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SOLUBLE PEPTIDE ANALOGUES CONTAINING BINDING SITES

This invention was made with support provided by National

Institutes of Health Grant Nos. AI22833 and AI28191. The U.S.

Government retains certain rights in this invention.

Field of the Invention

This invention is directed to soluble, recombinant, fused proteins -

which contain a recognition site for a target molecule.

BACKGROUND OF THE INVENTION

A wide variety of different molecules are present in the

mammalian circulatory system, although the precise components as

well as their concentration vary from time to time. These variations in

the composition of the serum are in response to a spectrum of stimuli,

and by sensing the chaises in serum composition and concentration, the

various organs of the mammal are able to respond to the stimuli. The

cells cf the organism recognize changes in the circulatory system by

means of cell surface receptors which bind to various molecular

components of the serum. It is possible to affect the way that cells of

the organism will respond to the stimuli by affecting the binding of

these particular components in the circulatory system to cell surface

receptors.

The Complement System

One example of a system of serum components which changes in

response to environmental stimuli and whose changes are sensed

through binding to cell surface receptors is the complement system.

The complement system is a mechanism for the recognition of foreign

materials, such as microorganisms, that proceeds through two phases:

the first being the covalent attachment of two complement proteins,

C3 and C4, to proteins and carbohydrates that are part of the

complement-activating complex. Depending on the nvironmental

stimuli, one of two separate pathways activates an enzyme called C3-
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convertase which cleaves C3, releasing the C3a peptide from the alpha

polypeptide of C3 and causing a major conformational change in the

C3b fragment.

The second phase is the receptor-mediated bindii^ of these

complexes by various cell types, such as lymphocytes and phagocytes,

m the second phase of recognition by complement, complexes

containing covalently-bound fragments of C3 and C4 are bound by cells

having receptors specific for these fragments. These receptors are

termed complement receptors type 1 (CRl, CD35), type 2 (CR2, CD21),

and type 3 (CR3, CDllb/18). The receptors are found on the surfaces of

various cell types involved in Immune and inflammatory responses. By
modulating the response of phagocytes and lymphocytes to

microo^anisms and their products, this recogniti(m program of the

complement system plays a primary role in the host resistance when
activation of C3 occurs through the alternative pathway. When the

classical pathway has been recruited by antibody directed to the foreign

molecules, binding of complement fragments plays an amplifying role.

The SCR Motif of Complement Receptor Tvne i

CRl has been extensively studied, and a structural motif of 6070
amino acids, termed the short consensus repeat (SCR) has been found.

The SCR motif is tandemly repeated 30 times in the F-aUo!ype of CRl
and additional repeat cycles occur in other allotypes. The consensus

sequence of the SCR includes 4 cysteines, a glycine and a tryptophan

that are invariant among all SCR. Sixteen other positions are

conserved, with the same amino acid or a conservative replacement

being found in over half of the other 30 SCRs (Klickstein, et al., (1987),

J. Exp. Med.. 165:1095-1112, and (1988), J. Exp. Med., 16S:1699-1717;
Hourcade, et aL (1988) J. Exp. Med.. 168:1255-1270). The dimensions of

each SCR are estimated to be approximately 2.53.0 nm x 2 nm X 2 nm.
Tandem repeats of SCRs (with the same invariant residues and

similar spacing between cysteines) have been identified in 12 additional

proteins of the complement system (Aheam, et al. (1989), Adv.

I°"P"Pol»» 46:183-219). These proteins share a capacity for interacting

with C3, C4, or C5, the set of homologous complement proteins that are

subunits of the alternative and classical C3-C5 convertases and the

membrane attack complex, respectively. Complement proteins



-3-

containing SCRs may have activating functions (Clr, Cls, Factor B and

C2), negative regulatory roles (Factor H, C4-BP, DAF, MCP, and CRl),

serve as cellular receptors capable of eliciting functions of phagocytes

and lymphocytes (CRl and CR2) or promote the formation of the

complement channel-forming membrane attack complex (C6 and C7).

Thus, the SCR is one of the most characteristic structures of the

complement system. The finding of SCRs in non-complement proteins,

such as the interleuldn-2 receptor alpha chain, beta-2-glycoprotein 1,

and factor xm does not necessarily indicate a complement-related

function, although this possibility has not been excluded.

The first 28 SCRs from the N-terminus of CRl may be grouped

into four sequential groups, each containing seven SCRs, called long

homologous repeats (LHR) and designated A, B, C, and D. LHR-D is

followed by the remaining two SCRs and then by a 25 amino acid

transmembrane r^ion and a 43 amino acid cytoplasmic region that

serve to anchor^ CRl on the cell surface. Three complement binding

sites reside in CRl: one in LHR-A specific for C4b and two additional

sites in LHR-B and LHR-C specific for C3b (Klickstein, et al„ 1988,

supra). The two N-terminal SCRs of each LHR are involved in ligand

specificity. Because complement-activating substances will bind

multiple C4b and C3b molecules to their surfaces, this multivalent CRl
can interact more effectively with them than would a univalent

receptor.

Other Comolement Receptors

Complement receptor type 2 (CR2, CD21) is a transmembrane

phosphoprotein consisting of an extracellular domain which is

compri^ of 15 or 16 SCRs, a 24 amino acid transmembrane region, and

a 34 amino acid cytoplasmic domain (Moore, et al. (1987), Proc. Nat'L

Acad. Sd. USA . 84:9194-9198; Weis, et al. (1988), J. Exp. Med. .

167:1047-1066, which are incorporated herein by reference). Electron

microscopic studies of soluble recombinant CR2 have shown that, like

CRl, it is an extended, highly flexible molecule with an estimated

contour length of 39.6 nanometers by 3.2 nanometers, in which each

SCR appears as a ringlet 2.4 nanometers in length (Moore, et al. (1989),

J. Biol. Chem .. 34:20576-20582).
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CR2 is the B-cell receptor for both the gp3S0/220 nvelope

protein of Epstein-Barr virus (EBV) and the C36g protein fragment of

complement (Aheam, et al., 1989, supra). An anti-CR2 monoclonal

antibody (0KB7) blocks binding of both C3dg and EBV, suggesting that

the natural and viral ligands bind two identical or proximal sites on the

receptor (Nemerow, et aL (1985), J. Virol. . 55:347-331). By means of

recombinant DNA experiments with eukaryotic expression vectors

pressing deletion or substitution mutants of CR2 in COS cells, the

ligand bindii^ sites of CR2 have been localized to the two N-terminal

SCRs of the molecule (Lowell, et al., (1989) J. Exp. Med.. 170:1931-

1946). Binding by cell-bound CR2 of the multivalent forms of C3
ligands such as iC3b and C3dg causes activation of B-cells. (Melchers,

et aL (1985), Nature . 317:264-267; Bohnsack, et aL (1988), J. Immunol. .

141:2569-2576; Carter, et al. (1988) J- Tmmnnni
,

141:457-463; and

Carter, et al. (1989), .t, Tmmimni
,
143:1755-1760).

A third complement receptor, CR3, also binds iC3b. Binding of

iC3b to CR3 promotes the adherence of noitrophils to

complement-activating endothelial cells during inflammation (Marks, et

aL (1989), Nature. 339:314). CR3 is also involved in phagocytosis, where

particles coated with iC3b are ei^ulfed by neutrophils or by

macrophages (Wright, et aL (1982), J. Exo. Med.. 156:1149; (1983) J.

Exp. Med. . 158:1338).

Soluble Complement Receptors

CRl is a candidate for effective inhibition of complement

activation. Only CRl combines specificity for both C3b and C4b with

capabilities for dissociating the C3 convertases of both pathways and

for cofactor activity in the proteolytic inactivation of C3b and C4b by

factor I. In addition, and probably of critical importance, these

functions of CRl are not restricted by alternative pathway activatii^

functions, makii^ the receptor suitable for suppressiz^ activation by

non-immunolc^c stimuli.

Soluble CRl (sCRl) fragments have been prepared by

recombinant DNA techniques, using cDNA lacking the transmembrane

and cytoplasmic domains (Fearon, et aL, International Patent

Application WO 89/09220, published October 5, 1989), Weisman, et al.,

Clin. Res. . 38:287A, 1990). A purified sCRl proton produced from the
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vector pBSCRlc in Fearon et aL, 1989 (hereafter caUed

sCRl/pBSCRlc), bound dimeric . ^^^l-CZb and ^^h-CAb with Kds

(equilibrium dissociation constant) of 1 nM and 12 nM, mediated

cleavage by factor I of these proteins, and in nanomolar concentrations,

inhibited classical and alternative pathway activation in human serum,

indicating that its ligand binding sites were intact and that it had

potent in vitro inhibitory function (Weisman, et al., 1990, su^)).

m vivo complement inhibitory functions of sCRl/pBSCRlc were

studied in the rat model (Weisman, et al., 1990, su^i))- sCRl/pBSCRlc

blocked complement activation, reduced inflammation as exemplified

by decreased neutrophil accumulation in the ischemically damaged

myocardium, and diminished tissue injury. Recombinant sCRl/pBSCRlc

attenuates tissue damage in inflammation secondary to ischemia; it

recommends itself for use in treatment of more complex autoimmime

diseases known to be complement-dependent, such as immune complex-

induced vasculitis, glomerulonephritis, hemolytic anemia, myasthenia

gravis, rheumatoid arthritis and multiple sclerosis.

Attempts to produce a soluble CR2 analogue, have been made

(Moore, et aL (1989), J. Biol. Chem., 264:20576-20582). In analogy to

the soluble CRl system, soluble CR2 was produced in a recombinant

^stem from an expression vector containing the entire extracellular

domain of the receptor, but without the transmembrane and

cytoplasmic domains. This recombinant CR2 is reported to bind to

C3cfe in a 1:1 complex with Kd equal to 27.5 micromolar. The binding

affinity for C3dg, however, is far too low for any therapeutic

application.

Soluble Receptors as Antiviral Agents

There are numerous advantages in the use of soluble viral

receptors to block acute viral infection. Since variants of the virus

must recognize the same cell receptor use of soluble receptors will

circumvent antigenic changes and polymorphism of viral envelope

proteins or strain variation. Further, the viral-binding domain(s) of

cellular receptors would not likely be antigenic, toxic, or

Immunosuppressive. (N merow, et al. (1990) J. ViroL . R4:1348-1352).

Because the soluble receptor is not used as an immunogen, effectiveness
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would not require the us of adjuvants, and furthermore, efficacy would

not be dependent on the pres nee of an intact immun syst m.

CR2 is one of th primary determinants of Epstein-Barr virus

tropism because it specifically binds virions to the cell membrane.

Soluble CR2 vras produced in a recombinant system from an expression

vector containing the entire extracellular domain of the receptor, but

without the transmembrane and cytoplasmic domains. This

recombinant CR2 is reported to bind to the Epstein-Barr proteins

gp350/220 in a 1:1 complex with Kd = 3.2 nM. (Moore, et aL (1989), J.

BioL Chem.. 264:20576-20582).

The attempt to block viral binding by administering a soluble

form of the membrane-bound receptor protein for a virus has been

explored in other viral systems, particularly in AIDS. The AIDS virus

receptor protein, CD4, was prepared in soluble form by recombinant

methods, using DNA encodii^ the extracellular domain but not the

transmembrane region or the cytoplasmic region (Hussey, et al. (1988),

Nature. 331:78-81). This recombinant protein was successful in blocking

AIDS infection of cultured cells, but when injected into patients, the

recombinant protein was rapidly cleared, with the half-life of the major

phase of dn^ elimination being approximately 1 hour (Kahn, et aL

(1990), Ann. Intern. Med. . 112:254-261).

Hybrid Trnmunofrlnhulin Proteins

In order to overcome the short-half life of soluble CD4, hybrid

molecules were prepared by recombinant DNA technology in which

DNA encoding the binding region of CD4 was substituted for DNA
encodii^ the variable region of a murine immunoglobulin molecule

(Capon, et al. (1989), Nature. 337:525-531 and W089/02922). This is

possible because CD4 is itself part of the immunoglobulin gene

superfamily, and therefore it has a homologous structure to the variable

region that was replaced. The CD4 hybrid based on murine

immunoglobulin showed a substantial increase in the serum half-life in

rabbits compared to soluble CD4.

Hybrid antibodies were also produced by Bruggemann, et al.

(1987, J. Exp. Med. . 166:1351-1360), to study the effect of changes in

various parts of the molecule on the function of antibodies yfh re the

antigen binding region is held constant. Here again, the structure of
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similar to that of the peptide which it replaced. The study showed that

regions f th immun<^lot»ilin structure can be substituted with

homologous structures without disrupting the structure of the whole

molecule.

In order to obtain enou^ T*cell receptor protein for biochemical

studies, Gascoigne, et al. (1987), Proc. Natl. Acad. Sci. USA , 84:2936-

2940) constructed an expression vector encoding a hybrid T-cell

receptor-immunoglobulin protein. The T-cell receptor is a member of

the immunc^lobulin gene superfamily, encoded by a. genomic DNA

composed of a number of similar gene segments which rearrange to

form the final coding sequence for the receptor protein. The final

rearranged sequence has variable, diversity and joining segments in

parallel with immunoglobulin genes. The hybrid receptor protein was

constructed by replacing the variable region of an escpression vector for

a heavy immunoglobulin chain with the rearranged variable region of a

T-cell receptor. This vector was then expressed in a cell line which -

only secreted the li^t chain. The transformed cell line secreted a"^

chimeric protein which had both immunoglobulin and T-cell receptor

determinants.

The above prior art -substituted only DNA sequences encoding-

peptide domains which have similar homology units to immunoglobulin^

peptides derived from the immunoglobulin gene superfamily (Hood, et

al. (1985), Cell. 40:225-229). The DNA sequences corresponding to a

homology unit(s) of the immunoglobulin chain were removed and

replaced by DNA encoding a similar homology unit from another protein

of the immunoglobulin supergene family without disrupting the ability

of a host cell to express the hybrid protein.

SUMMARY OF THE INVENTION

It is one object of this invention to provide a soluble protein

capable of specifically bindii^ a target molecule, said protein having a

good half-life of clearance from the mammalian circulatory system.

It is another object of this invention to provide a soluble protein

capable of specifically binding the target molecule, said protein having

an enhanced affinity for the target molecule.



It is a further object of this invention to provide a soluble

construct capabl of specific multivalent binding to complement

proteins.

It is still another object of this invention to provide a soluble

construct with a compact structure which will be better able to diffuse

into tissues from intravascular space.

It is yet another object of this invention to provide a soluble

construct which will compete with the cell-bound receptors and which

will persist in the mammalian circulatory system.

It is a further object of this invention to provide a method for

inhihiting complement-dependent cellular activation in animals by

administration of a soluble construct which is stable in the circulatory

system.

It is yet another object of this invention to provide a method for

inhibitii^ complement activation in animals by administering a soluble

construct ^^ch is stable in the circulatory system. '

In one of its aspects, this invention contemplates a soluble

recombinant fused protein which is stable in the mammalian circulatory

system comprising a polypeptide which contains a recognition site for a

target molecule and is joined to the N-terminal end of an

immunoglobulin chain. The use of the recombinant fused protein in

therapy is also contemplated.

In a related aspect, this invention contemplates an e:spression

vector and a method for producing an expression vector encoding the

recombinant fused protein which comprises modifying an expression

vector for an immunc^lobulin chain by inserting a DNA sequence

encoding a bindii^ or reception site between the DNA sequence

encodii^ the leader peptide and the DNA sequence encodii^ the

N-terminal end of an immunoglobulin chain. A host cell is also

contemplated which contains the vector, the cell preferably expressing

a complementary immunoglobulin chain, so that a complete

immunc^Iobulin molecule or fragment is secreted v^ch carries the

binding or recognition site fused to the N-terminus of at least one

immunoglobulin chain.

The recombinant fused protein of this aspect of the invention is

solubl and will be relatively stable in aqueous medium, particularly the
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xnammalian circulatory system, because of the stability and solubility of

the immunoglobulin molecule. Where the recombinant fused protein is

secreted as part of an antibody molecule* said molecul possesses

polypeptide recognition moieties attached to the N-terminal ends of at

least two of the four immunoglobulin chains present and also possesses

the enhanced binding affinity for the target molecule which

multivalency confers. The flexibility inherent in the immunoglobulin

structure, particularly due to the hinge portion of the antibody

molecule, permits movement of the polypeptide binding moieties

relative to each other to facilitate adaptation of the three-dimensional

arrangement of binding sites to the three*dimensional arrangement of

complementary sites on the target.

While the use of a recombinant fused immunoglobulin protein

containing multiple short consensus repeats having a complement

binding site is a preferred embodiment of the invention, the invention

also more broadly contemplates constructs comprising a plurality of

peptides containing short consensus repeats having a complement

binding site attached to a soluble, physiologically compatible carrier-

and the use of such constructs in therapy.

Such constructs provide significant benefits with respect -to:

enhancing binding affinity by presenting multiple binding sites-

(multi'valency). The enhanced affinity of the constructs of this,

invention provides important benefits when the constructs are used in

therapy. Such benefits are particularly important for therapy

employing short chain repeats derived from CR2 since mature CR2

contains only a single binding site with low affinity.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1. Map of the plasmid constructed for expression of the

CR2-IgGl fusion protein. CR2: complement receptor type 2; VH:

variable heavy chain; gamma 1: constant heavy chain, CHl-3: coding

region of the constant heavy chain; NEO: gene encoding for G418

resistance; SV40: simian virus 40 promoter.

Figure 2. Detail of the DNA sequence modifications introduced

into the gamma-l genomic DNA when constructing th plasmid for

CR2-IgGL



-10-

F^ure 3. Conceptual model of tbe complete CR2-IgGl. SCR1,2:

short consensus repeats of the CR2 molecule; Vh, Chi, h2, hS: variable

and constant domains of the heavy chain; VI, CI: variable and constant

domains of the lambda l^t chain.

Figure 4. Binding of ^^^I-labeled pC3dg to CR2 on K562 cells is

inhibited by CR2-IgGl.

Figure 5. Binding of ^^-labeled CR2-IgGl to B95/8 cells in the

presence or absence of 30-fold molar excess of unlabeled competitor.

Figure 6. CR2-^G1 inhibits tiie infection of peripheral blood

B-lymphocytes with EBV.

F^;ure 7. The level of IgM specific to fluorescein is reduced upon

treatment of mice with CR2-IgGl.

Figure 8. The number of plaque forming cells generated in

response to fluorescein-FicoU and specific for fluorescein is reduced by

CR2-IgGl.

Figure 9. SDS-polyacrylami(te gels of purified, recombinant

CR2-IgGl deft lane) and IgGl (right lane) secreted by J558L cells stably

expressii^ the PSNRCR2 and pSNR021* plasmids, respectively.

Figure 10. Binding of [^^^] CR2-IgGl to zymosan particles

bearing human or murine C3 fragments. (A) Incremental

concentrations of l^^h] CR2-IgGl were incubated for 30 min. at 0'

with l.Szlo'^ zymosan particles, that had been reacted with human

serum in the presence of Ca^"^ and Mg^* to permit activation of the

alternative pathway (open square) or in the presence of EDTA to block

activation (filled square). Bound and free ligand were separated by

centrifugation of the particles through 10% BSA. Specific binding of
[I25j] cR2-IgGl to particle-associated C3 fragments (open circle) was

calculated as the difference between the amounts bound to particles -

that had been reacted with serum in the presence or absence of cations,

respectively. The date represents the means of diq)licate

determinations. (B) [^^] CR2-IgGl was assessed in parallel for its

capacity to bind to zymosan particles that had been reacted with

murine serum in the presence of divalent cations (open square) or EDTA
(filled square) and specific binding (open circle) was calculated as in the

experiment depicted in (A).
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Figure 11. Comparison of the immunosuppressive effects of

CR2-IgGl and cobra venom factor (CVF) in mice immunized with sheep

erythrocytes (£). One group of eight female BALB/c mice between six

and eight weeks of age was depleted of C3 by pretreatment with four

doses of 5 microgram of CVF (kindly provided by Dr. O. Gotze,

Gottingen, FRG) 24 hours prior to intravenous immunization with 4x10^

or 4x10^ E. Two groups of mice received intravenously a total of 800

micr(^rams of CR2-IgGl or IgGi in four equally divided doses durii^

the first 24 hours after immunization. A fourth group of mice received

only PBS and was not ln>mM"iw^ On day 5, the number of splenic

anti-sheep E plaque-forming cells was assayed and the serum

concentrations of specific anti-sheep E in five isotypes was measured

by ELISA. The data represent mean +/- SEM of 4 mice for each

determination.

Figure 12. Prolonged suppression by CR2-IgGl of the antibody

response to sheep E in BALB/c and C3H/HeJ mice. Two groups of six

BALB/c and C3H/HeJ mice, respectively, were administered a total of

800 micrograms CR2-IgGl (filled square) or %G1 (open square) in

divided doses immediately prior to, durii^ and up to 17 hr after

immunization with 4x10^ sheep E. A third group received only PBS and

- -was not immunized (open circle). Specific antibody concentrations

were determined by ELISA every five days. Data represent mean +/-

SEM of the results of the four mice remaining after excluding the

highest and lowest responders.

Figure 13. Half-life in plasma of mice of ^^^I-labeled

recombinant IgGl, CR2-IgGl, and CR2-F(ab02.

Figure 14. Inhibition of binding of ^^^-C3b-dimer to human E

by sCRl/pBSCRlc and CR1-F(ab')2 in which SCR-8 through -11 are -

attached to the immunoglobulin heavy chain.

Figure 15. Inhibition of lysis of antibody^sensltized sheep E in

human serum by sCRl/pBSCRlc and CR1-F(ab')2.

Figure 16. Inhibition of C3a-desArg g^eration in

zymosan-treated human serum by sCRl/pBSCRlc and CR1-F(ab')2.

Figure 17, Inhibition of C5a-desArg genftration in

zymosan-treated human serum by sCRl/pBSCRlc and CR1-F(ab')2.
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F^ure 18. The sequence of th CR1-F(ab')2 c nstruct is

depicted. The Pst I sites are indicated. Nucleotides 1501 through 2262

of CRl containing SCRs 8 through 11 wer cloned into the Pst I site of

the vector. IVS==]^G leader intervening sequence; nucleotides are

numbered such that the CRl leader = nucleotides 28-150 and the

N-terminus of CRl = nucleotide 151.

DETAILED DESCRIPTION

One aspect of this invention contemplates a fusion protein in

"wtdch a polypeptide havii^ a recognition site for a tai^t moiety is

attached to the N-terminal portion of an immunoglobulin chain. The

fusion protein is produced in a recombinant system. A DNA sequence

which encodes the amino acid sequence for the desired polypeptide is

inserted into an expression vector for an immunoglobulin chain so that

translation of the modified expression vector will result in a

polypeptide comprising a leader sequence to direct secretion followed

by the polypeptide correspondii^ to tiie recognition site and then the

substantially complete immunoglobulin chain. This modified expression

vector is introduced into a host ceU that preferably has the capability

of producing the other, complementary immunoglobulin chain, so that

when the vector is translated, the host cell secretes a molecule

corresponding to the complete immunoglobulin molecule with an extra

peptide sequence corresponding to the recognition site attached to the

N-terminus of one type of immunoglobulin chain. It is understood that

the terms "Immunoglobulin molecule" and "antibody" include fragments

of the complete antibody protein, such as Fab and (Fab02«

The Polypeptide

Polypeptides which are contemplated by this aspect of the

invention broadly include any polypeptide with an intrinsic three-

dimensional structure that is maintained in a hydrophilic environment

and that contains a site which recognizes a target molecule, where the

amino terminal and carboxy terminal ends of the polypeptide are

relatively accessible to the aqueous solvent. Preferred polypeptides

correspond to the recognition domains of various receptors, such as

CRl and CR2, optionally cleaved to remov regions unnecessary to the

recognition function and to leave accessible amino and carboxy

terminals. The accessible ends of the polypeptide permit attachment to



-13-

tbe leader sequence on the amino terminus and to the rest of the

immunoglobulin chain on the carboxy terminus without disturbing the

three-dimensional structure of the binding site.

Because the recognition polypeptide portion which is added to

form the fusion protein of the present invention is added to the end of

the immunoglobulin sequence, it does not displace elements

contributing to the immunc^lobulin structure. Therefore, it will not

cause disruption of that structure. Consequently, any polypeptide

capable of specific recognition may be used as the basis of the

recognition or binding r^on incorporated into the fusion protein, so

long as the polypeptide forms a discrete structure, stable in hydrophilic

solution, with its amino and carboxy terminals accessible.

This invention is particularly suitable where the protein used as

the basis of the recognition site is monovalent and the tai^et molecule

which binds to the recognition site has multiple binding sites. Where

the of the monovalent binding reaction is 1 micromolar or higher,

the antibodies of this invention, in which at least one chain of each arm

of the antibody is a fusion protein containing an added binding site, are

multivalent binding proteins which will bind with greater affinity (so

that K(] is less than 1 micromolar). For example, a soluble form of CR2

prepared without the transmembrane and cytoplasmic domains binds

C3dg with Kfi = 27.5 micromolar (Moore, et al., 1989, supra), while a

soluble fusion protein according to this invention based on CR2 binds

with Kd = 5nM (Example 2, infra).

The polypeptide itself may optionally contain more than one

binding or recc^nition site, so long as the polypeptide forms one or

more discrete structures and the resultant fused protein is expressed

and remains soluble. Preferably the size of the polypeptide will not

make the fusion protein so large that its diffusion into animal tissues is

unduly restricted.

Another preferred group of polypeptides are those made up of

short consensus repeats (SCR), many of which are involved in the

recognition of various complement fragments. Recognition or binding

domains of these molecules are made up of a small number of SCRs.

When a polypeptide is used whose sequence begins and ends with

residues which are located between adjacent SCRs, the resulting
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polypeptide will have the desired properties of discrete three-

dimensional structur and accessible termini. Thus, a polypeptide can

be produced which has the desired binding site while it is substantially

free of other peptide sequences which are unrelated to the recognition

function. The group of proteins which are made up of short consensus

repeats (SCR) includes the complement receptors CRl and CR2 as weU

as Clr, CIS, factor B, C2, factor H, C4BP. DAF, MCP, C6, C7,

interleukin 2 receptor alpha chain, beta-2-glycoprotein I, and

factor xnL

The polypeptides contemplated by this aspect of the invention

are not limited to polypeptides composed of SCRs. They may be any

desired three-dimensional peptide including, but not limited to, peptides

containii^ desired epitopes, receptors of any land including CD4, CD19,

the T-ceU receptor and the like, or molecular structures

complementary to receptors, such as the C3<^ recognition site.

The Immunoglobulin Chain

The fusion protein of this invention may be the result of joining

the polypeptide to any immunoglobulin chain. The intact antibody

molecule is stable in the circulatory system, and where the long-term

stability of .the fusion protein is important, it may be provided by the

antibody portion of the fusion protein. The specificity of the antigen

binding site is restricted only by the need for it not to interfere with

the desired function of the fusion protein. In many circumstances, it

may be desirable to use an antibody that is specific for an epitope that

is not normally present in the animal. This invention, however, also

contemplates employing antibodies specific to an epitope that is

normally present in the animal. The specificity of the antigen binding

site of tiie antibody may be chosen to facilitate purification of the

fusion protein.

Immunoglobulin chains of different isotypes may be used. The

preferred isotype will depend on the ultimate use of the recombinant

fused protein. Gamma chains wiQ direct the production of soluble

fusion proteins which bind to Fc receptor; alpha chains will direct the

production of fusion proteins which will bind to the intestinal wall; and

epsilon chains will direct the production of fusion proteins which will

bind to mast cells. Since the polypeptide recognition sequence may be
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a«ached to the N-teninus, which is part of the verlahl region ot th

21.^ molecule.
."^ents such as

if Ire aiso contemplated b, this Invention, so long as th vanable

"^l^vm^ molecules can he produced hy proteol^mc cteavage

or by the introduction of a stop codon alter the hinge reg»n m the

Chain to delete Fe region. Depending upon the ultimate

^peutic ^ of the fusion protein, it ma, t« preferahlejo m^.^

tte Fb region of a non^mplement activating isotn* In the

,mmunU»11n portion of the fusion protein to provide F. receptor-

mediated Clearance of the complement activating complexes.

^p^iycdnn System

The modllied immunoglobulin expression vector can be

constructed dejayo. by combU>ing a promoter, a leader sequ^ce. *e

sequence corresponding to the desired polypeptide binding r^. »d

Z sequence of an immunoglobulin chain within a suitable vect»^ DNA

corresponding to these sequences may be "^^^
^„ Of wen known methods deluding nuclele acd synthesB

amplication by polymerase chain reaction, and molecular

Jo,^ or cDNA. promoter and leader sequences are readUy avaU^

r the art for expression of a variety of proteuis, mcludu^

i^^tobulin chains. The available promoter and leader seq^^

^, he used in any combination, so long as the P"m«er

expression and the leader sequence directs secretion of the properly

folded recomwnant protein in the host system chosen for ^P^^"^

suitable immunoglobulin chain sequences are al«. well la»wn m

the art. The sequence encoding the Immunoglobulin chain is pret^aMy

in an expression vector which contah» a promoter to d^t

and a leader sequence to direct secretion. Most preferably^

r enhancer for expression is also included in «^

egression vectors are readily available in the art. For «amPte. a

Ziher Of expression vectors encoding one or more '-unog'"^

Chains are available from the American Type Culture CoUection,

Rocmille, Maryland. .

A particularly preferred vector is the murine gamma-l genomic

done designated pSNR021. which contains the sequence for the murme
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gamma-1 heavy chain specsific for the hapten, 4-OH-3 nitrophenacetyl
(NP), preceded by the native leader sequence directing secretion, under
control of the immunoglobulin promoter, and containing an expression
enhancer (Ballard, et al. (1986), Proc. Natl. Acad. Sei. nsA

,
83:9626-

9630, which is incorporated herein by reference). Other vectors which
provide for the expression and secretion of any one of the
immunoglobulin chains will also function in the invention. Selection of
the expression vector will further depend on the host cell used to

• express the modified vector, as the two must be compatible.

Effective methods for obtaining the desired DNA. sequences for
the polypeptide and the immunoglobulin chain are easily within the skill

of the art. and a modified vector containing both the immunoglobulin
sequence and the sequence corresponding to the desired recognition site
can be prepared using any of the methods well known in the art. For
example, a modified vector can be prepared by finding a restriction site
in the sequence of the expression vector near the 5' end of the
immunoglobulin chain and using that restriction site to construct an
insertion site. The sequence for the insertion site is then inserted into
the expression vector. The insertion site must be on the 3' side of the
leader sequence which directs secretion.

Any of the standard methods for producing specific DNA
sequences may be used to obtain a DNA sequence which will encode the
desired polypeptide. In a preferred method, the known sequence df the
corresponding protein is examined at the portions which will become
the new amino and carboxy terminals of the polypeptide for sequences
recognized by particular restriction enzymes. The desired DNA
segment is then excised using these restriction enzymes, and the
segment is cloned. Alternatively, the polymerase chain reaction (PGR)
can be used to amplify the desired segment by designing primers which
correspond to the ends of the segment as identified and include
appropriate restriction sites for insertion and cloning.

Short oligonucleotides may be attached at one or both ends of the
segment to facilitate expression of the desired fusion protein. Some
added nucleotides may be necessary to retain the reading frame of both
the polypeptide and the immunoglobulin chain, e.g., where the
restriction sites do not correspond to the codons. Th sequence of the
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modified expression vector must encode the cleavage signal for the

leader peptide. In a preferred mode, codons for the first 1-10 amino

adds of th immunoglobulin sequenc are retained on the 5' side of the

inserted sequence to ensure that the enzymes responsible for cleaving

the leader peptide will recognize the cleavage site. Codons for these

same amino acids may be repeated on the 3' side of the inserted

secpence to ensure that the immunoglobulin portion of the finished

molecule will fold properly.

Sequences encoding additional amino acids may be included

between the 3' end of the polypeptide sequence and the 5' end of the

immunoglobulin coding sequence to form a bridge between the two

discrete structures. Such a bridge may provide additional flexibiUty to

ensure that the expressed protein can fold properly without

interference between the two discrete structures. The bridge can also

contribute to the flexibility which permits spatial adaptation of the

binding regions of the polypeptide sequences on the two arms of the

antibody to the three-dimensional relationships of multiple binding sites

on a target molecule.

The bridge peptide should be made up of a mixture of

hydrophobic and hydrophilic amino acids which facilitate its function in

aqueous solution, and which is resistant to proteases found in the

rngmmaiian circulatory system. Preferably, the bridge contains ten or

fewer amino acids. A particularly preferred bridge is a dipeptide which

consists of the amino acids valine and serine. While a bridge may

provide benefits, its presence is not required so long as a proper reading

frame is maintained and folding of the polypeptide or immunoglobulin

portions are not affected by the other part of the fusion protein.

The DNA sequence encoding the polypeptide is inserted in the

vector so that the polypeptide is attached to the N-terminal end of the

immunoglobulin chain when the recombinant fusion protein is

expressed. Most preferably the polypeptide, with or without bridge, is

fused to the first amino acid of the immunoglobulin sequence. More

broadly it may be fused to any amino acid near the N-terminus, so long

as the three-dimensional structure of the immunoglobulin chain is not

disrupted upon expression.
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ExpressioD and Purification of the Recombinant Fusion Protein

The choic of a cell line in which the modified expression vector

will be expressed is not critical. Generally, mamnialian cell lines will be

used becaus they express correctly folded immunoglobulin molecules,

complete with any post-translational modifications that occur in vivo .

Cell lines capable of expressing the vectors of this invention are readily

available, see e.g., American Type Culture Collection, A preferred cell

line is a myeloma that secretes the chain complementary to the chain

encoded by the modified expression vector of this invention. Methocte

for producing such cells are taught in Schnee, et aL (1987), Proc. NatL

Acad. Sd. USA . 84:6904-6908 which is incorporated herein by

reference. A particularly useful cell line is a murine myeloma cell

which is designated J558L and has been used by many different woilcers

in the art (Ballard, et al. (1986); Bru^eman, et aL 1987); Gascoigne, et

aL (1987); Oi, et al. (1983), Proc. Natl. Acad. Sci. USA . 80:825-829;

Traunecker, et al. (1986), Eur. J. ImmunoL. 16:851-854; Tsang, et al.

(1988), J. Immunol. . 141:308-314; Williams, et al, (1986), Gene.

43:319-324)). This cell line produces immunoglobulin li^t (lambda)

chain, but it has lost the ability to produce heavy chain.

Other cell lines which are suitable for use with expression

vectors carrying different immunoglobulin sequences, or with promoter

and/or leader sequences for different proteins or from different

species, will be readily apparent to those of ordinary skill in the art.

Prokaryotic host cells may be used to express the fusion proteins, for

instance where the immunoglobulin sequence corresponds to a Fab

fragment which does not include the Fc portion and therefore does not

require post-translational glycosylation. (See Better, et aL (1987),

Science. 240:1038-1041).

The modified egression vector ^ch contains the sequence

encoding the recombinant fusion protein can be introduced into the host

cell by any of the techniques commonly used in the art, such as

electroporation, lipofection and the like. Conditions under which the

cells may be grown and the fusion protein expressed are characteristic

of the particular host cells and promoters used and are well known in

the art. Host cells containing the modified vector and expressing the

complementary immunoglobulin chain will secret the antibody



molecule, correctly folded, with the polypeptide comprising the binding

region fused to the N-t rminal end of one of the chains. Where the host

cell does not express either immunoglobulin chain, two modified vectors

corresponding to the two types of immunoglobulin chain (heavy and

light) and each carrying a polypeptide sequence encoding a different

binding region, may be introduced into the cell. Such cells will secrete

antibody molecules in which each arm has two different polypeptide

binding regions attached to the two N-termini, respectively.

The recombinant fused protein can be recovered from the

fermentation or culture broth in which the modified host cells are

grown using standard techniques. Cells of the host can be removed by

any convenient means, such as filtration. The fusion protein can be

separated from the other components of the broth by standard

biochemical separation means. A particularly useful method is affinity

chromatography. The recombinant fusion protein carries a number of

unique recognition sites: the antigen bindii^ site of the original

immunoglobulin, the recognition site inserted at the N-terminus, and

other sites characteristic of the immunoglobulin molecule, such as'^'thei

Fc sites. Affinity chromatc^nraphy systems which contain moieties

complementary to any of these can be used to purify the fusion protein

by procedures which are well known to the ordinary worker. (Methods'

in Enzvmology . Volume 34, edited by Jakoby, et aL, Academic Press

N.Y., 1974). In a preferred mode, the vector selected carries an

immunoglobulin moiety specific for 4-hydroxy, 3-nitrophenacetyl, and

affinity matrices which will bind the ant^en binding site of the

chimeric protein can be prepared as described by Brug^emann, et al.

(1987) which is incorporated herein by reference.

Complement Receptor Analogs

In a preferred embodiment, the recombinant fusion protein of

this invention comprises multiple polypeptide recognition sites based on

SCRs having a complement binding region. Such binding regions

generally have Kds less than or equal to one micromolar, which is much

too low for use in the therapeutic methods described below. When

polypeptides are attached to immunoglobulin chains, the antibody

molecules produced by cells of this invention have at 1 ast two binding

sites, because each arm of the antibody contains one chain from the
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modified vector encoding the polypeptide recognition site.

Alternatively, the cell may contain two modified vectors encoding the

light and heavy immunoglobulin chains respectively, where each chain

has a recognition polypeptide attached to the N-terminal end. The

polypeptides encoded by these vectors can be the same (in which case

the antibody will carry four binding sites for the target molecule) or

different (in which case the antibody wiU carry two sites each for two

different tai^t molecules).

Macromolecular constructs containii^ multiple complement

binding sites and which have the same functional properties as the

immunoglobulin fusion proteins are also contemplated by this invention.

The macromolecular constructs comprise a plurality of peptides

containing SCRs having complement binding sites attached to

macromolecular, soluble, physiologically-acceptable carriers.

The carrier is a macromolecule which is soluble in the

circulatory system and which is physiologically acceptable where

physiological acceptance means that those of sMn in the art would

acc^t injection of said carrier into a patient as part of a therapeutic

regime. The carrier preferably is relatively stable in the circulatory

system with an acceptable plasma half-life for clearance. Suitable

carriers include, but are not limited to, proteins such as serum albumin,

heparin, or immunoglobulin, polymers such as polyethylene glycol or

polyoxyethylated polyols, or proteins modified to reduce antigenicity

by, for example, derivitizlng with polyethylene glycol. Suitable carriers

are known in the art and are described, for example, in U.S. Patents

4,745,180, 4,766,106 and 4,847,325 and references cited therein.

The SCRs having complement binding sites are the same as those

described above with respect to the immunoglobulin fusion protein

except where chemical coupling to the macromolecular carrier is

employed, the accessiblity of the SCR peptide termini may not be

required.

The constructs can be prepared in a number of ways. Where the

carrier is a protein, the polypeptide may be attached by recombinant

DNA methods, by inserting the DNA needing the polypeptide s^qu nee

into an expression vector for the carrier, so that a fusion protein is

expressed which contains multiple copies of the polypeptide attached to
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tbe carrier. SCR peptide joined to som portion of the immunoglobulin

other than the N-t nninus region, is within this embodiment. The SCRs

could be fused to another polypeptide with unique properties such as a

CRl derivative or other complement SCR containing protein

derivatives including Clr, Cls, factor B, C2, factor H, C4BP, DAF,

MCP, C6, C7, TL-2 receptor alpha, beta-2-glycoprotein 1 and factor

Xffl. Alternatively, the polypeptide can be produced separately for

example by expression from an expression vector encoding a sequence

for the polypeptide only or the polypeptide plus a coupling sequence (as

taught, for example, in U.S. Patent 4,894,443). Alternatively, the

polypeptide may be obtained by proteolytic cleavage of the receptor

protein, which leaves a polypeptide with the properties of discrete

structure and complement binding sites contemplated by the invention.

When the polypeptide is obtained separately it is subsequently coupled

to the carrier macromolecule by chemical coupling techniques which

are well known in the art.

Throughout the fallowing discussion it is understood that the

invention contemplates macromolecular constructs carryii^ a plurality

of polypeptides comprising SCRs having complement binding sites as

being sutetitutable for the recombinant fusion protein of the invention

in the therapy described.

Therapeutic Use

Constructs can be prepared carrying binding sites for

complement fragments corresponding to binding sites found on CRl or

CR2 or both. Constructs corresponding to CR2 bind to C3 fragments

such as CSdg and iCSb or to EBV and the EBV-derived protein

gp350/220. A monvalent CR2 molecule is not a preferred therapeutic

agent, since its affinity for C3dg-coated gp350/220 is quite low.

Multivalent CR2 molecules are preferred therapeutic agents, since

their affinity for ligand is enhanced due to the valency. In Example 2,

infra, the affinity of CR2-Ig, a two-arm construct based on an antibody

and containing a bivalent receptor for C3dg and EBV, is 4000-fold and

10-fold higher than the affinity of monovalent receptor, respectively.

Complement binding sites of CRl can form the basis of

constructs binding to C3b (using the binding site of the N-terminal SCRs

of LHR-B or LHR-C), to C4b (using the binding site of the N-terminal
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SCRs Of LHR-A) or to both. Where two modified expression vectors are

used, one encodii:^ the fusion protein based on immunoglobuhn light

«.h?in with the binding region of one complement receptor site attached

and tbe other encoding a fusion protein based on the heavy chain with

the binding r^on of the other complement receptor site attached, a

construct may be obtained that binds to both C3b and C4b.

Transfection of a myeloma cell which does not secrete antibody with

both of these vectors wiU result in secretion of an antibody which has

two sites for C3b and two sites for C4b. Alternatively, SCRs containing

C3b and C4b binding sites can be attached to the N-tenninus of the

immunoglobulin heavy chain in tandem to produce an antibody that also

has two sites for C3b and two sites for Ctt and should bind both C3b

and C4b.

While soluble complement binding protein based on CRl has been

prepared (Fearon, et aL, 1989), constructs prepared according to the

present invention will have enhanced staMlity in the mammalian

circulatory system based on the staWlity of the carrier portion of the

construct. The half-life of immunoglobulin fusion proteins amtalnlng

sites from either complement receptor will benefit from the half-life of

the parent immunoglobulin, which has been determined to be 6-8 days

(meira, et al. (1988), Eur. J. Tmmimni.. 11:313-316). Where the

therapeutic use of the construct is the inhibition of complement

activation, the serum half-life of the construct desirably is at least

about an hour. Where the construct is used in anti-viral or anti-immune

therapy, the serum half-life of the construct desirably is at least about

ten hours and preferably at least about a day. Half-life can readily be

measured by routine pharmokinetic techniques known in the art.

A CRl immunoglobulin chimera of the present invention was

constructed that contained SCRs 8 through 11 of the CRl sequence

(corresponding to a C3b binding domain) attached to the NH2-terminal

region of the immunoglobulin heavy chain. This construct maintained

the alternative pathway function activity of sCRl/pBSCRlc that is

mediated through C3b binding and also retained the in vivo stability

characteristic of the immunoglobulin portion of the chimera. The in

vivo characteristics conferred by the immunoglobulin make such a

construct a preferred therapeutic molecule for the treatment of CRl
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related diseases or disorders. Such diseases or disorders include but are

not limited to diseases involving inappropriate or undesirable

complement activation (such as hemodialysis disorders, hyperacute

allc^raft and xenograft rejection, interlCTkin-2 (IL-2) induced toxicity

duni^ IL-2 therapy, hematologic malignancies such as AIDS), infections

(such as lepromatus leprosy, AIDS, and sepsis); inflammation disorders

(such as those present in autoimmune diseases, adult respiratory distress

syndrome, Crohn's disease, thermal in>iry, bums, and frostbite);

immune complex disorders (such as in autoimmune diseases, rheumatoid

arthritis, systemic lupus erythematosus, proliferative nephritis,

glomerulonephritis, hemolytic anemia, and myasthenia gravis);

neurological disorders (such as multiple sclerosis, Guillain Barre

Syndrome, stroke, traumatic brain injury and Parkinson's disease); and

post ischemic reperfusion conditions (such as myocardial infarct,

balloon angioplasty, and post pump syndrome in cardiopulmonary

bypass).

Knowledge of the biological role of CR2 in the immune response

is sufficient to indicate that the potential exists for a positive feedback

loop in which excessive complement activation by immune complexes

lead^ to further activation of B-cells leading to additional generation of

autoantibodies that form more immune complexes. A soluble CR2 that

competes with the cellular receptor for the CSdg-containing complexes

could block this positive feedback loop to B cell activation by

complement.

Soluble constructs carrying complement binding sites may be

used in the treatment of a number of disease conditions related to

complement-dependent cellular activation, where administration of

said constructs will inhibit activation of complement and the

complement-dependent activation of cells. Such disease conditions

include but are not limited to autoantibody immune complex diseases

(such as idiopathic thrombocytopenia purpera, systemic lupus

erythematosus, myasthenia gravis, arthritis, autoimmune hemolysis,

glomerulonephritis, multiple sclerosis, Pemphigus vulgaris,

cryoglobulinemia, and AIDS) Epstein Barr virus associated diseases (such

as Sjogren's Syndrome, rheumatoid arthritis, Burkitt's lymphoma,

Hodgkins disease, virus (AIDS or EBV) associated B cell lymphoma.
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chronic fat^e syndrome, parasitic diseases such as Leishmania and

immuinosuppressed disease states (such as viral infection following

allograft transplantation or AIDS).

EBV binds to CR2 on B-cells as a critical step in infection by the

virus. C3c^ complexes with antigen and binds to the CR2 receptor on B-

ceils to activate antibody production. Phagocytosis is tr^ered by iC3b

binding to CR3 on neutrophils and macrophages. During inflammation,

iC3b binds to CR3 on neutrophils, promoting adherence to endothelial

cells. During inflammation C3b and C4b bind to a variety of cell types

via cell-bound CRl.

Constructs containing CR2, such as CR2-Ig, will compete with

cell-bound CR2 for EBV, reducing bindii^ of EBV to cells and inhibiting

EBV infection. Such constructs will compete for C3dg and thereby

inhibit B-ceU activation. This effect is particularly important in

autoimmune diseases such as rheumatoid arthritis and systemic lupus

erythematosus. By Unding to iC3b, the constructs can inhibit

ph£^cyto6is by neutrophils and macrophages. The constructs can also

serve to reduce inflammation.

A CR2-immunoglobulin chimera of the present invention was

constructed that contained SCRs 1 and 2 of CR2 attached to the

N-terminus of the immunoglobulin heavy chain. This chimeric molecule

demonstrated immunosuppression in vivo of both T-dependent and

T-independent immune responses and identified CR2 as the complement

receptor that mediates the capacity of C3 to enhance the immune

response. This finding provides an in vivo correlate for many studies

suggesting a role for CR2 in B cell activation in vitro and clarifies the

previous observation that a monoclonal antibody to murine CRl that

was cross-reactiLve with CR2 inhibited the antibody response in mice,

m conjunction with the demonstration that CR2 is a ligand tiding

subunit of the CD19/CR2 complex, the immunosuppressive effect of the

CR2-^G1 provides the first evidence that the signal transducing

function of the CD19/CR2 complex has the biological consequence of

potentiating the response of B cells to antigen in vivo. Because the

soluble CR2-IgGl chimera was able to inhibit the in vivo response of B

cells to antigen, it should be useful therapeutically for treating those

diseases or disorders exhibiting inappropriate or undesirable B cell
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activation. In addition to the diseases or disorders listed above, such

chimeras should be useful in prev nting the undesirable primary

antibody responses to immunotherap^itic agents, such as xenogenic

monoclonal antibodies, used for immunosuppression (following allograft

transplantation, for example) or for cancer therapy.

A construct whose binding regions are based on CRl sequences,

will have complement inhibitory functions comparable to that of soluble

CRl, including reducing tissue damage associated witii ischemia in

myocardial infarct and other disorders involving undKirable

complement activity, but the construct will have a longer half-life in

vivo than soluble CRl and preferably a greater capacity to diffuse into

tissue sites of inflammation.

Complement activating parasites, bacteria and yeasts, (Le.,

ipighmflnia^ haemoprfiilus) use CR3 to enter a ceU and start a multipli-

cative cycle. A construct carrying a complement receptor recognition

sequence will mask the receptor binding sites on the parasites, and

reroute the complexes to Fc receptors via the Fc domain of the

gamma-1 chain of the fusion protein. Thus the parasites will be exposed

to a Fc-receptor-triggered oxidative burst rather tlian being taken up

into neutrophils by CR3-mediated phagocytosis, where they are

protected from the animal's defense mechanisms.

Treatment of an^tn^is to inhibit the various complement-

dependent phenomena may be accomplished by administration of the

recombinant fused proteins or constructs provided by this invention.

Recombinant immunoglobulin fusion proteins carrying recognition

peptides which bind to target molecules other than complement are

used therapeutically to inhibit cellular phenomena dependent on binding

of their respective target molecules to the cells.

In the above method, the compounds may be administered by any

convenient route, for example by infusion or bolus injection. Various

delivery systems are known and can be used for delivery of fusion

proteins and constructs. These include encapsulation in liposomes,

microparticles, or microcapsules. Other methods of introduction include

but ar not limited to intradermal, intramuscular, intraperitoneal,

intravenous, subcutaneous, intranasal, and oral routes.
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Tbe present invention also provides pharmaceutical

compositions. Such compositions comprise a therapeutically effectiv

amotmt of a fusion protein or construct and a pharmaceutically

acceptable vehicle. Such a vehicle includes but is not limited t saline,

buffered saline* dextrose, and water.

Typically compositions for intravenous administration are

solutions in sterile isotonic aqueous buffer. Where necessary, the

composition may also include a solubilizing agent and a local

anaesthetic such as lignocaine to ease pain at the site of the injection.

Generally, the ingredients will be supplied either separately or mixed

together in unit dosage form, contained in a hermetically sealed

container such as an ampoule or sachette indicating the quantity of

active agent in activity units. Where the composition is to be

administered by infusion, it can be dispensed with an infusion bottle

containing sterile pharmaceutical grade ^ater for Injection' or saline.

Where the composition is to be administered by injection, an ampoule of

sterile water for injection or saline may be provided so that the

ingredients may be mixed prior to administration.

A pharmaceutical pack comprisii^ one or more containers filled

with one or more of the ingrecfients of the pharmac^tical composition

is also within the scope of the invention.

The composition will be administered to maintain plasma levels

of the protein in the range of from about 1 to about 100 ug/ml, based on

the Kd for the specific binding reactions of the fusion protein or

construct.

The following examples are included for illustrative purposes

only and are not intended to limit the scope of the invention.

Example 1

The human complement receptor type 2 (CR2, CD21) is the

Ugand for human C3dg and the Epstein-BanrVirus (EBV). The binding

sites for tiiese two ligands have been localized to the two amino-

terminal short consensus repeats (SCR) (Lowell, et al., (1980), J. Exp.

Med., 170:1931-1946). These SCRs were cloned onto the 5^ end of

murine genomic heavy chain DNA, coding for a gamma-1 chain (Fi^. 1).

The resulting fusion protein was successfully expressed in a murine

myeloma cell line and is designated CR2-^G1.
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Cloning of CR2 into murine genomic gamma-l DNA

A murine gamma-1 genomic clone designated pSNR021 according

to Ballard, et al. (1986), Proc. Natl, Acad. ScL USA , 83:9626-9630

(mutant 1 in the reference) contains a PstI site between amino acid 5

and 6, and it confers G418 resistance upon stable host int^ration. An

Eael-Xhol fragment containii^ the first two SCRs of CR2 was isolated

from the cDNA clone (based on the sequence of Weis, et al. (1988), J.

Exp. Med>. 167:1047-1066). Two short oligonucleotides were

constructed to enable insertion of the CR2 fragment into the gamma-l

DNA at the PstI site. The 5' oligonucleotide served to maintain the

reading frame of the immunoglobulin. The 3' oligonucleotide encoded a

valine and serine to provide a flexible connection between CR2 and VH

chain (see sequences in Fig. 2). The resulting clone (pSNRCR2) coded

for a murine gamma-1 chain starting again with amino adcte 1-5 (Fig. 1,

2, 3).

ElectroDoration and selection

The J558L myeloma cell line was kindly provided by Dr. SX.

Morrison. It was maintained in RPMI 1640 medium ("ATCC Catalog,of

Cell lines and Hybridomas," 6th Ed., 1988, pp. 353-4) supplemented

with 9% (v/v) bovine calf serum (BCS). J558L is a heavy chain-loss

variant of J558 (ATCC Accession # TIB 6) that synthesizes lambda light

chains. pSNRCR2 and an unmodified gamma-1 DNA (pSNR021) were

linearized with Pvu L Myeloma cells were transfected by

electroporation and selected after 24 hr by addition of G418 (1 mg/ml)

and cloned in microtiter plates.

The resulting clones were picked and the supematants assayed

for IgGl reactivity in an ELISA. This was performed as follows:

Antibody directed to the Fc-fragments of murine IgG was

immobilized to the wells of microtiter plates, which would capture any

IgGl present in the tissue culture supematants. Binding of a second

antibody specific for the lambda light chain of murine immunoglobulins

and labeled with peroxidase then signaled the presence of an intact IgG

containing the gamma-1 chain contributed by tiie plasmid and the

lambda chain derived from the parent mveloma cell.



•28-

PurifieatioD of ProteiBS

The expressed protems CR2-%G1 and IgGl wer purified from

culture supematants by affinity chromatography on NIP-sepharose as

published (BruKeniann, t aL (1987), J, Exp. Med, , 166:1351-1361).

Analysis of the purified proteins by SDS-PAGE showed that the light

chains were identical in size, and that the heavy chain of the CR2-%G1

chimera was 19 kD larger than that of IgGl, consistent with the

presence of the two SCRs with two potential N-glycosylation sites. See

F^ure 9.

Example 2 Bindimr aggays Competition of constructs with cellbound

CR2 for human C3dg

K562 <*«=^iig (ATCC Accession No. CLL 243) were transfected with

an expression vector containing the sequence of human CR2 prepared

according to Lowell, et al. (1989) usii% lipofection (Bethesda Research

Laboratories, Inc.). Glutaraldehyde polymerized C3dg was labeled with

(pC3dg) (Carter, et aL, .t. TmrnunnL. 143:1755-1760). Cells were

incubated with 1 ug/ml of pCSdg in the presence or absence of

incremental concentrations of IgGl or CR2TlgGl from Example 1 for 30*

on ice and centrifuged throij^ a mixture of equal parts of dibutyl- and

dinonylphthalate. The radioactivity in pellet and supernatant was

determined in a gamma-counter.

The interaction of polymeric C3dg with CR2 on K562 cells could

be inhibited by recombinant soluble CR2-%G1, with 50% inhibition being

achieved at a concentration of 5 nM (Fig. 4). Monovalent binding of

C3dg to a soluble, truncated form of CR2 lacking the transmembrane

and cytoplasmic domain occurs with Kd of 27.5 uM (Moore, et aL,

(1989)). Therefore, the two CR2 binding domains in the two arms of the

chimeric protein interact with pC3c^ to create a bivalent binding

reaction and substantially enhance affinity.

Binding of CR2-IgGl to CeUrbound EBV proteins

B95/8 cells (ATCC Accession # CRL 1612) were grown in the

same medium used in Example 1 but with 40 ng/ml PMA (phorbol

myristate acetate) added to induce expression and secretion of EBV as

described in Dolyniuk, et al. (1976) J. ViroL . 17:935-949.

IgGl and CR2-IgGl w re labelled with to specific activities

of 2.67xl0^/mg and 2.37xlO^/mg (Fraker, et al., (1978) mochem.
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Biophvs, Res. Comm, , 80:849-857). Viable cells from a culture of

induced B95/8 were banded on Ficoll-Paque (Pharmacia). Cells were

incubated with ligands for 30' on ice and centrifuged through a mixture

of equal parts of dibutyl- and dinonylphthalate. The radioactivity in

pellet and supernatant was determined in a gamma-counter.

Radiolabeled CR2-IgGl bound to EBV proteins expressed on B95/8

cells with an affinity of 0,5 nM (Fig. 5). This again indicates divalent

interaction of CR2 with EBV, as the Kd for monovalent binding is 3.2

nM (Moore, et aL, 1989).

Uotake of CR2-IgGl Construct by Particles Coated with Mouse or
Human Serum .

The interaction of CR2-IgGl with murine and human C3

fragments was compared by assaying the uptake of the ^^^I-labeled

chimera to zymosan particles that had been incubated in mouse and

human serum, respectively, in the presence of Mg2-i' and Ca2+, which

permits the activation of the alternative pathway, or in the pr^ence of

EDTA which blocks complement activation* These complement-

activating particles are coated primarily with the C3b and iC3b ^

fragments of C3, and the latter, which contain the C3c^ region, bind to

the same site in CR2 and with the same affinity as does C3dg.

The CR2-%G1 bound to zymosan particles that had been coated

with human and mouse C3 fragments with Ktfs of 10.0 +/- 3.7 nM (n=5, ^

mean +/- SD) and 3.2 +/- 1.6 nM (n=4), respectively, indicating that the

chimera has an even h^er affinity for the heterologous than the

homologous ligand. (See Figure 10.) Therefore, the CR2-IgGl chimera

can be used to compete with cellular CR2 for the binding of

complement-activating complexes in the mouse.

Example 3 Inhibition of EBV-infection

EBV wais purified from cells grown according to Example 2. The

EBV was pelleted from the supernatant by centrifugation at 12000 gavg

for 90', r^aispended in 1% of the original volume and filtered through a

0.8 um membrane filter to give lOOX EBV. 5x10^ RAMOS cells (ATCC

Accession # 1596) from a culture in log phase were incubated in 90 ul of

the tissue culture medium of Example 2 with 10 ul of lOOX EBV and

various cone ntrations of CR2-IgGl or the IgGl control from Example

1. After 2 days incubation at 37**C the cells were washed, layered on
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microscope slides, air-dried and methanol fixed. They were stained by

sequential incubation for 30' at 37"C with 10% of a human serum that

had been shown to contain antibodies for Epstein-Barr nuclear antig n

(EBNA) and goat anti-human CS-FTTC. (Gerber (1980), "Herpesvirus," in

Lennette, et aL, eds.. Manual of Clinical Microbiology 3rd ed.. Am, Soc.

Microbiol. . Washington, pp. 807-809).

Infection of RAMOS cells with EBV could be inhibited in a dose-

depradent manner by the addition of CR2-]feGl. At a concentration of

0.4 ug/ml the EBNA expression was reduced to background levels.

Control ^1 had the same effect as no adc&tion; in either case 10% of

the RAMOS cells were infected.

Example 4 inhiMtintr EBV-induced ^-thymidine incorporation bv PEL

The capacity of CR2-IgGl to inhibit EBV-induced proliferation of

PBLs was assessed in the presence of cyclosporin, which prevented the

growth of T-lymphocytes. The EBV virus was purified from the

supernatant of 8 day cultures grown as described in Example 2. Cells

were removed by centrifugation at 3500 gavg 1^'* supernatant

was passed throu^ an 0.4 um membrane filter and used for infection of

peripheral blood laikot^es (PBL). Mononuclear lymphocytes were

isolated from peripheral blood by centrifugation on Ficoll-Paque. 10^

PBL in 50 ul RPMI 1640, 20% BCS were incubated with 50 ul of EBV

suspension and various concentrations of CR2-%G1 or the ^Gl control

from Example 1 overnight at 37 To avoid interferences by T cells,

cyclosporin (2 ug/ml) was then added from a 1 mg/ml stock in RPMI

1640, 10% ethanol, 2% Tween 80 (Rickinson, et aL, pph Tmmnnni.

(1984), VOL 87, pp. 646-658). After 48h, 1 uCi of ^-thymidine was

added. Tw^ve hours later the cells were harvested, and the

incorporated radioactivity was determined by liquid scintUlation

counting.

The outgrowth of EBV-infected B-lymphocytes, as expressed by

incorporation of %-thymidine, was inhibited dose-dependently with

complete inhibition at 50 ug/ml of CR2-%G1 (Fig. 6).

Example 5 Ability of CR2-IgGl to Suppress Primary Response to

Antigen

The murine models for compl ment-dependent antibody

responses to T dependent and T independent antibody responses have
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been established (Matsuda, et al., (1978), J, ImmunoL 121: 2048 and

Martinelli, et al. (1978) J, ImmunoL 121:2043).

BALB/c mice were obtained from the NCI breeding facility.

They were rested for 1 week after arrival. For complement depletion,

the mice were injected intraperitoneally with 20 ug of cobra venom

factor (CVF) in 4 equal doses over 24h before immunization. CR2-IgGl

and the control (irrelevant IgGl) were administered at the time of

immunization together with the immunogen, fluorescein-FicoU. This T

independent antigen contained 91 molecules of fluorescein per carrier

molecule. Mice were immunized with a low dose of fluorescein-FicoU

(8 ug) and a high dose (100 ug). On day 5 the mice were killed, blood

samples were drawn and the spleen cells used for a PFC assay in which

the resulting and plaque forming cell (PFC) response was

determined (Dintzis, et al., J. Immunol. (1989), vol. 143, pp. 1239-1244).

IgM levels are proportional to the mOD/min measured in the

EUSA-system employed.

CR2-%G1, administered at the time of immunization, at a dose

of 100 ug, reduced the JgM level from 67 mOD/min to 40. CVF resulted

in a larger reduction to 15 mOD/min; background as determined on day

0 was 5 mOD/min (Fig. 7). The number of PFCs in spleens of CR2-IgGl

treated mice was also reduced by about 50%: control IgGl treated mice

yielded 3500/10^ specific plaques, CVF treated mice 1000 and CR2-IgGl

treated mice 2200 (F^. 8).

CVF is a protein from cobra venom, active as a convertase for

C3. This enzyme depletes the injected mice of active C3 and thereby

reduces the immune r^ponse to low doses of immunogens. CVF was

included in these experiments as a positive control. The CR2-IgGl

fusion protein reduced the level of specific produced and the

number of PFC per spleen after immunization with 8 ug fluorescein-

Ficoll by about 50% as compared to CVF. The response to 100 ug

fluorescein-FicoU was not significantly reduced, as has been observed

for CVF (Martinelli, et al., (1978), J. Immunol. . 5:2052-2055).

The CR2-IgGl effectively competed with cellular CR2 for the

C3dg, presumably generated and bound to the antibody-antigen

complexes during the immunization, thereby reducing th costimulatory

role of CR2 on B ceUs. Because CR2-IgGl was able to suppress the



-32-

activation of B cells in vivo , it will be therapeutically usefiil in disease

situations involving problematic antigen-spedfic B cell activation.

The effect of the CR2-IgGl construct on the response of mice to

a T-dependent antigen, sheep erythrocytes, was also measured. Three

groups of BALB/c mice were assessed for their immune response to

sheep erythrocytes (E): mice in the first group received a total of

800 \xg of recombinant IgGl in four divided doses given intravenously at

0 hr and intraperitoneally at 0.5 hr, 3 hr and 17 hr after immunization

with 4x10^ and 4x10^ E, respectively; mice in the second group

received CR2-%G1 instead of the IgGl; and mice in the tiiird group

were depleted of C3 by treatment with cobra venom factor during the

24 hr prior to immunization. A fourth group of mice received only PBS

and was not immunized with sheep E.

The protocol for injections of CR2-IgGl and IgGl was designed

after preliminary metabolic studies had demonstrated an initial half-life

of 2 hr for CR2-IgGl. On the fifth day after immunization, mice were

assessed for the number of splenic direct plaque-forming cells (PFC)

specific for sheep E, and for serum levels of IgM, IgGU IgG2a, %G2b

and IgGZ anti-E. The control mice given the recombinant IgGl

responded in a dose-related manner to sheep E by increasing the number

of splenic PFC and the serum concentrations of specific antibody

among all isotypes measured, except IgGl (Figure 11). As has been

reported previously, the specific antibody response was abolished by

depleting mice of C3, indicating that, at the concentrations of antigen

used in this experiment, the B cell response was dependent on the

activation of this complement protein. The mice that had received

CR2-IgGl were as immunosuppressed as the C3-deficient mice,

suggesting that cellular CR2 mediates the complement dependency of

this T cell-dependent B cell response, and that the CR2-%G1 is an

effective suppressor of the antibody response to a T-dependent antigen.

Abilitv of CR2-IgGl Construct to Inhibit Isotvpe Switching

To examine further the effect of the CR2-%G1 chimera on the

expression of the anti-E antibody among isotypes other than IgM, mice

were assessed over a period of three to fiv weeks post-immunization

with 4x10^ E. Two groups of BALB/c mice received a total of 800 ug of

IgGl and CR2-IgGl, respectively, in five equally divided doses given
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intraperitoneally 1 hr prior to immunization, intravenously at the time

of immunization, and intraperitoneally 0.5 hr. 3 br and 17 hr after

immunization; a third group received PBS and was not Immtinlzpfl with

E. The CR2-lgGl completely suppressed igM antirE at day five, after

which no IgM of this specificity could be detected in any group (Figure

12). The occurrence of anti-E among the various IgG isotypes, which

peaked at later times and persisted for up to 40 days in the IgGl-treated

mice, also was diminished by 50% to 70% in the mice treated with

CR2-lgGl. Therefore, soluble CR2 inhibits the primary response and

subsequent isotype switching to the T-dependent antigen, sheep £. The

experiment was repeated in the C3H/HeJ strain, v^ch is resistant to

lipopolysaccharide (LPS), to exclude effects of possible LPS

contamination of the recombinant proteins, althoii^h none could be

detected with the Limulus lysate assay at a sensitivity of greater than

0.16 ng/mg protein. The CR2-IgGl was as immunosuppressive of the

and IgG responses to sheep E in the C3H/HEJ mice as it was in the

BALB/c mice (Figure 11). This demonstrates that the CR2-IgGl

molecule is an effective immunosuppressive agent in vivo for inhibiting

'

the primary B cell response to antigen.

Example 6 Measurement of Half-Life of Labeled CR2 Constructs
*'

Recombinant IgGl, CR2-IgGl, and CR2-F(ab')2 were radiolabeled

with and injected into mice. At various times blood was withdrawn,

and the radioactivity measured. The concentrations of the labeled

species were calculated using the known specific radioactivity. The

results are shown in Figure 13. The decay is biphasic for each of the

species. While the half-life of CR2-^G1 was initially less than that of

IgGl, between 10 and 20 hours their half-lives were similar.

CR2-F(ab')2 was cleared more rajudly than both IgGl or CR2-IgGl.

Therefore, fusion of SCRs of CR2 to the amino terminus of each heavy

chain of IgG creates a molecule that retains much of the characteristic

stability in vivo of immunoglobulin.

Examole 7 CRl-F(ab')? Construct Inhibits Complement Binding

CRl contains 30 SCRs (short consensus repeats) in the

F-allotype. The SCRs are arranged, amons the first 28, as 4 groups of 7

SCRs. One of these groups (long homologous repeats) has a binding site

for C4b and two have binding sites for C3b. SCRs numbered 8-11
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(expected to contain C3b tending activity) wae attached to the

immunoglobulin heavy chain F(ab') according to the invention, by means

of recombinant DNA techniques. A sequence correspondii^ to SCRs

8-11 of CRl was produced by polymerase chain reaction amplification

of a full length CRl DNA clone usu^ specific primers containing

terminal Pst I recognition sequences. (The 27-mer 5' primer

sequence = S'CTGCAGCTGGGTCACTGTCAAGCCS'; the 42-mer 3*

primer sequence = 5'GACCTGCAGTTGGACCTGGCTCACCCTGGAGCA

GCTTGGTAG3'.) The amplified DNA was cut with Pst I and the

resulting CRl fragment was cloned into the Pst I site of a F(ab')2 vector

(Neuberger et aL, 1984. Nature 312:604-608). The hybrid CR1-F(ab')2

were expressed as protein by transfecting the recombinant plasmid into

J558L cells and culturing the resultii^ cells in RPMI medium plus G418

plus 10% bovine calf serum. The expression of protein was determined

by NIP coated ELBA assay. Expressed CR1-F(atf)2 was purified by

NIP-sepharose affinity chromatography, dialyzed in PBS and stored at

-100"C. The resulting protein was assessed for tiieir ability to inhibit

the binding of C3b to human erythrocytes (E). As a point of

comparison, tiie same inhitetion study was done usli^ soluble CRl

(SCRI).

C3b-dimers were radictobeled with and incubated with

human erythrocytes. Various amounts of sCRl/pBSCRlc or F(ab')2-CR1

were added and the amount of ^^^I-C3b bound to the erythrocytes was

determined. As shown in Figure 14, both sCRl/pBSCRl and F(ab')2CRl

inhibit the binding of C3b-dimer to the same extent. This ctemonstrates

that SCRs 8-11 contain a complete C3b binding domain of CRl. Thus,

the full, bivalent C3b-binding function of sCRl/pBSCRl, which has 30

SCRs, can be achieved by attaching only four of tiiese SCRs to each

heavy chain of a F(ab')2 construct.

BrampiP 8 CRl-F(ab')? Coustruct Does TnMbit The Classical

Pathway of ComolemenfT

Antibody-sensitized sheep erythrocytes (EA) are lysed by

activation erf the classical pathway human complement. Soluble

fragments of human CRl inhibit this lysis by binding, and inactivating

C4b and C3b of human complement. The ability of sCRl/pBSCRlc and

F(ab02"Cl^l to inhibit this lysis was also assayed. As shown in Figure'
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15, sCRl/pBSCRl almost completely inhibits the lysis. F(ab')2-CR1

(containing only SCRs 8-11) inhibits to a much lesser ext nt.

Presumably this is due to the absence of a C4b binding sit on the

construct. It is expected that the additi n of SCRs that confer

C4b-binding and C4b-inactivating function to CR1-F(ab')2 will provide

classical pathway inhibitory function as well.

Tgratnpte 9 CRl-F(ab')2 Construct inhihits the Alternative Pathway of

ComDlem«it«

Zymosan, a yeast cell wall preparation, activates the alternative

pathway in human serum. The activation can be. measured by

radioimmune assay (RIA) for C3a or C5a. sCRl/pBSCRlc is known to

inhibit this activation.

The ability of the F(ab')2-CR1 construct to inhibit the activation

of the alternative pathway by zymosan was measured and compared to

that of sCRl/pBSCRlc. As shown in Figures 16 and 17, the F(ab')2-CRl

inhibits C5a formation as well as sCRl/pBSCRlc and inhibits C3a

almost as well as sCRl/pBSCRl.

These data indicate that the full alternative pathway inhibitory

function of SCRl/pBSCRl can be reproduced by transferring only SCRs

8-11 to the amino terminus (rf each heavy chain in the F{ab')2 construct.

These studies also indicate that, although these SCRs suffice for full

alternative pathway inhibitory function, the addition of SCRs of the

first long homologous repeat of CRl that have C4b-lnnding and

C4b-iniactivating function will be necessary to achieve classical

pathway inhibitory function.
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CLAIMS

U A soluble recombinant fused protein which is stable in the

m^Tnmfliifln circulatory system comprising a polypeptide which contains

a recc^nition site for a target molecule and which is joined to the N-

terminal end of an immunoglobulin chain*

2. A protein comprising an antibody molecule in which at

least one chain is the soluble recombinant fused protein of claim 1.

3* The protein of ^laim i wherein said polypeptide contains a

sequrace correspondii^ to the sequence of a complement binding site

or a virus binding site.

4. The protein of <*iaim i wherein said polypeptide comprises

one or more short consensus repeats.

5. The protein of ^^^aim 2 ^^lerein the antibody molecule

consists of one ^hain of either the ligjtit chain or heavy chain

comprisii^ a recc^nition site that comprises a C4b binding site of CRl

and the other f^huin comprising recognition site that comprises a C3b

binding site of CRl.

6. The protein of 2 wherein the antibody molecule

comprises a heavy chain comprising both a C4b binding site of CRl and

a C3b binding site of CRl.

7. The protein of claim 3 which comprises a recognition site

selected from the group consisting of: a complement binding site of

CR2, a virus binding site of CR2, and a complement bindii^ site of CR2

comprising SCRl through SCR2.

8. The protein of ^la^m 3 which comprises a complement

binding site selected • from the group consisting of: a complement

binding site of CRl, a complement bin^ng site of CRl comprising

SCR8 throi^h SCRll, a complement binding site of CRl comprising a

C3b binding site, and a complement binding site of CRl comprising a

C4b binding site.

9. A method for producing an expression vector encoding the

protein of claims 1-8, comprising:

modifyii^ an expression vector for an immunoglobulin chain by

inserting a DNA sequence needing a polypeptid which contains a

recognition site for a target molecule between the DNA sequ nee



-37-

encoding the leader peptide and the DNA sequence encoding the

N-terminal end of the immunoglobulin chain*

10. An expression vector comprising a DNA sequence

encoding the proteins of claims 1-8.

11. A cell carrying the vector of claim 10 which expresses

said protein.

12. The cell of ^laim n which secretes a protein comprising

an antibody molecule or fragment in which at least one chain comprises

a polypeptide joined to the N-terminal end of an immunoglobulin chain

herein said polypeptide contains a recognition site for a target

molecule.

13. A method for producing a protein comprisii^ culturii^ the

cell of claim 11 or 12 and recovering the protein.

14. A soluble construct comprising a peptide having at least

one recognition site comprising a complement bindii^ site or a virus ^

binding site and said construct further comprising a soluble;;

physiologically compatible carrier macromolecule.

15. The soluble construct of claim 14 wherein said peptide

comprises short consensus repeats.

16. The soluble construct of claim 14 or 15 wherein the

carrier macromolecule is an immunoglotnilin chain or an antibody

molecule. -

17. The soluble construct of claim 14 herein said peptide'

comprises a complement binding site of CRl and a complement binding

site of CR2.

18. The soluble construct of claim 14 which comprises a

recognition site selected from the group consisting of: a complement

binding site of CR2, a virus binding site of CR2, and a complement

binding site of CR2 comprisii^ SCRl throu^ SCRl.

19. The soluble construct of claim 14 which comprises a

complement binding site selected from the group consisting of: a

complement binding site of CRl, a complement binding site of CRl

comprising SCR8 through SCRll, a complement binding site of CRl

comprising a C3b binding site, and a complement binding site of CRl

comprising a C4b binding site.
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20. A m thod for inhibiting complement-dependent cellular

activation in a mammal which comprises administering to said mammal

th protein of ^'laim i-g or the soluble construct of claims 14-19. ^

21. A therapeutic composition comprising the soluble

construct of claims 14-19 or the protein of claims 1-8, in a

pharmaceutically acceptable vehicle.

22. A method of treating a patient with a disease or an

iTnTniing> disorder which comprises administerii^ to the patient the

therap^tic composition of claim 21.

23. . The method of ^^^^^ 22 wherein the protein comprises a

complement binding site of CR2 or a vims binding site of CR2, and the

disease or immune disorder is selected from tbe group consistii^ of:

inappropriate B lymphocyte activation disorders, autoantibody/immune

complex as^ciated disease, Epstein Barr virus associated diseases, and

immunosuppressed disorders involvii^ inappropriate antibody response

to immunotherapaitic agents.

24. The method of claim 22 ^^rtierein the protein comprises a

complement binding site of CRl and the disease or immune disorder is

selected from the group consisting of tiirombotic conditions, myocardial

infarct, Immime disorders involvii^ undesirable or inappropriate

complement activation, disorders caused by inflammation, immune

complex associated diseases, and neurological disorders.
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