Cancer Immunol Immunother (2006) 55: 987-995
DOI 10.1007/s00262-006-0136-8

SYMPOSIUM PAPER

Ian Spendlove - Judith M. Ramage - Richard Bradley
Claire Harris * Lindy G. Durrant

Complement decay accelerating factor (DAF)/CD55 in cancer

Received: 17 November 2005/ Accepted: 14 January 2006 / Published online: 17 February 2006

© Springer-Verlag 2006

Abstract The complement system is a powerful innate
mechanism involved in protection of the host against
pathogens. It also has a role in the clearance of apop-
totic cells and has been implicated in a range of
pathologies including autoimmunity and graft rejection.
The control of complement is mediated through the
complement regulatory proteins (CRPs). These are
present on most cells and protect normal cells from
complement-mediated attack during innate activation.
However, in a range of pathologies and cancer, these
molecules are up or down regulated, sometimes secreted
and even lost. We will review the expression of CRPs in
cancer, focussing on CDS55 and highlight other roles of
the CRPs and their involvement in leukocyte function.
We will also provide some data providing a potential
mechanism by which soluble CDS55 can inhibit T-cell
function and discuss some of the implications of this
data.
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Introduction

The complement system provides a powerful means of
control of both pathogenic organisms and clearance of
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apoptotic cells. It forms a large component of the in-
nate immune system and through its activation serves
to bridge innate and adaptive immune responses. The
complement proteins are a heterogeneous mixture of
more than 30 proteins found in plasma and on the cell
surface. The main components are proteolytic
enzymes, which when activated allow activation of the
next component in the cascade. The central regulatory
components are the active C3 convertases (C4b2a and
C3bBb) and C5 convertases (C4b2a3b and C3bBb3b)
which serve to amplify the cascade [81, 82]. This
results in the deposition of complement components,
primarily C3b and iC3b; then, following further
cleavage, C3c and C3dg [53, 43]. These act as opsonins
for various receptors of the C3 products. These com-
plement receptors are present on different cell subsets
and are known to modulate various effector functions
on these cells. Left unchecked, the complement cascade
leads to the eventual formation of the C5b-9 pore-
forming membrane attack complex (MAC). Under
pathological conditions, this leads to a rapid depolar-
isation of the cell membrane and lysis. However,
non-lethal MAC formation is also known to result in
cellular activation, indicating that tight control of
MAC formation may influence regulation of cellular
immune responses [58].

The C3 convertase can be activated in one of three
ways. The classical pathway is activated by antibodies
(in humans, IgGl, IgG3 and IgM). These are recog-
nised by the C1 components which become activated
and cleave C4 to C4b/C4a, deposition of 4b onto cells
and association with 2a to generate the C3 convertase.
The mannose-binding lectin, which recognises terminal
mannose residues on a range of microbes, results in a
similar activation of the classical pathway C4b2a
convertase. The alternative pathway activation follows
breakdown of C3 to C3b/C3a, deposition onto cells
and association with factor B. Activation of the C3
convertase results in amplification of the cascade and
an increase in the production of the soluble anphyla-
toxins (C3a and C5a) which act as chemokines
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recruiting a range of cells to sites of complement
activation. The amplified cascade also results in the
deposition of C3 fragments and the C5b-9 components
on the cell surface, resulting in formation of the MAC
[60].

The membrane bound complement regulatory
proteins (mMCRPs)

During complement activation, normal cells in the local
environment are susceptible to complement-mediated
damage. In order to protect host cells from bystander
killing and as a mechanism of regulation of complement,
all cells have complement regulatory proteins (CRPs)
associated with their cell membranes. This group of
proteins, CD35, CD46, CD55 and CD59, all contribute
to the inactivation of complement and thus dampen the
activated complement cascade. They belong to the reg-
ulators of complement activation (RCA) family and are
charactrerised by the presence of short consensus repeat
(SCR) domains [31].

CD35 (complement receptor 1; CR1) is broadly re-
stricted in expression to haematopoietic cells including
monocytes and granulocytes. It acts as a cofactor for a
soluble complement regulator (factor I; fI) and together
they cleave C3b to iC3b, and then C3c and C3dg, thus
regulating C3 convertase activity [5].

CD46 (membrane cofactor protein) works like CD35
in acting as a cofactor for fI, cleaving the C3b and C4b
components of complement. It is expressed on virtually
all cells except erythrocytes and two splice variants can
often be found on the same cell type [70].

CD59 (Protectin) is glycosyl phosphatidylinositol
(GPI), anchored to the cell membrane. Its expression is
similar to that of CD55 and together they are notable
markers of the haematopoietic clonal disorder parox-
ysmal nocturnal haemoglobinurea (PNH). This condi-
tion is characterised by a susceptibility to red blood cell
(RBCQ) lysis due primarily to the lack of CDS59. It acts by
sequestering the C8 and C9 components, preventing C9
polymerising into the pore-forming MAC. CD59 acts as
a last line of regulation of complement prior to MAC
formation and along with CD46 and CDS55 protects
normal cells from bystander complement-mediated
damage [57, 15].

CD55 (decay accelerating factor; DAF) is also a
GPI-anchored protein that is expressed on the surface
of virtually all cells. It functions by dissociating the C3
convertases (C4bC2a and C3bBb) and consequently
the C5 convertases into their component parts, after
which they are no longer able to reassociate. Unlike
CD35 and CD46, CDS55 does not act in a proteolytic
way but accelerates the decay of the convertases.
Recent studies have shown that the kinetics of asso-
ciation/dissociation of C3bBb with CDS55 were too
rapid for affinity measurements to be made by biacore
[25].

Decay-Accelerating Factor and Cancer

The cytoprotective role of mCRPs has made them an
attractive target in a number of clinical situations, pri-
marily where the use of monoclonal antibodies has been
employed. In recent years, this has included an increas-
ing number of anti-tumour antibodies. Their mecha-
nisms of action vary and are often complex including
multiple effector functions. The EGF receptor antibod-
ies can, according to the specific antibody, block ligand
binding, receptor dimerisation and induce apoptosis/
oncosis. These clinical antibodies also have the potential
of activating complement and associated cellular mech-
anisms. Complement-dependent cytotoxicity (CDC) is
mediated by the C1 complex-initiated complement acti-
vation. This results in anaphylatoxin production and
deposition of C3b fragments on the target cells. The
endpoint of this reaction is MAC formation and cellular
lysis. Antibody-dependent cellular cytotoxicity (ADCC),
where recognition of the Fc portion of the antibody by
Fc-receptor expressing NK cells, monocytes/macro-
phages and granulocytes results in activation of phago-
cytic or lytic properties of the effector cells. Recently, it
has been demonstrated that the membrane-associated
C3 fragments, particularly iC3b, can enhance
ADCC. This occurs by recognition of iC3b by the CR3
receptor in conjunction with antibody-Fc-receptor
(CR3-enhanced ADCC). However, engagement of iC3b
alone appears not to be sufficient to activate effector
cells. For this to occur requires bacterial polysaccharides
such as f-glucan to prime the CR3 receptor (reviewed in
[17]). However, many of the clinically used antibodies do
not rely heavily on this mechanism due to the presence
of mCRPs on the surface of tumour cells that can
effectively regulate complement-mediated lysis induced
by antibodies to tumour antigens [7]. Since these early
studies, the expression of mCRPs has been measured in
a range of tumours and variations in expression are
found, although it would appear that there is a general
increase in expression of the different CRPs and that
these vary between tumour types, reviewed in Fischelson
[14]. CD55 has been measured in a range of tumour
types when an antibody 791T/36, later identified as
recognising CDS55 [78], was used to image tumours
including colon [42, 45, 13, 1, 27], breast [48, 84], lung
[80], gastric [33, 27, 45], ovarian [4,79,3], thyroid [61],
prostate [16], pancreatic [72,8], melanoma [73], glioma
[51], oesophageal [75, 30] and cervical cancer [77], where
there generally appears to be a dysregulation of
expression with some tumours overexpressing CDS55
while others appear to have a reduced expression.

Prognosis
It has frequently been suggested that loss of expression

of one of the regulators would be compensated by
increase in expression of one of the others. Analysis of



tissue microarrays has begun to address this issue. A
large series of both breast (»=_800) and colorectal car-
cinoma tissue (n=1500) archives have been used to cha-
racterise expression patterns of the CRPs and determine
their influences on prognosis. In breast carcinoma, >90
% of tumours expressed both CD55 and CDS59; the
majority of these only had weak expression and loss of
expression for both markers was associated with poor
survival [50,48]. This, however, was in contrast to
colorectal carcinoma in which overexpression of CD55
was seen to be a marker of worsening prognosis [10], and
CD59 followed a similar trend [83]. In both these stud-
ies, CD46 showed the least variation in expression levels
and was also found on most of the tumours [83,49].
Preliminary analysis of these tumours for expression of
all the CRPs indicates that at least one of the CRPs is
always expressed and supports the hypothesis that loss
of one CRP may be compensated by up-regulation of
another (unpublished observation). Whether the varia-
tions in expression reflect the activities of ongoing im-
mune surveillance involving complement or are a result
of dedifferentiation of the tumours remains unclear.

Soluble CRPs

Soluble complement regulatory proteins (sCRP) have
been reported in blood, urine and tears at low levels [54].
Similarly, in a range of chronic inflammatory condi-
tions, there have been reports of elevated sCRPs. sCD55
has been reported in rheumatoid arthritis and in
inflammatory bowel disease [54, 45, 32]. Similarly, there
are reports of extracellular and sCRPs in a range of
tumours including the ascities of ovarian carcinoma [4,
3], gastric and colorectal cancer. These observations
originated from the use of a tumour-targeting antibody
791T/36, which was used in immunoscintigraphy studies
on a range of tumours. These included osteosarcoma
[67, 64, 12], gastric, colorectal, pancreatic [27] and
ovarian carcinoma [63] and also metastatic disease in the
liver [2]. In each of these, the antibody showed specificity
for the tumours. Explant and histological analysis re-
vealed that the antibody localised to both the stromal
and cellular components of many of these tumours [65].
During these early studies, there were no adverse effects
observed in over 100 patients imaged from the use of an
anti-CD55 targeting antibody, which is supportive of the
proposals of using CD55 targeting strategies for a range
of antibody-mediated immune therapies. The aim of
these studies is to enhance the action of these tumour-
targeting antibodies by utilising CRP blocking anti-
bodies [17, 76].

The presence of extracellular and soluble CRPs has
been reported in a range of pathological conditions.
CD46 has been shown to be shed from tumour cells in
ascites of ovarian carcinoma by metalloproteinases [20].
Similarly, secretion of CD59 has been observed in a
number of cell lines and in ascitic fluid of ovarian cancer
[3, 36, 15].
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CD55 has been reported in the synovial fluid of
rheumatoid arthritis [35] and IBD. In colorectal cancer
and IBD, sCD55 is present in stool [41, 37]. This was
shown to be released by protease activity, is a marker of
poor prognosis and has been proposed as a diagnostic
marker [41]. A range of cell lines from different cancers
are known to deposit CD59 and CDS55 into their
extracellular matrix [29, 45, 59, 15]. Similarly, this
extracellular deposition of CDS55 is seen in colon and
gastric [45, 59] cancer.

Alternative roles for CRPs

The presence of extracellular and soluble forms of CRPs
has obvious cytoprotective effects, particularly as these
forms appear to maintain their regulatory activity [59,
54]. However, there is also increasing evidence that the
CRPs have a wider range of activities than regulation of
complement. Co-ligation of CD46 and CD3 has been
shown to costimulate T cells resulting in increased
effector function [85, 38]. In naive T cells, this has been
shown to stimulate the production of a T-regulatory
phenotype which can exert their regulatory function by
perforin-mediated killing of target cells [19]. Similarly,
CD59 has been shown to co-stimulate NK cell activity
but only in association with restricted co-receptors and
has also been shown to be involved in CD3-mediated
signalling of T cells [52, 6, 66]. CD55 has been shown to
co-stimulate T cells when engaged and cross-linked by
antibodies [74, 9]. Recently, CD55 was demonstrated to
be a ligand for CD97, a member of the EGF-TM7
family of receptors. CD97 is an early activation marker
on leukocytes that appears absent from thymic cells and
is upregulated within 4 hours of activation of T-cell [11].
CD97 was identified as a receptor for CD55 when
CD97-transfected cells were shown to interact with
RBCs that could be inhibited with antibodies to both
CDS55 and CD97 [22].

Methods

CDS55 was purified as previously described [78]. Briefly,
2x10° 791 T cells were harvested and lysed (50 mM Tris—
HCI pH 8.5, 150 mM NaCl containing 1% octyl glu-
coside and proteinase inhibitors: 0.1 mM PMSF, 5 mM
EGTA 25 mM benzamidin, 10 pg/ml leupeptin (Sigma,
UK)) for 1 h at 4°C. Cell lysate was cleared by centri-
fugation at 13,000¢ for 10 min and 100,000g for 30 min.
Affinity chromatography was carried out on protein
A-Sepharose cross-linked to 791T/36 MAb and the
column washed with 50 mM Tris—HCI pH 8.0, 0.3 M
NaCl, 0.1% NP-40. Antigen was eluted with 50 mM
diethylamine pH 11.5, 0.5% NP-40, neutralized by
adding 200 pl of 1 M Tris—HCI pH 8.0 and analysed by
SDS-PAGE and silver staining. Protein concentration
was measured by bicinchoninic acid (BCA) protein assay
kit (Sigma—Aldrich, UK) and dialysed twice against
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sterile PBS prior to use. Recombinant CD55-Fc¢ was
generated as previously described [24]. Briefly, SCR
domains 1-3 and 1-4 were PCR cloned inframe and 5’ to
a human IgG1 Fc region. CHO cells were transfected
and supernatant collected for CD55-Fc fusion protein
purification. Protein was purified on protein-A sepha-
rose, eluted and dialysed against PBS. Recombinant
proteins were tested against a range of anti-CDS55 anti-
bodies and also for their ability to inhibit complement
deposition [24].

T-cell media (TCM) comprised batch-tested RPMI
1640 supplemented with 100 U/ml penicillin and 100 pg/
ml streptomycin, 2 mM glutamine, 20 mM HEPES,
2 mM sodium pyruvate, 1:100 non-essential amino acids
(Sigma—Aldrich, UK.), 5% heat-inactivated (HI) Hu-
man Male AB serum (5%)(First Link, UK).

FACS analysis

Cells were harvested and immunolabelled with 1 pg of
antibody per 1x10° cells for 1 h at 4°C. Cells were then
washed and FITC goat anti-mouse used as the detecting
antibody for 30 min at 4°C prior to analysis by FACS
scan (Becton Dickenson). The adherent monocytes cells
were immunolabelled with antibodies to CD55, CDI14,
MHC class I, MHC class Il and CD3 (as an indicator of
T-cell contamination). T cells clones were immunola-
belled with antibodies to CD3, CD4, CD8, CD16, CD45
RA/RO, CD56 (Dako Ltd, UK) and CD97 (gift from
Jorg Hamann).

Generation of T-cell clones

Peripheral blood mononuclear cells (PBMC) were ob-
tained from heparinised blood, separated by centrifu-
gation over histopaque 1077 (Sigma, UK), washed and
re-suspended in TCM. T cells were generated by seeding
PBMCs at 2x10° cells/well on a 24-well plate for 7 days
with 20 pg/ml peptide (CD4 peptide was from the Tie-2
receptor tyrosine kinase [GGITIGRDFEALMN
QHQDPLEV], the CD8 peptide was also from Tie-2 and
contained within this sequence [ITIGRFEAL] [68]. The
responding T cells were cloned by limiting dilution at 5,
1 and 0.5 T cells/well in 20 pl terasaki wells using 1x10°/
ml irradiated autologous PBMC as antigen-presenting
cells (APC), 50 U/ml recombinant IL2 and 20 pg/ml
peptide. Clones were expanded at 21 day intervals by
restimulation with 5x10° /ml irradiated allogeneic
(PBMC), 1L2 (50 U/ml) and 2 pg/ml phytohaemagglu-
tinin (PHA). Antigen-specific proliferation of clones was
examined at least 10 days after restimulation with PHA.
The specificity of clones was assessed by co-culture of
(2-4)x10* T cells, with peptide and either 5x10* autol-
ogous irradiated PBMC or 1x10° PBMC adhered for 2 h
before removal of non-adherent cells.

PBMCs (100 pul) were seeded at (1-2)x10° cells/ml in
a flat-bottomed 96-well plate (Nunc). The cells were

incubated at 37°C and 5% CO, for 1 h. Wells were
washed three times in PBS to remove any non-adherent
cells and the PBS replaced with 100 pl of TCM. T cells
were washed twice in TCM and 100 ul added to the
relevant wells at 5x10° cells/ml with peptide. Cultures
were incubated at 37°C for three days. *H-Thymidine
(0.5 uCi/well) was added 6 h prior to harvesting and
counting on a TopCount (Becton Dickenson) scintilla-
tion counter.

Blocking assays were set up as for the proliferation
assays with the following modifications; Soluble CD55
was added to the monocyte cultures immediately prior
to the addition of T cells. Blocking antibodies were ad-
ded to the relevant cells at 10-20 pug/ml for 1 h at room
temperature. Cells were then washed twice in TCM prior
to addition to the cultures. To neutralise CDS5S5, equal
amounts of antibody and CD55 were incubated together
for 1 h at room temperature prior to inclusion in the
cultures.

Cytokine measurement

Proliferation assays were set up as described above.
Following 3 days of incubation and prior to thymidine
pulsing, 100 pl of culture media was removed and as-
sayed for the presence of IFN-y using the cytometric
bead array (CBA) (Becton Dickenson) according to the
manufacturer’s protocol. Briefly, cytokine capture beads
were added to the samples or cytokine standards in flow
cytometry tubes. These were vortexed and fluorescent
detection antibody added to each tube. The samples
were incubated at room temperature for 3 h. Beads were
pelleted by centrifugation, washed twice and resus-
pended prior to reading by FACScan. Standard curves
were plotted from 10 points dilutions of cytokines and
data for samples converted to pg/ml cytokine.

Results
Soluble CD55 inhibits T-cell proliferation

We and other authors have demonstrated that CD55
exists in the extracellular matrix of tissues in various
pathological conditions. It has also been hypothesised
that extracellular CD55 plays an important role in the
maintenance of these pathologies; however, direct evi-
dence has not been demonstrated. The expression of
both CD55 and CD97 were assessed on well-character-
ised T cells clones (Table 1) and APCs, respectively
(Fig. 1a, b). To investigate the effects of sCDS55, prolif-
eration assays were established and purified sCD55 was
introduced into cultures of adherent monocytes just
prior to addition of T-cell clones. The result was a
consistent decrease in proliferation by 20-80%. This was
also demonstrated at a range of peptide concentrations
(Fig. 2a) with a greater effect being observed at lower
levels. Furthermore, increasing concentrations of sCD55
showed a titratable effect on T-cell proliferation



Table 1 T cells were characterised for expression of common
markers by FACS analysis. Two antibodies recognising CD97 were
used, CLB97/1 (1) to the amino terminal EGF-like domains and
CLB97/3 (3) to the membrane-proximal stalk region. Cells (5x10°)
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were labelled with primary antibody, washed and stained with
FITC-goat anti mouse and analysed by FACScan (Becton Dick-
enson). The mean fluorescence intensity values are provided (MLF)

Clone Marker (MLF)

CD3 CD4 CDS8 CD356 CD45RO CDI16 CD97 (1) CD97 (3)
CM 450 900 7 8 85 6 9380 850
JR 400 4 1007 76 90 5 725 745

(Fig. 2b). The sCD55 was purified from cells by affinity
purification and contained an intact GPL anchor. It has
been reported that GPL-anchored proteins can re-insert
themselves back into membranes, which may have had
an effect on the assays. We therefore generated two
soluble recombinant CD55-Fc fusion proteins, the first
containing SCR domains 1-3 and the second containing
all four SCR domains [24]. These were tested and were
recognized by a range of CD55 monoclonal antibodies.
They were also functional in terms of ability to inhibit
complement [26]. Both recombinant forms of CDS55
were able to inhibit T-cell proliferation to a level similar
to that of purified sCD55 (Fig. 3, 4). However, the
inhibitory effects were not observed with Tie-2-Fc, an Fc
fused to the extracellular region of the receptor tyrosine

a) CD97 expression on T cells
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Fig. 1 FACS analysis of (a) T cells for CD97 expression and (b)
adherent PBMCs for CD55 expression. Cells (5x10°) were labelled
with primary antibody, washed and stained with FITC-goat anti
mouse and analysed by FACS scan (Becton Dickinson)

kinase Tie-2. This supports the inhibitory effect of
sCD55 and indicates that the Fc domain does not
influence the assays.

a) Inhibition of T cell proliferation with soluble CD55
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Fig. 2 (a) T-cell assays were set up with autologous adherent
monocytes, resting T cells and cognate peptide (black bars). In each
of three assays (A, B + C), 5 pg of soluble CD55 (white bars) was
added to the cultures prior to the addition of T cells. X represents
background proliferation of T cells cultured with APCs in the
absence of peptide. Values represent the means and standard
deviations of quadruplicate samples (*P values <0.02). (b) In a
repeated assay, quadruplicate cultures were treated with three
different concentrations of soluble CD55 prior to the addition of T
cells. Proliferation was measured after 3 days by 6 h thymidine
incorporation and analysed by scintillation counting (*P val-
ues < 0.0003 to 0.0001)
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Fig. 3 Proliferation assays were established with autologous
adherent monocytes, resting T cells and cognate peptide at 1.0
and 0.1 pg/ml. Soluble CDS5 (5 pg/ml) (black bars), purified
recombinant CD55 SCR 1-3-Fc or CD55 SCR 1-4-Fc (20 pg)
(hatched bars) or recombinant Tie-2-Fc (20 pg) (grey bar) was
added to the cultures prior to the addition of T cells. Proliferation
was measured after 3 days by 6 h thymidine incorporation and
analysed by scintillation counting. Percentage proliferation is
presented compared to cells treated with peptide alone

Using the antibody BRIC 216 that is known to block
the interaction of CD55 with CD97, we were able to
assess the effects of this antibody on neutralising sCDS5S5,
confirming the specificity of the interaction. Purified

100 A .l. B Peptide alone
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Fig. 4 (a). Proliferation assays were set up with autologous APCs
and cognate peptide at 0.1 pg/ml (black bars). Soluble CDS55
(10 pg/ml) was added to the cultures prior to addition of the T cells
(white bars). Pre-formed CD55-anti-CDS55 complexes were formed
from 10 pg/ml of sCDS55 and 10 pg/ml of anti-CD55 antibody
(BRIC 216) incubated together for 1 h at 4°C (grey bars). This was
added to the cultures prior to addition of the T cells. Standard
errors are plotted from quadruplicate samples

sCD55 was pre-incubated with anti-CD55 antibodies
prior to introduction to the T-cell assays. These assays
demonstrate that the inhibitory effect of sCD55 could be
neutralised, by pre-incubation of the sCDS55 with anti-
CD55 Mab, restoring proliferation (Fig. 5). These
results were also mirrored when IFN-y was measured
from the assays (Table 2). The sCDS55 was able to inhibit
IFN-y production by approximately 70%. This was
reduced to approximately 40% by pre-incubating the
sCD55 with anti-CD55 antibody.

Discussion

CDS55 has recently been defined as a ligand for an early
activation marker on leukocytes (CD97). The functional
consequences of this interaction are now beginning to be
explored. Data from two groups working on CDS55
knockout mice have demonstrated a significant increase
in the magnitude of immune responses in CD55-deficient
mice [47, 28]. It was suggested that this might be due to
involvement of CDS55 expressed on macrophage inter-
acting with CD97 on circulating T cells [55]. More re-
cently, Hamann et al. have demonstrated that the
interaction of CD55 with CD97 has an important role in
the migration of neutrophils in models of both inflam-
matory bowel disease and pneumonia [44]. In this study,
the migration of labelled, transplanted neutrophils was
successfully blocked with anti CD97 antibodies. These
studies have great implications for the role of CD55 in a
range of immunological conditions. They also highlight
the potential role of CDS55 in both complement regula-
tion and modulation of adaptive responses. The precise
role of CD55 in both these situations requires further
clarification. The relationship of these models to human
immunity also requires clarification as there are subtle
differences in the regulation of complement in both
systems, with differences in expression patterns of the
CRPs in different species [56, 23].

We have been studying the overexpression of CDS55
and its potential role in immune regulation. We have
examined the functional role of human CDS55 and its
interaction with CD97 on human peripheral blood
monocytes and T cells, respectively. CD97 is expressed
at height levels on activated T cells but has not been
detected on naive or thymic T cell [11]. CD55, however,
is upregulated on activated monocytes but expression is
lost on differentiation to dendritic cells. These findings
confirm histochemical reports of a lack of expression of

Table 2 Culture supernatants were collected (Fig. 4) and assayed
for IFN-y using a Duoset ELISA (BD). The concentrations were
calculated from IFN-y standard curve. The values shown are from
four replicates of cultures containing 0.1 pg/ml of specific peptide

Peptide alone +sCDS55 + (BRIC 216-sCD55)
IFN-y (pg/ml) 900 200 400
% Reduction — 78 45




CD55 on DCs, except follicular DCs [34]. This implies
that any functional interaction between CD97-express-
ing T cells could be with CD55-expressing monocytes.
We, and others, have shown that CDS55 is present in the
extracellular matrix and as soluble forms in a range of
pathological conditions, including rheumatoid arthritis
and inflammatory bowel disease.

We have demonstrated that purified sCDS55 is
capable of inhibiting T-cell effector function. Both the
purified sCD55 and the recombinant forms maintained
their complement inhibitory activity and were also
effective in inhibiting T-cell function. The latter was
reflected by decreases in both proliferation and IFN-y
secretion. The ability of soluble ligands/receptors to
modulate T-cell responses is well documented. Leu-
kocyte functional antigen 1 (LFA-1) interacts with
intercellular adhesion molecules, ICAM 1 and 2. Re-
cently, it has been shown that subsequent signaling via
LFA-1 is sufficient to lower the threshold for T-cell
activation and Th-1 commitment [62]. This function
was abrogated by the presence of soluble ligands such
as sSICAM-1 [18].

Another ligand that has been shown to lower the
threshold for T-cell activation is MICA, an MHC-like
family member. This interacts with NKG2D on CD8 T
cells and NK cells, lowering the threshold for activation
in response to stress [69]. Like ICAM-1 and CDS5S5,
MICA has also been shown to be present as a soluble
form, particularly in chronic inflammatory situations
and cancer [71]. It has been proposed that production of
soluble forms of those molecules involved in T-cell reg-
ulation may be a process by which the immune system
attempts to dampen responses that cannot be resolved.
In these situations, soluble ligands may act as decoy
receptors, preventing both adhesion and any potential
downstream signalling leading to cellular activation.

The inhibitory effect of sCD55 was demonstrated
with both purified and soluble CD55, reducing the level
of proliferation and IFN-y secretion. This was con-
firmed by antibody-blocking data that was successfully
able to neutralise the sCDS55. These results support
previous data [22,46,21], while adding a potential
functional consequence to this interaction. The
expression pattern and behaviour of CD55-CD97 is
similar to that shown for a number of other ligand—
receptor pairs including CD28-B7.1/7.2, ICAMI1-LFA-
1 and NKG2D-MICA/B. These molecules play diverse
roles in the regulation of immune responses, from the
co-stimulation of naive T cells [40] to the peripheral
regulation of regulatory and effector T cells [39]. This
was elegantly demonstrated during the analysis of T
cells from the epithelium of inflamed gut. The T cells
analysed showed an upregulation of the NKG2D
receptor in response to IL-15 secreted by stressed gut
epithelium. Engagement of this receptor with its stress-
induced epithelial ligands, MICA/B, resulted in lower-
ing the threshold for release of effector function. This
identified a direct mechanism of peripheral T-cell reg-
ulation in vivo [69].
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This rapidly evolving field has identified a number of
secondary functions for the CRPs including cell adhe-
sion leukocyte co-stimulators stimulation and mediators
of regulatory T cells. The mechanisms that result in
production of soluble complement regulators and the
role they play in the pathogenesis of these diseases
remains to be identified. However, their presence and
overexpression potentially make them a good thera-
peutic target.
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