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Abstract

Although recent years have brought many advantages in clinical oncology, colon cancer is still
a serious problem. Surgical resection remains the most efficient treatment, but its results are not always
satisfactory. To improve disease-free survival, overall survival, and to prevent metastases, new strate-
gies for effective treatment are searched for. Immunotherapy using monoclonal antibodies was shown
to be effective in some types of malignancies, however one of the most important obstacles to this type
of treatment is attributed to the presence of the complement inhibitors on cancer cells. The three main
membrane-bound complement inhibitors that limit the efficacy of the complement-mediated cytotoxicity
on cancer cells are CD46, CD55 and CD59. In the current study, we evaluated the expression of these
three complement inhibitors on colon cancer tumor samples. Additionally we compared, in samples
obtained from the same patients, the immunoreactivities of these inhibitors in the primary and metastatic
sites of the tumor. We found that in colon cancer cells the most common is CD46, whereas CD55 and
CD59 are present in a small percentage of tumor samples. Although the staining intensity varied be-
tween primary and metastatic foci, these results, regarding all examined complement inhibitors were not
statistically relevant. It appears that CD46 plays the most significant role among complement inhibitors
in colon cancer. Thus, attempts should be made to inhibit this regulator when complement-mediated
cytotoxicity is taken into consideration as an option for control of cancer cells remaining after surgical

resection of the tumor.
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Introduction

One promising approach in cancer treatment seems to
be immunotherapy using monoclonal antibodies. The sim-
plest variation of this method utilizes monoclonal antibod-
ies directed against tumor-associated antigens, which can
unleash natural anti-tumor capabilities of the immune sys-
tem, including complement-dependent cytotoxicity (CDC).
Many clinical trials indicate that although this therapy is
devoid of serious side effects, it has most often insufficient
efficacy. So far, the most successful immunotherapy is the
treatment of B-cell lymphoma with an antibody rituximab,
which recognizes and binds to the CD20 molecule. In half
of the patients, treatment with this antibody induces CDC,
and some of them have complete remission [1].

(Centr Eur J Immunol 2013; 38 (4): 543-548)

Numerous literature data suggest that one of the main
factors, which limits effectiveness of immunotherapy is
the presence of complement inhibitors on cancer cells,
which are able to inactivate the complement cascade and
thereby circumvent complement-mediated immune re-
sponse. The complement system consists of a series of
about 30 proteins, which upon activation at the cell sur-
face, interact with one another in a cascade manner. The
terminal effect of activation of the complement system
is the formation of the membrane attack complex (MAC,
C5b-9), whose accumulation ultimately leads to cell ly-
sis. Activation may occur via three different pathways. In
the classical pathway, the activating element is the com-
plex antigen-antibody. Two other pathways, alternative
and lectin ones, are antibody-independent. Under phys-
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iological conditions, this system protects the host from
invading microorganisms, and provides tissue homeosta-
sis by destroying altered self (apoptotic or necrotic) cells.
An excessive activation of the complement system is
strictly regulated by two groups of regulatory proteins,
membrane-bound (membrane complement regulatory
protein, mCRP) and fluid-phase inhibitors. The most
prominent among the former group of inhibitors are:
CD35 (complement receptor 1, CR1), CD46 (membrane
cofactor protein, MCP), CD55 (decay-accelerating factor,
DAF) and CD59 (protectin). The latter two proteins are
anchored to the cell membrane through a glycophospha-
tidylinositol (GPI) moiety, which enables motility within
the membrane. It was shown that mCRP proteins are ex-
pressed by different cancer cells protecting them against
complement-based destruction [2-4].

From a therapeutic point of view it is important to
analyze whether the expression of complement inhibitors
changes during the carcinogenesis process, what can possi-
bly be connected with different susceptibility to the immu-
notherapy of cancer at different stages of progression. The
aim of the study was to investigate the expression level
of three main complement membrane-bound regulators in
primary and metastatic colon cancer.

Material and methods

Patient samples

Tissue specimens were obtained from 40 patients
undergoing surgeries because of colon cancer and liv-
er metastasis. Tissue samples from normal colon, colon
carcinoma, normal liver and liver with metastases were
studied. Samples were fixed in 4% buffered formaldehyde
and paraffin-embedded according to standard procedures.

Immunohistochemistry

Analysis was performed in 4 pm paraffin sections.
For the detection of CD55, CD46 and CD59, MCA1614,
MCA2113 and MCA1024, mouse monoclonal antibod-
ies (Serotec, Oxford, United Kingdom) were used. For

the primary antibody detection, peroxidase-conjugated
anti-mouse ImPress™ Reagent Kit (Vector Laboratories,
Burlingame, CA) was used. To prevent endogenous bi-
otin binding, Avidin/Biotin Blocking Kit (Vector Lab-
oratories) was applied prior to addition of the primary
antibody. Visualization of reactions was carried out using
3,3’-diaminobenzidine as a chromogen. As a control for
immunoreaction specificity, tissue samples were immu-
nostained using irrelevant mouse IgG, (Sigma-Aldrich,
St. Louis, MO) instead of the primary antibody. For
analysis, 100 cells in 5 representative HPF (high power
fields) were counted and immunopositive cells were pre-
sented in percentages.

Results

CD46 immunoreactivity

In the majority of biopsies (80%), from the primary
and metastatic sites, the CD46 immunoreactivity was pres-
ent in epithelial cells (Table 1).

The staining pattern was predominantly membranous,
with the most striking staining of lateral surfaces (Fig. 1).
Apical and basal surfaces were stained less intensively.
Additionally, we observed granular, cytoplasmic CD46
immunoreactivity in a small percentage of cancer cells. In
about 20% of biopsies we did not find CD46 immunoreac-
tivity. The staining intensity was mostly weak to moderate
(in both groups). There was no statistically significant dif-
ferences in CD46 immunoreactivity between primary and
metastatic sites (Fig. 1A vs. B).

In the normal colon, CD46 was seen in the form of
weak, cytoplasmic staining of epithelial cells. In some
crypts, strong, granular staining was seen (Fig. 2A).

Normal hepatocytes were weakly, homogenously
stained or did not show CD46 immunoreactivity. The type
of staining was only cytoplasmic, no membranous reac-
tivity was seen. Bile ducts were negative for the CD46
immunoreactivity. Negative control with irrelevant mouse
immunoglobulin applied instead of the primary antibody
displayed no reaction (Fig. 2B).

Table 1. The percentage of cells positive for CD46, CD55 and CD59 immunoreactivity in primary and metastatic colon
cancer; the total number of counted cells was 500 in each experimental group

No. of 0% 1-25% 26-50% 51-75% 76-100%

immunopositive cells

CD46 primary tumor 22 17 17 22 22
metastasis 18 13 13 17 39

CD55 primary tumor 38 38 10 4 10
metastasis 43 33 5 5 14

CD59 primary tumor 78 22 0 0 0
metastasis 41 17 7 0 0
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Fig. 1. Comparison of the CD46 immunoreactivity in primary (A) and metastatic (B) colon cancer, C, D an example of
the strong immunostaining pattern of CD46 in the primary colon cancer section; note the most intensive staining of lateral
surfaces; scale bar: A, B — 200 pum, C — 100 um, D — 20 um

Fig. 2. CD46 1mmunoreact1v1ty in the normal colon; note the selective staining in the form of large granules in individual
crypts (A); a negative control, liver tissue sample stained with mouse gamma globulins instead of the primary antibody
(B); scale bar: 200 um
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Fig. 3. Comparison of the CD55 immunoreactivity in primary (A) and metastatic (B) colon cance
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r; note the staining

present mainly in the cytoplasm of cancer cells; scale bar: 200 pum, insert 100 pm

CDS55 immunoreactivity

DAF immunoreactivity was detected in a similar per-
centage of primary and metastatic colon cancer (Table 1).
The intensity of staining was weak in the majority of tis-
sues. The pattern was predominantly cytoplasmic, in some
biopsies apical cell surface staining of individual crypts
was present (Fig. 3). In a small percentage of biopsies,
we observed heterogeneous staining around small cancer
tubules. The staining intensity was predominantly weak.
Two mucinous colon cancer biopsies showed strong CD55
immunoreactivity localized mainly in apical and basal sur-
faces of cancer tubules, associated with strong staining of
lateral surfaces of cancer cell membranes. Normal colon
and liver biopsies were devoid of CD55 immunoreactivity.

CD59 immunoreactivity

Among all complement inhibitors examined, CD59
immunoreactivity was found in the smallest percentage of

s

4

biopsies. Only 22% of primary colon cancer tissues and
24% of corresponding liver metastases showed positive
staining for CD59. The intensity of staining was weak in
the majority of specimens (Fig. 4). The pattern of staining
was membranous, with a slightly stronger reactivity in api-
cal surfaces of cancer tubules. In biopsies from liver me-
tastases, very strong immunostaining was seen on residual
biliary ducts. Equally strong was the immunoreactivity of
the remaining hepatocytes. Very common was the presence
of the CD59 immunoreactivity in endothelial cells of blood
vessels, both in the normal and cancer tissue.

In the normal colon CD59 was present in individu-
al cells of crypts and in the extracellular matrix. In the
muscular layer of the mucosa, diffused CD59 immuno-
reactivity was present. Very strong staining was seen in
submucosal nerve aggregates. In the normal liver, CD59
was mainly seen in blood vessels and bile ducts. The most
intensive staining was observed in the central vein of the
hepatic lobule. In some hepatocytes, weak, diffuse CD59

Fig. 4. Comparison of the CD59 immunoreactivity in primary (A) and metastatic (B) colon cancer; note the scarce stain-
ing of cancer cells, with the stronger immunoreactivity present in blood vessels; scale bar: 200 pm
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immunoreactivity was seen, although the majority of he-
patocytes were CD59-negative.

Discussion

In our work we present that among three main mem-
brane-bound complement inhibitors, the most commonly
present protein in colon cancer is CD46. CD55 and CD59
inhibitors are present to a lesser degree, in both primary
and metastatic colon cancer tissue.

Despite extensive screening programs and advanced
methods of treatment, the outcome of colon cancer treat-
ment is still very unfavorable. Over half of the patients
develop a recurrence in the form of liver metastases. This
suggests that even successful surgery leaves in the organ-
ism tumor cells, which are difficult to be detected by the
existing diagnostic procedures. The majority of surviving
tumor cells are in a “sleep” mode or arrested in the cell
cycle, which makes them inaccessible to standard therapy.
Therefore, the search for new, effective treatments that can
destroy cancer cells regardless of their status in the cell
cycle is very intensive. Immunotherapy with monoclonal
antibodies, although does not produce expected results in
the treatment of primary colorectal cancer, may be much
more effective when applied to treat micrometastases, and
to control cancer cells remaining after surgical resection
[5]. Attempts to combine chemotherapy and immunother-
apy indicate that at least some chemotherapeutic agents
enhance the efficiency of the complement system and the
cell death under the influence of monoclonal antibodies,
which improves the overall efficiency of the treatment [6].

As described, there is a limitation on the use of mono-
clonal antibodies in the treatment of solid tumors. Some
authors have suggested that failure of this type of therapy
is due to the inability to select those patients in whom im-
munotherapy is likely to be effective [7, 8]. Additionally,
the key role that reduces the effectiveness of this therapy is
attributed to the presence of inhibitors of the complement
system on the membrane surface of tumor cells.

Results obtained in our study indicate that the overex-
pression of CD46 is a common phenomenon in colorectal
cancer, as it concerns a high percentage of tumors. These
results are consistent with a few, as of now, studies on
this inhibitor. Most authors agree that CD46 expression is
increased in cancer cells [9-11].

The research of CD55 presence in colon cancer cells
are not consistent. CD55 expression appears to be in-
creased in the majority of cancers and adenomas [9, 12]
when compared to the normal epithelium. Only Schmitt
et al. found no expression of CD55 in cancers [10]. CD55
localization was observed mainly in the apical part, usually
interpreted as the peak surface of the cell membrane, of
cancer cells formed in tubules [9, 12, 13]. Additionally,
these authors found strong CD55 immunoreactivity local-
ized in the tumor stroma.
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Attempts have also been made to assess the prognostic
value of the expression of membrane bound regulators. As
Durrant et al. stated, a high expression of CD55 correlat-
ed negatively with the outcome in patients with primary
colorectal cancer tumors [14]. In a group of 136 patients,
the correlation of CD55 expression in tumor biopsies and
7-year survival of patients was assessed. The study re-
vealed that increased levels of CD55 expression (present
in 24% of patients) significantly correlated with shorter
survival when compared to patients with low CD55 im-
munoreactivity. These authors suggest CD55 as a marker
of aggressiveness of colorectal cancers.

The results obtained in our study suggest that the level of
CD55 expression is high only in the case of mucinous carci-
nomas, which is consistent with observations of other authors
[15]. In the remaining group of tumors, CD55 expression,
although present, showed a slightly enhanced immunoreac-
tivity. When comparing these results with those obtained by
other authors we can conclude that colorectal cancer is het-
erogeneous in terms of the level of CD55 expression.

Literature data on the expression and localization of
the CD359 in the primary loci of colorectal cancer are di-
verse. Bjirge et al. found an increased expression of CD59
in carcinomas relative to the normal epithelium, whereas
according to Inoue et al., CD59 expression is increased in
adenomas and reduced in carcinomas [12, 16]. Koretz et al.
highlight a different expression of CD59 in both the nor-
mal mucosa and in adenomas and carcinomas. These au-
thors also attempted to determine the prevalence of CD59
in adenomas and metastatic carcinomas, but on a smaller
number of biopsies. In metastatic tumors, however, they
noted that in 6/10 biopsies the expression correlates posi-
tively with the presence of the inhibitor in the primary site.
The issue of the presence of membrane bound inhibitors
in metastatic tissues, so far was analyzed by Hosch et al.
only [17]. In this study, the majority of tumors showed no
expression of CD59 in tumor cells. However, this work did
not include studies on primary tumors.

In summary, we conclude that further studies are need-
ed to determine the clinical significance of the prevalence
of CD46 expression in colon cancer. Possibly the inhi-
bition of this regulator with concurrent immunotherapy
could have a beneficial effect on the colon cancer treat-
ment and patients survival.

This study was supported by the State Committee for
Scientific Research, grant S3 PO5B 097 24.
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