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CHIMERIC PROTEINS WHICH BLOCK
COMPLEMENT ACTIVATION
Field of the Invention
This invention relates to complement inhibition
and inflammation.

Background of the Invention

The complement system includes a group of proteins
in blood plasma which plays an integral role in immune
and allergic reactions. Activation of complement can
occur via at least two pathways: the classical pathway
involving antigen-antibody complexes, and the alternative
pathway involving cell wall polysaccharides of yeast and
bacterial microorganisms. Regardless of which initiation
pathway is used, the end result is the formation of
activated fragments of complement proteins (e.g. C3a,
C4a, and C5a anaphylatoxins and C5b-9 membrane attack
complexes) which mediate several functions including
leukocyte chemotaxis, activation of macrophages, vascular
permeability and cellular lysis (Frank, M. and Fries, L.
Complement. In Paul, W. (ed.) Fundamental Immunology,
Raven Press, 1989).
' - Several regulatory proteins of the complement
system have been identified (Fig. 1). Their primary
functions are to regulate the activity of C3/C5
convertases for prevention of excessive complement
activation and autolytic destruction of host tissues.
These complement regulators are either soluble plasma
proteins or integral membrane proteins expressed on a
variety of cell types. The former include C4b binding
protein (C4bp) and Factor H. The latter include the
C3b/C4b receptor (Complement receptor 1, CR1, CD35),
membrane cofactor protein (MCP, CD46),’and decay
accelerating factor (DAF, CD55). These proteins possess
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many structural similarities. Each is composed of
multiple short consensus repeats (SCRs) of approximately
60 amino acids in length having conserved cysteine,
glycine and proline residues. The genes encoding these
proteins have been localized to chromosome 1 and are
collectively known as the regulators of complement
activation (RCA) gene cluster (Hourcade, D. et al, 1989,
Adv. Immunol. 45:381). In addition to its role in
regulating complement activation, erythrocyte CR1 also
functions as a receptor for circulating immune complexes
to promote their clearance from plasma (Cornacoff, J. et
al, 1983, J. Clin. Invest. 71:236).

MCP and DAF are important regulatory proteins of
the complement system which function to prevent autolytic
destruction of host tissues by complement activation.

MCP was initially purified and characterized by
Seya and coworkers (J. Exp. Med. 1986, 163:837; Biochen.
J., 1989, 264:581), who showed that it binds C3b and C4b
and possesses Factor I cofactor activity. MCP therefore
functions to irreversibly inactivate C3b and C4b by
proteolytic cleavage to C3bi and C4bi (see Fig. 2). MCP
has been shown to bind preferentially to C3b, thus making
it a more potent inactivator of alternative pathway

 conyertases (Seya, T. et al, 1991, Mol. Immunol.

28:1137).

DAF was first identified by Nicholson-Weller and
coworkers (J. Immunol., 1982, 129:184) and characterized
by Medof and coworkers (J. Exp. Med., 1984, 160:1558).
DAF also binds to C3b and C4b and functions to dissociate
these molecules from the C3 convertase, thus promoting
the decay (inactivation) of the convertase (see Fig. 3).
DAF similarly inactivates both alternative and classical
convertases.

MCP and DAF are composed of only four SCRs, making
them the smallest of the complement regulatory proteins.
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MCP does not possess decay accelerating activity
and DAF does not possess cofactor activity. Both
proteins are expressed in a variety of cell types,
including endothelial cells, fibroblasts, lymphocytes,
granulocytes and monocytes (Hourcade,D. et al, 1989, Adv.
Immunol. 45:381; McNearny,T. et al, 1989, J. Clin.
Invest. 84:538). MCP and DAF are considered to function,
via different complementary mechanisms, as intrinsic
inhibitors of complement activation to prevent
complement-mediated autolysis of host cells.

Summary of the Invention
The invention features a chimeric protein in which

a first polypeptide which inhibits complement activation
is linked to a second polypeptide which inhibits
complement activation. The chimeric protein is
preferably a soluble protein. The first and second
polypeptides of the chimera may be the same or different,
and the first polypeptide may be linked to the second
polypeptide by a peptide bond.

In a preferred embodiment, the first polypeptide
is MCP or a soluble, biologically active fragment
thereof, e.g., a fragment containing at least regions 2,

.3,.and 4 of the SCR of MCP, and the second polypeptide is

DAF or a soluble, biologically active fragment thereof,
e.g., a fragment containing at least regions 2, 3, and 4
of the SCR of DAF. As used herein, the term "fragment",
as applied to a polypeptide, will ordinarily be at least
about 5 contiguous amino acids, typically at least about
10 contiguous amino acids, more typically at least about
20 contiguous amino acids, usually at least about

30 contiguous amino acids, preferably at least about

40 contiguous amino acids, more preferably at least about
50 contiguous amino acids, and most preferably at least
about 60 to 80 or more contiguous amino acids in length.
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Such polypeptides can be generated by methods known to
those skilled in the art, including proteolytic cleavage
of the protein, de novo synthesis of the fragment, or
genetic engineering. A biologically active fragment is
defined as one which exhibits complement inhibitory
activity. The activity of a fragment should be at least
1% of, is more preferably at least 10% of, yet more
preferably at least 50% of, and is most preferably at
least equal to, the biologically activity of the
naturally occurring inhibitor of complement activation.

The soluble chimeric molecules are more effective
inhibitors of complement activation than the soluble MCP
or DAF proteins, individually or in combination.
Furthermore, the soluble chimeric proteins possess
extrinsic complement regulatory activity (the ability to
inactivate convertases not bound to the same cell
membrane). In contrast, the membrane-associated forms of
MCP and DAF possess intrinsic activity (the ability to
inactivate convertases bound only to the same cell
membrane). The chimeric proteins can be used as a
therapeutic treatment for inflammatory and autoimmune
diseases, and monoclonal antibodies produced against the
chimeric proteins can be used as diagnostic or

ftherapeutic agents.

The invention also includes modifications of the
chimeric proteins of the invention. Modifications (which
do not normally alter primary sequence) include in vivo,
or in vitro chemical derivatization of polypeptides,
e.g., acetylation, or carboxylation. Also included are
modifications of glycosylation, e.g, changing
glycosylation patterns, e.g., those made by modifying the
glycosylation patterns of a polypeptide during its
synthesis and processing or in further processing steps,
e.g., by exposing the polypeptide to enzymes which affect



10

15

20

25

30

35

WO 95/08570 PCT/US94/10786

-5 =

glycosylation, e.g., mammalian glycosylating or
deglycosylating enzymes.

In another embodiment, the first and second
polypeptides of the chimera may be selected from the
group consisting of MCP, DAF, complement receptor 1,
factor H, C4b binding protein, and soluble biologically
active fragments thereof. Because of their C3/C5
convertase-inhibiting activities, any of the complement
regulatory proteins or polypeptides of the RCA family
could be the first or second polypeptide of the chimera.

The invention also includes a nucleic acid
sequence encoding the chimeric protein in which the first
and second polypeptides are linked by a peptide bond and
a recombinant expression vector comprising a selectable
marker, e.g., glutamine synthetase or dihydrofolate
reductase, and a nucleic acid encoding the chimeric
protein of the invention operably linked to regulatory
sequences for expression of said protein, e.g., a
mammalian promoter. The invention also includes a
process for preparing the chimeric proteins of the
invention by culturing the chimeric protein-encoding
expression vector in suitable host cells, e.g., bacterial
cells, yeast cells, insect cells, or mammalian cells,
ﬁnder conditions which promote expression of the chimeric
protein. The process is preferably carried out by
expreséing the chimeric protein in Chinese hamster ovary
(CHO) cells. The chimeric protein may be prepared by
collecting a cell culture supernatant or cell lysate of
the host cells; removing acid-precipitable contaminants
e.g., contaminants which precipitate below pH 7.0, e.g.,
contaminants which precipitate upon diluting the
supernatant or lysate 1:1 with 25 mM piperazine at a pH
5.0, from the supernatant or lysate; collecting the
chimeric protein which binds to an anion exchange resin;
removing metal-binding contaminants; binding the chimeric
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protein to a phenyl hydrophobic interaction resin and
then eluting said recombinant protein; binding the
chimeric protein to a butyl hydrophobic interaction resin
and then eluting said recombinant protein; and removing
endotoxin from the chimeric protein. The last three
steps of the inventive process may be carried out in any
order.

The invention also includes a method of inhibiting
C3a and C5a generation by contacting a C3 convertase,
e.g., the C3b and C4b subunits of the C3 convertase, and
a C5 convertase, e.g., the C3b and C4b subunits of the Cc5
convertase, with the chimeric protein of the invention.
The binding of the chimeric protein of the invention to
the convertases inhibits the enzymatic activity of the
convertases, thus inhibiting the generation of C3a and
C5a.

In another aspect, the invention features a method
of reducing inflammation characterized by excessive
complement activation by administering the chimeric
protein of the invention to a patient afflicted with such
a condition.

In a final aspect, the invention features an
antibody which binds to the chimeric protein of the

'binyention, but does not bind to the first polypeptide or

second polypeptide of the chimera alone.

Other features and advantages of the invention
will be apparent from the following detailed description
and from the claims.

Detailed Description

The drawings will first be briefly described.

Fig. 1 is a diagram showing the proteins of the
complement system, their pathways of activation, and the
proteins regulating their function.
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Fig. 2 is a diagram showing the mechanism of C3
convertase inactivation by MCP.

Fig. 3 is a diagram showing the mechanism of C3
convertase inactivation by DAF.

Fig. 4 is a graph showing the time course of cell
density and supernatant concentration of complement
activation blocker-2 (CAB-2) protein in a 12-liter
microcarrier culture of transfected CHO-K1 cells. Culture
vessels were seeded with transfected cells at 8 x 104
cells/ml in Iscove’s modified Dulbecco’s medium (IMDM)
containing 2.5 g/ml microcarriers and 10% fetal bovine
serum. After several days of growth to reach peak cell
density, the culture medium was switched to serum-free
IMDM. Every day thereafter, 10 liters of culture
supernatant was harvested and replaced with fresh serum-
free medium.

Fig. 5 is a photograph of purified soluble MCP
(sMCP) and CAB-2 proteins separated on a polyacrylamide
gel. Five pug aliquots of each purified protein was
electrophoresed on a 10% polyacrylamide sodium dodecyl
sulfate (SDS) gel. The gel was run under reducing
conditions and stained with Coomassie blue. Lane 1,
molecular weight markers; Lane 2, sMCP; Lane 3, CAB-2.
The molecular weight standards are 106, 80, 49.5, 32.5
and 27.5 kDa.

Fig. 6 is a diagram depicting the seven-step
purification process for microcarrier-produced CAB-2
protein.

Fig. 7 is a line graph showing the dual reactivity
of CAB-2 protein with anti-MCP and anti-DAF antibodies as
measured in an enzyme-linked immunosorbent assay (ELISA).
The assay used a rabbit anti-MCP polyclonal antibody
capture, murine anti-DAF monoclonal secondary, and
horseradish peroxidase (HRPO)-conjugated goat anti-mouse
IgG tertiary antibodies.

PCT/US94/10786
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Fig. 8 is a line graph showing a comparison of
sMCP and CAB-2 activity as measured in a cofactor assay.
Cleavage of the potassium bromide-treated €3 with C3b-
like properties (iC3) alpha chain was quantitated by
scanning densitometry based on the relative proportions
of the intact chain and its cleavage products in each
sample.

Fig. 9 is a line graph showing a comparison of
sDAF and CAB-2 activity as measured in a decay
accelerating factor assay. The Z values (number of lytic
sites/cell) were determined, using a standard table, from
the values of percentage maximum lysis of each sample.

Fig. 10 is a line graph showing a comparison of
the inhibitory activities of sMCP, sDAF, a mixture of
sMCP + sDAF, and CAB-2 in an assay of classical pathway
dependent complement-mediated cell lysis. IgM-sensitized
sheep red blood cells (RBC) were the stimulant and human
serum (1:200 final dilution) was used as the complement
source. '

Fig. 11 is a line graph showing a comparison of
the inhibitory activities of sMCP and CAB-2 in an assay
of alternative pathway dependent complement-mediated cell
lysis. Unsensitized guinea pig RBC in a buffer

f,containing EGTA (to chelate‘Cafz) were the stimulant and

human serum (1:4 final dilution) was the source of
complement.

Fig. 12 is a line graph showing the inhibition of
C5a production by sMCP and CAB-2. Human serum diluted
1:8 was the source of complement and zymosan (1 mg/ml
final concentration) was the stimulant for alternative
pathway activation. C5a was quantitated by competitive
radioimmunoassay with 1251-csa desArg.

Fig. 13 is a line graph showing the
pharmacokinetics of sMCP and CAB-2 in rats. Animals were
injected intravenously with 1 mg/kg dose of purified
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protein and blood samples drawn at the indicated times
post-injection. Plasma levels of sMCP and CAB-2 were
determined by ELISA.
Fig. 14 is an autoradiograph of serum samples
5 recovered from rats injected intravenously (i.v.) with
1257-1abeled CAB-2. Serum samples were obtained from rats
at various times after injection and electrophoresed on a
10% polyacrylamide SDS gel. The gel was dried and
autoradiographed.
10 Fig. 15 is a bar graph showing the in vivo
inhibition of the reversed passive Arthus reaction in
guinea pigs by CAB-2 protein. Animals were injected i.v.
with 20 mg/kg ovalbumin and 1 pci 1251-Bsa, then
challenged intradermally (i.d.) with 10 mg anti-ovalbumin

15 polyclonal antibody containing the indicated amounts of

CAB-2 protein. After 3 h, animals were sacrificed and
skin biopsies counted to quantitate leakage of 125I-BsA.

Detailed Description
Described herein are the generation and use of

20 novel chimeric genes and their encoded proteins which

express the biological activities of both MCP and DAF.

The term Complement Activation Blocker (CAB) is defined
f_as?a recombinant chimeric protein possessing two

different complement inhibiting activities, such as

25 Factor I cofactor activity and decay accelerating

activity.

The genes of the invention are constructed in a
manner such that the encoded proteins possess at least
two complement binding sites and both Factor I cofactor
30 activity and decay accelerating activity.

The chimeric molecules are more effective
inhibitors of complement activation than the MCP or DAF
proteins, individually or in combination. The chimeric
proteins can be used to treat inflammatory and autoimmune
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diseases, and monoclonal antibodies produced against the
chimeric proteins can be used as diagnostic or
therapeutic agents.

The invention includes recombinant genes which
encode chimeric proteins which have both the Factor I
cofactor and the decay accelerating factor regulatory
activities for complement. By exhibiting both biological
activities, the chimeric proteins are more potent in
their abilities to inhibit complement activation than
either membrane cofactor protein, decay accelerating
factor, or both proteins in combination. Recombinant
materials and methods used to construct and express the
genes, methods used for its manufacture in useful
quantities, pharmaceutical compositions containing the
chimeric recombinant proteins, methods for their use in
the treatment of inflammatory and autoimmune diseases are
described below. Monoclonal antibodies raised against
the chimeric complement regulatory proteins, and methods
for their production and characterization are also
described. Such monoclonal antibodies are useful as
reagents for quantitation and monitoring of the chimeric
proteins and as diagnostic and therapeutic agents for
human diseases.

o Specific embodiments of the invention are
described in the examples below which detail the
construction, cloning and production of a specific
chimeric protein, CAB-2. 1In addition, the examples
detail assays which measure the in vitro biological
activity of the CAB-2 protein, e.g., the enhanced
inhibitory potency for classical and alternative
complement activation of CAB-2. Further, the examples
describe the in vivo pharmacokinetic behavior of the CAB-
2 protein and its efficacy as a treatment for complement-
induced inflammation in an animal model.
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Cloning and expression of a complement receptor fusion

protein with membrane cofactor and decay accelerating

CDNA clones encoding MCP and DAF proteins,
described by Lublin, D. M. et al., 1989, J. Exp. Med.
168:181-194, and Medof, M. E. et al., 1987, Proc. Natl.
Acad. Sci. USA 84:2007-2011, both of which are herein
incorporated by reference, were used for the construction
of expression vectors that direct the synthesis of MCP
and DAF fusion proteins. The MCP and DAF proteins and/or
their biologically active fragments or derivatives may be
produced’using known recombinant DNA techniques based on
the cDNA sequences published by Lublin D. M. et al, supra
and Medof, D. E., et al., supra. Specifically, mRNA can
be isolated from cells expressing MCP and DAF, cDNA
synthesized using random primers, and the specific
sequence for the corresponding gene amplified by
polymerase chain reaction (PCR) with a pair of primers
synthesized according to the published sequences. cDNA
encoding other proteins which inhibit complement
activations can also be isolated in the similar fashion,
e.g, C4b-binding protein (Chung et al., 1985, Biochem J.
230:133-141, herein incorporated by reference), e.g.,

. factor H (Ripoche et al., 1988, Biochem. J. 249:593-602,

25

30

35

and EMBL Accession Number Y00716, herein incorporated by
reference), e.g., CR1 (Klickstein et al., 1988, J. Exp.
Med. 168:1699, herein incorporated by reference).

The short consensus repeats (SCR) region 3 and 4
confer the C3b and C4b binding sites of MCP protein
(Adams, et al., 1991, J. Immunol. 147:3005-3011).
However, SCR 2 is also required in addition to SCR 3 and
4 to retain the membrane cofactor activity. The minimal
length of cDNA to be used is that which encodes the amino
acids corresponding to both SCR 3 and 4 of MCP. The SCR
2, 3 and 4 of DAF contribute to the decay accelerating
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activity (Coyne, et al., 1992, J. Immunol. 149:2906-
2913). For example, a cDNA segment encoding the
extracellular domain containing SCR1-4 and/or serine-
threonine-proline rich (ST) regions of MCP and DAF
proteins can be used for the production of the fusion
protein. Genes other than MCP and DAF with C3b and C4b
binding activities and membrane cofactor and/or decay
accelerating activity can also be used for the
construction of expression vectors that direct the
synthesis of fusion proteins with membrane cofactor and
decay accelerating activities.

Linker between both genes in an expression vector

A linker segment of DNA can be added between two
genes during the construction of expression vectors.
However, insertion of a linker segment between the coding
regions of the first and second proteins must maintain a
proper reading frame at the 5’ and 3’ ends to insure
continuous protein translation.

The length of the linker can range from 0 to 1500
amino acids long and is preferably 0-60 amino acids long.
As described below, no amino acids have been added at the
junction for MCP-DAF construct but two newly added amino

f,acids have been added at the junction for MCP-MCP,

MCP-1/2MCP and DAF-MCP constructs. Since deletion of SCR
1 region does not impair the cofactor activity of McPp,
the SCR 1 region in DAF-MCP construct which spans about
60 amino acids long, can be considered part of a linker
in addition to the two newly added amino acids.

Amino acid substitutions: manipulating the C3b and C4b

binding specificities and affinities
All the SCR regions in the family of complement

regulatory genes share a unique feature of a consensus
sequence in which all four cysteines form two disulfide
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bonds within the region. Amino acids can be substituted
from one SCR to another to convert the binding
specificity of one SCR or to increase binding affinity to
another. For example, C3b binding can be converted to
C4b binding or to both specificities in CR1 (Krych et
al., 1994, J. Biol. Chem. 269:13273-13278). These
manipulations can be accomplished using site directed
mutagenesis techniques known in the art.

Genes to be used for the construction of fusion proteins

All members of the regulators of complement gene
cluster RCA share basic structural similarity (Hourcade,
Holers and Atkinson, 1989, Adv. Immunol. 45:381-416).
Specifically, they are composed of several SCRs of about
60 amino acids long with four conserved cysteines. Aall
except MCP and DAF contain more than 4 SCR regions. .For
example, CR1l has 30 SCR regions. Fusion proteins
retaining membrane cofactor activity and decay
accelerating activity can be constructed with more than
two genes, each with membrane cofactor or decay
accelerating activity. The length for each cDNA segment
to be used in the construct is discussed above.

fAngt-translational modification of fusion proteins
‘ Fusion proteins can be produced with or without

glycosylation. Most members of the RCA family have sites
for glycosylation. For example, MCP contains three N-
linked and one O-linked glycosylation sites within the
SCR and ST regions, respectively. DAF contains one N-
linked and multiple 0-linked oligosaccharides (Lublin, et
al., 1986, J. Immunol. 137:1629). In general, production
of the protein in an eucaryotic expression system results
in the expression of the corresponding protein in
glycosylated form. There are three possible ways to
produce non-glycosylated fusion proteins: (1)
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deglycosylation by cleavage of carbohydrate groups
enzymes such as Endo-peptide-N-galactosaminidase and O-
glycanase to cleave N- and O-linked glycosylations,
fespectively; (2) procaryotic expression in bacillus and
E. Coli to generate non-glycosylated fusion proteins; (3)
site-directed mutagenesis to alter the recognition sites
for N- or O-linked glycosylation.

Expression systems
Fusion proteins can be produced in procaryotic and

eucaryotic systems each using different expression
vectors that are appropriate for each host system.

Chimeric proteins of the invention can be produced
in an eucaryotic expression system such as the
baculoviral or mammalian systems described below.

The following are examples of expression vectors
which may be used for gene expression in an eucaryotic
expression system. The plasmid, pMSG, uses the promoter
from mouse mammary tumor virus long terminal repeat
(MMTV) . Suitable host cells for pMSG expression are
chinese hamster ovary (CHO) cells, HeLa cells and mouse
Lkt negative cells (Lee, F., et al., 1981 Nature 294:228-
232). The vector, pSVL, uses the SV40 late promoter.

, Fog,high transient‘expressiqn,‘suitable host cells for

pPSVL expression are Cos cells (Sprague, J. et al., 1983,
J. Virol. 45:773-781). The vector, pRSV, uses Rous
Sarcoma Virus promoter. Suitable host cells RSV
expression are mouse fibroblast cells, lymphoblastoid
cells and COS cells (Gorman, Padmanabhan and Howard,
1983, Science 221:551-553).

Baculovirus expression vectors can also be used.
These vectors are stably expressed in insect cells such
as sf9 (Luckow, V. A.and Summers, M. D., 1988,
Bio/Technology 6:47-55; Miller, L. K., 1988, Ann. Re.
Microbiology 42:177-199).
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Chimeric proteins of the invention can also be
produced in a procaryotic expression system. The
following are examples of expression vectors which can be
expressed in procaryotic expression systems.

The pOX expression series using the oxygen-
dependent promoter can be expressed in E. coli. (Khosla,
G., et al., 1990, Bio/Technology 8:554-558). pRL vector
which uses the strong pL promoter of lambda phage (Reed,
R. R., 1981, Cell 25:713-719; Mott, J. D., et al., 1985,
Proc. Natl. Acad. Sci. USA 82:88-92) and the pKK223-3
vector which uses a hybrid promoter derived from the
fusion between the promoters of the tryptophan and
lactose operons of E. coli. (Borsius, J. and Holy, A.,
1984, Proc. Natl. Acad. Sci. Usa 81:6929-6933) can be
used for expression in E. coli.

Suitable vectors for yeast expression are also
well known in the art, e.g. Sleep, D. Belfield, D. P. and
Goodey, A. R., 1990, Bio/Technology 8:42-46; Sakai, A.
et al., 1991, Bio/Technology 9:1382-1385; Kotula, L. and
Curtis, P. J., 1991, Bio/Technology 9:1386-1389 all of
which are herein incorporated by reference.

Production, guantitation, purification and analvsis of

 chimeric CABs

25

30

Once a recombinant éell line that expresses a
chimeric gene has been isolated, the secreted proteins
must be identified and verified with regard to their
predicted structure. Various methods can be used to
identify and characterize the expressed chimeric
proteins. The recombinant cell line can first be
incubated with 3%S-methionine to endogenously label its
expressed proteins. The presence of secreted chimeric
proteins can be verified by radioimmunoprecipitation with
monoclonal antibodies to one or the other protein of the
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chimera, e.g., anti-MCP or anti-DAF. Antibodies to both

- MCP and DAF are commercially available.

In an example of one method, metabolically
35s-labeled culture supernatants are incubated with either
anti-MCP or anti-DAF monoclonal antibodies. The immune
complexes are precipitated by incubation with Protein A
conjugated to Sepharose. SDS polyacrylamide gel
electrophoresis of the immunoprecipitated proteins,
followed by autoradiography, can be used to identify the
secreted chimeric proteins. If a chimeric protein is
expected to express both MCP and DAF domains, as is the
case with CAB-2, one would expect both anti-DAF and anti-
MCP antibodies to immunoprecipitate the protein.

Another method that could be used with bispecific
chimeric proteins composed of both MCP and DAF gene
segments (e.g., CAB-2) is a double immunoprecipitation,
using two monoclonal antibodies of different
specificities in succession. Pre-clearance of culture
supernatant with one antibody would result in a negative
immunoprecipitation with the second antibody. This
method would verify that a single protein expresses both
MCP and DAF epitopes.

Alternatively, a bispecific chimeric protein, e.q,

.,CAB—Z, can be identified by Western blot. For example,

after SDS-PAGE and transfer to nitrocellulose, blots can
be developed with either anti-MCP or anti-DAF monoclonal
antibodies. The expressed bispecific recombinant protein
would be reactive with both antibodies, égain
demonstrating the presence of both MCP and DAF epitopes
on the chimera.

Identification of a bispecific chimeric protein
such as CAB-2 can also be accomplished by ELISA. For
example, a rabbit polyclonal antibody specific for either
MCP or DAF can be used to coat plastic microtiter ELISA
plates, followed by the addition of culture supernatant
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from the recombinant cell line expressing CAB-2 and
incubation with the capture polyclonal antibody. A
monoclonal anti-DAF or anti-MCP secondary antibody, the
specificity of which is different from the capture
antibody, can be subsequently used. A positive reaction
would indicate the presence of both epitopes on the
chimeric protein.

An ELISA can also be used to quantitate the levels
of CAB-2 in culture supernatants or any other unpurified
solutions containing the chimeric protein by comparison
to standard curve of known quantities of purified CAB-2
protein. Quantitation of CAB-2 would be useful for
determination of production rates in recombinant cell
lines, determination of protein concentration in
partially purified preparations, and for .determination of
protein concentration in plasma for in vivo experiments.

The chimeric CAB-2 protein can be purified from
recombinant cell culture supernatant by a variety of
standard chromatographic procedures, including but not
limited to immunoaffinity chromatography, ion exchange
chromatography, gel filtration chromatography, reverse-
phase high pressure liquid chromatography (HPLC), lectin
affinity chromatography, or chromatofocusing. For

.1example, small quantities of culture supernatant
containing serum supplement can be purified using
immunoaffinity chromatography with e.g., anti-MCP or
anti-DAF monoclonal antibodies. CAB-2 protein bound to
the immobilized antibody can be eluted in purified form
by use of a chaotropic solution.

Recombinant CHO cells can be cultured without high
concentrations of serum supplement for production of
large quantities (100 liters) of supernatant containing
CAB-2 protein. A description of a culture method which
uses microcarriers in 12-liter vessels is presented in an
example below. The CAB-2 protein in this serum-free
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culture supernatant can be purified by the
chromatographic procedures detailed in the example below.
This procedure results in hundreds of mg of CAB-2 protein
which is greater than 90% pure.

Once the CAB-2 protein is purified, its amino acid
sequence can be deduced by direct protein sequence
analysis using an automated system. The presence of N-
and O-linked carbohydrates can be determined by use of
specific endoglycosidase enzymes (Chavira, R. et al,
1984, Anal. Biochem. 136:446). Further characterizations
of its biochemical structure can also be performed,
including but not limited to pI determination by
isoelectric focusing, hydrophilicity analysis, X-ray
crystallographic analysis, and computer modeling.

Functional characterization of the chimeric proteins of

the invention

The important characteristic for the chimeric
recombinant proteins is their ability to function both as
a cofactor for Factor I and as a decay accelerating
factor. In vitro assays can be performed to measure
these biological activities (Medof, M. et al, 1984, J.
Exp. Med. 160:1558; Masaki, T. et al, 1992, J. Biochem

, 111;573). As described in the examples, assays for

cofactor activity (using purified €3 and factor I) and
for decay accelerating activity (using IgM, Ci1 and c4-
sensitized sheep RBC and purified C2) are used to
demonstrate both these complement regulatory functions
for the CAB-2 chimeric protein. The consequence of
either cofactor or decay accelerating activity, or in the
case of CAB-2, both activities in combination, is the
inactivation of C3/C5 convertases. Another in vitro
assay, as described in the examples below, demonstrates
that CAB-2 is capable of inhibiting C5 convertase
activity as measured by the production of C5a (Moran, P.
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et al, 1992, J. Immunol. 149:1736, herein incorporated by
reference). Additional assays, as described in the
examples below, demonstrate that CAB-2 inhibits the
complement-induced lysis of cells via the classical and
alternative pathways.

Generation of Monoclonal Antibodies Against Chimeric

Proteins

Monoclonal antibodies can be generated to purified
chimeric proteins by standard procedures. Mice are
immunized with the proteins mixed with a suitable
adjuvant. Spleen cells are fused with a myeloma cell
line using polyethylene glycol, and the hybridomas are
selected with medium containing hypoxanthine and
aminopterin. Hybridomas secreting the desired antibodies
can be screened by ELISA and cloned. Specificities of
the monoclonal antibodies can be determined by the use of
different protein or peptide antigens in the ELISA.
Useful quantities of antibodies can be produced by either
the generation of ascites fluid in mice or by large scale
in vitro culture of the cloned antibody-producing
hybridoma cell line. Antibodies can be purified by
various chromatographic procedures known in the art, such
_as affinity chromatography on either immobilized Protein
A or Protein G.

Demonstration of in vivo Therapeutic Activity of CAB-2
The Arthus reaction is an inflammatory response

caused by the interaction of antigen in tissue with
circulating antibody. It has been used as a classic
example of a localized in vivo inflammatory response, and
is characterized by the formation of immune complexes,
complement activation, inflammatory cell recruitment,
edema and tissue damage (P. Bailey & A. Sturm, 1983,
Biochem. Pharm 32:475). Experimentally, a reversed
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passive Arthus reaction can be established in an animal
model by i.v. injection with antigen and subsequent
challenge with antibody. Using guinea pigs as an animal
model, the in vivo therapeutic efficacy of chimeric
proteins of the invention can be evaluated (see example
below) .

Additional animal models with relevance to various
clinical human diseases can also be used to test the in
vivo efficacy of complement activation blockers. These
include, but are not limited to: myocardial
ischemia/reperfusion injury (acute myocardial infarction;
H.F. Weisman et al., 1990, Science 249:146); cerebral
ischemic injury (stroke; L. Chang et al, 1992, J. Cerebr.
Blood Flow Metab. 12:1030); lung injury (ARDS; S. Hosea
et al, 1980, J. Clin. Invest. 66:375); xXenograft
rejection (transplants; J. Leventhal et al, 1993,
Transplantation 55:857); burn injury (F. Caldwell et al,
1993, J. Burn Care Rehab. 14:420); acute pancreatitis (M.
Steer, 1992, Yale J. Biol. Med. 65:421), nephritis (R.
Pichler et al, 1994, Am. J. Pathol 144:915),
cardiopulmonary bypass (L. Nilsson et al., 1990, Artif.
Organs 14:46), and multiple sclerosis (C. Linington et

al., 1989, Brain 112:895).

Use

The chimeric proteins of the invention, e.g.,
recombinant CAB-2 protein, can be combined with an
appropriate pharmaceutical formulation and administered
by a variety of routes, including, but not limited to,
intravenous bolus injection, intravenous infusion,
intraperitoneal, intradermal, intramuscular,
subcutaneous, intranasal, and oral routes. The
administration of CAB-2 in vivo will enable the protein
to bind endogenous C3/C5 convertases and inhibit the
generation of additional C3b and C5b, of C3a and C5a
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anaphylatoxins, and of C5b-9 lytic complexes. The
complement regulatory activities of the CAB-2 protein can
therefore function to inhibit in vivo complement
activation and the inflammatory sequelae that accompany
it, such as neutrophil recruitment and activation,
autolysis of host cells, and edema. CAB-2 can be used
for the therapy of diseases or conditions that are
mediated by inordinate and/or excessive activation of the
complement system. These include, but are not limited
to: tissue damage due to ischemia-reperfusion following
myocardial infarction, aneurysm, stroke, hemorrhagic
shock, or crush injury; burns; endotoxemia and septic
shock; adult respiratory distress syndrome (ARDS);
hyperacute rejection of grafts; cardiopulmonary bypass
and pancreatitis. Autoimmune disorders including, but
not limited to, systemic lupus erythematosis, rheumatoid
arthritis, and multiple sclerosis, can also be treated
with the chimeric proteins of the invention (also see
Table 1).
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Various delivery systems are known and can be used
to deliver the chimeric proteins of the invention, such
as encapsulation in liposomes, or controlled release
devices. The chimeric proteins of the invention can also
be administered extracorporeally, e.g., pre-conditioning
donor organs prior to transplantation. The chimeric
proteins of the invention can be formulated in a
pharmaceutical excipient in the range of approximately 10
kg/kg and 10 mg/kg body weight for in vivo or ex vivo
treatment.

The following examples contained herein are
intended to describe but not limit the invention.

EXAMPLE 1: Cloning and expression of a recombinant dene
encoding a complement receptor fusion protein

Described herein is the construction of various
expression vectors that directed the expression of
complement receptor fusion proteins, e.g., MCP-MCP,
MCP-1/2MCP, MCP-DAF and DAF-MCP. These proteins were
prepared as follows. A DNA fragment encoding an amino
acid sequence corresponding to the extracellular domains
of MCP and DAF were joined together in an expression
vector that directed the expression of the fusion MCP and

All restriction endonucleases were purchased from
New England Biolabs, Beverly, MA. Taq polymerase was
obtained from Cetus, Norwalk, CT. Custom synthesized
oligo-nucleotides were purchased from National
Biosciences Inc., Plymouth, MN. pGEM-3fz(-) plasmid
(referred to herein as pG3N) was obtained from Promega,
Madison, WI. pBluescript II SK(+) (referred to herein as
pII SK) was procured from Stratagene, La Jolla, CA.

COS-7 (ATCC No. CRL1651) was routinely maintained
in Dulbecco’s modified Eagle medium (DMEM) (GIBCO)
supplemented with 10 mM glutamine, 20 mM HEPES, 50 ug/ml
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streptomycin, 50 units/ml penicillin, and 10% fetal
bovine serum. CHO-K1 (ATCC No. CCL61) was cultured in
Ham’s nutrient mixture F-12 (Sigma, St. Louis, MO)
containing 10% fetal bovine serum, 50 ug/ml streptomycin
and 50 units/ml penicillin.

A._Construction of MCP-pG3N plasmid.

MCP-pG3N was used as the backbone for the
construction of MCP-DAF, MCP-MCP and MCP-1/2MCP
expression vectors. The construction of the MCP-pG3N

plasmid was accomplished by the insertion of cDNA segment
encoding amino acid sequence corresponding to the
extracellular domain of MCP into pG3N plasmid. The cDNA
encoding the extracellular domain of MCP was obtained by
PCR.

The PCR reaction was carried out under conditions
described in S. J. Scharf. 1990, PCR protocol: A guide to
methods and applications, ed. M. A. Innis, D. H.
Gelfrand, J. J. Sninsky and J. J. White, New York, New
York, pp. 84-91; herein incorporated by reference. 1In a
typical 100 pl reaction, the reaction mixture contained
50 mM KC1, 10 mM Tris-HCl pH 8.3, 1.5 mM MgCl,, 0.2 mM of
all four deoxyribonucleotides, 1 ng of linearized

“template, 45 pmole of each of the paired primers, and 5

units of Taq polymerase. The amplification reaction was
run for 30 cycles with each cycle consisting of an
incubation at 94°C for 1 minute, 52°C for 1 minute and
72°C for 1 minute. At the end of the last cycle, a
further incubation at 72°C for an additional 15 minutes
was allowed in order to complete the amplification
reaction.

A plasmid containing cDNA sequence encoding amino
acid sequence corresponding to the MCP protein (Lublin
et al., 1988, J. Exp. Med. 168:181-94, herein
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incorporated by reference) was used as template in the
PCR reaction described below.

In the PCR, MCP-N1 primer, 5’ -- GGA ATT CGC ATG
GAG CCT CCC GGC ~-3'’ (SEQUENCE ID NO:1) was used as the
forward primer, while MCP-STB primer, 5’ -- CTA TGA GGC
ACT GGA CGC TGG AGA TTT =-- 3’ (SEQUENCE ID NO:2), was
used as the reverse primer. There was an EcoRI
restriction site added to the 5’ end of the MCP-N1 primer
and a termination codon added to the 5’ end of the MCP-
STB primer for the termination of protein translation.

MCP cDNA sequence generated by this PCR reaction,
MCP1 fragment, spans nucleotide nos. 41 to 943 (D. M.
Lublin et al., supra). MCP1l encodes amino acid sequence
corresponding to the extracellular domain of the MCP
protein. It contains regions for signal peptide (SP),
short consensus repeat SCR 1-4 and portion of the serine
and threonine rich region (ST).

For the construction of the MCP-pG3N plasmid, MCP1
fragment was cleaved with EcoRI and Sall restriction
endonucleases, gel purified and subcloned into pG3N
plasmid that was treated with the same set of restriction
enzymes. The treatment of MCP1 fragment with Sall
resulted in the cleavage of all of its ST coding sequence
other than that encoding the first three amino acids.

B. Construction of MCP-DAF expression vectors.
PCR was used to synthesize a cDNA segment, DAF2

fragment, encoding amino acid sequence corresponding to
the extracellular domain of DAF protein for the
construction of MCP-DAF pG3N plasmid. A plasmid
containing cDNA (M.E. Medof et al., supra.) encoding
amino acid sequence corresponding to the DAF protein was
used in the PCR reaction described below. The primers,
DAF-N5, 5’ -- CCT CTA GAG TCG ACT GAC TGT GGC CTT CCC CccA
GAT GTA --3’ (SEQUENCE ID NO:3) and DAF-C5, 5’/ -- TCT AGA



10

15

20

25

30

35

WO 95/08570 PCT/US94/10786

- 26 -

GCA TGC GAA TTC TCA ACG GGT AGT ACC TGA AGT GGT TCC =-- 3/
(SEQUENCE ID NO:4) were used as the forward and the
reverse primers respectively. There was a Sall
restriction site added to the 5’ end of the DAF-N5
primer. A stop codon for protein translation was added
to the 5’ end of the DAF-C5 primer. After the stop
codon, two restriction sites, EcoRI and SphI, were also
introduced. Thus, the DAF2 fragment is bracketed by Sall
at 5’ end and a EcoRI-Sphl duet at 3’ end. DAF2 fragment
defines a region spanning nucleotide nos. 156 to 1124 (M.
E. Medof et al., supra) that encodes an amino acid
sequence corresponding to the extracellular domain of the
mature DAF protein containing SCR 1-4 and ST regions.

The construction of MCP-DAF pG3N plasmid was
achieved by the ligation of DAF2 fragment and MCP-pG3N
plasmid after both DNAs were cleaved with Sall and SphI
restriction enzymes. The Sall site was the in-frame
joint site between MCP and DAF DNA segment, thus ensuring
a continuous protein translation from MCP into DAF.

There was a transition of the nucleotides, ACT, into Acc
at Sall site, nevertheless it still served as the codon
for amino acid threonine.

MCP-DAF cDNA segment was retrieved from MCP-DAF
pGB&,by the treatment with EcoRI restriction enzyme and
gel purification. This cDNA fragment was subsequently
cloned into the EcoRI site of the pEE14 which contains
the glutamine synthetase gene as a selectable marker
(M.I. Cockett et al., 1990, Bio/Technology 8:662-667,
herein incorporated by reference) and the p91203(B)
vector which contains the dihydrofolate reductase gene as
a selectable marker (G.G. Wong et al., 1985, Science
228:810-815, herein incorporated by reference) vectors.
MCP-DAF P91203(B) expression vector utilizes adenovirus
major late promoter to direct the expression of MCP-DAF
protein and is suitable for transient expression in COS-
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7 and permanent expression in CHO. Expression of MCP-
DAF protein in the MCP-DAF pEEl4 expression vector is
under the control of cytomegalovirus promoter. This
vector is suitable for the establishment of a permanent
CHO cell line in which the expression of MCP-DAF can be
amplified in the presence of high concentration of
methionine sulfoximine (M.I. Cockett et al., supra)
MCP-DAF expression vectors can direct the
expression of a fusion protein with the MCP sequence at
the amino-terminus and the DAF sequence at the carboxyl-
terminus. The MCP portion of the fusion protein spans
amino acid nos. 1 to 254 of the native mature MCP protein
after the signal peptide of 34 amino acids is cleaved
upon expression. It contains four SCR (1-4) regions and
the first three amino acids of the ST region. The DAF
portion encompasses the extracellular domain of the
mature native DAF protein that ends right after the ST
region (4 SCR and 1 ST regions; from amino acid nos. 1
to 324). Overall, the MCP-DAF protein is 578 amino acid
long with a predicted molecular weight of about 70 KDa.
However, its actual molecular weight is higher as it also
contains four N-linked glycosylation sites (3 within the
MCP and 1 within the DAF) and multiple O-linked (the ST

fregion of DAF) glycosylaton_site. The recombinant

chimeric protein encoded by the MCP-DAF expression vector
is referred to as CAB-2.

C. Cconstruction of MCP-MCP and MCP-1/2MCP expression

vectors.

The construction of MCP-MCP and MCP-1/2MCP
expression vectors was similar to that for MCP-DAF
expression vectors with some exceptions described as
follows.
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MCP-MCP expression vectors
A MCP2 fragment was synthesized by PCR technique

using MCP-N4 primer, 5’ -~ TCG ACC TGC AGG TGT GAG GAG
CCA CCA ACA TTT -- 3’ (SEQUENCE ID NO:5) as the forward
primer and MCP-UCl1l primer, 5’ -- GCG AAT TCC TCA CAA ACT
GTC AAG TAT TCC TTC CTC ~- 3’ (SEQUENCE ID NO:6) as the
reverse primer. There was a PstI site added to 5’ end of
the MCP-N4 primer and a termination codon followed by a
newly added EcoRI site was introduced at the 5’ end of
the MCP-UC1 primer. Thus, MCP2 fragment was framed by a
PstI site at the 5’ end and an EcoRI site at the 3’ end.
MCP2 defines a region (nucleotide nos. 146-1024) that
encodes an amino sequence corresponding to the
extracellular domain of the mature MCP protein truncated
right before the transmembrane region (amino acid nos. 1
to 293). To complete the construction of MCP-MCP pG3N
plasmid, the MCP-pG3N plasmid was cleaved with HindIII,
end-filled with Klenow fragment, digested with PstI and
finally ligated with MCP2 fragment which had been cleaved
with PstI restriction enzyme. The newly constructed MCP-
MCP cDNA fragment was retrieved by EcoRI digest, gel
purified, and then subcloned into the EcoRI site of the
expression vectors to complete the construction of MCP-

fMCPuexpression vectors. These expression vectors direct

the expression of a MCP-MCP fusion protein of 547 amino
acid long with a predicted molecular weight of about 70
kDa. The actual molecular weight for MCP-MCP protein is
higher as it contains six N-linked and multiple O-linked
gylcosylation sites. There were two new amino acids,
cysteine and arginine, added at the junction of the two
MCP fragments.

MCP-1/2MCP expression vectors
The construction for MCP-1/2MCP expression vectors

was identical to that for MCP-MCP expression vectors
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except that a different forward ﬁrimer, MCP-N5, 57 --
TCG ACC TGC AGG AAG GTT TTG TGT ACA CCA CCT --3’ (SEQUENCE
ID NO:7), was used for the synthesis of 1/2MCP DNA
segment. 1/2MCP fragment spans nucleotide nos. 518 to
1024 and encodes amino acid sequence defining the SCR3,
SCR4 and ST regions(amino acid nos. 124-293) of the MCP
protein. MCP-1/2MCP expression vectors direct the
expression of MCP-1/2MCP protein of 385 amino acids long.
MCP-1/2MCP protein has four N-linked and multiple O-
linked glycosylation sites, thus its actual molecular
weight is higher than the predicted 46 kDa.

D. Construction of DAF-MCP expression vectors.
A DAF DNA fragment, DAF1l, was synthesized by PCR
technique for the construction of DAF-pII SK plasmid that

was used for the engineering of recombinant DAF-MCP
expression vectors. The following primers were used:
forward primer, DAF-N2, 5/ -- CGG AAT TCC ATG ACC GTC GCG
CGG CCG AGC GTG =-- 3’ (SEQUENCE ID NO:8) and a reverse
primer, DAF-C2R, 5’ -- ACC TGC AGG TTT TCC TCT GCA TTC
AGG TGG T =-- 3/ (SEQUENCE ID NO:9). Restriction sites,
EcoRI and PstI, were introduced to the 5’ ends of DAF-N2
and DAF-C2R primers, respectively. DAF1l encompasses from
_huc%gotide nos. 52 to 911 of the DAF gene and encodes the
amino acid sequence corresponding to the extracellular
domain of the mature DAF protein truncated right before
the ST region.

DAF-MCP pII SK plasmid was constructed by the
ligation of PstI- and SmaI-treated DAF-pII SK vector and
a MCP3 fragment that was treated with PstI. MCP3
fragment was the PCR product using a forward primer, MCP-
4.2, 5’ =-- TCG ACC TGC AGA GGA GCC ACC AAC ATT TGA AGC T
== 3/ (SEQUENCE ID NO:10), with a PstI at the 5’ end, and
a reverse primer, MCP-UCl, described earlier. DAF-MCP
CDNA fragment was retrieved from DAF-MCP pII SK plasmid
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after cleavage with EcoRI, gel purified, and then
subcloned into the EcoRI site of pEEl14 and P91023(B)
(Wong et al., supra) expression vectors.

DAF-MCP expression vectors direct the synthesis of
a DAF-MCP protein of 546 amino acid long. There are two
exogenous amino acids, serine and threonine introduced at
the junction between DAF and MCP due to vector
construction. This protein has a predicted molecular
weight of about 66 kDa exclusive of the added weight
contributed by four N-linked (one within DAF and three
within MCP) and multiple O-linked (located at ST region
of MCP) glycosylations.

E. Cell culture and transfections.

Transfection of COS-7 cells was carried out using
lipofectin (GIBCO, Gaithersburg, MD) following the
protocol recommended by the manufacturer. Briefly, the
day before transfection, COS-7 cells were subcultured in
new dishes (60mm) at a cell density which would give
about 70 to 80% confluency the following day. Just
before transfection, the CO0S-7 cells were washed twice
with opti-MEM medium (GIBCO) without serum. Three ml of
opti-MEM medium containing 5 to 10 ug of expression
fvecgor and 20 ug of lipofectin was added to the washed
COS-7 monolayer. Tranfection was allowed to take place
for 6 hours at 37°C in a CO, incubator. The transfection
solution was then removed and replaced with fresh opti-
MEM supplemented with 10% fetal bovine serum, 50 ug/ml
streptomycin and 50 U/ml penicillin. The transfected
COS-7 cells were then incubated without disturbance at
37°C for an additional three days. The culture
supernatant was collected and briefly spun to remove
dead cells before conducting evaluation of biological

activity.
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CHO-K1 (ATCC No. CCL61) was used to establish
permanent cell line expressing MCP-DAF, MCP-MCP, MCP-
1/2MCP and DAF-MCP. Briefly, CHO-K1 cells were
transfected with expression vectors using lipofectin as
described above except that cell confluency was at about
20% before transfection and transfectants were maintained
in GMEM-S medium (Glasgow MEN, without L-glutamine and
tryptose phosphate broth, supplemented with 10% dialyzed
fetal bovine serum, non-essential amino acids, 1 mM
sodium pyruvate, 60 pg/ml L-glutamate, 60 ug/ml L-
asparagine, 7 pg/ml of each of the nucleosides, 50 pg/ml
streptomycin and 50 units/ml penicillin). Transfectants
expressing the novel proteins were isolated and
subcultured in GMEM-S medium with increasing
concentration of methionine sulfoximine. . CHO-K1 clones
expressing the protein chimeras of the invention were
then isolated by two rounds of limiting dilution cloning.
Culture supernatants containing the product expression
vector derived from the CHO-K1 transfectants, i.e., the
CAB-2 protein, were used for purification by the methods
described below.

Example 2: Microcarrier culture for large scale

A microcarrier cultufe method was developed with
the CHO-K1 transfectant cell line expressing the
recombinant CAB-2 protein.

After amplification of transfected CHO-K1 cells
and cloning by limiting dilution, cells were initially
cultured and expanded in T-flasks in Dulbecco’ s modified
Eagle’ s medium (DMEM) supplemented with 10% fetal bovine
serum (FBS), sodium pyruvate, non-essential amino acids,
glutamine, asparagine, nucleosides, penicillin-
streptomycin, and methionine sulfoximine (selection
medium). Microcarrier cultures were prepared using 12-



10

15

20

25

30

35

WO 95/08570 PCT/US94/10786

- 32 -

liter Nalgene vessels outfitted with Bellco overhead
drive impeller assemblies, overlay gas addition ports,
and sparge tubes. Cultisphere-G microcarriers were
employed at 2.5 g/1, and washed three times with PBS and
once with serum-free IMDM prior to use. Cells from
twenty T150 flasks were washed with phosphate buffered
saline (PBS), detached from the plates by trypsinization,
and seeded into the 12-liter vessels at approximately 10
x 10% cells/ml. The medium used was IMDM with 10% bovine
calf serum and penicillin-streptomycin (growth medium).
Spinner vessels were fed every 2-3 days with growth
medium by allowing the microcarriers to settle, removing
10 liters of medium, and replacing with 10 liters of
fresh growth medium. Cell densities were monitored by
counting nuclei in a sample of the cell culture, a
process which involved staining microcarriers with a
solution of 0.1 M citric acid, 0.1% crystal violet,
followed by incubation for one hour at 37°C and
enumeration using a hemocytometer. Values for PH, pCO,,
and pO, were monitored with a Corning model 170 blood gas
analyzer. Oxygen concentration was maintained using a
40% oxygen, 5% CO,, balance N, gas mixture at a rate of
10-50 ml/min through a glass sparger.
R When the culture attained stable cell density
(after 15-20 days growth, at cell densities of 3-10 x 10°
cells/ml), production phase was initiated. This was done
by replacing the growth medium with protein-free
production medium, which contained 1 mM sodium butyrate
and penicillin-streptomycin. For the next 10-14 days,
ten liters of culture medium was replaced with fresh
production medium each day. Harvested supernatants were
stored at 4°C until the culture was terminated.

Results from a typical large-scale culture are
presented in Fig. 4. The cell density was found to
increase from 8 x 10% cells/ml to a density of 8 x 10°
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cells/ml in 15 days. Following the initiation of
production phase, the cell counts dropped steadily over
12 days. Fig. 4 also showns the concentration of CAB-2
protein in each culture harvest. Conditioned medium was
filtered using a Pelicon system (Millipore, Bedford, MA)
using a 0.45 micron filter cartridge according to
instructions supplied by the manufacturer. The medium
was then concentrated 20-30 fold using the Pelicon
ultrafiltration system with a 10,000 molecular weight
cutoff membrane. Medium concentrates were stored at -
70°C until used.

Example 3: Affinity Purification of CAB-2 from Culture

Supernatants

Small scale purification of the CAB-2 protein was
achieved by immunoaffinity chromatography using an anti-
MCP monoclonal antibody, e.g., GB24. BAntibody was
immobilized via the carbohydrate moiety using Carbo-1link
Sepharose (Pierce, Cat. #20392G). Supernatants from
cultures of the CAB-2-producing recombinant CHO line were
passed through a 35 ml column of GB24-Sepharose resin.
The column was washed with PBS to remove any unbound
proteins. CAB-2 was eluted from the column with 0.1 M

‘glycine pH 2.5. Fractions were collected and immediately

neutralized with 1/10 volume of 1 M Tris buffer, pH 8.5.
Fractions containing protein were pooled, dialysed in PBS
and concentrated. The protein was electrophoresed on a
10% polyacrylamide SDS gel (see Fig. 5). A single
protein species of approximately 110 kDa was detected.
This is the expected size of the CAB-2 protein, based on
its deduced amino acid sequence and predicted
glycosylation.
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Example 4: Chromatographic Purification of CAB-2 from

Microcarrier Culture Supernatants
A 7-step procedure for the purification of CAB-2

from serum-free culture supernatants was established and
scaled-up to the 100 mg scale. Purification conditions
are detailed, followed by the recovery results and the
endotoxin reduction levels (see Fig. 6 and Table 3 which
shows the degree of purification and percentage yield of
CAB-2 protein after each chromatographic step). In the
representative purification shown in Table 3, the purity
level of the final sample was approximately 93% with an
endotoxin level of 0.045 endotoxin units (EU)/mg CAB-2
and an overall CAB-2 recovery of 24%. The recovery in
this run was low due to an unexplained loss of CAB-2 in
the final step. Recoveries of CAB-2 are routinely 35-
50%.

Step 1: contaminant Precipitation

Concentrated conditioned media was diluted 1:1
with Q Sepharose equilibration buffer (25 mM piperazine
PH 5.0) and the pH was adjusted to 5.0. A fine
precipitate was formed and was filtered through a
precipitate-adsorbing agent (Celite 621, Aldrich) using a

'Buchner funnel.

Step 2: Anion Exchange Chromatography

Q Sepharose FF resin (Pharmacia) was packed as a
1.1 liter column (9.0 x 17.3 cm). The resin was
depyrogenated with 0.5 N NaOH and equilibrated with 25 mM
piperazine pH 5.0. The filtered pool from step 1 was
loaded onto the column at 10 mg total protein (TP) per ml
resin. The column was washed with equilibration buffer
(25 mM piperazine pH 5.0) to remove contaminants. The
column was then washed with 200 mM NacCl buffer, which
resulted in the elution of two peaks, the first

PCT/US94/10786
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containing CAB-2 and the second containing the media
color additive (phenol red).

Step 3: Tmmobilized Metal Affinity Chromatography
Chelate Sepharose FF (Pharmacia) was packed to a
bed volume of 50 ml (2.2 x 13 cm). The resin was
depyrogenated with 0.5 N NaOH and washed with dH,0. The
resin was charged with 100 ml 0.3 M ZnCl,, washed with
dH,0 and equilibrated with 25 mM MES pH 6.0 containing
0.2 M NaCl. The Q Sepharose pool (the material eluted
from the Q Sepharose column which contained the CAB-2
protein) was brought to 25 mM MES pH 6.0 and loaded at 20
mg TP per ml of resin onto the Chelate column at a rate
of 150 cm/hr. The column was washed with equilibration
buffer, and CAB-2 was collected in the flowthrough.

Step 4: Phenyl Hydrophobic Interaction Chromatographvy

A 290 ml (4.4 x 19.1 cm) TosoHaas Phenyl 650M HIC
column was depyrogenated with 0.5 N NaOH and equilibrated
with 25 mM phosphate pH 7.0 containing 3 M NaCl. The
flowthrough pool from Step 3 was adjusted to 25 mM
phosphate pH 7.0 and 3 M NaCl, and loaded onto the column
at 3.5 mg TP per ml of resin. Following an equilibration
bufﬁgr wash, the CAB-2 was eluted with 25 mM phosphate pH
7.0 containing 1 M NacCl. |

Step 5: Butyl Hydrophobic Interaction Chromatography

A 110 ml column (3.2 x 13.7 cm) containing
TosoHaas Butyl 650M HIC resin was depyrogenated with
0.5 N NaOH and equilibrated with 25 mM phosphate pH 7.0
containing 3 M NaCl. The elution pool from Step 4 was
adjusted to 3 M NaCl and pH 7.0 and then loaded onto the
column. The column was washed with equilibration buffer
and the CAB-2 then eluted with 25 mM phosphate pH 7.0
containing 1 M NacCl.
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Step 6: Diafiltration and Concentration

The elution pool from Step 5 was concentrated
5-6 fold using a Mini-ultrasette tangential flow system
from Filtron containing a 10 kDa MWCO Omega membrane.
The pool was then diafiltered with 4-5 sample volumes of
PBS.

" Table 3 - CAB-2 Purification Run 062194
l (started with 250 mg CAB-2 in conditioned media)
Step Percent Purity Percent Overall | Endotoxin Level
mg CAB-2/mg TP Recovery#* EU per mg CAB-2
(x100)
Starting Media 1 - -
l-contaminant 1 110.1 72.34
precipitation.
2-anion exchange 22 56.7 73.95
3-IMAC 16 43.2 109.71
4-phenyl HIC 42 40.7 27.60
5-butyl HIC 49 38.9 7.61
‘6-diafiltration and NA NA 4.10
.concentration
7-post-detoxigel ' 93 23.7% 0.05
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Step 7: Endotoxin Removal and Final Concentration
Although the phenyl and butyl HIC steps

significantly reduce the endotoxin levels in the sample
(see Table 3), the sample was further depyrogenated by
eluting twice through a Pierce endotoxin affinity resin.
The 5 ml column (1 x 6 cm) was first stripped of
endotoxin with 1% deoxycholate, then equilibrated with
endotoxin-free PBS. The CAB-2 was passed through the
column in sterile PBS. Finally, the CAB-2 was
concentrated with an Amicon Centriprep 10 (previously
depyrogenated with 70% alcohol). The final endotoxin
concentration was 0.045 EU per mg CAB-2.

Example 5: Detection of CAB-2 by ELISA
An ELISA assay was developed using antibodies

directed against membrane cofactor protein (MCP) and
decay accelerating factor (DAF). A rabbit anti-McP
polyclonal antiserum was generated by immunization of
rabbits with soluble MCP (sMCP). 1IgG was purified from
the antiserum by immobilized Protein A affinity
chromatography. An aliquot (50 pl) of polyclonal anti-
MCP IgG at 2 pug/ml was added to 96-well ELISA plates,
and the plates were incubated overnight at 4°C. After

fblogking the plates with 1% BSA, 0.1% Tween in PBS,

purified sMCP or CAB-2 proteins were added at various
concentrations in blocking buffer and incubated for 1 h
at 37°C. A murine anti-DAF monoclonal antibody (BRIC
216, Harlan Bioproducts Cat. #MCA914) was added at 1
pg/ml and incubated for 1 h at 37°C. An HRPO-conjugated
goat anti-mouse IgG tertiary antibody was added at 1:1000
dilution and incubated for 1 h at 37°C. An enzyme
substrate (TMB, Pierce Chemical Co., Rockford, IL, Cat.
#34021) was added and the reaction stopped with 2 M H,S0,.
OD,5o values were determined on an ELISA plate reader.
Data shown in Fig. 7 demonstrate that the CAB-2 protein
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was detected by the two antibody sandwich ELISA,
indicating that the protein expresses both MCP and DAF
domains. Soluble MCP, on the other hand, was not
detected by this combination of antibodies.

Example 6: Demonstration of in vitro Activitv of CAB-2

Chimeric Protein Cofactor Activity

An assay for determination of Factor I cofactor
activity was performed as described by Seya et al. (J.
Exp. Med., 1986, 163:837, herein incorporated by
reference). Purified human C3 protein (Quidel, San
Diego, CA, Cat. #A401) at 1 mg/ml was incubated with an
equal volume of 4 M KBr for 1 h at 37°C to cleave the
internal thioester bond. The resulting protein (icC3) was
dialyzed overnight in phosphate buffered saline.

Aliquots of iC3 (8 ul) were mixed with 2 ul of 66 pug/ml
purified Factor I (Quidel, San Diego, CA, Cat #A411) and
6 pl volumes of varying concentrations of purified CAB-2
or sMCP protein in buffer (1:6 diluted PBS, 0.5% NP-40).
The mixture was incubated for 1 h at 37°C and the
reaction was stopped by adding an equal volume of SDS
sample buffer (100 mM Tris pH 6.8, 20 mM dithiothreitol,
20% sucrose, 2% SDS, 0.01% Bromphenol blue). The samples
Werg boiled for 5 min. and electrophoresed on a 10%
polyacrylamide gel by standard procedures (Laemmli, u.,
1970, Nature 227:680). The gels were stained with 0.05%
Coomassie blue, destained and dried. Percentage cleavage
of the alpha chain of iC3 was quantified by scanning
densitometry (XRS OmniMedia scanner). Results shown in
Fig. 8 indicate that the CAB-2 protein has factor I
cofactor activity comparable to that of the soluble MCP
recombinant protein.
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Decay Accelerating Factor Activity
The measurement of decay accelerating activity of

the chimeric CAB-2 protein was carried out as follows.
Commercially available sheep RBC sensitized with IgM, C1
and C4 (EAC1l4, Diamedix Cat #789-053) were used as a
source of cell membrane-deposited C4b. The RBC were
diluted to 2.5 x 108/m1 in buffer (2.5 mM veronal, 75 mM
NaCl, 0.15 mM CaCl,, 1 mM MgCl,, 0.1% gelatin, 2.5%
dextrose) and preincubated at 30°C for 5 min. Purified
C2 (Quidel, San Diego, CA, Cat #A403) diluted to 33 U/ml
in the same buffer was added to the cells and incubated
for 4 min at 30°C. The RBC were immediately washed in 10
mM EDTA buffer (2.5 mM veronal, 75 mM NaCl, 0.1% gelatin,
10 mM EDTA) and resuspended in the same buffer. Aliquots
(50 ul) of the sensitized RBC were transferred to tubes
containing varying concentrations (in 50 pl) of either
soluble DAF or CAB-2 protein. The samples were allowed
to decay for 15 min at 30°C, after which the lytic sites
were developed by adding 0.5 ml of guinea pig complement
(1:50 diluted serum) in 40 mM EDTA buffer (2.5 mM
veronal, 75 mM NaCl, 0.1% gelatin, 40 mM EDTA). After
incubation for 30-40 min at 37°C, the cells were
centrifuged and the OD,,; of the supernatants determined.
The,mumber of lytic_sites/ce;l (Z) were determined from
standard tables and the decay accelerating activity
determined by the decrease of the Z values in comparison
to a positive control (sample without DAF or CAB-2).
Results, shown in Fig. 9, demonstrate that the CAB-2
protein possesses decay accelerating activity comparable
to that of sDAF.

Inhibition of Complement-Mediated Lysis, Classical
Activation

The ability of chimeric CAB-2 protein to inhibit
complement-mediated cell lysis via the classical pathway
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was determined by a hemolytic assay using IgM-sensitized
sheep RBC. Commercially available IgM-sensitized sheep
RBC (Diamedix, Cat. #789-001) in 100 ul aliquots were
added to 50 ul of either purified sMCP, purified sDAF or
CAB-2 protein at varying concentrations in gelatin
veronal buffer (GVB*?) (Sigma, Cat. #G-6514). Human serum
(50 pl) diluted 1:50 in GVB*? was immediately added as the
source of complement. Cells were incubated for 30 min at
37°C, centrifuged, and the supernatants transferred to
multiwell plates. The OD,,; of the supernatants was
measured and the inhibition of hemolysis determined for
each protein. The results shown in Fig. 10 indicate that
both sMCP and sDAF can individually inhibit complement-
mediated cell lysis via the classical pathway, although
at different potencies (IC5q of 7000 nM and 100 nM
respéctively). When both sMCP and sDAF were added
together on a equal molar basis, their additive potency
did not increase (IC5o of 200 nM). In contrast, CAB-2,
which possesses both cofactor and decay accelerating
activities, inhibited cell 1lysis (ICgy of 30 nM) with a
potency significantly greater than either sMCP alone
(230-fold), sDAF alone (3-fold), or both factors in
combination (6-fold).

oo

Inhibition of Complement-Mediated Lysis, Alternative

Activation

Complement-mediated cell lysis via the alternative
pathway was determined by the use of unsensitized guinea
pig RBC, which induce alternative pathway complement
activation. Guinea pig blood was collected in a
heparinized syringe and washed twice with PBS. RBC were
resuspended at 2 x 108/ml in assay buffer (GVB*2
containing 8 mM EGTA and 1.5 mM additional MgCl,). Cells
(100 pl) were mixed with 50 ul volumes of purified sMCP,
sDAF or CAB-2 at various concentrations in assay buffer.
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Undiluted human serum (50 ul) was added as a source of
complement. Samples were incubated for 30 min at 37°C
and centrifuged. Supernatants were transferred to
microtiter plates and their OD,y; measured. Results are
shown in Fig. 11. It was observed that the ability of
SMCP to inhibit alternative pathway-mediated hemolysis is
greater than its activity in the classical hemolytic
assay (ICgo of 350 nM and 7000 nM respectively). However,
the inhibitory activity of CAB-2 protein in this assay is
greater than that of sMCP and sDAF (ICg, 100 nM).

Inhibition of C5a generation
The complement inhibitory activity of CAB-2 was

also tested by specifically assaying the inhibition of C5
convertase via the production of C5a. Human serum,
diluted 1:8 in GVB*2, was used as the source of
complement. Purified sMCP or CAB-2 protein were added to
the serum at various concentrations. The classical
pathway was initiated by the addition of heat aggregated
rabbit IgG at 100 pg/ml. After incubation for 1 h at
37°C, the reaction was stopped by addition of 10 mM EDTA.
Detection of C5a in the reaction was performed by
competition radioimmunoassay using a commercially
available C5desarg kit (Amersham, Cat #RPA520). Results
for zymosan-induced C5a generation are shown in Fig. 12.
CAB-2 more potently inhibits C5a production via the
alternative pathway than does sMCP (ICg, 300 nM and

5000 nM respectively).

Example 7: Pharmacokinetics of CAB-2

The pharmacokinetic behavior of purified CAB-2
protein was determined in rats and compared to that of
SMCP. Female Sprague-Dawley rats, 250-300 g in weight,
were anesthetized by intraperitoneal (i.p.) injection of
a 40 g/kg dose of sodium pentobarbital. Animals were
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catheterized via the femoral artery and femoral vein.

A dose of 1 mg/kg body weight of either sMCP or CAB-2 in
saline was injected via the venous catheter. At various
times after injection (T = 1, 5, 12, 30 min, and 1, 2, 3,
4 hr) an aliquot (0.2 - 0.3 ml) of blood was drawn via
the arterial catheter into a heparinized syringe and
immediately replaced with an equal volume of saline.
Blood samples were immediately centrifuged and the plasma
removed and frozen. Plasma levels of protein were
determined by ELISA using a rabbit anti-MCP polyclonal
antibody as capture antibody and a HRPO-conjugated anti-
MCP monoclonal antibody (GB24) as secondary antibody.
Standard curves using purified sMCP or CAB-2 were used to
quantitate the concentrations of the respective proteins
in the blood samples. The results are shown in Fig. 13.
Clearance rates'for CAB-2 were significantly slower
compared to sMCP (T1/2 B of 560 min and 80 min,
respectively). In addition, loss of recombinant protein
from plasma in the distribution (@) phase, determined
from the area under the clearance curves, was less in the
case of CAB-2 (6%) than for sMCP (16%). Increased
duration of CAB-2 in plasma makes this protein a better
candidate for clinical therapy.

.. The structural integrity of the CAB-2 protein
after injection in vivo was determined by using 1251-
labeled CAB-2. After i.v. injection of 1251-caB-2,
aliquots of serum were obtained from the rats at various
times. The serum samples were electrophoresed on a 10%
polyacrylamide SDS gel and autoradiographed. The CAB-2
protein showed no detectable degradation after 6 hours in
vivo (Fig. 14).
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Example 8: In vivo efficacy of CAB-2 in the reversed
passive Arthus model

Male guinea pigs (300-350 g) were anesthetized by
i.p. injection of 40 mg/kg of sodium pentobarbital.

Animals were injected i.v. with a dose of 20 mg/kg of
ovalbumin along with 1 uCi of 125I-labeled BSA. Animals
were then immediately challenged by i.d. injection of 10
mg polyclonal anti-ovalbumin antibedy, either alone or
mixed with various doses of CAB-2, in the dorsal region.
The total volume injected i.d. was 100 ml. After three
hours, animals were sacrificed by CO, inhalation. The
skin was removed, the antibody challenge sites isolated
by a 5/8 inch biopsy punch, and the biopsies counted.
Inhibition of the inflammatory response was measured by
comparing the leakage of 125I-BsA into the skin (CPM per
challenge site) of sites co-injected with CAB-2 versus
sites without CAB-2. Another set of animals were pre-
treated by i.p. injection of 200 U/kg cobra venom factor
(CVF) 24 hours before initiation of the Arthus response.
This treatment results in de-complementation of the
animal, and is a positive control for the effect of
complement inhibition in this model. As shown in Fig.
15, injection of CAB-2 inhibited the reversed passive

Arthus reaction in a dose-dependent manner. The maximum

inhibition observed was comparable to that of CVF pre-
treatment.

Other Embodiments

Also within the invention are analogs of the
chimeric proteins of the invention.

Preferred analogs include peptides whose sequences
differ from the wild-type sequence (i.e., the sequence of
the homologous portion of the naturally occurring
peptide) only by conservative amino acid substitutions,
preferably by only one, two, or three, substitutions, for
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example, substitution of one amino acid for another with
similar characteristics (e.g., valine for glycine,
arginine for lysine, etc.) or by one or more non-
conservative amino acid substitutions, deletions, or
insertions which do not abolish the polypeptide’s
biological activity. Table 2 lists a number of
conservative amino acid substitutions.
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TABLE 2
CONSERVATIVE AMINO ACID REPLACEMENTS
For Amino Acid Code Replace With
Alanine D-Ala, Gly, Aib, B-Ala, Acp, L-Cys, D-Cys
Arginine R D-Arg, Lys, D-Lys, homo-Arg, D-homo-Arg,
Met, Ile, D-Met, D-Ile, Orn, D-Orn
Asparagine N D-Asn, Asp, D-Asp, Glu, D-Glu, Gln, D-Gln
Aspartic Acid D D-Asp, D-Asn, Asn, Glu, D-Glu, Gln, D-Gln
Cysteine C D-Cys, S-Me-Cys, Met, D~Met, Thr, D-Thr
Glutamine Q D-Gln, Asn, D-Asn, Glu, D-Glu, Asp, D-Asp
Glutamic Acid E D-Glu, D-Asp, Asp, Asn, D-Asn, Gln, D-Gln
Glycine G Ala, D-Ala, Pro, D-Pro, Aib, B-Ala, Acp
Isoleucine I D-Ile, Val, D-Val, Adah, AdaG, Leu, D-Leu,
Met, D-Met
Leucine L D-Leu, Val, D-Val, AdaA, AdaG, Leu, D-Leu,
Met, D-Met
Lysine K D-Lys, Arg, D-Arg, homo-Arg, D-homo-Arg,
Met, D-Met, Ile, D-Ile, Orn, D-Orn
Methionine M D-Met, S-Me-Cys, Ile, D-Ile, Leu, D-leu,
Val, D-Val
Phenylalanine F D-Phe, Tyr, D-Thr, L-Dopa, His, D-His,
Trp, D-Trp, Trans-3,4, or 5-phenylproline,
AdaA, AdaG, cis-3,4, or 5-phenylproline,
Bpa, D-Bpa
Proline P D-Pro, L-I-thioazolidine-4-carboxylic
acid, D-or L-l-oxazolidine-4-carboxylic
acid (Kauer, U.S. Patent (4,511,390)
I serine ‘s D-ser, Thr, D-Thr, allo-Thr, Met, D-Met,
Met (0), D-Met(0), L-Cys, D-Cys
Threonine T D-Thr, Ser, D-Ser, allo-Thr, Met, D-Met,
Met (O), D-Met(0O), Val, D-Val
Tyrosine D-Tyr, Phe, D-Phe, L-Dopa, His, D-His
Valine \'4 D-Val, Leu, D-Leu, Ile, D-Ile, Met, D-Met,
AdaA, AdaG
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SEQUENCE LISTING

(1) GENERAL INFORMATION:

(i) APPLICANT: Jone-Long Ko
Paul J. Higgins
C. Grace Yeh

(ii) TITLE OF INVENTION: CHIMERIC PROTEINS WHICH
BLOCK COMPLEMENT
ACTIVATION

(iii) NUMBER OF SEQUENCES: 10

(iv) CORRESPONDENCE ADDRESS:

(A) ADDRESSEE: Fish & Richardson
{(B) STREET: 225 Franklin Street
(C) CITY: Boston

(D) STATE: Massachusetts

(E) COUNTRY: U.S.A.

(F) ZIP: 02110-2804

(v) COMPUTER READABLE FORM:

(A) MEDIUM TYPE: 3.5" Diskette, 1.44 Mb

(B) COMPUTER: IBM PS/2 Model 502 or
558X

(C) OPERATING SYSTEM: MS-DOS (Version 5.0)

(D) SOFTWARE: WordPerfect (Version 5.1)

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: Not yet available
(B) FILING DATE: September 22, 1994
v (C) CLASSIFICATION:
(vii) PRIOR APPLICATION DATA:

(A) APPLICATION NUMBER: 08/126,596
(B) FILING DATE: September 24, 1993

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Paul T. Clark

(B) REGISTRATION NUMBER: 30,162
(C) REFERENCE/DOCKET NUMBER:06180/005001
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(ix) TELECOMMUNICATION INFORMATION:

(A) TELEPHONE: (617) 542-5070
(B) TELEFAX: (617) 542-8906
(C) TELEX: 200154

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 24

(B) TYPE: nucleic acid
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

GGAATTCGCA TGGAGCCTCC CGGC

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 27

(B) TYPE: nucleic acid
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

CTATGAGGCA CTGGACGCTG GAGTTT

>

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 39

(B) TYPE: nucleic acid
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:

CCTCTAGAGT CGACTGACTG TGGCCTTCCC CCAGATGTA

24

27

39



WO 95/08570 PCT/US94/10786

- 48 -
(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 4:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 45

(B) TYPE: nucleic acid
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

TCTAGAGCAT GCGAATTCTC AACGGGTAGT ACCTGAAGTG GTTCC 45

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 5:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 33

(B) TYPE: nucleic acid
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:

TCGACCTGCA GGTGTGAGGA GCCACCAACA TTT 33

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 6:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 36

o (B) TYPE: . - nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:

GCGAATTCCT CACAAACTGT CAAGTATTCC TTCCTC 36

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 7:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 33
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single

(D)_TOPOLOGY: linear
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7:

TCGACCTGCA GGAAGGTTTT GTGTACACCA CCT 33

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 8:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 33

(B) TYPE: nucleic acid
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SBEQUENCE DESCRIPTION: SEQ ID NO: 8:

CGGAATTCCA TGACCGTCGC GCGGCCGAGC GTG 33

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 9:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 31

(B) TYPE: nucleic acid
{(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:

ACCTGCAGGT TTTCCTCTGC ATTCAGGTGG T 31

Co

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 10:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 34

(B) TYPE: nucleic acid
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10:

TCGACCTGCA GAGGAGCCAC CAACATTTGA AGCT 34
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What is claimed is:

1. A chimeric protein comprising a first
polypeptide which inhibits complement activation, linked
to a second polypeptide which inhibits complement
activation, wherein said first and second polypeptides
can be the same or different.

2. The chimeric protein of claim 1, wherein said
protein is a soluble protein.

3. The chimeric protein of claim 1, wherein said
first polypeptide is membrane cofactor protein or a
soluble, biologically active fragment thereof, and said
second polypeptide is decay accelerating factor or a
soluble, biologically active fragment thereof.

4. The chimeric protein of claim 1, wherein said
first polypeptide is linked to said second polypeptide by
a peptide bond.

5. The chimeric protein of claim 1, wherein each
said first and second polypeptides are selected from the
group consisting of membrane cofactor protein, decay
accelerating factor, complement receptor 1, factor H, C4b
,bin@ing protein, and soluble biologically active
fragments thereof. |

6. The chimeric protein of claim 5, wherein said
first and said second polypeptides are different.

7. The chimeric protein of claim 6, wherein the
first polypeptide comprises a fragment of membrane
cofactor protein and the second polypeptide comprises a
fragment of decay accelerating factor.
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8. The chimeric protein of claim 7, wherein said
first polypeptide comprises at least regions 2, 3 and 4
of membrane cofactor protein short consensus repeats, and
said second polypeptide comprises at least regions 2, 3
and 4 of decay accelerating factor short consensus
repeats.

9. A nucleic acid encoding the chimeric protein
of claim 4.

10. A recombinant expression vector comprising a
selectable marker and the nucleic acid of claim 9
operably linked to regulatory sequences for expression of
said protein.

11. The recombinant expression vector of claim
10, wherein said regulatory sequences comprise a
mammalian promoter.

12. The expression vector of claim 10, wherein
said selectable marker comprises a gene encoding
glutamine synthetase or a gene encoding dihydrofolate
reductase.

13. A process for préparing a recombinant
chimeric protein, comprising culturing a suitable host
cell comprising the vector of claim 10 under conditions
promoting expression.

14. The process of claim 13, wherein said host
cell is a bacterial cell, a yeast cell, an insect cell,
or a mammalian cell.

15. The process of claim 14, wherein said
mammalian cell is a chinese hamster ovary cell.
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16. The process of claim 13, further comprising,
following said culturing step:

(a) collecting a cell supernatant or a cell
lysate of said host cell;

(b) removing acid-precipitable contaminants
from said supernatant or lysate to yield a partially-
purified composition;

(c) contacting said composition with an anion
exchange resin to bind said chimeric protein thereto and
then eluting said chimeric protein;

(d) removing metal-binding contaminants from
said chimeric protein;

(e) binding said chimeric protein to a phenyl
hydrophobic interaction resin and then eluting said
chimeric protein;

(f) binding said chimeric protein to a butyl
hydrophobic interaction resin and then eluting said
chimericlprotein; and

(g) removing endotoxin from said chimeric
protein, wherein steps d.-f. can be carried out in any

order.

17. A method of inhibiting C3a and C5a generation
_comprising: . o
' (a) contacting a C3 convertase with the
protein of claim 1;

(b) contacting a C5 convertase with the
protein of claim 1, wherein binding of said protein to
said C3 convertase and said C5 convertase inhibits the
generation of C3a and C5a, respectively.

18. A method of reducing inflammation in a
patient comprising administering to said patient the
soluble chimeric protein of claim 1.
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19. The method of claim 17, wherein said
inflammation is characterized by excessive complement

activation.

20. An antibody which binds to the soluble
chimeric protein of claim 1, but does not bind to said
first polypeptide or said second polypeptide alone.
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