
Introduction
Activation of complement via either the classical or
alternative pathway results in the generation of C3 con-
vertase, a central enzymatic complex of the complement
cascade that cleaves serum C3 into C3a and C3b. The
C3b product can bind covalently to an activating surface
and can participate in the further generation of C3 con-
vertase (amplification loop). C3 convertases also partic-
ipate in the formation of C5 convertase, a complex that
cleaves serum C5 to yield C5a and C5b. Formation of
C5b initiates the terminal complement pathway, result-
ing in the sequential assembly of complement proteins
C6, C7, C8, and (C9)n to form the membrane attack com-
plex (MAC, or C5b-9).

The complement activation products (particularly C5a
and MAC) are powerful mediators of inflammation and
can induce a variety of cellular activities, including the
release of proinflammatory molecules (1–6). Complement
can also cause tissue damage directly, because of mem-
brane deposition of the cytolytic MAC. It is now clear that
complement plays an important role in the pathology 
of many autoimmune and inflammatory diseases, and 
that it is also responsible for many disease states associ-
ated with bioincompatibility, e.g., postcardiopulmonary
inflammation and transplant rejection (7–13).

Human cells are normally protected from inappropri-
ate complement activation by various membrane-bound
complement inhibitors (14, 15). These molecules
include complement receptor 1 (CR1), decay-accelerat-
ing factor (DAF), and membrane cofactor protein

(MCP), which inhibit the early complement activation
pathway and the generation of C3 convertase. CD59 is
an inhibitor of the terminal complement pathway.
CD59 is a widely distributed 18–21-kDa glycoprotein
attached to the plasma membrane by a glycosyl-phos-
phatidylinositol (GPI) anchor, and functions by pre-
venting assembly of the terminal lytic MAC.

Recombinant soluble complement inhibitors based on
membrane inhibitors of complement have been prepared
by the removal of membrane-linking regions. Soluble
inhibitors of complement activation function effectively
in vitro, and their administration to animals in models of
disease has been shown to suppress inflammation and
disease pathology (16–23). Nevertheless, there are con-
cerns regarding the clinical use of systemic inhibitors of
complement activation, because activation pathway
products play a crucial role in immunity to infection and
immune complex catabolism (24–28). A potential advan-
tage of CD59-based inhibitors over inhibitors of com-
plement activation is that CD59 will block MAC forma-
tion but will not affect the generation of C3 and C5
activation products. In this respect, MAC has been impli-
cated in the pathogenesis of several autoimmune and
inflammatory diseases (9, 29–35). CD59 may also be clin-
ically useful for providing protection from complement-
mediated hyperacute rejection of xenotransplanted tis-
sue. It has been shown that human CD59 and/or DAF
expressed on the surface of transgenic pig tissue can con-
siderably prolong the survival of transgenic organs when
transplanted into primates (36, 37).
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Complement is involved in the pathogenesis of many diseases, and there is great interest in developing
inhibitors of complement for therapeutic application. CD59 is a natural membrane-bound inhibitor of
the cytolytic complement membrane attack complex (MAC). In this study, the preparation and charac-
terization of antibody-CD59 (IgG-CD59) chimeric fusion proteins are described. Constructs were com-
posed of soluble CD59 fused to an antibody-combining site at the end of CH1, after the hinge (H), and
after CH3 Ig regions. The antigen specificity of each construct was for the hapten 5-dimethylamino-
naphthalene-1-sulfonyl (dansyl). Correct folding of each IgG-CD59 fusion partner was indicated by
recognition with anti-CD59 antibodies specific for conformational determinants and by IgG-CD59
binding to dansyl. The IgG-CD59 fusion proteins all bound specifically to dansyl-labeled Chinese ham-
ster ovary cells and provided targeted cells, but not untargeted cells, with effective protection from com-
plement-mediated lysis. Data indicate that CD59 must be positioned in close proximity to the site of
MAC formation for effective function, and that modes of membrane attachment other than gly-
cophosphatidylinositol linkage can affect CD59 functional activity.
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Soluble untargeted CD59 is not an effective inhibitor
of MAC formation in vitro (9), and there are no reports of
soluble CD59 being tested in vivo. However, because
membrane-bound CD59 provides effective intrinsic pro-
tection from MAC formation, the targeting of soluble
CD59 to a cell membrane and site of MAC formation
may enhance its activity. In this study, we attempt to con-
struct an improved complement inhibitory molecule by
joining a soluble CD59 unit to various antibody frag-
ments containing antigen-combining sites. In addition
to the potential benefits of targeting a complement
inhibitor, the joining of different proteins to
immunoglobulin γ chains has been shown to increase
the half-life of proteins in the circulation and increase
binding affinity of the fusion partner due to dimeriza-
tion by antibody chains. In this feasibility study, anti-
body fragments specific for the hapten 5-dimethy-
laminonaphthalene-1-sulfonyl (dansyl) are joined to
CD59. Dansyl can be used to label cell surfaces and thus
provides a convenient target antigen for in vitro studies
using antibody-CD59 fusion proteins. We show that var-
ious targeted antibody-CD59 fusion proteins, but not
untargeted CD59, effectively protect cells against com-
plement-mediated lysis in an antigen-specific manner.

Methods
Cell lines. TWS2 is the immunoglobulin nonproducing mouse
myeloma cell line Sp2/0, transfected previously with a light
chain construct incorporating murine κ anti-dansyl variable
domain joined to human Cκ constant domain (38). TWS2 was
cultured in Iscove’s Modified Dulbecco’s Medium (GIBCO
BRL, Grand Island, New York, USA) containing 10% FCS. Chi-
nese hamster ovary (CHO) cells were grown in DMEM supple-
mented with 10% FCS.

DNA, antibodies, and reagents. CD59 cDNA (39) and anti-
CD59 monoclonal antibody (MAB) 1F5 (40) were kindly pro-
vided by H. Okada (Osaka University, Osaka, Japan). Anti-
CD59 MABs YTH53.1 (41) and P282 were the kind gifts of B.P.
Morgan (University of Wales, Cardiff, United Kingdom) and
A. Bernard (Hôpital L’Archet, Nice, France), respectively. Anti-
CD59 MAB MEM43 was purchased from Harlan Bioproducts
for Science (Indianapolis, Indiana, USA). Normal human
serum (NHS) was obtained from the blood of healthy volun-
teers in the laboratory and stored in aliquots at −70°C. Rabbit

anti-CHO cell membrane antiserum was prepared by inocula-
tion with CHO cell membranes by standard techniques (42).
Anti-dansyl IgG4 was prepared by antigen affinity chro-
matography as described previously (43).

Construction of antibody-CD59 fusion proteins. cDNA encoding a
soluble CD59 functional unit (residues 1–77) (44) was gener-
ated by PCR amplification to contain a blunt 5′ end and an Eco
R1 site at its 3′ end. The GPI-addition signal sequence of CD59
was deleted in product preparation. The PCR product was
blunt-end ligated in frame to the 3′ end of a Ser-Gly encoding
spacer sequence (SG4SG4SG4S). Using unique restriction sites
generated in the human IgG3 heavy-chain constant region (45),
the spacer-CD59 sequence was inserted at the 3′ end of various
human IgG3 heavy-chain encoding regions. CD59 was insert-
ed (5′-blunt/EcoR1-3′) after the heavy-chain constant region 1
(CH1-CD59) exon, immediately after the hinge (H) region at the
5′ end of the CH2 exon (H-CD59), and after the CH3 exon (CH3-
CD59). For expression, the IgG-CD59 gene constructs were
subcloned into the expression vector 4882PAG, which contains
the murine heavy-chain anti-dansyl variable region (45, 46). The
constant region sequences in the 4882PAG vector were replaced
by the IgG-CD59 constructs using unique Bam HI and Sal I
sites (45, 46). For the CH3-CD59 construct, human IgG3 heavy-
chain constant region was replaced by human IgG4 (47).

Transfection and clone selection. 4882PAG/IgG-CD59 expres-
sion plasmid constructs were transfected into TWS2 cells
using lipofectamine, according to the manufacturer’s instruc-
tions (GIBCO BRL). Three days after transfection, medium
containing 1 µg/ml mycophenolic acid, 2.5 µg/ml hypoxan-
thine, and 42 µg/ml xanthine was added to the cells for selec-
tion of stable transfected populations. After 3 weeks in selec-
tion medium, transfectoma clones expressing IgG-CD59
proteins were isolated by assaying culture supernatant for IgG-
CD59 fusion proteins by ELISA (see below). High-expressing
clones were selected by dilution method.

ELISA and protein assays. Detection of IgG-CD59 fusion pro-
teins and their relative concentrations was accomplished
using a standard ELISA technique (42). Briefly, microtiter
plates were coated with dansylated BSA (see below; 100 µg/ml
overnight at 4°C) and then blocked with 2% BSA in PBS. Cul-
ture supernatant containing fusion proteins or purified sam-
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Figure 1
Diagram of antibody-CD59 fusion proteins expected from the expression
constructs. Antibody domains are labeled (VL, variable light; VH, variable
heavy; CL, constant light; CH, constant heavy). The specificity of the anti-
body-combining site (on VL/VH domains) is for the hapten dansyl. Dan-
syl, 5-dimethylaminonaphthalene-1-sulfonyl.

Figure 2
Binding of IgG-CD59 fusion proteins containing conformation-sensi-
tive CD59 epitopes to dansyl. Purified IgG-CD59 fusion proteins (100
ng/ml) or anti-dansyl IgG4 control antibody were incubated in dansy-
lated BSA–coated microtiter plates. Using standard ELISA technique,
bound IgG-CD59 was determined using a panel of anti-CD59 MABs
that recognize conformational epitopes on CD59. DNS, dansyl; MABs,
monoclonal antibodies.



ples in 1% BSA in PBS was incubated in wells for 1 h at room
temperature, and bound IgG-CD59 was detected by means of
anti-CD59 MABs followed by anti–mouse IgG horseradish
peroxidase–conjugated antibodies and chromogenic sub-
strate. Protein concentration of IgG-CD59 fusion proteins
was determined by either ultraviolet (UV) absorbance (42) or
by using a Coomassie protein assay kit (Pierce Chemical Co.,
Rockford, Illinois, USA).

Fusion protein purification. IgG-CD59 proteins were purified
from culture supernatant by anti-CD59 affinity chromatogra-
phy. Purified anti-CD59 MAB 1F5 or P282 was coupled to
HiTrap NHS-activated affinity columns (Pharmacia Biotech,
Piscataway, New Jersey, USA), as described by the manufactur-
er. Culture supernatants containing IgG-CD59 were adjusted
to pH 7.5 and applied to affinity columns at a flow rate of 0.5–1
ml/min. The column was washed with 6–8 column vol of PBS,
and the fusion protein was eluted with 2–3 column vol of 0.1 M
glycine, pH 2.6. The fractions containing fusion protein were
collected into tubes containing 1 M Tris buffer, pH 8.0, for neu-
tralization, and dialyzed against PBS.

SDS-PAGE and Western blotting. Purified IgG-CD59 fusion pro-
teins were separated in SDS-PAGE 4%–15% acrylamide gradi-
ent gels (Bio-Rad Life Science Research, Hercules, California,
USA) under nonreducing conditions by standard procedures
(48). Gels were stained with Coomassie blue. For Western blot-
ting, separated proteins were transferred to a nitrocellulose
membrane, and the membrane was probed with anti-CD59
MAB MEM43 at a 1:500 dilution in TBS buffer (Bio-Rad Life
Science Research) containing 3% nonfat milk. After washing,
the membrane was incubated with alkaline phosphatase–con-
jugated anti–mouse IgG (Sigma Chemical Co., St. Louis, Mis-
souri, USA) at a 1:2,500 dilution in TBS/3% nonfat milk. The
membrane was developed with 5-bromo-4-chloro-3-indolyl
phosphate/nitro blue tetrazolium substrate (Sigma Chemical
Co.) to reveal CD59-containing bands.

BSA-dansyl labeling of CHO cells. CHO cells were labeled with
dansyl by coupling dansylated BSA to the CHO cell surface.
To couple dansyl to BSA, 16 mg dansyl (Sigma Chemical Co.)
dissolved in 1 ml of acetone was added to 19 ml BSA (100 mg
in 19 ml of Na2CO3, pH 9.5) dropwise at 4°C. The solution
was stirred at 4°C overnight. Excess insoluble dansyl was
removed by centrifugation. Unbound ligand was removed

using a G25 Sephadex column. The collected G25
flowthrough was dialyzed against 0.85% NaCl, pH 7, at 4°C
overnight, and BSA-dansyl concentration was determined by
a Coomassie protein assay kit. To label CHO cells with dan-
sylated BSA, 20 µl of dansylated BSA (5 mg/ml) was added
dropwise to 2 × 106 cells suspended in 0.1 ml of 0.85% NaCl,
and 1.5 ml of CrCl3 (13.2 µg/ml in 0.85% NaCl) was then
added. The cell suspension was incubated at 30°C for 30 min
with gentle rotation. The cells were washed twice with PBS,
and dansyl labeling of cells was confirmed by flow cytometry
(excitation, 362 nm; emission, 550 nm).

Flow cytometry. To detect IgG-CD59 binding to dansyl-
labeled CHO cells, cells were incubated with fusion proteins at
~2 µg/ml final concentration (30 min at 4°C). Cells were
washed twice in DME M and incubated with anti-CD59 MAB
MEM43 (1:500;) 30 min at 4°C). After washing, FITC-conju-
gated anti–mouse IgG (Sigma Chemical Co.) was added (1:200;
30 min at 4°C). Cells were then washed, fixed with 2%
paraformaldehyde in PBS, and analyzed using a FACScan flow
cytometer (Becton Dickinson Immunocytometry Systems,
(San Jose, California, USA). Simultaneous determination of
dansyl-labeled and viable cells in a mixed cell population was
performed by two-wavelength fluorescence analysis, using a
Coulter  Epics Elite(Coulter corp., Miami, Florida, USA). A
mixture of unlabeled and dansyl-labeled CHO cells, both anti-
body sensitized (see below), was incubated with 7.5% (final)
NHS for 45 min at 37°C, either with or without CH1-CD59
fusion protein. Propidium iodide (PI) (10 µg/ml final) was
added to cells, and cells were analyzed for fluorescence at an
excitation of 362 nm (to detect dansyl labeling) and 565 nm
(to detect dead cells that have taken up PI).

Complement lysis assays. CHO cells at 60%–80% confluence were
detached with versene (GIBCO BRL), washed once, and resus-
pended to 106/ml in DMEM. Cells were sensitized to comple-
ment by adding rabbit anti-CHO cell membrane antiserum (10%
final concentration) to cells. An equal volume of NHS diluted in
DMEM was then added. After 45 min at 37°C, cell viability was
determined by either trypan blue exclusion (both live and dead
cells counted) or by adding PI (10 µg/ml) and measuring the pro-
portion of PI-stained dead cells by flow cytometry (44). Cells were
lysed with 0.01% saponin for 100% lysis controls, and heat-inac-
tivated NHS was used for background lysis. Cell lysis assays were
typically performed in 1.5-ml microfuge tubes in a final volume
of 100 µl. To determine the effect of IgG-CD59 fusion proteins
on cell lysis, purified fusion protein (or anti-dansyl IgG4 control)
in PBS was added to dansyl-labeled cells, together with anti-CHO
cell sensitizing antiserum (10% final concentration), and the cells
were preincubated for 15 min before the addition of different
concentrations of NHS, as indicated in our figures.
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Figure 3
Anti-CD59 Western blot analysis of IgG-CD59 fusion proteins. Purified
IgG-CD59 fusion proteins (20 ng) were separated on 4%–15% acrylamide
nonreducing SDS polyacrylamide gels. Proteins were transferred to nitro-
cellulose and CD59 immunoreactive bands detected by means of anti-
CD59 MAB MEM43.

Figure 4
Dansyl labeling of CHO cells. Fluorescent BSA-dansyl conjugate was cou-
pled to the CHO cell surface, and the cells were analyzed by flow cytom-
etry (excitation, 340 nm; emission, 565 nm). The relative fluorescence of
cells coupled with BSA alone (shaded area) and dansylated BSA (unshaded
area) is shown. CHO, Chinese hamster ovary.



Results
Construction of antibody-CD59 fusion proteins. cDNA encod-
ing the 77 amino acids of mature CD59 was inserted at
the 3′ end of the coding sequence for various IgG heavy-
chain fragments. The resulting constructs encoded a pre-
dicted set of fusion proteins consisting of CD59 joined
to an antibody-combining site at the end of CH1, after
the hinge, and after CH3 (Fig. 1). Each construct con-
tained human IgG constant-region genes joined to a
mouse anti-dansyl variable region (38). The CH1-CD59
and H-CD59 constructs (Fig. 1) contained human IgG3
constant regions. The CH3-CD59 fusion was construct-
ed with a human IgG4 constant region. The IgG4 con-
stant region was used in the CH3 construct because IgG3
Fc, but not IgG4 Fc, activates complement.

Expression and characterization of antibody-CD59 fusion pro-
teins. Expression vectors containing heavy chain–CD59
fusion constructs were transfected into the TWS2 cell
line that produces an anti-dansyl light chain (see Meth-
ods). Transfectoma clones secreting IgG-CD59 proteins
with specificity for dansyl were identified by assaying
culture supernatant by ELISA. High-expressing clones

were selected. IgG-CD59 fusion proteins were purified
from culture supernatant by anti-CD59 affinity chro-
matography. Analysis of the purified fusion proteins by
ELISA confirmed that each protein construct specifical-
ly recognized dansyl, and that the IgG-CD59 constructs
that were bound to dansyl were recognized by a series of
MABs specific for conformational epitopes on CD59
(Fig. 2). The amount of purified fusion protein isolated
from culture medium was estimated at 1 µg/ml for CH1-
CD59 and 0.3 µg/ml for H-CD59 and CH3-CD59.

SDS-PAGE and anti-CD59 Western blotting revealed
that purified CH1-CD59 and H-CD59 have molecular
weights of 65,000 and 140,000, respectively (Fig. 3).
These molecular weights are consistent with the pre-
dicted molecular weights of Fab-CD59 and F(ab′)2-
(CD59)2. With the CH3-CD59 preparation, intermediate
antibody chain assemblies are seen. According to molec-
ular-weight analysis, and consistent with previous data
on the secretion of recombinant IgG4 (49), CH3-CD59
consists predominantly of heavy chain–light chain
dimers (H2L2) and HL forms (molecular weights of
200,000 and 100,000, respectively). 

H2L2 and HL forms would both contain dansyl-com-
bining sites, and as predicted, BSA-dansyl–coupled
agarose immunoprecipitated both major CH3-CD59
forms (data not shown).

Targeting of IgG-CD59 fusion proteins to cell surfaces. To test
targeting and complement inhibitory activity of the tar-
geted IgG-CD59 fusion proteins, CHO cells were labeled
with BSA-dansyl. Cell-surface labeling with fluorescent
BSA-dansyl was demonstrated by flow cytometric analy-
sis of cells using UV excitation (Fig. 4). Specific targeting
of each IgG-CD59 fusion protein to dansyl-labeled CHO
cells, but not to unlabeled cells, was shown by means of
immunofluorescent flow cytometry using anti-CD59
antibodies (Fig. 5). In a separate experiment performed
by anti-CD59 immunofluorescent flow cytometry, it was
shown that at a similar molar input concentration of H-
CD59 and CH3-CD59, a similar relative level of CD59
was bound to the cell surface; an input concentration of
160 nM resulted in a relative mean fluorescence of 326
and 358 (corrected for fluorescence of control CHO
cells) for H-CD59 and CH3-CD59, respectively.

Protection of cells from complement-mediated lysis by IgG-
CD59 fusion proteins. Antibody-sensitized CHO cells are
efficiently lysed by human serum complement. However,
the incubation with IgG-CD59 fusion proteins provided
CHO cells with some protection from complement-medi-
ated lysis as might be expected from the presence of solu-
ble CD59 (Fig. 6, top). Nevertheless, in comparison to
unlabeled CHO cells, dansyl-labeled CHO cells were much
more effectively protected from lysis by the IgG-CD59
constructs (Fig. 6, bottom). These data show that the tar-
geting of the IgG-CD59 constructs to the cell surface sig-
nificantly enhances the ability of IgG-CD59 to protect the
targeted cells from complement-mediated lysis, and indi-
cate that for CD59 to function effectively, it must be posi-
tioned close to the site of MAC formation. This conclu-
sion was further supported by the relative effectiveness of
the different IgG-CD59 fusion proteins. At similar input
concentrations, CH1-CD59 was slightly more effective at
protecting dansyl-labeled CHO cells than H-CD59, where-
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Figure 5
Specific binding of IgG-CD59 fusion proteins to dansyl-labeled cells.
Unlabeled or BSA-dansyl–labeled cells were incubated with PBS (a) or
with IgG-CD59 fusion protein (b–d). Binding of IgG-CD59 to cells was
detected by flow cytometry using anti-CD59 MAB MEM43 and appro-
priate FITC-labeled secondary antibody. IgG-CD59 binding to unlabeled
cells (shaded areas) and dansyl-labeled cells (unshaded areas) is shown in
b–d. The figure shows FITC fluorescence, which was separated from
dansyl fluorescence by gating.



as the relative effectiveness of CH3-CD59 was less than half
that of the other two constructs (Fig. 6). Thus, the farther
CD59 was positioned from the antibody-combining site,
the less effective an inhibitor it was. In interpreting these
data with regard to the relationship between CD59 func-
tional activity and its proximity to the membrane, it is
important to note that similar molar input concentra-
tions of H-CD59 and CH3-CD59 resulted in similar levels
of cell-bound CD59 (see above).

The protection of CHO cells from complement-medi-
ated lysis was dose dependent for all IgG-CD59 fusions.
In control experiments, CHO cells were incubated with
anti-dansyl IgG4 in place of IgG-CD59 fusion proteins;
anti–dansyl IgG4 had no effect on the susceptibility of
either unlabeled or dansyl-labeled CHO cells to serum
complement (not shown). Dansyl labeling of cells did
not affect their susceptibility to complement-mediated
lysis in the absence of IgG-CD59 fusion proteins (titra-
tions of cell lysis against serum concentration were per-
formed but are not shown).

The ability of the IgG-CD59 fusion proteins to selec-
tively protect targeted cells in a mixed cell population was

determined. Equal numbers of unlabeled and dansyl-
labeled CHO cells were mixed, and the relative propor-
tion of unlabeled and labeled cells that were lysed by
complement in the presence of either phosphate-buffered
saline (PBS) or CH1-CD59 was determined. Fig. 7a shows
that both unlabeled and dansyl-labeled CHO cells are
equally susceptible to complement in the absence of IgG-
CD59 inhibitor. The concentration of serum used pro-
duced ~50% cell lysis. However, in the presence of CH1-
CD59, 80% of dansyl-labeled CHO cells survived serum
treatment (Fig. 7b, upper quadrants). Consistent with data
shown in Fig. 6, top there was also a small relative increase
in the survival of unlabeled CHO cells (compare Fig. 7, a
and b, lower quadrants). These data show that CH1-CD59
provides selective protection to targeted (i.e., dansyl-
labeled) CHO cells in a mixed cell population.

Discussion
Inhibition of the complement system may provide an
effective strategy for therapy of autoimmune and
inflammatory conditions and disease states associated
with bioincompatability. A safe and effective pharma-
ceutical inhibitor of complement is not available, and
research has largely focused on developing recombinant
soluble inhibitors based on host membrane-bound
complement-regulatory proteins, or on developing com-
plement-specific antibodies (50).

In the absence of serum, native and recombinant CD59
containing a GPI anchor will spontaneously insert non-
specifically into cell membranes (51–54) and effectively
protect cells from complement-mediated lysis. However,
in the presence of serum, CD59 is not effective, probably
due to its binding to lipoproteins (55). The effectiveness
of soluble CD59 against serum complement–mediated
lysis is improved by removal of its GPI anchor, but its
activity relative to membrane-bound CD59 is still low (9,
51). In an attempt to develop an improved CD59-based
complement inhibitor, we have examined the feasibility of
targeting CD59 activity to specific tissues. We report the
generation of recombinant IgG-CD59 chimeric fusion
proteins that retain both serum complement inhibitory
activity and antigen-binding specificity. The IgG-CD59
fusion proteins can be targeted to a specific cell surface
and provide the targeted cell with protection from com-
plement-mediated lysis. Untargeted IgG-CD59 fusion
proteins were much less effective than their cell-targeted
counterparts at inhibiting MAC-mediated cell lysis, indi-
cating that the normal functioning of CD59 requires that
CD59 be positioned close to the site of MAC formation.
This feature of CD59 function is in contrast to that of
inhibitors of complement activation (CR1, DAF, MCP),
which function effectively as soluble untargeted proteins.

The univalent CH1-CD59 fusion protein was the con-
struct most effective at protecting targeted cells from
complement-mediated lysis, even though H-CD59 and
CH3-CD59 both contain dimerized CD59 and bivalent
antigen-binding sites. CH3-CD59 effectively bound to
targeted cells but did not provide efficient protection
from complement-mediated lysis. It has been reported
previously that some molecules fused at the end of CH3
lose activity (56, 57). However, the relative ineffectiveness
of CH3-CD59 may be related to its larger size, in
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Figure 6
Inhibition of complement-mediated cell lysis by IgG-CD59 fusion pro-
teins. CHO cells were incubated with the indicated concentration of IgG-
CD59 fusion protein or IgG4 control antibody and then sensitized to
complement using anti-CHO cell membrane antiserum. Human serum,
to a final concentration of 10% (resulting in 75%–90% lysis of unprotect-
ed CHO cells), was then added, and cell lysis was determined after 45
min at 37°C. The figure shows the dose response of IgG-CD59 fusion
proteins on complement-mediated lysis of unlabeled (top) and dansyl-
labeled (bottom) CHO cells. Background lysis (cells incubated in heat-
inactivated human serum) was <10% and was subtracted. Results are
mean ± SD of five determinations.



whichCD59 is likely held at a greater average distance
from the targeted cell membrane. Such a conclusion is
consistent with our data indicating that CD59 must be
in close proximity to the membrane to bind the assem-
bling MAC and prevent cell lysis. In addition, it was
shown previously that recombinant membrane-anchored
CD59-DAF fusion proteins retained CD59 function only
when CD59 was linked directly to the membrane and not
when fused distal to DAF (58). In the current study,
although CD59 is attached distal to the IgG antigen-
combining site, the binding of IgG-CD59 via its antigen-
binding site(s) does not necessarily fix CD59 at a perpen-
dicular distance from the membrane, as is likely for
membrane-anchored DAF-CD59 fusion proteins.

Clearly, the spatial relationship between CD59 and the
site of MAC assembly is an important consideration for
CD59-based therapeutic complement inhibitors. The lin-
ear distance of the spacer peptide used at the IgG COOH-
terminus in the IgG-CD59 fusion proteins is about 50
nm. The average diameter of CD59 is about 25 nm, and
computer models of IgG-CD59 fusion proteins revealed
that a much shorter spacer would be unlikely to interfere
with the protein folding and function of either fusion
partner. Computer modeling also revealed that it may be
possible to prepare a functional construct by linking

CD59 to the NH2-terminus of the variable region. Such a
construct would place the antigen-binding site and the
proposed CD59 active site (44, 59) in very close proximi-
ty to each other. In these studies we have used antibodies
specific for the hapten dansyl to protect dansylated CHO
cells. However, with the available vectors, it is straight-
forward to change the binding specificity of the antibody.
Therefore, this approach potentially can be used to pro-
vide protection to any cell population recognized by a
specific antibody. Potential targets include tissue-specif-
ic antigens, markers of inflammation (such as cell adhe-
sion molecules), and foreign antigens on xenotrans-
planted tissues and organs. However, the location of the
epitope on a target antigen will affect the position of
bound CD59 relative to the cell membrane and is likely
to be an important consideration in the design of an
effective tissue-specific IgG-CD59 protein.

Many proteins have been fused with Fc regions for the
purpose of increasing circulatory half-life and increas-
ing their binding affinity due to dimerization by anti-
body chains. Inhibitors of complement activation (e.g.,
CR1 [60] and mouse Crry [61]) have previously been
fused to IgG fragments but have not been targeted to
cells. It is possible that inhibitors of complement acti-
vation that act at an early step in the amplification cas-
cade may be more protective of complement-mediated
injury than CD59 (an inhibitor of the terminal path-
way). However, because early complement pathway acti-
vation products are important in host response to infec-
tion and immune complex catabolism, there may be
circumstances when inhibiting C5b-9 formation, but
leaving the complement activation pathway intact, may
be of benefit. In this respect, the terminal C5b-9 com-
plex has been implicated in the pathogenesis of several
diseases. Our data indicate that only CD59 that is tar-
geted and bound to the site of MAC formation is likely
to be a clinically effective inhibitor. The reported
approach of targeting complement inhibition may also
be appropriate for inhibitors of complement activation,
because their targeting would permit a much lower
effective serum concentration and would minimize
undesirable systemic effects.
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