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Abstract

one of the potential therapeutic methods of cancer treatment is the immunotherapy with monoclonal 
antibodies. This kind of therapy, although devoid of serious side effects, has often insufficient efficacy. 
The presence of complement inhibitors on the cancer cells, which are able to inactivate complement-me-
diated immune response represents one of the main reasons for the inefficiency of such therapy. in our 
studies we investigated the expression of main membrane–bound and fluid-phase complement regula-
tors: Cd55, Cd59 and factor H/factor H-like in tumour samples of ovarian and corpus uteri cancer. 
Tissue samples were collected from 50 patients and stained immunohistochemically, with the use of 
peroxidase-based immunodetection system. immunohistochemical analysis revealed that complement 
inhibitors are present in examined tumors although their presence is heterogenous. The most prevalent 
is the presence of factor H/H-like, localized mostly in tumor stroma and within vascular structures. 
Membrane bound complement inhibitors are less prominently expressed by cancer cells. Cd55 was 
detected in low percentage of cells, predominantly within cancer tubules. Cd59 immunoreactivity was 
more prevalent in cancer cells, and was localized particularly at the margin of cancer cell tubules. 
our results demonstrate that the most prominent complement inhibitor in cancer of ovary and corpus 
uteri origin is factor H/factor H-like. Blocking or downregulation of this inhibitor should be taken into 
consideration with regards to improving the efficiency of immunotherapy with monoclonal antibodies.
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Introduction 

Ovarian cancer constitutes a global disease affecting 
approximately 225,500 women per year and cancer of cor-
pus uteri origin approximately 287,100 [1]. Its mortality 
remains high due to inefficient therapy and the advanced 
stage at diagnosis. Although 80% of affected women bene-
fit from the first-line therapy, tumour recurrence occurs in 
almost all these patients at a median of 15 months after di-
agnosis. Similarly it is estimated that cancer of corpus uteri 

origin affects approximately 287,100 women per year [1]. 
Therefore, there is a growing need to develop new therapies 
in these indications. One promising approach for cancer 
therapy seems to be an immunotherapy with monoclonal 
antibodies directed specifically against cancer cells. This 
technique applies natural capabilities of the immunological 
system to eliminate cancer cells with complement-depen-
dent cytotoxicity and antibody-dependent cellular cyto-
toxicity. This kind of therapy was found to be effective in 
some types of malignancies, i.e. in lymphoma, where a high 
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curative rate was achieved [2]. Though immunotherapy has 
shown complete remission in some patients, in others the 
effect is insignificant. The underlying mechanism of this 
discrepancy is unknown. As was established for a num-
ber of solid tumors, one important obstacle to this type of 
treatment is the presence of complement inhibitors on the 
surface of cancer cells or fluid-phase inhibitors localized 
within the tumor stroma. These proteins facilitate escape of 
tumor cells from the complement mediated injury. The most 
important membranous complement inhibitors are CD55 
(decay accelerating protein, DAF) and CD59 (protectin). 
CD55 is a glycosylphosphatidylinositol (GPI) – anchored 
protein found on the surface of epithelial, endothelial and 
hematopoietic cells [3, 4]. CD55 regulates the complement 
activation cascade by accelerating the decay of intermediate 
products of the activation, convertases C3 and C5 [5]. As 
numerous studies showed, CD55 is overexpressed in many 
types of cancer, localized both on the surface and within 
tumor microenvironment [6, 7]. CD59 (also known as pro-
tectin), similarly to CD55, is a GPI-anchored glycoprotein 
widely distributed on the cellular membrane of erythro-
cytes, platelets, lymphocytes and endothelial cells [8]. Pro-
tectin acts at the terminal stages of the complement activa-
tion by preventing the formation of the membrane attacking 
complex (MAC) on cell surfaces [9, 10]. CD59 expression 
was broadly examined in different types of cancer, however 
results of these studies are not unequivocal [11-13]. 

Another important group of complement regulators 
are those localized in body fluids. The pivotal role within 
this group is played by the soluble factor H. This huge 
(150 kDa) glycoprotein is present in serum in the 400-500 
µg/ml concentration [14]. It possess 20 domains, called 
SCR (short consensus repeats), which can be modified by 
post-translation mechanisms. Factor H inhibits an alterna-
tive pathway of the complement system mainly at the level 
of C3 convertase formation. It has the ability to recognize 
sialic acid residues on cellular surfaces, thus can distin-
guish self versus pathogenic cells [15]. Within this family 
of proteins there is also factor H-like, alternatively spliced 
form of the factor H gene [16]. This shorter version of 
factor H shares very high homology with FH and may act 
as a cofactor for C3b degradation and as an accelerator of 
C3 and C5 decay [17]. Factor H and factor H-like, as was 
shown by recent studies, are expressed at high levels by 
cancer cells. Its presence on the cell surface can markedly 
reduce complement mediated cytotoxicity [18]. In the pres-
ent study we aimed to investigate the expression of both 
membrane bound- CD55, CD59 and fluid-phase factor H 
expression in ovarian and corpus uteri cancer tissues. Fur-
thermore, we attempted to investigate the correlation be-
tween the expression level of these complement inhibitors 
and clinical and histopathological characteristics of the tu-
mour. Advanced understanding of molecular pathogenesis 
of cancer types examined may have the potential impact on 
the development of novel targeted therapies.

Material and methods
Immunohistochemical analysis was performed on 

45 formalin fixed paraffin embedded tumour specimens 
and 5 control specimens from non-malignant tissue. The 
detection of complement inhibitors was performed by 
anti-CD55 and anti-CD59 mouse monoclonal antibodies 
(Serotec, UK clone MCA1614 at a concentration of 50 
mg/ml and MCA1054 at a concentration of 20 mg/ml, 
respectively). For the factor H immunostaining analysis, 
a goat polyclonal antibody was used (Quidel, USA). In 
brief, the staining procedure was as follows: deparaffin-
ization and rehydration of sections, antigen retrieval done 
in the high temperature boiling in the phosphate buffer 
of pH 8.0 (Target Retrieval Solution pH 8.0, DakoCy-
tomation, Denmark), blocking of endogenous peroxidase 
by the incubation in 3% hydrogen peroxide, blocking of 
non-specific binding sites by the incubation in 5% normal 
donkey serum (Jackson Immunoresearch, USA) and an-
tibody application. For the primary antibodies detection, 
horse anti-mouse ImmPress Detection System (Vector 
Laboratories, USA) and donkey-anti-goat polyclonal an-
tibody-HRP conjugated (Jackson Immunoresearch) were 
used. The reaction was carried out by 3,3’-diaminoben-
zidine used as a chromogen (DakoCytomation).  The im-
munoreactivity analysis included counting of immunopos-
itive cells in 10 high power fields (HPF) – in the case of 
CD55 and CD59 and morphometric analysis (measuring 
both the area covered by the immunoreactivity and the 
intensity of reaction) of 10 representative images in the 
case of factor H. Results were presented as an average of 
obtained figures.

Results
On the basis of performed experiments we found that 

in both ovarian and corpus uteri cancer sections, the flu-
id-phase complement inhibitor factor H/factor H-like (in 
62% of tumor samples) is the most commonly present. We 
observed its immunoreactivity to be concentrated most-
ly within tumour stroma and blood vessels (Fig. 1 A, B). 
CD59 immunoreactivity was detected in 50% of examined 
tumors. Its immunoreactivity was present both at the cell 
membrane and within the cytoplasm of cancer cells, on 
the medium intensity level. Vascular structures within 
tumour tissue were also positively stained. Interestingly, 
in some parts of cancer nests, especially on the border 
zone between the normal and malignant tissue increased 
CD59 immunoreactivity was observed (Fig. 1 E, F). CD55 
staining was detected only in 4.4% of examined samples. 
CD55 was observed predominantly within cancer tubules 
(Fig. 1C, D). However statistical analysis did not show 
any significant difference between the examined inhibitors 
immunoreactivity levels and any of the clinical parameters 
(age, sex, tumour grade, menopausal status or FIGO stage).
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Discussion
The ineffective therapy of ovarian and corpus uteri 

cancers enforces the search of new methods for standard 
and adjuvant treatment in these indications. The immuno-
therapy with monoclonal antibodies appeared to be suc-
cessful in the case of hematological malignancies like i.e. 

Rituximab use in non-Hodgkin lymphomas or chronic leu-
kocytic leukemia. Such therapy for solid tumors encoun-
ters several difficulties, but attempts to combine the im-
munotherapy with standard chemotherapy indicate that at 
least in some percentage of patients it has higher potential 
of cure with regard to e.g. lung or prostate cancer [19, 20]. 
Disadvantages of solid tumor therapy may be heteroge-

Fig. 1. Factor H/H-like (A, B), CD55 (C, D) and CD59 (E, F) immunoreactivity in the representative image of ovarian 
cancer tissue; note the prominent factor H presence within tumor stroma (A) and increased CD59 immunoreactivity on 
the border zone of the tumour and adjacent normal tissue (E); scale bar A, C, E 100 µm, B, D, F 20 µm

A B
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neous distribution of targeted antigens, non-uniform blood 
supply or insufficient penetration of antibodies into the tu-
mor mass. One of the main obstacles to cancer immuno-
therapy with monoclonal antibodies in solid tumors is the 
presence of complement inhibitors which limits the effica-
cy of this therapy. The presence of complement inhibitors 
was documented in many types of cancer. Although there 
is no unequivocal message, the majority of work suggests 
that in many cancer types examined, at least one comple-
ment inhibitor is present in the upregulated form. 

To date the expression of membranous complement 
inhibitors in ovarian cancer has not been fully established. 
Membrane bound complement inhibitors were examined 
by Bjorge et al., who found a broad expression of CD59 in 
the examined group and more heterogeneous CD55 immu-
noreactivity in ovarian cancer tissue [21]. Similar results, 
underlying the CD59 role in, among others, ovarian cancer 
cells in vitro in defense against complement attack was 
shown by Donin et al. [22]. They concluded that blocking 
of CD59 with specific antibodies enhances complement 
action on cells in vitro. Similarly promising results with 
the other way of blocking complement inhibitors were 
shown by Mamidi et al., where upon blockade of mem-
branous complement inhibitors by siRNA, the prominent 
downregulation was observed, what subsequently led to 
complement dependent cytotoxicity augmented by 70% in 
established ovarian cancer cell line in vitro [23].

Factor H and factor H-like production by ovarian can-
cer cells was presented in vitro in an established cell line 
[24]. Results described in this work indicate that ovarian 
cancer cells produce and actively secrete both forms of the 
factor H gene product with the prevalence of its truncated 
form. In addition, the elevated level of factor H was de-
tected in ascites fluids from patients with this indication. 
These results are consistent with the data presented in our 
work, since we observed in our experimental group that the 
most common among inhibitors examined is the presence 
of factor H either bound to the surface of cancer cells or 
present in the tumour stroma.

The complement inhibitors in corpus uteri cancer 
were studied by Murray et al. who showed that membrane 
bound complement inhibitors are upregulated in malignant 
endometrial tissue [25]. Moreover, as was shown on cor-
pus uteri cancer cell lines, downregulation of CD55 and 
CD59 sensitizes cancer cells to complement mediated cy-
totoxicity [26]. 

The application of immunotherapy with monoclonal 
antibodies to cancer treatment occurred to be successful in 
many types of human malignancies. The presence of com-
plement inhibitors localized on the cancer cell surface is 
mentioned as one of the main reasons for the lack of suc-
cess in this type of treatment. However, recent growing data 
testify to the significant role of tumor microenvironment 
in the cancer cells escape from both standard systemic as 
well as immunotherapeutic treatment [27-29]. The aims of 

concurrent therapeutic options are focused not only on de-
stroying cancer cells but also on inducing more widespread 
response in the local tumor microenvironment. In this con-
text before applying any immunotherapeutic approach to 
ovarian or corpus uteri cancer, not only a membrane-bound 
inhibitors blockade, but also the fluid phase such as factor 
H present in the local tumor milieu should be considered. 
In summary, we conclude that essential components of 
future therapeutic strategies should include combination 
treatments aimed at dealing with the complement inhibi-
tors, together with rational approaches to patient selection.
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