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Abstract CD46 or membrane cofactor protein (MCP) is
a complement regulatory protein that has been identified
on all nucleated cells and which protects them from
attack by autologous complement. Breast carcinomas
are reported to consistently express CD46. Aim and
methods: Our previous immunohistochemical study
showed that in breast carcinomas, loss of CD59 and
CDS55 correlated with poor survival. This study aimed to
investigate the prognostic significance of CD46 on breast
tumours using a rabbit polyclonal anti-CD46 antibody
with a standard immunohistochemistry method. A total
of 510 breast tissues from patients with primary opera-
ble breast cancer diagnosed between 1987 and 1992 had
previously been included in tissue microarrays. They
included patients 70 years of age or less (mean = 54
years) with a long-term follow-up (median =
82 months). Results: Immunohistochemical study re-
vealed that 507/510 (99.4%) of breast tumours expressed
CD46. Strong immunoreactivity was exhibited by 136/
510 (27%) tumours, while moderate and weak staining
was observed in 43% and 29% of tumours, respectively.
Intensity of CD46 expression was significantly associ-
ated with tumour grade (p <0.05), histological type of
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tumour (p<0.001) and tumour recurrence (p <0.05).
There was no correlation with lymph node stage or the
presence of vascular invasion, nor with patient age or
menopausal status. Interestingly, as most tumours
expressed CD46, it would appear that poor-prognosis
tumours that lose CD55 and CD59 still express CD46.
Conclusion: Breast tumours express high levels of CD46
that correlates with tumour grade and recurrence. It is
therefore likely that loss of CDS55 and CD59 could be
compensated by expression of CD46. However, loss of
CD55 and CD359, even for tumours that still express
CD46, is still associated with a poor prognosis. This may
suggest that CD46 alone can protect from complement
lysis but that loss of CD55 and CD59 are associated with
other roles in immune regulation.

Keywords Breast tissue microarray - CD55 - CD359 -
Prognostic factor - Rabbit polyclonal anti-CD46

Introduction

To prevent complement-mediated autologous tissue
damage, host cells express a number of membrane-
bound complement regulatory proteins (CRPs) includ-
ing CD59, CD55 (DAF) and CD46. Membrane cofactor
protein (MCP, CD46), a widely distributed regulator of
complement activation, is a cofactor for the factor I-
mediated degradation of C3b and C4b deposited on host
cells [17, 30]. CD46 therefore has a complementary
activity to CD55 with which it acts jointly to inhibit C3b
and C4b deposition on self-tissue [16]. Except for ery-
throcytes, MCP has been identified on all human
peripheral blood cells [2, 31], and cells of epithelial,
endothelial and fibroblast lineages [20, 27].

The molecule consists of four contiguous short con-
sensus repeat (SCR) domains and an alternatively
spliced region rich in serines, threonines and prolines
that is heavily O-glycosylated. However, CD46 has three
sites for N-glycosylation in SCR1, SCR2 and SCR4 and
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inserts into the cell membrane through a transmembrane
domain, unlike the other two regulatory proteins that
are GPI-anchored. SCR2, SCR3 and SCR4 are all in-
volved in C3b, C4b and cofactor binding [17, 26, 29].
CD46 is a potent inhibitor of alternative pathway acti-
vation [12] and counteracts the amplification phase of
C3b deposition [4], but has less effect controlling clas-
sical pathway and C3b/C4b deposition [12].

It has been shown that most tumour cell lines, except
those of B-cell lineage, possess twofold to eightfold more
MCP in comparison with their normal counterparts [32].
Most normal surface epithelia express CRPs; however,
tumours show variable expression of these proteins. It has
been presumed that overexpression of one of the CRPs
may counteract for the loss of another [15]. Ductal car-
cinomas of the breast demonstrate the most variation in
phenotype; some tumours express only one inhibitor,
while others express various combinations of two or three
inhibitors. Previous immunohistochemical studies on a
limited number of freshly frozen tumours have shown that
CD46 was consistently expressed in breast carcinomas,
predominantly on the cell membrane with no stromal
deposition [22, 35]. In 1994, Hofman et al. [11] reported
that CD46 reactivity was significantly greater in malig-
nant compared with benign breast disorders.

Our previous immunohistochemical study showed
that in breast carcinoma loss of CD59 and CDS55 cor-
related with poor survival [18, 19]. To our knowledge,
however, there has been no study of CD46 expression on
a large number of paraffin-embedded breast tumours. As
none of the commercially available anti-CD46 mono-
clonal antibodies can be used on formalin-fixed sections,
this study aimed to investigate the prognostic signifi-
cance of CD46 on breast tumours with a new rabbit
polyclonal anti-CD46 antibody employing a standard
immunohistochemistry method.

Materials and methods
Patients

The present study comprises 510 cases of primary
operable invasive breast carcinoma from patients aged
70 years or less diagnosed between 1987 and 1992 ob-
tained from the Nottingham Tenovus Primary Breast
Carcinoma Series. Patient characteristics including age
and menopausal status were also collected, and infor-
mation on local, regional and distant recurrence and
survival was also retrieved. At the time of diagnosis,
patient age ranged from 27 to 70 years (mean 53). From
a total of 487 with recorded menopausal status, 184
(38%) of patients were premenopausal and 303 (62%)
were postmenopausal.

Patients were followed up at 3-month intervals ini-
tially, then 6 monthly then annually for a median period
of 82 months, presenting a mean survival of 76 months
(1-151 months). Distant recurrence was observed in 123
(24%) of a total of 510 patients.

Patient management was based on tumour charac-
teristics by calculating the Nottingham Prognostic Index
(NPI). Those women with an NPI score < 3.4 received
no adjuvant therapy, and those with a NPI score > 3.4
received tamoxifen if oestrogen receptor (ER) positive
(£ Zoledex, if premenopausal), or CMF (classical che-
motherapy) if ER negative and fit enough for chemo-
therapy to be appropriate.

Tissue preparation

The excised tumours were sliced, fixed immediately and
placed in neutral buffered formalin and then processed
through to embedding in paraffin wax to minimise any
diffusion problems. Tumour samples were arrayed as
described by Kononen et al. [13]. From each sample, one
representative tumour region was included. Microarray
samples with a diameter of 0.6 mm were punched from
selected regions of each “donor” block using a Beecher
instrument (Manual Tissue Arrayer) and precisely ar-
rayed into a new recipient paraffin block. The tissue
microarray (TMA) blocks were constructed in three
copies, each containing one sample from a different re-
gion of the tumour. It has been shown that, contrary to
expectations, tissue heterogeneity did not negatively
influence the predictive power of the TMA results [1, 37].

This is a well-characterised series of primary operable
breast cancer treated in a uniform manner and has been
used to study a wide range of potential prognostic fac-
tors and markers including CD59 [18] and CDS5S5
expression [19]. Tumour characteristics, including his-
tological grade [6], tumour type [5], vascular invasion
[25], menopausal status [36], tumour size, lymph node
stage and NPI [7] are routinely assessed and recorded in
a database. The NPI score was calculated for each pa-
tient based on the following equation [10]:
NPI=0.2 x tumour size (cm) + histological grade (1-3)
+ lymph node stage (1-3). This index predicts survival
of patients with invasive breast cancer and is utilised
clinically in three groups: good prognosis (NPI < 3.4),
moderate prognosis (3.41 <NPI < 5.4) or poor prog-
nosis (NPI > 5.4) according to the score obtained.

In addition, assays to determine the ER status of each
tumour section were conducted (at the Tenovus Insti-
tute, Cardiff) by a dextran-coated charcoal technique. A
cutoff of 10 fmol/mg protein was used to determine
positivity. ER status was known in 286 patients; 87
(31%) of patients were ER negative and 199 (69%) were
ER positive.

Finally, tumour sections were classified in four
prognostic type groups [7, 24]:

1. Excellent prognosis type (>80% 10-year survival),
includes tubulo-lobular, tubular, mucinous and
invasive cribriform carcinoma.

2. Good types (60-80% 10-year survival), includes
tubular mixed, mixed ductal with special type and
alveolar lobular carcinoma.



3. Moderate prognosis types (50-60% 10-year survival),
includes classical lobular, medullary, atypical med-
ullary and lobular mixed carcinoma.

4. Poor prognosis types ( < 50% 10-year survival), in-
cludes ductal NST, solid lobular, mixed ductal and
lobular carcinoma.

Among 510 tumours, 28 (5%) were group 1, 111
(22%) were group 2, 58 (11%) group 3 and 313 (62%)
were classified as group 4 or poor prognostic type.

Of 510 tumours, 106 (21%) were grade 1, 173 (34%)
were grade 2 and 231 (45%) were histological grade 3.
Among 506 patients whose axillary lymph nodes had
been examined; 321 (63%) were node negative and 185
(37%) had axillary node metastatic disease.

Immunohistochemistry

The rabbit polyconal anti-CD46 antibody was raised
against affinity-purified CD46 [33]. Following produc-
tion, the serum was affinity-purified on CD46 and vali-
dated using competition ICC with CD46 antigen (data
not shown). The polyclonal antibody has also compared
to a monoclonal anti-CD46 antibody (E4.3) by indirect
immunofluorescence on a CD46-expressing cell line
(FACS profile is shown in Fig. 1).

Sections 4-pum thick were cut and stained using the
standard avidin-biotin complex method. Briefly, depa-
raffinized sections were immersed in methanol contain-
ing 0.3% hydrogen peroxide for 10 min to block
endogenous peroxidase activity. Microwave pretreat-
ment in citrate buffer (pH 6.0) was performed 10 min at
high power followed by 10 min at low power to retrieve
antigenicity. The sections were then incubated with
normal swine serum (NSS) for 10 min to block non-
specific antibody binding sites. After that, primary
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Fig. 1 Profile of tumour cell line analysed on a FACScan using
rabbit ant-CD46 polyclonal antibody (B) and anti-CD46 mono-
clonal antibody (C) compared with negative control (secondary
antibody alone, A4)
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antibody was incubated on the slides for 1 h with the
optimal dilution found to be 1:200. Primary antibody
was omitted from the negative control, which was left
incubating in NSS. Normal breast tissue adjacent to
tumour was used as a positive control. The sections were
then incubated in biotinylated goat antimouse/rabbit
IgG (Dako, Denmark) for 30 min followed by strepta-
vidin-biotinylated horseradish peroxidase complex
(Dako, Denmark) for 1 h at room temperature with the
addition of 3,3’-diaminobenzidine with 0.03% hydrogen
peroxidase (Dako, Denmark) to achieve visualisation of
the antigen. The sections were lightly counterstained
with haematoxylin (Dako, Denmark), dehydrated in
alcohol, cleared in xylene xylene (Genta Medica, York,
UK) and mounted with distyrene, plasticiser and xylene
(DPX) (BDH, Poole, England).

Scoring system

Immunostaining of CD46 was evaluated using a semi-
quantitative system by one author (Z. Madjd), blinded
to patient outcome and other clinical findings. Addi-
tional cases were assessed by two observers (Z. Madjd,
S.E. Pinder) to confirm agreement. The immunostaining
results were classified into four categories: 0 = no im-
munostaining present, | = weak immunostaining,
2 = moderate immunostaining and 3 = strong immu-
nostaining. The percentage of tumour cells showing
positivity was also assessed semiquantitatively as 1
(<25%), 2 (25-50%), 3 (51-75%) or 4 (> 75%).

Statistical analysis

SPSS version 10.1 for Windows was used for statistical
analysis. Univariate associations of CD46 intensity with
clinicopathological parameters of breast cancer were
analysed by cross-tabulation, and Pearson y” tests. To
give sizes of effect and to look at the independence of
effects, CD46 intensity was reclassified as a binary out-
come (low [0 or 1] and high [2 or 3] expression), and
effects of clinicopathological parameters were assessed
using multiple logistic regression to give adjusted odds
ratios and 95% confidence intervals. The effect of CD46
expression upon survival was analysed by Kaplan—Me-
ier, and statistical significance by the log-rank test. p
values lower than 0.05 were identified as statistically
significant.

Results

Previous studies on frozen breast sections had suggested
that expression of CD46 was variable and may correlate
with tumour prognosis. The Nottingham series is
formed from a large number of well-defined breast
cancer patients with long follow-up. To complete our
analysis of complement control proteins in these breast
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arrays, a CD46 polyclonal serum was derived to over-
come the lack of commercially available antisera that
work on formalin-fixed paraffin-embedded material. The
antisera was used on a panel of 510 breast arrays, and
expression levels compared against prognostic factors
and patient outcomes.

Immunohistochemical expression of CD46

Immunostaining was predominantly observed in the
tumour cell membrane and heterogeneously within the
cytoplasm (Fig. 2). Normal epithelium of ducts and
lobules adjacent to tumour lesions consistently and
strongly expressed CD46. In this series of breast carci-
nomas, CD46 expression was identified in 507 of the 510
tumours investigated (99.4%). One hundred and thirty-
six of the 510 (27%) tumours exhibited strong immu-
noreactivity, while moderate and weak staining was

Fig. 2 Breast carcinomas
CD46 expression using a rabbit anti-CD46 polyclonal antibody.
Strong (a) and moderate (b) staining of CD46 on breast tissue
arrays (original magnification x20)

immunohistochemically stained for

Table 1 Intensity of CD46 expression

Immunohistochemical Percentage of tumours
Score

None 0.6 (n=3)

Weak (+) 29 (n=149)

Moderate (+ +) 43 (n=222)

Strong (+ + +) 27 (n=136)

Total 510

observed in 43% and 29% of tumours, respectively
(Table 1, Fig. 2). A variable percentage of CD46-posi-
tive cells was observed; 58% (n=298) of cases showed
extensive expression of CD46 (>75% positive cells),
whereas 6% (n=30) showed CD46 immunoreactivity in
less than 25% of tumour cells (Table 2).

Comparison with existing prognostic factors

The level of expression of CD46 in the tumour samples
was compared with existing prognostic parameters
(histological grade, tumour type, vascular invasion,
lymph node stage, tumour size, ER status and NPI),
patient characteristics (age and menopausal status) and
outcome (overall survival, development of distant
metastases, local and regional recurrence) (Table 3).

The intensity of CD46 expression (categorised in four
groups: no staining, weak, moderate and strong stain-
ing) was negatively associated with histological grade of
invasive tumour (p=0.003) (Table 4, Fig. 3), such that
the odds ratios for high intensity of CD46 in those with a
poor histological grade compared with those with a well-
differentiated tumour was 0.59 (95% CI, 0.35-1.0) (Ta-
ble 5). Moreover, an inverse association was demon-
strated between CD46 intensity and histological tumour
type group (p <0.001); strong staining of CD46 was less
often seen in poor prognosis types (ductal/NST, solid
lobular, lobular mixed, mixed NST and lobular types)
compared with excellent prognosis type tumours (tubu-
lo-lobular, tubular, mucinous and invasive cribriform
types) (Table 4), with an odds ratio of 0.56 (0.22-1.45)
(Table 5).

We also observed a positive association between
CD46 intensity and patient’s age (p=0.018); higher
expression of CD46 (moderate vs strong intensity) was
more often seen in breast tumours of older patients

Table 2 Percentage of cells showing immunoreactivity of CD46

Percentage of Percentage of

CD46-positive cells tumours
classified in four groups

<25% positive 6 (n=130)
25-50% positive 12 (n=158)
51-75% cells 24 (n=124)
>75% cells 58 (n=298)
Total 510
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Table 3 Association of CD46 intensity (categorised in four groups) in invasive breast carcinoma with clinicopathological parameters

(Pearson 1)

Prognostic factors Cutoff points

Intensity of
staining (p value)

Percentage of
positive cells (p value)

Histological grade Well, moderate and poor differentiated (0.003) (0.133)
Lymph node (LN) stage LN (—-)/LN (+) (0.532) (0.937)
Tumour size <10, 11-20, 21-30, 31-40 and 41-50 mm (0.034) (0.447)
NPI Good, moderate or poor group (0.860) (0.184)
Distant metastases Absent or present (0.342) (0.229)
Local recurrence Absent or present (0.333) (0.171)
Regional recurrence Absent or present (0.300) (0.317)
Any recurrence Absent or present (0.007) (0.181)
Vascular invasion None or definite (0.505) (0.666)
Tumour type group Excellent, good, moderate and poor (<0.001) (0.001)
Age <40, 41-50, 51-60 and > 60 years (0.018) (0.303)
ER status Negative or positive (0.548) (0.993)
Menopausal status Premenopausal or postmenopausal (0.144) (0.620)
Overall survival (log-rank test) (0.602) (0.128)

(> 50 years, Table 4), with an odds ratio of 3.57 (1.70—
7.49) (Table 5).

No correlations were found between intensity of
CD46 expression and other prognostic factors including
the presence or absence of vascular invasion, lymph
node stage, NPI, ER status and follow-up events
including overall survival (p=0.602), or the develop-
ment of distant metastasis (Table 3). Similarly no cor-
relation was found between the percentage of cells
showing immunoreactivity and prognostic factors (Ta-
ble 3).

In multiple logistic regression, there were indepen-
dent effects of age with adjusted odds ratios of 1.31
(1.06-1.62) (data not shown).

Discussion

Small early tumours may escape immune recognition;
however, there is increasing evidence that as they grow

Fig. 3 Immunostaining for CD46 in breast carcinomas and its
correlation with tumour grade. Moderate intensity of CD46 in
moderately differentiated breast tumour (original magnification
x10)

and develop, tumours can stimulate innate, humoral and
cellular immunity. Thus tumours that survive and pro-
gress evoke a wide variety of measures to protect
themselves from immune attack. One method is to
overexpress complement inhibitory proteins (CIPs) that
prevent C3b deposition and complement lysis [21]. We
have previously shown that breast tumours that lose
either CD55 or CDS59 have a significantly poor prog-
nosis when compared with tumours expressing these
CIPs [18, 19]. This is counterintuitive as tumour cells
lacking CIPs should be more susceptible to complement
attack. However, several studies have shown that either
CD55 or CD46 alone can inhibit both C3b deposition
and complement-mediated lysis. The present study
therefore looked for expression of CD46 on the same
series of 510 breast tumours that had previously been
examined for CD55 and CD59 expression.

Most of the tumours expressed CD46 (507/510) with
70% showing strong to moderate expression. This is in
accordance with early studies performed on small sam-
ples of frozen breast sections [11, 22, 35] but is in con-
trast to renal and lung cancers which frequently lose
expression of CD46 but retain expression of CD55 [22].
The results presented here suggest that in breast cancer,
expression of CD46 alone is sufficient to protect from
complement-mediated attack but that loss of CD55 and
CD59 may be associated with other roles in immune
regulation.

Overexpression of CDS55 on breast tumours may be
due to selective pressure from complement activation
within the tumour environment. Surviving cells may
express higher levels of CDS55. It may be predicted that
these tumours would be more aggressive as they should
be resistant to complement attack. However, our pre-
vious study showed that these breast tumours were less
aggressive [19]. CDS55 also interacts with CD97, an early
activation antigen on T cells [9], and may have a role in
T-cell regulation. During tumour immunosurveillance,
tumours may initially overexpress CDS55 to protect from
complement lysis, but this may make them more sus-
ceptible to cellular attack. Loss of CD55 would then
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Table 4 Association of CD46
intensity with histological grade
and tumour type group
(Pearson x°)

Intensity of CD46 expression

None Weak Moderate  Strong p Value

Grade

Grade 1(well differentiated) (n=106) 3 (3%) 24 (22%) 47 (45%) 32 (30%) 0.003
Grade 2 (moderate) (n=173) 0 45 (26%) 80 (46%) 48 (28%)

Grade 3 (poor) (n=231) 0 83 (36%) 93 (40%) 55 (24%)
Tumour type group

Excellent (n=27) 2(7 %) 4 (15%) 10 (37%) 11 (41%) <0.001
Good (n=109) 27 (25%) 52 (48%) 30 (27%)

Moderate (n=157) 15 (26%) 24 (42%) 18 (32%)

Poor (n=311) 1(0.3%) 103 (33%) 131 (42%) 76 (24%)
Age (years)

<40 (n=38) 1 (2%) 20 (53%) 9 (24%) 8 (21%) 0.018
41-50 (n=148) 46 (31%) 57 (39%) 45 (30%)

51-60 (n=180) 1 (1%) 47 (26%) 84 (47%) 48 (26%)

>60 (n=144) 1 (1%) 36 (25%) 72 (50%) 35 (24%)

become a selective advantage. Our previous studies have
also shown that loss of CD59 is also associated with
aggressive tumours. CD59 has also been shown to bind
to CD2, a costimulatory molecule that reduces the
threshold for T-cell activation and release of effector
function [3, 8]. Although later studies failed to show a
strong binding association between CD59 and CD2, this
does not disprove a lower affinity interaction [38]. Fur-

thermore, monoclonal antibodies to CD59 have been
shown to initiate signal transduction [14, 23, 34]. Thus
tumours that lose expression of CD55 and CD59 but
retain expression of CD46 may be less susceptible to
cellular attack but still be resistant to attack by com-
plement.

The intensity of CD46 staining negatively correlated
with tumour grade, histological type, tumour size and

Table 5 Logistic regression
analysis of CD46 intensity
(categorized in two groups: high
and low)

Prognostic factors

High intensity
of CD46 (%)

Test for
trend
(linear by linear)

OR (95% CI)

Histological grade

G1 (well) 75
G2 (moderate) 74
G3 (poor) 64
Lymph node (LN) stage

Absent 69
Present 73
Tumour size

<20 mm 63
20-50 mm 64
NPI

Good 72
Moderate 69
Poor 68
Distant metastases

Absent 70
Present 73
Any recurrence

Absent 70
Present 70
Tumour type group

Excellent 78
Good 75
Moderate 74
Poor 67
Age (years)

<40 45
41-50 69
51-60 73
> 60 74
Menopausal status
Premenopausal 64

Postmenopausal 73

1 0.02
0.96 (0.55-1.68)
0.59 (0.35-1.0)

1 0.3
1.2 (0.8-1.8)
1 0.9

1.04 (0.62-1.75)

1 0.41
0.85 (0.56-1.3)
0.8 (0.41-1.53)

1 0.54
1.2 (0.67-2.16)

1 0.76
0.93 (0.6-1.45)

1 0.04
0.87 (0.31-2.37)

0.8 (0.27-2.36)

0.56 (0.22-1.45)

1 0.004
2.73 (1.32-5.67)

3.39 (1.65-6.97)

3.57 (1.70-7.49)

1 0.03

1.53 (1.03-2.28)




tumour recurrence. However there was no overall cor-
relation with patient survival. These results suggest that
tumours with aggressive pathology lose expression of
CD46 and may allow escape from complement control,
leading to enhanced recurrence, although this was not
reflected in reduced survival suggesting that other fac-
tors may have a more profound influence. Similar results
were obtained when breast tumours were analysed for
CD46 mRNA expression [28]. In contrast, a previous
study suggested that increased CD46 expression was
associated with increased tumour grade; however, this
was a small study (38 samples) predominantly on ductal
carcinomas [11]. In the present study we found that
ductal carcinomas stained less intensely than other his-
tological types and were therefore not representative of
the larger breast tumour group.

In summary, invasive breast carcinomas appear to
preferentially retain CD46 expression to protect them
from both C3b deposition and complement-mediated
lysis. Whereas loss of CD55 and CD59 appears to confer
poor prognosis. This may be related to other emerging
roles that CIPs appear to have in immune regulation via
their interaction with ligands other than complement.
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