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AbstractmTo avoid destruction by complement, normal
and malignant cells express membrane glycoproteins that
restrict complement activity. These include decay-acceler-
ating factor (DAF, CD55), membrane cofactor protein
(MCP, CD46) and protectin (CD59), which are all ex-
pressed on colonic adenocarcinoma cells in situ. In this
study we have characterised the C3/C5 convertase regula-
tors DAF and MCP on the human colonic adenocarcinoma
cell line HT29. DAF was found to be a glycosyl-phospha-
tidylinositol-anchored 70-kDa glycoprotein. Blocking ex-
periments with F(ab9)2 fragments of the anti-DAF mono-
clonal antibody BRIC 216 showed that DAF modulates the
degree of C3 deposition and mediates resistance to comple-
ment-mediated killing of the cells. The expression and
function of DAF were enhanced by tumour necrosis factor
α (TNFα) and interleukin-1β (IL-1β). Cells incubated with
interferonγ (IFNγ) did not alter their DAF expression. Two
MCP forms were expressed, with molecular masses of
approximately 58 kDa and 68 kDa, the lower form pre-
dominating. MCP expression was up-regulated by IL-1β,
but not by TNFα or IFNγ. Expression of DAF and MCP
promotes resistance of colonic adenocarcinoma cells to
complement-mediated damage, and represents a possible
mechanism of tumour escape.
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Introduction

Both clinical and experimental studies suggest complement
activation to be involved in immunological surveillance

against tumour cells [2, 8, 24, 38]. Complement (C) may be
activated on tumour cells by immune complexes [8],
spontaneous activation of C3 during “tick-over” of the
alternative pathway [25], as a consequence of tissue ischae-
mia and necrosis [9], and by tissue destruction during the
invasion process. In addition tumour cells are also directly
exposed to complement components in blood during the
processes of invasion and metastasis [38]. Despite deposits
of immune complexes and complement activation products
[3, 7, 24, 38], tumour cells have restricted susceptibility to
complement-mediated damage [9, 25]. This resistance is, to
a great extent, mediated by membrane-bound complement-
regulatory proteins [2, 6, 9, 11, 14, 26, 34, 37, 38] and cell
membrane repair mechanisms [20, 31].

The formation of the C3/C5 convertase enzymes is a
critical event in the complement-activating sequences [30],
supporting the main functions of complement; opsonization
via generation of C3b and C4b, intensifying inflammation
by generation of anaphylatoxins (C3a, C4a and C5a) and
chemoattractants (C3a and C5a) and initiation of MAC
assembly via the formation of C5b. The formation and
activity of the C3/C5 convertase enzymes are regulated
intrinsically on cells by the membrane-bound proteins
decay-accelerating factor (DAF, CD55) and membrane
cofactor protein (MCP, CD46) [17, 23]. DAF is a glyco-
syl-phosphatidylinositol-anchored 70-kDa glycoprotein that
prevents the assembly and promotes the decay of the C3
and C5 convertases of both the classical and alternative
pathways. However, DAF does not inactivate C3b/C4b
irreversibly, and leaves C3b/C4b with the potential to
generate new C3/C5 convertases [23]. MCP is a widely
distributed C3b/C4b-binding dimeric protein with molecu-
lar masses of 50–58 kDa (lower form) and 59–68-kDa
(upper form) and serves as cofactor for the plasma serine
protease factor I, which irreversibly inactivates C3b and
C4b [16]. Thus, DAF and MCP act in complementary
fashion in protecting host cells from complement-mediated
damage.

On normal colorectal epithelial cells DAF is sporadi-
cally expressed apically [12, 18]. The expression pattern is
changed, and the expression is up-regulated on the malig-
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nant cells of a considerable percentage of colon carcinomas
[12, 32]. In addition, the presence of MCP has been
described throughout the epithelial compartment of colo-
rectal mucosa and carcinomas [10, 13, 32, 33], and the
MCP antigen density also appeared to be higher in the
neoplastic than in the adjacent non-neoplastic epithelium
[13, 32]. These observations drew our interest to the
possible mechanisms of up-regulation, and subsequently
the role of these proteins in colorectal malignancies.

Materials and methods

Reagents and antibodies

Trypsin and phosphatidylinositol-specific phospholipase C (PI-PLC)
(Boehringer Mannheim, Mannheim, Germany), RPMI-1640 medium
and glutamine (Bio Whittaker, Md., USA), fetal calf serum (Sera Lab,
Sussex, UK), penicillin (AL, Oslo, Norway), streptomycin (Glaxo,
Middlesex, UK), fungizone (Flow Laboratories, Irvine, Scotland),
rabbit anti-(human carcinoembryonic antigen) (CEA, purified im-
munoglobulin fraction), fluorescein-isothiocyanate(FITC)-conjugated
F(ab9)2 rabbit anti-(mouse Ig), biotinylated rabbit anti-(mouse Ig),
avidin/biotin/horseradish-peroxidase complexes (ABComplexes/HRP;
Dakopatts, Glostrup, Denmark), human recombinant interleukin-1β
(IL-1β) (sp.act 2.5× 108 IU/mg), human recombinant tumour necrosis
factor α (TNFα) (sp.act 2.0 × 107 IU/mg) (British Bio-Technology
Products, Oxon, UK), and human recombinant interferonγ (IFNγ)
(sp.act 2.5 × 108 IU/mg) (Genzyme Corporation, Mass., USA) were
purchased as indicated.

The mAb BRIC 220 (IgG1) and BRIC 230 (IgG1) directed against
DAF were supplied by the International Blood Group Reference
Laboratory (IBGRF, Bristol, UK). The mAb BRIC 216 (IgG1) directed
against DAF, J4-48 (IgG1) directed against MCP, NAMB-1 (IgG1)
directed againstβ2-microglobulin and FITC-conjugated goat anti-
(human C3c) were purchased from Bioproducts Laboratories (Herts,
UK), Serotec (Oxford, UK), Boehringer Mannheim (Mannheim,
Germany) and Nordic Immunological Laboratories (Tilburg, The
Netherlands) respectively. F(ab9)2 fragments of the mAb BRIC 216
and NAMB-1 were prepared according to the method described by
Parham [27].

Normal human serum was obtained from healthy blood donors,
divided into aliquots of 5 ml and stored at –70°C. The same serum
batch was used throughout the study.

Cell line

The human colon adenocarcinoma cell line HT29, which is undiffer-
entiated under the standard culture conditions used [28] was kindly
provided by Kvale D (LIIPAT, The National Hospital, Oslo, Norway).
The HT29 cells were cultured at 37°C in a humidified atmosphere of
5% CO2 in RPMI-1640 medium supplemented with 10% fetal calf
serum, penicillin, streptomycin, fungizone and 1% glutamine. Cells
were grown on cell-culture flasks, on 24-well and 48-well tissue-
culture plates (Costar, Mass., USA) and on tissue-culture chambers
(Lab-Tek Chamber Slides, Nunc, Ill., USA). Suspensions of cells were
prepared by incubating the cultures with 0.01% trypsin for 30 min at
37 °C. The cells were washed twice, and resuspended in phosphate-
buffered saline (PBS) to a concentration of 1× 106 cells/ml. Cell
viability, determined by the trypan blue exclusion technique, was
consistently above 95%.

Detection of DAF and MCP

Viable unfixed cultures of HT29 cells grown on tissue-culture cham-
bers were incubated with 1µg/ml mAb BRIC 216, BRIC 220, BRIC
230 or J4-48 diluted in PBS for 60 min. Subsequently the cultures were

incubated with biotinylated rabbit anti-(mouse Ig) (2.2µg/ml in PBS)
for 60 min, before incubation with avidin/biotin/peroxidase according
to the manufacturer’s instruction. The cultures were finally treated with
a buffer containing 3-amino-9-ethylcarbazole for the development of a
coloured reaction product. The HT29 cells were mounted in Immu-
Mount (Shandon, Pa., USA), and examined by a Nikon light micro-
scope (Tokyo, Japan).

HT29 cells (0.25× 106) in suspension were incubated for 60 min
at 4°C with 1 µg BRIC 216 or J4-48 diluted in 1 ml PBS. Specific
binding was revealed using 4µg FITC-conjugated F(ab9)2 rabbit anti-
(mouse Ig) diluted in 100µl PBS. After being washed twice in PBS the
cell suspensions were analysed on a Coulter Epics V flow cytometer
(Coulter Electronic, Luton, UK). The data are expressed as flow
cytometry curves, or as mean fluorescence intensity units corrected
for background values. Control preparations were incubated with the
corresponding amount of an irrelevant mouse mAb of the IgG1 class
(MOPC 21) (Sigma Chemical Corporation, Mo., USA), or normal
mouse serum. All cell cultures and suspensions were incubated with
PBS containing 1 mg/ml heat-aggregated human IgG for 20 min (Kabi
Pharmacia AB, Uppsala, Sweden), prior to the immunostaining pro-
cedures, to eliminate Fcγ-receptor interactions. All incubation steps
were followed by washing in PBS.

Treatment with PI-PLC

Cells in suspension (0.25× 106) were treated with PI-PLC (100µl.
0.1 U/ml) diluted in PBS at 37°C for 60 min. Cells were washed twice
with PBS and stained with the mAb BRIC 216 and J4-48 as described
above for the flow cytometry. Control cells were incubated in PBS
without PI-PLC.

Deposition of C3 on HT29 cells

Samples containg 0.25× 106 cells in 100µl PBS were incubated for
1 h on ice with 5 mg rabbit anti-(human CEA) antibodies with or
without 2 µg F(ab9)2 fragments of BRIC 216. After two washes in
barbital-buffered saline, pH 7.2 (barbital/NaCl), barbital/NaCl contain-
ing 10 mM EDTA or barbital/NaCl containing 2 mM MgCl2 and
10 mM EGTA the cells were incubated for 30 min at 37°C with 100 ml
20% normal human serum in one of the three or barbital buffer. After
two washes in PBS the cells were immunostained with FITC-con-
jugated goat anti-(human C3c) diluted 1:40 in PBS and processed for
flow cytometry as described above. Controls included unsensitised
cells and cells incubated with F(ab9)2 fragments of BRIC 216 only.

Assay for antibody-dependent complement cytotoxicity

HT29 cells (0.25× 106) were incubated with 5µg rabbit anti-(human
CEA) antibodies diluted in 100µl PBS for 60 min at 4°C. After being
washed twice in barbital/NaCl pH 7.2, the cells were exposed to 100µl
of various dilutions of normal human serum in barbital/NaCl (30 min at
37 °C). The number of cells permeable to 0.2% (w/v) trypan blue
divided by the total number of cells gave the percentage of lysis. The
degree of lysis was then compared with lysis obtained when cells were
incubated with anti-(human CEA) antibodies and various concentra-
tions of F(ab9)2 fragments of BRIC 216 or NAMB-1. Controls included
BRIC 216-sensitised, NAMB-1-sensitised, and unsensitised cells incu-
bated with NHS. In regulation experiments, both the cytokine-stimu-
lated and non-stimulated HT29 cells were examined, using a fixed
concentration of both mAb; BRIC 216 (20µg/ml) or NAMB-1 (20µg/
ml) and NHS (20%).

Immunoblotting analysis

Lysates of HT29 cells, human erythrocytes and peripheral blood cells,
were prepared by incubating 100 mg cells in lysis buffer (10 mM TRIS
HCl, pH 8.2, containing 140 mM NaCl, 2 mM EDTA (Sigma Chemical
Co, Mo., USA), 1 mM phenylmethylsulphonyl fluoride (PMSF, Sigma)
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and 2% Nonidet P-40 (NP-40, Fluka AG, Buchs, Germany) for 60 min
at 4°C in a total volume of 1 ml. The extracts were centrifuged for
30 min at 14 000g to remove undissolved cells and debris, and the
supernatant was dialysed against PBS with 0.05% azide for 12 h,
divided into aliquots and stored at –70°C until use. Cell culture
supernatants were harvested from confluent cells grown in 5 ml RPMI
medium in 75 cm2 tissue-culture flasks for 3 days. Cells and debris
were removed by centrifugation (14 000g, 30 min). The supernatants
were concentrated 20 times on an ultrafiltration unit (Microsep, Filtron,
Mass., US), divided into aliquots and stored at –70°C until use.

In some experiments HT29 cells and human neutrophils (10× 106)
were lysed in 500µl HEPES/Triton X-100 buffer [25 mM HEPES (Bio
Wittaker), pH 7.5, containing 1% Triton X-100 (Sigma), 0.5 mg/ml
aprotinin (Sigma), 4 mM EDTA, 200 mM PMSF, 100 nM sodium
fluoride (Merck, Darmstadt, Germany) and 20 mM pyrophosphate
(Merck)] at either 4°C or 37°C for 20 min with brief intermittent
vortexing, as earlier described [5]. Following the solubilisation the
37 °C lysates were chilled on ice for 5 min before all samples were
centrifuged (14 000g, 30 min). The resultant soluble (supernatant) and
insoluble (pellet) fractions were separated and processed for immuno-
blotting.

The immunblotting method was used for detection of DAF and
MCP in NP-40 extracts and HT29 cell culture medium and to
determine the relative portion of DAF and MCP in pellets and super-
natants from Triton-X-100-extracted cells at 4°C and 37°C. Briefly,
protein fractions of equal concentrations were subjected to electropho-
resis under non-reducing conditions in 12% polyacrylamide gels
containing sodium dodecyl sulphate (SDS-PAGE) and subsequent
Western blotting onto nitrocellulose sheets. The sheets were washed
in PBS containing 0.05% (v/v) Tween 20 (PBS/Tween 20), and blocked
with 5% dried bovine milk powder in PBS/Tween 20. The blot was
incubated with BRIC 216 (1µg/ml) or J4-48 (1µg/ml) in PBS/Tween
20 for 12 h at 4°C, biotinylated rabbit anti-(mouse Ig) 2.2µg/ml in
PBS for 60 min at room temperature, and avidin/biotin/peroxidase for
20 min at room temperature. Washing for 2× 10 min in PBS was done
after each incubation step. The blots were developed using 4-chloro-1-
naphthol (Sigma) and hydrogen peroxide. Prestained SDS-PAGE
molecular mass standards (Bio-Rad Laboratories, Calif., USA) were
used as molecular mass markers.
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Fig. 1mImmunohistochemical
study of HT29 cells grown on
tissue-culture chambers. Cells
were stained with (A) anti-
(decay-accelerating factor, DAF)
mAb (BRIC 230, 1µg/ml) and
(B) anti-(membrane cofactor
protein, MCP) mAb (J4-48, 1µg/
ml). Magnification: × 225



Regulation of DAF and MCP expression

HT29 cells were seeded on 24-well (2 cm2) Costar tissue-culture plates
at a density of 5 × 104 cells/cm2, in a final volume of 1 ml growth
medium. After 72 h the cells had reached 60%–70% confluence, and
each well received 1 ml freshly prepared growth medium supplied with
either IL-1β, TNFα or INFγ (final cytokine concentrations are given in
the respective figures). Control wells contained medium without
supplements. The plates were incubated for 18 h at 37°C. The cells
were harvested and washed in PBS, and processed for flow cytometric
analysis, and a complement-mediated cytotoxicity test (see above).
Each experiment was performed in duplicate and repeated three times.
Results from the six experiments are expressed as means+ 1 SD. In
some experiments stimulated and non-stimulated HT29 cells were
extracted and analysed by SDS-PAGE and Western blotting.

Proliferative responses

As preliminary results showed that the expression of DAF and MCP
was confluence-dependent, the influence of INFγ, TNFα and IL-1β on
the proliferation of the HT29 cells was examined. The number of cells
per well was calculated after the cell suspensions had been counted on
a Coulter counter (Coulter Electronic, Luton, UK).

Results

Expression of DAF and MCP on HT29 cells

Almost all HT29 cells grown on tissue-culture chambers
showed a membranous staining by anti-DAF mAb. On cells
growing in clusters, the intensity was greatest on the most
peripherally located cells (Fig. 1A). Flow cytometry was
used to analyse the surface expression further, and con-
firmed that almost all HT29 cells expressed DAF. The
unimodal fluorescence profile was broad (Fig. 2A). Anti-
DAF staining of HT29 cells pre-incubated with PI-PLC was
reduced by approximately 90% (Fig. 2B) when compared to
untreated controls. The cultured HT29 cells showed a
strong well-defined homogeneous membranous staining
for MCP (Fig. 1B). MCP expression on cells in clusters
was greatest on the most peripherally located cells, while
flow cytometric analysis showed a homogeneous pattern of
expression (Fig. 2D). HT29 cells showed a bimodal fluo-
rescence profile after pre-incubation with PI-PLC for 1 h at
37 °C in PBS (Fig. 2F). Control cells resuspended for 1 h at
37 °C in PBS showed the same bimodal fluorescence
profile (Fig. 2E). Control flow cytometry studies of HT29
cells incubated with the corresponding amount of an
irrelevant mouse mAb of the IgG1 isotype or normal
mouse serum were negative.

Complement-regulatory role of DAF

HT29 cells showed positive staining for C3 when comple-
ment was activated by the classical pathway (barbital/
NaCl). No staining could be detected when complement
was activated by the alternative pathway (Mg/EGTA/barbi-

tal/NaCl) or if 10 mM EDTA was added to the reaction
mixture (EDTA/barbital/NaCl) (data not shown).

CEA-sensitised cells treated with barbital/NaCl/normal
human serum was used for examining the DAF function.
When the function of DAF was blocked by F(ab9)2 frag-
ments of BRIC 216 the amount of C3 detected on the HT29
cells was increased by 79% compared with cells not treated
with BRIC 216 (mean flourescence intensity increased
from 28 to 50 units). In contrast, C3 depositions on
unsensitised cells were similar whether the cells were
preincubated with BRIC 216 or not.

The functional significance of DAF in the protection
against complement-mediated cytolysis was also assessed.
CEA-sensitised HT29 cells were highly resistant to anti-
body-dependent complement-mediated cytotoxicity, as ear-
lier described [3]. Adding F(ab9)2 fragments of mAb BRIC
216 to the CEA-sensitised HT29 cells enhanced the sus-
ceptibility of the cells to complement-mediated lysis. When
the concentrations of anti-CEA and normal human serum
were kept constant, mAb BRIC 216 had a dose-dependent
effect on the susceptibility of HT29 cells to complement-
mediated killing. Using 20% NHS and BRIC 216 at con-
centrations of 100µg/ml, 50µg/ml, 25µg/ml, 12.5µg/ml,
6.25µg/ml and 0.0µg/ml led to 19%, 17%, 14%, 14%, 6%
and 5% lysis respectively (Fig. 3). The results are means of
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Fig. 2A–FmFlow-cytometric analysis of DAF (CD55) and MCP
(CD46) expression on HT29 cells. HT29 cells were stained with (A)
anti-DAF mAb (BRIC 216), (B) anti-DAF mAb (BRIC 216) after
treatment with phosphatidylinositol-specific phospholipase C (PI-
PLC), (C) non-specific mAb (MOPC 21), (D) anti-MCP mAb (J4-
48), (E) anti-MCP mAb (J4-48) after incubation in PBS for 60 min, (F)
anti-CD46 mAb (J4-48) after PI-PLC treatment. The gate was set in the
same position in each case



triplicate measurements. Increased lysis was not observed
when unsensitised cells were incubated with F(ab9)2 frag-
ments of BRIC 216 up to a concentration of 100µg/ml and
normal human serum, or when sensitised cells were incu-
bated with different concentrations of F(ab9)2 fragments of
the isotype-matched anti-β2-microglobulin mAb, NAMB-1
and normal human serum.

Biochemical characterisation of DAF and MCP

DAF and MCP were readily detected in the NP-40 extracts
of the HT29 cells, while only DAF was detected in HT29
cell supernatants following SDS-PAGE and Western blot-
ting (Fig. 4). The molecular masses of both the membrane-
associated and soluble form of DAF were approximately
70 kDa. The anti-DAF reactive bands comigrated with
erythrocyte DAF (Fig. 4A). Two MCP forms were ex-
pressed on the HT29 cells, with bands of approximately
58 kDa and 68 kDa, shown by Western blotting, the lower
form predominating (Fig. 4B). The anti-MCP-reactive
bands comigrated with MCP from lymphocyte extracts,
where the upper form predominated.

At 37 °C, Triton X-100 extraction almost completely
solubilised DAF from the HT29 cells. However, at 4°C the
efficiency of the extraction was greatly reduced as almost
all DAF remained associated with the Triton X-100-inso-
luble cellular material. In contrast, equal amounts of MCP
were extracted at 4°C and 37°C (data not shown). Exam-
ination of extracts of neutrophils that were used as controls
revealed similar results [5].

Regulation of DAF and MCP expression

The results from flow-cytometric analysis of the DAF and
MCP expression on HT29 cells grown in media with
cytokine added are shown in Fig. 5.

TNFα enhanced the expression of DAF in a dose-
dependent manner; 100 IU/ml, 250 IU/ml or 1000 IU/ml
increased the MFI by 43%, 58% and 64% respectively.
IL-1β also showed an effect on DAF expression. When the
same IL-1β concentrations were used as for TNFα, the
expression of DAF was increased by 4%, 15% and 13.5%
respectively. Incubation with various concentrations of
IFNγ did not appreciably affect the expression of DAF on
the HT29 cells (Fig. 5A).

Examining the expression of MCP we found that 100 IU/
ml, 250 IU/ml or 1000 IU/ml IL-1β increased the mean
fluorescence intensity by 25%, 43% and 45% respectively,
and SDS-PAGE and Western blotting showed that the
expression of MCP of both molecular masses was enhanced
(Fig. 6). Incubation with various concentrations of TNFα
and IFNγ did not appreciably affect the expression of MCP
on the HT29 cells (Fig. 5B).
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Fig. 3mPercentage lysis of carcinoembryonic-antigen-sensitised HT29
cells in the presence of 20% normal human serum and various amounts
of F(ab9)2 fragments of the anti-DAF mAb BRIC 216 [●] and F(ab9)2

fragments of the anti-β2 microglobulin mAb NAMB-1 [❑]. The results
are means of triplicate determinations and error bars represent+ 1 SD

Fig. 4mA Western blot stained with anti-DAF mAb (BRIC 216):
1 membrane extract of human erythrocytes,2 membrane extract of
the HT29 cells, 3 concentrated supernatant from the HT29 cell
cultures,M prestained molecular mass markers.B Western blot stained
with anti-MCP mAb (J4-48):1 membrane extract of human lympho-
cytes,2 membrane extract of the HT29 cells,M prestained molecular
mass markers



The effect of an up-regulation of DAF on the resistance of
HT29 cells to complement-mediated lysis

To assess possible functional effects of the alterations in
DAF expression, both stimulated and non-stimulated HT29
cells were subjected to a complement-dependent cytotox-
icity test. We found both stimulated and non-stimulated
cells to be highly resistant to lysis (Table 1.). With fixed
concentrations of the anti-DAF mAb BRIC 216 (20µg/ml)
and complement (normal human serum, 20%) the
TNFα(250 IU/ml)- and IL-1β(250 IU/ml)-treated cells
were lysed to a lesser extent than non-stimulated cells
(Table 1). Exposure to 100 IU/ml INFγ did not modify
the resistance to complement-mediated cytotoxicity.

Proliferative responses

TNFα and IL-1β showed no influence on the proliferation
of the HT29 cells, whereas INFγ exerted a moderate

growth-inhibitory effect. The inhibition did not exceed
15% for the experiments presented in this study (data not
shown).

Discussion

The complement-regulatory molecules DAF and MCP have
previously been shown to be expressed on normal colorec-
tal cells in situ, with an increased expression on malignant
colorectal epithelial cells [10, 12, 13, 32, 33]. In the present
study we have characterised these complement-regulatory
molecules on the colonic adenocarcinoma cell line HT29,
and demonstrated their importance in protection against
complement-mediated lysis.

DAF was heterogeneously expressed on cultured HT29
cells, which is in line with the report by Koretz et al. [12].
The demonstration of DAF on HT29 cells is interesting also
in relation to the observations by Kumar et al. [14], who
found that HT29 cells, as well as other tumour cells
examined, express DAF mRNA. They suggested that the
expression of mRNA coding for DAF may provide some
advantage for the cells as a defence against complement-
mediated cytotoxicity. The amount of C3 deposits was
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Fig. 5A,BmEffects of cytokines
on (A) DAF and (B) MCP ex-
pression by HT29 cells. Cells
were incubated for 18 h with or
without various concentrations of
different cytokines. Controls in-
cluded medium only. DAF and
MCP expression was analysed
with the anti-(human DAF) mAb
BRIC 216 and the anti-(human
MCP) mAb J4-48 respectively.
Mean+ 1 SD values are shown
(n = 6)

Fig. 6mEffects of interleukin-1β (IL-1β) on MCP expression by HT29
cells. Cells were incubated for 18 h with or without the presence
1000 IU/ml IL-1β. MCP expression was analysed by SDS-PAGE and
Western blotting using the anti-MCP mAb (J4-48).1 Membrane extract
of human lymphocytes,2 membrane extract of non-stimulated HT29
cells, 3 membrane extract of IL-1β-stimulated HT29 cells,M pre-
stained molecular mass markers

Table 1mEffect of monoclonal anti-DAF (BRIC 216) and control mAb
anti-β2-microglobulin (NAMB-1) on HT29 cell killing by complement
(20% NHS) after the HT29 cells were cultured in the presence of
different cytokines for 18 h.

Culture conditions Cells killed (%) after treatment with F(ab9)2

fragments of mAb

Anti-β2-microglobulin,
20 µg/ml

Anti-DAF
20 µg/ml

Non-stimulated cells 7 18
Cells stimulated with:

(TNFα 250 IU/ml) 8 10
(IL-1β 250 IU/ml) 5 12
(INFγ 100 IU/ml) 9 20



increased and the resistance of the HT29 cells to antibody-
dependent complement-mediated cytolysis could, in part,
be reversed by F(ab9)2 fragments of the anti-DAF mAb
BRIC 216. Thus DAF expressed on malignant cells may be
of significance in the protection against complement-
mediated cytolysis, although the contribution of DAF is
relatively low. In comparison, in a recent study we demon-
strated that blocking of CD59 with an anti-CD59 mAb
resulted in a more marked increase in the susceptibility to
complement-mediated cytolysis [2]. This suggests that
CD59 is a more potent regulator of the complement system
on this cell type or, alternatively, that CD59 is expressed in
greater quantity on HT29 cells, a possibility suggested by
flow cytometry analysis (data not shown).

GPI-anchoring of DAF was suggested by the suscepti-
bility PI-PLC treatment and its resistance to extraction with
Triton X-100 at low temperature [4]. Glycosyl-phosphati-
dylinositol-anchoring may permit fast recruitment of high
levels of DAF in defined sites of the cell membrane in
which it is functionally required [23].

HT29 cells in culture released DAF into the super-
natants. We demonstrated that the membrane-associated
and the soluble form had a molecular mass of approximate-
ly 70 kDa, which corresponds to that of DAF on non-
malignant cells and in some body fluids [15, 18]. It is not
clear whether the soluble form of DAF has been secreted,
cleaved from the cell membrane by a phospholipase or shed
from the surface by some other mechanisms. Soluble DAF
has lost the ability to incorporate into cell membranes, and
has consequently lost its efficiency as an intrinsic C3/C5
convertase inhibitor [19]. It can, however, inhibit both the
classical and alternative pathways of complement extrinsi-
cally in a manner similar to the complement regulator
factor H [19]. Soluble DAF released from the malignant
cells may, in this way, further enhance the resistance of
tumour cells to complement-mediated damage.

MCP was homogeneously expressed on the HT29 cells
in suspension, which is in line with the study by Koretz et al.
[13]. Surprisingly, the cells showed a bimodal expression
profile for MCP after incubation for 1 h at 37°C in PBS.
This seems to be a characteristic of the HT29 cells, as a
comparison of the MCP expression between our HT29 cell
line and a HT29 cell line newly obtained from American
Type Culture Collection (ATCC, Md., USA), showed con-
cordance (data not shown). We did not observe a corre-
sponding change in the expression of the surface antigens
CD59, DAF andβ2-microglobulin (data not shown). As a
soluble form of MCP could not be detected in the super-
natants, this phenomenon is probably not mediated by
vesiculation or secretion, and the possibility of exocytosis
has to be considered.

The molecular masses of MCP observed in extracts of
the HT29 cells and peripheral lymphocytes were similar,
but the phenotypic patterns were different. The upper form
was predominantly expressed on the peripheral blood cells,
while the colonic adenocarcinoma cell line predominantly
expressed the lower form. The lower band phenotype of
MCP is predominantly expressed on malignant and immor-
talised cell lines [17], while it is present in only 6% of the

cells of a normal population [1]. The HT29 cells may have
been derived from a person expressing this uncommon
phenotype, but it is more likely that the phenotypic pattern
is modulated by the malignant state.

The relative complement-regulatory function of MCP on
the HT29 cells was not examined, as blocking antibodies
were not available. Treatment of HT29 cells with PI-PLC
reduces the surface expression of DAF and CD59 [2] by
90%, and renders the HT29 cells less resistant to comple-
ment-mediated lysis. However, since MCP alone is suffi-
cient to inhibit complement-mediated damage on some
malignant cell lines [34, 35], we suggest that at least part
of the remaining resistance is mediated by MCP and thus
contributes in promoting the resistance of tumour cells to
complement-mediated damage when local immune surveil-
lance is effected.

The expression of DAF on HT29 cells was rapidly and
dose-dependently increased by IL-1β and TNFα, while only
IL-1β increased the expression of MCP. Our data are in
agreement with previous reports, which indicate that pro-
inflammatory cytokines can enhance the constitutive ex-
pression of DAF and MCP molecules on epithelial cells
[21, 36]. These differences may indicate that the expression
of DAF and MCP is independently regulated. Recent
studies have, however, not been able to show any or only
moderate alterations in the DAF and MCP expression by
endothelial cells after exposure to pro-inflammatory cyto-
kines [7, 22]. Accordingly, different cell populations may
show differences in regulation pattern for DAF and MCP
expression.

Despite the documented increase in DAF expression, we
could not find a clear correlation to the observed increase in
resistance to complement-mediated lysis. As the comple-
ment cytotoxicity test used examined only the “net” resis-
tance against lysis by complement, and such lysis of
nucleated cells is a threshold phenomenon, we presume
that the increased resistance is also due to alterations in
other cellular resistance mechanisms [20, 31]. Our results
indicate a link between pro-inflammatory cytokines, known
to be secreted by infiltrating inflammatory mononuclear
cells in colonic adenocarcinomas [29], and the regulatory
limb of the complement system. The release of pro-inflam-
matory cytokines may be partly responsible for the en-
hanced DAF and MCP expression on colonic adenocarci-
noma cells in vivo [12, 13, 32], and thus contribute in
promoting the resistance of tumour cells to complement-
mediated damage when local immune surveillance is ef-
fected.

The activation of complement may also have an indirect
impact on tumour growth. Local formation of C3a can
increase both blood flow and diffusion of proteins into the
tumour-containing tissues, while C5a may increase the
influx of phagocytes to the tumour site [37]. As a conse-
quence, therefore, even a partial block in DAF, MCP or
CD59 regulatory activity alone or in combination might
result in a sufficient activation of the cascade to retard
tumour growth and may have important clinical implica-
tions for targeted immunotherapy using antitumour anti-
bodies.
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