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COMPOSITIONS COMPRISING COMPLEMENT RELATED
PROTEINS AND CARBOHYDRATES, AND METHODS8 FOR PRODUCING

AND USING SAID COMPOSITIONS
1. FIELD OF THE INVENTION

In its broadest aspect, the present
invention provides compositions comprising at least
one complement moiety and at least one carbohydrate
moiety, and methods of producing such compositions.

In particular, the compositions of the invuntion
comprise complement proteins related to the complement
receptor type 1, and further comprise ligands for
intercellular adhesion molecules, such as selectins.
In a preferred embodiment, the compositions comprise a
complement receptor type 1, or fragment or derivative
thereof, in combination with the Lewis X antigen or
the sialyl Lewis X antigen. The compositions of the
invention have use in the diagnosis or therapy of
disorders involving complement activity and
inflammation. Pharmaceutical compositions are also
provided for treating or reducing inflammation
mediated by inappropriate complement activity and
intercellular adhesion.

2. ACKGRO (0] NVENTIO
2.1. THE COMPLEMENT SYSTEM
The complement system is a group of proteins
that constitute about 10 percent of the globulins in
the normal serum of humans (Hood, L.E., et al., 1984,
Immunology, 2d Ed., The Benjamin/Cummings Publishing
Co., Menlo Park, California, p. 339). Complement (C) 5
plays an important role in the mediation of immune and
ezllergic reactions (Rapp, H.J. and Borsos, T, 1970,
Molecular Basis of Complement Action, Appleton-
Century-Crofts (Meredity), New York). The activation
of complement components leads to the generation of a
group of factors, including chemotactic peptides that
mediate the inflammation associated with complement
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dependent diseases. The sequential activation of the
complement cascade may occur via the classical pathway
involving antigen-antibody complexes, or by the
alternative pathway which involves the recognition of
5 foreian structures such as, certain cell wall
polysaccharides. The activities mediated by activated
complement proteins include lysis of target cells,
chemotaxis, opsonization, stimulation of wvascular and
other smooth muscle cells, and functional aberrations
10 such as degranulation of mast cells, increased
permeability of small blood vessels, directed
migration of leultocytes, and activation of B
lymphocytes and macrophages (Eisen, H.N., 1974,
Immunology, Harper & Row Publishers, Inc. Hagerstown,
15 Maryland, p. 512).

“*raring proteolytic cascade steps,
biologically active peptide fragments, the
anaphylatoxins C3a, C4a, and CS5a (See WHO Scientific
Group, 1977, WHO Tech Rep. Ser. 606:5 and references

20 cited therein), are released from the third (c3),
fourth (C4), and fifth (C5) native complement
compecnents (Hugli, T.E., 1981, CRC Crit. Rev. Immunol.
1:321; Bult, H. and Herman, A.G., 1983, Agents Actions
13:405).

25

2.2. CO EMEN ECEPTORS
COMPLEMENT RECEPTOR 1 (CR1). The human C3b/C4b
receptor, termed CR1 or CD35, is presant on
erythrocytes, monocytes/macrophages, granulocytes, B

30 cells, some T cells, splenic follicular dendritic
cells, and glomerular podocytes (Fearon D.T., 1980, J.
Exp. Med. 152:20, Wilson, J.G., et al., 1983, J.
Immunol. 131:684; Reynes, M., et al., 1976 N. Engl.
J. Med. 295:10; Kazatchkine, M.D., et al., 1982, Clin.

35 Immunol. Immunopathol. 27:210). CRl specifically
binds C3b, C4b and iC3b.
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CR1 can inhibit the classical and
alternative pathway C3/C5 convertases and act as a
cofactor for the cleavage of C3b and C4b by factor I,
indicating that CR1 also has complement regulatory
§ functions in addition to serving as a receptor
(Fearon, D.T., 1979, Proc. Natl. Acad. Sci. U.S.A.
76:5867; Iica, K.I. and Nussenzweig, V., 1981, J. Exp.
Med. 153:1138). In the alternative pathway of
complement activation, the bimolecular complex C3b,Bb
10 is a C3 enzyme (convertase). CR1l (and factor H, at
higher concentrations) can bind to €3b and can also
promote the dissociation of C3b,Bb. Furthermore,
formation of C3b,CR1 (and C3b,H) renders C3b
susceptible to irreversible proteolytic inactivation
15 Dby factor I, resulting in the formation of inactivated
C3b (iC3b). In the classical pathway of complement
activation, the complex C4b,2a is the C3 convertase.
CR1 (and C4 binding protein, C4bp, at higher
concentrations) can bind to C4b, and can also promote
20 the dissociation of C4b,2a. The binding renders Cé4b
susceptible to irreversible proteolytic inactivation
by factor I through cleavage to C4c and C4d
(inactivated complement proteins).
CR1 has been shown to have homology to
25 complement receptor type 2 (CR2) (Weis, J.J., et al.,
1986, Proc. Natl. Acad. Sci. U.S.A. 83:5639-5643).
CR1 is a glycoprotein comprising multiple short
consensus repeats (SCRs) arranged in 4 long homologous
repeats (LHRs). The most C-terminal LHR called LHR-D
30 is followed by 2 additional SCRs, a transmembrane
region and a cytoplasmic region (Klickstein, et al.,
1987, J. Exp. Med., 165:1095; Klickstein, et al. 1988,
J. Exp. Med., 168:1699-1717). Erythrocyte CR1 appears
to be involved in the removal of circulating immune
35 complexes in autoimmune patients and its levels may
correlate with the development of AIDS (Inada, et al.,
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1986, AIDS Res. 2:235; Inada, et al., 1989, Ann. Rheu.
Dis. 4:287).
Four allotypic forms of CR1 have been found,

differing by increments of 40,000-50,000 daltons

5 molecular weight. The two most common forms, the F
and S allotypes, also termed the A and B allotypes,
have molecular weights of 250,000 and 290,000 daltons
respectively, (Dy}wman, T.R., et al., 1983, Proc. Natl.
Acad. Sci. U.S.A. 80:1698; Wong, W.W., et al., 1983,

10 J. Clin. Invest. 72:685), and two rarer forms have
molecular weights of 210,000 and 290,000 daltons
(Dykman, T.R., et al., 1984, J. ExXp. Med. 159:691;
Dykman, T.R., et al., 1985, J. Immunol. 134:1787).
These differences apparently represent variations in

15 the polypeptide chain of CR1l, rather than
glycosylation state, because they were not abolished
by treatment of purified receptor protein with
endoglycosidase F (Wong, W.W., et al., 1983, J. Clin.
Invest. 72:685), and they were observed when receptor

20 allotypes were biosynthesized in the presence of the
glycosylation inhibitor tunicamycin (Lublin, D.M., et
al., 19»S, J. Biol. Chem, 261:5736). All four CR1
a/llotypes have C3b-binding activity (Dykman, T.R., et
al., 1983, Proc. Natl. Acad. Sci. U.S.A. 80:1698;

25 Wong, W.W., et al., 1983, J. Clin. Invest. 72:685;
Dykman, T.R., et al., 1984, J. Exp. Med., 159:691;
Dykman, T.R., et al., 1985, J. Immunol. 134:1787).
There are four LHRs in the F (or A) allotype of ~250
kD, termed LHR-A, -B, -C, and -D, respectively, 5’ to

30 3’ (Wong, et al., 1989, J. Exp. Med. 169:847). While
the first two SCRs in LHR~-A determine its ability to
bind C4b, the corresponding units in LHR-B and -C
determine their higher affinities for C3b. The larger
S (or B) allotype of ~290 kd has a fifth LHR that is a

35 chimera of the 5’ half of LHR-B and the 3’ half of
LHR-A and is predicted to contain a third C3b binding
site (Wong, et al., 1989, J. Exp. Med. 169:847). The
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smallest F’ (or C) allotype of CR1l of ~210 kD, found
in increased incidence in patients with systemic lupus
erthematosis (SLE) and associated with patients in
multiple lupus families (Dykman, et al., 1984, J. Exp.
Med. 159:691; Van Dyne, et al., 1987, Clin. Exp.
Immunol. 68:570), may have resulted from the deletion
of one LHR and may be impaired in its capacity to bind
efficiently to immune complexes coated with complement
fragments.

A naturally occurring soluble form of CR1
has been identified in the plasma of normal
individuals and certain individuals with SLE (Yoon, et
al., 1885 J. Immunol. 134:3332-3338). Its structural
and functional characteristics are similar to those of
erythrocyte (cell surface) CR1l, both structurally and
functionally. Hourcade, et al. (1988, J. Exp. Med.
168:1255-1270) also observed an alternative
polyadenylation site in the human CR1 transcriptional
unit that was predicted to produce a secreted form of
CR1 containing the C4b binding domain.

Several soluble fragments of CRl have also
been generated via recombinant DNA procedures by
eliminating the transmembrane region from the DNAs
being expressed (Fearon, et al., International Patent
Publication No. W089/09220, October 5, 1989; Fearcn,
et al., International Patent Publication No.
W091/05047, April 18, 1991). The soluble CR1
fragments were functionally active, bound C3b and/or
C4b and demonstrated factor I cofactcr activity,
depending upon the regions they contained. Such
constructs inhibited in vitro the consequences of
complement activation such as neutrophil oxidative
burst, complement mediated hemolysis, and C3a and C5a
production. A soluble construct sCR1/pBSCRlc, also
demonstrated in vivo activity in a reversed passive
Arthus reaction (Fearon, et al., 1989, supra; Fearon,
et al., 1991, supra; Yeh, et al., 1991 supra),
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suppressed post ischemic myocardial inflammation and
necrosis (Fearon, et al., 1989, supra; Fearon, et al.,
1991, supra; Weismann, et al., 1990, Science, 249:146-
151) and extended survival rates following
transplantation (Pruitt and Bollinger, 1991, J. Surg.
Res. 50:350; Pruitt, et al., 1991, Transplantation
52:868). [Mulligan et al, 1992, J. Immunol. 148:3086~
3092 (injury following immune complex deposition).
Mulligan, et al., 1992, J. Immunol. 148:1479-1485
(protection from neutrophil mediated tissue injury).
Lindsay, et al., 1992, Annals of Surg. 216:677., Hill,
et al., 1992, J. Immunol. 149:1722-1728 (tissue
ischemia reperfusion injuries)].

CR2. Complement receptor type 2 (CR2, CD21) is a
transmembrane phosphoprotein consisting of an
extracellular domain which is comprised of 15 oi 16
SCRs, a 24 amino acid transmembrane region, and a 34
amino acid cytoplasmic domain (Moore, et al., 1987,
Proc. Natl. Acad. Sci. U.S.A. 84:9194-9198; Weis, et
al., 1988, J. Exp. Med. 167:1047-1066). Electron
microscopic studies of soluble recombinant CR2 have
shown that, like CRl1l, 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).

By means of recombinant DNA experiments with
eukaryotic expression vectors expressing deletion or
substitution mutants of CR2 in COS cells, the ligand
binding sites of CR2 have been localized to the two N-
terminal SCR‘s of the molecule (Lowell, et al., 1989,
J. Exp. Med. 170:1931-1946). Binding by cell surface
CR2 of the multivalent forms of C3 ligands such as
iCc3b and ¢3dg causes activation of B-cells (Melchers,
et al., 1985, Nature, 317:264-267; Bohnsack, et al.,
1988, J. Immunol. 141:457-463; Carter, et al., 1988,
J. Immunol. 143:1755-1760).
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A form of recombinant soluble CR2 has been
produced (Moore, et al., 1989, J. Biol. Chen.
264:20576--20582). In analogy to the soluble CR1
system, soluble CR2 was produced in a recombinant

5 system from an expression vector containing the entire
extracellular domain of the receptor, but without the
.ransmembrane and cytoplasmic domains. This
recombinant CR2 is reported to bind to C3dg in a 1:1
complex with Kd equal to 27.5 mM and to bind to the

10 Epstein-Rarr proteins gp350/220 in a 1:1 complex with
a Kd of 3.2 nM (Moore, et al., 1989, J. Biol. Chemn.
264:20576-20582) .

CR3. A third complement receptor, CR3, also
binds ic3b. Binding of iC3b to CR3 promotes the

15 adherence of neutrophils 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
engulfed by neutrcphils or by macrophages (Wright, et

20 al., 1982, J. Exp. Med. 156:1149; Wright, et al.,
1983, J. Exp. Med. 158:1338).

CR4. CR4 (CD1l1l) also appears to be involved in
leukocyte adhesion (Kishimoto, et al., 1989, Adv.
Immunol. 46:149-82).

25 DAF. DAF, or decay-accelerating factor, is a
membrane protein that appears to have similar action
to C4Bp in bringing about a functional dissociation of
C2b from C4b. DAF is linked to membranes via a
phosphatidyl inositol glycolipid, and its absence from

30 red blood cells has been shown to be a major causative
factor in paroxysmal nocturnal hemoglobinuria.
(Encyclopedia of Human Biology, Academic Press, Inc.
1981). DAT binds to C3b/C4b as well as C3 convertases
(EP 0512 733 A2).

35 DAF contains 4 SCRs tollowed by an O-linked
glycosylation region, and is terminated with a
glycolipid anchor (EP 0512 733 A2). Cells that
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express DAF show substantial increases in resistance
to complement-mediated cell lysis (Lublin, D.M. et
al., 1991, J. Exp. Med. 174:35; Oglesby, T.J., et al.,
1991; Trans. Assoc. Am. Phys. CIV:164-172; White,
5 D.J.G., et al., 1992; Transplant Proc. 24:474-476).
MCP. MCP or membrane cofactor protein, like DAF,
contains 4 SCRs followed by an O-linked glycosylation
region. MCP is terminated with an extra cytoplasmic
segment (whose importance is unknown) a transmembrane
10 region and an intracellular domain (EP 0512 733 A2).
Also, like UAF, cells expressing MCP confer
substantial increases in resistance to complement-
mediated cell lysis. (EP 0512 733 A2 and Lublin,
D.M., et al., J. Exp Med (19) 174:35; Oglesby, T.J. et
15 al., Trans Assoc Am Phys (1991) CIV:164-172; White,
D.J.G., et al., Transplant Proc (1992) 24:474-476).
FACTOR H. Factor H is a plasma protein that is
exclusively or predominantly composed of SCRs (Chung,
L.P., et al., 1985, Biochem. J. 230:133; Kristensen,
20 T., et al., 1986, J. Immunol. 136:3407). Factor H is
a regulator of the alternative pathway. Factor H
binds to C3b and to the C3b portion of C3 convertases
(C3b, Bb) (Encyclopedia of Human Biology, supra)
accelerating dissociation of Bb from these complexes
25 thereby inactivating them. Factor H also regulates
the use of C5 in the classical pathway by competing
with C5 for binding to C3b, thus inactivating the
activity of the C3/C5 convertase (Encyclopedia of
Human Biology, supra).
30

2.3. SELECTINS AND SELECTIN LIGANDS

Selectins are a group of cell surface
glycoproteins which characteristically display a NH,
terminal lectin domain related to the carbohydrate

35 recognition structure described for animal lectins, an
epidermal growth factor domain, and a domain
consisting of short repeating sequences analogous to
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those found in the complement regulatory proteins
which map to a region of chromosome 1 called the
regulators of complement activity (RCA) (Harlan & Liu,
Adhesion: Its Role in Inflammatory Disease, W.H.

5 Freeman & Co., 1992). Three independently studied
selectins have been characterized and are named
according to the cell type upon which each was
originally identified. Under the current nomenclature
there are the E-selectins, originally identified on

12 cytokine-activated endothelial cells (Bevilacque, M.P.
et al., (1985) J. Clin. Invest. 76:2003-2011); P-
selectins, discovered on activated platelets (Hsu-Lin,
P.E., et al. (1984) J. Biol. Chem. 259:9121-9126); and
finally, L-selectins recognized as a cell surface

15 marker on most leukocytes including lymphocytes,
neutrophils, and monocytes (Kansas, G.S. et al.,

(1985) J. Immunol. 134:2995-3002). Each selectin has
been implicated as a key factor in important events in
cellular adhesion and recognition. As such, their

20 carbohydrate recognition structures at the NH,~terminal
portion- of the molecule as well as their carbohydrate
ligands have been extensively studied.

Selectins, then, are cell adhesion molecules
that in inflammatory situations are responsible for

25 the attachment of platelets and leukocytes to vascular
surfaces and their subsequent infiltration into the
tissue. During a normal inflammatory response the
leukocytes, in responding to various signals, enter
the tissue and phagocytize invading organisms. 1In

30 various pathologic inflammatory diseases, such as
psori sis and rheumatoid arthritis, this response may
lead to serious organ tissue damage. Similarly, in
reperfusion injury, invading leukocytes are
responsible for tissue damage. And, aside from their

35 involvement in inflammation, cell adhesion molecules
on selectins play a central role in other diseases
such as tumor metastasis.
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In inflammatory situations, all three
selectins are implicated in the recruitment of
leukocytes to the site of inflammation. Early events
in the inflammatory response include the recruitment
of neutrophils to the site of tissue damage. 1In
normal situations, circulating lymphocytes bind to the
vascular endothelium with low avidity. Under
situations of distress however, as when the body has
been invaded by a bacterial pathogen or when tissue
damage has occurred, leukocytes interact with the
activated endothelium in another manner. First, up
regulation of selectins on endothelial cells and
platelets occurs to control the localization of
leukocytes to the inflamed endothelium. The initial
step of attachment of neutrophils to the endothelial
cells lining the venules is controlled by selectins
and is known as neutrophil "rolling" (von Andrian,
U.H. et al., (1991) Proc. Natl. Acad. Sci., U.S.A.
88:7538-7542; Smith, C.W., et al., (1991) J. Clin.
Invest., 87:609-618). This "rolling" precedes the
firm adhesion of leukocytes, especially neutrophils to
the endothelium which is controlled by a different
class of receptors known as the integrins. (Lawrence,
M.B. and Springer, T.S. (1991) Cell 65: 859-873; von
Andrain, U.H. et al., (1991) Proc. Natl. Sci. U.S.A.
88:7538~7542; Larson R.S. and Springer, T.A. (1990)
Immunol. Rev. 114:181-217). Extravasation of the
cells into the surrounding tissue proceeds after the
aforementioned attachment processes have each been

accomplished.
One of the selectins, E-selectin (ELAM-1,

endothelial cell adhesion molecule, LECCAM-2) is
expressed on endothelial cells following induction by
cytokinas such as interleukin-18, tumor necrosis
factor-a, lymphotoxin, bacterial endotoxins,
interferon-y and the neuropeptide substance-p (Harlan
& Liu, supra). The expression of E-selectin on




WO 94/26786

10

i5

20

25

30

35

PCT/US94/05285
- 11 -

activated endothelium requires de novo synthesis,
peaks at 4-6 hours, and persists from 2-48 hours after
initial stimulus. Activated endothelia expressing the
ELAM-1 receptor have been shown to bind neutrophils
(Bevilacque M.P., et al. (1987) Proc. Natl. Acad. Sci.
U.S.A. 84:9238-9242); monocytes (Walz, G. et al.,
(1990) Science 250: 1132~1135): eosinophil (Kyan-Aung
(1991) J. Immunol. 146:521-528) and NK cells (Goelz,
S.E. (1990) Cell 63:1149-1356). Additionally,
activated endothelium binds some carcinoma cells
(Rice, G.E. and Bevilacqua M.P. (1989) Science
246:1503-1306; Walz, G. et al., (1990) 250 1132-1135)
implicating a role for E-selectins in attachment of
tumor cells to blood vessel walls.

P-selectin (CD62, granule membrane protein-
140, GMP-140, platelet activation dependent granule
external membrane, Padgem, LECCAM-3) is expressed on
activated platelets as well as endothelial cells. The
P-gselectin expression can be mobilized from
intracellular stores in minutes after activation. P-
selectins bind neutrophils and monocytes, as well as
carcinoma cells (Walz, G., et al., (1990) 250:1132-
1135).

P-selectin, or CD62 expression does not
require de novo synthesis because this selectin is
stored in secretory granules, also called Weibel-
Palade bodies, in both platelets and endothelial
cells. Thus, within minutes of activation of either
cell type, for example by thrombin, histamine, or
phorbol esters, CD62 is rapidly transported to the
surface of the cell where it can bind the ligand found
on neutrophils, monocytes, and other cells, Thase
ligand-bearing cells then adhere to the platelet or
endothelial cells expressing the CD62 receptor.

Patel et al. have found that endothelial
cells also express CD62 in response to low levels of
hydrogen peroxide or other oxidizing agents through
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the production of free radicals (Patel et al., 1991,
J. Cell Biol. 112:749-759). While endothelial cells
normally reinternalize CD62 within minutes of
activation, induction by free radicals produces

§ prolonged expression of the selectin. Because
neutrophils release oxidizing agents and free radicals
following activation, initial recruitment of
neutrophils by transiently expressed CD62 could
effectively prolong the expression of CD62 through

10 free radical generation by neutrophils (Harlan & Liu,
Adhesion, supra).

L~selectin, (lymphocyte homing receptor,

LECCAM-1, Mel-14, Leu-8, TQ-1, Ly-22, LAM=-1) is

constitutively .
congtitute expressed on the cell surface and is shed

15 after activation (Jung. T.M. et al., (1988) J.
Immunol., 141:4110-4117),

Recent advancements in the field of adhesion
molecules have led to the understanding of the role of
protein-carbohydrate interactions. In particular, the

20 ligands for selectins have been recently studied
(Bevilague, M.P. and Nelson, R.M. (1983) J. Clin.
Invest. 91: 379-387). Among the ligands identified
are the Lewis X blood antigen (Le*) and sialylated
Lewis X antigen. The Lewis X antigens have been known

25 for some time, and had been identified as the terminal
structures on cell surface glycoproteins and
glycolipids or neutrophils and promyelocytic cell
lines (Harlan & Liu, Adhesion, supra).

Lowe et al. demonstrated that transfection

30 of a cDNA for the Lewis blood group fucosyl
transferase (Galfl,3/4GlcNAcel,3 fucosyltransferase)
into Chinese hamster ovary (CHO) cells resulted in the
expression of the Le* and sLe* antigens and the
simultaneous ability of the transfected cells to

35 adhere to E-selectins on TNF-a-activated human
unbilical vein endotbelial cells (HUVECs) (Lowe et
al., 1990, Cell 63:475>-484). Sialidase treatment of
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the cells abolished their ability to adhere to
activated HUVECs, indicating that a sialylated
structure was required for adhesion. Additionally, it
was cbserved that a pre-myelocytic leukemia-60 (HL-60)
5 cell clone which expressed SLe* bound to HUVECS while
another clone that did not express SLe* did not bind to
HUVECS.
Phillips et al. produced CHO glycosylation
mutants, which, unlike the wild-type cells, expressed
10 fucosyltransferase activities that synthesized both Le*
and SLe* (LECll) or Le* only (LECl12) as terminal sugar
structures on cell surface glycoproteins (Phillips et
al., 1990 Sciesnce 250:1130-1132). Only LEC11l cells
bound to E-selectin on activated HUVECs, and the
15 adhesion was abolished by pretreatment of the LEC1l1
cells with sialidase, implicating SLe* as the ligand.
The nucleic acid sequence of an al,3-fucosyl
transferase responsible for adding a fucosyl residue
to an appropriate carbohydrate such as ELAM, through
20 an al,3 glycosidic linkage has been reported
(International Patent Publication No. W091/16900).
This report also describes recombinant COS and CHO
cells transformed with the transferase.
Oother ligands that bind to selectins have
25 also been disclosed. These ligands structurally
resemble the Lewis X antigens (International Patent
Publication No. W092/02527 and International Patent
Publication No. W091/19502).

30 2.4. DISEASES INVOLVING INAPPROPRIATE COMPLEMENT
ACTIVITY

Diminished expression of CR1 on erythrocytes
of patients with systemic lupus erythematosus (SLE)
has been reported by investigators from several

35 geographic regions, including Japan (Miyakawa, et al.,
1981, Lancet 2:493-497; Minota, et al., 1984, Arthr.
Rheum. 27:1329-1335), the United States (Iida, et al.,
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1982, J. ExXp. Med. 155:1427-1438; Wilson, et al.,
1982, N. Engl. J. Med. 307:981-986) and Europe
(Walport, et al., 1985, Clin. Exp. Immunol. 59:547;
Jouvin, et al., 1986, Complement 3:88-96; Holme, et
5 al., 1986, Clin. Exp. Immunol. 63:41-48). CR1l number

has also been found to correlate inversely with serum
levels of immune complexes, with serum levels of C34d,
and with the amounts of erythrocyte-bound C3dg,
perhaps reflecting uptake of complement-activating

10 immune complexes and deposition on the erythrocyte as
an "innocent bystander" (Ross, et al., 1985, J.
Immunol. 135:2005~2014; Holme, et al., 1986, Clin.
Exp. Immunol. 63:41-48; Walport, et al., 1985, Clin.
Exp. Immunol. 59:547).

i5 Abnormalities of complement receptor
expression in SLE are not limited to erythrocyte CR1.
Relative deficiencies of total cellular CR1l of
neutrophils and plasma membrane CR1 of B lymphocytes
of the SLE patients have been shown to occur (Wilson,

20 et al., 1986, Arthr. Rheum. 29:739747).

The relative loss of CR1 from erythrocytes
has alsc been observed in patients with Human
Immunodeficiency Virus (HIV) infections (Tausk, F.A.,
et al., 1986, J. Clin. Invest. 78:977-982) and with

25 lepromatous leprosy (Tausk, F.A., et al., 1985, J.
Invest. Dermat. 85:58s-61s).

Complement activation has also been
associated with disease states involving inflammation.
The intestinal inflammation of Crohn’s disease is

30 characterized by the lymphoid infiltration of
mononuciear and polymorphonuclear leukocytes. It was
found recently (Ahrenstedt, et al., 1990, New Engl. J.
Med. 322:1345-9) that the complement C4 concentration
in the jejunal fluid of Crohn’s disease patients

35 increased compared to normal controls. Other disease
states implicating the complement system in
inflammation include thermal injury (burns, frostbite)
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(Gelfand, et al., 1982, J. Clin. Invest. 70:1170;
Demling, et al., 1989, Surgery 106:52-9), hemodialysis
(Deppisch, et al., 1990, Kidney Inst. 37:696-706;
Kojima, et al., 1989, Nippon Jenzo Gakkai Shi 31:91-
7), and post pump syndrome in cardiopulmonary bypass
(Chenoweth, et al., 1981, Complement Inflamm. 3:152-
165; Chenoweth, et al., 1986, Complement 3:152-165;
Salama, et al., 1988, N. Engl. J. Med. 318:408-14).
Both complement and leukocytes are reported to be
implicated in the pathogenesis of adult respiratory
distress syndrome (Zilow, et al., 1990, Clin Exp.
Immunol. 79:151-57; Langlois, et al., 1989, Heart Lung
18:71~84). Activation of the complement system is
suggested to be involved in the development of fatal
complication in sepsis (Hack, et al., 1989, Am. J.
Med. 86:20-26) and causes tissue injury in animal
models of autoimmune diseases such as immune complex-
induced vasculitis (Cochrane, 1984, Springer Seminar
Immunopathol. 7:263), glomerulonephritis (Couser et
al, 1985, Kidney Inst. 29:879), hemolytic anemia
(Schreiber and Frank, 1972, J. Clin. Invest. 51:575),
myasthenia gravis (Lennon, et al., 1978, J. Exp. Med.
147:973; Biesecker and Gomez, 1989, J. Immunol.
142:2654), type II collagen-induced arthritis (Watson
and Townes; 1985, J. Exp. Med. 162:1878), and
experimental allergic and hyperacdte xenograft
rejection (Knechtle, et al., 1985, J. Heart Transplant
4(5):541; Guttman, 1974, Transplantation 17:383;
Adachi, et al., 1987, Trans. Proc. 19(1):1145).
Complement activation during immunotherapy with
recombinant IL-2 appears to cause the severe toxicity
and side effects observed from IL-2 treatment (This,
et al., 1990, J. Immunol. 144:2419).

Complement may also play a role in diseases
involving immune complexes. Immune complexes are
found in many pathological states including but not
limited to autoimmune diseases such as rheumatoid
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arthritis or SLE, hematologic malignancies such as
AIDS (Taylor, et al., 1983, Arthritis Rheum. 26:736-
44; Inada, et al., 1986, AIDS Research 2:235-247) and
disorders inveolving autoantibodies and/or complement
activation (Ross, et al., 1985, J. Immunol. 135:2005-
14) .

Soluble CR1 has been successfully used to
inhibit complement activation in a number of animal
mcdels: Moat, B.P., et al., 1992, Amer. Review of
Respiratory disease 145:A845; Mulligan, M.S., et al.,
1992, J. Immunol. 148:1479-1485; Yeh, C.G. et. al.,
1991, J. Immunol. 146 250-256; Weisman, et al., 1990,
Science 249:146-51; Pruitt, et al., 1991,
Transplantation 52(5):868-73; Pruitt and Bellinger,
1991, J. Surg. Res. 50:350-55; Rabinovici, et al.,
1992, J.Immunol. 149:1744-50; Mulligan, et al., 1992,
J. Immunol. 148:1479-1485; Lindsay, et al., 1992,
Annals of Surg. 216:677,

Studies of Weisman et al {1990, Science
249:146-151) have demonstrated that sCR1 can prevent
90% of the generation of C3a and C5a in human serum
activated by the yeast cell wall component zymosan.
Weisman, et al. (1990, supra) also utilized sCR1 in
the rat to inhibit complement activation and reduce
the damage due to myocardial infarction. Soluble CR1
also appears to inhibit the complément dependent
process of the reverse Arthus reaction (Yeh, et al.,
1991, J. Immuno. 146:250-256), and hyperacute
xenograft rejection (Pruitt, et al., 1991,
Transplantation 52:868-873). Recent data (Moat, et
al., 1992, Amer. Rev. Respiratory Disease 145:A845)
indicate that sCR1 is of value in preventing
complement activation in an experimental model of
cardiopulmonary bypass in the pig, a situation where
complement activation has been demonstrated.

Citation or identification of any reference
of Section 2 of this application shall not be
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constructed as an admission that such reference is
available as prior art to the present invention.

3. SUMMARY OF THE INVENTION

According to the present invention,
compositions are provided which comprise, in their
broadest aspect, a complement moiety and a
carbohydrate moiety. These compositions are useful in
treating diseases or disorders involving complement,
as well as inhibiting a primary event in the
inflammatory response such as blocking interactions
between intercellular adhesion molecules and their
ligands. In preferred aspects, it is an advantage of
the present invention that the compositions comprise a
ligand for intercellular adhesion molecules. The
complement moiety can be any one of a number of
proteins which can bind to a complement component, or
which are related to a complement receptor type 1 by
virtue of containing an SCR motif. The carbohydrate
moiety can be any one of a number of carbohydrates
that bind to or prevent interaction with an
intercellular adhesion molecule. This construct
facilitates localization of the complement protein to
the site of injury, and advantageously allows for,
inter alia, lower dosage treatment. It is a further
advantage of the present inventioﬁ that the same
composition can interrupt an initial event in the
inflammatory response. Therefore, the complement
protein comprising a cellular adhesion molecule ligand
is also useful in treating inflammation mediated by
intercellular adhesion,; as well as complement related
diseases or disorders.

The carbohydrate moiety of the compositiens
of the invention is attached to the complement moiety
by means of an extracellular event such as a chemical
or enzymatic attachment, or can be the result of an
intracellular processing event achieved by the
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expression of appropriate enzymes. In certain
embodiments, the carbohydrate moiety will specifically
bind to intercellular adhesion molecules. In one
embodiment, the carbohydrate binds to a particular
class of adhesion molecules known as the selectins.
Thus, in a preferred aspect, the invention provides
for a composition comprising at least one complement
moiety and at least one carbohydrate moiety, which
composition preferentially binds to a particular
selectin. Among the selectins are E-selectin, L-
selectin or P-selectin. Particularly preferred
embodiments comprise at least one complement moiety
and at least one carbohydrate moiety wherein said
carbohydrate moiety comprises an N-linked
carbohydrate, preferably of the complex type, and more
preferably fucosylated and sialylated. In the most
preferred embodiments, the carbohydrate is related to
the Lewis X antigen, and especially the sialylated
Lewis X antigen.

In one embodiment, the complement moiety is
a protein that contains at least one short consensus
repeat and more preferably binds a component of the
complement cascade and/or inhibits an activity
associated with complement. In a more preferred
embodiment, the complement moiety comprises all or a
portion of complement receptor type 1. Preferably the
complement protein is soluble complement protein. In a
most preferred embodiment, the complement moiety is
soluble complement receptor type 1 (sCRl), or a
fragment or derivative thereof.

The present invention further provides
pharmaceutical compositions comprising at least one
complement protein and at least one carbohydrate
moiety in admixture with a suitable pharmaceutical
carrier. In a preferred embodiment, the complement
protein is soluble and particularly sCR1l or fragments
or derivatives thereof. In these preferred
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embodiments, the carbohydrate is an N-linked
carbohydrate, and preferably fucosylated and more
preferably fucosylated and sialylated. Of these the
Lewis X (Le*) antigen or sialyl Lewis X (sLe*) antigens
are particularly preferred.

The present invention also provides methods
for producing the compositions described herein. In
one preferred embodiment, the invention provides for
expressing the complement proteins in a cell which
glycosylates the complement protein with a Le* antigen,
or preferably a SLe* antigen, and recovering the
protein. In another embodiment, the invention
provides for modifying a complement protein by
chemically linking the carbohydrate moiety to the
protein, wlierein said carbohydrate moiety is
preferably a selectin ligand.

In yet another embodiment, the invention
provides for treating a subject with a disease
involving undesirable or inappropriate complement
activity. Such treatment comprises administering to a
subject in need of treatment, a pharmaceutical
composition in accordance with the present invention,
in an amount and for a period of time suitable to
regulate said undesirable complement activity.
Preferably, the carbohydrate moiety in such
pharmaceutical compositions are selectin ligands such
as Le*, and more preferably the ligand is SLe*.
Treatments with the complement protein comprising the
selectin ligand include, but arz not limited to,
diseases or disorders of inappropriate complement
activation, especially inflammatory disorders. Such
disorders include but are not limited to postischemic
reperfusion conditions, infectious disease, sepsis,
immune complex disorders and autoimmune disease.

The compositions of the invention can be
used in homing the complement moiety, preferably CR1,
and more preferably sCRl, to adhesion molecules such




WO 94/26786

10

15

20

25

30

35

PCT/US94/05285
- 20 -

as selectins on activated endothelium, allowing for,
inter alja, a lower dose as compared to the use of
sCR1 alone or its present glycoforms. The
compositions can then persist at the site of
inflammation, and thereby prevent further activation.
Early neutrophil adhesion events which depend on
selectin/ligand interactiun may also be blocked,
Additionally, the in vivo half life of the sCR1l may be
prolonged. 1In a specific embodiment, a CR1l moiety
blocks the convertases C3 and C5 in both th2? classical
and alternative pathways, and thus prevents the
release of C5a. Preventing the release of C5a further
inhibits, inter alia, neutrophil activation and

chemoattraction.

It is yet another advantage that the
compositions presented herein may have reduced
antigenicity. This may be particularly relevant in
the context of the preferred embodiments as described
herein, as th= carbohydrates relating to Lewis X
antigen may be more "natural" in their glycosylation
patterning as compared to other carbohydrate
structures, e.g. those obtained from non-human host
cells and the like.

3.1. ABBREVIATIONS

CR1 -~ Complement receptor one.

CR2 =~ Complement receptor two.

CR3 - Complement receptor three.

CR4 -~ Complement receptor four.

DAF - Decay-accelerating factor,

ELAM - Endothelial cell adhesion molecule.
Le* - Lewis X antigen.

LHR -~ Long Homologous Repeat.

MCP - Membrane cofactor protein.

SCR1 =~ Soluble complement receptor one.
SLe* - Sialyl Lewis X antigen.

SCR - Short consensus repeat.

Lewis X antigen

CD1l5
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4. BRIEF DESCRIPTION OF THE FIGURES

Figure 1A Shows a coomasie-stained SDS-PAGE gel; Lane
1 is molecular weight standards; “7ne 2 is control HL-
60 cell lysate; Lane 3 contains sCRl[des-A] produced
from DUKX.B1ll cells; Lane 4 contains sCR1l[des=-A]
recovered from LEC-1ll1l cells.

Figure 1B Shows a chemiluminescence Western blot of
the same gel as described in A probed with CSLEX1l, an
antibody that reacts with the sLe* carbohydrate
determinant. Lane 4 (which contains a soluble form of
sCR1 containing LHR’s BC and D (sCRl[des-A)sLex
recovered from LEC-11 cells) shows two distinct bands
representing different glycosylation forms of the
sCR1l[des-A)sLex.

Figure 1C 1Is the same gel described in Figure B,
stripped and probed with affinity purified rabbit
polyclonal antibody to CR1. The blot shows that the
two glycosylation forms of sCRl[des~A] from Gel B
above are also reactive with the anti-complement
receptor type 1 antihodies.

Figure 2A is a Coomassie Blue stained polyacrylamide
gel pattern. The predominant bands at approximately
187kd in lanes 2, and 4-6 are the sCRl[des-A] protein,
lane 2 obtained from DUKX-B1ll cells, and lanes 4-6
obtained from LEC-11 cells.

Figure 2B is the same gel as Figure ¢A, Western

blotted and probed with and anti-r{R1(des-A)

polyclonal serum. As expected, all lanes containing

SCR1-[des-A]}, whethﬁp derived “rom DUKX-Bll cells or
positive

LEC-11 cells are peitive for sCRl[des-A].

Figure 2C is the same blct as Figure 2B stripped and
reprobed with an antibedy specific for the sialy-
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diLewis x antigen (FH6) represented by the shorthand

notation NeuNAca2-3GalBfl-4 (Fucal-3)GlcNAcBl-3GalBl-

4 (Fucal-3GlcNAc. As expected, only lanes 4-6

containing sCR1[des=-A)sLex obtained from LEC-11 cells
5 are positive for the appropriate carbohydrate

structure.

Figure 3 shows the results of a static adhesion

binding assay. The black bars represent the sCR1l[des-
10 A) material obtained from DUKX-Bll cells. The bars

with horizontal lines represent sCR1[des-A]sLex

material obtained form LEC-11 cells. The sCR1l[des-

A)sLex material inhibited binding of U937 cells to

activated aortic endothelial cells in a concentration
15 dependant manner.

Figure 4 describes the protective effects of sCR1,
SCR1[des-A], and sCRl{des-A)sLex from lung injury
induced by CVF. A. is permeability, a measure of

20 radiolabelled protein leakage from the blood vessels
of the lung. B. is the measurement of the reduction
over control of hemorrhage as measured by a
radiolabelled red blood cell leakage into the lung
from the blood vessel. C. is a measure of the

25 accumulation of neutrophils in the lung as estimated
by measurement of myeloperoxidase activity.

5. D SC
The present invention is directed to
30 compositions comprising at least one complement moiety
and at least one carbohydrate moiety. The
compositions of the invention interact on a cellular
level with cells expressing appropriate receptors. 1In
certain preferred embodiments, the carbohydrate moiety
35 of the compositions will bind to a selectin.
For the sake of clarity, the present
invention is described in detail in sections relating
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to the various components of the compositions, methods
of producing such compositions as well as
pharmaceutical preparations thereof, functional assays
for measurement of activity of the compositions, and
methods of diagnosis, treatment and prophylaxis using
the compositions.

5.1. QGNMPLEMENT PROTEINS
"Complement moiety" within the scope of this

invention means any protein that contains all or a
portion of any protein associated with the complement
cascade, or a protein that contains at least a portion
of a short consensus repeat. Certain useful
complement proteins are described in detail in
Sections 2.1 and 2.2 of the Background of the
Invention, and preferably include but are not limited
to complete proteins or any fragment of: complement
receptor type 1 (CR1l), which is the receptor f.r
complement components C3b and C4b; complement receptor
type 2 (CR2), which is the receptor for C3d;
complement receptor type 3 (CR3), the receptor for
ic3b; complement receptor type 4 (CR4), which is
specific to iC3b; complement receptor type 5 (CRS),
which is specific for the C3d portion of ic3bh, C3dg,
and C3d; the C5a receptor (C5a-R); and receptors for
C3a and C4a. In a preferred aspect, the invention is
meant to include those members of the family of
complement regulatory proteins that contain the
conserved short consensus repeat (SCR) motif. SCR
motifs are found in complement receptor type 1 and in
several other C3/C4-binding proteins, most notably
CR2, factor H, C4-binding protein (C4-BP), membrane
cofactor protein (MCP), and decay accelerating factor
(DAF). The genes for factor H, C4-BP, CR2, aund DAF
map to a region on chromosome 1 which has been
designated "“regulators of complement activation" (RCA)
(Hourcade, D., et al., 1989, Advances in Imnunol.,
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45:381-416). Particular analogues of these regulators
of complement activation are found in Atkinson, et
al., EPO Publication No. 0 512 733 A2, published on
November 11, 1992. Thus, in a preferred embodiment,
the complement protein contains at least one SCR and
is able to bind to a component of complement. Such
complement proteins will, in one embodiment, bind to
C3b or C4b or a fragment of C3 or C4, such as those
proteins described above.

CR1 has been extensively studied, and a
structural motif of 60-70 amino acids, termed the
short consensus repeat (SCR) has been discovered. The
SCR motif is tandemly repeated 30 times in the F-
allotype of CRl1l, 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 SCRs. 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; Klickstein et al, 1988, J. Exp.
Med., 168:1699-1717; Hourcade et al., 1988, J. Exp.
Med. 168:1255-1270). The dimensions of each SCR are
estimated to be approximately 2.5-3.0 nm x 2 nm ¥ 2
nm.

Tandem repeats of SCRs (the same invariant
residues and s:uilar spacing between cysteines) have
been identified in 12 additional proteins of the
complement systems (Ahearn et al., 1989, Adv. Immunol.
46:183-219). These proteins share a capacity Zfor
interacting with €3, C4, or C5, the set of homologous
complement proteins that are subunits of the
alternative and classical C3-C4 convertases and the
membrane attack complex, respectively. Complement-
related proteins containing SCRs may have activating
functions (Clr, Cls, Factor B and C2), negative
regulatory roles (Factor H, C4-BP, DAF, MCP, and CRl),
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serve as cellular receptors capable of eliciting
functions of phagocytes and lymphocytes (CR1 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 SCR’s in
non-complement proteins, such as in an interleukin~-2
receptor a chain, f2-glycoprotein 1, and factor XIII
does not necessarily indicate a complement-related
function, although this possibility has not been
excluded.

It is within the scope of the invention that
the compositions comprise one or more of the
aforementioned SCRs, in any combination suitable to
obtain a desired result. As additional criteria,
those forms of the complement protein or fragments
thereof that are readily absorbed by tissues, that are
protected from rapid metabolism and/or that provide
for prolonged half life, are preferentially selected
in producing the compositions oif the invention. One
skilled in the art may also effect modifications of
the protein formulation, to effect absorption. These
modifications include, but are not limited to, use of
a prodrug and chemical modification of the primary
structure (Wearley, L.L., 1991, Crit. Rev. in Ther.
Drug Carrier Systems, 8(4):333). In minimizing
metabolism of the complement protein and thereby
increasing the effective amount of protein, such
modifications lnclude but are not limited to chemical
modifications and covalent attachment to a polymer
(Wearley, L.L., 1991, supra).

The compositions of the present invention
may be part of a delivery system such as liposomes.
Delivery systems involving liposomes are discussed in
International Patent Publication No. WO 91/02805 and
Interriational Patent Publication No. WO 91/19501, as
well as U.S. Patent No. 4,880,635 to Janoff et al..
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These publications and patents provide useful
descriptions of technigues for liposome drug delivery.
The genes for the complement related
proteins are readily available, for instance the
5 nucleic acid sequences and/or genes encoding the
complement proteins of the present invention are known
as, for instance; DAF, International Patent
Publication No. W089/01041 published February 9, 1989;
MCP, Lublin M.D., et al., 1988, J. Exp. Med. 168:181-
10 194; and, CR2, Weis, J.J., et al., 1988, J. Exp. Med.
168:1047-1066. The CR1l gene and its encoded protein
arz provided for in International Patent Publication
No. W089/09220 published October 5, 1989 and entitled
“The Human C3b/C4b Receptor (CR1)". Once the gene and
15 its encoded protein are available, any number of
technigques known in the art can be used to modify the
gene itself or its encoded proteins. The invention is
meant to include such complement protein-related
fragments, derivatives, and analogues. The compiement
20 protein-related fragments, derivatives, and analogues
for use in the composition and formulations of the
invention can be produced by various methods known in
the art. The manipulations which result in their
production can occur at the gene or protein level, or
25 by methods of chemical synthesis. For example, a
cloned complement gene can be modified by any of
numerous strategies known in the art (Maniatis, T.,
1982, Molecular Cloning, A Laboratory Manual, Cold
Spring Harbor Laboratory, Cold Spring Harbor, New
30 York). The complement protein gene seguence can be
cleaved at appropriate sites with restriction
endonuclease(s) followed by further enzymatic
modification if desired, isolated, and ligated in
vitro. In the production of the gene encoding a
35 derivative, analogue, or peptide related to a
complement protein, care should be taken to ensure
that the modified gene remains within the same
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translational reading frame as the native complement
protein gene, uninterrupted by translational stop
signals, in the gene region where the desired
complement inhibitory-specific activity is encoded.

5 Additionally, the complement protein gene
can be mutated in vitro or in vivo, to create and/or
destroy translation, initiation, and,or termination
sequences, or to create variations in coding regions
and/or form new restriction endonuclease sites or

10 destroy preexisting ones, to facilitate further in
vitro modification. Any technique for mutagenesis
known in the art can be used, including but not
limited to, in vitro site-directed mutagenesis
(Hutchinson, C., et al., 1978, J. Biol. Chem.

15 253:6551), use of TABX linkers (Pharmacia), and the
like methods.

Manipulations of the complement protein
sequence may also be made at the protein level. Any
of numerous chemical modifications may be carried out

20 by known techniques, including but not limited to
specific chemical cleavage by cyanogen bromide,
trypsin, chymotrypsin, papain, V8 protease, NaBH,,
acetylation, formylation, oxidation, reduction, and
the 1like.

25 In a particular embodiment in which the
complement protein is CR1, for example, specific
modifications of the nucleotide sequence of CR1 can be
made by recombinant DNA procedures that result in
sequences encoding a protein having multiple LHR-B

30 sequences. See, e.g., international Patent
Publication No. W091/05047, published April 18, 1991.
Such valency modifications alter the extent of C3b
binding which may be important for disorders
associated with such functions, such as immune or

35 inflammatory disorders. For example, full-length CR1
or fragments thereof and related molecules which
exhibit the desired activity can have therapeutic uses
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in the inhibition of complement by their ability to
act as a factor I cofactor, promoting the irreversible
inactivation of complement components C3b or C4b
(Fearon, D.T., 1979, Proc. Natl. Acad. Sci. U.S.A.
76:5867; Iida, K. and Nussenzweig, v., 1981, J Exp.
Med. 153:1138), and/or by the ability to inhibit the
alternative or classical C3 or C5 convertases.

In ancther embodiment, specific portions of
the sequences of CR1 that contain specific, well
defined combinations of LHRs or SCRs can also be
generated. The activities of these compounds can be
predicted by choosing those portions of the full-
length CR1 molecules that contain a specific activity.
The resulting fragments should, but need not contain,
at least one of the functions of the parent molecule.
such functions include but are not limited to the
binding of C3L and/or C4b, in free or in complex
forms; the promotion of phagocytosis, complement
regulation, immune stimulation; the ability to act as
a factor I cofactor; promoting the irreversible
inactivation of complement components C3b or C4b,
(Fearon, D.T., 1979, Proc. Natl. Acad. Sci. U.S.A.
76:5867; Iida, K. and Nussenweig, V., 1981, J. Exp.
ﬁed. 153:1138); effecting immune complex clearance
and/or by the ability to inhibit the alternative or
classical C3 or C5 convertases. In a specific
embodiment, the CR1 includes LHR’s B, C and D and does
not include LHR A.

In addition, analogues and peptides related
to complement proteins can be chemically synthesized.
For example, a peptide corresponding to a portion of
complement protein which mediates the desired activity
(e.g., C3b and/or C4b binding, immune stimulation,
complement regulation, etc.) can be synthesized by use
of a peptide synthesizer.

In particular embodiments of the present
invention, such complement proteins, including
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derivatives, analogues or fragments thereof, whether
produced by recombinant DNA techniques or by chemical
synthetic methods, include but are not limited to
those containing, as a primary amino acid sequence,
all or part of the amino acid sequence of the native
complement protein including altered sequences in
which functionally equivalent amino acid residues are
substituted for residues within the sequence,
resulting in a silent change. For example, one or
more amino acid residues within the sequence can be
substituted by another amino acid of a similar
polarity which acts as a functional equivalent,
resulting in a silent alteration. Nonconservative
substitutions can also result in functionally
equivalent proteins.

In one embodiment, substitutes for an amino
acid within the complement protein sequence may be
selected from other members of the class to which the
amino acid belorngs. For example, the nonpolar
(hydropheobic) amino acids include alanine, leucine,
isoleucine, valine, proline, phenylalanine, tryptophan
and methionine. The polar neutral amino acids include
glycine, serine, threonine, cysteine, tyrosine,
asparagine, and glutamine. The positively charged
(basic) amino acids include arginine, lysine and
histidine. The negatively charged (acidic) amino
acids include aspartic acid and glutamic acid.

In a particular embodiment, nucleic acid
sequences encoding a fusion protein, consisting of a
molecule comprising a portion of a complement protein
sequence plus a non-complement protein sequence, can
be produced. See, e.g., International Patent
Publication No. W091/05047. For example, further
modifications of complement proteins containing LHRs
or SCRs include the generation of chimeric molecules
containing portions of the LHR and/or SCR sequences
attached to other molecules whose purpose is to affect
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solubility, pharmacology or clearance of the resultant
chimeras. Such chimeras can be produced either at the
gene level as fusion proteins or at the protein level
as chemically produced derivatives. Chimeric

5 molecules comprising portions of immunoglobulin chains
and complement protein can contain Fab or (Fab’),
molecules, produced by proteolytic cleavage or by the
introduction of a stop codon after the hinge region in
the heavy chain to delete the F, region of a non-

10 complement activating isotype in the immunoglobulin
portion of the chimeric protein to provide F, receptor-
mediated clearance of the complement activating
complexes. Other molecules that may be used to form
chimeras include, but are not limited to, other SCR

15 containing proteins, 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, derivatizing with polyethylene glycol.

20 Suitable molecules 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.
Additional molecules that may be used to form
derivatives of the biological compounds or fragments

25 thereof include protein A or protein G (International
Patent Publication No. W087/05631 published September
24, 1987 and entitled "Method and means for producing
a protein having the same IgG specificity as protein
G"; Bjorck, et al., 1987, Mol. Immunol. 24:1113-1122;

30 Guss, et al., 1986, EMBO J. 5:1567-1575: Nygren, et
al., 1988, J. Molecular Recognition 1:69-74).
Constructs comprising a plurality of short consensus
repeats having a complement binding site, said
constructs attached to an immunoglobulin chain or a

35 soluble, physiologically compatible macromolecular
carrier, are also suitable as the complement moiety
taught herein. Preparation of these constructs is

R S N
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disclosed in International Patent Publication No.
W091/16437, herein incorporated by reference.
Isolation and recovery of encoded proteins
may be effected by techniques known in the art. The
5 complement proteins may be isolated and purified by
standard methods including chromatography (e.g., ion
exchange, affinity, and sizing column chromatography,
high performance liquid chromatography),
centrifugation, differential solubility, or by any
10 other standard technique for the purification of
proteins. If the complement protein is exported by a
cell that is producing it, a particularly efficacious
method for purification of the protein is as follows:
the cell culture medium containing protein is subject
15 to the sequential steps of a) cationic exchange
chromatography, b) ammonium sulfate precipitation,
c) hydrophobic interaction chromatography, d) anionic
exchange chromatography, e) further cationic exchange
chromatography and f) size exclusion chromatography.
20 In a2 more preferred embodiment, the instant
invention relates to soluble CR1 mclecules. As used
herein, the term soluble CR1 molacules means portions
of the CR1l protein, which, upon expression, are not
iocated in the cell surface as membrane proteins. As
25 a particular example, CR1 molecules which
substantially lack the transmembrane region are
soluble CR1 molecules. In a specific embodiment of
the invention, an expression vector can be constructed
to encode a CR1 molecule which lacks the transmembrane
30 region (e.g., by deletion of the carboxyl-terminal to
the Aspartate encoded by the most C-terminal SCR),
resulting in the production of a soluble CR1l fragment.
In one embodiment, such a fragment can retain the
ability to bind C3b and/or C4b, in free or in complex
35 forms. In a particular embodiment, such a soluble CR1
protein may no longer exhibit factor I cofactor

activity.
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Soluble constructs carrying some or all of
the binding sites of CR1 are also envisioned. Such
constructs will in certain preferred embodiments,
inhibit activation of complement and the complement
dependent activation of c¢ells. For example, in a
specific embodiment, a soluble CR1 molecule can be
used which retains a desired functional activity, as
demonstrated, e.g., by the ability to inhibit
classical complement-mediated hemolysis, classical C5a
production, classical C3a production, or neutrophil
oxidative burst in vitro. In one embodiment, such a
fragment can retain the ability to bind C3b and/or
C4b, in free or in complex form. The sCR1l molecule so
produced can contain the LHR-3, LHR-B, LHR-C, LHR-D,
SCR29, SCR30, up to and including the first alanine
residue of the transmembrane region. In a preferred
aspect ¢{ *he invention, the scluble CR1 protein has
the characteristics of the protein expressed by a
Chinese hamster ovary cell DUX Bll carrying plasmid
PBSCR1/pTCSgpt as deposited with the ATCC and assigned
accession number CRL 10052.

In a further specific embodiment, a CR1
molecule can be produced that lacks the LHR-A region
of the CR1 molecule. To this end, an expression
vector can be constructed to encode a CR1 molecule
which lacks the transmembrane regibn and SCRs 1-7,
resulting in the production of a soluble CR1l fragment
that would be expected to preferentially inhibit the
alternative pathway. The expression vector so
constructed would be expected to contain sites for
primarily C3b binding. Therefore, such a construct
would be expected to preferentially inhibit the
alternative complement pathway as assessed by the in
vitro hemolytic assays described herein.

In yet another embodiment, an expression
vector can be constructed to contain only SCK’s 1-18
of the complement receptor type 1. Such a construct
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would be expected to have the full function associated
with complement receptor type 1 by virtue of
containing sites for binding C3b and C4b. Such a
product would be expected to inhibit the classical and
5 alternative pathways of complement as assessed by the
in vitro assays described herein. In yet another
embodiment the construct may contain only SCR’s 15-18.
Such a construct would be expected to bind C3b
primarily, and preferentially inhibit the alternative

10 pathway of complement.

These constructs, as well as the other
constructs of the application can have advantages due
to differences in glycosylation. Such differences are
expected to affect such parameters as the in vivo

15 half-life of the molecule. One skilled in the art

will recognize the potential sites for N-linked
glycosylation will vary with the products of such
constructs. Differences in glycosylation can be
assessed by the functional assays described herein for

20 their ability to block the binding of the natural

ligand for the particular cellular adhesion molecule.

The complement proteins of the invention can
be assayed by techniques known in the art in order to
demonstrate their complement-related activity. Such

25 assays include but are not limited to the following in

vitro tests for the ability to interact with
complement proteins, to inhibit complement activity,
or to selectively inhibit the generation of
complement-derived peptides:

30 (i) measurement of inhibition of complement-
mediated lysis of cells, for instance, red
blood cells (IHS50 assay) (International
Patent Publication No. W092/10096)

(ii) measurement of ability to inhibit formation

35 of complement activation products such as,
C5a and C5a des Arg and/or measurement of
ability to inhibit formation of C3a or C3a
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des Arg, or measurement of ability to
inhibit formation of C5b-9, or sC5b-9
(International Patent Publication No.
W092/10096)

(iii) measurement of ability to serve as a
cofactor for factor I degradation of, for
instance, C3b or C4b (Makrides et al.,
(1992) 267:24754-24761, Weisman, H.F., et
al. (1990) Science, 244:146-151).

(iv) measurement of ability to bind to C3b or
other C3 derived proteins, or binding of C4b
or other C4b derived proteins (Makrides et
al, supra, Weisman et al, supra)

(v) measurement of inhibition of alternative
pathway mediated hemolysis (AHS0
assay) (International Patent Publication No.
W092/10098)

Any complement protein or fragment,
derivative or analog thereof, in particular a CR1
protein, that has any one of the activities associated
with complement receptors is within the scope of this
invention as the complement moiety of the compositions
provided herein.

Activities normally associated with
complement receptor type 1 are weil documented in the
art. For example, for soluble CR1l proteins, such
activities include the abilities in vitro to inhibit
neutrophil oxidative burst, to inhibit complement-
mediated hemolysis, to inhibit C3a and/or C5a
production, to bind C3b and/or C4b, to exhibit factor
I cofactor activity, and to inhibit €3 and/or C5
convertase activity. A representative disclosure of
activities and assays are described jinter alia in
International Patent Publication No. PCT/US89/01358,
published October 5, 1989 as W089/09220, supra; and
entitled Weissman, et al., 1990, Science 249:146-151;
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Fearon, D.T. and Wong, W.W., 1989, Ann. Rev. Immunol.
1:243; Fearon, D.T., 1979, Proc. Natl. Acad. Sci.
U.S.A. 76:5867; Iida, K. and Nussenzweig, V., 1981, J.
Exp. Med. 153:1138; Klickstein et al., 1987, J. Exp.
Med., 165:1095; Weiss, et al., 1988, J. Exp. Med.,
167:1047-1066; Mwore, et al., 1987, Proc. Natl. Acad.
Sci. 84:9194; Moore, et al, 1989, J. Biol. Chem.
264:205-76) .

5.2. CARBOHYDRATE STRUCTURES COMPRISING SELECTIN
LIGANDS

The carbohydrate moiety of the compositions
of the present invention may be selected from a
variety of carbohydrate structures. In preferred
embodiments, this moiety is responsible for binding
the complement moiety to particular cell adhesion
molecules, such as a selectin. Section 2.3 of the
Background of the Invention details several selectins
that the carbohydrate moiety suitably binds to.
Carbohydrate moieties that bind to intercellular
adhesion molecules, including selectins, are well
known in the art. For instance, International Patent
Publication No. W091/19502 published December 26, 1991
and entitled "Intercellular Adhesion Mediators";
International Patent Publication No. W092/02527
published February 20, 1992 and entitled "New
Carbohydrate-Based Anti-Inflammatory Agents";
International Patent Publication No. W092/19735
published November 12, 1992 and entitled "GLYCAM-1(Spg
50), A Selectin Ligand"; International Patent
Publication No. W092/01718 published February 6, 1992
and entitled "Functionally Active Selectin-derived
Peptides and Ligands for GMP-140"; International
Patent Publication No. W091/19501 published December
26, 1991 and entitled "Intercellular Adhesion
Mediators" all present disclosure of carbohydrate
molecules useful in the present invention: the
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published patent applications are herein incorporated
by reference. The synthesis and processing of
carbohydrates is also well known in the art (Hubbard,
S.C. and Ivatt, R.J. (1981) Ann. Kev. Biochem. 50:555~
83 and the references cited therein; Goochee, C.F.,
(1991) Biotechnoleogy, 9:1347-1355, and the references
cited therein; Kobata, A. (1992) Eur. J. Biochem. 209,
483-501, and the references cited therein).
Accordingly, the carbohydrate moiety of the instant
invention can efficiently interact with cell adhesion
molecules.

Particular ligands for selectins have also
been described (Howard, D.R., et al., (1987) J. Biol.
Chem. 262:16830-16837, Phillips, M.L., et al., (1990)
Science 250:1130-1132, Walz, G. et al., (1990)
Sciencs, 250:1132-1135, Stanley, P., and Atkinson, P.,
(1986) J. Biol. Chem. 263:11374-11381; Butcher, E.,
(1991) Cell, 67:1033-1036). The Lewis X and sialyl
Lewis X oligosaccharides have been shown tc be
particularly important in selectin binding. Recent
studies have further characterized the ligand
structures for selectins and note that modifications
of the Lewis X and sialyl Lewis X oligosaccharide may
enhance the interactions between the oligosaccharides
and the selectins (Bevilacqua, M.P. and Nelson, R.M.
(1993) J. Clin. Invest. 91:379-387, Nelson, R.M., et
al., (1993) J. Clin. Invest. 91:1157-1166, Norgard,
K.E. et al., (1993) Proc. Natl. Acad. Sci., U.S.A.
90:1068-1072; Imai, Y. et al., (1993) Nature 361:555- i

557) .

The carbohydrate moiety of the present
invention will now be described with reference to
commonly used nomenclature for the description of
oligosaccharides. A review of carbohydrate chemistry
which uses this nomenclature is found in, Hubbard and
Ivatt (1981) supra. This nomenclature includes, for
instance, Man, which represents mannose; GlcNAc, which
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represents 2-N-acetyl glucosamine; Fuc, which
represents fucose; Gal, which represents galactose;
and Glc, which refers to glucose. In preferred
embodiments, the carbohydrate moiety comprises sialic
acid residues. Two preferred sialic acid residues are
described in shorthand notation by "NeuNAc", for 5-N-
acetylneuraminic acid, and "NeuNGc" for 5-glycolyl
neuraminic acid. (J. Biol. Chem., 1982, 257:3347; J.
Biol. Chem., 1982, 257:3352).

This method of describing carbohydrates, as
will be readily understood by one skilled in the art,
includes notations for the various glycosidic bonds
relevant to naming carbohydrates. Therefore, in
describing a bond linking two or more monosaccharides
to form an oligosaccharide, a f glycosidic bond
between the C-1 of galactose and the C-4 of glucose is
commonly represented by Galf1-4Glc. The notation £
and a are meant to represent the orientation of the
bond with respect to the glycosidic ring structure.
For the D-sugars, for instance, the designation g
means the hydroxyl attached to the C-1 is above the
plane of the ring. Conversely, for the D-sugars, the
designation a means the hydroxyl group attached to the
C-1 is below the plane of the ring. The carbohydrate
moiety will be described with reference to this
shorthand notation. .

In its broadest aspects, carbohydrate
structures useful in the present invention may be
selected from a wide range of structures. Preferably,
the carbohydrate will interact at some level with an
adhesion molecule. For example, such moiety will bind
to, or prevent the binding of a natural ligand to a
cellular adhesion molecule, or even displace an
endogenously occurring ligand. As is well understood
irx the art, interaction between a particular ligand
and its receptor is generally described by affinity
constants. "Binding affinity" is generally measured
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by affinity constants for the equilibrium
concentrations of associated and dissociated
configurations of the ligand and its receptor. The
present invention contemplates such an interaction
between a carbohydrate ligand and its endothelial cell
adhesion molecule receptor. In general, the binding
of the carbohydrate moiety should occur at an affinity
of about K= 10“M'or greater to be useful for the
present invention, with greater than about 10°%M"being
more preferable, and most preferably between about
10°®M7 and about 107"y}

In a particular embodiment, the carbohydrate
structure of the present invention is a ligand for the
class of cell adhesion molecules known as selectins,
Selectins have been shown to bind to a variety of
carbohydrate structures which can broadly be
classified into three groups. The first group
includes the N-linked and O-linked carbohydrates. N-
linked and O-linked carbohydrates differ primarily in
their core structures. The N-linked carbohydrates all
contain a common Manal=-6(Manal-3)ManB81-4GlcNAcfl-
AGlcNAcBS-R core structure. Of the N-linked
carbohydrates, the most important for the present
invention are the complex N-linked carbohydrates.

Such complex N-linked carbohydrates will contain
several antennary structures. Thus, the mono-, bi-,
tri-, tetra-, and penta-antennary outer chains are
important. Such outer-chain structures provide for
additional sites for the specific sugars and linkages
that comprise the carbohydrates of the present
invention. N-linked glycosylation refers to the
attachment of the carbohydrate moiety via GlcNAc to an
asparagine residue in the peptide chain. Therefore,
in the core structure described, R represents an
asparagine residue. The peptide sequences of the
complement moiety, asparagine-X-serine, asparagine-X-
threonine, and asparagine-X-cysteine, wherein X is any
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amino &acid except proline are possible recognition
sites for enzymatic attachment of the N-linked
carbohydrate moiety of the invention. O-linked
carbohydrates, by contrast, are characterized by a
common core structure, which is the GalNAc attached to
the hydroxyl group of a threonine or serine.

The N-linked glycans are formed by a series
of complex steps occurring intracellularly by a series
of enzymes with the addition of appropriate sugars.
Alternatively, the enzymatic synthesis of the core
structures can be accomplished extracellularly by
chemical and enzymatic steps to produce the
appropriate cariohydrates. These chemical and
enzymatic syntheses have been described in the art,
for instance in International Patent Publication No.
W091/19502 and the references described therein, which
is incorporated herein by reference.

Specific glycosyltransferases are important
for the final outer chain structures of the complex
carbohydrates. These glycosyltransferases are highly
specific for the appropriate monosaccharides. Of
partlcular importance to the invention are the enzymes
involved in sialylation and fucosylation of the GalBi-
4GlcNAc group found in the N-linked and O-linked
oligosaccharides. It will be understood by one
skilled in the art that terminal glycosylation
sequences differ. Among the various structures found
in the outer chain moieties of the complex
oligosaccharide chains are the carbohydrates moieties
that are knewn to bind to particular selectins.

Particularly preferred within the context of
the present invention are the sialylated, fucosylated
N-acetylglucosamines which have both a sialic acid and
a fucose .'‘esidue in specific position and linkage.
Therefore, the oligosaccharides related to the Lewis X
(Le*) carbohydrate (Galfl-4(Fucal-3)GlcNAc) are
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especially useful. Structures of the general formula
I are particularity relevant:
Galfl, 4

GlcNAc-R (Le*)
/

Fueal,3

Especially significant among this group are
the sialylated Lewis X carbohydrate determinant (sLe*)
NeuSAca2~3Galfl-4 (Fucal~3)GlcNAc and closely related
structures, including as well, slLe®, a structural
isomer of sLe*, Neu5Aca2,3Galfl,3(Fucal,4)GlcNAc.
Therefore, in a particularly preferred embodiment the
carbohydrate structure is represented by the general
formula II:

Sa-al,3Galfl, 4

GlcNAc=R SLe*
/

Fucal, 3

where R represents the remaining carbohydrate
structure and SA represents a sialic acid. 1In a
preferred embodiment, the sialic acid is 5-N-
acetylneuiraminic acid. 1In another embodiment, the
sialic acid is 5-~glycolyl neuraminic acid.

Additional examples of specific carbohydrate
structures useful in the compositions of the invention
are disclosed in International P -tent Publication No.
W092/02527 and can be expressed as follows: .
NeuNAca2~-3Galsl-4 (Fucal-3)GlcNAc
NeuNAca2~6GalBl-4 (Fucal=3)GlcNAc
NeuNAca2-3Galfl-4GlcNAcB81-3GalBl-4 (Fucal—~3)GlcNAc
NeuNAca2-6Galfl-4GlcNAcBl-3GalBl-4 (Fucal-3)GlcNAc

NeuNAca2-3GalBl-4 (Fucal-3)GlcNAcBl1-3GalBl~4 (Fucal-
3)GlcNAac

NzuNAca2-6GalBl-4 (Fucal—~3)GlcNAcB81-3GalBl~4 (Fucal-
3)GlcNAac

NeuNAca2-3GalB8l-4 (Fucal-3)GlcNAcB1~-3Gal8l-4Glc
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NeuNAca2-6GalBfl-4 (Fucal=3)GlcNAcB1-3GalB1-4Glc

NeuNAca2-3GalB1-4GlcNAcB81-3Galfl-4 (Fucal-3)GlcNAcBl~-
3GalBl-4Glc

NeuNAca2-6GalBl1-4GlcNAcR1-3GalBl-4 (Fucal-3)GlcNAc81~
3GalBi-4Glc

NeuNAca2-3GalB1i-4 (Fucal-3)GlcNAcB81~3GalB81l-4 (Fucal-
3)GlcNAcB1-3GalBl-4Glc

NeuNAca2-6GalBl-4 (Fucal-3)GlcNAcB1~3GalBl~4 (Fucal~
3)GleNAcB1-3Galf1-4Gle

NeuNAca2-3GalBl-4 (Fucal-3)GlcNAcBl-3galBl-4 (Fucal3)Glc
NeuNAca2-3GalBl-4 (Fucal-3)GlcNAcB81l-3galBl-4 (Fucall3)Glc

NeuNAca2-3GalB1l-4GlcNAcB81-3GalB1-4 (Fucal-3)GlcNAcBAl~
3GalBl-4 (Fucal-3)Glc

NeuNAca2-6GaliBl-4GlcNAcS81-3GalBl-4 (Fucal~3)GlcNAcBl1-
3Gal8l-4 (Fucal-3)Glc

15 NeuNAca2-3GalBl-4 (Fucal-3)GlcNAcB1l-3GalBl-4 (Fucal-
3)GlcNAcB1-3GalBl-4 (Fucal-3)Glc

NeuNAca2-6GalBfl-4 (Fucal-3)GlcNAcB1-3Gal81l-4 (Fucal-
3)GlcNAcB81-3GalBl-4 (Fucal-3)Glc

NeuNAca2-3GalBl-3 (Fucal~-4)GlcNAc
NeuNAca2-6Galfi-3 (Fucal-4)GlcNAc

20 NeuNAce2-3GalBl-~3GlcNAcBl-4GalBl-4 (Fucal-3)GlcNAc
NeuNAca2-6GalB1-3GlcNAcBl-4Galfl-4 (Fucal-3)GlcNAc

NeuNAca2-3Galfl-3 (Fucal-4)GlcNAcB1-3GalBl~4 (Fucal-
3)GlcNAc

NeuNAca2-6GalBl-3 (Fucal~4)GlcNAcB1-3GalBi-4 (Fucal-
3)GlcNAc

NeuNAca2-3GalB8l-3 (Fucal-4)GlcNAcB1l-3GalBl-4Glc
NeuNAca2-6GalBl-3 (Fucal-4)GlcNAcB1l~3GalBl-4Glc

NeuNAca2-3GalBl-3GlcNAcBl-4GalBl-4 (Fucal-3)GlcNAcBl1-
3GalBl=4Glc

NeuNAca2-6Galfl-3GlcNAcBl-4GalBl-4 (Fucal-3)GlcNAcS1~
3¢ 3GalBl=4Glc

NeuNAca2-3GalBl-3 (Fucal-4)GlcNAcB1l-3GalBl-4 (Fucal-

3)GlcNAcB1-3GalB1l-4Glc

NeuNAca2-6Galfl-3 (Fucal-4)GlcNAcBl-3GalBl-4 (Fucal-

3)G1lcNAcB81-3GalB1l-4Glc

NeuNAca2-3Galfl-3 (Fucal-4)GlcNAcB1-3GalBl-4 (Fucal-
35 3)Glc

NeuNAca2-6Galfl-3 (Fucal-4)GlcNAcB81-3GalBl-4 (Fucal-

3)Glc

10

25
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NeuNAca2-3GalB1-3GlcNAcB1~4GalBl~4 (Fucal~-3)GlcNAcBl-
3GalBl-4 (Fucal-3)Glc

NeuNAca2-6GalB1l-3GlcNAcB81-4GalBl-4 (Fucal=-3) GlcNAcB1-
3GalB8l-4 (Fucal-3)Glc

NeuNica2-3GalBl-3 (Fucal-4)GlcNAcB1l-3GalBl-4 (Fucal-
3)GlcNAcB1-3GalBl-4 (Fucal-3)Glc

NeuNAca2-6GalB8l-3 (Fucal-4)GlcNAc81-3GalBl-4 (Fucal-
3)G1lcNAcB81-3GalBl-4 (Fucal-3)Glc

NeuNAca2-3GalB8l~4GlcNAcBl1-3GalBl-3 (Fucal=-4)GlcNAc
NeuNAca2-6Gal81-4GlcNAcB1-3Galfl-3 (Fucal=-4)GlcNAc

NeuNAca2-3GalBfl-4 (Fucal-=3)GlcNAcB1-3Galfl-3 (Fucal-
4)GlcNAc

NeuNAca2-6GalBl-4 (Fucal-3)GlcNAcB1-3Gall1i-3 (Fucal-
4)GlcNAc

NeuNAca2-3GalB1l-4GlcNAcBl1-3GalBl-3 (Fucal=-4)GlcNAcBl~-
3GalBl-4Glc

NeuNAca2-6GalPl1l-4GlcNAcBl-3GalBl-3 (Fucal=-4)GlcNAcBl~
3GalBl-~4Glc

NeuNAca2-3GalBl~4 (Fucal-3)GlcNAcB1l-3GalBl-3 (Fucal~-
4)GlcNAcB1-3GalBl~4Glc

NeuNAca2-6GalBl-4 (Fucel-3)GlcNAcB1l-3GalBl-3 (Fucal-
4)GlcNAcB81-3GalBl-4Glc

NeuNAca2-3GalBl-4 (Fucal=3)GlcNAc81-3Galfl-3 (Fucal-
4)Glc

NeuNAca2-6GalB8l-4 (Fucal=3)GlcNAc81-3GalBl-3 (Fucal-
4)Glc

NeuNAca2-3GalBl-4GlcNAcBl1-3GalBl-3 {(Fucal-4)GlcNAcB8l-
3Galfi-4 (Fucal-3)Glc

NeuNAca2-6GalBl-4G1lcNAcBl1-3GalBl-3 (Fucal=-4)GlcNAcSl-
3GalBl-4 (Fucal-3)Glc

NeuNAca2-3GalBl-4 (Fucal-3)GlcNAcB81-3GalBl-3 (Fucal-
4)GlcNAcB1-3GalBl-4 (Fucal=-3)Glc

NeuNAca2-6GalBl-4 (Fucal-3)GlcNAcB81-3GalBl-3 (Fucal~-
4)GlcNAcB81-3GalB8l-4 (Fucal-3)Glc

Methods of chemically and enzymatically
synthesizing the carbohydrate structure are well known
in the art and can be found in International Patent
Publication No. W091/15502 which is incorporated
herein by reference. Additionally, these structures
may be obtained by the methods described infra.

As will be described in detail in subsequent
sections, these structures may be provided on the
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complement moiety by a variety of mechanisms including
but not limited to the transfection of the particular
complement expressing cell with appropriate
fucosyltransferase enzymes. Alternatively, the
structures may be chemically synthesized using
appropriate fucosyltransferases and sialyltransferases
and chemically linked to the complement moiety. Such
transferases are generally available as described
below.

As noted earlier, specific modifications of
the selectin ligand may enhance the interaction
between the carbohydrate determinant and particular
selectins. Nelson et al. studied the binding
interaction of a series of oligosaccharides based on
the SLe* and SLe® (sLe® may be especially significant
in tumor metastasis due to its significant expression
on certain cancer cells) structures (Nelson, et al.,
(1993) J. Clin. Invest. 91:1157-1166). Nelson
suggests that both the sialic acid and the fucose in
specific position and linkage enhance E-selectin
recognition (Nelson, supra). Both the SLe* and SLe®
contain a terminal sialic acid (Neu5Ac) linked in an
@2-3 linkage to the galactose (Gal), which is in turn
linked to N-acetylglucosamine (GlcNAc). Both
structures also contain a fucose coupled to the sub
terminal GlcNAc. This characteristic structure is
generally a part of larger glycoproteins.
Accordingly, in certain preferred embodiments, the
carbohydrate is modified to contain at least one
sialic acid in conformation with at least one fucose

residue.
E-selectin may also bind to oligomsaccharides

related to SLe* and SLe® which lack the terminal sialic
acid but instead have a sulfate group (Yuen, C.T. et
al., (1992) Biochemistry 31:9126-9131). Modification
of this primary structure may have selective advantage
of homing the carbohydrate moiety to a particular
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selectin. Therefore, within the scope of the present
invention are the carbohydrates which lack the
terminal sialic acid but instead have a sulfate group.
Additionally, sulphation of glycoproteins may enhance
ligand binding to L-selectins (Imai, Y, Lasky, L.A.,
and Rosen, S.D. (1993) Science 361:555-557). In this
regard, Yuen at al., (1992) Biochemistry 31:9126-91341
is instructive and is hereby incorporated by
reference.

Selective oxidization of the sialic acid
residues, without affecting the underlying
oligosaccharide, enhances the interaction with L~
selectins as described by Norgard et al., (1983) Proc.
Natl. Acad. Sci. U.S.A 90:1086-1072, which is
incorporated herewith by reference. Other
modifications of the primary structure which may
result in enhanced binding or selective binding of the
carbohydrate bearing complement protein are also
within the scope of this invention.

Carbohydrate moieties within the scope of
the present invention may also include carbohydrates
that by virtue of structural modifications are
indicated to provide a stabilized carbohydrate moiety
having a structure more resistant to metabolic
degradation than the corresponding naturally occurring
carbohydrate moiety. Such modified structures may
also exhibit a high affinity for the particular
targeted cell adhesion molecule. Thus, the
carbohydrate moiety within the scope of the present
invention may also encompass carbohydrates
specifically designed to gain affinity for particular
intercellular adhesion molecules. Such carbohydrates
can be structurally modified carbohydrate or a mimetic
of a carbohydrate structure such that the structural
variant or mimetic has about the same or better
selectin binding activity, immunogenicity, and
antigenicity as the corresponding naturally occurring
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carbohydrate structure. Accordingly, any modification
to a carbohydrate structure that enhances interactions
dependant on carbohydrate structures for recognition
and adhesion are within the scope of the present
invention. Certain carbohydrate and carbohydrate
mimetics that are structural and functional variants
of the naturally occurring carbohydrates are found for
instance in International Publication No. WO 93/23031,
published November, 29, 1993, by Toyokuni, et al.
Those skilled in the art of carbohydrate chemistry and
carbohydrate mimetics will also recognize those
structures which are suitable within the context of
the present invention based on the teachings herein.

The second group of carbohydrates that
interact with selectins and that are included in the
present invention, are the phosphorylated mono and
polysaccharides such as mannose-6-phosphate. This
phosphorylated monosaccharide, as well as the high
molecular weight yeast derived phosphomannon (PPME),
appear to exclusively bind partners of the L~
selectins, as P-selectins and E-selectins do not bind
these molecules (Bevilacqua, MP. and Nelson, R.M.
(1993) J. Clin. Invest. 91:379-387).

Finally, some sulfated polysaccharides such
as heparin bind to selectins (Nelson, R.M. et al.,
(1993) J. Clin. Invest. 91:1157-1166).

The present invention contemplates at least
one discrete carbohydrate unit attached to a portion
of the complement moiety. One skilled in the art will
recognize that a complement protein within the scope
of the invention may contain several sites of N-linked
or O-linked glycosylation for the attachment of sugar
moieties. Therefore, the invention is meaut to
include one or many carbohydrate units attached to any
given complement moiety. Within a particular
carbohydrate side chain of the carbohydrate moiety of
the compositions, there will often be several sites
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for the particular primary structures to occur. For
instance, the N-linked complex carbchydrates contain
one or more antennary structures that are possible
locations for attachment of the specific carbohydrate
structures of the invention to the complement moiety,
and therefore, the amount of glycosylation of a
particular complement moiety may vary greatly in
accordance with the biological activity one is
attempting to achieve with the overall composition.

Differences in glycosylation patterns of the
complement moieties are advantageous in aiding one to
assess a particular composition based on its in vivo
activity. Accordingly, various factors such as half-
life and absorption may be assessed, and a particular
composition chosen, based on these properties.
conditions that affect glycosylation include but are
not limited to such parameters as media formulation,
cell density, oxygenation, pH, and the like.
Alternatively, one may wish to amplify a particular
enzyme, such as those specific transferases involved
in adding the carhohydrate residues in the appropriate
position and linkage.

Several methods known in the art for
glycosylation analysis are useful in the context of
the present invention. Such methods provide
information regarding the identity and the composition
of the oligosaccharide attached to the peptide.
Methods for carbohydrate analysis useful in the
present invention include but are not limited to:
laectin chromatography; HPAEC-PAD, which uses high pH
anion exchange chromatography to separate
oligosaccharides based on charge; NMR; mass
spectrometry; HPLC; GPC; monosaccharide compositional
analyses; sequential enzymatic digestion.
Additionally, three main methods can be used to
release oligosaccharides from glycoproteins. These
methods are 1) enzymatic, which is commonly performed
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using peptide-N-glycosidase F/endo-f-galactosidase; 2)

B-elimination using harsh alkaline environment to

release mainly O-linked structures; snd 3) chemical

methods using anhydrous hydrazine to release both N-
5 and 0O-linked oligosaccharides.

Several methods presented here and known in
the art are useful in determining the affinity of the
molecules for the particular selectin. Generally, a
number of methods can be used to assay the ability of

10 the compositions of the inventions to inhibit
intercellular adhesion mediated by selectins. The
competition assays described in the Example Section,
for instance, disclose specific methods. For instance,
the ability of the carbohydrate-~bearing complement

15 protein to inhibit adhesion of the natural cellular
ligands to the cells expressing the particular
selectin can be used. Typically, the complement
protein of the invention is incubated with the
selectin bearing cells in the presence of the natural

20 1ligand~bearing cells, wherein the selectin-bearing
cells having been immobilized on a solid support.
Inhibition of the cellular adhesion is then assessed
by either calculating the amount of the bound
complement moiety or assessing the displaced cells.

25 In this regard, HL-60 cells and activated human
platelets and endothelial cells are especially useful.

In a preferred embodiment, the complement
moliety comprises all or a portion of the complement
receptor type 1, and especially any soluble fragment

30 of complement receptor type 1 as described in Section
5.1 infra. In a particularly preferred embodiment,
the complement moiety comprises sCR1l. This protein,
in its full-length form, has 25 sites for N-linked
glycosylation. In this embodiment, carbohydrate side

35 chains are provided on the sCR1l molecule, which chains
comprise one or more carbohydrate structures that can
bind to or prevent the binding of a particular ligand
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for an endothelial cell receptor. In particular,
these carbohydrate moieties are ligands for selectins.

. In a particularly preferred embodiment, these
carbohydrate moieties are the Lewis X oligosaccharides

5 sialylated Lewis X oligosaccharides or a combination

of both. One skilled in the art will understand that
the amount of glycosylation may be varied from
conplete saturation of the available glycosylation
sites to just a few of such sites.

5.3 PRODUCTION OF COMPLEMENT PROTEINS
COMPRISING A SELECTIN LTIGAND
The present invention provides various

methods for production of the compositions disclosed
15 and claimed herein, methods for preparation of

complement protein having selectin binding activity,

i.e. comprising a selectin ligand such as Le*, or more

preferably SLe*.

FeBys opwx

20 5.3.1. COTRANSFECTION

As used herein, the term "cotransfection"
refers to introduction of a nucleic acid encoding at
least one complement moiety and at least one nucleic
acid encoding an enzyme capable of transferring fucose

25 to a lactosamine squence. This results in co-
expression of at ‘east one complement moiety and the
enzyme in the cells. Useful enzymes include the al,3
fucosyltransferases. These enzymes useful in adding
the appropriate sugars .n the appropriate linkage

30 include, but are not limited to al,3 fucosyl

) transferase, «2,3 sialyl transferase, a2,6 sialyl
transferase, a2,6 sialyl transferase, 81,4 galactosyl

' transferase, 81,3 galactosyl transferase, and 81,4 N-
acetyl glucosyl transferase. These may be readily

35 obtained from Genzyme, Inc., Cambridge, MA, Sigma, St.
Louis, MO, the Albert Einstein College of Medicine,
New York, NY, Biogen, Inc., Cambridge, MA, or the like
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sources. Genes for such transferases are continuously
being cloned and more are expected to be readily
available in the future.

In a preferred method, a 1,3-fucosyl
transferase has been found particularly useful for
this purpose. The term "al,3~fucosyl transferase" as
used herein refers to any enzyme that is capable of
forming the Le* determinant, e.g., capable of
transferring fucose to the lactosamine sequence. 1In
particular, the al,3-fucosyl transferase of the
invention can demonstrate any one of the known
substrate specificities (see Harlan and Liu, Adhesion,
supra). Preferably, the cell is a mammalian cell,
such as COS or Chinese hamster ovary (CHO) cells.

Genes which express al,3-fucosyl transferase
can be obtained from a variety of sources (see
Xukowska - Latallo et al., 1990, Genes Dev, 4:1288~
1303; International Patent Publication No. W091/16900;
and Paulson & Colley, 1989, J. Biol. Chem 264:17615~
17618).

The nucleic acid coding for at least one
complement protein and the nucleic acid coding for the
al,3-fucosyl transferase protein can be inserted into
an appropriate expression vector, or in two vectors.
As used herein, the term "expression vector" refers to
a vector which contains the necessary elements for the
transcription and translation of the inserted protein-
coding sequences. The necessary transcriptional and
translational signals can be supplied by the native
genes and/or their flanking regions.

A variety of host-vector systems may be
utilized to express the protein-coding sequence, as
long as the system provides for glycosylation of the
complement moiety(ies) using the co-transfected enzyme
system. Potential host-vector systems include but are
not limited to mammalian cell systems infected with
virus (e.g., vaccinia virus, adenovirus, etc.); insect
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cell systems infected with virus (e.g., baculovirus);
or microorganisms such as yeast containing yeast
vectors. The expression elements of vectors vary in
their strengths and specificities. Depending on the
host=-vec’or system utilized, any one of a number of
suitable transcription and translation elements may be
used,

In one embodiment, the expression vector or
vectors contains a replication origin. 1In an
alternative embodiment, the vector or vectors, which
include at least one complement moiety and at least
one enzyme, are expressed chromosomally, after
integration of the complement protein and the enzyme
(e.g. the al,3-fucosyl transferase) coding segquence
into the chromosome by recombination. One skilled in
the art will understand that it may be desirable to
insert multiple genes encoding various transferase
enzymes or other enzymes to ensure that at least one
of the enzymes so inserted will be optimal for
purposes described herein. Thus, the insertion of a
multiplicity of genes encoding enzymes demonstrating a
differential ability to glycosylate may be preferable
to insertion of only one such gene. Also, one may
desire to cotransfect more than one gene encoding a
complement related protein to vary the constructs of
this portion of the compositions of the invention.

Any method known in the art for the
insertion of DNA fragments into a vector may be used
to construct an expression vector or vectors
containing at least one gene for expression of a
complement protein and at least one gene for
expression of an appropriate enzyme, and appropriate
transcriptional/translational control signals. These
methods may include in vitro recombinant DNA and
synthetic techniques and in vivo recombinants (genetic

recombination).
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Expression of additional nucleic acid
sequences encoding complement proteins or peptide
fragments may be regulated by an additional nucleic
acid sequence so that the complement proteins or
peptides and the gene for the enzyme is expressed in a
host transformed with the recombinant DNA molecule.
For example, expression of a complement protein and an
al,3-fucosyl transferase may be controlled by any
promoter/enhancer element knowr in the art, but these
regulatory elements must be functional in the host
selected for expression. Promoters which may be used
to control gene expression include, but are not
limited to, the SV40 early opromoter region (Benoist
and Chambon, 1981, Nature 2%0:304-310), the promoter
contained in the 3’ long terminal repeat of Rous
sarcoma virus (Yamamoto, et al., 1980, Cell 22:787-
797), the herpes thymidine kinase promoter (Wagner et
al., 1981, Proc. Natl. Acad. Sci. U.S.A. 78:1441-
1445), the regulatory sequences of the metallothionein
gene (Brinster et al., 1982, Nature 296:39-42); plant
expression vectors comprising the nopaline synthetase
promotexr region (Herrera~Estrella et al., Nature
303:209-213) or the cauliflower mosaic virus 35S RNA
promoter (Gardner, et al., 1981, Nucl. Acids Res.
9:2871), and the promoter of the photosynthetic enzyme
ribulose biphosphate carboxylase (Herrera-Estrella et
al., 1584, Nature 310:115-120); promoter elements from
yeast or other fungi such as the Gal 4 promoter, the
ADC (alcohol dehydrogenase) promoter, PGK
(phosphoglycerol kinase) promoter, alkaline
phosphatase promoter, and the following animal
transcriptional control regions, which exhibit tissue
specificity and have been utilized in transgenic
animals: elastase I gene control region which is
active in pancreatic acinar cells (Swift et al., 1984,
Cell 38:639-646; Ornitz et al., 1986, Cold Spring
Harbor Symp. Quant. Biol. 50:399-409; MacDonald, 1987,
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Hepatology 7:425-515); insulin gene control region
whici. is active in pancreatic beta cells (Hanahan,
1985, Nature 315:115-122), immunoglobulin gene control
region which is active in lymphoid cells (Grosschedl
et al., 1984, Cell 38:647-658; Adames et al., 1985,
Nature 318:533-538; Alexander et al., 1987, Mol. Cell.
Biol. 7:1436~1444), mouse mammary tumor virus control
region which is active in testicular, breast, lymphoid
and mast cells (Leder et al., 1986, Cell 45:485-495),
albumin gene control region which is active in liver
(Pinkert et al., 1987, Genes and Devel. 1:268-276),
alpha-fetoprotein gene control region which is active
in liver (Krumlauf et al., 1985, Mol. Cell. Biol.
5:1639~1648; Hammer et al., 1987, Science 235:53-58),
alpha l-antitrypsin gene control region which is
active in the liver (Kelsey et al., 1987, Genes and
Devel. 1:161-171), beta-globin gene control region
which is active in myeloid cells (Mogram st al., 1985,
Nature 315:338-340; Kollias et al., 1986, Cell 46:89~-
94), myelin basic protein gene control region which is
active in oligodendrocyte cells in the brain (Readhead
et al., 1987, Cell 48:703-712), myosin light chain=2
gene control region which is active in skeletal muscle
(Sani, 1985, Nature 314:283-286), and gonadotropic
releasing hormone gene control region which is active
in the hypothalamus (Mason et al., 1986, Science
234:1372-1378) .

In a preferred embodiment, at least one
complement protein with at least one gene for a
transferase is expressed in mammalian cells and more
preferably in Chinese hamster ovary (CHO) cells (See,
e.g. Stanley et al., 1990, J. Biol Chem. 265:1615~-
1622).

In a specific embodiment, genomic DNA from
cells and plasmid DNA are prepared by standard methods
(Maniatis) and dissolved in Tris-EDTA (10:1) buffer.
If polybrene transfection is used, the cellular
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genomic DNA is sheared. The cells can ke transfected
by either the polybrene or the calcium phosphate
method (See, e.g. Stanley et al., 1990, supra).

The cotransfection can also be accomplished
using the DEAE-dextran procedure (see Lowe et al.,
1990, Cell 63:475-484; Davis et al., Basic Methods in
Molecular Biology, Elsevier Publishing Co., 1986).

An expression vector or vectors containing
at least one complement moiety and at least one
nucleic acid insert for any appropriate enzyme, can be
identified by four general approaches: (a) PCR
amplification of the desired plasmid DNA or specific
mRNA, (b) nucleic acid hybridization, (c) presence or
absence of "marker" gene functions, and (d) expression
of inserted sequences. In the first approach, the
nucleic acids can be amplified by PCR with
incorporation of radionucleotides or stained with
ethidium bromide to provide for detection of the
amplified product. In the second approach, the
presence of a foreign gene inserted in an expression
vector can be detected by nucleic acid hybridization
using probes comprising sequernces that are homologous
to an inserted complement protein and al,3~fucosyl
transferase gene. In the third approach, the
recombinant vector/host system can be identified and
selected based upon the presence or absence of certain
"marker" gene functions (e.g., f-galactosidase
actlivity, thymidine kinase activity, resistance to
antiblotics, transformation phenotype, occlusion body
formation in baculovirus, etc.) caused by the
insertion of foreign genes in the vector. 1In a
specific example, if a complement protein or an «l,3-
fucosyl transferase gene are inserted within the
marker gene sequence of the vector, recombinants
containing the inserts can be identified by the
absence of the marker gene function. In the fourth
approach, recombinant expression vectors can be
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identified by assaying for the activity of the gene
product expressed by the recombinant. Such assays can
be based, for example, on the physical or functional
properties of the gene products in vit.. \ssay

5 systems, e.g., complement inhibitory activity, or
binding with antibody or a selectin (see Section 5.1,
supra, and Section 5.3 infra).

Once a particular recombinant DNA molecule

is identified and isclated, several methods known in

10 the art may be used to propagate it. Once a suitable
host system and growth conditions are established,
recombinant expression vectors can be propagated and
prepared in quantity. As previously explained, the
expression vectors which can be used include, but are

15 not limited to, the following vectors or their
derivatives: human or animal viruses such as vaccinia
virus or adenovirus; insect viruses such as
baculovirus; yeast vectors; and plasmid and cosmid DNA

vectors, to name but a few.

20 In addition, a host cell strain may be
chosen which modulates the expression of the inserted
sequences in addition to adding the carbohydrate
moiety (e.g. a selectin ligand) or modifies and
processes the gene product in the specific fashion

25 desired. Expression from certain promoters can be
elevated in the presence of certain inducers;
expression of the genetically engineered complement
moiety and the enzyme product may be controlled.
Furthermore, different host cells have characteristic

30 and specific mechanisms for the translational and
post-translational procecsing and modification (e.g.,
glycosylation, cleavage [e.g., of signal seguence)) of
proteins. Appropriate cell lines or host systems can
ke chosen to ensure the desired modification and

35 processing of the foreign proteins expressed.

A vector or vectors containing at least one
complement protein and at least one nucleic acid
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sequence encoding an appropriate enzyme are introduced
into the desired host cells by methods known in the
art, e.g., transfection, electroporation,
microinjertion, transduction, cell fusion, DEAE
dextran, calcium phosphate precipitation, lipofection
(lysosome fusion), use of a gene gun, or a DNA vector
transporter (see, e.g., Wu et al., 1992, J. Biol.
Chem. 267:963-967; Wu and Wu, 1988, J. Biol. Chem.,
263:14621-14624; Hartmut et al., Canadian Patent
Application No. 2,012,311, filed March 15, 199%0).

Both ¢DNA and genomic sequences can be
cloned and expressed.

Once a recombinant which expresses the
complement protein gene or genes with the appropriate
enzyme gene or genes is identifled, the gene products
should be analyzed. This can be achieved by assays
based on the physical, immunoclogical, or functional
properties of the product.

Reccvery of the expressed protein product
comprising the compositions of the invention may be
achieved by standard methods of isolation and
purification, including chromatography (e.g., ion
exchange, affinity, and sizing column chromatography,
high pressure liquid chromatography;, centr-ifugation,
differential solubility, or by any other standard
technique for the purification of proteins.

Any human cell can potentially serve as the
nucleic acid source for the molecular cloning of the
complement moiety gene or genes and the enzyme gene or
genes. Isolation of the genes involve the isolation
of those DNA sequences which encode a protein
displaying complement protein associated structure or
properties, @.¢g., binding of C3b or C4b or immune
conplexes, modulating phagocytosis, immune stimulation
or proliferation, and regulation of complement. The
DNA may be obtained by standard procedures known in
the art from ¢loned DNA (e.g., a DNA "library"), by

M
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chemical synthesis, by cDNA cloning, or by the cloning
of genomic DNA, or fragments thereof, purified from
the desired human cell (See, for example, Maniatis et
al., 1982), Molecular Cloning, A Laboratory Manual,

5 Cold Spring Harbor Laboratory, Cold Spring Busbor, New
York; Glover, D.M. (ed.), 1985, CiA Cloning: A
Practical Approach, MRL Press, Ltd., Oxford, U.K. Vol.
I, II). Cells which can serve as sources of nucleic
acid for cDNA cloning of the genes include but are not

10 limited to monacytes/macrophages, granulocytes, B
cells, T cells, splenic follicular dendritic cells,
and glomerular podocytes. Clones derived from genomic
DNA may contain regulatory and intron DNA regions in
addition to coding regions; clones derived from cDNA

15 will contain only exon sequences. Whatever the
source, the genes should be molecularly cloned into a
suitable vector for propagation of the gene.

In a preferred embodiment, the C3b/C4b
receptor (CR1) protein and the Lewis X antigen are

20 used. In a more preferred embodiment, the CR1 protein
and the sialyl Lewis X antigen is used. The CR1l gene
and its encoded protein are provided for in
International Patent Publication No. W089/09220
pﬁblished October 5, 1¥89 and entitled "The Human

25 C3b/C4b Receptor (CR1l)". A suitable enzyme is «li,3-
fucosyl transferase, whose gene and encoded protein
are provided for in Lowe et al., 1992, J. Biol. Chemn.
267:4152-4160. Other genes capable of expressing
al,3~-fucosyl transferases are described in

30 International Patent Publication No. W091/16%00
Kukowska- Latallo et al., 1990, Genes Dev. 4:1288-
1303, and Paulson et al., 1989, J. Biol. Chem.
264:17615-17618.

In this preferred embodiment, selection of

35 the cells co-transfected with al,3-fucosyl transferase
that are capable of glycosylating proteins with the
appropriate carbohydrate molecule can proceed by
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panning the cells with the CD15 structure over
platelets activated with thrombin. Platelets
activated with for instance, thrombin, ADP, collagen,
or epinephrine, express the selectin receptors
CD62/PADGEM/GMP140. Bound cells are removed in the
presence of a chelating agent such as EDTA since the
selectinr/carbohydrate interaction is dependant on Ca++
and Mg++. These released cells are then cloned and
screened for the appropriate activity. In another
embodiment, the cells under consideration can be
assayed for selectin binding activity in a competitive
assay for binding of HL60 or U937 cells to activated
platelets.

Assays for directly screening for al,3-
fucosyl transferase activity can be accomplished by a
variety of means. For example, an assay can test the
ability of the al1,3-fucosyl transferase to link
radioactively labelled fucose to an acceptor molecule
(See International Patent Publication No. W091/16900).
Assays which test for al,3-fucosyl transferase
activity are also known in the art (see Stanley et
al., J. Biol Chem., 1987, 262:16830-16837, Lowe et
al., 1992, J. Biol Chem. 267:4152-4160; Stanley et
al., 1990, J. Biol Chem 265:1615-1622).

5.3.2. MUTAGENESIS

This invention also encohpasses the use of
chemical mutagenesis, by well known methods in the
art, of an appropriate cell line that expresses a
complement protein to yield a cell line capable of ;
producing a composition in accordance with the present '
invention and preferably a composition comprising a
complement protein and selectin ligand, such as the Le*
antigen, and more preferably a SLe* antigen. One
suitable method envisioned in this invention is
production of cell lines that express a suitable
enzyme, such as «l,3-fucosyl transferase, using ethyl




Wp 94/26786 PCT/US94/05285

10

15

20

25

30

35

- 58 =

methane sulfonate (Stanley et al., 1983, Somatic Cell
Genetics 9:593-608).

Parental cell lines, such as CHO, which
express the desired complement protein can be
mutagenized at 34°C and 38.5°C with ethyl methane
sulfonate (EMS; Eastman Chemical Co., Rochester, New
York) at a concentration of 100 pg/ml. Any cell line,
preferably a mammalian cell line, which expresses the
desired complement protein can be used, provided that
mutagenesis can potentially induce one or more
enzymes, such as the al,3-fucosyl transferases, to
glycosylate the complement protein. For example,
cells which endogenously express the complement
protein can be used, as well as transfected cells
which are competent in expressing the desired
complement protein. See Example Section 6.4.1. for a
specific embodiment.

Other methods of mutagenesis are well known
in the art and can also be used (Maniatis, Ad, supra).
Additionally, the cells may be subject to irradium and
mutagenized cells selected in the techniques described
herein.

Methods for screening for mutagenized cells
that express the compositions of the invention are
known in the art and are described in Section 5.2 and
the sections following this one.

5.3.3. TRANSFECTION OF CELLS HAVING APPROPRIATE
NZYME AC A_CO N (0]

Cells expressing transferase enzymatic
activity can be obtained from many sources. For
example, cells can be used which endogenously express
an appropriate enzyme such as al,3~fucosyl
transferase, or cells can be transfected with genes
encoding such enzymes by the methods taught in Section
5.3.1 supra. Also, cells which have been previously
mutagenized to express enzymes necessary for
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glycosylation with a carbohydrate moiety, such as
al,3-fucosyl transferase can be used (See Section
5.3.2 supra). Or, previously transfected cells can
also be used. Once cells expressing the appropriate
enzyme are obtained they are transfected with the
complement protein gene by methods known in the art.
In particular, complement proteins are described in
Section 5.1, supra; methods of introducing nucleic
acids encoding such proteins into a suitable host cell
that already expresses an appropriate enzyme activity
are described in Section 5.3.1., supra.

In particular, it is envisioened that a
nucleic acid encoding a complement protein can be
introduced into cell lines, which may then express the
compositions of the invention, and especially the HL-
60 (ATCC #CCL-240) and K562 (ATCC #CCL-243) cell
lines.

5.3.4. CELL FUSJION
Another method for obtaining the

compositions of the invention is by cell fusion. The
necessary competent cell lines which express an
appropriate enzyme and a complement protein, i.e., as
described in Section 5.3.1. through 5.3.3. supra, can
be fused with each other using standard cell fusion
techniques (see Current Protocols in Molecular
Biology, Greene and Wiley-lnterscience (1989)).

In a specific embodiment, cells that express
a complement protein are fused with cells that have
the enzymatic activity. A specific example of this
embodiment is presented in the Example Sections below.

Preferably, when preparing the hybrid cells
in accordance with such cell fusion techniques, one
cell should be selected or engineered, e.g. via
mutagenesis, to lack the hypoxanthine-guanine
phosphoribosyl transferase gene. These cells will
lack the activity to recycle purine via the salvage
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pathway which utilizes PRPP. These cells should be
provided in excess so that fusion events will be
unlikely to yield hybrid cell-lines which do not
contain the mutant cells. Either cell line, e.g. the
one which expresses al,3-fucosyl transferase or the
cell line which expresses complement protein, may be
mutagenized. The cells which were not mutagenized
will maintain the ability to utilize the salvage
pathway. Therefore, only the few hybrid cell-lines
which do not contain the mutagenized cell line will
survive in the HAT medium (due to the presence of the
aminopterin). By overwhelming the fusion with the
mutagenized cells, most of the non-mutagenized cells
("normal" cells) will fuse with the mutagens, only a
few of the normal cells will not have fused with the
mutagens. All of the cells which result in a fusion
of mutagen: mutagen will soon die off since these
cells will have no means of utilizing the purine
salvage pathway. Thus, this negative selection will
yield hybrid cell-lines which express al,3-fucosyl
transferase activity and complement protein.

5.3.5. JIN VITRO MODIFICATIONS

The necessary competent cell lines which
express an appropriate complement protein as described
supra, can be used as a source of the complement
protein for subsequent post-production modification,
modification of the existing carbohydrate structures
may be accomplished using any of the appropriate
enzymes described supra, at, for instance, Section
5.3.1. In a particular embodiment post-production
modification occurs in vitro under the appropriate
conditions using GDP-fucose and the appropriate ai,3
fucosyl transferase. Such transferases are described
supra. The modification described would be expected
to yield a fucosylated oligosaccharide on an existing
core carbohydrate structure such as GalBl-4 GlcNAc.
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The appropriate sialyl transferase along with the
appropriate sialic acids would be expected to add the
terminal sialic acid residues to the appropriate core
structures such as GalBl-4GlcNAc or GalBl-4 (Fucal=-4)
GlcNAc. The resulting carbohydrates can be analyzed
by any method known in the art including those
described herein.

5.3.6. C ICAL MODIFICATION

The present invention further contemplates
preparing the compositions of the invention by
covalently coupling a carbohydrate moiety to the
complement moiety using chemical synthesis techniques
well known in the art.

Thus, complement protein of this invention
can be glycosylated with the carbohydrate ligand by
chemical modification. This modification can result
in a glycoprotein in which the complement protein is
directly linked to the carbohydrate ligand or, in an
alternative embodiment, an inert protein that has
binding activity can be covalently cross-linked to the
complement protein, whereby the inert protein bridges
to the carbohydrate. If such an inert protein is
used, it is preferably a short consensus repeat (SCR)
since the SCR is a structural motif found on many
complement proteins (see Section 5.1. supra), and
therefore is likely to minimally affect the structure
and function of the complement protein.

As can be appreciated by one of ordinary
skill in the art, a carbohydrate moiety can be
purified and collected from natural sources. An
example of this process is disclosed for Le* and sLe*
in stanley et al., J. Biol Chem. 263:11374 (1988), and
see WO 91/19502 (PCT/US91/04284) and WO 92/02527
(PCT/US91/05416). Purified complement protein can
also be obtained, as described in Section 5.1, supra.
Alternatively, the carbohydrate moiety can be prepared
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synthetically (see Wong et al., 1992, J. Am. Chem.
Soc. 114:9283, C.F. Borman, 1992, C & EN Dec. 7; p25).

The carbohydrate moiety from any source can
be conjugated to the complement prot2in from any
source, to obtain the compositions of this invention
using chemical synthesis techniques. In particularly
preferred embodiments, the carbohydrate moiety is
Lewis X, and more preferably it is sialyl Lewis X.
Preferably, the complement protein is CR1, and more
preferably, soluble CR1l.

The chemical cross-linking of the selectin
ligand to the complement protein can proceed using a
traditional cross-linking agent, such as, but not
limited to molecules having one functional group that
can react more than one time in succession, such as
formaldehyde (although formaldehyde is not indicated
for use due to its potential carcinogenicity), as well
as molecules with more than one reactive group. As
used herein, the term "reactive group" refers to a
functional group on the cross-linker that reacts with
a functional group on the complement protein so as to
form a covalent bond between the cross-linker and
protein. The cross-linker should have a second
functional group for reacting with the carbohydrate
moiety. The term "functional group" retains its
standard meaning in organic chemistry. Preferably the
cross-linking agent of the invention is a
polyfunctional molecule, i.e., it includes more than
one reactive group. The polyfunctional molecules that
can be used are biocompatible linkers, i.e., they are
non-carcinogenic, nontoxic, and substantially non-
immunogenic in vivo. Polyfunctional cross-linkers
such as those known in the art and described herein
can be readily tested in animal models to determine
their biocompatibility.

The polyfunctional molecule is preferably
bifunctional. As used herein, the term "bifunctional
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molecule" refers to a molecule with two reactive
groups. The bifunctional molecule may be
heterobifunctional or homobifunctional. Preferably,
the bifunctional molecule is heterobifunctional,
allowing for vectorial conjugation of the carbohydrate
moiety and the complement moiety. Typically, the
polyfunctional molecule covalently londs with an amino
or a sulfhydryl group on the complement protein and a
hydroxyl group, an amino an aldehyde or a carboxylic
acid on the carbohydrate moiety. However,
polyfunctional molecules reactive with other
functional groups on the complement protein, such as
carboxylic acids or hydroxyl groups, are contemplated
in the present invention.

1:2 homobifunctional molecules have at least
two reactive functional groups, which are the same.
The reactive functional groups on a homobifunctional
molecule include, for example, aldehyde groups and
active ester groups. Homobifunctional molecules
having aldehyde groups include, for example,
glutaraldehyde (l-oznansky et al., 1984, Science
223:1304-1306) and subaraldehyde. Homobifunctional
molecules having at least two active ester units
include esters of dicarboxylic acids and N-
hydroxysuccinimide. Some examples of such N-
succinimidyl esters include disuccinimidyl suberate
and dithio~bis-(succinimidyl propionate), and their
soluble bis-sulfonic auid and bis-sulfonate salts such
as their sodium and potassium salts. These chemicals
homobifunctional reagents are available from Pierce
Chemicals, Rockford, Illinois.

When a reactive group of a hetero-
bifunctional molecule forms a covalent bond with an
amino group, the covalent bond will usually be an
amido or more particularly an imido bond. The
reactive group that forms a covalent bond with amino
groups may, for example, be an activated carboxylate
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group, a halocarbonyl group, or an ester group. The
preferred halocarbonyl group is a chlorocarbonyl
group. The ester groups are preferably reactive ester
groups such as, for example, an N-hydroxy-succinimide
ester group or that of N-maleimido-6-aminocaproyl
ester of l-hydroxy-2-nitrobenzene-4-sulfonic acid
sodium salt (Mal-Fac~HNSA; Bachem Biosciences, Inc.;
Philadelphia, PA).

Another functional group on the complement
protein typically is either a thiol group, a group
capable of being converted into a thiol group, or a
group that forms a covalent bond with a thiol group.
Free sulfhydryl groups can be generated from the
disulfide bonds of a complement protein (or peptide)
that contains one or more disulfides. This is
accomplished by mild reduction of the protein
molecule. Mild reduction conditions are preferred so
that the secondary and tertiary structure of the
protein is not significantly altered so as to
interfere with the protein function. Excessive
reduction could result in denaturation of the protein.
Such reactive groups include, but are not limited to,
disulfides that can react with a free thiol via
disulfide transfer, e.g., pyridyl disulfide,
p-mercuribenzoate groups and groups capable of
Michael-type addition reactions (including. for
example, maleimides and groups of the type described
in Mitra and Lawton, 1979, J. Amer. Chem. Soc.
101:3097-3110). The covalent bond will usually be a
thioether bond or a disulfide. The reactive group
that forms a covalent bond with a thiol group may, for
example, be a double bond that reacts with thiol
groups or an activated disulfide. A reactive group
containing a double bond capable of reacting with a
thiol group is the maleimido group, although others,
such as acrylonitrile, are also possible. A reactive
disulfide group may, for example, be a 2-pyridyldithio
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group or a 5,5’-dithio-bis—~(2-nitrobenzoic acid)
group.

According to the present invention, for
attachment to sulfhydryl groups ¢f reduced proteins,
the substrate linkers can be modified by attaching a
maleimide or disulfide group to one end of the linker.
The unmodified site on the linker is covalently
attached to a functional group on the carbohydrate
moiety. For instance, the substrate linkers which are
ester or amide linked to compounds as described
(Partis et al., 1983, J. Pro Chem. 2:263; Means and
Feeney, 1990 Bioconjugate Chem. 1:2-12).

Some examples of heterobifunctional reagents
containing reactive disulfide bonds include N-
succinimidyl 3=-(2-pyridyl-dithio)propionate (Carlsson,
et al., 1978, Biochem J., 173:7223-737), sodium S=4-
succinimidyloxycarbonyl-alpha-methylbenzylthiosulfate,
and 4-succinimidyloxycarbonyl-alpha-methyl=-(2=-
pyridyldithio)toluene. Some examples of
heterobifunctional reagents comprising reactive groups
having a double bond that reacts with a thiol group
include succinimidyl 4-(N-maleimidomethyl)cyclohexane-
l-carboxylate and succinimidyl m-maleimidobenzoate.

Other heterobifunctional molecules include
succinimidyl 3-(maleimido)propionate,
sulfosuccinimidyl 4-(p-maleimido-phenyl)butyrate,
sulfosuccinimidyl 4-(N-maleimidomethyl~
cyclohexane)-l=-carboxylate, and maleimidobenzoyl-N-
hydroxy~-succinimide ester. Many of the above-
mentioned heterobifunctional reagents and their
sulfonate salts are available from Pierce Chemicals,
(supra) . Additional information regarding how to make
and use these as well as other polyfunctional reagents
that may be obtained are well known in the art. For
example, methods of cross~linking are reviewed by
Means and Feeney, 1990, Bioconjugate Chem. 1:2-12,
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The reactive groups of the cross-linking
agent can be spaced via an alkyl (including saturated
and unsaturated) group, a cyclic alkyl group, a
substituted alkyl or cyclic alkyl group, or an
equivalent spacer group, including a peptide sequence.
In a specific embodiment, the cross-linking reactive
groups are spaced from 0 to about 20 atoms from each
other, although spaces of more than 20 atoms are also
contemplated.

In another embodiment, carbohydrate side
chains of complement glycoproteins may be selectively
oxidized to generate aldehydes (see, e.g., Jackson,
1944, Organic Reactions 2:341; Bunton 1965, Oxidation
in organic Chemistry, Vol. 1 (Wiberg, ed.), Academic
Press, New York, p. 367; (Cooper, et al., 1959, J.
Biol. Chem. 234:445-448). This is preferred when the
carbohydrate side chains are not selectin ligands.

The resulting aldehydes may then be reacted with amine
groups (e.g., ammonia derivatives such as a primary
amine, hydroxylamine, hydrazide, hydrazide,
thiohydrazide, phenylhydrazine, semicarbazide or
thiosemicarbazide) to form a Schiff base or reduced
Schiff base (e.g., imine, oxime, hydrazone,
phenylhydrazone, semicarbazone or thiosemicarbazone,
or reduced forms thereof).

Hydrazide cross-linking agents can be
attached to a selectin ligand, e.g., Le* or SLe*, via
an ester or amide link or a carbon-carbon bond, and
then reacted with an oxidized complement glycoprotein,
containing an oxidized carbohydrate. This results in
hydrazone formation and the covalent attachment of the
compound to the carbohydrate side chain of the
glycoprotein via a cross-linker group.

Alternatively, a glycoprotein form of a
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complement protein can be reacted with an al,3~fucosyl
transferase in the presence of fucose to yield a
fucosylated form of the complement inhibitory
glycoprotein.

5.4. FUNCTIONAL ACTIVITY

The present invention further provides
assays for evaluating the functional activity of the
compositions of the invention. In particular, the
invention provides certain useful functional assays
for a CR1 molecule comprising a selectin ligand such
as Le*, or preferably SLe*. As used herein, the term
"functional activity" refers to immunological binding
in addition to biological functions of a molecule.
Physical-chemical assays are also envisioned for
determining the nature of the complement moiety and
the carbohydrate moiety of the compositions of the
invention.

In one embodiment, the activities of the
complement moiety and the carbohydrate moiety can be
evaluated separately. Thus, a complement protein
comprising a carbohydrate moiety in accordance with
the teachings herein may have similar or identical
electrophoretic migration, isoelectric focusing
behavior, proteolytic digestion maps, C3b and/or C4b
and/or immune complex binding activity, complement
regulatory activity, effects on phagocytosis or immune
stimulation, or antigenic properties as known for the
complement inhibitory protein, e.g., as described in
Section 5.1, supra. Similarly, the functional
activity of the carbohydrate moiety can be assayed
directly, e.g., as described in Section 5.2, supra,
and in International Patent Publication No.
W091/19502.

A number of currently available monoclonal
antibodies can be used according to the present
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invention to inhibit intercellular adhesion mediated
by selectins. For instance, CSLEX~1 (see, Campbell et
al., J. Biol. Chem. 259:11208-11214 (1984)), VIM-2,
which recognizes a sequence slightly different from
SLe* (see, Macher et al., supra), FH6 (described in
U.S. Patent No. 4,904,526) (all references are
incorporated herein by reference) or SHy; and SH,
generated by Dr. S. Hakomori of the Biomembrane
Institute in Seattle, Washington.

In another embodiment, the functional
activities or physical-chemical properties of the
complement moiety and the carbohydrate moiety are
evaluated in the same assay. For example, in a
specific embodiment, the molecular weight of a
complement inhibitory protein comprising a selectin
ligand can be estimated by PAGE, an increase in the
apparent molecular weight indicating attachment of the
selectin ligand, such as Le*, or preferably SLe*, to
the protein. In another embodiment, a sandwich
immunoassay can be used to assay the functional
activity. For example, by using antibodies to a
complement inhibitory protein and a selectin ligand,
the composition may be identified. 1In a specific
embodiment, infra, an antibody specific for CR1 is
adsorkszd to an assay plate. The putative soluble CR1
comprising the selectin ligand SLe* or Le* is added to
the plate under conditions that allow antibody
binding. The presence of bound soluble CR1l comprising
sLe* oo Le* is detected by adding a CSLE* antibody or
anti-CD15 antibody, respectively, labelled with FITC,
followed by an anti-FITC antilw.ly labelled with
horseradish peroxidase. As will be readily understood
by ene of ordinary skill in the art, such sandwich
immunoassay can be configured with the CLSE* autibody
or anti-cD15 antibody on the solid phase, or as a
direct rather than an indirect assay. 1In yet a
further embodiment, a Western Blot assay can be used
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to show that the product includes a complement protein
comprising a selectin ligand. In one aspect, the
apparent molecular weight of a protein detected in one
lane with an antibody to the complement protein and in
another lane with an antibody to the seleriin ligand
can be compared. Results showing identical molecular
weight are indicative of a positive identification of
the molecule. In another aspect, the protein can be
purified by affinity chromatography, either on an
anti-complement protein column or an anti-selectin
ligand column, and the purified protein detected on
Western blotting with the alternative protein.

As can be readily appreciated by one of
ordinary skill in the art, any affinity binding
partner of a cowplement inhibitory protein or a
selectin ligand of high enough affinity can be used in
assays in place of specific antibody molecules.

One skilled in the art will als? understand
that there may be other ways the activity of the
individual components of the compositions may be
assayed, or the overall activity of the compositions
as a whole may be assayed. These types of assays are
informational with respect to achieving the desired
overall functions of the compositions in a desired
setting, such as the therapeutic arena. Accordingly,
this Section, as well as the Examples Section, is
meant to be exemplary of certain well-accepted

techniques.

5.5. THERAPEUTIC COMPOS

Cne major advantage of the compositions of
the present invention is that the carbohydrate moiety
"homes" to inflamed endothelium, and thus localizes
the composition to the site of tissue damage, thereby
potentiating its anti-complement activity and also
blocking neutrophil-endothelial cell interactions such
as neutrophil rolling and extravasation. By providing
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for the homing of the complement protein to the site
of injury, resulting in its persistence there, the
claimed compositions advantageously allow for lower
dosage treatment than would be possible when dosing

5 with either of the constituents alone. The
compositions of the invention may also demonstrate an
increased half life in vivo and/or a great
bicavailability.

Expression of selectins participates in the

19 recruitment of cells to sites of inflammation. It is
well-documented that multiple adhesion proteins and
their ligands are required for the prccess of
leukocyte adhesion to and extravasation across
endothelial cells. For example, based on studies

is performed with known activators of the expression of
ELAM-1 (inflammatory cytokines, endotoxin) and CD62
(thrombin, histamine, etc.), their expression is
thought to represent inflammatory and hemostatic
responses to tissue injury.

20 Leukocyte traffic across the vessel walls to
extravascular vascular tissue is necessary for host
defense against microbial organisms or foreign
antigens and repair of tissue damage. Under some
circumstances, however, leukocyte-endothelial

25 interactions may have deleterious consegquences for the
host. During the process of adherence and
transendothelial migration, leukocytes may release
products such as oxidants, proteases, or cytokines
that directly damage endothelium or cause endothelial

30 damage by releasing a variety of inflammatory
mediators (Harlan & Liu, supra). Some of these
mediators, such as the oxidants, can directly activate
complement which then feeds back to further activate
the neutrophils through €¢3a and C5a. This leads to

35 further tissue damage. Intervention of this process
by a complement inhibitory protein "homed" into the
endothelial microenvironment by its selectin

o —————— RGN 115
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interaction, could help to stop or slow down this
process.

Finally, sticking of single leukocytes
within the capillary lumen or aggregation of
leukocytes within larger vessels may lead to
microvascular occlusion and may produce ischemia.
Leukocyte-mediated vascular and tissue injury has been
implicated in the pathogenesis of a wide variety of
clinical disorders. Inhibition of leukocyte adherence
to endothelium-Yanti-adhesion® therapy -represents a
novel approach to the treatment of those inflammatory
and immune disorders in which leukocytes contribute
significantly to vascular and tissue injury. Studies
in vitro indicate that close approximation of the
leukocyte to the endothelial cell forms a protected
nicroenvironment at the interface of the leukocyte and
endothelial cell that is inaccessible to plasma
inhibitors. Highly reactive oxidants, proteases, and
phospholipase products released by adherent leukocytes
at the interface can react with and damage the
endothelium. Inhibition of such firm adherence
prevents formation of a protected microenvironment,
and thereby reduces this type of "innocent bystander®
injury to endothelium. Inhibition of leukocyte
adherence to endothelium will also prevent emigration
to tissue, and, consequently, reduce tissue damage
produced by emigrated leukocytes. Finally, inhibition
of leukocyte adherence to endothelium or homotypic
aggregation will prevent microvascular occlusion.

The pharmaceutical compositions of the
present invention can be used to block nr inhibit
cellular adhesion associated with a number of
disorders. For instance, a number of inflammatory
disorders are associated with selectins expressed on
vascular endothelial cells and platelets. The term
“inflammation® is used here to refer to reactions of
both the specific and non-gspecific defense systems. A
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specific defexnse system reaction is a specific immune
system reaction to an antigen. Example of specific
defense system reactions include antibody response to
antigens, such as viruses, and delayed-~type
hypersensitivity. A non-specific defense system
reaction is an inflammatory response mediated by
leukocytes generally incapable of immunological
memory. Such cells include macrophages, eosinophils
and neutrophils. Examples of non-specific reactions
10 include the immediate swelling after a bee sting, and
the collection of PMN leukocytes at sites of bacterial
infection, e.g., pulmonary infiltrates in bacterial
pneumonias and pus fermation in abscesses).

Additionally, the pharmaceutical

15 compositions of the present invention can be used to
eliminate or block the complement injury occurring in
transplanted organs. Organs prepared for transplant
can be perfused with the compositions of the present
invention. Alternativ-ly, organs for transplantation

20 may be stored in solutions containing the compositions
of the present invention. Such storage can occur
during, for instance, transportation. 1In a further
embodiment, the compositions may be used to flush the
area from which transplant organs are removed, as from

25 a cadaver. Subseguent perfusion and/or storage are
also envisicned.

Other treatable disorders include, e.qg.,
rheumatoid arthritis, post-ischemic leukocyte-mediated
tissue damage (reperfusion injury), frost-bit injury

30 or shock, acute leukocyte-mediated lung injury (e.q.,
adult respiratory distress syndrome), asthma,
traumatic shock, septic shock, nephritis, vasculitis
and acute and chreonic inflammation, including atopic
dermatitis, psoriasis, and inflammatory bowel disease.

35 Various platelet-mediated pathologies such as
atherosclerosis and clotting can also be treated. 1In
addition, tumor metastasis can be inhibited or

(4]
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prevented by inhibiting the adhesion of circulating
cancer cells. Examples include carcinoma of the colon
and melanoma. In these embodiments, the complement
moiety portion of the compositions act almost as a
carrier protein.

Compositions of the invention find
particular use in treating the secondary effects of
septic shock or disseminated intravascular coagulation
(DIC). Leukocyte emigration into tissues during
septic shock or DIC often results in pathological
tissue destruction. Furthermore, these patients may
have widespread microcirculatory thrombi and diffuse
inflammation. The therapeutic compositions provided
herein inhibit leukocyte emigration at these sites and
mitigates tissue damage.

The inhibitors of selectin-ligand
interaction, coupled with anti-complement. action, also
are useful in treating traumatic shock and acute
tissue injury associated therewith. Because the
selectins play a role in recruitment of leukocytes to
the sites of injury, particularly ELAM-1 in cases of
acute injury and inflammation, inhibitors thereof may
be administered locally or systemically to control
tissue damage associated with such injuries.

Moreover, because of the specificity of such
inhibitors for sites of inflammation, e.g., where
ELAM-1 receptors are expressed, these compositions
will be more effective and less likely to cause
complications when compared to traditional anti-
inflammatory agents.

The compositions of the invention can be
administered to a subject in need thereof to treat the
subject by either prophylactically preventing a
disease state or relieving it after it has begun. The
pharmaceutical compositions of the invention may be
administered in any suitable manner, including
parental, topical, oral, or local (such as aerosol or
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transdermal) or any combination thereof. The
compositions are preferably administered with a
pharmaceutically acceptable carrier, the nature of the
carrier differing with the mode of administration, for
example, oral administration, usually using a solid
carrier and I.V. administration a liquid salt solution
carrier.

The compositions of the present invention
include pharmaceutically acceptable components that
are compatible with the patient and the protein and
carbohydrate moieties of the compositions of the
invention. These generally include suspensions,
solutions and elixirs, and most especially biological
buffers, such as phosphate buffered saline, saline,
Dulbecco’s Media, and the like. Aerosols may also be
used, or carriers such as starches, sugars,
microcrystalline cellulose, diluents, granulating
agents, lubricants, binders, disintegrating agents,
and the like (in the case of oral solid preparations,
such as powders, capsules, and tablets).

As used herein, the term “pharmaceutically
acceptable' preferably means approved by a regulatory
agency of the Federal or a state government or listed
in the U.S. Pharmacopeia or other generally recognized
pharmacopeia for use in animals, and more particularly
in humans.

The formulation of choice can be
accomplished using a variety of the aforementioned
buffers, or even excipients including, for example,
pharmaceutical grades of mannitol, lactose, starch,
magnesium stearate, sodium saccharin cellulose,
magnesium carbonate, and the like. "Peglation" of the
compositions may be achieved using techniques known to
the art (see for example International Patent
Publication No. W092/16555, U.S. Patent No. 5,122,614
to Enzon, and International Patent Publication No.
W092/00748) . Oral compositions may be taken in the
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form of solutions, suspensions, tablets, pills,
capsules, sustained release formulations, or powders.
Particularly useful is the administration of the
compositions directly in transdermal formulations with
permeation enhancers such as DMSC. Other topical
formulations can be administered to treat dermal
inflammation.

A sufficient amount of the compositions of
the invention should be administered to the patient to
ensure that a substantial portion of the selectin
ligand expected to cause or actually causing
inflammation is regulated, as well as to ensure that
an optimal concentration of the complement moiety is
also delivered to the site, to combat inappropriate
complement-related activity. In this way,
inflammation can either be prevented or ameliorated.
The selection of compositions, frequency of
administration, and amount of composition so
administered will be in accordance with the particular
disease being treated and its severity, the overall
condition of the patient, and the judgement of the
treating physician. Typical dosing regions will be
analogous to treatment of these disease states by the
use of antibodies and other biologicals. Typically,
the compositions of the instant invention will contain
from about 1% to about 95% of the active ingredient,
prefersbly about 10% to about 50%. Preferably, the
dosing will be between about 1-10 mg/kg. About 1 mg
to about 50 mg will be administered to a child, and
between about 25 mg and about 1000 mg will be
administered to an adult. Other effective dosages can
be readily determined by one of the ordinary skill in
the art through routine trials establishing dose
response curves.

In determining the dosage of compositions to
be administered, it must be kept in mind that one may
not wish to completely block all of the selectin
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receptors, or may wish to completely block such
receptors for only a limited amount of time (i.e. only
a few hours postischemic event). In order for a
normal healing process to proceed, at least some of
the white blood cells or neutrophils must be brought
into the tissue in the areas where the wound,
infection or disease state is occurring. Thus, amount
of the composition administered as a blocking agent
must be adjusted carefully based on the particular
needs of the patient while taking into consideration a
variety of factors such as the type of disease that is
being treated. For example, one mxy never desire that
the neutrophils reoccur in an arthritic joint, but
would expect such reoccurrence at some point after a
myocardial infarct, tissue crush injury, and the like.

In a preferred embodiment, the present
invention contemplates pharmaceutical compositions
comprising a complement inhibitory protein capable of
binding to a selectin. Preferably, the pharmaceutical
composition comprises a soluble CR1 molecule
comprising a selectin ligand such as Le*, or most
preferably SLe*. 1In one -spect, such a soluble CR1l
molecule has LHRs A, B, C and D. In another aspect,
such a soluble CRl1 has LHRs B, C and D.

Accordingly, it is envisioned that the
pharmaceutical compositions of the invention will be
delivered to achieve elevation of plasma levels of the
protein to treat diseases or disorders that invelve
inappropriate complement activity, whether or not
inflammatory activity is also involved. Diseases or
disorders involving corplement that require systenic
or circulating levels of complement regulatory
proteins are detailed in Section 2.2 supra and in
Table I that follows.
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TABLE I

Systemic Diseases and Disorders Involving Complement

5 Neurological Disorders
multiple sclerosis

stroke

Guillain Barre Syndrome
traumatic brain injury
Parkinson’s Disease

Disorders of Inappropriate or Undesirable complement
Activation

hemodialysis complications

hyperacute allograft rejection

xenograft rejection

interleukin-~2 induced toxicity during IL-2

therapy

o

1

15 Inflammatory Disorders
inflammation of autoimmune diseases
Crohn’s disease
adult respiratory distress syndrome
thermal injury including burns or frostbite

ost-Ischemic Repe ion Condit s
myccardial infarction
balloon angioplasty
post-pump syndrome in cardiopulmonary bypass ox
renal bypass
hemodialysis
renal ischemia
mesenteric artery reperfusion after aortic
reconstruction
25 transplant organ reperfusion

Infectious Disease or Sepsis

(0) es

20

mmune C e isorders a uto une seases

30 rheumatoid arthritis

systemic lupus erythematosus (SLE)

SLE nephritis

proliferative nephritis

glomerulonephritis

hemolytic anemia

myasthenia gravis

as
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In particular, those disorders with may be
treated by systematic administration are described in
section 2.2 supra. 1In specific embodiments, disorders
associated with extended zones of tissue destruction
due to burn or myocardial infarct-induced trauma, and
adult respiratory distress syndrome (ARDS), also known
as shock syndrome, can be treated by parenteral
administration of an effective amount of a complement
inhibitory protein comprising a selectin ligand in
accordance with the teachings herein.

Thus, an effective amount of a composition
in accordance with the present invention is an amount
effective to inhibit complement activity, in addition
to its other effects.

In a preferred embodiment, the use of a
complement inhibitory protein with selectin binding
activity should be particularly helpful in anti-
inflammatory therapy. Since the selectin ligand will
home the complement inhibitory protein to the site of
injury, it will prevent neutrophil rolling. This is
because the selectin ligand will bind to selectins on
the blood vessel wall, thus preventing the adhesion of
leukocytes, particularly neutrophils.

For example, in a particularly preferred
embodiment, by adding the SLe* moiety, the sCR1
activity is localized to and the site of tissue
damage, thus potentiating its anti-C activity and also
blocking neutrophil-endothelial cell interactions such
as neutrophil rolling and extravasation.

In addition, the compositions can be used in
the homing of CR1l to its ligand (the selectins) on
activated endothelium, rendering lower doses more
efficacious as compared to administration alone of
SCR1 alone or and its present glycoforms. Heightene:
persistence of the SLe*-sCR1 at the site of
inflammation is also achieved, thereby preventing
further activation. Early neutrophil adhesion events
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which depend on selectin/ligand interaction are alsc
blocked. Finally, the in vivo half life and/or
bioavailability of the sCR1 is prolirnged.

5.6. P ON_IN GNOSTIC D

The compositions of the present invention
can be used to constitute detection reagents capable
of binding to released or shed, or circulating
complexes comprising a cellular adhesion molecule.
Such released, or shed or circulating adhesion
molecules may be present a result of activation ol a
particular cell comprising a cellular adhesion
molecule. It is well known that, for instance, L-
selectins are constitute expressed on the surface of
cells and are rapidly shed following activation
(Bevilacqua, M.P., and Nelson, R.N. (1993) supra).
Thus, selectins appear to be controlled by their
appearance and disappearance from the surface of
cells. Circulating receptors that are shed upon
activation may be assayed by techniques well known to
those skilled in the art. An example of such assays
is found in International Patent Publication No.
W087/03600, published on June 18, 1987 which is
incorporated herein by reference. Such cellular
adhesion molecules may be physically distinct from the
receptors present on the surface of the cell as, for
instance, the product of an alternative splicing event
that results in a receptor that lacks certain domains
necessary for attachment to the cell membrane.
Alternatively, such receptors may be fragments or
portions of the natural receptor, or may be associated
with larger membrane fragments. Further, such
receptors may be present on intact cells.

The compositions of the present invention
may be useful in detecting the presence or absence of
the receptors in the circulation, as in, for instance,
a serum sample or other sample from a patient
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suspected of expressing the receptor. Alternatively,
the compositions may be detectably labelled and used
in in vitro or in vivo diagnostic imaging for the
presence of the cellular adhesion receptors.

In certain inflammatory conditions such as
reperfusion injury, septic shock, and other chronic
inflammatory diseases (such as for example, psoriasis
and rheumatoid arthritis), the inflamed endothelium
participates in the recruitment of cells to the site
of injury. Accordingly, the compositions and methods
of the present invention are useful in detecting the
presence or absence of such inflammatory conditions by
virtue of their demonstrated ability to bind to the
activated cells and displace or prevent the binding of
the natural ligand. In this embodiment, the
composition of the present invention are detectably
labelled by techniques well known in the art.

In a further embodiment, the compositions of
the present invention are immobilized on a solid
support and the presence or absence of certain
cellular adhesion molecules is detected by measuring
or calculating the amount of binding that occurs. 1In
this embodiment, certain monoclonal 2=tibodies well
known in the art may be used in conjunccion with the
compositions.

The compositions can also be used to study
inflammatory and complement mediated diseases or
disorders by virtue of their direct interaction with
mediators of inflammation as described herein. 1In
particular, the compositions can be used in either in
vitro or in vivo methods. 1In in vitro methods the
samples may be fluid specimens or tissue specimens and
can include enzyme-linked assays, such as
immunoperoxidase assays or staining of tissue samples.

The compositions of the invention can be
used as part of a kit, especially a diagnostic kit.
Such a kit may include, for instance, the compositions
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of the invention, as well as, components that are
detectably labelled, as for instance, monoclonal
nntibodies to the particular cellular adhesion
molecule. In one embodiment, the kit includes one or
more compositions, along with the appropriate dilution
and incubation buffers, a detectably labelled binding
partner suitable for use in a sandwich assay format,
and a substrate reagent.

6. EXAMPLE 1
6.1. GENERATION OF A SOLUBLE DELETION MUTANT OF
COMPLEMENT RECEPTOR 1
The following experiments detail the
generation of several soluble deletion mutants of
complement receptor type 1 useful in the present

invention.

6.2 GENERATION OF A SOLUBLE DELETION MUTANT OF
CRl (SC DES=A CKING LHR=A

Plasmid pBSABCD is described in
International Patent Publication No. W089/09220 “The
Human C3b/C4b Receptor (CR1l)" by Fearon, D.T., et al.,
published / itober 5, 1989; (gee also, Klickstein,
L.B., et al., (1988) J. Exp. Med 168:1699-1717). This
plasmid harbors a full=-length cDNA for human CR1
inserted as a 6.86-kilobase (kb) EcoRI-Eco-RV piece in
the EcoRI-Smal sites of pBluescript KS+ (Stratagene,
La Jolla, CA); thus, the EcoRV and Smal sites did not
regenerate. pBSABCD was further modified by
introducing a translational stop coden at the junction
of the extracellular and transmembrane regions to
yield pBL-sCR1 capable of expressing a soluble CR1
protein lacking the transmembrane and cytoplasmic
domains. (International Patent Publication No.
W089/09220 *The Human C3b/C4b Receptor (CR1)" by
Fearon, D.T., et al., published October 5, 1989;
Weisman, H.F., et al., (1990) Science 249:146-151).
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pBL-sCR1 was digested with Clal and Ball,
and the resulting fragments (3.96 and 5.9 kb) were
purified from low melting temperature agarose gel.
Plasmid pBR322 was digested with Clal and Ball, and

5 the 2.9-kb fragment was purified from agarose gel and
ligated to the 5.9-kb fragment from pBL-~sCRl. The
ligation mix was transformed into competent E. coli
DHS5a cells (GIBCO BRL), and the resulting plasmid,
pBR8.8, was purified and digested with Xbal,

10 generating two fragments of 7.45 and 1.35 kb. The
7.45-kb fragment was purified and religated into a
circular form. The resulting plasmid, pBR7.4%, was
digested with Clal and BalI, and the 4.5-kb fragment
containing the CR1 cDNA was .ig2:ed to the 3.96-kb

15 fragment from pBL-sCR1l generaii.ig pBL-sACD lacking
LHR-B.

Digestion of pBL-CR1lc2, also referred to as
pBL-sACD (Makrides et al., (1992) J, Biol. Chem.
267:24754-24761) with NarI and NsiI removed 76 bp from

20 the 3’ end of the leader, the entire LHR-A, and 57 bp
from the 5/ end of LHRC; the 7.07 kb fragment was
purified from agarose gel and ligated to two synthetic
double-stranded oligonucleotides (Operon Technologies,
Alameda, CA), 68 and 66 bp in length having the

25 following sequence:

1. 5’- CG CCC GGT CTC CCC TTC TGC TGC GGA GGA TCC
3= GGG CCA GAG GGG AAG ACG ACG CCT CCT AGG

CTG CTG GCG GTT GTG GTG CTG CTT GCG GTG
GAC GAC CGC CAA CAC CAC GAC GAA CGC GAC

CCG GTG -3/ [SEQ ID NO. 1]

30 GGC CAC CGG ACC -5/ [SEQ ID NO. 2]
2. 5/=  GCC 'IGG GGT CAA TGT CAA GCC CCA GAT CAT

3= CCA GTT ACA GTT CGG GGT CTA GTA

TTT CTG TTT GCC ARG TTG AAA ACC CAA ACC
AAA GAC AAA CGG TTC AAC TTT TGG GTT TGG

AAT GCA -3/ [SEQ ID NO. 3]
35 TT -5/ [(SEQ ID NO. 4]
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(Operon Technologies, Alameda, CA). These
oligonucleotides restored the missing sequences from
both the leader and LHR-C, respectively. In addition,
a single nucleotide change was designed in one of the
5 oligonucleotides, such that the first codon of LHR-C
in SCR 15 coded for glutamine, instead of the native
histidine. The rationale for this modification was
two-fold: (1) to ensure that the junction between the
leader peptide and the coding region of the mature
10 protein would be the same as in the native sCR1 (i.e.
Glycine/ Glutamine) thus avoiding potential
difficulties with cleavage of the leader by signal
peptidases; (2) to ensure that the N-terminal amino
acid in the processed protein would be the same as in
15 the native CR1 (Klickstein et al., (1988) J. Exp. Med.
168: 1699-1717) thus minimizing the potential for
immunogenicity. The ligation mix was transformed into
Escherichia coli strain DH5a (Gibco BRL, Gaithersburg,
MD) to produce plasmid pBL~CR1c8 containing the
20 leader, LHR-C and LHR-D.
pBL-CR1lc8 was linearized with NsiI and
dephosphorylated using bacterial alkaline phosphatase
(Gibco BRL) according to the manufacturer’s
instructions. pBL-CRlc, also referred to as pBL=sCR1
25 ([Weisman et al., (1990) Science 249:146-151] was
digested with NsiIl and the 1.35 kb fragment containing
most of LHR-B and the first 56 nucleotides from LHR-C
was purified from agarose gel, and ligated to the
linearized pBL-CR1c8. This effected the assembly of
30 pBL-CRlc6A containing LHRs B, C, and D. The correct
orientation of the BCD insert was determined by
restriction digestion analysis.
The insert was excised by digestion with
Xhol, and purified from agarose gel. The expression
35 plasmid pTCSgpt (International Patent Publication No.
W089/09220 "The Human C3b/C4b Receptor (CR1l)" by
Fearon, D.T. et al., published October 5, 1989; Carson
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et al., (1991) J. Biol. Chem. 266: 7883-7887) was
digested with XhoI, dephosphorylated using bacterial
alkaline phosphatase, and ligated to the BCD fragment.
The ligation mix was transformed into E. coli DH1,

5 generating plasmid pT-CR1c6A. The correct insert
orientation was determined by Bgll restriction
digestion, and pT-CR1lc6A was prepared on large scale.
pT-CR1c6A is a plasmid which harbors the coding
sequence for the soluble deletion mutant of CR1

10 lacking the LHR-A as well as the transmembrane and
cytoplasmic domains. The resulting soluble deletion
mutant is termed sCRl[des-~A) containing LHR’s B, C,
and D.

7. EXAMPLE 2

15 7.1 CONSTRUCTION OF A SOLUBLE DELETION MUTANT OF
CR1 CONTAINING SCR’S 15-18
A DNA fragment composed of the CR1 leader

and Short Consensus Repeats (SCR) 15 through 18 was
«CR-synthesized using pBL-CR1lc8 as template [Makrides
et al. (1992) J. Biol. Chem. 267, 24754-24761). The
5’ “sense" primer hybridized to the pBluescript
polylinker region upstream of the CR1l leader, and
contained an Xhol restriction site, underlined:

57 - CCCCCCCTCGAGGTCGACGGTATCGATAAGC - 3’ [SEQ ID NO.
5]

The 3’ "antisense" primer contained restriction enzyme
recognition sequences for BglII and NotI sites,

20

25

underlined:
57" = TATCAAATGCGGCCGCTAAGAATACCCTAGATCTGGAGCAGC

TTGGTAACTCTGGC - 3’ [SEQ ID NO. 6]

The resulting 980~bp fragment was digested with XhoI
and NotI, and ligated into pBluescript KS(+)
(Stratagene, La Jolla, CA) previously restricted with
¥XhoI and NotI. The ligation mix was transformed into
E. coli DHSa competent cells (GibcoBRL, Gaithersburg,
MD) to yield plasmid pB-CR1(15-18) (3.86 kb). This
was linearized at the 3’ terminus of SCR 18 using

30

35
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BglII, and blunt-ended with mung bean nuclease (New

England Biolabs, Beverly, MA) used according to the

manufacturer’s recommendations. The linearized

plasmid was ligated to a synthetic double-stranded
5 oligonucleotide (Operon Technologies, Inc., Alameda,

CA) compesed of the following two complementary

strands:

5’ - GATGAACTAGTCTCGAGAG - 3’ ([SEQ ID NO. 7]

5/ - CTCTCGAGACTAGTTCATC - 3’ [SEQ ID NO. 8]

10 The double~stranded oligonucleotide restored the
missing base-pairs from the 3’ terminus of SCR 18, and
introduced a trarslational stop codon, followed by
Spel and Xhol restriction sites. The ligation mix was
transformed into E. coli DH5a competent cells yielding

15 plasmid pB-CR1(15-18R) (3.88 kb).

”..¢, DNA fragment composed of the CR1l leader
and SCR 1% 18 was excised from pB-CR1(15-18A) by
digestion with XhoI, purified from agarose gel using
the Generlean Kit (BIO 101, La Jolla, CA), and ligated

20 to tbz expression vector pTCSgpt ([Carson et al.,

(1991) J. Biol. Chem. 266, 7883-7887) previously
restricted with XhoI and dephosphorylated with calf
intestinal alkaline phosphatase (Boehringer Mannhein,
Indianapolis, IN). Transformation of the ligation mix

25 into E. coll DH1l competent cells yielded plasmid
pT-CR1c12 (8.52 kb). '

7.2 TRANSFECTION AND SELECTION OF STASLE CELL LINES
pT-CR1lcl2 was linearized by Fspl digestion,

phenol-extracted, ethanol-precipitated and resuspended
30 in sterile water. 30 yg of recombinant plasmid was
cotransfected with 3 g pTCcsdhfr (Carson et al.,
(1991) J. Biol. Chem. 266, 7883-7887) into CHO
DUKX~B11l cells deficient in dihydrofolate reductase
(Urlaub and Chasin (1980) Proc. Nat cad. Sci. USA
35 77, 4216-4220]) using electroporation with the Gene
Pulser (Bio-Rad) at 960 pyF and 230 V. The transfected
cells were transferred to non-selective a-Minimum
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Essential Medium (a-MEM) supplemented with 10%
heat-inactivated fetal bovine serum, 1%
penicillin-streptomycin, 50 pg/ml gentamicin, 4 mM
glutamine (Gibco BRL), 10 pg/ml each of thymidine,
adenosine, and deoxyadenosine (Sigma, St. Louis, MO).
After two days the cells were selected in a-MEM
supplemented with 10% dialyzed fetal bovine serum, 1%
penicillin-streptomycin, 50 ug/ml gentamicin, 4 mM
glutamine, 20 mM HEPES pH 7.0, 6 pg/ml mycophenolic
acid, 250 pg/ml xanthine, and 15 pg/ml hypoxanthine
(Sigma). Clones secreting SCR 15-18 were identified
by enzyme immunoassay (Cellfree® CD35; T Cell
Sciences, Inc.), and the complement inhibitory
activity of the proteins was confirmed using hemolytic
assays [Yeh et al., (1991) J. Immunol. 146, 250-256].
High-expressing clones were selected in growth media
containing methotrexate (Lederle, Pearl River, NY).

8. EXAMPLE 3

8.1 CONSTRUCTION OF A SCLUBLE DELETION MUTANT OF CR1
- LACKING LHR D (sCR1[des=D])

Plasmid pBSABCD was obtained from Dr.
Douglas Fearon [Klickstein et al., (1988) J. Exp. Med.
168, 1699-1717). This plasmid harbors a full-length
cDNA for human CR1l inserted as a 6.86 kilobase (kb)
EcoR1-EcoRV piece in the EcoRl1-Smal sites of
pBluescript KS+ (Stratagene, La Jolla, CA); thus, the
EcoRV and Smal sites did not regenerate. pBSABCD was
further modified as described (Weisman et al., (1990)
Science 249, 146-151] to yield pBL-sCR1l capable of
expressing a soluble CR1 protein lacking the
transmembrane and cytoplasmic domains.

An unique Nrul restriction site was
introduced in pBL-sCR1l at position 4200 basepair (bp),
i.e., at the junction of LHR-C and -D. The enzyme
site was engineered by site~directed mutagenesis

[Kunkel (1985) Proc. Natl. Acad. Sci. USA 82, 488-492)
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using the Muta-gene Phagemid Kit (Bio-Rad
Laboratories, Melville, NY). The 40-~base
phosphorylated mutagenic oligonucleotide (New England
Biolabs, Beverly, MA) had the following sequence:

3’ CGACACTTGAAAGACAAGCGCTACCAGTGACATTTTGGGG 5! [SEQ ID
NO. 9)

The underlined bases are those which differ from the
wild-type sequence. DNA templates were sequenced by
the dideoxynucleotide chain termination method [Sanger
et al., (1977) Proc. Natl. Acad. Sci. USA 74,
5463-5467) using the Sequenase kit (U.S. Biochemical,
Cleveland, OH).

The mutagenized plasmid pBL-sCR1IN (9.8 kb)
was digested with Nrul and BglII, and the 7.8 kb
fragment was isolated from agarese and ligated to a
double-stranded synthetic oligonucleotide composed of
the following complementary strands:

5/ - CGCTTAAGCTCGA - 3’ [SEQ ID NO. 10)

5/ = GATCTCGAGCTTAAGCG - 3’ [SEQ ID NC. 11)

The double-stranded synthetic oligonucleotide restored
the missing base pairs from the 3’ terminus of SCR 21
(LHR C), and introduced a translational stop codon
folllowed by XhoI and BglII restriction sites. The
résulting plasmid pBL~CR1lc7 (7.8 kb) was digested with
Xhol, and the insert was ligated into the expression
vector pTCSgpt [Carson et al., (1991) J. Bjol. Chem.
266, 7883-7887) previously restricted with XhoI and
dephosphorylated with bacterial alkaline phosphatase
(GibcoBRL, Gaithersburg, MD) used according to the
manufacturer’s recommendations. Transformation of the
ligation mix into E. coli DH1l competent cells yielded

plasmid pT-CR1lc7.

Transfection and selection of stable cell lines.

pT-CR1lc7 was linearized by Fspl digestion,
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