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to Rel atwoozgp?zcati ons This application clains the benef PCT8IS021ZIS Ser i
No. 60/147,924, filed August 9, 1999, the disclosure of which is herein
i ncorporated by reference. Field of the Invention The present invention
relates to nethods for the construction and expression of nultiple 5
cytokine protein conplexes and their. conpositions. Mire specifically, the
i nvention relates to fusSHMULITIRMESYFOKINE-ANTIBOBCCOMYLEXES t i pl e cyt oki nes and a
targeti ng conponent, and methods of using the same for the treatnent of
di seases such as cancer and viral infection. Background of the Invention
The reqgul atory networks controlling the i nmune systemrely on secreted
protein 10 signaling nolecules termed cytokines to turn on and off the
functions of immne cells as Reference ¢gRlelatal Applicationol i f erati on. These
responses generally involve multiple cytokines that act in concert to
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interleukin-2 (1L-2) ..can _induce i mune cel]l proliferation by thensel ves
and can teedisclaswe of avch ishersin incornpsated brgeferseondar y cyt oki ne secreti on.
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15 1994, Blood 84:4008-4027], can induce proliferation of certain immune cells and induce another

key immune modulator, interferon-y (IFN-y). This induction of IFN-y is a key activity of IL-12,
although IL-12 has other important activities that are IFN-y independent. Since IL-12 itself is
induced at an early stage in infectious disease situations, it is thought to link the innate and
acquired immune systems.

20 . Many in vitro studies with both mouse and human immune cells have shown the
importance of cytokine combinations in the development of optimal immune responses. For
example, most T cells do not express IL-12 receptors (IL-12R) until they have been activated
with mitogens or cultured in high concentrations of IL-2 [Desai et al. (1992), J. Immunol.
148:3125-3132). Once the receptors are expressed, the cells become far more responsive to IL-

25  12. Furthermore, IL-12 induces IFN-y transcription, but IFN-y mRNA is degraded shortly
thereafter. In the presence of IL-2, the mRNA is stabilized, resulting in a dramatic increase in the
amount of IFN-y produced [Chan et al. (1992) J. Immunol. 148:52-98]. In other studies, it was
found that the cytokine combinations IL-3 plus IL-11 or IL-3 plus Steel Factor had a synergistic



cited above]. The conbination of interleukin-4 and GM CSF is particularly
usef ul* | webi/tealzati ng dendritic cells (Palucka et al. [1F§8(US9021%$unol ogy
160: 4587-4595). For stinulation of thgli cell - nmedi ated i nmune response, it
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In in vitro cell culture experiments, it is straightforward to control cytokine levels, but

many factors can affect the relative biodistribution and localization of cytokines i» vivo, thus

25  affecting their immunostimulatory capacity. The most important of these factors is the half-life.
The half-life of IL-2 in the circulation after bolus injection is approximately 10 minutes. In
striking contrast to these pharmacokinetic properties, the circulating half-life of IL-12 has been
reported to be >3 hr in mice [Wysocka et al (1995) Eur. J. Immunol. 25:672] and from 5-10 hr in
humans [Lotze et al. (1996) Ann NY Acad Sci 795:440-454].

30 This difference is thought to be due to the relatively small sizes of both IL-2 and GM-
CSF (15-25 kD vs. 75 kD for 1L-12), allowing IL-2 and GM-CSF to be cleared by renal
filtration. Proteins with a molecular weight of less than about 50 kD are cleared by renal

filtration. Almost all cytokines are smaller than 50 kD and undergo similar, rapid clearance by



renal filtration. Wen treatment with two such small, rapidly cleared
cytoki negyd i@ red, it is sufficient to sinply co-adm pecrusoanG

cyt oki nes. However, co-administration is not optinmal for cytokines with
significantly different half-lives. The system c adm nistration of
cytokines is difficult due to their deleterious side effects. 5 For
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It has been demonstrated that many different proteins with short serum half-lives can be

25  fused to an Fc region in an Fc-X configuration, and the resulting fusions have much longer
serum half-lives. However, the serum half-lives of two different Fc fusions will not generally be
identical. Thus, when delivery of two different X moieties is desired, co-administration of two
different Fc-X proteins will not generally be optimal.

Under some circumstances, a better approach is to target the effect of the cytokine to a

30  cell surface antigen by fusing it to an antibody (or fragment derived therefrom) having
specificity and affinity for that antigen (Gillies, U.S. Patent No. 5,650,150; Gillies et al., Proc.
Natl. Acad. Sci. 89:1428) or by linking a protein antigen and stimulatory cytokine via a peptide
linkage in the form of a fusion protein (Hazama et al, Vaccine 11:629). While antibodies




4 thensel ves can increase the half-life of a fused cytokine, there are
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i ncl ude aytkitshTheeyokines baild dpacihkisamt bwybe;ﬁﬂﬁ chhinl? ,coﬁlb@h:ddﬁr aaa:vatbht body
toIL 12 or a re(étgtor to IL-12. Alternatively, .the bindi ng noiet could
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I'L-2. The inv nt|on g)Fow es nethods for the production of fusion proteins
of IL-12 HREE B e o ivity and that of the second
cytokine, whi |I§ r@ﬂ‘,i-réd BibadihfeRe) e inériidh Oﬁ@e%@f:&ﬂl e&t&n&%h@vmgr
simlar tothatag IL-12 itself gthlgt |nc§)éase e duration of the

act i ¥0t y bigactivity gbetwetchain oktokine sugh nallmiaa wigh thataOfmtmﬂmiachbkla@t The cytekines
yclﬁ. J tu\évo %' %%gle%ﬁ%/ %ondedrtje ecltzusgcﬁ to eac other. nllhe cytokmes may a?so]be associated
through other moieties. For example, the polypeptide chain containing the second cytokine
could include a binding moiety that specifically binds IL-12, such as an antibody to IL-12 or a
. receptor to IL-12. Alternatively, the binding moiety could interact with a second moiety that is
25  associated with the IL-12. For example, if a polypeptide chain encoding a subunit of IL-12 also
includes avidin, the polypeptide containing the second cytokine may include biotin as a targeting
moiety. In one preferred embodiment, the second cytokine is IL-2.
The invention provides methods for the production of fusion proteins of IL-12 that
maintain both IL-12 activity and that of the second cytokine, while providing a longer, single
30  pharmacokinetic behavior, similar to that of IL-12 itself, that increases the duration of the
activity of the second cytokine and maintains the balance of activities of the two cytokines after

injection into an animal.



5 I'n another enbodi nent of the invention, the fusion proteins conprise a
het er odi n@bing,mjlgrm of IL-12 in which the p35 and p40. subutitigseakiis- 12 are
| i nked by a disulfide bond and covalently bonded to a second cytoki ne at
either the am no or carboxyl term nus5of the p35 or p40 subunit of IL-12
with the general formula IL-12-X or X-1L-12, where X is a second 5

cytokine. |n Jnehbger @ibsiimeRiyf thd invBionNhe Fidieprotdids donsirie abeficiimeric
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two or nqr,ﬁmgyrsggmx@r)@sémsgd to a protein with targeting capability by
virtue of binding to a specific receptor. For exanple, an Fc region is
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[ 1998] Procﬂll}l?{‘]_1 A{E‘ g Sci  USA. 95:14272-7). A particular enbodinent is the’
fusi on off% CHARETSHBRYhes to at | east a portion of an anti body capabl e
of bindi ng an JaghétHE emboditierdStwd or mmag&m& hre@oded t8 a préteinevichiakgde nn§

anti body, or a single-chain Fv region rther enbodi nments include fusions
of at | esspability byoligyreofitinding kea weﬁfﬁqrEcep@rafow&anmle,taerFmrmgn srcapeble ehist a

t f d
B second g ARk iR deifleck i GEROR, Fuont bl AOrcBlbeR) il
descRopt icprakines tlhistragehesdvahtages efftoith dammmatmmmﬂ rnargeting,) btm inl semeccm:mhstamces

fusion proteins and nul ti lectﬁq |bo fusi on erelns by %enetlc
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capability, but not both capabilities.
In yet another embodiment, a fusion protein comprising multiple cytokines is further
fused at either the amino or carboxyl terminus to a member of a class of molecules with diverse
25 targeting capability, such as an antibody or a peptide aptamer with or without a scaffold (Colas et
al. [1998] Proc Natl Acad Sct USA. 95:14272-7). A particular embodiment is the fusion of
multiple cytokines to at least a portion of an antibody capable of binding an antigen, such as an
intact antibody, a single-chain antibody, or a single-chain Fv region. Further embodiments
include fusions of at least one polypeptide chain of IL-12 at either terminus of at least a portion
30 of an antibody chain that is capable of binding an antigen, and a second cytokine fused at the
other terminus.
According to the above descriptions, it is generally preferred to construct multiple

cytokine fusion proteins and multiple cytokine-antibody fusion proteins by genetic engineering



WO 01/10912 PCT/ US00/ 21715 6 techniques, such that the conponent proteins
are |i'nkegolpg/1iomral ent bonds such as am de bonds or di sul PCTESOIRITLS.
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The invention also provides methods for treatment of diseases and other medical
conditions, in which treatment involves the useful combination of the activity of two or more
25 proteins. In one embodiment, at least one of the proteins has a short (e.g. less than 20 minutes)
or only moderately long (e.g. less than 40 minutes) serum half-life. The proteins are fused by
genetic engineering or other techniques and administered to a human or animal. In this way, the
activities of the two proteins are present in a fixed ratio, and separate administrations on different
dosing schedules of the two proteins are not required. In addition, the serum half-life of the
30 fusion protein will generally be more similar to that of the protein component with the longer
serum half-life, thus lengthening the effective half-life of the protein or proteins with the shorter
serum half-life.
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The preceding and other objects of the present invention, and the various features thereof,
may be more fully understood from the following descriptions, when read together with the
accompanying drawings. Throughout the drawings, like numbers refer to like structures.

25 Figure 1A schematically illustrates the fusion of two cytokines in its simplest form: one
cytokine is fused to a second cytokine, optionally through a linker. Figures 1B-1I show various
ways in which a second cytokine (labeled 'cyt') may be attached to the heterodimeric cytokine
IL-12. Specifically, the second cytokine can be fused to the C-terminus of p40 (Figure 1B), the
N-terminus of p40 (Figure 1C), the C-terminus of p35 (Figure 1D) or the N-terminus of p35

30 (Figure 1E). In addition, Figure 1 shows how a second cytokine may be fused to a single chain
version of IL-12. Specifically, single chain IL-12 molecules may have p35 N-terminal to p40,
with the second cytokine at the C-terminus (Figure 1F) or the N-terminus (Figure 1G).
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-separate cytokines or fusion proteins. In Figure 6A, cells were treated
wi t h hunSresifically, pangtiple cytplinedygion maybeplaced at the C-terminus (Figure 4A), or the N-

terminus (Figure 4B). In addition, the a first cytokine and second cytokine need not be directly

attached, but can be connected through the single-chain antibody moiety (Figure 4C).
Figures 5A-5C schematically show how a first cytokine and a second cytokine may be
25  fused to a single-chain Fv region consisting of the fused variable regions from a heavy chain and
a light chain. Specifically, a first cytokine-cytokine fusion may be placed at the C-terminus
(Figure 5A), or the N-terminus (Figure 5B). In addition, the first cytokine and second cytokine
need not be directly attached, but can be connected through the single-chain Fv moiety (Figure
5C).
30 Figures 6A and 6B show the synergy between IL-12 and IL-2 in the induction of IFN-y
by human peripheral blood mononuclear cells (PBMCs) in response to the separate cytokines or
fusion proteins. In Figure 6A, cells were treated with human IL-12 before (squares) or after

phytohemagglutinin activation (X’s), or with IL-12-]L-2 fusion protein before (diamonds) or
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Figure 9 shows the stimulation of 3H-thymidine uptake by human PBMCs in response to

murine IL-12 (white circles), to a mixture of murine IL-12 plus IL-2 added in a 1:1 molar ratio
(black circles), to a murine Fe-single-chain-IL-12-IL-2 fusion protein (black triangles), and to
25  murine single-chain IL-12 fused to murine IL-2 (black diamonds). The x axis indicates the
concentration (pM) of monomeric cytokine(s), whether present as an intact protein or as a fusion
protein; the y-axis indicates cpm of tritiated thymidine incorporation.
Figure 10 shows the stimulation of 3H-thymidine uptake by human PBMCs in response to
murine IL-12 (white circles), to a mixture of murine IL-12 plus GM-CSF added in a 1:1 molar
30 ratio (black circles), to murine GM-CSF (black triangles), and to an murine Fc-murine IL-12-
GM-CSF fusion protein (X’s). The x axis indicates the concentration (pM) of monomeric
cytokine(s), whether present as an intact protein or as a fusion protein; the y-axis indicates cpm

of tritiated thymidine incorporation.
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Squares indicate average tumor volumes in mice injected intratumorally with 20 micrograms of

KS-IL.2 on days 0, 1, 2, 3, and 4. Triangles indicate average tumor volumes in mice injected
intratumorally with 20 micrograms of KS-IL12 on days 0, 1, 2, 3, and 4. X’s indicate average
25  tumor volumes in mice injected intratumorally with 20 micrograms of KS-IL-12-IL-2 on days 0,
1, 2,3, and 4. The x-axis indicates the number of days elapsed following the first injection; the
y-axis indicates the average tumor volume in cubic milliliters.
Figure 14 shows the effect of antibody-cytokine-cytokine fusion protein treatment of
mice bearing subcutaneous tumors derived from Lewis lung carcinoma cells that were
30  engineered to express human EpCAM. Diamonds indicate average tumor volumes in mice that
were injected with PBS as controls on days 0, 1, 2, 3, and 4. Triangles indicate average tumor
volumes in mice treated with 20 micrograms of KS-IL-12-IL-2. Squares indicate average tumor

volumes in mice treated with 11.5 micrograms of KS-IL2 and 18 micrograms of KS-IL12.
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in cubi Cdi'ﬁlﬂohﬂi)?CSVBL/é mice injected s. ¢. with 1x10° LLC tumor cells expressing scIL-12 (black
triangles); and C57BL/6 mice injected s. c. with 5x10° LLC tumor cells expressing scIL-12

(white triangles). Figure 17B compares C57BL/6 mice injected s. ¢. with 1x10° LLC tumor cells

25  (black diamonds); C57BL/6 mice injected s. c. with 5x10° LLC tumor cells (white diamonds);
C57BL/6 mice injected s. c. with 1x10° LLC tumor cells expressing scIL-12-IL-2 (X’s); and
C57BL/6 mice injected s. c. with 5x10° LLC tumor cells expressing scIL-12 (white circles). The
x-axis indicates number of days after injection of the tumor cells. The y-axis indicates the tumor
volume in cubic millimeters.

30 Figure 18 shows the effect of single- or multiple-cytokine protein secretion by tumor
cells on the ability of the cells to form tumors in an immune-deficient animal. This Figure
compares SCID mice injected s. ¢. with 1x10° LLC tumor cells (black diamonds); SCID mice
injected s. c. with 1x10°® LLC tumor cells expressing scIL-12 (black triangles); and SCID mice
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t wo- subuni t cyt oki congisting of a .p3 d p40 subunit,, or acLive
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mamal i an I L-2, such as _human IL- 2, nouse |IL-2, or an active species or

al | el i ¢ \aewanHowereryartificiab hetgradimentd eygokinesraanfoe cppstuisted. Fer example,diu Cart

ref ehg§ 19 sglum%e%l? oﬁﬁgﬁlcgﬁ% %Mﬁg& A Fo'rxgozll ¥ odimeric cytokine, as can CNTF
and CNTF-R alpha [Trinchieri (1994) Blood 84:4008].

As used herein, "interleukin-12" (IL-12) refers to the two-subunit cytokine consisting of a

p35 and p40 subunit, or an active single-chain fusion of p35 and p40, or a species variant,
fragment, or derivative thereof.

25 As used herein, "interleukin-2" (IL-2) refers to any mammalian IL-2, such as human IL-
2, mouse IL-2, or an active species or allelic variant, fragment or derivative thereof.

As used herein, "GM-CSF" refers to a mammalian Granulocyte/Monocyte-Colony

Stimulating Factor cytokine protein , such as human GM-CSF, mouse GM-CSF, or an active
species or allelic variant, fragment or derivative thereof.

30 As used herein, "immunoglobulin Fc region" means the carboxyl-terminal portion of an
immunoglobulin heavy chain constant region, or an analog or portion thereof. For example, an
immunoglobulin Fc region of IgG may comprise at least a portion of a hinge region, a CH2

domain, and a CH3 domain. In a preferred embodiment the Fc region includes at least a portion
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the nRNA transcript, and either secretion of a ] )
nucleic acids, plasmids, phagemids, cosmids, RNA vectors, viral vectors and the like. Non-

limiting examples of a viral vector include a retrovirus, an adenovirus and an adeno-associated
25  virus.
As used herein, "gene expression" or "expression of a protein” is understood to mean the
transcription of the DNA sequence, translation of the mRNA transcript, and either secretion of a
protein product or production of the protein product in an isolatable form.
As used herein, an “immunocytokine” is a fusion protein comprising an antibody and a
30  cytokine, as disclosed in U.S. Patent No. 5,650,150.
As used herein, a “leader sequence” is a protein sequence that is attached, usually at the
N-terminus, to a second protein sequence, and that directs the second protein sequence to be

secreted from a cell. The leader sequence is usually cleaved and removed from the second



protein product or production of the protein product in an isolatable form
As used hweoetingsan "i nmunocyt oki ne” is a fusion protein coREFUSPE 7N

anti body and a 30 cytokine, as di scli) ed in US Patent No. 5,650,150. As
used herein, a "l|eader sequence" is a%r otein sequence that is attached,
usually at the N-termnus, to a second protei n sequence, and that directs
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Fi gur'ds 12A2RY POsEPle Positien. apjessexnlist CHPEMESSF usi on proteins from Figure

1 can be furthggudedsrRebih, 0191188 fefblsb S':p,aﬁicaﬁr €684 AntibodyAhAtHRdsAb $heS NOWN
as rectangl es, constant regions of antibodies are shown as ovals, and the

heavy chahmor-gpdcifi antiger§ildh and |ight chain variable region are shown as
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interferon gammma, IL-5, 1L-8, or the_|ike), although it contains nmultiple
refefring to the fusion proteins shown in Figures 1A-11 and illustrating that any of the fusion

r

proteins from Figure 1 can be further fused to other proteins as indicated. Cytokines are shown
as rectangles, constant regions of antibodies are shown as ovals, and the heavy chain variable
region and light chain variable region are shown as labeled ovals.
The present invention describes protein complexes containing two different cytokines
25  and optionally including additional protein moieties. A homodimeric cytokine (e.g. interferon
alpha, interferon beta, interferon gamma, IL-5, IL-8, or the like), although it contains multiple
subunits, is nevertheless a single cytokine. Similarly, a heterodimeric cytokine such as IL-12,
although it contains subunits that are different, is a single cytokine. Furthermore, a
heterodimeric form of normally homodimeric cytokines, such as a MCP-1/MCP-2 heterodimer,
30  orof two alleles of a normally homodimeric cytokine (e.g., Zhang, J. Biol. Chem. [1994]
269:15918-24) is a single cytokine. The complexes of the present invention contain two
different cytokines, each of which (e.g. IL-2 and IL-12; IL-4 and GM-CSF; MCP-1 and eotaxin;

etc.) is capable of modulating an activity of a cell of the immune system.
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to the termnus of the resulting sclL-12 (Figures 1F
In a second embodiment, the subunits of IL-12 may be fused to form a single-chain

protein, scIL-12, with either the p35 subunit or the p40 subunit at the N-terminal position; the
25  second cytokine may be attached to the N- or C-terminus of the resulting scIL-12 (Figures 1F-
11). Thus, in a preferred embodiment depicted in Figure 1F, fusion protein 30 contains single-
chain IL-12, in which the N-terminus of p40 subunit 18 is fused to the C-terminus of p35 subunit - -
20, optionally through a peptide linker. In this embodiment, the N-terminus of cytokine 12 is
fused to the C-terminus of p40 subunit 18. In the embodiment shown in Figure 1G, the N-
30 terminus of p35 subunit 20 is fused to the C-terminus of cytokine 12, optionally through a
peptide linker. Figures 1H and 11 show fusion proteins 34 and 36 containing another single-
chain version of IL-12 in which the N-terminus of the p35 subunit is fused to the C-terminus of

the p40 subunit, optionally through a peptide linker. In fusion protein 34, shown in Figure 1H,
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f used t odint@ization can occur because the cytokine binds to its receptor as a dimer. In one

embodiment, multiple cytokines are fused to a portion of an antibody molecule, such as an Fc
region (Figure 2). In another embodiment, IL-12 and a second cytokine are fused to the
25 homodimerizing protein moiety. In a preferred embodiment, the second cytokine is IL-2 or GM-
CSF. The fusion proteins may be created in a variety of ways, reflecting all the various
orderings of several distinct protein moieties from the N- to C-termini in a fusion protein. For
example when interleukin-12 and a second cytokine are fused to an Fc region, the two cytokines
may be both fused in any order to the N- or C-terminus of the Fc region, or one cytokine may be
30 fused at the N-terminus and the other at the C-terminus.
Some of these permutations are illustrated in Figure 2. For example, in the embodiment
shown in Figure 2A, a fusion protein 44 of the invention is fused to the C-terminus of an Fc

region containing hinge region 38, CH2 region 40 and CH3 region 42. Fusion protein 44 could
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IFN-gamma, the N-terminus and the C-terminus are on the same face of the protein. Because the
four-helix bundle proteins, except IL-5 and IFN-gamma, have the same folding pattern, the
methods described herein for IL-2, IL-4 and GM-CSF also apply to other four-helix bundle

25  proteins and other small cytokine proteins that fold as monomers. :

Chemokines are a specific class of cytokines that are thought to form extracellular

gradients and mediate the chemotaxis of specific classes of immune cells. For example, MCP-1
is a chemoattractant for monoeytes, macrophages, and activated T cells; eotaxin is a
chemoattractant for eosinophils; and interleukin-8 is a chemoattractant for neutrophils. In

30 addition to their chemoattractant function, chemokines, like other cytokines, are able to induce
the expression of specific genes in specific target cells. For example, MCP-1 is thought to
induce the expression of Tissue Factor in vascular smooth muscle cells (Schecter et al., J Biol

Chem. [1997] 272:28568-73).
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these structures show the same fold and are generally similar. Because the chemokines have the

same folding pattern, the methods described herein for lymphotactin also apply to other
chemokine proteins.

25 A free N-terminus of a chemokine is often important for its function. Therefore, it is
advantageous in some embodiments to construct fusions in which a second cytokine, antibody
moiety, or other protein moiety may be fused to the C-terminus of the chemokine. To construct
a protein complex containing two active chemokines, it is useful, for example, to fuse the two
different chemokines to the N-termini of an antibody’s heavy and light chains. Some

30 chemokines, such as IL-8, are dimeric under physiological conditions. For certain applications,
it is useful to coexpress a multiple cytokine antibody fusion, such as an IL-8-antibody-cytokine
fusion, along with an unfused IL-8 moiety or an IL-8 moiety with a different fusion partner that

does not interact with the antibody moiety. In this way, the different IL-8 moieties can
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20  CSF (Thurner, J Immunol. Methods [1999] 223:1-15; Palucka, et al. [ 1998] J. Immunol.
160:4587-4595). Because both IL-4 and GM-CSF are small molecules with short serum half-

lives, it is useful to construct a fusion protein comprising an Fc region, IL-4, and GM-CSF. The

resulting molecule is a powerful stimulant of dendritic cell proliferation and activity. Likewise,
both IL-4 and GM-CSF could be fused to a targeting component such as an antibody for the

25 purpose of delivering the combined cytokine activities to the site of cells expressing a
predetermined antigen.

The Fc region, alone or as part of an intact antibody, can confer several properties to
multiple cytokine fusions that may be advantageous or disadvantageous, depending on the
specific application. These properties include dimerization, extension of serum half-life, ability

30 to fix complement, ability to mediate antibody-dependent cell-mediated cytotoxicity (ADCC),
and binding to Fc receptors. If extension of serum half-life is a primary desired feature and
immunological properties of the Fc region are unimportant or undesirable, it is preferable to use

an Fc region that is a natural variant or mutant lacking one or more immunological properties.
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capabi | i pryteigge [Ih itibecaswiof fusing two cytokines to a targeting molecule, a preferred first cytokine is
IL-12. When IL-12 is used, a preferred second cytokine is IL-2 or GM-CSF.

In the case of an antibody, there are a large number of ways in which two or more

25  cytokines can be fused, because there are several possible sites of attachment. For example, an
IgG antibody consists of two heavy and two light chains. The two cytokines may be fused to
each other and then fused to an N- or C-terminus of either the heavy or the light chain.
Alternatively, each cytokine may be fused separately to one of the N- or C-termini on the
antibody molecule.

30 Figure 3 illustrates a subset of ways in two cytokines may be fused to an antibody
molecule. For example, referring to Figure 3A, a fusion protein 44 of the invention could be
fused to the C-terminus of an immunoglobulin heavy chain 46, which is associated with an

immunoglobulin light chain 48. As in Figure 2, fusion protein 44 can have a variety of
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Figure 4A, fusion protein 44 can be fused to the C-terminus of single-chain antibody 50 having
light chain variable region 52 and heavy chain variable region 54. As shown in Figure 4B,
fusion protein 44 can also be fused to the N-terminus of single-chain antibody 50. In the

25 embodiment shown in Figure 4C, a first cytokine 12 is fused to the N-terminus of single-chain
antibody 50, and a second cytokine 14 is fused to the C-terminus of single-chain antibody 50.

A preferred embodiment comprises a fusion of IL-12 and a second cytokine to the single-
chain antibody. A more preferred embodiment comprises IL-2 or GM-CSF as the second
cytokine. |

30 The constant regions of antibodies have the potential to mediate a variety of effector
functions. For example I[gG1 mediates complement fixation, ADCC, and binding to Fc receptor.
The position at which the cytokine is fused may alter the antibody constant region's effector

function, which is useful if modulation of these effector functions is desired.
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protein with two cytokine moieties that both require an intact, unfused N-terminus, it is
preferable to separately fuse the two cytokines to the N-termini of the heavy and light chains of

25  anantibody (Figure 3E). Similarly, if it is desired to construct a multiple cytokine fusion protein
with two cytokine moieties that both require an intact, unfused C-terminus, it is preferable to
separately fuse the two cytokines to the C-termini of the heavy and light chains of an antibody
(Figure 3F). If the antibody is used solely as a vehicle to connect two cytokines in this manner,
it may be useful to mutate or delete those portions of the antibody that confer additional

30 properties related to immune function. For example, it may be preferable to use an Fab region as
a vehicle, since the Fab region retains the heterodimerization feature of an antibody but lacks the
functions characteristic of the Fc region. It may also be useful to use an antibody or antibody

fragment in which the antigen combining site is non-functional.
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Nucleic acids
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25 The invention also features nucleic acids capable of expressing each of the above types of
proteins. These include nucleic acids encoding fusion proteins comprising two or more
cytokines, fusions comprising two or more cytokines and a dimerization domain such as an Fc
region, fusions comprising two or more cytokines fused to an antibody, and two or more
cytokines fused to an Fv region. Preferred forms of the nucleic acids are DNA vectors from

30  which the fusion proteins can be expressed in either bacteria or mammalian cells. For fusion
proteins that comprise multiple polypeptide chains, more than one encoding nucleic acid may be -

used. Alternatively, it may be useful to place two or more fusion protein coding sequences on a
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The pharmaceutical compositions of the invention may be used in the form of solid,

semisolid, or liquid dosage forms, such as, for example, pills, capsules, powders, liquids,
suspensions, or the like, preferably in unit dosage forms suitable for administration of precise
25  dosages. The compositions will include a conventional pharmaceutical carrier or excipient and,
in addition, may include other medicinal agents, pharmaceuticals agents, carriers, adjuvants, etc.
Such excipients may include other proteins, such as, for example, human serum albumin or
plasma proteins. Actual methods of preparing such dosage forms are known or will be apparent
to those skilled in the art. The composition or formulation to be administered will, in any event,
30 contain a quantity of the active component(s) in an amount effective to achieve the desired effect
in the subject being treated.
Administration of the compositions hereof can be via any of the accepted modes of

administration for agents that exhibit such activity. These methods include oral, parenteral, or
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of canceg,,{ type bl For example, it may be useful to characterize the tumor by FACS analysis; -
Western blot, examination of the tumor’s DNA, or simply identifying the type of the tumor cell.

Such methods of tumor characterization are well known to those skilled in the art of tumor
characterization, such as oncologists and tumor biologists. It is also possible to target multiple
25  cytokine fusion proteins by a variety of other means, such as fusion to specific ligands or
receptor moieties, fusion to peptide aptamers with pre-selected binding activities, chemical
conjugation to small molecules with localizing characteristics, and so on. These targeting
- methods may also be used for treatment of other diseases, such as infections.
Treatment of cancer and other cellular disorders by gene therapy
30 The nucleic acids of the invention may be used as gene therapy agents for treatment of -
cancer and other diseases in which it is desirable to target the immune system to a specific cell
type. For example, cancer cells are withdrawn from a human or animal, one or more nucleic

acids encoding a multiple cytokine fusion protein are transfected into the cancer cells, and the



15 the liver. A nore preferred method is to use a nmultiple cytokine fusion
protei'n tWanLi®iFurther fused to a targeting agent such PSR T8ody. I n
particular, the antibodies KS-1/4 ang 14.18 are .directed agai nst
tunor-specific antigens (Varki NM et gl ., Cancer Res [ 1984] 44:681-7,

Gllies et al,, Journal of I nol ogi cal Met hods, 125: 19 9 ;U S

Pat ent l\‘@?é‘.c‘?r&,egsi?ar,eé%@ %Hﬂroéu&%llﬁ%f ?‘“‘Rﬁ’éﬂr %fgﬁﬂﬁ-g %ﬁ?fpﬁ%‘ffiy’%‘? gﬂﬁ B‘agi’Foki ne
fusi on, i'ngoa eQfiftS T SREL cellGn 5T ©Phd Bith dHRimAGKhEY ROufts ah Wikiund REbpERQGEE
an anti body directed against an antigen that 1s likely to be presenlp on

t hat t ypéhe séincenealls, whish mayoeype er lessen s/ severityoffthe cancerc Famondtiple cytekinkegensinor
by FACS anal ysi s Western blot ., examination of fhe tunor'.s DNA .or sjnply
dent | fyIERGR: FRUPIEg R SBpTOPES FEEHAOR FmmentQ romels PSR 4% fppatalizh ¢Sl
char act ey 8é traRsfeiel Ml thelcRAOR célfs By @ fakiatib§bfitethhified ihcl@de the BRlcium
characterization, such as oncol ogists and tunmor biologists. It is also
possi bl ephasphaig methohia {gepe guir's adspowitiseectars icationge bipesamespretrgvigalrveetoys, of

Fuston (A -8R clileEiog B BBRC e sl AR RS ened REPRURIP LRk Rpion

conj ugat protein thas 3 ltherFlisdub ethewirioietiep.cal i zi ng characteristics, and so on.
These targeting., nethods nmay al so be used for treatnent of_ other diseases,
such as i nf ecfRtancergeng therspy grithappcksic agid exprrwingefusionaf ggre d

H e . ‘i
Phorithy Sfaaas Ve AR wAR s Qnckl Gede AP O o TlarEnt Vil ot iERfEn:
desi r abl the immuae-gtimutatiag ipropertées of thecfusddoc ytokdpeprofeine  Eerl dxamiplep ¢he rupleic acid

| e, | | i t hd f h i,mal ,
o S uoben S o e e AR e ST P REn i e
i nto t hejnehnkSiessoiit & arftiptnd dGrededdy de %&?qu&Tfﬂsye}d%éy?ﬁz é&ualﬁﬁe&@am ! S

are then reintroduced into the humar or animal. ternatively, the DNA may
be i nt rowieiedcidnexpressmgeuol protaig moiétiess Int partidiiar, huclein acids ampressing the B7

nou an |i. e response to the cancer cell whi ch ure or n
he Loy alRusy BB a8 el mal B ePEREREE Sato e e R iR Gphonti ol ol o
appr opr i PtentNg 8| B8@5Y]. eTRMERE tor 6f dahedietlts xemagaabmcidbmm?i@ﬂﬁ Rlls, 5
may be transfected into the cancer, cells by any of a variety of techniques,

i ncl ude e¥ekisefusianmay,plse bratcempepied by tratmaheithan antiberbienimmunopHekipe shat
cation Ctal-%e’?sotﬁggﬁgtgr E%gﬂ&lé a1 (8698 Proc, Nat. . 84ihey. ﬁSB' 'fllaﬁgftect'kon of cancer

transf ection net nuclel'c acli’d nay €encode a N 1 e "cyt okl ne Tusion
prot ei n tdiiatwitlsa fucldib acidfenpressihgmuitipde cytokiad fision riag alse be actonganiedblyer apy

it | ei i d i. f usi th f d 1
Y TSN RN NI 7 RN ST TN
that may. augeférapitfihd i iHhAL LiGuMGADEIIGSAeRkeddiR LARH ity B4 Be

protein. For exanple, the nucleic acid of the invention nmay SO Eexpress

ot her prenmbinedwithsysemicteratment vathaniiptetnytakineefusiompnoteins. Am advantageeof co-

[ esponse, { g, AL gen5y XN 83850 BYm S NEE 0peStsts o Merd B¥n Shese troatments,
unlike DNA-damaging agents and cell-cycle blockers, do not kill immune cells that may be
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A preferred embodiment of this gene therapy method is to introduce one or more nucleic
acids encoding IL-12 and a second cytokine into cancer cells, and then reintroduce the cancer
cells into the human or animal. The second cytokine is preferably IL-2 or GM-CSF.

The present invention provides novel vaccine compositions and methods of adjuvantation

30  of vaccines intended to provide a protective cell-mediated immune response in vaccinated host
mammals against certain pathogens, using as an adjuvant two or more cytokines that have been

fused. For example, if a Thl immune response is desired, multiple Th1-promoting cytokines
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Example 1: Construction of gene fusions capable of expressing cytokine-cytokine fusion
proteins

25 To create multifunctional proteins having a plurality of cytokines, gene fusions between
IL-12’s p40 and IL-2, and between IL-12’s p40 and GM-CSF were synthesized. In addition, the
coding sequence for mature murine p35 (SEQ ID NO:1) was fused to a promoter and leader
sequence that allow high levels of expression and efficient secretion. Coding sequences of
murine p40-IL-2 and p40-GM-CSF are shown in SEQ ID NO:2 and SEQ ID NO:3, respectively.

30 A human p40-IL-2 fusion was also constructed (SEQ ID NO:4). Fusions of a mouse Fc region
of IgG2a to mouse p35 (SEQ ID NO:5) and of human p35 to a human Fc region of IgG1 (SEQ
ID NO:6) were constructed, using expression plasmids previously disclosed (Lo et al. Protein
Engineering 11:495-500 [1998]; Lo et al., U.S. Patent No. 5,726,087).
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art .20  tanslation stop codon TAG (anticodon CTA). After sequence verification, the Nhel-Xhol

fragment containing the mu-p40 cDNA with its native leader was ligated to the Xbal-Xhol
digested expression vector pdCs [Lo et al. (1998) Protein Engineering 11:495-500]. The
restriction sites Nhel and Xbal have compatible sticky ends, and Nhel site was used for the
cloning of mu-p40 because mu-p40 has an internal Xbal site.

25 For the construction of DNA encoding mu-p40-mull-2, an oligonucleotide linker was
used to join the mu-p40 DNA via its Pstl site (C TGC AG) to a Smal-Xhol fragment containing
the cDNA of mature murine IL-2. The DNA sequence at the junction of the fusion protein was
C TGC AGG GTC CGA TCC CCG GGT AAA GCA CCC (SEQ ID NO:9), where C TGC AG
(residues 1-6 of SEQ ID NO:9) is the Pstl site, C CCG GG (residues 15-20 of SEQ ID NO:9) is

30 the Smal site, TCC is the C-terminal amino acid residue of murine p40, and GCA is the N-
terminal residue of mature murine IL-2.

The DNA encoding single-chain mulL12-muGMCSF was derived from the DNA
construct encoding single-chain mulL12-mulL.2 above by replacing the mulL2 cDNA by the
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removed and analyzed for production of transfected gene expression by ELISA, biological
determination of IL-12 activity, or immunoprecipitation and analysis on SDS gels of
radioactively labeled proteins. For labeling, medium without methionine was used to replace the

25  growth medium on the second day of culture and 353-methionine (100 pCi/ml) was added. After
an additional 16 hr incubation, the media was harvested, clarified by centrifugation (5 min at
13,000 rpm in a table top microcentrifuge) and incubated with protein A Sepharose beads (10 pl
of bead volume per ml of culture supernatant). After 1 hr at room temperature, the beads were
washed by repeated centrifugation and resuspension in PBS buffer containing 1% Nonidet P40

30 (NP-40). The final pellet was resuspended in SDS-containing gel buffer and boiled for 2 min. -
After removing the beads by centrifugation, the supernatant was divided into two aliquots.

Reducing agent (5% 2-mercaptoethanol) was added to one sample and both samples were boiled

T
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expressing KS-p35 and p40-1L-2) was collected and the products were purified by binding to and

elution from protein A Sepharose according to the manufacturer’s procedures (Repligen,
Needham, MA). The pure proteins were assayed by ELISA for IL-12 and IL-2 content. The

25  results showed that the individual cytokine contents were approximately 4-fold different by mass
which correlates to the 4-fold difference in molecular weight between IL-12 and IL-2. Similarly,
assay of the products of transfected cells expressing human KS- IL-12-IL.-2 by ELISA for IL-12
and IL-2 levels gave similar values of IL-12 and IL-2. Thus, within the accuracy of the ELISAs,
the measured values indicate that IL-12 and IL-2 are being produced in about a 1:1 molar ratio.

30  The same results were obtained with the IL-12-GM-CSF fusion proteins made either with the Fc

or whole antibody.
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(Pharmacia) gradient (1700 rpmfor 20 mn), The fy" cqat contanin
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cont ai ni ng 1Qf@Figuré 6Aa‘thetaot1vmes sfthe nup@PRL-12-81.-2fusion proteintwese compared with

phyt ohe maglgzl ﬁ(t)rllem e resulfs 1lj[ustx%tenBt Iit 12aalgr?eni§1du(}éd IFN-y to moderate levels, while the
IL-12-IL-2 fusion protein strongly induced IFN-y synthesis. Since IL-2 is also known to be
insufficient for IFN-y synthesis, these results indicate that the IL-12 and IL-2 moieties are both
25  functional within the fusion protein and function synergistically.

Next, the activities of an Fc-IL-12-IL-2 fusion protein, a KS-IL-12-IL-2 fusion protein,
and a mixture consisting of 1:1 molar ratio of IL-12 to IL-2 were compared for their ability to
induce IFN-y. The results in Figure 6B indicate that the Fc-IL-12-IL-2 fusion protein and KS-
IL-12-IL-2 fusion protein have about the same activity as an equimolar mixture of IL-12 and IL-

30 2. The same results were obtained when the mouse forms of IL-2 and IL-12, constructed in the
manner just described in Example 1 for the human forms, were used for the construction of

fusion proteins.
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presence of various amounts of commercial murine IL-2, murine 14.18-IL-12-IL-2 fusion

protein, or commercial murine IL-12, and grown for 48 hours. At the end of the growth period,
the number of viable cells was quantitated using the MTT/MTS assay. Figure 8 shows an
25  experiment in which levels of IL-2, IL-12, or 14.18-IL-12-IL-2 fusion protein were varied. The
results indicate that murine IL-2 and murine 14.18-IL-12-IL-2 fusion protein are about equally
potent in stimulating proliferation, while increasing amounts of murine IL-12 caused no
detectable stimulation of cell proliferation. This result indicates that the stimulation of CTLL-2
cell proliferation by 14.18-IL-12-IL-2 fusion protein is due to the IL-2 moiety and not the IL-12
30 moiety.
Example 5: Construction and expression of single-chain and multiple chain IL-12-IL-2 fusion

proteins with and without antibody moieties
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The KS-scIL12-IL2 fusion protein described in Example 1 is a tetramer with two
different polypeptide chains: the KS-1/4 light chain and the KS-1/4 heavy chain with the scIL12-

25  IL2 moiety at the C-terminus. To investigate which sites on an antibody molecule are suitable
for attachment of cytokine moieties, a second fusion protein was constructed in which the KS-
1/4 antibody, IL-12, and IL-2 moieties were in a configuration distinct from the KS-IL12-IL2
configuration in Example 1. This second protein was tetrameric and consisted of two different
polypeptides. One polypeptide consisted of the light chain of the KS-1/4 antibody. The other

30 polypeptide consists of a single-chain mulL12 fused to the mature N-terminus of the heavy chain
of the KS1/4 antibody, followed by murine IL-2 at the carboxyl terminus of the heavy chain.

The cDNA encoding the p35 subunit of murine IL-12 was cloned by PCR from mouse

spleen cells activated with Concanavalin A (5 pg/ml in culture medium for 3 days). The forward
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cDNAq\éﬁco |Cng he éé@&@érﬁ% of murine IL-12 was cl oned by PCR from nouse

spleen cells activated with Concanavalin A (5 jig/m in culture mediumfor
3 days). The forwar, .01/ 1091 0/21715 34 primer has the sequence
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~encoding a linker_rich_in tgl yci ne and serine residues, followed by mup40
DNA. sequence at the junction of mup40 and the mature N-terminus of KS heavy chain:

Pro Gly Ser Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly

C TGC AGG GTC CGA TCC CCG GGA TCC GGA GGT TCA GGG GGC GGA GGT AGC GGC GGA
25

Gly Gly Ser Leu Ser (SEQ ID NO:19)
GGG GGC TCC TTA AGC CAG (SEQID NO:18)

where C TGC AG (residues 1-6 of SEQ ID NO:18) is a Pstl site just upstream of the murine p40
30 translation stop codon, TCC encodes the C-terminal amino acid residue of murine p40, and
CAG encodes the N-terminal residue of mature KS heavy chain. The resultant DNA encoding
single-chain mulL12-KS Heavy chain-mulL2 was then coexpressed with the KS light chain.
To further investigate which ends of an antibody molecule are available for the
generation of fusion junctions and to investigate how many distinct polypeptides can be

35  assembled into a multiple cytokine fusion protein, a third protein containing KS-1/4, IL-12, and
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+KS(heavy chain)-1L2, was expressed and tested for activity. This fusion
protein is hexaneric and conprises three different pol ypeptides. One

pol ypepteweSeconsi st s of(SEQE® M@&2nhe p35 fused to the light chain of the KS
1/ 418nt ifpadicc dagecond sEPIDWERs) de consists of the heavy chain of the KS 1
/4 antibody fused to human IL-2 [Gllies et al. 5 (1992) Proc. Natl. Acad.
Sci. 89:1428], and a third polypeptide is the murine p40. Upon expression,
two lig i [ i a1 t
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N- t er mi musinefp3f tanslatién stopaddona QG escodes the C-terminal amino acid residue of murine

p35, GGA TCC (residues 50-55 of SEQ ID NO:20)is a BamHI restriction site introduced to
20 facilitate ligation, and GAG encodes the N-terminal amino acid residue of the light chain.

For expression of this hexameric fusion protein, a murine p40-expressing cell line was
generated by transfection with an expression vector containing a neomycin resistance gene and
selection by G418. The murine p40-expressing cell line was then transfected with an expression
vector containing both the light chain and heavy chain transcription units and a dihydrofolate

25 reductase selection marker, which allowed selection by methotrexate [Gillies et al. (1998) J.
Immunol. 160:6195].
Example 6: Activity of murine single-chain IL-12-1L-2 fusion proteins

The same methods used in Example 4 were used to test the activity of murine single-

chain IL-12-IL.-2 produced by transient expression. The amount of each cytokine in the cell

30  culture supernatant was first determined by ELISA and used to set up a dose-response curve. The
activities closely corresponded to what was found with the Fc and antibody IL-12-IL-2 fusion
proteins and described above.

Specifically, the IL-12 activity of a murine single-chain (sc) IL-12-IL-2 and murine Fc-

scIL-12-IL-2 molecules were tested in the human PBMC cell proliferation assay described in
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IL2, IL12-KS-IL2, and IL12-KS(Light chain) + KS(Heavy chain)-IL2 proteins all showed potent

20 IL-12 activity. Similarly, using the CTLL-2 cell proliferation assay, the Fc-IL12-IL.2, IL12-KS-
IL2, and IL.12-KS(Light chain) + KS(Heavy chain)-IL2 proteins all showed potent IL-2 activity.
In addition, in an ELISA, the IL12-KS-IL2 and IL12-KS(Light chain) + KS(Heavy chain)-IL2
proteins both bound tightly to the EpCAM antigen, even though the heavy and light chain V
regions, respectively, are fused to other proteins at their N-termini.

25  Example 7: Activity of murine IL-12-GM-CSF fusion proteins

The IL-12 activity of a murine Fc-IL-12-GM-CSF molecule was tested in a cell

)

proliferation assay (Figure 10). Human PBMCs were obtained from three volunteers and
cultured with 5 micrograms/mi phytohemagglutinin-P for three days, washed with Hank’s
HBSS, and plated into microtiter plates at 10° cells per well, according to a standard procedure
30  (Gately, M. K., Chizzonite, R., and Presky, D. H. Current Protocols in Immunoiogy [1995] p.
6.16.1 — 6.16.15). Cells were incubated in the presence of various test proteins for 48 hours, and
0.3 microCuries of *H-thymidine was added ten hours before determining levels of radioactive

incorporation. IL-12 and an equimolar mixture of IL-12 and GM-CSF stimulated incorporation
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Example 8. Treatment of colon carcinoma in an immune-proficient mammal with a multiple

25  cytokine fusion protein.

To test whether a multiple cytokine-antibody fusion protein could be used to treat colon
carcinoma in a mammal with an intact immune system, the following experiments were
performed. CT26 is a colon carcinoma cell line derived from Balb/C mice. By standard genetic
engineering techniques, this cell line was engineered to express the human epithelial cell

30 adhesion molecule (EpCAM), which is the antigen recognized by the KS-1/4 antibody; these
cells are termed CT26/KSA cells.

Balb/C mice wére subcutaneously inoculated with 2x1 0% CT26/KSA cells. When tumors

reached a volume of about 100-200 cubic millimeters, mice were randomized into three groups
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Sizes Wef &8 3Fh6sht Y6 Bulsid kiftthdters, which corresponds to about 160 million cells. Each
cell expresses about 10° molecules of EpCAM, so there are about 1.6x10'* EpCAM antigen
molecules to which the KS antibody might bind. Thus, when KS-IL12 and KS-IL2 were mixed

and injected into mice bearing such tumors, it is unlikely that these two immunocytokine fusion

25  proteins competed with each other for antigen binding sites. Thus, the effective dose of IL-12
and IL-2 at the tumor site should have been at least as high for the mixture of KS-IL12 and KS-
IL2 as for KS-IL12-IL2.
Example 9. Treatment of colon carcinoma in an immunodeficient mammal with a multiple
cytokine fusion protein.

30 Many forms of cancer therapy have the effect of killing dividing cells, including cells of
the immune system. As a result, cancer patients often become immunosuppressed. To address
whether multiple cytokine fusion proteins can be used to treat a mammal with a suppressed

immune system, SCID mice bearing CT26/KSA tumors were treated with KS-IL12-11.2, a



The results of one such experinment are shown in Figure 11. In this

experi meryo offfeold-12- 1L2 caused a profound inhibition of PowmSIy2oE h. The
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described in Exv%gP,ung éarcmoma (LLC) is an aggressive tumor derived from C57BL/6 mice. An

LLC cell line expressing the human EpCAM protein was constructed by standard genetic
engineering techniques; the cell line was termed LLC/KSA.
C57BL/6 mice with subcutaneous LLC/KSA tumors were generated as described in
25  Example 8 (check # of cells with KML). Four groups of 5 mice each, bearing tumors of about
100 to 200 cubic millimeters, were treated by intratumoral injection for five days. Mice were
injected with PBS, about 20 micrograms of KS-IL12, about 20 micrograms of KS-IL12, or about
20 micrograms of KS-IL12-IL2.
Results are shown in Figure 13. In this case, the KS-IL12-IL2 fusion protein was much
30 more effective than either KS-IL12 or KS-IL2. In all of the mice treated with the KS-IL12-IL2
fusion protein, the tumors disappeared by day 27. On day 74, these mice were used in a lung
metastasis assay as described in Example 14; the original subcutaneous tumors did not reappear

in the intervening period or during the second experiment. In contrast, treatment with either
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protein
- To address the whether the effectiveness of a multiple cytokine-antibody fusion protein
in treatment of a tumor was dependent on the tumor-specific expression of the antigen
25  recognized by the antibody, the following experiment was performed.
A set of seven C57BL/6 mice with subcutaneous LLC/KSA tumors and a second set of
nine mice with tumors derived from the parental LLC cell line were generated as described in
Example 11. These two groups of mice, bearing tumors of about 100 to 200 cubic millimeters,
were treated by intratumoral injection for five days. Mice were injected with about 20
30  micrograms of KS-IL12-IL2.
Results are shown in Figure 15. In this case, the mice bearing the LLC/KSA fumors all
were completely cured of their tumors. In contrast, only two of the mice bearing the LLC tumors
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20  85% lung surface coverage. The mean lung weight for these mice was 0.86 grams. In contrast,
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there were no metastases found on the surface of lungs from the five pre-treated mice, and the
average lung weight was 0.28 grams, which corresponds to the weight of a normal mouse lung.
These results indicated that the treatment of the original tumor cells resulted in a long-lasting
immune memory against the tumor cells; this memory prevented the establishment of metastases -

25  of this tumor cell type.

Table X. Protection of “regressed” mice from LLC-KSA pulmonary metastases

Prior Treatment Metastatic Score Lung Weight (g)
None 4,4,4,4,4,4,3,3 0.88 +/- 0.27
KS-IL12/IL2 0,0,0,0,0 0.27 +/- 0.03

30  The average lung weight of the control group, without tumor, was 0.2 g. Metastatic scores are
based on % surface coverage of fused metastatic nodules where 0 = no metastases; 1 = 1-25%

coverage; 2 = 25-50% coverage; 3 = 50-75% coverage; and 4 = 75—100% coverage
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tunors di sappear. Sixty-two days after the initiation of ' )
20 For example, a fusion protein of the form antigen-IL-12-cytokine is administered to a

mouse, where the cytokine in the fusion protein is a second cytokine different from IL-12.
Control mice receive the same amount of antigen-cytokine, antigen-IL-12, or antigen alone. At
various times during and/or after administration of the antigen fusion protein, blood samples are
collected by retro-orbital bleeding and plasma is prepared and analyzed for the presence of

25 antibodies directed against the antigen. It is found that antibodies are generated against the
antigen. Moreover, the nature of the immune response to the antigen is characteristic of a Thi
response. The antibody response is stronger and the type of antibodies produced are different
than in certain control immunizations.

More specifically, a humanized antibody-murine IL-12-IL-2 fusion protein in PBS

30  buffer, is injected into Balb/c mice intravenously (5 pg/day x 5). Control mice receive the same
antibody, in the same amounts, but with no attached IL-12-IL-2. Neither injection solution
contains any other type of adjuvant. On day 10, blood samples are collected into

microcentrifuge tubes by retro-orbital bleeding and plasma is prepared by collecting blood



the treatnment in Exanple 12, six pre-treated mce and 10 naive, untreated
C57BL/ 6 sayér@bizvice 5 were injected s. c. with 106 LLC ceCTASOOR”MZSe cel | s
do not express the hunman KS antigen, EpCAM In the naive nmce, the
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Freund’s adjuvant cannot be used for human use, due to the irritation at the injection site.

Alternative adjuvants such as precipitates of aluminum hydroxide (Alum) are approved for
human use and can be used in the present invention. New organic chemical adjuvants based on
25  squalenes and lipids can also be used for injections into the skin.
Example 16: Gene therapy with multiple cytokine fusion proteins
The anti-cancer activity of multiple cytokine fusion proteins delivered by gene therapy
methods was also demonstrated for treatment of lung cancer. Lewis Lung Carcinoma cells were
stably transfected using the viral vector system described above (pLNCX-scIL-12-IL-2 or
30 pLNCX-scIL-12 DNA transfected into the PA317 packaging cell line). These constructs encode
a single-chain version of IL-12, in which the p35 and p40 subunits have been connected with a
linker. Clones were selected in vitro using G418-containing medium, and clones stably

expressing about 50 to 60 ng/ml of IL-12 were identified by ELISA (R & D Systems).
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(residues 2-7 of SEQ ID NO:23) immediately 3’ to the TCG codon (anticodon CGA) encoding
the C-terminal amino acid residue of murine IL-4. After cloning of the PCR fragment and
sequence verification, the Xbal-BamHI fragment containing the murine IL-4 cDNA was ligated
25  to an BamHI-AfIIT oligonucleotide duplex encoding a flexible peptide linker rich in glycine and
serine residues. The AflII end was in turn joined to an artificially placed AfIII site preceding the
N-terminus of the mature KS-1/4 light chain. The DNA and protein sequences at the junctions

resulting from the two ligations are given below.
DNA: TCG GGA TCC GGA GGT TCA GGG GGC GGA GGT AGC GGC GGA
30 protein: (ser) Gly Ser Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly

GGG GGC TCC TTA AGC GAG (SEQ ID NO:24)
Gly Gly Ser Leu Ser (Glu) (SEQ ID NO:25)



injected s.c. into C57BL/6 mce and also into SCID mce. As a control,
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20 CSF-dependent stimulation of tritiated thymidine incorporation in 32(D) GM cells. On a molar
basis, the IL-4 activity and the GM-CSF activity of KS-IL4-GMCSF were similar to purified IL-
4 and GM-CSF. '
A fusion of the cytokines IL-4 and GM-CSF, without associated antibody sequences; was

constructed as follows. Murine IL-4 was cloned by PCR from RNA of murine spleen cells. The
25  forward primer had the sequence TCTAGACC ATG GGT CTC AAC CCC CAG C (SEQID
NO:26), in which an Xbal site TCTAGA (residues 1-6 of SEQ ID NO:26) was placed upstream
of the translation initiation codon ATG, and the reverse primer had the sequence CG4 TAT CCC
GGA CGA GTA ATC CAT TTG CAT GAT GCT CTT TAG GCT TTC CAG G (SEQID
NO:27), which placed an EcoRV site GAT ATC (residues 2-7 of SEQ ID NO:27) immediately 3
30 ofthe TCG codon (anticodon CGA) encoding the C-terminal amino acid residue of murine IL-4.
After sequence verification, the Xbal-EcoRV fragment containing the mulL-4 cDNA with its
native leader was ligated to the Smal-Xhol fragment containing muGM-CSF cDNA to give the
following sequence at the junction of the fusion between mulL-4 and muGM-CSF: ATG GAT



(residues 48-53 of SEQ ID NGO 24) are the two restriction sites BanH and
AfllIl, rewgemmbmel y, used for reconstruction;, TCG encodesPERVSEN2IZISyi nal
serine residue of murine IL-4;, GAG encodes the mature N-term nus of the
KS-1/4 light chain; and the am no aci‘® sequence of the 5 GySer-rich
peptide linker is shown bel ow the DNA se‘guence. Auxi | i ar illasequences for
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in Figure 3G This protein had the antigen-binding activity of KS 1/4,
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t he sequence TCTAGACC ATG GGI' CTC AAC CCC CAG C (SEQ I D NG 26), in which an
Xbal 13t sontdbaepnstiusteddues 1-6 of SEQ ID NO 26) was pl aced upstream of the

transl ation injtgat:hol _},ﬁ;jg% r ' e
CGA TAT CCC &%%Q%EA%HA@% CAT e_l_%%ﬂm A Rel %ﬁ%&éﬁ{@égfn ér?%h%%%%g}‘%sm
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% o v ot es vt soinbared g fifent BOLPEREEY QR buRRatils Hesid ot
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MuGM CSFie las L “¥R-AY %Y th T e tidndbéctbed Pleviously [Gillies et al. (1992) Proc.

Natl. Acad. Sci. USA 89:1428]. The other polypeptide consisted of the light chain of the KS1/4

antibody.
The complete coding sequence of murine lymphotactin was published by Kelner and
25  Zlotnik (Science 266:1395 [1998]). To construct DNA encoding a fusion protein of murine
lymphotactin and the heavy chain of the KS-IL2, the murine lymphotactin cDNA was adapted by
PCR using the forward primer TCTAGAGCCACC ATG AGA CTT CTC CTC CTG AC (SEQ
ID NO:29), in which an Xbal site TCTAGA (residues 1-6 of SEQ ID NO:29) was placed
upstream of the translation initiation codon ATG, and the reverse primer GGA TCC CCC AGT
30 CAGGGT TAC TGC TG (SEQ ID NO:30), which placed a BamHI site GGA4 TCC (residues 1-6
of SEQ ID NO:30) immediately 3’ of the GGG codon (anticodon CCC) encoding the C-terminal
amino acid residue of murine lymphotactin. After cloning of the PCR fragment and sequence

verification, the Xbal-BamHI fragment containing the murine lymphotactin cDNA was ligated to



TAC TCG TCC GGG ATG GGA AAA GCA CCC GCC CGC (SEQ ID NO 28), where the C
term nal weoumorze of nul L4 and the N-term nal sequence of powisbdgiisare in
bold, and the G ATG GG (residues 17-22 of SEQ ID NG 28) is the sequence
resulting fromthe ligation of an HBJoRV blunt end to a Smal blunt end. The
resul tant DNA encodi ng nul L4- muGMCSF was 5 then cloned into an expression
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One pol ypepti murine | ynphotactin fused to the N-term nus
of the heavy chain of the KS-1/4 antibody, 20 followed by IL-2 at the
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consi sted of the light chain of the ant 'body. The conpl et'e codi ng
sequencencoflesthe Cn@nnyxabMDma@mdrreMm qzﬁmvmmi&mpbqtaﬂm {&AGandode2 TheAhaturs N-

Sc ncg 266:1 const uct DNA. encodi n r ot ei,n of
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ATG AGA CTT CIC CTC CTG AC.(SEQ | D NO 29) ich an Xbal site TCTAGA -

(1 esi dueavy chaigvasithsn @Wél&@)mwégwﬁl%mtor@aétthe@wzsvremé withthe K8 {4dight
initiatips codon ATG and the reverse prinmer GGA TCC CCC AGI 30 CAG GGT TAC
TGC TG EQ | D NO 30), which placed a BanH site GGA TCC (residues 1-6 of:
SEQ | D NO 30The mmtseﬁ lymph8tacti-KiSiH 2GiEion privein (stested ferdpmphstactimatdityén 4 he

prt r oeten Siriberdtiebnon st ismeche e snCeqriel Sk (193 FURFE SRERSOIL Bt ai ni ng
the rrurinﬂﬁuﬂdwgﬁt@pz.a)n ANty NKOAIR drd @eHOARL RIS, 1%%&@&51 #ohbiy is
observed in a standard cellular assay for calcium flux in response to the activation of a G-protein
coupled receptor (Maghazachi et al., FASEB J. [1997];11:765-74.). In addition, the
lymphotactin-KS-IL2 fusion protein is tested and found to be active in assays for the ability to
25  bind to EpCAM and is also active in assays for IL-2 activity, such as the CTLL-2 cell

proliferation assay.
Incorporation by Reference
All publications mentioned hereinabove are incorporated by reference into this
application in their entirety.

30 ' Equivalents

The invention may be embodied in other specific forms without departing from
the spirit or essential characteristics thereof. The foregoing embodiments are therefore to

be considered in all respects illustrative rather than limiting on the invention described



47 an Banydl; Af.fiJ), ol igonucl eotide duplex encoding a flexible peptide |inker
rich in glwfcﬁﬁlgbiénd serine residues. The Aflll end was inPFFﬁﬁR?’Uinﬁed to
an artificial Affil site preceding thg miture Ntermnus of the KS-1L2
heavy chain. The DNA sequence at the junctions resulting fromthe two

| i gati ong,.d i I er .44 Ser d y Ay Ay Ser Ay Ay
Gy ay e RebhRePRetilentn sty auiely Bukhe Sinenich el adber bt Gl
GGC TCC forégoiedestpiidi, Bndiall 3%@9%&&@&@&&&%%8&&&3@@0@ TCC
(residues 4-5 ofroggE_@l D NO 3 1) and CTTAAG (residues 48-53 of "SEQ I D NO

31) are PHEVR'HYY, ¢leimsare thereferepptepgiedta be smbraced thasginct i vel y, used for
reconstruction; CCC encodes the C-termnal am no acid residue of nurine

| ynphot acti n; CAG encodes the mature N 15 term nus of the KS-1L2 heavy
chain; and the am no acid sequence of the GySer-rich peptide linker is
shown above the DNA sequence. The DNA encoding the nurine

| ynphot actin-KS-1L2 heavy chain was then cloned into an expression vector
and then coexpressed with the KS 1/4 light chain. The expressed

| ynphot actin-KS-1L2 fusion protein is tested for |ynphotactin activity in a
20 Boyden chamber migration assay using T cells (Leonard et al., [1999]
Current Protocols in Immunology p. 6.12.3). Alternatively, NK cells are
used. Alternatively, lynphotactin activity is observed in a standard
cellular assay for calciumflux in response to the activation of a

G protein coupled receptor (Maghazachi et al., FASEB J. [1997];
11:765-74.). . In addition, the |ynphotactin-KS-1L2 fusion proteinis tested
and found to be active in assays for the ability to 25 bind to EpCAM and i s
al so active in assays for IL-2 activity, such as the CTLL-2 cel
proliferation assay. Incorporation by Reference Al publications nentioned
her ei nabove are incorporated by reference into this application in their
entirety. 30 Equivalents The invention nay be enbodied in other specific
forms without departing from the spirit or essential characteristics

t hereof . The foregoi ng enbodi nents are therefore to be considered in al
respects illustrative rather than limting on the invention described WO
01/10912 PCT/ USQQO 21715 48



herein. Scope of the invention is thus indicated by the appended cl ai ns

rat her theoobysthe foregoing description, and all change®CRAISE21G6Ne

wi thin the neaning and range of equival ency of the clains are therefore

i ntended to be enbraced therein. WO #1/10912 PCT/US00/ 21715 49 d ai s

What is claimed is: 1 1. A multifunctional fusion protein conprising a

pol ypeptide chain defining an 2 i mundgiaimsilin region (1g), a first

cyt oki neWFlC.l and, a second, different cytokine (C2). 1 2. The fusion
prot ei n Whatds Ghaed iSyher ein’ said I'g, said O and said C2 are arranged in an

N- 21t01C t ef Fukunétionalfusion préteidr Eipeiting o polypeptide chatn defilédg med by a
formul a selected from3 the group conms'gm& of 4 (i) A%Eﬁ%l-cz; 5 (862)) Cl
- 1g2- 2; arimmuoglobnlin rggionctig), a figst cytojine (&l hand ysechng, different,pytokine (C2).
pol ypeptide bond or a polypeptide linker. 1 3 The fusion protein of claim
1, wher &.n sdfhe f@sionpratein of claine dnyherein said Ip, sid C4 apd s@giC2areapranged in arrj

fusign protein of claim1l. .. wherein sai.d. .Sal ' | t of
a 2%het er odi® 'itWW%Fﬁéqn Tpqu]ufﬁgf?sﬁ@ %r(é{ebrig%fg}eg%g% %ﬁ%i@c%?ré Ee}% n
the 6l is a qhepRkprensisting.ofiThe fusion protein of claim4, wherein said
subunit conprises a p35 subunit of IL-12 or a 2 p40 subunit of IL-12. 1 7.
The fusion protei npof qpaigy lcowherein said O or said C2 is a human
cytokine. 1 8. Thefusion protein of claiml, wherein said | g conprises an
i mudogl obul i n hedily cHalnlg2CG2aandibl e regi on domain (VH). 1 9. The fusion

protein of claiml..aqr rejn said I g conprises an inmunogl obulin heavy
2 chdin constant :‘é@l oﬁc.l %@Oﬁg’rhe fusion protein of claim9, wherein said
consyant 1 egiwikr&ifARIakS Ripredetits AHO1 idebonad ofl @ palypeptide@hikerlomai n and a CH3

domain. 1 11. The fusion protein of claim 10, wherein said constant region

further conprimassion pidtein f dRIA1NwhéreltPsaidlO€ of st5d O cprupties IL-Df ILc4 af GM,
wherein said VH 1 s 1 munol ogi cal fy reactive with a 2 cancer-specific
anti @en or a G8F.al antigen.

1 4. The fusion protein of claim 1, wherein said C1 or said C2 comprise a subunit of a
2 heterodimeric cytokine.
1 5 The fusion protein of claim 1, wherein the C1 is a chemokine.
1 6. The fusion protein of claim 4, wherein said subunit comprises a p35 subunit of IL-12 or a’
2 p40 subunit of IL-12.
1 7 The fusion protein of claim 1, wherein said C1 or said C2 is a human cytokine.
8. The fusion protein of claim 1, wherein said Ig comprises an immunoglobulin heavy chain -
2 variable region domain (Vg).
1 9 The fusion protein of claim 1 or 8, wherein said Ig comprises an immunoglobulin heavy
2 chain constant region.

10.  The fusion protein of claim 9, wherein said constant region comprises a hinge region

2 domain, a CH2 domain and a CH3 domain.
1 11.  The fusion protein of claim 10, wherein said constant region further comprises a CH1
2 domain.

1 12.  The fusion protein of claim 9, wherein said Vy is immunologically reactive with a

2 cancer-specific antigen or a viral antigen.

R
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1 13. Thewbusilem2protein of claim 1, wherein said O and sBEHUSW217ken
linked in said fusion 2 protein, haye simlar circulating half lives in
vivo. 1 14. The fusion protein of claim1, wherein said Ig, said d, and
said C2 are all active under 2 the sanme_conditions.

115. A
nul t 1 uddt i orfdee fpvion protein ofiplain | cwhereinssaidyChand sqid €2, when/ hiakad; insaidifusian
defiging an i {ﬁogé‘%tg- il&'iﬁbﬂiaﬁp g&f}ﬁe;}nrv%o portion of a first 3
aﬂ%&é ’ pol'ypep Bde

cyt oKi ne, an a’secon chain defining a second cytokine and a
second rei the firs 5 cytokine .1 16. e tifyncti.onal praotein
comphex 1t ' oithesion Brgitn BF e d) PRrei s it oot CLaR AP RSysRife )
bonded to t hehsasmanébndtioneepti de chain. 1 17. The nultifunctional protein
conplex of claim15, wherein the first cytokine is a dineric 2 cytokine. 1
18. The jmul t igmmg%napﬁﬁgﬁemﬁ?@plcgfﬁ Aking! @i m 15, wherein the first
cytokine is IL- 12. 1 19." The nul ifuncFi onal protein complex of claim15,
wher 8i n t he sdirsvplyneaptide plain defining an immppoglabulin region dod adirstl postien ef sfirst
corrpéex corrprc'gfikg& ?ﬁ |l east: 2 a first fusion protein conprising a first
cyt oki ne fuse 6™ (}east a portion of an 3 inmmunogl obulin |ight chain,
and 4 a seconghetorri sulypepatie chaic defiiihg & Becodd Seking, andiafsbesriortiyd okthedirdtused
to at least a portion 5 of an inmunogl obulin heavy chain. 1 21. The

prot & n conpl kife. c| ai m 20, wherein the first fusion protein is covalently

bonded t 2 ' ' 22 ' : i
hondge 8. 2 Bl ASROMoR SHABRERRR s, ASi O S gyt Bl
di sulfi de- bordealentby béreleg oo thesacanid golypeptidachagl. obul i n heavy chain. 1 23.

The protein mpl ex..of .cl @i m 20, wherein the amno-term nus of the first
cytokind s DemuEECHoRs BreisempeR! HATI SoPREHR PRRIGIRR 7 SERR
chaip. 1 24. lhgigyotein conplex of claim20, wherein the am no-term nus of

the second cyfokine is 2 fused to the carboxy-term nus of the
i muhogll@bul i Thelmultifunstianal prateipTonplax qfrelgin 15, whaysirethe dirstelytakine2i§ ILviRer ei n

the fir dcg;ﬁ%ﬁﬁgﬁ%{lﬁé %'ﬁot%inzc%mp}-er)]{eof%ﬁrtnelifw &Il rl fhis sgéonﬁlc%o%nzeoi’s Im?r ein

t he %ec
1 20. A multifunctional protein complex comprising at least:

2 a first fusion protein comprising a first cytokine fused to at least a portion of an

immunoglobulin light chain, and

4 a second fusion protein comprising a second, different cytokine fused to at least a portion

of an immunoglobulin heavy chain.

21.  The protein complex of claim 20, wherein the first fusion protein is covalently bonded to

2 the second fusion protein.

1 22, The protein complex of claim 21, wherein the portion of the immunoglobulin light chain

2 is disulfide-bonded to the portion of the immunoglobulin heavy chain.
1 23.  The protein complex of claim 20, wherein the amino-terminus of the first cytokine is
2 fused to the carboxy-terminus of the immunoglobulin light chain.

24.  The protein complex of claim 20, wherein the amino-terminus of the second cytokine is

2 fused to the carboxy-terminus of the immunoglobulin heavy chain.
1 25.  The protein complex of claim 20, wherein the first cytokine is 11-12.

1 26.  The protein complex of claim 20, wherein the second cytokine is IL-12.

AR



111121 11 L 14 ¢ W 01/10912 PCT/USCO 21715 51 1 27. A PH_@J& ?%skonal
fusi on pMRBYWI¥onpri sing a pol ypepti de chain defining a ¥ 0279 I ne
(d) and a second, different cytoki ng (C2), wherein said C2 when free has

an circulating 3 half life in vivo greater than about twi ce that of free C

1, but d id.C2 d, f ' id d
mas b cifoul 2 malsTagtooel S50 prdeih sRpHarE anehg Rl SRinditeiny 5% FAUEnG
fusign prot ?:g@l ) énd%BsecJﬁtﬁ diﬂéibﬁrbywkﬂ{eqm),wheeéla sdTd 20 wdIEh &) Hais aalc&cﬁhumg

IL-2 or fusion protein of claim 27, wherein sajd IS

| L-43 1L-12, helf hﬁe mmmgnealerlﬁxae@boutiwy@ that g free Sl obit yrhsn snid Céleém&?éﬁON
wh Ct
the 80, R R ol Sk e 2 Bl sl

sai d5C2 i s | isgikeTd inGaidfubton prdtéihm nal end of said d. 1 32. The fusi on
protein of claim30 or 31, wherein said Ctermnal end is linked via a 2

pol ypepbigde hinplelior Srofedh 8f afn® 21 vARdreift Bald ClI 8 8L-2TdrGNILGSRN protei n of

claim 32, further conprising an |mmnogl obulin region (lg). 1 34. The

fusi on gbote*me?&m&{ o'ielé{éfcmﬁ?wv%e%ahgalhmqempw 23230} of SUBMAIOGERRE! | N
heavy chain variable region domain (VI The fusion protein of

claim3 wh [

cons{ ant¥r egitde HoEptGRof AFRE: %ﬁs‘e%%‘g.an ; 91*‘3?‘%‘1 fESL ke RPN
constant regitamisdend of &kd &€2hi nge region 2 domain, a CH2 domain and a CH3
domain. 1 37. The fusion protein of claim 36, wherein sai d heavy chain
consyanir egiTha flisiért pRtein 3f €laHD LT Seseréin GHS-tefmirnal end df safll CT ixdirfked ko Nrot ei n
of claim 27, wherein said free C2 has a circulating half life in vivo at 2
| eas? about Zerminal egd ebsadd Glhan that of . 1 39. The fusion pr otein of
claim 38, wherein said C2 has a circulating half |ife about times 2

gr eal er 32han Thh4esier protein of clain 3Q\on3b veieecin said Céﬁ!i‘éﬂhah@dtlﬁ@nk@s‘fléﬁ protein

g}‘ aiC a|46n 1I I %)Fr’){ylpﬂ?tide%nk%r?to sai]dﬁJtEm‘ﬁnEleehh. conprising the nucleic acid of

1 33.  The fusion protein of claim 32, further comprising an immunoglobulin region (Ig).

34.  The fusion protein of claim 33, wherein said Ig comprises an immunoglobulin heavy

2 . chain variable region domain (Vg).

1 35. The fusion protein of claim 33, wherein said Ig comprises an immunoglobulin heavy

2 chain constant region.

1 36. The fusion protein of claim 35, wherein said constant region comprises a hinge region

2 domain, a CH2 domain and a CH3 domain.

1 37.  The fusion protein of claim 36, wherein said heavy chain constant region further

2 comprises a CH1 domain.

38.  The fusion protein of claim 27, wherein said free C2 has a circulating half life in vivo at
2 least about 4-fold greater than that of Cl.

1 39.  The fusion protein of claim 38, wherein said C2 has a circulating half life about 8 times
2 greater than that of C1.

1 40. A nucleic acid encoding the fusion protein of claim 1, 15, 20, or 27.

1 41. A cell comprising the nucleic acid of claim 40.

Ll
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prepari n ¥i9t%on protein conprising a first cytokine (C a second 2
different cytokine (C2), and a targefi ng noi ety capabl e of targetl ng a
presel ected locus in 3 a rramml the met hod conprising the steps of: 4 (a)
expr gssisng |

correrl si gg t e@%@%{ﬁféphre% %ﬁ%gor Qﬁr&c{dﬁﬁhggcg qtsg argetl ng
sai d2f usi on [difﬁetréntrcytakmd'(ﬁm anda&aigeﬁﬂgﬂoie@pc@abhmf targetmg‘alprlesnieqmed)loeumml s
adm pistered to the gm’r&lkl and 7“@% harvesting said fusion protein. 1
43. A net hod 28Ranmply the Rghad FoTppREs NETRE CI) and a second, different
cytokine (C2) to a 2 preselected locus in a t he net hod conpri_sing:
3" adfhi ni st er (&g t@xm}%sm&wosacﬂm P‘Fql%éﬁlﬂ&ﬁ‘a?dlwé fesPTpIaicdn SPIRRASIRG Y€ng a

C1lssa C, apd H.I%L}!g I g said
fusi on protein’ %ho (?%:aédc{)qrﬂgg%ggc bl@gtﬁgbﬁgoﬁag%ﬁ%ﬁlgggﬂ iﬁfl&fl Eioiéig%rﬂﬁ met hod
of cbai m 42 ereséidctedibauueiwhen aaid fugjorc projein Sseminsinistered toal mamnal; dandavy 2
chain variabl e regi on domai n i mmunol ogically reactive with an antigen

di qu)sed at fhe &aﬁxegs,eg@mﬁﬁmhqﬁugml n the mmmal. 1 45. The nethod of
claim 44, wherein said antigen is a cancer-specific antigen or a viral 2
ant i gen431 46 m-gﬁl%dr&ttzﬂgéu@ca filsBéyibidRe (1) hAd AMBESHRY, Biffefdr c}1BkRETDD) R5S an
i mmunogl obul i n heavy 2 chain constant region capabfe of binding an

i muBogl obul ipresplected dequs dm 2 giappual cthe arethddeconrisings el ect ed | ocus in the
manmal . 1 47. The nethod of claim42 or 43, wherein said Ig, said d and
sai d3C2 ar e alimimsteringtothe manfinaai rdultiﬁxicnunqd fadien prokesn ami'npmisg el()eldam tulde

1 48. The neth of cI 42 3, wherei i s a human.
TP968 The o @RIATBIOBIORIS teaia IEsabatepEiafeeliRE qoehuh protesh tahe Fresglsaiffy
thergof. 1 5@°cu'gn¢ﬁ{§%£}g§,apf claim49, wherein said C2 is selected fromthe
group conS| sting of IL-2 2 and GMWCSF. 1 57. A nethod of treating disease

prot o n et o R RS GRIRL b MaBi DGIEC O ph BimufollBRIRINGDE | |
manm@l , the rmhalho;dnabimuegxm demaid imnivablegically reactivewith amantigdn dlk]:&)sedmﬂ thé C

aci d3Of clai npslreselec'ted locus in the mammal.

1 45,  The method of claim 44, wherein said antigen is a cancer-specific antigen or a viral

2 antigen.

1 46.  The method of claim 42 or 43, wherein said Ig comprises an immunoglobulin heavy
2 chain constant region capable of binding an immunoglobulin Fc receptor disposed at the

preselected locus in the mammal.

1 47. The method of claim 42 or 43, wherein said Ig, said C1 and said C2 are all active when

2 said fusion protein is administered to the mammal.
1 48.  The method of claim 42 or 43, wherein said mammal is a human.
1 49.  The method of claim 42 or 43, wherein said C1 is IL-12 or a subunit thereof.

56.  The method of claim 49, wherein said C2 is selected from the group consisting of IL-2
and GM-CSF.

57. A method of treating disease in a mammal, the method comprising administering to the
mammal the protein of claim 1, 15, 20, or 27.

58. A method of treating disease in a mammal, the method comprising administering to the

N it DN i N ke

mammal the nucleic acid of claim 40.

L



Glj rifl! Ivii 11111111111 WO 01/10912 PCTIUSCO 21715 53 1 59. A nethod
of treatiwgodiodense in a manmual, the nethod conprising adRCRUSOMRITHY to t he
2 mammal the cell of claim41..III5I3iIIIIIIIIIIIIS

1 59. A method of treating disease in a mammal, the method comprising administering to the

2 mammal the cell of claim 41.

\



