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Abstract It has been known for some time that the im-
mune system can recognise growing tumours, and that
tumours may respond by modulation of molecules,
which make them resistant to further attack. Expression,
over-expression, or loss of these molecules may function
as markers of tumour progression and prognosis.
Among such molecules are the membrane-bound com-
plement regulatory proteins (mCRP), which protect cells
from bystander attack by autologous complement.
These include CD59 (protectin), which prevents forma-
tion of the MAC complex in the terminal stages of
complement activation. In the present study, we evalu-
ated immunohistochemical expression of CD59 in a
series of over 460 well-characterised colorectal cancers
using tissue microarrays (TMA), and related this infor-
mation to known tumour and patient variables and to
survival. The CD59 expression was observed in 69
(15%) of cases overall, and was significantly associated
with tumour grade. In contrast, no associations were
noted with tumour site, stage or histological type. On
survival analysis, a further correlation was observed
between expression of CD59 by the colorectal tumours
and a reduction in disease-specific patient survival. This

observation was strongest for patients with early stage
disease. However, a negative impact on survival was also
seen in those patients with late stage disease. These re-
sults indicate that TMA linked to good clinicopatho-
logical databases with good long term follow up are
useful tools for determining new prognostic indicators
that can be used in future patient management. Immune
surveillance may result in immune–editing that induces
variable expression of a range of target antigens, and
these may be useful prognostic markers. This study has
identified CD59 expression as a marker of poor prog-
nosis in colorectal cancer patients.
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Introduction

After a century of controversy, the notion that the
immune system regulates cancer development is expe-
riencing a new resurgence. An effective immune
response to a developing tumour may result in tumour
elimination. Alternatively, due to the inherent genetic
instability of tumours, selection pressure exerted by the
immune system may lead to the outgrowth of tumour
variants, which are relatively resistant to immune
attack [5]. Thus, the expression, over-expression, or loss
of molecules, which confer resistance to immune
attack, may function as markers of tumour progression
and prognosis. Among such molecules are the mem-
brane-bound complement regulatory proteins (mCRP).

Activation of complement occurs via a cascade of
enzyme activity, initiated by either the antibody-depen-
dant classical pathway, or the antibody-independent
alternative and lectin pathways [9]. These lead to a
common activation of the C3 component of comple-
ment, and in turn to the formation and membrane
insertion of a terminal C5b-9 membrane attack complex
(MAC) [25], causing direct lysis of the target cell. In
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order to protect themselves from bystander attack by
autologous complement, cells express mCRPs, which act
predominately at either the C3/C5 convertase level as
with CD46 (membrane cofactor protein; MCP) and
CD55 (decay accelerating factor; DAF), or act further
downstream to inhibit assembly of the MAC, as with
CD59 (protectin) [7]. Expression of one or more mCRP
(frequently at a greater level than the corresponding
normal tissue) has been demonstrated for most solid
tumour types and may allow tumours to resist elimina-
tion by complement dependent mechanisms [1, 10], and
limit the therapeutic potential of immune-therapies
designed to activate antibody-dependent cellular cyto-
toxicity (ADCC) or complement dependent cytotoxicity
(CDC) [7, 8, 14, and 23].

The mCRP CD59 is a 18–20 kDa glycosyl-phospha-
tidylinositol-anchored cell membrane glycoprotein,
which has been widely identified on human cells exposed
to complement [24]. The CD59 binds to C5b-8, inhibit-
ing C9 recruitment and preventing formation of the
MAC complex in the terminal stages of complement
activation [18, 24]. Blocking of CD59 on HT29 colonic
adenocarcinoma cells with anti-CD59 mAb has been
shown to lead to a dependent increase in complement
mediated cell lysis [2], whilst selective inhibition of CD59
has been shown to enhance complement-mediated lysis
of a range of cell types, including breast [4, 15], ovarian
and prostate tumour cells [4].

Tumour profiling by tissue microarray (TMA) tech-
nology has been developed in order to overcome some of
the limitations of conventional immunohistochemical
studies and allows the analysis of target protein
expression by hundreds of tumours simultaneously [16].
This information when linked to clinical datasets is a
powerful method of determining associations with tra-
ditional clinico-pathological variables and allows the
rapid evaluation of potential prognostic markers [31].
We have previously utilised TMA technology to study
expression of CD46 [20], CD55 [19], CD59 [21] and
MHC class-I molecules [22] in breast carcinomas, find-
ing that the expression patterns of CD55, CD59 and
MHC class-I confer prognostic information in this pa-
tient group. The aim of the current study was to apply
the TMA technique to evaluate CD59 expression in a
series of over 460 colorectal cancers, and relate this
information to known tumour and patient variables and
to survival.

Materials and methods

Patients and specimens

Fomalin-fixed, paraffin wax embedded tumour material
was obtained from 462 consecutive patients undergoing
elective surgery for a histologically proven primary colo-
rectal cancer atUniversityHospital,Nottinghambetween
1st January 1994 and 31st December 2000. Data on the
tumour site, stage, histological type and grade have been

recorded in a prospectivelymaintained database, together
with comprehensive follow-up data. Patients with lymph
node positive disease were routinely treatedwith adjuvant
chemotherapy comprising 5-flurouracil and folinic acid.
On commencement of the study the original histopatho-
logic slide sets and reports were also obtained from the
hospital archives, and these were reviewed to confirm the
diagnosis and the accuracy of existing data. Any infor-
mation missing from the datasets was completed at this
time where possible.

Follow-up data regarding the date of death for these
patients has been provided prospectively by the UK
Office for National Statistics, with all deaths subject to
formal review in order to confirm the accuracy of data
regarding the cause. Follow-up was calculated from the
date of resection of the primary tumour, and all sur-
viving cases were censored for survival analysis at 31st
December 2003. Disease specific survival was used as the
primary end-point. The Local Research Ethics Com-
mittee granted approval for the study.

Preparation of TMAs

Tumour samples were arrayed as described previously
[16, 31]. A 5 lm H&E stained slides were used to iden-
tify and mark out representative, viable tumour tissue. A
0.6 mm needle core-biopsies from the relevant areas of
corresponding paraffin-embedded blocks were then
placed at defined coordinates in the recipient paraffin
array blocks using a manual arrayer (Beecher Instru-
ments, Sun Prarie, WI, USA). Arrays blocks were con-
structed at a density of 80–150 cores per array. A single
core was evaluated from each case. Analysis of a single
TMA core typically shows over 90% concordance with
conventional whole section analysis of tumour markers
and it has been validated previously [3].

Immunohistochemistry

A murine monoclonal antibody to CD59 (clone MEM-
43; Serotec) was used for immunohistochemical detec-
tion of CD59 on the arrayed tumours. The MEM-43 was
clustered in workshop typing VI and was also used in
workshop V. These studies confirmed its recognition of
CD59, and it has been widely used in previous studies on
paraffin sections [13, 17, 21, 27, and 32]. Briefly, fresh
5 lm sections from each array block were deparaffinised
with xylene, rehydrated through graded alcohol and
immersed in methanol containing 0.3% hydrogen per-
oxide for 10 min to block endogenous peroxidase
activity. A 800 W microwave was used to retrieve anti-
genicity with sections immersed in 1 l of pH 6.0 citrate
buffer for 10 min at 800 W, followed by 10 min at
200 W. Endogenous avidin/biotin binding was blocked
using an avidin/biotin blocking kit (Vector Labs, USA)
and all sections were then treated with 100 ll of normal
swine serum (NSS) for 10 min to block non-specific
binding of the primary antibody.
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Test sections were incubated with 100 ll of primary
antibody (found to be optimally diluted at 1:10 [(v/v) in
NSS/TBS] for 60 min at room temperature. Positive
control tissue comprised whole sections of normal tonsil.
An irrelevant IgG2a isotype control antibody was used
with negative control sections. After washing with TBS,
sections were incubated with 100 ll of biotinylated goat
anti-mouse/rabbit immunoglobulin (Dako Ltd., Ely,
UK) diluted 1:100 in NSS for 30 min, then washed in
TBS and incubated with 100 ll of pre-formed strepta-
vidin-biotin/horseradish peroxidase (HRP) complex
(Dako Ltd.) for 60 min at room temperature. Visuali-
sation of CD46 staining was achieved using 3, 3¢-Di-
aminobenzidine tetrahydrochloride (DAB, Dako Ltd.)
with haematoxylin counterstain (Dako Ltd.). Sections
were finally dehydrated in alcohol, cleared in xylene
(Genta Medica, York, UK) and mounted with distyrene,
plasticizer and xylene (DPX—BDH, Poole, UK) prior
to analysis.

Evaluation of CD59 staining

Staining of the TMA slides was interpreted by two
observers experienced in immunohistochemical analysis
(NFSW and ZM), blinded to the patient outcomes
and clinicopathological data. In <10% of the speci-
mens, a difference of opinion was observed. In these
cases, a consensus was achieved following review using
a double-headed microscope. All viable tumour cells
within a given core were evaluated for CD59 expres-
sion. In order to examine correlations between CD59
expression and tumour/patient variables, tumours were
then categorised as displaying positive CD59 expres-
sion if 10% or more of the evaluated tumour cells
within the core showed unequivocally positive staining
(Fig. 1a). This cut-off was selected arbitrarily before
beginning the study. The remaining cores were cate-
gorised as CD59 negative (Fig. 1b).

Statistical analysis

Statistical analyses were performed using the SPSS
package (Version 11 for Windows, SPSS Inc., Chicago,
IL, USA). Associations between categorical variables

were examined using the Pearson’s chi-square test.
Kaplan–Meier curves were derived for disease-specific
survival analysis, and the significance of differences in
disease-specific survival between groups with differing
CD59 expression calculated using the log-rank test.
Patients whose death related to their colorectal cancer,
including any early death from post-operative compli-
cations, were considered in the disease-specific survival
calculations. Those whose death resulted from non-
colorectal cancer related causes were censored at the time
of death. Multivariate analysis using the Cox propor-
tional-hazards model was employed to determine relative
risk and independent significance. In all cases, p val-
ues<0.05 were considered as statistically significant.

Results

Patients

The arrayed tumours were broadly representative of the
colorectal cancer population in the UK. A 57% of pa-
tients were male and 43% female. The median age at the
time of surgerywas 72 years, consistent with amedian age
at diagnosis of colorectal cancer of 70–74 years in theUK
[28]. The majority of tumours (85%) were adenocarci-
nomas, and were most frequently of a moderate histo-
logical grade (77%). In 27% of cases, histological
evidence of extramural vascular channel invasion was
present, a further 49% had no evidence of vascular inva-
sion, and this information was not available for the
remaining 24% of cases. At the time of censoring for data
analysis, 49%of patients haddied from their disease, 13%
were deceased from all other causes, and 37% were alive.
Median follow-up for all patients was 37 months, (range
0–116), with a median follow-up of 75 months (range 36–
116) in survivors. The median 5 years disease-specific
survival for the cohort was 58 months, comparable with a
national average of approximately 45% 5 years survival
for colorectal cancer in the UK [26].

CD59 expression

The 449 cases were suitable for evaluation of CD59
expression. A 13 cores (<3%) were excluded, due to

Fig. 1 a Colorectal TMA core
stained with anti-CD59
antibody (1:10 dilution)
demonstrating positive CD59
expression in tumour cell
cytoplasm and at luminal
membrane. b Colorectal TMA
core from the same slide with
absent tumour expression of
CD59. Note strongly positive
staining of vascular endothelial
cells acting as internal positive
control (both at 20 times
original magnification)
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folding or loss of the core during staining, or an absence
of viable tumour cells within the core (10% of the total
core area containing viable tumour cells was the mini-
mum considered informative). In this series of colorectal

tumours, CD59 expression was identified in 69 (15%) of
the evaluated cases.

As with previous studies using whole tissue sections,
immunohistochemical expression of CD59 was found to

All patients (n=449)

Log rank=5.16, P=0.0231
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Fig. 2 a Kaplan–Meier plot for
all patients showing disease-
specific survival for CD59
positive/negative tumours
(n=449). b Kaplan–Meier plot
for TNM stage 0/I/II patients
(n=242). c Kaplan–Meier plot
for TNM stage III/IV patients
(n=207)

976



be heterogenous within each arrayed tumour core. Weak
granular staining was observed within the tumour cell
cytoplasm, with stronger staining of the apical/luminal
cell membrane in well and moderately differentiated
tumours. In contrast, nuclear CD59 staining was con-
sistently absent. Occasionally, positive staining of stro-
mal tissues was also noted, where these structures had
been included within the tissue array cores. In a further
percentage (>50%) of the tumour cores evaluated, the
presence of vascular endothelial cells and/or monocytes
provided a consistently positive internal control. No
staining was observed in the negative control slides.

Correlations between CD59 expression
and tumour/patient characteristics

Univariate correlations between CD59 expression and
tumour/patient characteristics were initially assessed by
chi-square test (Table 1). A strong association was noted
between CD59 expression and tumour grade (v2

=10.219, p=0.017), with positive CD59 expression in
28.6, 14.5 and 4.5% of well, moderate and poorly dif-
ferentiated tumours, respectively. We also noted a non-
significant trend towards a higher number of CD59
positive cases in tumours with evidence of extramural
invasion (v2 =5.220, p=0.074). In contrast, no associ-
ations were found between CD59 expression and patient
gender, tumour type, tumour site or TNM stage.

Kaplan–Meier survival analysis

Kaplan–Meier analysis of disease specific survival (DSS)
for the entire cohort demonstrated a significant differ-
ence between CD59 positive and CD59 negative cases
(Fig. 2a, log-rank=5.16, p=0.0231), with a mean DSS
of 66 months (95% CI 61–71 months) for patients with
CD59 negative tumours, as compared with a mean of
51 months (95% CI 39–64 months) in those with CD59
positive tumours (Table 2). To further investigate this
finding, a subgroup analysis was performed with pa-
tients stratified into those with localised tumours (TNM
stage 0/I/II disease, n=242), and those with nodal
spread and/or distant metastases (TNM stage III/IV
disease, n=207). Patients for whom the TNM stage was
unknown were considered as part of the latter group. In
this analysis, CD59 expression remained a significant
factor in determining DSS for both patient groups
(Fig. 2b/c, log-rank=5.66, p=0.0173).

Multivariate analysis

A multivariate analysis of all factors influencing survival
was performed using the Cox proportional hazards
model (Table 3). Strong independent prognostic value
was demonstrated for TNM stage (hazard ratio for
death TNM 0-II versus III/IV=2.761, 95% CI 2.036–
3.744, p<0.001), and for extramural vascular invasion

Table 1 Patient and tumour characteristics (n=449)

Variable Category Total number Number (%) CD59 + Number (%) CD59 � p value

Gender
Male 257 41 (16) 216 (84) 0.127
Female 192 21 (10.9) 171 (89.1)

Tumour type
Adenocarcinoma 382 54 (14.1) 328 (85.9) 0.798
Mucinous carcinoma 49 7 (14.3) 42 (85.7)
Signet ring carcinoma 6 0 6 (100)
Columnar carcinoma 4 0 4 (100)
Unknown 8 1 (12.5) 7 (87.5)

Tumour grade
Well differentiated 28 8 (28.6) 20 (71.4) 0.017
Moderately differentiated 345 50 (14.5) 295 (85.5)
Poorly differentiated 67 3 (4.5) 64 (95.5)
Unknown 9 1 (11.1) 8 (88.9)

TNM stage
0 3 0 3 (100) 0.111
I 67 15 (22.4) 52 (77.6)
II 172 18 (10.5) 154 (89.5)
III 149 19 (12.8) 130 (87.2)
IV 51 10 (19.6) 41 (80.4)
Unknown 7 0 7 (100)

Tumour site
Colon 230 25 (10.9) 205 (89.1) 0.115
Rectal 177 28 (15.8) 149 (84.2)
Unknown 42 9 (21.4) 33 (78.6)

Vascular invasion status
Negative 219 22 (10) 197 (90) 0.074
Positive 121 22 (18.2) 99 (81.8)
Unknown 109 18 (16.5) 91 (83.5)
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(hazard ratio for death in vascular invasion positive
tumours compared with vascular invasion negative tu-
mours=1.823, 95% CI 1.320–2.518, p=0.001). In con-
trast, tumour grade was not found to be an independent
prognostic factor in this series of patients. In this model,
positive tumour expression of CD59 was found to confer
a higher risk of death than associated with CD59 neg-
ative tumours, with a hazard ratio of 1.365 in the CD59
positive group (95% CI 0.953–1.955, p=0.089).

Discussion

Previous attempts to characterise the immunohisto-
chemical expression of CD59 in both normal and neo-
plastic colorectal tissues, and in colorectal tumour cell
lines, have been limited to the analysis of relatively small
numbers of cases. Koretz et al. [17] demonstrated het-
erogeneous expression of CD59 in 10/20 samples of
normal colonic epithelium, with the highest antigen
density at the luminal cell surface and only weak staining
of the cytoplasm and lateral cell borders. Inoue et al.
[12] also described heterogeneous expression of CD59 at
the apical surfaces of normal colonic epithelial cells, and
Thorsteinsson et al. [30] demonstrated moderate levels
of CD59 expression in 5 of 15 normal colon specimens
studied. In contrast, strong expression of CD59 by

vascular endothelial cells and mononuclear cells has
been demonstrated in these specimens. In colorectal
adenocarcinomas, CD59 expression also appears to be
heterogeneous, with the highest antigen density again
seen at the apical/luminal cell surface [17, 27]. Koretz
et al. described CD59 antigen expression by the majority
of tumour cells in 55/71 adenocarcinomas studied,
finding associations between higher CD59 expression
and earlier stage/lower grade tumours [17]. Similarly,
Schmitt et al. [29] were able to demonstrate CD59
expression restricted to well and moderately differenti-
ated areas of nine tumours studied. However, Bjorge
et al. [2] found that CD59 expression was greatest on
colorectal tumour cells with poor differentiation. Fur-
ther investigations have suggested that CD59 expression
by primary colorectal tumours may occur less frequently
[30], and that expression of CD59 on colorectal cancer
liver metastases is a very rare occurrence [11].

The current study comprises the largest analysis of
CD59 expression in colorectal tumours to date, includ-
ing 462 consecutively treated patients and representative
of the colorectal cancer population in the UK. Pro-
spectively collected and complete patient outcome data
allowed a comprehensive evaluation of associations of
laboratory parameters with disease-specific survival. The
CD59 is expressed by most cells to protect them from
bystander lysis by complement and it was therefore

Table 2 Kaplan–Meier survival analysis

Number Mean DSS (months) 95% CI (months) p value

All patients
CD 59 � 387 66 61–77
CD 59 + 62 51 39–64 0.0231
TNM stage 0–II only
CD 59 � 209 86 79–92
CD 59 + 33 67 50–84
TNM stage III and IV only
CD 59 � 178 43 36–49
CD 59 + 29 32 17–46 0.0173

Table 3 Cox multivariate analysis

Variable Category OR 95% CI p value

Tumour grade
Well differentiated 1 0.654
Moderately differentiated 1.140 0.596–2.175
Poorly differentiated 1.026 0.500–2.106
Unknown 1.737 0.639–4.717

TNM stage
0–II 1 <0.001
III and IV 2.761 2.036–3.744

Vascular invasion status
Negative 1 0.001
Positive 1.823 1.320–2.518
Unknown 1.153 0.795–1.672

CD59
Negative 1 0.089
Positive 1.365 0.953–1.955
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surprising that 85% of colorectal tumours have less than
10% of their cells expressing this important complement
regulatory protein. The in vivo state of complement
activation in human tumours involves a variety of fac-
tors, of which CD59 expression is just one component.
Furthermore, it has been suggested that expression of
one or more mCRPs may compensate for the loss or
absence of another, and that in colorectal cancer there
appears to be a correlation between loss of CD59 and
increased CD55 expression in low-grade tumours [17].
Despite this, our study clearly demonstrates the novel
finding that CD59 expression is associated with a poor
prognosis in colorectal cancer. Of particular interest, a
corresponding association between tumour cell expres-
sion of CD59 and poor patient survival has also been
recently described in surgically treated patients with
prostate cancer [32].

The most significant finding of our study has been to
demonstrate a correlation between expression of CD59
by primary colorectal tumours and a reduction in dis-
ease-specific survival. This observation was strongest for
patients with early stage disease. However, a negative
impact on survival was also seen in patients with late
stage disease. In our analysis, an absence of CD59
expression was correlated with tumour de-differentia-
tion, confirming the findings of Koretz et al. [17] and
Schmitt et al. [29]. As CD59 expression is predominately
localised to the luminal cell surface of tumour cells, the
relative lack of CD59 in poorly differentiated colorectal
tumours may simply reflect an absence of glandular
structures, as similar findings have also been described
for adenocarcinomas of gastric origin [13]. We also no-
ted a trend towards CD59 expression in those poorer
prognosis tumours with evidence of extramural vascular
invasion, although unlike Koretz, we were unable to find
any association between CD59 expression and TNM
stage.

Markers of growth, apoptosis and tumour suppressor
gene products have been shown to be associated with
disease progression, but little attention has been given to
molecules involved in immune recognition of tumours.
We have recently shown that partial loss of MHC class-I
molecules confers a poor prognosis in colorectal cancer
patients (Watson et al., in press), and that over-expres-
sion of MICA, a NK and T cell activating receptor, is an
independent marker of a good prognosis (unpublished
observation). Our own group has shown that high level
expression of the complement inhibitory protein CD55
is also a marker of poor prognosis in colorectal cancer
[6], and that levels of CD59 and CD55 expression confer
prognostic information in breast cancer patients [21, 23].

Our findings suggest that CD59 could be used as a
rapid quantitative marker of colorectal tumour prog-
nosis, particularly in patients with early stage disease, as
patients with CD59 positive tumours and a poor prog-
nosis may be good candidates for adjuvant chemother-
apy. In contrast, patients with tumour cells lacking
expression of CD59 may be expected to derive a

relatively greater benefit from vaccine therapies designed
to activate or enhance ADCC/CDC.

In conclusion, TMA linked to good clinicopatho-
logical databases with good long term follow up are
useful tools for determining new prognostic indicators
that can be used in future patient management. Immune
surveillance may result in immune–editing that induces
variable expression of a range of target antigens that
may be useful prognostic markers. The CD59 expression
has been identified as a marker of poor prognosis in
colorectal cancer.
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