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The membrane-bound complement inhibitors CD46 (membrane cofactor protein), CDS55 (decay-
accelerating factor) and CDS59 (protectin) protect tumour cells against lysis by activated complement.
In this study, a total of 14 (3 gastric, 3 colonic and 8 pancreatic) gastrointestinal tumour cell lines were
examined for the expression of CD46, CD55 and CD59 with respect to the regulatory efficacy of
interferon-y (IFN-vy). The effects of IFN-y on mRNA and protein expression levels of CD46, CD55 and
CD59 were evaluated by Northern blot hybridisation, RT-PCR, flow cytometry and immunostaining.
In unstimulated cell lines, CD46 and CD59 transcripts were expressed at comparable levels, whereas
the basal expression of CD55 mRNA was heterogeneous. The complement inhibitor proteins were
detected in all cell lines using specific antibodies. Additional immunohistochemical stainings of gas-
trointestinal tissue specimens supported these findings. IFN-y evoked a weak induction of certain
transcripts in a subset of the cell lines. Upregulation of protein expression was only observed in HT29
cells for CDS5S and CD59 and was accompanied by a marked increase of the corresponding transcripts.
We conclude that membrane-bound complement inhibitors are broadly expressed in gastrointestinal
tumour cells and vary in their susceptibility to IFN-y. Thus, they may be involved in tumour escape
mechanisms in gastric, pancreatic and colorectal cancer. © 1999 Elsevier Science Ltd. All rights
reserved.
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INTRODUCTION
COMPLEMENT-MEDIATED CYTOTOXICITY is involved in the
immunological surveillance of tumour cells [1-3]. Comple-
ment can be activated on autologous tumour cells through
various mechanisms, including deposits of immune com-
plexes [4], spontaneous decay of C3 [5], altered cell-surfaces
[6] and tissue injury due to necrosis [7], invasion or metas-
tasis [2]. However, tumour cells also show a restricted sus-
ceptibility to final cytolysis [5,7]. The resistance of tumour
cells to cytolysis is strongly mediated by the expression of
membrane-bound complement regulators [3,7-13]. Several
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membrane-bound complement inhibitors have been identi-
fied: CD46 (membrane cofactor protein, MCP) [14], CD55
(decay-accelerating factor, DAF) [15] and CD59 (protectin)
[9]. However, the expression of these molecules and their role
in gastrointestinal cancer entities remain poorly understood.
The complement system is a cytolytic humoral defence
mechanism against a variety of pathogens and abnormal cells
[16]. It can be activated by two cascades of interacting
plasma proteins. The classical pathway is triggered by anti-
body-antigen complexes and the alternative pathway is trig-
gered by altered surfaces of foreign or tumour cells [1,17].
The crucial step in either pathway is the escalating formation
of C3 convertases after cleavage of C3 or C4 [18]. Both
pathways lead to the assembly of C5b, C6, C7, C8 and C9
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into the cytolytic pore-forming membrane attack complex
[19]. Cellular deposits of activated complement components
could also affect undesired targets like normal host cells.
Cells are protected from damage by autologous complement
activation through the activity of membrane-bound comple-
ment regulatory proteins [20]. CD46 is a cofactor for factor
I-mediated cleavage of C4b and C3b, thus preventing the
formation of C3 convertases [21]. CD55 blocks the assembly
and accelerates the decay of C3 convertases [15]. CD59 acts
at the final stages of membrane attack complex formation by
preventing the binding of C9 to C5b-8 [22]. By interfering
with the complement cascade at different stages, each of
these inhibitors has been shown to protect cells from sub-
sequent cytolysis [23]. Coexpression of the molecules
enhances the resistance against complement-mediated lysis
[24]. All these factors are strictly intrinsic membrane inhibi-
tors, acting only on expressing cells [9, 14, 15].

Knowledge of expression and regulation of complement
inhibitory proteins is important for understanding comple-
ment-mediated surveillance of tumour cells. With respect to
the gastrointestinal tract, several studies focusing on color-
ectal tissues have been published with controversial results in
terms of the inhibitor expression in malignant tissues [25—
28]. Comprehensive studies of the complement regulator
expression in the pancreas are still lacking; only a few data of
isolated cell lines or normal tissues have been published
[11,29]. To our knowledge, studies describing the comple-
ment regulator expression in gastric cells or tissues are not yet
available. The possible role of complement inhibitors in can-
cer escape mechanisms and published data indicating an
upregulation of complement regulatory proteins in cancer
[25,27] and chronic inflammatory diseases [30] drew our
interest to the expression and inducibility of these proteins in
gastrointestinal tumour cell lines. The aim of the present
study was to characterise the basic expression of CD46,
CD55 and CD59 at both the RNA and protein level in colon,
gastric and pancreatic cancer cells and to evaluate their indu-
cibility by the pro-inflammatory cytokine interferon-y (IFN-v).

MATERIALS AND METHODS

Cell lines and culture

Tumour cell lines were obtained from the American Type
Culture Collection or contributed from different laboratories
as described [31]. The present study includes the gastric
cancer cell lines MKN-45, Mz-GC-3 (supplied by M. Heike,
Mainz, Germany) and Mz-Sto-1, the colon cancer cell lines
CaCo-2, HT29 and T-84 and the pancreatic cancer cell lines
818-4, ASPC-1, Capan-1, Capan-2, PaCa-2, PaCa-3, PaCa-
44 and the pancreatic insulinoma cell line QGP-1.

All cell lines were maintained in CMRL-1066 medium,
supplemented with 10% fetal calf serum (FCS, Biochrom,
Berlin, Germany), 1% L-glutamine, 100 units/ml penicillin
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and 100 pg/ml streptomycin, at 37°C in a humid atmosphere
of 5% CO,. Cell suspensions were obtained by incubating the
cell cultures with 0.05% ethylen-diamine-tetra-acetate
(EDTA) in phosphate-buffered saline (PBS). Cell viability
was determined by the trypan blue exclusion technique with a
viability always more than 95%.

Recombinant human IFN-y was kindly provided by the Dr
Rentschler Co. (Laupheim, Germany). For all experiments
using IFN-y, IFN-y-containing medium (100 units/ml) was
added when the cells had reached approximately 50% con-
fluence. Controls received freshly prepared medium without
IFN-y. The cultures were incubated under the conditions
described above for 48 h.

RNA extraction and Northern blotting

Total cellular RNA was extracted according to the guani-
dinium thiocyanate—phenol-chloroform single step method
[32]. Total RNA (15ug) was resolved on a 1% for-
maldehyde-agarose gel and transferred to a positively charged
Nylon membrane (Hybond-N*, Amersham, Braunschweig,
Germany) by capillary blotting. The blot was fixed by oven
baking at 80°C for 2 h.

CD46 transcripts were detected by a 1546bp cDNA
probe, corresponding to the full-length cDNA clone ‘MCP-9’
as described by Liszewski and colleagues [14]. The CD55
probe was a 2101bp full-length cDNA as published by
Lublin and Atkinson [33]. The 1154bp cDNA probe
‘YTH53.1/1’ including the full coding sequence of CD59 was
a kind gift from Dr H. Waldmann (University of Cambridge,
Cambridge, U.K.) [9]. The blots were prehybridised at 65°C
for 2h in a solution containing 1% bovine serum albumin,
1mM EDTA, 250 mM Na,HPO, and 7% SDS and hybri-
dised in the same solution supplemented with the 3?P-u
labelled probe (activity > 2.5 Mio. cpm/ml) at 65°C for 12h.
After washing with a solution containing 1mM EDTA,
20mM Na,HPO, and 1% SDS at 65°C, the blots were
exposed to X-ray films at — 80°C. As a RNA loading control
and as an internal standard not affected by IFN-vy, all North-
ern blots were normalised against the 3?P-y labelled B-actin
antisense oligonucleotide 5-GTG GAT GCC ACA GGA
CTC C-3' [34] as described [35].

Reverse transcriptase polymerase chain reaction (RT-PCR)
Aliquots of 1 g of total RNA were used for reverse tran-
scription to cDNA. cDNA was prepared in a 20 pl reaction
volume using the GeneAmp® RNA PCR kit (Perkin-Elmer
Roche Molecular System Inc., Branchburg, New Jersey,
U.S.A.) according to the methods given by the manufacturer.
First strand cDNA synthesis was performed using specific
reverse primers (Table 1). The primers were selected from
the published cDNA sequence data of CD55 [33], CD59 [9]
and B-actin [34]. The CD55 primers (Table 1) span several

Table 1. Primer sequences used to detect CD55, CD59 and B-actin by RT-PCR

Sequence

Product length (bp)

CD55 forward primer
CD55 reverse primer
CD59 forward primer
CD59 reverse primer
B-actin forward primer
B-actin reverse primer

5'-GTACTGTGAATAATGATGAAGGAG-3'
5'-TCTTAACTCTTCTTTGGCTAAGTC-3
5'-ACAATGGGAATCCAAGGAGGG-3'
5'-CTTAGGGATGAAGGCTCCAGG-3'
5'-CCTTCCTGGGCATGGAGTCCT-3
5'-GGAGCAATGATCTTGATCTT-3'

364/482

391

202
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introns to prevent undiscerned genomic amplification and
generate a 364 bp PCR fragment of a region nonhomologous
to any other related complement factor. The CD59 primers
(Table 1), also spanning two introns of the genomic
sequence, generate a 391 bp fragment. Each PCR procedure
was performed simultaneously with the (B-actin primers as
listed in Table 1 which give rise to a 202bp fragment as
control reaction. An aliquot of 2l of cDNA product was
used for a PCR in a 50 pl reaction volume. Typical reaction
conditions included initial denaturation at 95°C for 3 min
followed by 35 cycles of 1 min at 95°C, 1 min annealing at
60°C and 2 min extension at 72°C and a final extension step
at 72°C for 10min. The annealing temperature was opti-
mised for each primer pair. Following amplification, PCR
products were resolved on 2% agarose gels. DNA fragments
were visualised under ultraviolet (UV) light by staining with
ethidium bromide.

Southern blot hybridisation

Southern blotting was performed according to a procedure
described by Sambrook and colleagues [35]. The membranes
(Hybond-N*, Amersham) were hybridised against the spe-
cific probes in the conditions as described above for the
Northern blotting procedure.

Flow cytometric analysis

For flow cytometry, cells were harvested, washed and
resuspended in PBS. The following monoclonal antibodies
(MADb) were used: J4-48 (IgG;-isotype, murine) directed
against CD46 (Serotec, Wiesbaden, Germany) [36]; BRIC
110 (IgG;-isotype, murine) directed against CD55 (Serotec)
[37]; YTH53.1 (IgGyp-isotype, rat) directed against CD59
(Serotec) [9]; W6/32 (IgGoa-isotype, murine) directed
against the shared HILLA-A/B/C-determinant (Dako, Ham-
burg, Germany) and irrelevant murine IgG,;- and IgG,,-iso-
types as negative controls.

5x 103 cells/test were incubated with 100 pl aliquots of
the primary MAbs (5-50 pg/ml) at 4°C for 30 min. The cells
were then washed three times in PBS and incubated with
the fluorescein-isothiocyanate-conjugated goat-anti-mouse
(Coulter Immunology, Krefeld, Germany) or goat-anti-rat
(Dianova, Hamburg, Germany) antibody at an appropriate
dilution at 4°C for 30min. The cells were subsequently
washed in PBS and fixed in PBS containing 0.5% para-
formaldehyde prior to analysis using a Becton-Dickinson
FACScan (Heidelberg, Germany).

Immunostaining

In order to evaluate the immunohistochemical staining
patterns of the MAbs used for flow cytometry, a series of
surgically resected normal and malignant gastrointestinal tis-
sue specimens from stomach, pancreas and colon was quick
frozen immediately after removal. 7-pm-thick cryostat sec-
tions were stained shortly after mounting on glass slides. The
slides were incubated with each of the primary MAbs as used
for flow cytometry at an appropriate dilution for 45 min at
room temperature in a humidified chamber. After washing
twice with PBS, incubation with the horseradish peroxidase
conjugated and pre-absorbed rabbit-anti-mouse antibody
P260 (Dako) or rabbit-antirat antibody P162 (Dako) was
carried out at 20-fold dilution in PBS including 35% immuno-
globulin-free FCS (Gibco BRL, Berlin, Germany) for 45 min
at room temperature. Specifically bound antibody was then
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visualised as described [38] by peroxidase-catalysed substrate
conversion of 3-amino-9-ethylcarbazole with 0.03% H,0, and
subsequent counter-staining with haematoxylin. The cellular
staining intensity of the chromogen was quantified by inde-
pendent researchers with a scale scoring from +++ indicating
very strong staining to +/— which indicates weak or no staining.

Data analysis

The intensities of the scanned Northern blot hybridisation
signals were quantified by the image processing and analysis
software NIH Image, version 1.49, from the National Insti-
tute of Health (U.S.A.). The statistical significance of differ-
ences between means of paired samples was evaluated by
Wilcoxon’s signed rank test. A P value of <0.05 was con-
sidered significant.

RESULTS
Expression of CD46, CD55 and CDS59 transcripts

Total RNA from several gastrointestinal tumour cell lines
was analysed by Northern blot hybridisation to determine the
relative abundance of CD46, CD55 and CD59 transcripts
(Figure 1, lanes ‘ut’). The total RNA was also hybridised to a
B-actin probe detecting the B-actin transcript of 2.1kb as a
control for RNA loading (Figure 1d). After determination of
the hybridisation signal intensities, all data have been trans-
formed into normalised values relative to the corresponding
B-actin intensities.

Despite multiple forms of CD46 transcripts generated by
alternative splicing at the carboxy terminus [14], the length of
all transcript species were approximately 3.2kb and were
indistinguishable from each other (Figure 1a). With the
exception of the low level signals for the gastric carcinoma
cell line Mz-GC-3 and the pancreatic cancer cell line 818-4,
all cell lines showed a marked and relatively homogeneous
RNA expression.

CD55 transcripts were detected (Figure 1b) in accordance
with the previously described species of 1.5 and 2.2 kb due to
the alternative use of different polyadenylation sites [39]. The
relative intensities of the two forms varied slightly with a
predominance of the 2.2kb transcript. The CD55 mRNA
expression was heterogeneous in every group of cell lines
whereas a markedly low mean expression level was found in
the colon group. In order to assess this expression profile, a
RT-PCR generating a 364bp fragment of CD55 was per-
formed. A larger fragment (482 bp), corresponding to a partly
unspliced and reading frame-shifted minor species leading to
a secretory form of CD55, was not detected in any case. The
RT-PCR confirmed the heterogeneous expression pattern of
CD55 mRNA (Figure 2a).

Five discrete CD59 mRNA species of lengths 0.7, 1.3, 1.9,
2.1 and 5.8 kb generated by alternative polyadenylation have
been previously reported [40]. The CD59 probe hybridised
mainly to three distinct bands corresponding to the low
expressed 0.7kb species, the moderately abundant 1.3 kb
species and the most abundant and comigrating 1.9/2.1 kb
species (Figure 1c). The 5.8 kb species was detectable only in
three pancreatic cell lines with a strong signal intensity for
PaCa-44. The additional bands of PaCa-44 which do not
agree with the length of the published species are not specific;
these bands did not occur in a poly(A*) RNA control hybri-
disation of PaCa-44 (data not shown). The distribution of
CD59 transcripts was more homogeneous when compared
with CD55, although the signals did not exhibit the same
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Figure 1. Northern blot analysis of membrane-bound complement inhibitors and the effect of IFN-y on mRNA expression. Cells

were incubated with IFN-y (100 units/ml) for 48 h (+). Basal expression was evaluated in untreated (ut) conditions. CD46 (a);

CDS55 (b), a new 3.6 kb transcript species is indicated by an arrow; CD59 (c). All hybridisation signal intensities were normalised
to the corresponding band intensities of the 3-actin control (d).

uniformity as those of CD46. While gastric and pancreatic
cell lines expressed CD59 at high levels, the mean expression
level of the colon cell lines was very low, similar to the results
of the CD55 Northern blot analysis. The RT-PCR analysis,
generating one fragment of 391 bp independently of different
polyadenylation sites, confirmed the ubiquitous expression
pattern of CD59 (Figure 2b).

Protein expression of CD46, CD55 and CD59

The basal protein expression of the membrane-bound
complement inhibitors was examined by flow cytometry using
MADbs against CD46, CD55 and CD59 (Figure 3). As
defined by isotype-matched control antibodies all data mea-
sured by flow cytometry represented positively stained cell
preparations for all complement inhibitors. In every sample,
only one peak of fluorescence intensity was detected corre-
sponding to uniform expression intensities of each cell line.
The highest intensities of fluorescence were measured in the
positive control group with the MAb W6/32 against the
shared HLLA-A/B/C determinant. Consistent with the RNA
analysis, the detection of CD55 using MAb BRIC 110
revealed the lowest mean fluorescence intensity. Further-
more, the deviation of the fluorescence intensites between the
cell lines tested was the highest for CD55. Especially the
colon cell lines showed, on average, a relatively low fluores-
cence level of CD59 and a very low level of CD55. These
findings are consistent with the results from CD55 and CD59
in the Northern blot analysis. The relatively uniform and
abundant expression of the CD46 transcripts is reflected by
high fluorescence intensities.

The additional immunohistochemical analysis in a series of
colonic, gastric and pancreatic tissue specimens was per-
formed to characterise the i sizu staining patterns of the

(a)
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Figure 2. RT-PCR and corresponding Southern blot hybridi-

sation of CDS55 generating a 364bp fragment (a) and CD59

generating a 391 bp fragment (b). Coamplification of a 202 bp

B-actin fragment as internal control. Cell lines: Mz-Sto-1

(lane 1), MKN-45 (2), Mz-GC-3 (3), T-84 (4), HT29 (5), 818-4

(6), QGP-1 (7), PaCa-44 (8), PaCa-3 (9), PaCa-2 (10), Capan-
2 (11), Capan-1 (12) and ASPC-1 (13).
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Figure 3. Flow cytometric analysis of the basic CD46, CD55 and CD59 protein expression levels in gastrointestinal cell lines. The
corresponding levels of the isotype-matched controls were markedly lower (data not shown). HLA class I expression level as
positive control. Irrelevant isotype as negative control (neg).

primary antibodies used in flow cytometric analysis. In gastric
tissue samples from 5 patients, the normal mucosa was
homogeneously positive for the CD46 and CD59 protein
expression in all cases, whereas the staining pattern of CD55
was less intense and heterogeneous. The gastric cancer sam-
ples revealed a strong staining intensity for CD46 (Figure 4a)
and CD59, but no detectable CD55 in malignant areas.
Pancreatic tissue samples of 4 patients were evaluated by
immunohistochemistry. The acinar and exocrine duct cells
from normal pancreatic tissue expressed CD46 and CD59
predominantly in the cytoplasmic compartment, whereas the
islet cells were negative. A heterogeneous and weak CD55
protein expression was only found in neoplastic samples.
Immunoreactivity in pancreatic cancer samples against CD46
was strongly positive. CD59 (Figure 4b) was positive in the
majority of cancer cells. Colorectal tissue specimens of 9
patients revealed a strong and homogeneous expression of
CD46 throughout the normal mucosa with a similar staining
pattern in the tumorous areas of nearly all colon cancer sam-
ples (Figure 4c, e and g). CD59 was expressed at different
levels and predominantly on the luminal cell surface of the
normal colonic mucosa. In the tumour samples tested, CD59
was positive in moderately or well differentiated areas, but
remained partially negative in poorly differentiated areas. The
expression of CD55 was found mostly positive in the normal
colonic mucosa with a predominance on the luminal cell
surface of the upper part of the crypts (Figure 4d). The
malignant areas of the colonic cancer samples evaluated in
this study were entirely negative for CD55 (Figure 4f and h).
Stromal structures of all tissues tested were slightly positive
for CD46 and broadly positive for CD55 and CD59. Taken
together, these immunohistochemical data reveal the expres-
sion levels and patterns of CD46, CD55 and CD59 in pri-
mary clinical material and they strongly support our
observations in tumour cell lines.

Influence of IFN-y on transcript and protein expression levels

To determine the effect of IFN-y on the expression of
complement inhibitors, cell lines were incubated for 48h in
the presence or absence of IFN-y (100 units/ml). In order to

validate the efficacy of IFN-y, a flow cytometric analysis with
MADb W6/32 against the shared HLLA-A/B/C determinant was
performed. According to the data of Carrel and colleagues
[41], IFN-y significantly (P<0.05) increased the expression
of HLA class I antigens.

As detected by Northern blot hybridisation, IFN-y evoked
a weak induction of CD46 mRNA in Mz-Sto-1, CaCo-2 and
818-4 cells (Figure 1a). Both the 1.5 and the 2.2kb CD55
transcript species were markedly upregulated in HT29 and
PaCa-44 cells. Surprisingly, a weak CD55 hybridisation sig-
nal nearby 3.6 kb was detected for the first time. This band
occurred in Mz-Sto-1, HT29, 818-4 and PaCa-44 cells
exclusively after stimulation with IFN-y (Figure 1b). The
length of this 3.6 kb transcript may be due to the use of a
further alternative polyadenylation site or due to another
unspliced form. The entire group of CD59 transcript species
was enhanced in T-84 and 818-4 cells and showed a marked
7.5-fold increase in HT29 cells (Figure 1c). All induction
ratios higher than 1.25 are listed in Table 2; relevant reduc-
tions (ratio < 0.75) due to IFN-y could be detected in none of
the samples analysed. Interestingly, together the colon cancer
cell lines showed on average a 2.6-fold increase of CD55
transcript expression and a 3.3-fold increase of CD59 tran-

Table 2. Induction of RNA and protein expression by IFN-y
(ratio cut-off >1.25)

RNA expression ratio* Protein expression ratiof

CD46 Mz-Sto-1 1.5 No increase
CaCo-2 1.4
818-4 1.5

CD55 HT29 3.4 HT29 1.5
PaCa-44 3.2

CD59 HT 1.3
T-84 2.0
818-4 1.4

*RNA expression quantified by Northern blot hybridisation signal
scanning (see Materials and Methods). {Protein expression by flow
cytometric as mean fluorescence intensity. Ratio =IFN-y-treated/
untreated expression level.
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script expression. A mean 1.6-fold induction of CD55
mRNA was observed in the pancreas group.

Regarding the protein level (Table 2), CD46 expression
was increased in none of the cell lines tested by flow cyto-
metry. Corresponding to the highest transcript induction

ratios, only HT29 cells showed a moderate induction of
CD55 (1.5-fold) and CD59 (1.3-fold) protein expression.
The upregulated CD59 protein expression on HT29 cells is
in good agreement with previous data published by Bjerge
and colleagues [42].

Figure 4. Immunohistochemistry of cryostat sections. Expression of CD46 (+++) in a gastric carcinoma (a); expression of CD59

(++) in a pancreatic carcinoma (b); expression of CD46 in normal colonic mucosa (c; +++), adenomatous region (e; +++) and

carcinoma (g; +++) and of CDS55 in the same normal colonic mucosa (d; +++), adenomatous region (f; +) and carcinoma (h; —).
Original magnification: x200.
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DISCUSSION

Reports on the distribution of complement inhibitors in the
gastrointestinal tract are limited. To our knowledge there are
no published data on their expression in stomach and pan-
creas. Here we report a comprehensive study of 14 gastro-
intestinal tumour cell lines as well as fresh frozen tissue
specimens. The goal was to evaluate the RNA and protein
expression of the three membrane-bound complement inhi-
bitors CD46, CD55 and CD59 by Northern blot hybridisa-
tion, RT-PCR, flow cytometry and immunostaining. The
present study shows for the first time a synopsis of comple-
ment inhibitor RNA and protein expression and its regulation
in cultured gastric and pancreatic cancer cells.

As reported by several immunohistochemical studies on
colorectal tissue samples [25-28], CD46 was broadly
expressed in the normal mucosa, whereas CD55 and CD59
were detected inconsistently on normal colonocytes. In col-
orectal cancer, CD46 expression remained unchanged, whilst
CD55 was expressed heterogeneously with an upregulation in
a subset of carcinomas and CD59 could be detected in most
cases. The immunohistochemical results of our study confirm
these findings. Interestingly, the staining patterns of the
complement inhibitor proteins in stomach and pancreas are
similar to those of colorectal tissues. The present study
reveals a strong immunoreactivity against CD46 and CD59
in normal and neoplastic gastric and pancreatic tissue, but a
weak and only sporadic expression of CD55 in these tissues.

At the RNA level, we demonstrated a homogeneous
expression of CD46 and CD59 and a heterogeneous expres-
sion of CD55 in unstimulated cell lines from stomach, colon
and pancreas. The three inhibitor proteins were detected in
all cell lines by flow cytometry. These results are supported
by additional immunohistochemical findings. The protein
expression intensities of CD46, CD55 and CD59 in colon
cancer tissue specimens are in good agreement with the stu-
dies published by Inoue and colleagues and Koretz and
associates [25-27] and confirm our results generated by flow
cytometry. With regard to the possible role of CD55 as a
marker for colorectal cancer, we could not observe an
enhanced staining intensity for CD55 in colon cancer tissue
samples. Although CD55 seems to be upregulated in colon
cancer, Koretz and colleagues reported in the same study,
that 31/88 colorectal carcinomas were completely negative
and 52/88 only focally positive for CD55 protein expression
using MAb BRIC 110 [25]. It is not clear whether the pre-
sence of increased stool CD55 levels in colorectal cancer
patients [43] derives from faecal occult blood or from colon
cancer cells. Also, release of CD55 into the lumen may result
from shedding of the membrane-bound CD55 from the cell
surface by proteolytic cleavage or, alternatively, may be due
to a secreted form of CD55. It is known that a partly
unspliced minor transcript species of CD55 encodes for a
secreted form of CD55 [39]. Our RT-PCR data contradict
the presence of a secreted form in the colon cancer cells tes-
ted and hence suggest that luminal CD55 results from enzy-
matic cleavage or faecal blood cells. Thus, the origin of
increased stool CD55 in colorectal cancer patients remains to
be elucidated.

Tumour cells are protected against complement-mediated
cytotoxicity by membrane-bound complement inhibitors
[3,7-13]. The potential mechanisms of complement inhi-
bitor induction in malignant tissues are still unclear. An
attractive hypothesis discusses the cytokine release of
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tumour-infiltrating mononuclear cells. Activated macro-
phages and T-lymphocytes in colonic adenocarcinomas
secrete IFN-y [44]. In colon cancer cells, IFN-y has been
shown to induce the expression of the proactivating comple-
ment components C3, C4 and factor B [45]. Besides its
endogenous role, IFN-y is a well established anticancer drug
in the treatment of solid tumours. Therefore, the present
study was intended to analyse whether IFN-y stimulates the
expression of membrane-bound complement inhibitors on
gastrointestinal tumour cells.

The susceptibility of complement regulators to IFN-y has
been investigated in a few studies focused on single cell lines.
Although there were different technical conditions compared
with our study, Andoh and colleagues [13] reported no effect
of IFN-y on CD55 mRNA expression in HT29 cells as did
Bjerge and associates [46], who did not observe any change
of the CD55 protein level on these cells. Bjorge and associ-
ates reported increased protein expression levels of CD59 on
HT29 cells after incubation with IFN-y [42]. Moreover,
inducibility of CD46 and CD55 proteins by treatment with
IFN-y was published for non-neoplastic thyroid cells [12]
and oligodendrocytes [47].

In the present study, regulatory effects of IFN-y on RNA
and protein expression of the membrane-bound complement
inhibitors were evaluated on gastric, colon and pancreatic
cancer cell lines. IFN-y evoked a weak induction of several
inhibitor mRNAs in a subset of the cell lines. Upregulated
protein expression was only observed in HT29 cells for CD55
and CD59 and was accompanied by a marked increase of the
corresponding transcripts. Taken together, the cell lines tes-
ted in this study displayed differential responses to IFN-v,
whereas the colon cancer cell lines tended to be susceptible to
IFN-y. In conclusion, IFN-y might promote tumour escape
in subgroups of gastrointestinal cancer entities.

The results of the present study highlight the importance
of the complement inhibitors for colon, gastric and pancreatic
carcinoma. Immunotherapy of patients using antibodies
against tumour associated antigens has to consider the puta-
tive role of complement inhibitors in anticancer treatment
escape. Further studies are required to correlate clinical data
with the expression of complement inhibitors in tumour tis-
sues. Interference of complement inhibitors with the clinical
success of immunotherapies may lead to cotreatment strate-
gies against the inhibitors themselves.
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