized IL-7, codon-optimized for E . coli with
codons for amino acid substitutions K68D, M69D, I88T,
V96G. <400> 10 atggactgcg acatcgaagg taaagacggc
aaacagtacg aatccgttct gatggtttcc 60 atcgaccagc
tgctggactc catgaaagaa atcggctcca actgcctgaa caacgaattc
120 aacttcttca aacggcacat atgcgacgct aacaaagaag
gcatgttcct gttccgcgct 180 gctcgcaaac tgcgccagtt
cctggatgat aactctaccg gtgacttcga cctgcacctg 240
ctgaaagttt ctgaaggtac tactaccctg ctgaactgca ctggccaggg
taaaggccgc 300 aagccggccg ctctgggcga agctcagccg
actaaatctc tagaagaaaa caaatccctg 360 aaagaacaga
agaagctgaa cgacctgtgc ttcctgaaac gcctgctgca ggaaatcaaa
420 acttgctgga acaaaatcct gatgggcact aaagaacact ag
462<210> 11 <211> 459 <212> DNA <213> Artificial
Sequence <220> <223> Nucleic acid sequence encoding a
mature deimmunized IL-7 variant with codons for amino
acid substitutions K68D, M69D, I88T, V96G. <400> 11
gattgtgata ttgaaggtaa agatggcaaa caatatgaga gtgttctaat
ggtcagcatc 60 gatcaattat tggacagcat gaaagaaatt
ggtagcaatt gcctgaataa tgaatttaac 120 ttttttaaaa
gacatatctg tgatgctaat aaggaaggta tgtttttatt ccgtgctgct
180 



cgcaagttga ggcaatttct tgacgataat agcactggtg attttgatct
ccacttatta 240 aaagtttcag aaggcacaac aaccctgttg
aactgcactg gccagggcaa aggaagaaaa 300 ccagctgccc
tgggtgaagc ccaaccaaca aagagtttgg aagaaaataa atctttaaag
360 gaacagaaaa aactgaatga cttgtgtttc ctaaagagac
tattacaaga gataaaaact 420 tgttggaata aaattttgat
gggcactaaa gaacactga 459 <210> 12 <211> 384 <212> PRT
<213> Artificial Sequence <220> <223> Amino Acid
Sequence for Human Fcgammal-IL-7 . <400> 12 GIu Pro
Lys Ser Ser Asp Lys Thr His Thr Cys Pro Pro Cys Pro
Ala 1 5 10 15 Pro GIu Leu Leu GIy GIy Pro Ser VaI Phe
Leu Phe Pro Pro Lys Pro 20 25 30 Lys Asp Thr Leu Met
lie Ser Arg Thr Pro GIu VaI Thr Cys VaI VaI 35 40 45
VaI Asp VaI Ser His GIu Asp Pro GIu VaI Lys Phe Asn
Trp Tyr VaI 50 55 60 Asp GIy VaI GIu VaI His Asn Ala
Lys Thr Lys Pro Arg GIu GIu GIn 65 70 75 80Tyr Asn Ser
Thr Tyr Arg VaI VaI Ser VaI Leu Thr VaI Leu His Gin 85
90 95 Asp Trp Leu Asn GIy Lys GIu Tyr Lys Cys Lys VaI
Ser Asn Lys Ala 100 105 110 Leu Pro Ala Pro lie GIu
Lys Thr lie Ser Lys Ala Lys GIy GIn Pro 115 120 125
Arg GIu Pro GIn VaI Tyr Thr Leu Pro Pro Ser Arg Asp
GIu Leu Thr 130 135 140 Lys Asn GIn VaI Ser Leu Thr
Cys Leu VaI Lys GIy Phe Tyr Pro Ser 145 150 155 160
Asp lie Ala VaI GIu Trp GIu Ser Asn GIy GIn Pro GIu
Asn Asn Tyr 165 170 175 Lys Thr Thr Pro Pro VaI Leu
Asp Ser Asp GIy Ser Phe Phe Leu Tyr 180 185 190 Ser
Lys Leu Thr VaI Asp Lys Ser Arg Trp GIn Gin GIy Asn
VaI Phe 195 200 205 Ser Cys Ser VaI Met His GIu Ala
Leu His Asn His Tyr Thr GIn Lys 210 215 220 Ser Ala
Thr Ala Thr Pro GIy Ala Asp Cys Asp lie GIu GIy Lys
Asp 225 230 235 240 GIy Lys GIn Tyr GIu Ser VaI Leu
Met VaI Ser H e Asp GIn Leu Leu 245 250 255 Asp Ser
Met Lys GIu lie GIy Ser Asn Cys Leu Asn Asn GIu Phe
Asn 260 265 270 Phe Phe Lys Arg His H e Cys Asp Ala
Asn Lys GIu GIy Met Phe Leu 275 280 285 Phe Arg Ala
Ala Arg Lys Leu Arg GIn Phe Leu Lys Met Asn Ser Thr
290 295 300GIy Asp Phe Asp Leu His Leu Leu Lys VaI Ser
GIu GIy Thr Thr lie 305 310 315 320 Leu Leu Asn Cys
Thr GIy GIn VaI Lys GIy Arg Lys Pro Ala Ala Leu 325
330 335 GIy GIu Ala Gin Pro Thr Lys Ser Leu GIu GIu
Asn Lys Ser Leu Lys 340 345 350 GIu Gin Lys Lys Leu
Asn Asp Leu Cys Phe Leu Lys Arg Leu Leu Gin 355 360
365 GIu lie Lys Thr Cys Trp Asn Lys lie Leu Met GIy
Thr Lys GIu His 370 375 380 <210> 13 <211> 383 <212>
PRT <213> Artificial Sequence <220> <223> Amino Acid
Sequence for Human Fcgamma2 (h) (FN>AQ) -IL-7 . <400>
13 GIu Pro Lys Ser Ser Asp Lys Thr His Thr Cys Pro Pro
Cys Pro Ala 1 5 10 15 Pro Pro VaI Ala GIy Pro Ser VaI
Phe Leu Phe Pro Pro Lys Pro Lys 20 25 30 Asp Thr Leu
Met lie Ser Arg Thr Pro GIu VaI Thr Cys VaI VaI VaI 35
40 45 Asp VaI Ser His GIu Asp Pro GIu VaI GIn Phe Asn
Trp Tyr VaI Asp 50 55 60 GIy VaI GIu VaI His Asn Ala
Lys Thr Lys Pro Arg GIu GIu GIn Ala 65 70 75 80 GIn
Ser Thr Phe Arg VaI VaI Ser VaI Leu Thr VaI VaI His
GIn Asp 



85 90 95 Trp Leu Asn GIy Lys GIu Tyr Lys Cys Lys VaI
Ser Asn Lys GIy Leu 100 105 110Pro Ala Pro lie GIu Lys
Thr H e Ser Lys Thr Lys GIy GIn Pro Arg 115 120 125
GIu Pro Gin VaI Tyr Thr Leu Pro Pro Ser Arg GIu GIu
Met Thr Lys 130 135 140 Asn Gin VaI Ser Leu Thr Cys
Leu VaI Lys GIy Phe Tyr Pro Ser Asp 145 150 155 160
lie Ala VaI GIu Trp GIu Ser Asn GIy GIn Pro GIu Asn
Asn Tyr Lys 165 170 175 Thr Thr Pro Pro Met Leu Asp
Ser Asp GIy Ser Phe Phe Leu Tyr Ser 180 185 190 Lys
Leu Thr VaI Asp Lys Ser Arg Trp GIn GIn GIy Asn VaI
Phe Ser 195 200 205 Cys Ser VaI Met His GIu Ala Leu
His Asn His Tyr Thr GIn Lys Ser 210 215 220 Ala Thr
Ala Thr Pro GIy Ala Asp Cys Asp H e GIu GIy Lys Asp
GIy 225 230 235 240 Lys Gin Tyr GIu Ser VaI Leu Met
VaI Ser H e Asp Gin Leu Leu Asp 245 250 255 Ser Met
Lys GIu H e GIy Ser Asn Cys Leu Asn Asn GIu Phe Asn
Phe 260 265 270 Phe Lys Arg His H e Cys Asp Ala Asn
Lys GIu GIy Met Phe Leu Phe 275 280 285 Arg Ala Ala
Arg Lys Leu Arg Gin Phe Leu Lys Met Asn Ser Thr GIy
290 295 300 Asp Phe Asp Leu His Leu Leu Lys VaI Ser
GIu GIy Thr Thr H e Leu 305 310 315 320 Leu Asn Cys
Thr GIy GIn VaI Lys GIy Arg Lys Pro Ala Ala Leu GIy
325 330 335GIu Ala Gin Pro Thr Lys Ser Leu GIu GIu Asn
Lys Ser Leu Lys GIu 340 345 350 GIn Lys Lys Leu Asn
Asp Leu Cys Phe Leu Lys Arg Leu Leu GIn GIu 355 360
365 lie Lys Thr Cys Trp Asn Lys lie Leu Met GIy Thr
Lys GIu His 370 375 380 <210> 14 <211> 398 <212> PRT
<213> Artificial Sequence <220> <223> Amino Acid
Sequence for Human Fcgammal- (linkerl) -IL-7 <400> 14
GIu Pro Lys Ser Ser Asp Lys Thr His Thr Cys Pro Pro
Cys Pro Ala 1 5 10 15 Pro GIu Leu Leu GIy GIy Pro Ser
VaI Phe Leu Phe Pro Pro Lys Pro 20 25 30 Lys Asp Thr
Leu Met lie Ser Arg Thr Pro GIu VaI Thr Cys VaI VaI 35
40 45 VaI Asp VaI Ser His GIu Asp Pro GIu VaI Lys Phe
Asn Trp Tyr VaI 50 55 60 Asp GIy VaI GIu VaI His Asn
Ala Lys Thr Lys Pro Arg GIu GIu GIn 65 70 75 80 Tyr
Asn Ser Thr Tyr Arg VaI VaI Ser VaI Leu Thr VaI Leu
His GIn 85 90 95 Asp Trp Leu Asn GIy Lys GIu Tyr Lys
Cys Lys VaI Ser Asn Lys Ala 100 105 110 Leu Pro Ala
Pro lie GIu Lys Thr lie Ser Lys Ala Lys GIy GIn Pro
115 120 125 Arg GIu Pro GIn VaI Tyr Thr Leu Pro Pro
Ser Arg Asp GIu Leu Thr 130 135 140Lys Asn GIn VaI Ser
Leu Thr Cys Leu VaI Lys GIy Phe Tyr Pro Ser 145 150
155 160 Asp H e Ala VaI GIu Trp GIu Ser Asn GIy Gin
Pro GIu Asn Asn Tyr 165 170 175 Lys Thr Thr Pro Pro
VaI Leu Asp Ser Asp GIy Ser Phe Phe Leu Tyr 180 185
190 Ser Lys Leu Thr VaI Asp Lys Ser Arg Trp GIn GIn
GIy Asn VaI Phe 195 200 205 Ser Cys Ser VaI Met His
GIu Ala Leu His Asn His Tyr Thr Gin Lys 210 215 220
Ser Ala Thr Ala Thr Pro GIy Ala GIy GIy GIy GIy Ser
GIy GIy GIy 225 230 235 240 GIy Ser GIy GIy GIy Ser
Asp Cys Asp H e GIu GIy Lys Asp GIy Lys 245 250 255
GIn Tyr GIu Ser VaI Leu Met VaI Ser H e Asp Gin Leu
Leu Asp Ser 260 265 270 Met Lys GIu H e GIy Ser Asn
Cys Leu Asn Asn GIu Phe Asn Phe Phe 



275 280 285 Lys Arg His H e Cys Asp Ala Asn Lys GIu
GIy Met Phe Leu Phe Arg 290 295 300 Ala Ala Arg Lys
Leu Arg GIn Phe Leu Lys Met Asn Ser Thr GIy Asp 305
310 315 320 Phe Asp Leu His Leu Leu Lys VaI Ser GIu
GIy Thr Thr H e Leu Leu 325 330 335 Asn Cys Thr GIy
GIn VaI Lys GIy Arg Lys Pro Ala Ala Leu GIy GIu 340
345 350 Ala GIn Pro Thr Lys Ser Leu GIu GIu Asn Lys
Ser Leu Lys GIu GIn 355 360 365Lys Lys Leu Asn Asp Leu
Cys Phe Leu Lys Arg Leu Leu GIn GIu lie 370 375 380
Lys Thr Cys Trp Asn Lys H e Leu Met GIy Thr Lys GIu
His 385 390 395 <210> 15 <211> 15 <212> PRT <213>
Artificial Sequence <220> <223> A polypeptide linker.
<400> 15 GIy GIy GIy GIy Ser GIy GIy GIy GIy Ser GIy
GIy GIy GIy Ser 1 5 10 15 <210> 16 <211> 393 <212> PRT
<213> Artificial Sequence <220> <223> Amino Acid
Sequence for Human Fcgammal (YN>AQ) - (Iinker2) -IL-7
. <400> 16 GIu Pro Lys Ser Ser Asp Lys Thr His Thr Cys
Pro Pro Cys Pro Ala 1 5 10 15 Pro GIu Leu Leu GIy GIy
Pro Ser VaI Phe Leu Phe Pro Pro Lys Pro 20 25 30 Lys
Asp Thr Leu Met lie Ser Arg Thr Pro GIu VaI Thr Cys
VaI VaI 35 40 45 VaI Asp VaI Ser His GIu Asp Pro GIu
VaI Lys Phe Asn Trp Tyr VaI 50 55 60 Asp GIy VaI GIu
VaI His Asn Ala Lys Thr Lys Pro Arg GIu GIu GIn 65 70
75 80 Ala GIn Ser Thr Tyr Arg VaI VaI Ser VaI Leu Thr
VaI Leu His GIn 85 90 95 Asp Trp Leu Asn GIy Lys GIu
Tyr Lys Cys Lys VaI Ser Asn Lys Ala100 105 110 Leu Pro
Ala Pro lie GIu Lys Thr H e Ser Lys Ala Lys GIy GIn
Pro 115 120 125 Arg GIu Pro GIn VaI Tyr Thr Leu Pro
Pro Ser Arg Asp GIu Leu Thr 130 135 140 Lys Asn GIn
VaI Ser Leu Thr Cys Leu VaI Lys GIy Phe Tyr Pro Ser
145 150 155 160 Asp H e Ala VaI GIu Trp GIu Ser Asn
GIy Gin Pro GIu Asn Asn Tyr 165 170 175 Lys Thr Thr
Pro Pro VaI Leu Asp Ser Asp GIy Ser Phe Phe Leu Tyr
180 185 190 Ser Lys Leu Thr VaI Asp Lys Ser Arg Trp
GIn Gin GIy Asn VaI Phe 195 200 205 Ser Cys Ser VaI
Met His GIu Ala Leu His Asn His Tyr Thr GIn Lys 210
215 220 Ser Ala Thr Ala Thr Pro GIy Ala GIy GIy GIy
GIy Ser GIy GIy GIy 225 230 235 240 GIy Asp Cys Asp H
e GIu GIy Lys Asp GIy Lys GIn Tyr GIu Ser VaI 245 250
255 Leu Met VaI Ser H e Asp GIn Leu Leu Asp Ser Met
Lys GIu H e GIy 260 265 270 Ser Asn Cys Leu Asn Asn
GIu Phe Asn Phe Phe Lys Arg His H e Cys 275 280 285
Asp Ala Asn Lys GIu GIy Met Phe Leu Phe Arg Ala Ala
Arg Lys Leu 290 295 300 Arg GIn Phe Leu Lys Met Asn
Ser Thr GIy Asp Phe Asp Leu His Leu 305 310 315 320
Leu Lys VaI Ser GIu GIy Thr Thr H e Leu Leu Asn Cys
Thr GIy GIn 325 330 335VaI Lys GIy Arg Lys Pro Ala Ala
Leu GIy GIu Ala GIn Pro Thr Lys 340 345 350 Ser Leu
GIu GIu Asn Lys Ser Leu Lys GIu Gin Lys Lys Leu Asn
Asp 355 360 365 Leu Cys Phe Leu Lys Arg Leu Leu Gin
GIu lie Lys Thr Cys Trp Asn 370 375 380 



Lys lie Leu Met GIy Thr Lys GIu His 385 390 <210> 17
<211> 9 <212> PRT <213> Artificial Sequence <220>
<223> A polypeptide linker. <400> 17 GIy GIy GIy GIy
Ser GIy GIy GIy GIy 1 5 <210> 18 <211> 391 <212> PRT
<213> Artificial Sequence <220> <223> Amino Acid
Sequence for Human Fcgammal (YN>AQ,d) - (Iinker2) -IL-
7 . <400> 18 GIu Pro Lys Ser Ser Asp Lys Thr His Thr
Cys Pro Pro Cys Pro Ala 1 5 10 15 Pro GIu Leu Leu GIy
GIy Pro Ser VaI Phe Leu Phe Pro Pro Lys Pro 20 25 30
Lys Asp Thr Leu Met lie Ser Arg Thr Pro GIu VaI Thr
Cys VaI VaI 35 40 45 VaI Asp VaI Ser His GIu Asp Pro
GIu VaI Lys Phe Asn Trp Tyr VaI 50 55 60Asp GIy VaI
GIu VaI His Asn Ala Lys Thr Lys Pro Arg GIu GIu Gin 65
70 75 80 Ala GIn Ser Thr Tyr Arg VaI VaI Ser VaI Leu
Thr VaI Leu His Gin 85 90 95 Asp Trp Leu Asn GIy Lys
GIu Tyr Lys Cys Lys VaI Ser Asn Lys Ala 100 105 110
Leu Pro Ala Pro lie GIu Lys Thr lie Ser Lys Ala Lys
GIy GIn Pro 115 120 125 Arg GIu Pro GIn VaI Tyr Thr
Leu Pro Pro Ser Arg Asp GIu Leu Thr 130 135 140 Lys
Asn Gin VaI Ser Leu Thr Cys Leu VaI Lys GIy Phe Tyr
Pro Ser 145 150 155 160 Asp lie Ala VaI GIu Trp GIu
Ser Asn GIy GIn Pro GIu Asn Asn Tyr 165 170 175 Lys
Thr Thr Pro Pro VaI Leu Asp Ser Asp GIy Ser Phe Phe
Leu Tyr 180 185 190 Ser Lys Leu Thr VaI Asp Lys Ser
Arg Trp Gin GIn GIy Asn VaI Phe 195 200 205 Ser Cys
Ser VaI Met His GIu Ala Leu His Asn His Tyr Thr GIn
Lys 210 215 220 Ser Ala Thr Ala Thr Pro GIy GIy GIy
GIy Ser GIy GIy GIy GIy Asp 225 230 235 240 Cys Asp H
e GIu GIy Lys Asp GIy Lys GIn Tyr GIu Ser VaI Leu Met
245 250 255 VaI Ser H e Asp GIn Leu Leu Asp Ser Met
Lys GIu H e GIy Ser Asn 260 265 270 Cys Leu Asn Asn
GIu Phe Asn Phe Phe Lys Arg His H e Cys Asp Ala 275
280 285Asn Lys GIu GIy Met Phe Leu Phe Arg Ala Ala Arg
Lys Leu Arg GIn 290 295 300 Phe Leu Lys Met Asn Ser
Thr GIy Asp Phe Asp Leu His Leu Leu Lys 305 310 315
320 VaI Ser GIu GIy Thr Thr H e Leu Leu Asn Cys Thr
GIy GIn VaI Lys 325 330 335 GIy Arg Lys Pro Ala Ala
Leu GIy GIu Ala GIn Pro Thr Lys Ser Leu 340 345 350
GIu GIu Asn Lys Ser Leu Lys GIu Gin Lys Lys Leu Asn
Asp Leu Cys 355 360 365 Phe Leu Lys Arg Leu Leu Gin
GIu lie Lys Thr Cys Trp Asn Lys H e 370 375 380 Leu
Met GIy Thr Lys GIu His 385 390 <210> 19 <211> 911
<212> DNA <213> Artificial Sequence <220> <223>
Nucleic Acid Sequence for Human Fcgammal . <400> 19
gagcccaaat cttctgacaa aactcacaca tgcccaccgt gcccaggtaa
gccagcccag 60 gcctcgccct ccagctcaag gcgggacagg
tgccctagag tagcctgcat ccagggacag 120 gccccagccg
ggtgctgaca cgtccacctc catctcttcc tcagcacctg aactcctggg
180 



gggaccgtca gtcttcctct tccccccaaa acccaaggac accctcatga
tctcccggac 240 ccctgaggtc acatgcgtgg tggtggacgt
gagccacgaa gaccctgagg tcaagttcaa 300 ctggtacgtg
gacggcgtgg aggtgcataa tgccaagaca aagccgcggg aggagcagta
360 caacagcacg taccgtgtgg tcagcgtcct caccgtcctg
caccaggact ggctgaatgg 420 caaggagtac aagtgcaagg
tctccaacaa agccctccca gcccccatcg agaaaaccat 480
ctccaaagcc aaaggtggga cccgtggggt gcgagggcca catggacaga
ggccggctcg 540 gcccaccctc tgccctgaga gtgaccgctg
taccaacctc tgtccctaca gggcagcccc 600gagaaccaca
ggtgtacacc ctgcccccat cacgggagga gatgaccaag aaccaggtca
660 gcctgacctg cctggtcaaa ggcttctatc ccagcgacat
cgccgtggag tgggagagca 720 atgggcagcc ggagaacaac
tacaagacca cgcctcccgt gctggactcc gacggctcct 780
tcttcctcta tagcaagctc accgtggaca agagcaggtg gcagcagggg
aacgtcttct 840 catgctccgt gatgcatgag gctctgcaca
accactacac gcagaagagc gccaccgcga 900 ccccgggcgc c 911
<210> 20 <211> 911 <212> DNA <213> Artificial Sequence
<220> <223> Nucleic Acid Sequence for Human Fcgammal
(YN>AQ) . <400> 20 gagcccaaat cttctgacaa aactcacaca
tgcccaccgt gcccaggtaa gccagcccag 60 gcctcgccct
ccagctcaag gcgggacagg tgccctagag tagcctgcat ccagggacag
120 gccccagccg ggtgctgaca cgtccacctc catctcttcc
tcagcacctg aactcctggg 180 gggaccgtca gtcttcctct
tccccccaaa acccaaggac accctcatga tctcccggac 240
ccctgaggtc acatgcgtgg tggtggacgt gagccacgaa gaccctgagg
tcaagttcaa 300 ctggtacgtg gacggcgtgg aggtgcataa
tgccaagaca aagccgcggg aggagcaggc 360 ccagagcacg
taccgtgtgg tcagcgtcct caccgtcctg caccaggact ggctgaatgg
420 caaggagtac aagtgcaagg tctccaacaa agccctccca
gcccccatcg agaaaaccat 480 ctccaaagcc aaaggtggga
cccgtggggt gcgagggcca catggacaga ggccggctcg 540
gcccaccctc tgccctgaga gtgaccgctg taccaacctc tgtccctaca
gggcagcccc 600 gagaaccaca ggtgtacacc ctgcccccat
cacgggagga gatgaccaag aaccaggtca 660 gcctgacctg
cctggtcaaa ggcttctatc ccagcgacat cgccgtggag tgggagagca
720 atgggcagcc ggagaacaac tacaagacca cgcctcccgt
gctggactcc gacggctcct 780 tcttcctcta tagcaagctc
accgtggaca agagcaggtg gcagcagggg aacgtcttct 840
catgctccgt gatgcatgag gctctgcaca accactacac gcagaagagc
gccaccgcga 900 ccccgggcgc c 911 <210> 21 <211>
908<212> DNA <213> Artificial Sequence <220> <223>
Nucleic Acid Sequence for Human Fcgamma2 (h) . <400>
21 gagcccaaat cttctgacaa aactcacaca tgcccaccgt
gcccaggtaa gccagcccag 60 gcctcgccct ccagctcaag
gcgggacagg tgccctagag tagcctgcat ccagggacag 120
gccccagctg ggtgctgaca cgtccacctc catctcttcc tcagcaccac
ctgtggcagg 180 accgtcagtc ttcctcttcc ccccaaaacc
caaggacacc ctcatgatct cccggacccc 240 tgaggtcacg
tgcgtggtgg tggacgtgag ccacgaagac cccgaggtcc agttcaactg
300 gtacgtggac ggcgtggagg tgcataatgc caagacaaag
ccacgggagg agcagttcaa 360 cagcacgttc cgtgtggtca
gcgtcctcac cgttgtgcac caggactggc tgaacggcaa 420
ggagtacaag tgcaaggtct ccaacaaagg cctcccagcc cccatcgaga
aaaccatctc 480 caaaaccaaa ggtgggaccc gcggggtatg
agggccacat ggacagaggc cggctcggcc 540 caccctctgc
cctgagagtg accgctgtac caacctctgt ccctacaggg cagccccgag
600 aaccacaggt gtacaccctg cccccatcac gggaggagat
gaccaagaac caggtcagcc 660 tgacctgcct ggtcaaaggc
ttctacccca gcgacatcgc cgtggagtgg gagagcaatg 720
ggcagccgga gaacaactac aagaccacac ctcccatgct ggactccgac
ggctccttct 780 tcctctacag caagctcacc gtggacaaga
gcaggtggca gcaggggaac gtcttctcat 840 gctccgtgat
gcatgaggct ctgcacaacc actacacaca gaagagcgcc accgcgaccc
900 cgggcgcc 908 <210> 22 <211> 908 <212> DNA <213>
Artificial Sequence <220> <223> Nucleic Acid Sequence
for Human Fcgamma2 (h) (FN>AQ) . <400> 22 gagcccaaat
cttctgacaa aactcacaca tgcccaccgt gcccaggtaa gccagcccag
60 gcctcgccct ccagctcaag gcgggacagg tgccctagag
tagcctgcat ccagggacag 120 gccccagctg ggtgctgaca
cgtccacctc catctcttcc tcagcaccac ctgtggcagg 180
accgtcagtc ttcctcttcc ccccaaaacc caaggacacc ctcatgatct
cccggacccc 240tgaggtcacg tgcgtggtgg tggacgtgag
ccacgaagac cccgaggtcc agttcaactg 300 gtacgtggac
ggcgtggagg tgcataatgc caagacaaag ccacgggagg agcaggccca
360 gagcacgttc cgtgtggtca gcgtcctcac cgttgtgcac
caggactggc tgaacggcaa 420 ggagtacaag tgcaaggtct
ccaacaaagg cctcccagcc cccatcgaga aaaccatctc 480
caaaaccaaa ggtgggaccc gcggggtatg agggccacat ggacagaggc
cggctcggcc 540 caccctctgc cctgagagtg accgctgtac
caacctctgt ccctacaggg cagccccgag 600 aaccacaggt
gtacaccctg cccccatcac gggaggagat gaccaagaac caggtcagcc
660 tgacctgcct ggtcaaaggc ttctacccca gcgacatcgc
cgtggagtgg gagagcaatg 720 ggcagccgga gaacaactac
aagaccacac ctcccatgct ggactccgac ggctccttct 780 



tcctctacag caagctcacc gtggacaaga gcaggtggca gcaggggaac
gtcttctcat 840 gctccgtgat gcatgaggct ctgcacaacc
actacacaca gaagagcgcc accgcgaccc 900 cgggtgca 908
<210> 23 <211> 149 <212> PRT <213> Artificial Sequence
<220> <223> Amino acid sequence for mature human
deimmunized-IL-7 .1 . <400> 23 Asp Cys Asp lie GIu GIy
Lys Asp GIy Lys Gin Tyr GIu Ser VaI Leu 1 5 10 15 Met
VaI Ser lie Asp GIn Leu Asp Asp Ser Met Lys GIu lie
GIy Ser 20 25 30 Asn Cys Leu Asn Asn GIu Phe Asn Phe
Phe Lys Arg His lie Cys Asp 35 40 45 Ala Asn Lys GIu
GIy Ala Phe Leu Lys Arg Ala Ser GIu Lys Leu Arg 50 55
60 GIn Phe Leu Lys Met Asn Ser Thr GIy Asp Phe Asp Leu
His Leu Leu S5 70 75 80 Lys VaI Ser GIu GIy Thr Thr H
e Leu Leu Asn Cys Thr GIy GIn VaI 85 90 95Lys GIy Arg
Lys Pro Ala Ala Leu GIy GIu Ala GIn Pro Thr Lys Ser
100 105 110 Leu GIu GIu Asn Lys Ser Leu Lys GIu GIn
Lys Lys Leu Asn Asp Leu 115 120 125 Cys Phe Leu Lys
Arg Leu Leu GIn GIu lie Lys Thr Cys Trp Asn Lys 130
135 140 H e Leu Lys GIy Ser 145 <210> 24 <211> 450
<212> DNA <213> Artificial Sequence <220> <223>
Nucleic acid sequence encoding mature human
deimmunized IL-7.1. <400> 24 gattgtgata ttgaaggtaa
agatggcaaa caatatgaga gtgttctaat ggtcagcatc 60
gatcaattag acgacagcat gaaagaaatt ggtagcaatt gcctgaataa
tgaatttaac 120 ttttttaaaa gacatatctg tgatgctaat
aaggaaggtg cctttttaaa gcgtgcttcc 180 gagaagttga
ggcaatttct taaaatgaat agcactggtg attttgatct ccacttatta
240 aaagtttcag aaggcacaac aatactgttg aactgcactg
gccaggttaa aggaagaaaa 300 ccagctgccc tgggtgaagc
ccaaccaaca aagagtttgg aagaaaataa atctttaaag 360
gaacagaaaa aactgaatga cttgtgtttc ctaaagagac tattacaaga
gataaaaact 420 tgttggaata aaattttgaa aggcagctga 450
<210> 25 <211> 149 <212> PRT <213> Artificial Sequence
<220> <223> Amino acid sequence for mature human
deimmunized IL-7.2. <400> 25 Asp Cys Asp H e GIu GIy
Lys Asp GIy Lys Gin Tyr GIu Ser VaI Leu 1 5 10 15Met
VaI Ser lie Asp Gin Leu Leu Asp Ser Met Lys GIu H e
GIy Ser 20 25 30 Asn Cys Leu Asn Asn GIu Phe Asn Pie
Phe Lys Arg His H e Cys Asp 35 40 45 Ala Asn Lys GIu
GIy Met Phe Leu Phe Arg Ala Ala Arg Lys Leu Arg 50 55
60 Gin Phe Leu Lys Met Asn Ser Thr GIy Asp Phe Asn Asp
His Leu Leu 65 70 75 80 Lys VaI Ser GIu GIy Thr Gin
Thr Leu Leu Asn Cys Thr GIy GIn GIy 85 90 95 Lys GIy
Arg Lys Pro Ala Ala Leu GIy GIu Ala GIn Pro Thr Lys
Ser 100 105 H O Leu GIu GIu Asn Lys Ser Ser Lys GIu
Gin Lys Lys Leu Asn Asp VaI 115 120 125 Cys Phe Leu
Lys Arg Leu Leu GIn GIu H e Lys Thr Cys Trp Asn Lys
130 135 140 H e Leu Lys GIy Ser 145 <210> 26 <211> 450
<212> DNA <213> Artificial Sequence <220> <223>
Nucleic acid sequence encoding mature human
deimmunized IL-7.2. 



<400> 26 gattgtgata ttgaaggtaa agatggcaaa caatatgaga
gtgttctaat ggtcagcatc 60 gatcaattat tggacagcat
gaaagaaatt ggtagcaatt gcctgaataa tgaatttaac 120
ttttttaaaa gacatatctg tgatgctaat aaggaaggta tgtttttatt
ccgtgctgct 180 cgcaagttga ggcaatttct taaaatgaat
agcactggtg attttaacga tcacttatta 240 aaagtttcag
aaggcacaca gacactcttg aactgcactg gccagggcaa aggaagaaaa
300 ccagctgccc tgggtgaagc ccaaccaaca aagagtttgg
aagaaaataa atcttctaag 360gaacagaaaa aactgaatga
cgtgtgtttc ctaaagagac tattacaaga gataaaaact 420
tgttggaata aaattttgaa aggcagctga 450 <210> 27 <211>
149 <212> PRT <213> Artificial Sequence <220> <223>
Amino acid sequence for mature human deimmunized
IL-7.3. <400> 27 Asp Cys Asp lie GIu GIy Lys Asp GIy
Lys Gin Tyr GIu Ser VaI Leu 1 5 10 15 Met VaI Ser lie
Asp Gin Leu Asp Asp Ser Met Lys GIu Thr GIy Ser 20 25
30 Asn Cys Leu Asn Asn GIu Pro Asn Phe Phe Lys Arg His
H e Cys Asp 35 40 45 Ala Asn Lys GIu GIy Ala Phe Leu
Lys Arg Ala Ser GIu Lys Leu Arg 50 55 60 GIn Phe Leu
Asp Asp Asn Ser Thr GIy Asp Phe Asp Asp His Leu Leu 65
70 75 80 Lys VaI Ser GIu GIy Thr GIn Thr Leu Leu Asn
Cys Thr GIy GIn GIy 85 90 95 Lys GIy Arg Lys Pro Ala
Ala Leu GIy GIu Ala GIn Pro Thr Lys Ser 100 105 110
Leu GIu GIu Asn Lys Ser Ser Lys GIu Gin Lys Lys Leu
Asn Asp Ala 115 120 125 Cys Phe Leu Lys Arg Leu Leu
GIn GIu lie Lys Thr Cys Trp Asn Lys 130 135 140 H e
Leu Lys GIy Ser 145 <210> 28<211> 450 <212> DNA <213>
Artificial Sequence <220> <223> Nucleic acid sequence
encoding mature human DeI-IL-7 . 3 . < 4 0 0 > 2 8
gattgtgata ttgaaggtaa agatggcaaa caatatgaga gtgttctaat
ggtcagcatc 60 gatcaattag acgacagcat gaaagaaacc
ggtagcaatt gcctgaataa tgaacctaac 120 ttttttaaaa
gacatatctg tgatgctaat aaggaaggtg cctttttaaa gcgtgcttcc
180 gagaagttga ggcaatttct tgacgataat agcactggtg
attttgatga ccacttatta 240 aaagtttcag aaggcacaca
gacactcttg aactgcactg gccagggcaa aggaagaaaa 300
ccagctgccc tgggtgaagc ccaaccaaca aagagtttgg aagaaaataa
atcttctaag 360 gaacagaaaa aactgaatga cgcctgtttc
ctaaagagac tattacaaga gataaaaact 420 tgttggaata
aaattttgaa aggcagctga 450 <210> 29 <211> 502 <212> DNA
<213> Artificial Sequence <220> <223> Nucleic acid
sequence encoding GGGGSGGGG linker sequence following
by mature human IL-7 containing the amino acid
substitutions F39P, P57N, and L128S . <400> 29
cccgggtgct ggaggtggag gatcaggtgg tggcggtgat tgtgatattg
agggtaagga 60 tggcaaacag tacgagagtg ttctaatggt
gagcatcgac cagttattgg acagcatgaa 120 ggagattggg
agcaattgcc tgaataacga acccaacttc tttaagagac acatctgcga
180 tgccaataag gaagggatgt ttttaaaccg tgctgcccgc
aagttgaggc aattccttaa 240 aatgaacagc actggtgact
ttgatctcca cctgttaaaa gtttcagaag gcaccacaat 300
cctgttgaac tgcactggcc aggtgaaagg aaggaaacct gctgccctgg
gtgaagctca 360 accaacaaag agtttggagg agaataaatc
tttaaaggaa cagaaaaaac tgaatgacag 420 ctgtttccta
aagagactac tgcaagagat aaaaacttgc tggaataaaa tcttgatggg
480 cactaaagaa cactgactcg ag 502 <210> 30 <211> 1394<2
12> DNA <213> Artificial Sequence <220> <223> Nucleic
acid sequence of mature human Fcgamma2 (h) (PN>AQ) -
(Iinker2) -IL-7 (F39P, F57N, L77D, L128S) . <400> 30
gagcccaaat cttctgacaa aactcacaca tgcccaccgt gcccaggtaa
gccagcccag 60 gcctcgccct ccagctcaag gcgggacagg
tgccctagag tagcctgcat ccagggacag 120 



gccccagctg ggtgctgaca cgtccacctc catctcttcc tcagcaccac
ctgtggcagg 180 accgtcagtc ttcctcttcc ccccaaaacc
caaggacacc ctcatgatct cccggacccc 240 tgaggtcacg
tgcgtggtgg tggacgtgag ccacgaagac cccgaggtcc agttcaactg
300 gtacgtggac ggcgtggagg tgcataatgc caagacaaag
ccacgggagg agcaggccca 360 gagcacgttc cgtgtggtca
gcgtcctcac cgttgtgcac caggactggc tgaacggcaa 420
ggagtacaag tgcaaggtct ccaacaaagg cctcccagcc cccatcgaga
aaaccatctc 480 caaaaccaaa ggtgggaccc gcggggtatg
agggccacat ggacagaggc cggctcggcc 540 caccctctgc
cctgagagtg accgctgtac caacctctgt ccctacaggg cagccccgag
600 aaccacaggt gtacaccctg cccccatcac gggaggagat
gaccaagaac caggtcagcc 660 tgacctgcct ggtcaaaggc
ttctacccca gcgacatcgc cgtggagtgg gagagcaatg 720
ggcagccgga gaacaactac aagaccacac ctcccatgct ggactccgac
ggctccttct 780 tcctctacag caagctcacc gtggacaaga
gcaggtggca gcaggggaac gtcttctcat 840 gctccgtgat
gcatgaggct ctgcacaacc actacacgca gaagagcgcc accgcgaccc
900 cgggtgctgg aggtggagga tcaggtggtg gcggtgattg
tgatattgag ggtaaggatg 960 gcaaacagta cgagagtgtt
ctaatggtga gcatcgacca gttattggac agcatgaagg 102 0
agattgggag caattgcctg aataacgaac ccaacttctt taagagacac
atctgcgatg 108 0 ccaataagga agggatgttt ttaaaccgtg
ctgcccgcaa gttgaggcaa ttccttaaaa 1140 tgaacagcac
tggtgacttt gatgaccacc tgttaaaagt ttcagaaggc accacaatcc
1200 tgttgaactg cactggccag gtgaaaggaa ggaaacctgc
tgccctgggt gaagctcaac 1260 caacaaagag tttggaggag
aataaatctt taaaggaaca gaaaaaactg aatgacagct 1320
gtttcctaaa gagactactg caagagataa aaacttgctg gaataaaatc
ttgatgggca 1380 ctaaagaaca ctga 1394<210> 31 <211>
1394 <212 > DNA <213> Artificial Sequence <22 0> <223>
Nucleic acid sequence of mature human Fcgamma2 (h) -
(Iinker2) -IL-7 (F39P, F57N, L128S) . <400> 31
gagcccaaat cttctgacaa aactcacaca tgcccaccgt gcccaggtaa
gccagcccag 60 gcctcgccct ccagctcaag gcgggacagg
tgccctagag tagcctgcat ccagggacag 120 gccccagctg
ggtgctgaca cgtccacctc catctcttcc tcagcaccac ctgtggcagg
180 accgtcagtc ttcctcttcc ccccaaaacc caaggacacc
ctcatgatct cccggacccc 240 tgaggtcacg tgcgtggtgg
tggacgtgag ccacgaagac cccgaggtcc agttcaactg 300
gtacgtggac ggcgtggagg tgcataatgc caagacaaag ccacgggagg
agcagttcaa 360 cagcacgttc cgtgtggtca gcgtcctcac
cgttgtgcac caggactggc tgaacggcaa 420 ggagtacaag
tgcaaggtct ccaacaaagg cctcccagcc cccatcgaga aaaccatctc
480 caaaaccaaa ggtgggaccc gcggggtatg agggccacat
ggacagaggc cggctcggcc 540 caccctctgc cctgagagtg
accgctgtac caacctctgt ccctacaggg cagccccgag 600
aaccacaggt gtacaccctg cccccatcac gggaggagat gaccaagaac
caggtcagcc 660 tgacctgcct ggtcaaaggc ttctacccca
gcgacatcgc cgtggagtgg gagagcaatg 720 ggcagccgga
gaacaactac aagaccacac ctcccatgct ggactccgac ggctccttct
780 tcctctacag caagctcacc gtggacaaga gcaggtggca
gcaggggaac gtcttctcat 840 gctccgtgat gcatgaggct
ctgcacaacc actacacaca gaagagcgcc accgcgaccc 900
cgggtgctgg aggtggagga tcaggtggtg gcggtgattg tgatattgag
ggtaaggatg 960 gcaaacagta cgagagtgtt ctaatggtga
gcatcgacca gttattggac agcatgaagg 1020 agattgggag
caattgcctg aataacgaac ccaacttctt taagagacac atctgcgatg
1080 ccaataagga agggatgttt ttaaaccgtg ctgcccgcaa
gttgaggcaa ttccttaaaa 1140 tgaacagcac tggtgacttt
gatctccacc tgttaaaagt ttcagaaggc accacaatcc 1200
tgttgaactg cactggccag gtgaaaggaa ggaaacctgc tgccctgggt
gaagctcaac 1260 caacaaagag tttggaggag aataaatctt
taaaggaaca gaaaaaactg aatgacagct 1320 gtttcctaaa
gagactactg caagagataa aaacttgctg gaataaaatc ttgatgggca
1380 ctaaagaaca ctga 1394<210> 32 <211> 1394 <212> DNA
<213> Artificial Sequence <220> <223> Nucleic acid
sequence of mature huFcgamma2 (h) - (Iinker2) -IL-7
(P39P, F57N, L77D, and L12 8S) . <400> 32 gagcccaaat
cttctgacaa aactcacaca tgcccaccgt gcccaggtaa gccagcccag
60 gcctcgccct ccagctcaag gcgggacagg tgccctagag
tagcctgcat ccagggacag 120 gccccagctg ggtgctgaca
cgtccacctc catctcttcc tcagcaccac ctgtggcagg 180
accgtcagtc ttcctcttcc ccccaaaacc caaggacacc ctcatgatct
cccggacccc 240 tgaggtcacg tgcgtggtgg tggacgtgag
ccacgaagac cccgaggtcc agttcaactg 300 gtacgtggac
ggcgtggagg tgcataatgc caagacaaag ccacgggagg agcagttcaa
360 cagcacgttc cgtgtggtca gcgtcctcac cgttgtgcac
caggactggc tgaacggcaa 420 ggagtacaag tgcaaggtct
ccaacaaagg cctcccagcc cccatcgaga aaaccatctc 480
caaaaccaaa ggtgggaccc gcggggtatg agggccacat ggacagaggc
cggctcggcc 540 caccctctgc cctgagagtg accgctgtac
caacctctgt ccctacaggg cagccccgag 600 aaccacaggt
gtacaccctg cccccatcac gggaggagat gaccaagaac caggtcagcc
660 tgacctgcct ggtcaaaggc ttctacccca gcgacatcgc
cgtggagtgg gagagcaatg 720 ggcagccgga gaacaactac
aagaccacac ctcccatgct ggactccgac ggctccttct 780
tcctctacag caagctcacc gtggacaaga gcaggtggca gcaggggaac
gtcttctcat 840 gctccgtgat gcatgaggct ctgcacaacc
actacacaca gaagagcgcc accgcgaccc 900 cgggtgctgg
aggtggagga tcaggtggtg gcggtgattg tgatattgag ggtaaggatg
960 



gcaaacagta cgagagtgtt ctaatggtga gcatcgacca gttattggac
agcatgaagg 1020 agattgggag caattgcctg aataacgaac
ccaacttctt taagagacac atctgcgatg 1080 ccaataagga
agggatgttt ttaaaccgtg ctgcccgcaa gttgaggcaa ttccttaaaa
1140 tgaacagcac tggtgacttt gatgaccacc tgttaaaagt
ttcagaaggc accacaatcc 1200 tgttgaactg cactggccag
gtgaaaggaa ggaaacctgc tgccctgggt gaagctcaac 1260
caacaaagag tttggaggag aataaatctt taaaggaaca gaaaaaactg
aatgacagct 1320 gtttcctaaa gagactactg caagagataa
aaacttgctg gaataaaatc ttgatgggca 1380ctaaagaaca ctga
1394 <210> 33 <211> 392 <212> PRT <213> Artificial
Sequence <220> <223> Amino acid sequence of mature
human Fcgamma2 (h) (FN>AQ) - (Iinker2) -IL-7 (F39P,
F57N, L77D, L128S) . <400> 33 GIu Pro Lys Ser Ser Asp
Lys Thr His Thr Cys Pro Pro Cys Pro Ala 1 5 10 15 Pro
Pro VaI Ala GIy Pro Ser VaI Phe Leu Phe Pro Pro Lys
Pro Lys 20 25 30 Asp Thr Leu Met lie Ser Arg Thr Pro
GIu VaI Thr Cys VaI VaI VaI 35 40 45 Asp VaI Ser His
GIu Asp Pro GIu VaI GIn Phe Asn Trp Tyr VaI Asp 50 55
60 GIy VaI GIu VaI His Asn Ala Lys Thr Lys Pro Arg GIu
GIu GIn Ala 65 70 75 80 GIn Ser Thr Phe Arg VaI VaI
Ser VaI Leu Thr VaI VaI His GIn Asp 85 90 95 Trp Leu
Asn GIy Lys GIu Tyr Lys Cys Lys VaI Ser Asn Lys GIy
Leu 100 105 110 Pro Ala Pro lie GIu Lys Thr lie Ser
Lys Thr Lys GIy GIn Pro Arg 115 120 125 GIu Pro GIn
VaI Tyr Thr Leu Pro Pro Ser Arg GIu GIu Met Thr Lys
130 135 140 Asn GIn VaI Ser Leu Thr Cys Leu VaI Lys
GIy Phe Tyr Pro Ser Asp 145 150 155 160 lie Ala VaI
GIu Trp GIu Ser Asn GIy GIn Pro GIu Asn Asn Tyr Lys
165 170 175Thr Thr Pro Pro Met Leu Asp Ser Asp GIy Ser
Phe Phe Leu Tyr Ser 180 185 190 Lys Leu Thr VaI Asp
Lys Ser Arg Trp GIn GIn GIy Asn VaI Phe Ser 195 200
205 Cys Ser VaI Met His GIu Ala Leu His Asn His Tyr
Thr GIn Lys Ser 210 215 220 Ala Thr Ala Thr Pro GIy
Ala GIy GIy GIy GIy Ser GIy GIy GIy GIy 225 230 235
240 Asp Cys Asp lie GIu GIy Lys Asp GIy Lys GIn Tyr
GIu Ser VaI Leu 245 250 255 Met VaI Ser H e Asp GIn
Leu Leu Asp Ser Met Lys GIu lie GIy Ser 260 265 270
Asn Cys Leu Asn Asn GIu Pro Asn Phe Phe Lys Arg His
lie Cys Asp 275 280 285 Ala Asn Lys GIu GIy Met Phe
Leu Asn Arg Ala Ala Arg Lys Leu Arg 290 295 300 GIn
Phe Leu Lys Met Asn Ser Thr GIy Asp Phe Asp Asp His
Leu Leu 305 310 315 320 Lys VaI Ser GIu GIy Thr Thr
lie Leu Leu Asn Cys Thr GIy GIn VaI 325 330 335 Lys
GIy Arg Lys Pro Ala Ala Leu GIy GIu Ala GIn Pro Thr
Lys Ser 340 345 350 Leu GIu GIu Asn Lys Ser Leu Lys
GIu GIn Lys Lys Leu Asn Asp Ser 355 360 365 Cys Phe
Leu Lys Arg Leu Leu Gin GIu H e Lys Thr Cys Trp Asn
Lys 370 375 380 H e Leu Met GIy Thr Lys GIu His 385
390<210> 34 <211 > 392 <212 > PRT <213> Artificial
Sequence <220> <223> Amino acid sequence of mature
human Fcgamma2 (h) (FN>AQ) -(Iinker2) -IL- 7 (F39P,
F57N, L128S) . <400> 34 GIu Pro Lys Ser Ser Asp Lys
Thr His Thr Cys Pro Pro Cys Pro Ala 1 5 10 15 Pro Pro
VaI Ala GIy Pro Ser VaI Phe Leu Phe Pro Pro Lys Pro
Lys 20 25 30 Asp Thr Leu Met lie Ser Arg Thr Pro GIu
VaI Thr Cys VaI VaI VaI 



35 40 45 Asp VaI Ser His GIu Asp Pro GIu VaI Gin Phe
Asn Trp Tyr VaI Asp 50 55 60 GIy VaI GIu VaI His Asn
Ala Lys Thr Lys Pro Arg GIu GIu GIn Ala 65 70 75 80
GIn Ser Thr Phe Arg VaI VaI Ser VaI Leu Thr VaI VaI
His GIn Asp 85 90 95 Trp Leu Asn GIy Lys GIu Tyr Lys
Cys Lys VaI Ser Asn Lys GIy Leu 100 105 110 Pro Ala
Pro H e GIu Lys Thr H e Ser Lys Thr Lys GIy GIn Pro
Arg 115 120 125 GIu Pro Gin VaI Tyr Thr Leu Pro Pro
Ser Arg GIu GIu Met Thr Lys 130 135 140 Asn GIn VaI
Ser Leu Thr Cys Leu VaI Lys GIy Phe Tyr Pro Ser Asp
145 150 155 160 H e Ala VaI GIu Trp GIu Ser Asn GIy
GIn Pro GIu Asn Asn Tyr Lys 165 170 175 Thr Thr Pro
Pro Met Leu Asp Ser Asp GIy Ser Phe Phe Leu Tyr Ser180
185 190 Lys Leu Thr VaI Asp Lys Ser Arg Trp GIn GIn
GIy Asn VaI Phe Ser 195 200 205 Cys Ser VaI Met His
GIu Ala Leu His Asn His Tyr Thr GIn Lys Ser 210 215
220 Ala Thr Ala Thr Pro GIy Ala GIy GIy GIy GIy Ser
GIy GIy GIy GIy 225 230 235 240 Asp Cys Asp H e GIu
GIy Lys Asp GIy Lys GIn Tyr GIu Ser VaI Leu 245 250
255 Met VaI Ser H e Asp GIn Leu Leu Asp Ser Met Lys
GIu H e GIy Ser 260 265 270 Asn Cys Leu Asn Asn GIu
Pro Asn Phe Phe Lys Arg His H e Cys Asp 275 280 285
Ala Asn Lys GIu GIy Met Phe Leu Asn Arg Ala Ala Arg
Lys Leu Arg 290 295 300 GIn Phe Leu Lys Met Asn Ser
Thr GIy Asp Phe Asp Leu His Leu Leu 305 310 315 320
Lys VaI Ser GIu GIy Thr Thr H e Leu Leu Asn Cys Thr
GIy GIn VaI 325 330 335 Lys GIy Arg Lys Pro Ala Ala
Leu GIy GIu Ala GIn Pro Thr Lys Ser 340 345 350 Leu
GIu GIu Asn Lys Ser Leu Lys GIu Gin Lys Lys Leu Asn
Asp Ser 355 360 365 Cys Phe Leu Lys Arg Leu Leu Gin
GIu H e Lys Thr Cys Trp Asn Lys 370 375 380 H e Leu
Met GIy Thr Lys GIu His 385 390 <210> 35 <211>
392<212> PRT <2 13> Artificial Sequence <220> <223 >
Amino acid sequence of mature human Fcgamma2 (h) -
(Iinker2 ) - IL- 7 (F39P , F57N, L77D , L12 8S ) .
<400 > 35 GIu Pro Lys Ser Ser Asp Lys Thr His Thr Cys
Pro Pro Cys Pro Ala 1 5 10 15 Pro Pro VaI Ala GIy Pro
Ser VaI Phe Leu Phe Pro Pro Lys Pro Lys 20 25 30 Asp
Thr Leu Met lie Ser Arg Thr Pro GIu VaI Thr Cys VaI
VaI VaI 35 40 45 Asp VaI Ser His GIu Asp Pro GIu VaI
Gin Phe Asn Trp Tyr VaI Asp 50 55 60 GIy VaI GIu VaI
His Asn Ala Lys Thr Lys Pro Arg GIu GIu GIn Phe 5 70
75 80 Asn Ser Thr Phe Arg VaI VaI Ser VaI Leu Thr VaI
VaI His Gin Asp 85 90 95 Trp Leu Asn GIy Lys GIu Tyr
Lys Cys Lys VaI Ser Asn Lys GIy Leu 100 105 110 Pro
Ala Pro lie GIu Lys Thr H e Ser Lys Thr Lys GIy GIn
Pro Arg 115 120 125 GIu Pro GIn VaI Tyr Thr Leu Pro
Pro Ser Arg GIu GIu Met Thr Lys 130 135 140 Asn GIn
VaI Ser Leu Thr Cys Leu VaI Lys GIy Phe Tyr Pro Ser
Asp 145 150 155 160 lie Ala VaI GIu Trp GIu Ser Asn
GIy Gin Pro GIu Asn Asn Tyr Lys 165 170 175 Thr Thr
Pro Pro Met Leu Asp Ser Asp GIy Ser Phe Phe Leu Tyr
Ser 180 185 190Lys Leu Thr VaI Asp Lys Ser Arg Trp Gin
GIn GIy Asn VaI Phe Ser 195 200 205 



Cys Ser VaI Met His GIu Ala Leu His Asn His Tyr Thr
Gin Lys Ser 210 215 220 Ala Thr Ala Thr Pro GIy Ala
GIy GIy GIy GIy Ser GIy GIy GIy GIy 225 230 235 240
Asp Cys Asp lie GIu GIy Lys Asp GIy Lys GIn Tyr GIu
Ser VaI Leu 245 250 255 Met VaI Ser lie Asp GIn Leu
Leu Asp Ser Met Lys GIu lie GIy Ser 260 265 270 Asn
Cys Leu Asn Asn GIu Pro Asn Phe Phe Lys Arg His lie
Cys Asp 275 280 285 Ala Asn Lys GIu GIy Met Phe Leu
Asn Arg Ala Ala Arg Lys Leu Arg 290 295 300 GIn Phe
Leu Lys Met Asn Ser Thr GIy Asp Phe Asp Asp His Leu
Leu 305 310 315 320 Lys VaI Ser GIu GIy Thr Thr H e
Leu Leu Asn Cys Thr GIy GIn VaI 325 330 335 Lys GIy
Arg Lys Pro Ala Ala Leu GIy GIu Ala GIn Pro Thr Lys
Ser 340 345 350 Leu GIu GIu Asn Lys Ser Leu Lys GIu
Gin Lys Lys Leu Asn Asp Ser 355 360 365 Cys Phe Leu
Lys Arg Leu Leu GIn GIu H e Lys Thr Cys Trp Asn Lys
370 375 380 H e Leu Met GIy Thr Lys GIu His 385 390
<210> 36 <211> 392 <212> PRT <213> Artificial
Sequence<2 2 0 > <223> Amino acid sequence of mature
human Fcgamma2 (h) (Iinker2) -IL-7 (F39P, F57N, L128S)
. <400> 36 GIu Pro Lys Ser Ser Asp Lys Thr His Thr Cys
Pro Pro Cys Pro Ala 1 5 10 15 Pro Pro VaI Ala GIy Pro
Ser VaI Phe Leu Phe Pro Pro Lys Pro Lys 20 25 30 Asp
Thr Leu Met lie Ser Arg Thr Pro GIu VaI Thr Cys VaI
VaI VaI 35 40 45 Asp VaI Ser His GIu Asp Pro GIu VaI
GIn Phe Asn Trp Tyr VaI Asp 50 55 60 GIy VaI GIu VaI
His Asn Ala Lys Thr Lys Pro Arg GIu GIu GIn Phe 65 70
75 80 Asn Ser Thr Phe Arg VaI VaI Ser VaI Leu Thr VaI
VaI His Gin Asp 85 90 95 Trp Leu Asn GIy Lys GIu Tyr
Lys Cys Lys VaI Ser Asn Lys GIy Leu 100 105 110 Pro
Ala Pro lie GIu Lys Thr lie Ser Lys Thr Lys GIy GIn
Pro Arg 115 120 125 GIu Pro GIn VaI Tyr Thr Leu Pro
Pro Ser Arg GIu GIu Met Thr Lys 130 135 140 Asn GIn
VaI Ser Leu Thr Cys Leu VaI Lys GIy Phe Tyr Pro Ser
Asp 145 150 155 160 lie Ala VaI GIu Trp GIu Ser Asn
GIy GIn Pro GIu Asn Asn Tyr Lys 165 170 175 Thr Thr
Pro Pro Met Leu Asp Ser Asp GIy Ser Phe Phe Leu Tyr
Ser 180 185 190 Lys Leu Thr VaI Asp Lys Ser Arg Trp
Gin GIn GIy Asn VaI Phe Ser 195 200 205Cys Ser VaI Met
His GIu Ala Leu His Asn His Tyr Thr Gin Lys Ser 210
215 220 Ala Thr Ala Thr Pro GIy Ala GIy GIy GIy GIy
Ser GIy GIy GIy GIy 225 230 235 240 Asp Cys Asp lie
GIu GIy Lys Asp GIy Lys GIn Tyr GIu Ser VaI Leu 245
250 255 Met VaI Ser lie Asp GIn Leu Leu Asp Ser Met
Lys GIu H e GIy Ser 260 265 270 Asn Cys Leu Asn Asn
GIu Pro Asn Phe Phe Lys Arg His H e Cys Asp 275 280
285 Ala Asn Lys GIu GIy Met Phe Leu Asn Arg Ala Ala
Arg Lys Leu Arg 290 295 300 GIn Phe Leu Lys Met Asn
Ser Thr GIy Asp Phe Asp Leu His Leu Leu 305 310 315
320 Lys VaI Ser GIu GIy Thr Thr H e Leu Leu Asn Cys
Thr GIy GIn VaI 325 330 335 Lys GIy Arg Lys Pro Ala
Ala Leu GIy GIu Ala GIn Pro Thr Lys Ser 340 345 350
Leu GIu GIu Asn Lys Ser Leu Lys GIu Gin Lys Lys Leu
Asn Asp Ser 355 360 365 



Cys Phe Leu Lys Arg Leu Leu GIn GIu H e Lys Thr Cys
Trp Asn Lys 370 375 380 H e Leu Met GIy Thr Lys GIu
His 385 390 <210> 37 <211> 152 <212> PRT <213> Homo
sapiens <400> 37 Asp Cys Asp H e GIu GIy Lys Asp GIy
Lys GIn Tyr GIu Ser VaI Leu1 0 1 5 Met VaI Ser H e Asp
Gin Leu Leu Asp Ser Met Lys Glu lie GIy Ser 20 25 30
Asn Cys Leu Asn Asn Glu Phe Asn Phe Phe Lys Arg His
lie Cys Asp 35 40 45 Ala Asn Lys Glu GIy Met Phe Leu
Phe Arg Ala Ala Arg Lys Leu Arg 50 55 60 GIn Phe Leu
Lys Met Asn Ser Thr GIy Asp Phe Asp Leu His Leu Leu 65
70 75 80 Lys VaI Ser Glu GIy Thr Thr H e Leu Leu Asn
Cys Thr GIy GIn VaI 85 90 95 Lys GIy Arg Lys Pro Ala
Ala Leu GIy Glu Ala GIn Pro Thr Lys Ser 100 105 110
Leu Glu Glu Asn Lys Ser Leu Lys Glu Gin Lys Lys Leu
Asn Asp Leu 115 120 125 Cys Phe Leu Lys Arg Leu Leu
GIn Glu H e Lys Thr Cys Trp Asn Lys 130 135 140 H e
Leu Met GIy Thr Lys Glu His 145 150 <210> 38 <211> 126
<212> PRT <213> Pan troglodytes <400> 38 Met Lys Glu H
e GIy Ser Asn Cys Leu Asn Asn Glu Phe Asn Phe Phe 1 5
10 15 Lys Arg His H e Cys Asp Ala Asn Lys Glu GIy Met
Phe Leu Phe Arg 20 25 30 Ala Ala Arg Lys Leu Arg Gin
Phe Leu Lys Met Asn Ser Thr GIy Asp 35 40 45Phe Asp
Leu His Leu Leu Lys VaI Ser GIu GIy Thr Thr lie Leu
Leu 50 55 60 Asn Cys Thr GIy GIn VaI Lys GIy Arg Lys
Pro Ala Ala Leu GIy GIu 65 70 75 80 Ala Gin Pro Thr
Lys Ser Leu GIu GIu Asn Lys Ser Leu Lys GIu GIn 85 90
95 Lys Lys Leu Asn Asp Leu Cys Phe Leu Lys Arg Leu Leu
Gin GIu lie 100 105 110 Lys Thr Cys Trp Asn Lys H e
Leu Met GIy Thr Lys GIu His 115 120 125 <210> 39 <211>
152 <212> PRT <213> Papio sp. <400> 39 Asp Cys Asp H e
GIu GIy Lys Asp GIy Lys GIn Tyr GIu Ser VaI Leu 1 5 10
15 Met VaI Ser H e Asp GIn Leu Leu Asp Ser Met Lys GIu
H e GIy Ser 20 25 30 Asn Cys Leu Asn Asn GIu Phe Asn
Phe Phe Lys Arg His Leu Cys Asp 35 40 45 Asp Asn Lys
GIu GIy Met Phe Leu Phe Arg Ala Ala Arg Lys Leu Arg 50
55 60 Gin Phe Leu Lys Met Asn Ser Thr GIy Asp Phe Asp
Leu His Leu Leu 65 70 75 80 Lys VaI Ser GIu GIy Thr
Thr H e Leu Leu Asn Cys Thr GIy Lys VaI 85 90 95 Lys
GIy Arg Lys Pro Ala Ala Leu GIy GIu Pro GIn Pro Thr
Lys Ser 100 105 H O Leu GIu GIu Asn Lys Ser Leu Lys
GIu Gin Lys Lys Leu Asn Asp Ser115 120 125 Cys Phe Leu
Lys Arg Leu Leu Gin Lys lie Lys Thr Cys Trp Asn Lys
130 135 140 lie Leu Met GIy Thr Lys GIu His 145 150
<210> 40 <211> 152 <212> PRT <213> Macaca mulatta 



<400> 40 Asp Cys Asp lie GIu GIy Lys Asp GIy Lys Gin
Tyr GIu Ser VaI Leu 1 5 10 15 Met VaI Ser lie Asp Gin
Leu Leu Asp Ser Met Lys GIu lie GIy Ser 20 25 30 Asn
Cys Leu Asn Asn GIu Phe Asn Phe Phe Lys Arg His Leu
Cys Asp 35 40 45 Asp Asn Lys GIu GIy Met Phe Leu Phe
Arg Ala Ala Arg Lys Leu Arg 50 55 60 GIn Phe Leu Lys
Met Asn Ser Thr GIy Asp Phe Asp Leu His Leu Leu 65 70
75 80 Lys VaI Ser GIu GIy Thr Thr H e Leu Leu Asn Cys
Thr GIy Lys VaI 85 90 95 Lys GIy Arg Lys Pro Ala Ala
Leu GIy GIu Pro GIn Pro Thr Lys Ser 100 105 110 Leu
GIu GIu Asn Lys Ser Leu Lys GIu GIn Lys Lys Leu Asn
Asp Ser 115 120 125 Cys Phe Leu Lys Arg Leu Leu GIn
Lys H e Lys Thr Cys Trp Asn Lys 130 135 140 H e Leu
Met GIy Thr Lys GIu His 145 150<210> 41 <211> 151
<212> PRT <213> Bos taurus <400> 41 Asp Cys Asp lie
Ser GIy Lys Asp GIy GIy Ala Tyr GIn Asn VaI Leu 1 5 10
15 Met VaI Asn H e Asp Asp Leu Asp Asn Met H e Asn Phe
Asp Ser Asn 20 25 30 Cys Leu Asn Asn GIu Pro Asn Phe
Phe Lys Lys His Ser Cys Asp Asp 35 40 45 Asn Lys GIu
Ala Ser Phe Leu Asn Arg Ala Ser Arg Lys Leu Arg Gin 50
55 60 Phe Leu Lys Met Asn H e Ser Asp Asp Phe Lys Leu
His Leu Ser Thr 65 70 75 80 VaI Ser GIn GIy Thr Leu
Thr Leu Leu Asn Cys Thr Ser Lys GIy Lys 85 90 95 GIy
Arg Lys Pro Pro Ser Leu Ser GIu Ala Gin Pro Thr Lys
Asn Leu 100 105 110 GIu GIu Asn Lys Ser Ser Lys GIu
Gin Lys Lys Gin Asn Asp Leu Cys 115 120 125 Phe Leu
Lys H e Leu Leu GIn Lys H e Lys Thr Cys Trp Asn Lys H
e 130 135 140 Leu Arg GIy H e Lys GIu His 145 150
<210> 42 <211> 151 <212> PRT <213> Sus scrofa <400> 42
Asp Cys Asp H e GIu GIy Lys Asp GIy GIy VaI Tyr GIn
Asn VaI Leu 1 5 10 15Met VaI Ser lie Asp Asp Leu Asp
Arg Met H e Asp Phe Asp Ser Asn 20 25 30 Cys Leu Asn
Asn GIu Pro Asn Phe Leu Lys Lys His Ser Cys Asp Asp 35
40 45 Asn Lys GIu Ala Ser Phe Leu Tyr Arg Ala Ala Arg
Lys Leu Lys GIn 50 55 60 Phe lie Lys Met Asn H e Ser
GIu GIu Phe Asn His His Leu Ser Thr 65 70 75 80 VaI
Ser GIn GIy Thr Leu Thr Leu Phe Asn Cys Thr Ser Lys
VaI Lys 85 90 95 GIy Arg Lys Pro Pro Ser Leu GIy GIu
Ala Gin Leu Thr Lys Asn Leu 100 105 110 GIu GIu Asn
Lys Ser Leu Lys GIu Gin Lys Arg Gin GIy Asp Leu Cys
115 120 125 Phe Leu Lys H e Leu Leu GIn Lys H e Lys
Thr Cys Trp Asn Lys H e 130 135 140 Leu Arg GIy Ala
Lys GIu Tyr 145 150 <210> 43 <211> 151 <212> PRT <213>
Ovis aries <400> 43 Asp Cys Asp Phe Ser GIy Lys Asp
GIy GIy Ala Tyr GIn Asn VaI Leu 1 5 10 15 



Met VaI Ser H e Asp Asp Leu Asp Asn Met H e Asn Phe
Asp Ser Asn 20 25 30 Cys Leu Asn Asn GIu Pro Asn Phe
Phe Lys Lys His Ser Cys Asp Asp 35 40 45Asn Lys GIu
Ala Ser Phe Leu Asn Arg Ala Ala Arg Lys Leu Lys Gin 50
55 60 Phe Leu Lys Met Asn H e Ser Asp Asp Phe Lys Leu
His Leu Ser Thr 65 70 75 80 VaI Ser Gin GIy Thr Leu
Thr Leu Leu Asn Cys Thr Ser Lys GIy Lys 85 90 95 GIy
Arg Lys Pro Pro Ser Leu GIy GIu Ala Gin Pro Thr Lys
Asn Leu 100 105 110 GIu GIu Asn Lys Ser Leu Lys GIu
GIn Arg Lys GIn Asn Asp Leu Cys 115 120 125 Phe Leu
Lys lie Leu Leu GIn Lys H e Lys Thr Cys Trp Asn Lys H
e 130 135 140 Leu Arg GIy H e Thr GIu His 145 150
<210> 44 <211> 129 <212> PRT <213> Rattus norvegicus
<400> 44 Asp Cys His H e Lys Asp Lys Asp GIy Lys Ala
Phe GIy Ser VaI Leu 1 5 10 15 Met H e Ser H e Asn Gin
Leu Asp Lys Met Thr GIy Thr Asp Ser Asp 20 25 30 Cys
Pro Asn Asn GIu Pro Asn Phe Phe Lys Lys His Leu Cys
Asp Asp 35 40 45 Thr Lys GIu Ala Ala Phe Leu Asn Arg
Ala Ala Arg Lys Leu Arg GIn 50 55 SO Phe Leu Lys Met
Asn H e Ser GIu GIu Phe Asn Asp His Leu Leu Arg 65 70
75 80 VaI Ser Asp GIy Thr GIn Thr Leu VaI Asn Cys Thr
Ser Lys GIu GIu 85 90 95Lys Thr lie Lys GIu Gin Lys
Lys Asn Asp Pro Cys Phe Leu Lys Arg 100 105 110 Leu
Leu Arg GIu lie Lys Thr Cys Trp Asn Lys lie Leu Lys
GIy Ser 115 120 125 H e <210> 45 <211> 129 <212> PRT
<213> Mus musculus <400> 45 GIu Cys His H e Lys Asp
Lys GIu GIy Lys Ala Tyr GIu Ser VaI Leu 1 5 10 15 Met
H e Ser H e Asp GIu Leu Asp Lys Met Thr GIy Thr Asp
Ser Asn 20 25 30 Cys Pro Asn Asn GIu Pro Asn Phe Phe
Arg Lys His VaI Cys Asp Asp 35 40 45 Thr Lys GIu Ala
Ala Phe Leu Asn Arg Ala Ala Arg Lys Leu Lys GIn 50 55
60 Phe Leu Lys Met Asn H e Ser GIu GIu Phe Asn VaI His
Leu Leu Thr 65 70 75 80 VaI Ser GIn GIy Thr GIn Thr
Leu VaI Asn Cys Thr Ser Lys GIu GIu 85 90 95 Lys Asn
VaI Lys GIu GIn Lys Lys Asn Asp Ala Cys Phe Leu Lys
Arg 100 105 110 Leu Leu Arg GIu H e Lys Thr Cys Trp
Asn Lys H e Leu Lys GIy Ser 115 120 125 H e<210> 46
<211> 18 <212 > PRT <213> Homo sapiens <40 0> 46 VaI
Lys GIy Arg Lys Pro Ala Ala Leu GIy GIu Ala Gin Pro
Thr Lys 1 5 10 15 Ser Leu <210> 47 <211> 8 <212> PRT
<213> Artificial Sequence <220> <223> N-terminal
sequence of bacterially produced human IL-7 protein.
<400> 47 Met Asp Cys Asp lie GIu GIy Lys 1 5 



<210> 48 <211> 9 <212> PRT <213> Artificial Sequence
<220> <223> A T cell epitope present in IL-7 including
position 7 0 <400> 48 Leu Arg GIn Phe Leu Lys Met Asn
Ser 1 5 <210> 49 <211> 9 <212> PRT <213> Artificial
Sequence <220> <223> A T-cell epitope present in IL-7
including position 7 0 <400> 49 Phe Leu Lys Met Asn
Ser Thr GIy Asp 1 5<210> 50 <211> 9 <212> PRT <213>
Artificial Sequence <220> <223> A T-cell epitope
present i n IL- 7 including position 70 <40 0 > 5 0
Leu Lys Met Asn Ser Thr GIy Asp Phe 1 5 <210> 51 <211>
9 <212> PRT <213> Artificial Sequence <220> <223> A
T-cell epitope present i n IL-7 including position 70
<400> 51 Met Asn Ser Thr GIy Asp Phe Asp Leu 1 5 <210>
52 <211> 9 <212> PRT <213> Artificial Sequence <220>
<223> A T-cell epitope present i n IL-7 including
position 91 . <4 0 0 > 5 2 lie Leu Leu Asn Cys Thr GIy
Gin VaI 1 5 <210> 53 <211> 9 <212> PRT <213>
Artificial Sequence <220> <223> A T-cell epitope
present i n IL-7 including position 91 . <4 0 0 > 5 3
Leu Leu Asn Cys Thr GIy GIn VaI Lys 1 5 <210> 54<211>
4 <2 12> PRT <213> Artificial Sequence <22 0> <223> A
glycosylation site in Fc portion of IgGl. <400> 54 GIn
Tyr Asn Ser 1 <210> 55 <211> 4 <212> PRT <213>
Artificial Sequence <220> <223> A glycosylation site
in Fc portion of IgGl. <400> 55 GIn Phe Asn Ser 1
<210> 56 <211> 4 <212> PRT <213> Artificial Sequence
<220> <223> A glycosylation site in Fc portion of
IgGl. 



<400> 56 GIn Ala Gin Ser 1 <210> 57 <211> 4 <212> PRT
<213> Artificial Sequence <220> <223> A sequence near
the C-terminus of Fc portion. <400> 57 Leu Ser Leu Ser
1 <210> 58 <211> 4<212> PRT <2 13> Arti ficial
Sequence <22 0> <223> A modified sequence near the
C-terminus of the Fc portion. <400> 58 Ala Thr Ala Thr
1 <210> 59 <211> 13 <212> PRT <213> Artificial
Sequence <220> <223> A tetanus toxin derived peptide.
<400> 59 Met GIn Tyr H e Lys Ala Asn Ser Lys Phe H e
GIy He 1 5 10 <210> 60 <211> 15 <212> PRT <213>
Artificial Sequence <220> <223> A peptide containing a
T-cell epitope. <400> 60 Ala Arg Lys Leu Arg Gin Phe
Leu Lys Met Asn Ser Thr GIy Asp 1 5 10 15 <210> 61
<211> 15 <212> PRT <213> Artificial Sequence <220>
<223> A peptide containing a T-cell epitope. <400> 61
Leu Arg GIn Phe Leu Lys Met Asn Ser Thr GIy Asp Phe
Asp Leu 1 5 10 15 <210> 62 <211> 15 <212> PRT<213>
Artificial Sequence <220> <223> A peptide containing a
T-cell epitope. <400> 62 Phe Leu Lys Met Asn Ser Thr
GIy Asp Phe Asp Leu His Leu Leu 1 5 10 15 <210> 63
<211> 9 <212> PRT <213> Artificial Sequence <220>
<223> A variant IL-7 peptide sequence. <400> 63 Leu
Arg Gin Phe Leu Asp Asp Asn Ser 1 5 <210> 64 <211> 9
<212> PRT <213> Artificial Sequence <220> <223> A
variant IL-7 peptide sequence. <400> 64 Thr Leu Leu
Asn Cys Thr GIy GIn GIy 1 5 <210> 65 <211> 16 <212>
PRT 



<213> Artificial Sequence <220> <223> A peptide
containing a T-cell epitope. <400> 65 Leu Arg GIn Phe
Leu Lys Met Asn Ser Thr GIy Asp Phe Asp Leu Cys 1 5 10
15 <210> 66 <211> 16 <212> PRT <213> Artificial
Sequence<22 0 > <223> A peptide containing a T-cell
epitope. <400> 66 Cys Leu Arg GIn Phe Leu Lys Met Asn
Ser Thr GIy Asp Phe Asp Leu 1 5 10 15 <210> 67 <211> 5
<212> PRT <213> Artificial Sequence <220> <223> A
sequence containing a glycosylation site. <400> 67 Met
Asn Ser Thr GIy 1 5 <210> 68 <211> 5 <212> PRT <213>
Artificial Sequence <220> <223> A sequence containing
a glycosylation site. <400> 68 Leu Asn Cys Thr GIy 1 5
<210> 69 <211> 30 <212> DNA <213> Artificial Sequence
<220> <223> Primer M(s) . <400> 69 tgactttgat
gaccacctgt taaaagtttc 30 <210> 70 <211> 28 <212> DNA
<213> Artificial Sequence <220> <223> Primer M (a)
.<400> 70 aacaggtggt catcaaagtc accagtgc 2 8 <210> 71
<211> 28 <212> DNA <213> Artificial Sequence <220>
<223> Downstream primer. <400> 71 ctcgagtcag
tgttctttag tgcccatc 28 <210> 72 <211> 29 <212> DNA
<213> Artificial Sequence <220> <223> Upsteam primer.
<400> 72 cccgggtgct ggaggtggag gatcaggtg 29 


