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Abstract
Membrane complement inhibitors (CD46, CD55 and CD59) are upregulated in some human cancers
indicating that they play a role in immune evasion. We investigated complement inhibitor expression
in bladder cancer and examined the hypothesis that selective pressure of an antibody response (anti-
MUC1) results in the upregulated expression of complement inhibitors on tumor cells. Paired samples
of tumor and normal tissue from 22 bladder cancer patients were analyzed for expression of MUC1,
CD46, CD55 and CD59, and matched serum samples analyzed for anti-MUC1 IgM and IgG levels.
Relationships between anti-MUC1 antibody levels and complement inhibitor expression were
investigated. MUC1 mRNA was upregulated in 86% of tumor samples. CD46 was upregulated in
77%, CD55 in 55% and CD59 in 59% of tumors. Low titer anti-MUC1 IgM was detected in normal
human sera, but was elevated in 41% of the bladder cancer patients. Anti-MUC1 IgG was virtually
absent from normal sera, but present in 32% of the cancer patients. There was a direct relationship
between anti-MUC1 antibody titer and expression level of complement inhibitors. Analysis of the
correlation of each antibody with the expression of each complement inhibitor by Spearman’s rank
test revealed a strong correlation between both anti-MUC1 IgM and IgG levels and increased
expression of CD46 and CD55, and combined anti-MUC1 IgM/IgG levels correlated with increased
expression of all 3 complement inhibitors. In conclusion, the data demonstrate upregulated
complement inhibitor expression and the presence of an anti-MUC1 antibody response in bladder
cancer patients and support the hypothesis of antibody-mediated immune selection.
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There is strong evidence indicating that complement effector mechanisms contribute to the
efficacy of some anticancer antibodies administered as therapy. Naturally elicited antibody
responses to tumor-associated antigens also occur in some cancer patients. A contributing
factor to the ineffectiveness of antitumor antibodies, whether they are naturally elicited or
therapeutically administered, appears to be the expression of membrane bound complement
inhibitory proteins that are widely expressed on both normal and cancer cells. The 3 principle
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human membrane-bound complement inhibitory proteins are membrane cofactor protein
(MCP, CD46), decay accelerating factor (DAF, CD55) and CD59. CD46 and CD55 inhibit
complement activation by inactivating or interfering with the formation of C3 convertase, an
enzymatic complex formed on the activating cell surface that is central to amplification of the
complement cascade. CD59 functions later in the complement pathway and inhibits formation
of the membrane attack complex (MAC), a cytolytic assembly of the terminal complement
proteins. Each of the 3 complement inhibitors has been reported to be upregulated in a variety
of primary tumors (breast, lung, liver, kidney, prostate, cervical, gastric, colorectal, pancreatic),
and on tumor cell lines.1-6 The upregulation of complement inhibitors on cancer cells indicate
that they may play a role in immune evasion, but any direct evidence is lacking. In the current
study we sought to provide supporting evidence by investigating whether selective pressure of
an antitumor antibody response, specifically an anti-MUC1 response, is related to the
upregulated expression of complement inhibitory proteins. MUC1 (mucin 1, epsialin) is an
important cancer-associated antigen and is expressed by most adenocarcinomas of the breast,
lung, stomach, pancreas, colon, ovary, prostate and bladder. The mucin is normally expressed
on the apical surface of ductal epithelial cells, but on many types of cancer cells it loses polarity
of expression, is over expressed and is underglycosylated. The loss of polarization makes
MUC1 more accessible to the immune system and underglycosylation of the normally highly
glycosylated mucin exposes immunodominant peptide sequences that are concealed on normal
cell surfaces. These differences in MUC1 expression impart a level of tumor specificity to
MUC1 epitopes on cancer cells, and low titer antibody responses to MUC1 have been reported
in breast, colon, ovarian and pancreatic cancer patients.7-11 The current study investigates
relationships and correlations between MUC1 expression, complement inhibitor expression
and anti-MUC1 antibody response (IgM and IgG) in bladder cancer.

Material and methods
Patient samples

Paired samples of tumor and normal tissue along with matched serum from 22 bladder cancer
patients were obtained from the Medical University of South Carolina Tumor Bank with
appropriate IRB approval. The samples consisted of 19 transitional cell carcinomas (TCC), 2
adenocarcinomas and 1 squamous cell carcinoma (SCC). The pathology of samples was
verified by a blinded observer by Hematoxylin & Eosin staining (data not shown). Normal
human serum (NHS) (n = 8) was purchased from Innovative Research (Southfield, MI).

RNA extraction
Total RNA was extracted from paired normal and tumor samples using guanidine
isothiocyanate and phenol-chloroform according to standard methods. Briefly, samples were
homogenized in 0.75 ml RNA extraction solution (TRIzol; Invitrogen, Carlsbad, CA) using a
motorized tissue homogenizer. RNA was extracted with chloroform, precipitated with
isopropanol, washed with ethanol and dissolved in RNase-free water. The material was then
treated with 1 U/μl DNase I at 37°C for 30 min to remove any contaminating genomic DNA,
and then extracted once with phenol-chloroform-isoamyl alcohol (25:24:1 pH 4.5). Following
extraction with chloroform, RNA was precipitated with 2 M sodium acetate and 95% ethanol,
washed with 80% ethanol and resuspended in RNase-free water. The concentrations of RNA
were measured spectrophotometrically at 260 nm.

Real-time reverse transcription-PCR
cDNA was made from 1 lg total RNA using the iScript cDNA synthesis kit (Bio-Rad, Hercules,
CA). Real-time RT-PCR analysis was subsequently performed using the IQ SYBR Green
Supermix kit (Bio-Rad) following manufacturer’s protocols. Analyses were done using My IQ
Real-Time detection system (Bio-Rad) using intron-spanning primers specific for MUC1

Varela et al. Page 2

Int J Cancer. Author manuscript; available in PMC 2009 May 13.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



forward 5′-ACCATCCTATGAGCGAGTACCC-3′, reverse 5′-
GCCACCATTACCTGCAGAAAC-3; CD46 forward 5′-
TGCACTTCTTCCACTACAAAATCTCC-3′, reverse 5′-
ATCCAAACTGTCAAGTATTCCTTCCTC-3′; CD55 forward 5′-
CGTTGCCAGAGTGCAGAGAAA-3′, reverse 5′-
CGTTACAGACTGTCTATATCCATAATC-3′; CD59 forward 5′-
TGCGTGTCTCATTACCAAAGCTG-3′, reverse 5′-
CGTTAGCTCATTTTCCCTCAAGC-3′. All reactions were done in triplicate and the β2-
microglobulin gene was used as an internal control since it is considered to be a more reliable
reference standard than β-actin or GAPDH.12

Anti-MUC1 antibodies determinations
Serum anti-MUC1 antibody titers (IgM and IgG) were measured by sandwich ELISA as
previously described.13 The MUC1 peptide (100mer, corresponding to 5 tandem repeats of
human MUC1) used to coat the ELISA plates for these assays was kindly provided by Dr.
Olivera Finn (University of Pittsburg) and has been previously characterized in the detection
of MUC1-specific antibodies in sera of cancer patients.8 To control for nonspecific antibody
binding, the optical density values from wells not coated with MUC1 peptide were subtracted
from the test wells coated with the peptide.

Immunohistochemistry
A limited number of the tissue samples utilized for the mRNA analysis were available for
immunohistochemical analysis (n = 9). Frozen samples of matched normal bladder and bladder
carcinoma were embedded in OCT compound and cryosectioned. For immunohistochemical
analysis, the sections were stained for the presence of the complement inhibitory proteins
CD55, CD46 and CD59 (antibodies purchased from BD Biosciences, Franklin Lakes, NJ) and
for MUC1 (using BCP8 mAb, kindly supplied by Dr. F.C. McKenzie, Austin Research
Institute, Heidelberg, Australia). Briefly, sections were incubated for 1 hr with primary
antibody and washed with PBS. Binding of primary antibody was assessed using a streptavidin
biotin complex system (DakoCytomation, Carpinteria, USA) and visualized by 3′3
diaminobenzidine substrate (DAB), producing a brown reaction product. The specificity of
immunostaining was demonstrated by the absence of signal in sections incubated with isotype
control antibodies and also by omission of primary antibody. Sections were counterstained
with Carazzi’s hematoxylin and examined by light microscopy by 2 independent observers.

Statistical analysis
Wilcoxon-Mann-Whitney tests were used to compare patients with elevated anti-MUC1
antibodies (Group A) to the remaining patients (Group B) for each complement inhibitory
protein. Association of anti-MUC1 antibody titers with complement inhibitor expression was
evaluated using Spearman’s rank correlation. Levels of complement inhibitor expression and
MUC1 expression upregulation were analyzed by calculating cancer/normal sample ratios and
calculating 95% confidence intervals. For MUC1, confidence intervals were calculated on log-
transformed ratios due to the variation in MUC1 expression by tumors. Exact p-values are
displayed for statistical analyses with p < 0.05 considered statistically significant in the
presentation of the results. All calculations were carried out using SPSS version 14.0.

Results
MUC1 expression

In a previous study, immunohistochemical analysis of biopsy specimens showed that MUC1
is overexpressed on bladder tumor cells compared to normal urothelium.14 In the current study
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we analyzed MUC1 mRNA expression in paired normal/cancer tissue from samples obtained
from bladder cancer patients. In agreement with the earlier report on MUC1 protein expression,
MUC1 mRNA was expressed in all normal and cancer samples analyzed. MUC1 mRNA
expression was, however, upregulated in 86% (19/22) of the tumor samples when compared
to paired normal samples (95% confidence interval 1.92-6.67). The level of mRNA
upregulation ranged from 1.5- to 150-fold (Fig. 1a).

Immunohistochemical analysis of the matched normal and tumor samples demonstrated MUC1
protein expression in all samples. Although expression was noted in both normal and cancer
tissue, the distribution of MUC1 staining was markedly different between normal and cancer
samples, which is consistent with previous histological studies of MUC1 positive tumor
samples. In all normal bladder samples, MUC1 immunostaining was confined to the apical
surface of the transitional epithelium (9/9), but polarized expression was absent in tumor
samples (9/9) (Figs. 1b and 1c). We did not attempt to quantify intensity of staining since tumor
expressed MUC1 is aberrantly glycosylated which can affect anti-MUC1 antibody binding.15

Expression of CD46, CD55, CD59
Previous studies have shown that one or more complement inhibitory proteins are upregulated
in primary carcinomas of the breast, lung, colon, prostate, stomach, kidney, liver, ovary and
pancreas as well as in some hematological malignancies.1,2,4,5,16-26 Here we demonstrate
upregulation of membrane bound inhibitors of human complement in bladder cancer by
analyzing mRNA expression in paired normal/cancer samples. CD46 was upregulated in 77%
of tumors analyzed when compared to normal paired samples (1.5- to 11-fold, 95% confidence
interval 1.59-3.72), CD55 was upregulated in 55% of tumors analyzed (1.5- to 13-fold, 95%
confidence interval 1.05-3.42) and CD59 was upregulated in 59% of tumors analyzed (2-to 4-
fold, 95% confidence interval 1.20-2.32) (Fig. 2). Also of note, 86% of the bladder cancer
samples analyzed expressed increased levels of at least one complement inhibitor.

In addition to mRNA determinations, normal and bladder cancer samples were analyzed by
immunohistochemistry to characterize the in situ staining pattern of the complement inhibitors.
CD55, CD46 and CD59 were present on epithelial cells, endothelial cells and stromal cells in
all normal samples analyzed (9/9). Both CD46 and CD59 were expressed throughout the
normal bladder epithelium (Figs. 3a and 3e). For CD55, there was more extensive expression
within the stromal tissue of the normal bladder. CD55 expression in the normal transitional
epithelium was similar to that seen with MUC1, with more intense staining noted at the apical
surface in all analyzed samples (Fig. 3c). In tumor samples, as with the normal samples, CD55,
CD46 and CD59 were expressed on epithelia, endothelia and within the stroma. The expression
pattern on the tumor cells was, however, somewhat different for each complement inhibitor.
CD55 was expressed by tumor cells in all samples (9/9), but interestingly, staining intensity
was highest on the stromal cells surrounding the tumor cell nests (Fig. 3d). A similar expression
pattern was seen with CD59, with more intensive staining on the stromal cells (Fig. 3f). The
pattern of CD46 staining was different to that seen with CD55 and CD59. All tumor samples
analyzed demonstrated strong positive staining for CD46, with positive staining localized to
the tumor cells and absent within the intratumor stromal areas (Fig. 3b). CD46 is a
transmembrane protein, whereas CD55 and CD59 are attached to the membrane via a
glycosylphosphatidylinositol (GPI) anchor (see Discussion section).

Anti-MUC1 antibody levels
Serum from each bladder cancer patient matched to the paired normal/tumor tissue sample was
analyzed for relative levels of IgM and IgG antibody by ELISA. Anti-MUC1 IgM antibodies
were present in the serum of all bladder cancer patients studied, although there was a wide
variation in relative levels (OD value range 0.06-1.89) (Fig. 4a). Anti-MUC1 IgM was also
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present in NHS (OD value range 0.52-0.78, n = 8). Compared to normal, anti-MUC1 IgM was
elevated in 9/22 of patients (more than one standard deviation higher than the average of anti-
MUC1 IgM levels in NHS). Only very low levels of IgG reactive against MUC1 were detected
in NHS (OD value range 0-0.23, n = 8). In 7/22 patients, anti-MUC1 IgG was significantly
elevated compared to NHS (Fig. 4b). Similar antibody response profiles in patients with other
types of MUC1-positive tumors have been reported previously.8,27-29

Relationship between anti-MUC1 antibody levels and the expression of complement
inhibitory proteins

To determine whether there was a correlation between anti-MUC1 antibody titers and
upregulated complement inhibitor expression, the bladder cancer patients were divided into 2
groups for the purpose of analysis. Patients with anti-MUC1 antibody levels (either IgM or
IgG) more than one standard deviation higher than the average anti-MUC1 antibody level in
normal serum were placed in Group A (n = 12), with the remaining patients placed into Group
B (n = 10). The average anti-MUC1 IgM and IgG antibody levels in normal serum were 0.612
± 0.099 and 0.107 ± 0.067, respectively. Analysis of complement inhibitor mRNA levels
revealed that the average expression level of each complement inhibitory protein (CD46, CD55
and CD59) was significantly higher in tumor samples from patients in Group A (i.e. patients
with elevated levels of anti-MUC1 antibodies) compared to tumor samples from patients in
Group B (CD46: Z = -3.36, p = 0.0003, CD55: Z = -3.29, p = 0.0004, CD59: Z = -2.63, p =
0.007) (Fig. 5). These results suggest a direct relationship between anti-MUC1 antibody titer
and the expression level of CD46, CD55 and CD59 on bladder tumors. Furthermore, there was
no elevation of anti-MUC1 antibody titers in any of the patients whose tumors did not have
upregulated expression of any complement inhibitory protein (see above). There was no
difference between the average expression level of MUC1 mRNA in patient Groups A and B
(data not shown).

Correlation analysis of anti-MUC1 antibody levels and complement inhibitor expression
To further investigate the correlative relationship between anti-MUC1 antibody titers and the
expression of complement inhibitors on bladder tumors, a correlation analysis using
Spearman’s rank test was carried out. The effect of IgM and of IgG on expression levels of
each of CD46, CD55 and CD59 was separately evaluated. There was a very strong statistical
correlation between both anti-MUC1 IgM and IgG levels and increased expression of CD46,
and also a significant correlation between anti-MUC1 IgM and IgG levels and expression of
CD55 (Table I). Although there was some evidence of an association between anti-MUC1 IgM
and CD59, the correlation did not reach statistical significance, and there was no correlation
between anti-MUC1 IgG levels and CD59 expression. An analysis was also performed by
combining the values of anti-MUC1 IgM and IgG for each patient and correlating the sum with
expression of each complement inhibitor. There was a strong correlation between total anti-
MUC1 Ig levels and increased expression of CD46 and CD55, as when IgM and IgG were
considered separately, but total Ig also correlated with increased CD59 expression, although
less strongly than for CD46 and CD55 (Table I). In a separate analysis, we also found no
correlation between anti-MUC1 antibody titer and cancer clinical phenotype (tumor stage)
(data not shown). However, all patients had advanced disease and had undergone cystectomy
for at least high grade T1 or worse disease.

Discussion
MUC1 is an important tumor-associated antigen and has been described as a tumor marker for
bladder cancer.30 In the current study, mRNA analysis revealed that MUC1 is upregulated in
a large proportion (86%) of the bladder tumors studied, a result that is in broad agreement with
previous studies evaluating MUC1 protein expression.14 Anti-MUC1 IgM antibodies, and to
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a lesser extent IgG, have been found in the sera of patients with breast, colon, ovarian and
pancreatic cancer.7-11 Studies have also shown a correlation between the presence of anti-
MUC1 antibodies and better clinical outcomes in patients with pancreatic and breast cancer,
31,32 although in the current study we found no correlation between antibody titer and bladder
tumor stage (data not shown). However, this lack of correlation could be because all tumors
were clinically advanced (all cystectomy samples), and a wider spectrum of clinical samples
including low-risk patients would be required to fully investigate any relationship between
anti-MUC1 antibodies and bladder tumor stage. There is evidence indicating that the
expression of complement inhibitors on tumor cells can hinder the effectiveness of monoclonal
antibody therapy, and the same may be true for naturally elicited antibodies. Thus, any
protective effect of an elevated anti-MUC1 antibody response may be offset by the increased
expression of complement inhibitors. Indeed, there were elevated levels of anti-MUC1 IgM
and an IgG response in some bladder cancer patients, but there was a direct correlation between
increased antibody titer and increased expression of complement inhibitors. In addition, all
patients with high levels of anti-MUC1 IgG had increased tumor expression of at least one
complement inhibitor. Of course it is not possible to rule out an antibody response to other
unidentified tumor antigens that may provide a component of the effect seen.

This is the first report of upregulated complement inhibitor expression in bladder cancer, and
the correlation of upregulated expression with antibody titer suggests a link with immune
selection and an antitumor response. Each of the membrane complement inhibitors were
upregulated in over 50% of the tumor samples, although anti-MUC1 IgM and IgG levels when
analyzed separately correlated with increased expression of only CD46 and CD55. Total anti-
MUC1 Ig levels (sum of IgM and IgG) also correlated with increased CD59 expression, but
the correlation was significantly weaker than for CD46 and CD55. These latter 2 inhibitors
function at the C3 level in the complement cascade and inhibit complement activation. CD59
functions late in the cascade by interfering with the formation of the terminal cytolytic MAC.
The strong correlation of anti-MUC1 antibody levels with increased expression of only the
inhibitors of complement activation may be indicative of a complement-mediated effector
mechanism that is active against tumor cells. Thus, complement-dependent cytotoxicity (CDC)
that is mediated by the MAC, although effective against many tumor cell lines in vitro
(particularly when CD59 activity is reduced), does not appear to play a significant role in
immune selection. On the other hand, complement-dependent enhancement of antibody-
dependent cell cytotoxicity (ADCC) and/or complement-dependent cellular cytotoxicity
(CDCC), which would be inhibited by CD46 and CD55, may be active antitumor mechanisms.
CDCC is an effector mechanism similar to ADCC, but is dependent on ligation of complement
receptors on immune effector cells.33,34 However, ADCC is mediated via FcγR’s suggesting
a possible role for CDCC in IgM mediated upregulation of the complement inhibitors. Of note,
previous studies in a syngeneic mouse model of lymphoma indicated that CDCC was the
primary mechanism of action for IgM therapy and that ADCC was the primary mechanism for
IgG therapy.35 Released complement activation products C3a and C5a, which are generated
downstream of C3 activation, may also be involved via immune cell recruitment and the
potentiation of an inflammatory/immune response.

As stated above, anti-MUC1 IgM antibodies, and to a lesser extent IgG, have been found
previously in the sera of some cancer patients. Low levels of anti-MUC1 have also been found
in healthy individuals, and in the current study we detected anti-MUC1 IgM (but not IgG) in
samples of NHS. It is possible that anti-MUC1 IgM thus represents a naturally occurring
antibody, and that these antibodies were upregulated as part of a tissue homeostatic response
to the increased and aberrant MUC1 expression by the bladder tumor cells. Natural antibodies
play homeostatic roles in the clearance of proteins from lysed cells and of altered/modified
proteins, and there is also evidence that natural antibodies constitute part of an antitumor
immunosurveillance mechanism. Humans can upregulate both IgM and IgG natural antibodies,
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and class switching may also occur as a result of a tissue homeostatic process (for reviews, see
Refs. 36 and 37).

Another consideration is that complement inhibitors can modulate the induction of T-cell
responses (for review, see Refs. 38 and 39), and recent studies in mice have shown that DAF
can modulate T-cell differentiation and suppress immunity in a complement dependent manner.
40-43 Complement independent roles for DAF and CD59 in the modulation of T cell activation
have also been reported, but via the expression of the inhibitors on T cells.41,44 However,
unlike antibody effector mechanisms, complement inhibitor expression and C3 deposition is
not known to directly modulate T-cell effector mechanisms, and if a T-cell response was
initially induced it is not clear how it would subsequently select for increased complement
inhibitor expression. Nevertheless, a consequence of upregulated complement inhibitor
expression may be the suppression of an ongoing T-cell response, and diminution of T-cell
stimulation could lead to a decrease in T-cell expansion. It has also been shown that T-cell
responses can be downregulated by the crosslinking of TCR and MCP, which induces T
regulatory cells.45 Therefore, there is the possibility that decreased C3 deposition on tumor
cells as a result of complement inhibitor upregulation could result in an enhanced T-cell
response due to the suppression of T regulatory cells.

Immunohistochemical analysis of the expression patterns of complement inhibitors revealed
marked differences among CD46, CD55 and CD59 distribution. All 3 inhibitors were expressed
on both normal urothelium and tumor samples. However, CD55 and CD59 were widely
expressed within the stromal compartment of the tumor, whereas CD46 expression was
primarily restricted to the tumor cells. Similar findings for other types of cancer have been
reported5,46 and may be related to the fact that CD46 is a trans membrane protein whereas
CD55 and CD59 are GPI linked proteins. Cells can both actively cleave and directly secrete
GPI-linked proteins which may account for the high levels of CD55 and CD59 in the stroma.

In conclusion, the data demonstrate the presence of an anti-MUC1 antibody response and
upregulated complement inhibitor expression in bladder cancer patients and support the
hypothesis of antibody-mediated immune selection. In addition to regulating direct antitumor
complement effector mechanisms, it is possible that the upregulation of complement inhibitors
may also regulate T-cell immunity, although we are unable to examine this hypothesis with
our currently available samples. While the current study was focused on bladder cancer, similar
mechanisms of immune selection may account for the upregulated expression of complement
inhibitors found in other types of MUC1 positive cancer, and possibly with other tumor
antigens. The data indicate that complement inhibition is an immune evasion mechanism used
by tumors and strengthen the argument that the modulation of complement inhibitor activity
represents a therapeutic modality that may augment passive and active antitumor antibody
therapy in humans.
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Figure 1.
MUC1 expression in bladder carcinoma. (a) mRNA MUC1 expression was determined in
paired normal/cancer samples by realtime RT-PCR. Graph shows fold change in MUC1
expression in tumor sample compared to paired normal tissue sample. Mean ± SD of 3
determinations is shown. The β2-microglobulin gene was used as an internal control. (b and
c) Immunohistochemical analysis of section from normal (b) and tumor (c) sample. Sections
were stained for MUC1 using anti-MUC1 mAb BCP8. The panels show that MUC1 expression
is restricted to the luminal surface of normal urothelium, but is present in the luminal,
intermediate and basal layers of the tumor sample. Magnification ×100. Representative images
shown (n = 9).
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Figure 2.
Complement inhibitor expression in normal bladder and bladder carcinomas. mRNA levels of
CD46, CD55 and CD59 were determined in paired normal/cancer samples by real-time RT-
PCR. Graph shows fold change in the expression of each complement inhibitor in tumor sample
compared to paired normal tissue sample. Mean ± SD of 3 determinations is shown. The β2-
microglobulin gene was used as an internal control.
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Figure 3.
Immunohistochemical analysis of complement inhibitor expression in normal bladder and
bladder carcinomas. Sections from normal (a, c, e) and tumor (b, d, f) samples were analyzed
for expression of CD46, CD55 and CD59 by indirect immunohistochemistry. Magnification
×100, representative images shown (n = 9).
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Figure 4.
Anti-MUC1 antibody levels in serum from bladder cancer patients. Anti-MUC1 IgM and IgG
in the serum of 22 bladder cancer patients was determined by ELISA. Antibody levels in serum
from 8 healthy individuals were also determined and the mean value is shown in the figure,
marked N. Patient numbers correspond to those in Figure 2. Mean ± SD (n = 3). All serum
samples were measured undiluted and in triplicate.
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Figure 5.
Comparison of complement inhibitor expression on tumors from patients with either high or
low anti-MUC1 antibody titers. Patients were divided into 2 groups based on their anti-MUC1
antibody levels. Group A represents patients with antibody levels (either IgM or IgG) at least
one standard deviation higher than the average levels from normal individuals (n = 12), and
Group B represents remaining patients (n = 10). Bladder tumors from patients with high levels
of anti-MUC1 antibodies (Group A) had significantly higher mRNA levels of CD46, CD55
and CD46 (p < 0.05) than tumors from patients with low titer anti-MUC1 antibodies (Group
B). Mean ± SD.
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TABLE I
SPEARMAN CORRELATION ANALYSIS BETWEEN SERUM LEVELS OF ANTI-MUC1 ANTIBODIES AND
EXPRESSION OF COMPLEMENT REGULATORS BY BLADDER TUMOR CELLS

Anti-MUC1 antibody isotype
Spearman correlation value (p-value)

CD46 CD55 CD59

IgM 0.697 0.576 0.395

(0.0003)* (0.004)* (0.06)

IgG 0.631 0.466 0.305

(0.001)* (0.02)* (0.166)

IgM + IgG 0.683 0.665 0.458

(0.0005)* (0.0007)* (0.03)*

*
p-values < 0.05 were considered statistically significant.
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