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Enhanced expression of the complement regulatory protein CD55
predicts a poor prognosis in colorectal cancer patients
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Abstract This study prospectively correlated the level of
expression of CD55 on tumours with 7-year survival in
136 colorectal cancer patients. Patients with tumours
expressing high levels of CD55 had a significantly worse
survival (24%) than patients with low CD55 levels
(50%, p<0.02). A similar difference was seen for pa-
tients (Duke’s B or C) with a high risk of recurrence
(29% vs 58%, p<0.05). Furthermore, there was a pro-
gressive deterioration in prognosis with increasing anti-
gen expression (p=0.01). It remains unclear if CD55 is
overexpressed by tumours to protect them from com-
plement or if it is related to the recent observation that
CD55 is a ligand for the T-cell activation antigen CD97.
However, it is a marker of aggression, as colorectal
cancer patients whose tumours overexpress CD55 have a
significantly reduced 7-year survival.
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Introduction

Although colorectal cancer incidence and mortality rates
have declined over the past decade these changes are not
universal [4], and it is the second or third commonest
cause of cancer death in most developed countries.

A large proportion of colorectal cancer patients will
develop metastases after attempted curative surgery.
Those at significant risk of recurrence are those with
tumours extending beyond the muscularis propria (the
majority of colorectal cancers) and subdivision of this
large group is principally dependent on the presence of
lymph node involvement (Duke’s B or C lesions).
However, there is still considerable uncertainty in out-
come within these stages as some stage B patients do
poorly whereas some stage C patients do very well. A
prognostic marker used in conjunction with Duke’s
staging may more accurately predict the outcome and
need for adjuvant therapy, as in breast cancer where the
combination of lymph node status and oestrogen
receptor measurement is used to guide adjuvant therapy.

Recently a human anti-idiotypic antibody 105AD7,
which mimics the tumour-associated antigen 791Tgp72,
has been used as a vaccine in colorectal cancer patients.
In a neoadjuvant setting, increased infiltration of CD4
cells expressing the activation receptor CD25 [11] and
NK cells [6] was observed in 105AD7 immunised as
compared with unimmunised patients. Furthermore,
there was a three-fold increase in tumour cell apoptosis
in the immunised patients [1]. 791Tgp72 is an integral
membrane glycoprotein, and flow cytometric studies
have shown that it is expressed by a high proportion of
tumour cells from primary colorectal cancers [7]. By
extensive clinical localisation studies, this expression has
been shown to be functionally selective with the mono-
clonal antibody 791T/36 [2]. 791Tgp72 antigen has re-
cently been cloned and was shown to be identical to
CD55 [15]. CD55 is a complement regulatory protein
that binds to C3 convertases of both the classical and
alternative complement pathways and protects cells
against bystander attack from complement. It is com-
posed of four external small consensus repeats and is
GPI-anchored to the cell membrane. The level of
expression of CD55 varies widely on colorectal tumours,
with at least 75% of tumour showing enhanced levels
compared with normal cells [9]. The level of CD55
expression on colorectal tumour cells was, therefore,
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quantified using the monoclonal antibody 791T/36,
which binds to SCR1 and 2 of CD55. Expression was
then correlated prospectively with 7-year survival to
determine if CD55 could confer a selective advantage for
tumour growth and be used to identify patients at risk of
recurrence.

Materials and methods

Cells

Fresh tumour specimens were obtained at the time of colorectal
cancer resection from 136 patients. Specimens were finely minced
and disaggregated with 0.05% collagenase (Type IV, Boehringer
Mannheim, Lewes, UK) for 20 min at 37�C. The tumour cell sus-
pension was removed and washed three times in Hanks balanced
salt solution (Gibco BRL, Paisley, UK). Fresh collagenase was
added to the remaining tissue and it was reincubated for a further
20 min. This procedure was repeated twice before combining cells
from all dissociations and resuspending them in Dulbecco’s med-
ium containing 20% fetal calf serum (Gibco). Previous studies on
791T cells that express CD55 and on purified CD55 have shown
that this antigen is not cleaved by collagenase (unpublished results).

Normal mucosa was obtained at the margin of the resected
bowel. Mucosa was stripped from the underlying mucosa layer and
disaggregated in 0.05% collagenase for 20 min at 37�C.

CD55 immunofluorescence

Tumour cells were incubated for 1 hr at 4�C with 791T/36 mouse
monoclonal antibody. Cells were washed twice and incubated for a
further hour with fluorescein isothiocyanate conjugated rabbit
antimouse immunoglobulin (Dako, Bucks., UK). Normal mouse
immunoglobulin was used as a negative control and this fluores-
cence was subtracted from the fluorescence obtained with 791T/36.
The cells were washed three times prior to analysis on a FACS IV
(Becton Dickinson, Sunnyvale, CA) as previously described. Re-
sults are expressed as mean linear fluorescence (MLF) as the results
were measured with linear amplification. The flow cytometer was
always precalibrated with florescent heads. An MLF of 100 indi-
cated 2·103 molecules of antigen [7].

Disaggregation of solid tumours yields a mixed population of
cells including red blood cells, lymphocytes, stromal cells, macro-
phages, and endothelial cells. The percentage of epithelial cells as
measured by staining of cytokeratin monoclonal antibody Cam 5.2
was only 22±13% (range 10–60). However, following forward
angle light scatter gating to selectively analyse cells in the malignant
cell size range, 79±4% (range 69–86) of the cells analysed were
epithelial. Furthermore, the variation between tumours was con-
siderably reduced.

The percentage of leukocytes as measured by staining with the
anti-CD45 monoclonal antibody F-10–89 in the total nucleate
populationwas 74±16 (range 40–90). Thiswas considerably reduced
to 5.5±5% (range 1–20) following FACS IV gating for malignant
size. The percentage of stromal cells in the population of cells
analysed in the malignant size range was 3.5±3% (range 1–13).

Follow-up

The patients in this study had colorectal cancer resections per-
formed by the department of surgery, University Hospital Not-
tingham. At operation, the tumour site, the surgeon’s estimate of
curability, pathological stage, and grade were all entered prospec-
tively into a computerised database. Patients were followed up
every 3–6 months in a dedicated colorectal clinic for a minimum of
7 years. None of the patients received any further therapy for their

colorectal tumours. Only two patients were lost to follow-up and
both were censored in their third year. Those alive at the time of the
analysis had a median follow-up of 89 months. Survival was taken
as the time from operation to colorectal cancer–related death.
Patients known to have died from other causes were censored at the
time of death. Patients dying in the immediate postoperative period
(<30 days) were excluded, as these deaths were related to post-
operative complication and are unlikely to be influenced by CD55
expression on the resected tumour. These tumours had a similar
distribution of CD55 expression to the other tumours in the study.

Statistics

Statistical analysis was performed using Kaplan-Meier survival
curves using a log rank test to test for survival difference. A linear
association between survival and antigen expression was analysed
by a Mantel-Haenszel test.

Results

Tumours were obtained from 136 consecutive patients in
a single colorectal cancer centre. There was a 3:2 ratio of
male to female with a median age of 68 (range 47–87).
The number of rectal, caecal, and sigmoid cancers were
comparable. The majority of cancers were of moderate
differentiation and 12% were Duke’s A, 41% Duke’s B,
21% Duke’s C, and 26%modified Duke’s D. There were
slightly higher number of Duke’s B than in a normal
population as this centre is a referral centre for popu-
lation screening for colorectal cancer.

The level of CD55 expression was quantified on the
cell surface of freshly disaggregated colorectal tumour
cells by immunofluorescence staining and flow cyto-
metric analysis. Although there was intertumour varia-
tion in the number of cells stained with 791T/36, an
average of 67±17% of cells within the malignant gate
were stained. There was wide intratumour variation in
staining of colorectal tumours with histograms showing
a broad normally distributed peak. The results were
therefore summarised as a mean for the 10,000 cells
analysed. There was also a wide range in the levels of
CD55 expressed between tumours (Fig. 1a). Five per-
cent of tumours failed to express any CD55, and 12%
had levels similar to normal mucosa. Twenty-five per-
cent of patients had a modest (2–3-fold) increase in
CD55 expression as compared with normal mucosa,
whereas a further 25% had a 3–9-fold increase. The
remaining patients had large and variable increases in
CD55 expression (10–67 fold). The mean level of
expression for all patients was 233 (range 0–2,020).
Interestingly, there was no correlation between CD55
expression and tumour stage (Fig. 1b) with mean level
of expression for Duke’s A–D being 151, 261, 198, and
230, respectively. There was also no correlation with
tumour site or differentiation (results not shown).

One hundred thirty-six patients were entered into the
study and followed up in dedicated clinics for 7 years.
Fifteen patients were lost to follow-up and 16 died of
either non-colorectal cancer–related deaths or due to
postoperative complications. The remaining 105 patients
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were studied. Seven-year survival for all patients with
different Duke’s stages is shown in Table 1. The overall
7-year survival for all patients was 41%. However, pa-
tients whose tumours expressed CD55 at levels greater
than the mean (233) had significantly worse (p<0.02)
survival (24%) when compared with patients whose tu-
mours expressed less than the mean levels (50%). More
importantly there was significantly poorer survival for

patients overexpressing CD55 (MLF>233, p=0.05)
even in patients at increased risk of recurrence (Duke’s B
and C). Kaplan-Meier plots clearly show a significantly
(log rank p=0.001) poorer survival rate at all time
points for patients whose tumours overexpress CD55
(Fig. 2). To further investigate the correlation between
CD55 expression on tumours and patient survival, pa-
tients were divided into quartile ranges for increasing
expression of CD55 (Table 2). Patients whose tumours

Fig. 1 a Freshly isolated tumours and normal mucosa from the
resection were disaggregated by collagenase treatment, stained by
indirect immunofluorescence with 791T/36 monoclonal antibody,
and analysed by flow cytometry. b Freshly isolated tumours were
disaggregated by collagenase treatment, stained by indirect
immunofluorescence with 791T/36 monoclonal antibody, and
analysed by flow cytometry. Modified Duke’s staging where D
denotes patients with distant metastases

Fig. 2 Kaplan-Meier survival curve for patients with tumours
expressing high (>233) levels of CD55 antigen

Table 1 CD55 expression, modified Duke’s staging, and 7-year
survival of colorectal cancer patients

7-Year survival (%)

All cases CD55 expressiona

MLF MLF>233 p values

All stages 41 50 24 p<0.02
Duke’s B 51 60 36
Duke’s C 43 53 17
Duke’s B and C 50 58 29 p<0.05

aCD55 expression was measured on freshly disaggregated colo-
rectal tumours by indirect immunofluorescence and flow cytome-
try. The mean fluorescence for all tumours was 233. Patients whose
tumours expressed CD55 at levels >233 had a significantly worse
prognosis than patients whose tumours had <233. More im-
portantly this difference was maintained when those at a high risk
of recurrence (Duke’s B and C) were compared for high and low
expression of CD55

Table 2 Expression of CD55 and 7-year survival of colorectal
cancer patients. There is a progressive deterioration in outcome
with increasing antigen expression (p=0.01) when analysed by the
Mantel-Haenszel test for linear association

Quartile MLF (range) 7-Year survival

1 (n=26) 0–30 58%
2 (n=26) 31–103 50%
3 (n=26) 104–262 38%
4 (n=27) 263–2,020 26%
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lacked or had similar levels of CD55 to normal mucosa
had a high survival rate of 58%. Patients whose tumours
had a modest 2–3-fold increase in CD55 had a survival
rate of 50%, patients with a 3–9-fold increase had a
survival rate of 38%, and those with a 10–65-fold in-
crease had a poor survival rate of 26%. There was,
therefore, a progressive and significant deterioration in
prognosis with increasing CD55 expression when anal-
ysed by a Mantel-Haenszel test for linear association
(p=0.01).

Discussion

There is accumulating evidence that adjuvant chemo-
therapy may improve survival in selected colorectal
cancer patients with a poor prognosis [12]. Similarly
many new biological and immunotherapies are being
developed to prevent recurrence following surgery.
However, it remains unclear as to which patients would
benefit from further therapy. It is current practice to
offer chemotherapy to all Duke’s C patients. Although
the majority of Duke’s A and B patients will be cured by
surgery, there are some patients that would benefit from
further therapy. Similarly, at least one third of Duke’s C
patients are cured by surgery and, therefore, undergo
unnecessary and potentially dehabilitating further
treatments. If additional markers could be added to
Duke’s staging, such as oestrogen receptor status in
breast cancer, it may be possible to select patients for
aggressive adjuvant therapy.

Other colorectal tumour markers have been studied
in an attempt to predict survival. The pattern of p53 and
5T4 tumour staining has been used with varying results
[3, 16]. Similarly the degree and type of lymphocytic
infiltration has been characterised. Although overt
skeletal metastases are uncommon in colorectal cancer,
it has recently been shown that the presence of tumour
cells in the bone marrow is an independent prognostic
indicator of a shorter disease-free survival [10]. All these
studies currently depend upon immunohistochemical
staining, and slides have to be interpreted by a skilled
pathologist. These methods are at best semiquantitative
and may suffer from intraobserver variation. The use of
FACS assays in this study has allowed the objective
quantification of CD55 expression. In addition, the
technique should have less sampling error as one third of
the tumour is disaggregated and a representative sample
of 105 cells stained and analysed. This is very important,
as intratumour variation in antigen expression is com-
mon in colorectal cancer.

CD55 is a complement regulatory protein that is ex-
pressed by a wide variety of cells that are exposed to
bystander complement attack [14]. These cells include
blood cells, endothelial cells, and surface epithelial cells.
It is, therefore, not surprising that colorectal adenocar-
cinomas of epithelial origin also express CD55. What
was surprising, however, was the large variation in levels
of expression of CD55 on tumours. Some tumours failed

to express any CD55, as assessed by binding to the
monoclonal antibody 791T/36, whereas some expressed
a 65-fold increase over the levels on normal cells. It was
of further interest that the tumours expressing high
levels were apparently more aggressive as patients with
tumours expressing these levels had a significantly re-
duced 7-year survival (26%) compared with those with
tumours expressing either normal levels (50%) or failing
to express CD55 (58%).

It may have been predicted that loss of CD55 may
have made tumours more susceptible to complement-
mediated lysis and that overexpression would protect
cells. In contrast, tumours with low expression are less
aggressive than tumours that overexpress CD55. This
may be related to the observation that CD55 on T cells
results in enhanced proliferation [5]. Perhaps signalling
via CD55 on tumours also results in enhanced prolifer-
ation? Alternatively, it may be related to the observation
that CD55 is a ligand for CD97, a protein expressed by
activated leukocytes [8]. Overexpression of CD55 may
make tumours susceptible to T-cell attack. However, we
have shown that strong cell surface expression of CD55
on colorectal tumours is associated with high levels of
CD55 deposited within tumour stroma [9]. We have
shown that CD55 within extracellular matrix is func-
tional and can be released in a soluble form by MMP-7
[13]. Perhaps extracellular CD55 acts as a dereceptor
and inhibits both complement activation and interaction
with CD97. In this context we have recently shown that
soluble CD55 can inhibit cytokine secretion by a T-cell
clone and this inhibition can be reversed with antibodies
which block CD55/CD97 interaction (unpublished
results).

Whatever the reason for CD55 overexpression by
tumours, its level may act as an independent prognostic
indicator allowing a further classification of Duke’s B
and C patients who may benefit from further therapy.
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