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SUMMARY: The role of membrane-bound complement regulatory proteins (mCRP) in the protection of tumor cells in vivo
against elimination by the immune system is still unknown. In this study the effect of expression of these mCRP by cervical cancer
cells was investigated. In situ expression of mCRP was observed on cervical carcinomas, normal cervical epithelial cells, and the
surrounding stroma. Deposition of C3 and C5b-9 was sporadically found on the tumor cells and the surrounding stroma. A low
expression of CD46 was statistically significantly associated with deposition of C3. Comparable expression patterns were shown
on primary cervical tumor cell suspensions. A relatively high deposition of C4c was found on these tumor cells, indicating classical
pathway activation. Furthermore, it was demonstrated that CD55 and CD59 were the most potent inhibitors of C3 deposition and
classical pathway-mediated lysis, respectively, on cervical cancer cell lines. The feasibility of increasing complement activation
at the tumor cell membrane surface was demonstrated with an anti-HLA Class I*anti-CD55 bispecific mAb. The potential
immunotherapeutic applicability was investigated with both anti-G250*anti-CD55 and anti-Ep-CAM*anti-CD55 bispecific mAbs.
An approximate 2-fold increase in C3 deposition, compared with the parental anti-Ep-CAM mAb, was attained with an
anti-Ep-CAM*anti-CD55 bispecific mAb when the tumor-associated antigen was expressed in sufficient amounts. These results
demonstrate that when tumor-associated antigens are expressed in adequate amounts, bispecific mAbs in vivo may be potent
immunotherapeutic agents to enhance an inflammatory reaction at the tumor site. (Lab Invest 2002, 82:483–493).

C ervical cancer is the second leading cause of
cancer death in women worldwide. It has an

incidence of 500,000 newly diagnosed cases each
year (Boring et al, 1994). The etiology of cervical
cancer involves infection with a small epitheliotropic
DNA virus, the human papilloma virus (HPV). Infection
with HPV and integration of HPV in the genome are
regarded as essential steps in the multistep process of
cervical carcinogenesis. The E5, E6, and E7 genes
encode viral oncogenes that have been shown to
possess the capacity to induce cell proliferation, im-
mortalization, and transformation (Herrington, 1994).
Viral proteins, presented on the tumor cell surface,
might induce an immune response. A cellular immune
response directed against viral antigens indeed has
often been described (Bontkes et al, 2000; Van der
Burg et al, 2001). In addition, the humoral immune
system is activated (de Gruijl et al, 1999). Antibodies
induced against tumor cell surface proteins or immu-
notherapeutic antibodies might also be used to erad-
icate these tumors.

Binding of antibodies to tumor cells may induce
complement activation, resulting in the generation of
C3a and C5a, the initiation of an inflammatory re-
sponse, and thus the attraction of leukocytes to the
tumor site. Furthermore, complement activation may
result in direct lysis of tumor cells through formation of
the membrane attack complex (C5b-9) or promote
cellular cytotoxicity through opsonization of tumor
cells with C3 fragments. The level of complement
activation on cell membranes is regulated by the
expression of membrane-bound complement regula-
tory proteins (mCRP), which protect normal and tumor
cells from uncontrolled complement-mediated injury
(Gorter and Meri, 1999). mCRP comprise complement
receptor 1 (CD35), membrane cofactor protein (CD46),
decay-accelerating factor (CD55), and homologous
restriction factor 20 (CD59) (Liszewski et al, 1996).
CD35, CD46, and CD55 inhibit the deposition of C3
fragments on the cell surface and thereby limit
complement-dependent cellular cytotoxicity. CD59
prevents the formation of membrane attack com-
plexes and the subsequent osmotic lysis of the target
cell. The expression of mCRP has been demonstrated
on cervical epithelium, premalignant cervical tissue,
and cervical carcinomas (Simpson et al, 1997). Several
studies have shown that in situ tumor cells overex-
press CD46, CD55, and CD59 (Koretz et al, 1992; Li et
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al, 2001; Mäenpää et al, 1996; Niehans et al, 1996;
Yamakawa et al, 1994). The overexpression of these
mCRP on tumor cells may prevent an efficient local
immune response.
To investigate the role of mCRP on cervical carci-

noma cells, we have determined the expression levels
of CD46, CD55, and CD59 on cervical carcinoma cells
in situ, the adjacent stroma, freshly isolated cervical
tumor cells, and primary epithelial cervical cancer cell
lines (CCCL). The relative importance of CD46, CD55,
and CD59 on cell lysis and C3 deposition was inves-
tigated on CCCL using mCRP blocking mAbs. To
determine the feasibility of specifically blocking the
most important C3 regulatory protein on cervical tu-
mor cells, bispecific antibodies directed against CD55
and HLA Class I, as a model for a tumor-associated
antigen with a high expression level, were used. In
addition, to determine the immunotherapeutic appli-
cability, 17-1A/Ep-CAM*anti-CD55 and G250/MN/
CAIX*anti-CD55 bispecific mAbs were developed.

Results

Expression of CD46, CD55, and CD59 on
Cervical Carcinomas

To compare the expression levels of mCRP on cervical
carcinoma cells and the surrounding stroma, both the
number of cells expressing mCRP and the observed
intensity of this expression were scored semiquanti-
tatively, using immunohistochemistry (Table 1). In gen-
eral, the expression of CD46 was higher on carcinoma
cells as compared with stromal cells (Fig. 1a). In
contrast, both CD55 and CD59 were expressed in
higher amounts on stroma than on tumor cells (Fig. 1,
b and c). As reported previously, CD55 was also
detected in the extracellular matrix, presumably
bound to stromal fibers resulting in a fibrillate pattern
(Medof et al, 1987; Sayama et al, 1992). To measure

the efficiency of mCRP, the sections were also stained
for deposition of C3d and C5b-9. C3d deposition, as
well as C5b-9 deposition, was low or absent on tumor
cells (Fig. 1, e and f). If present, C3d deposition was
associated with a low expression of CD46 on the
tumor cells (p � 0.016). C3d was detected in the
stroma, but C5b-9 generally was not present. Both
C3d and C5b-9 deposits were detected with a high
intensity on blood vessels. This absence of C3d and
C5b-9 on tumor cells suggests a role for mCRP in the
protection of cervical tumor cells from complement.
Tissue sections were also stained for expression of

the tumor-associated antigens G250/MN/CAIX (G250)
and 17-1A/Ep-CAM (Ep-CAM) (Fig. 1, g and h; Table
1). G250 was absent in 2 of 10 cases or expressed
heterogeneously by the tumor cells in the other 8
cases. Ep-CAM was moderately to highly expressed
by all tumors. Stromal cells and normal cervical epi-
thelial cells (NCE) were negative for Ep-CAM.

Expression of CD46, CD55, and CD59 on Primary
Cervical Tumor Cell Suspensions

To substantiate the in situ immunohistochemical ob-
servations, the expression of mCRP, C3, C4, and
C5b-9 on four freshly isolated primary cervical tumor
cell suspensions was measured by flow cytometry
(Fig. 2). Tumor cells were discriminated from stromal
or inflammatory cells by selecting cells that were
positive for the tumor-associated Ep-CAM antigen
using the 323/A3 mAb. CD46 and CD55 were de-
tected in similar amounts on the tumor cells. As
observed on the tissue sections, CD59 was highly
expressed on the tumor cells. In addition, iC3b, C4c,
and to a lesser extent C5b-9 were detected on tumor
cell membranes. Deposition of C4c suggests that the
complement system had been activated via the clas-
sical route of complement activation.

Table 1. Expression Levels of CD46, CD55, and CD59, of the Tumor-Associated Antigens G250 and Ep-CAM, and the
Amount of C3d and C5b-9 Deposited on Cervical Carcinomas

Tumor Stroma

Pt. no.

CD46 CD55 CD59 G250 Ep-CAM C3d C5b-9 CD46 CD55 CD59 C3d C5b-9

I %a I % I % I % I % I % I % I % I % I % I % I %

1 3 5 2 5 2 5 1 1 3 5 0 5 0 5 1 4 1–3 5 3 5 2 4 3 1
2 n.d. 0 5 2 5 3 3 3 5 1 2 1 1 n.d. 3 5 3 5 3 5 0 5
3 2 5 2 5 2 5 1 1 2–3 5 1 2 0 5 1–3 5 2 5 3 5 3 5 3 5
4 2 5 1 1 2 5 1–3 5 2–3 5 n.d. 0 5 1 5 3 5 3 5 3 5 0 5
5 3 5 0 5 3 5 0 5 2–3 5 0 5 1 1 1–3 5 2 5 2 5 3 5 0 5
6 2–3 5 2 5 3 5 2 1 2–3 5 0 5 0 5 1 2 3 5 3 5 3 5 0 5
7 1 5 0–3 5 2 5 2 5 2 4 3 2 0 5 1 2 3 5 2 5 3 5 0 5
8 1 5 2 5 2 5 0 5 2 4 3 5 0 5 1 5 3 5 3 5 0 5 0 5
9 1–3 5 0 5 2 5 1–3 5 1–2 4 0 5 0 5 1 2 3 5 3 5 2 5 0 5
10 n.d. 0 5 2 5 1–3 5 3 5 1 1 0 5 n.d. 1 5 3 5 3 5 3 4

NCEb n.d. n.d. n.d. 0 5 0 5 0 5 0 5 3 2 3 3 2 5 3 5 0 5

Expression levels were scored semiquantitatively as described in “Material and Methods.”
a I, intensity of staining; %, category of percentage of positive cells.
b NCE, normal cervical epithelium; n.d., not done.
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Figure 1.
Expression of membrane-bound complement regulatory proteins (mCRP) and tumor-associated antigens and deposition of complement proteins on cervical
carcinoma. Immunohistochemical staining was performed as described in “Materials and Methods.” Nuclei were counterstained with Mayers hematoxylin. a, CD46
(J4-48 mAb); b, CD55 (Bric216 mAb); c, CD59 (Bric229 mAb); d, negative control (omission of the primary mAb); e, C3d; f, C5b-9; g, G250 (G250 mAb); h, Ep-CAM
(323/A3 mAb). Magnification �65.
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Expression of mCRP on Cervical Carcinoma Cell Lines

To determine whether the expression levels of mCRP
are similar on CCCL compared with freshly isolated
cervical tumor cells and NCE, the expression levels of
CD46, CD55, and CD59 were quantified by flow cy-
tometry. Three commercially available CCCL and six
newly generated CCCL (primary CCCL) were investi-
gated (Table 2). In general, both the expression levels
of CD46 and CD55 were higher on the commercial
CCCL than on the primary CCCL. The freshly isolated
primary cervical tumor cells had a similar expression
of CD46 and CD55 as the primary CCCL. The expres-
sion of CD59 was comparable for all CCCL. The
expression of CD59 on the freshly isolated cervical
tumor cells was approximately half the expression
level of CD59 on CCCL. To examine whether mCRP
were overexpressed on malignant cells, the mCRP
expression level of normal NCE was compared with
CCCL (Table 2). Interestingly, the expression of CD46
was slightly increased, and especially CD55 showed a
4- to 40-fold increase in expression on CCCL and the

freshly isolated cervical tumor cells, when compared
with NCE cultures. In contrast, the expression of CD59
was higher on NCE cultures as compared with both
CCCL and freshly isolated tumor cells.

Relative Importance of mCRP

Because of the similarities in expression profiles of
mCRP on primary CCCL and freshly isolated cervical
tumor cells, CCCL were used to unravel the role of
mCRP on cervical carcinoma. To study the relative
importance of each of the mCRP, two representative
CCCL, a commercial CCCL (HeLa) and a primary
CCCL (CC8) were selected for further study. These
CCCL were selected on the basis of their differences
in expression patterns of CD46, CD55, CD59, and
HLA Class I. None of the selected CCCL was lysed in
the presence of anti-HLA Class I mAb and normal
human serum (NHS). In contrast, in the presence of
baby rabbit complement (BRC), which is not inhibited
by human mCRP, both HeLa and CC8 demonstrated a
significant amount of lysis. This illustrates that mCRP
acting on homologous complement components re-
strict complement activation.

To investigate the role of the different mCRP, HeLa
(high expression of HLA Class I) and CC8 (low expres-
sion of HLA Class I) were treated with different com-
binations of blocking mAbs (Fig. 3). It is clear that
blocking of CD46 has no effect on lysis of HeLa cells.
In contrast, blocking of especially CD59 and, to a
minor extent, CD55 induces lysis of HeLa. To exclude
that the effect of CD46 is masked by the effect of
CD59, we also tested combinations of anti-CD55 and
anti-CD46 and the combination of anti-CD59 and
anti-CD46. In both cases no additional increase in
lysis was observed. Only the combination of anti-
CD55 and anti-CD59 resulted in an increase in lysis,
and the effect was more additive than synergistic.
These experiments suggest that on HeLa cells, CD55
and CD59 are indeed involved in the protection of
cervical tumor cells from complement-mediated dam-

Figure 2.
Expression levels of mCRP and amounts of iC3b, C4c, and C5b-9 deposited on
three cervical tumor cell suspensions. Expression levels were determined with
flow cytometry and are depicted in MESF values (�104). The results of three
experiments are shown (mean � SD).

Table 2. Expression Levels of CD46, CD55, CD59, HLA Class I, G250, and Ep-CAM on Cervical Carcinoma Cell Lines
(CCCL) and Normal Cervix Epithelial Cell Cultures

CCCL CD46 CD55 CD59 HLA Cl. I Na G250 N Ep-CAM N

HeLa 46 � 15b 159 � 50 157 � 41 823 � 158 7 5 � 5 7 20 � 11 4
SiHa 59 � 8 63 � 14 177 � 49 486 � 86 6 5 � 5 7 8 � 2 3
CaSki 77 � 9 36 � 16 377 � 74 615 � 15 3 9 � 1 2 92 � 16 3
CSCC1 34 � 10 29 � 4 275 � 28 123 � 32 3 0 � 0 3 45 � 16 3
CSCC7 16 � 2 22 � 2 122 � 82 45 � 9 3 0 � 0 4 14 � 3 2
CC8 53 � 29 26 � 6 170 � 51 128 � 35 6 0 1 6 � 4 3
CC10A 91 � 31 44 � 22 548 � 140 160 � 65 4 0 � 1 3 63 � 7 3
CC10B 46 � 23 17 � 4 220 � 99 130 � 28 4 61 � 23 2 38 � 4 2
CC11� 34 � 12 21 � 11 157 � 56 122 � 79 6 0 0 112 � 58 4
NCE1c 35 4 580 220 1 13 � 18 4 n.d. 0
NCE2 29 � 15 3 � 2 532 � 319 312 � 62 2 n.d. 2 4 � 2 2

Expression levels were determined by flow cytometry as described in “Material and Methods.”
a Number of experimental values used.
b MESF values (�104) � SD.
c NCE, normal cervical epithelium.
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age. The blocking mAbs themselves did not activate
the complement system (Fig. 3). These data were
confirmed using phosphatidylinositol-specific phos-
pholipase C (PIPLC)-treated HeLa cells. PIPLC re-
moves the phosphatidyl-inositol-anchored CD55 and
CD59 from the cell membrane. Of the PIPLC-treated
HeLa cells, 57% were lysed as measured by a 51Cr
release assay, whereas only 4% of the untreated cells
were killed by complement activation, under compa-
rable conditions (data not shown). To substantiate the
role of mCRP on CC8 cells, these cells were also
incubated with anti-mCRP mAb. Only anti-CD59 or
combinations of anti-mCRP mAb containing anti-
CD59 mAb induced lysis of CC8 cells.

Subsequently, we have investigated the effect of
CD46 and CD55 on C3 deposition. C3 deposition on
the cell membrane of HeLa and CC8 cells was mea-
sured using flow cytometry after incubation with the
anti-HLA Class I mAb W6/32 and NHS (Fig. 4). On
HeLa cells the amount of deposited C3 was increased
when CD55 was blocked with anti-CD55 mAb,
whereas an anti-CD46 mAb had no effect. This sug-
gests that in addition to CD59, CD55 is important to
limit classical pathway–mediated complement activa-
tion. However, on CC8 cells neither anti-CD46, anti-
CD55, nor a combination of both mAbs had any effect
on C3 deposition. This supports the previous obser-
vation that on CC8 cells the expression of HLA Class
I is too low to induce lysis of these cells.

Effect of Model Bispecific Antibody Containing Anti-CD55
on C3 Deposition and Lysis

To investigate the feasibility of inhibiting CD55, the
most efficient in vitro membrane-bound C3 regulatory
protein, on the tumor cell surface, bispecific mAbs
were generated. HLA Class I was initially used as a

model for a tumor-associated antigen because of its
high expression levels. The effect of these model
bispecific mAbs on C3 deposition was investigated on
HeLa cells (Table 3). Anti-HLA Class I*anti-CD55
bispecific mAb resulted in a 6-fold increase in C3c
deposition as compared with anti-HLA Class I mAb.
The combination of the parental anti-HLA Class I and
anti-CD55 (MBC1) mAbs resulted in a plateau value of
286 � 104 molecules of equivalent soluble fluores-
cence (MESF), which was 3-fold the plateau value
reached with anti-HLA Class I mAb alone. Interestingly
anti-HLA Class I*anti-CD55 bispecific mAbs were able
to increase this latter plateau value with an additional
100% to 567 � 104 MESF.

Effect of Potential Immunotherapeutic Anti-Ep-CAM mAb,
Anti-G250 mAb, or Anti-Ep-CAM*Anti-CD55 and
Anti-G250*Anti-CD55 Bispecific mAbs on C3 Deposition
and Tumor Cell Lysis

The Ep-CAM antigen and the G250 antigen (recently
detected on cervical carcinoma cells) may be candi-

Figure 3.
Complement-mediated lysis of HeLa and CC8 cells in the presence of
anti-mCRP mAb. Experiments were performed as described in “Materials and
Methods.” A representative experiment is shown. Amount of lysis is deter-
mined as the percentage 51Cr released, after complement activation by
anti-HLA Class I mAb (W6/32). Baby rabbit complement (BRC) was used as a
positive control for complement activation. Under the x axis, the blocked
mCRP are depicted. *Negative control, complement activation in the absence
of anti-HLA Class I and in the presence of blocking mAb against all three
mCRP.

Figure 4.
The effect of anti-CD46, anti-CD55, and anti-CD59 on C3c deposition on HeLa
and CC8 cells. Complement is activated by anti-HLA Class I mAb (W6/32).
Experiments were performed as described in “Materials and Methods.” A
representative experiment is shown. C3c deposition is determined with flow
cytometry and expressed in MESF values (�104). Under the x axis, the blocked
mCRP are depicted.

Table 3. Bispecific mAb Directed Against HLA Class I
and CD55 Enhance C3 Deposition on HeLa Cells

mAb/bispecific mAb
(�g/ml) directed against

C3c
(MESF)

CD55 54a

HLA Class I 101
HLA Class I and CD55 (20) 286
HLA Class I and CD55 (2) 211
HLA Class I and CD55 (0.2) 112
HLA Class I*CD55 (200) 567
HLA Class I*CD55 (20) 361
HLA Class I*CD55 (2) 124
HLA Class I*CD55 (0.2) 109

Experiments were performed as described in “Material and Methods.”
Results of a representative experiment are shown.

a C3 deposition depicted in MESF-values (�104).
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date antigens for adjuvant mAb immunotherapy for
cervical carcinoma. Tumor cells in situ indeed showed
a high expression of these antigens (Fig. 1, g and h).
Therefore, their expression levels on the CCCL and
NCE were measured. Ep-CAM and G250 were ex-
pressed in low amounts on both CCCL and NCE cells
(Table 2). Neither anti-Ep-CAM mAb, anti-G250 mAb,
nor bispecific mAbs (anti-Ep-CAM*anti-CD55 or anti-
G250*anti-CD55) induced C3 deposition or lysis (not
shown). This might be a result of the low expression of
both Ep-CAM and G250 in vitro (Table 2). To test this
hypothesis, CaSki cells, which endogenously express
a low amount of Ep-CAM, were transiently transfected
with Ep-CAM. The transfection resulted in a doubled
expression level of this antigen on the CaSki cell
membrane surface (MESF value 183 � 104 compared
with MESF value 92 � 104 of the untransfected cells).
Incubation of the transfected cells with the anti-Ep-
CAM*anti-CD55 bispecific mAb resulted in a clear
increase in C3 deposition of MESF 44 � 104, as
compared with MESF 27�104 in the presence of the
anti-Ep-CAM mAb alone (Figs. 5 and 6). In addition, in
the presence of bispecific mAb, complement-
mediated lysis was also increased (13% versus 7%).
Addition of anti-CD59 mAb was necessary to induce
up to 80% of lysis (not shown). In that case no
difference was seen between anti-Ep-CAM mAb and
bispecific mAb.

Discussion

The viral etiology of cervical carcinoma makes this
tumor potentially suitable for immunotherapeutic
treatment. Both the humoral and the cellular arm of the
immune system are involved in the defense against
cervical tumor cells (Bontkes et al, 2000; de Gruijl et al,
1999). Unfortunately this is apparently not sufficient to
eliminate the tumor cells. The clinical importance of
antibodies directed against HPV or tumor-associated
antigens expressed on cervical tumor cells is limited

and thus far attempts to improve the treatment of
cervical carcinoma have been directed at enhancing
the cellular immune response (Liu et al, 2000; Thorn-
burg et al, 2000). In the present study, we have
attempted to determine the role of CD46, CD55, and
CD59 on cervical tumor cells in the protection against
mAb-induced complement-mediated injury. In addi-
tion, we have investigated whether mAb immunother-
apy for cervical carcinoma with the potentially immu-
notherapeutic anti-G250 mAb (Uemura et al, 1999),
anti-Ep-CAM mAb (Riethmuller et al, 1998), or bispe-
cific mAbs directed against G250 or Ep-CAM and
CD55 is feasible.

To allow immune surveillance, complement under-
goes a continuous low-level activation. A stringent
regulation is therefore necessary to prevent nonspe-
cific damage to host tissues. As on normal cells, the
level of complement activation on the tumor cell
surface is regulated by mCRP. The expression of
these regulators is increased in several carcinoma
types (Koretz et al, 1992; Kumar et al, 1993; Li et al,
2001; Niehans et al, 1996; Seya et al, 1990). The
increased expression may limit the extent of
complement-mediated injury. This latter observation
may also explain the limited success of this type of
immunotherapy (Gorter and Meri, 1999). Previously,
expression of mCRP has been demonstrated on cer-
vical epithelium, premalignant cervical tissue, and
cervical carcinomas (Oglesby et al, 1996; Simpson et
al, 1997). We have also observed mCRP expression in
situ on cervical cancer cells. Knowledge of the in vivo
role of mCRP can be obtained by assessing the
association between mCRP expression levels on tu-
mor cells and deposition of complement fragments on
their cell surface, as has been done before for renal
carcinoma, chronic lymphocytic leukemia, and thyroid
cancer cells (Magyarlaki et al, 1996; Marquart et al,
1995; Yamakawa et al, 1994). However, it is unclear
which mCRP is important to protect human tumor
cells in vivo from complement-mediated damage. In

Figure 5.
C3 deposition caused by anti-Ep-CAM*anti-CD55 (323A3*MBC1) on Ep-CAM
transfected CaSki cells. Experiments were performed as described in “Mate-
rials and Methods.” C3c deposition is determined with flow cytometry and
expressed in MESF values (�104). Under the x axis, the mAb or bispecific mAb
used is depicted.

Figure 6.
Complement-mediated lysis caused by anti-Ep-CAM*anti-CD55
(323A3*MBC1) of Ep-CAM–transfected CaSki cells. Experiments were per-
formed as described in “Materials and Methods.” Amount of lysis is deter-
mined as the percentage 51Cr released, after complement activation by the
mAb or bispecific mAb that is depicted under the x axis. # BRC is added as a
positive control for complement activation.
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situ, where a low expression of CD55 is usually
observed on the tumor cells, CD46 may play a prom-
inent role. This finding is supported by the observation
that for renal tissue a correlation is found between the
presence of C3 and low expression of CD46 (Blok et
al, 2000). In the present study, we also observed an
association between C3 deposition and a relatively
low expression of CD46. These observations are com-
patible with the observed low expression of CD55 in
situ and the inhibitory effect of anti-CD46 mAb on PC7
and PC9 lung adenocarcinoma cell lines (Azuma et al,
1995) and support the proposed view that only a low
amount of CD55 is necessary to make C3 available for
cleavage by CD46 (Brodbeck et al, 2000).

To substantiate these findings, we have quantified
the mCRP expression on freshly isolated cervical
tumor cells in situ, primary CCCL and normal NCE
cells. As reported for breast, renal, and lung carcino-
mas, a low expression of CD55, a somewhat higher
expression of CD46, and a high expression of CD59
were observed (Niehans et al, 1996). With regard to
the role of CD46, in agreement with the majority of
other in vitro studies, under these experimental con-
ditions we could not find support for the proposed role
of CD46 in vivo (Hakulinen and Meri, 1994; Juhl et al,
1997; Yamakawa et al, 1994; Yu et al, 1999). Our data
also demonstrate that CD55 and CD59 are the most
important regulators in vitro in regulating complement-
mediated injury on cervical cancer cells.

CD55 may play a dual role in vivo. Overexpression
of CD55 may increase the protection of tumor cells
against complement-mediated injury. On the other
hand, overexpression of CD55 may result in the pre-
sentation of CD55 peptides by major histocompatibil-
ity complex proteins. These MHC-peptide complexes
have been shown to initiate a cellular immune re-
sponse (Durrant et al, 2000) and may promote the
elimination of tumor cells by cytotoxic T cells. In
addition, highly expressed CD55 can act as a tumor
antigen (Durrant et al 2000; Hensel et al 2001;
Maxwell-Armstrong et al 2001) and can be exploited
as a target for (bispecific) mAb immunotherapy. Hu-
moral immunotherapy with bispecific mAb might, by
inhibiting the function of CD55 (Blok et al, 1998),
increase a local inflammatory reaction.

Adjuvant mAb or bispecific mAb immunotherapy
may be used to stimulate a local inflammatory reaction
(generation of C5a and C3b deposition), resulting in
eradication of the tumor cells (Gorter and Meri, 1999;
Riethmuller et al, 1998). The presence of bound mAb
and C3 to tumor cells may enhance antibody-
dependent cellular cytotoxicity and complement-
dependent cellular cytotoxicity by FcYR or CR-positive
leukocytes, leading to an increased antigen presenta-
tion and a potentially more efficient T-cell response to
the viral antigens presented by the tumor cells. Impor-
tantly, it may render HLA Class I–negative tumor cells
accessible to antibody-dependent cellular cytotoxicity
and complement-dependent cellular cytotoxicity.

We have investigated the potential therapeutic ef-
fect of mAb and bispecific mAb directed against the
G250 antigen and the Ep-CAM antigen on CCCL. High

expression of Ep-CAM was observed in all cervical
tumors and of G250 in some tumors (Litvinov et al,
1996). In contrast, low expression of these antigens
was measured on the CCCL. Because of this low
antigen expression and the presence of mCRP, no
complement activation was observed on CCCL by
either complement-activating anti-G250 or anti-Ep-
CAM mAbs.

Because complement activation may be limited by
the presence of mCRP at the tumor cell membrane
(Gorter et al, 1996; Gorter and Meri, 1999), we have
investigated the effect of bispecific mAb containing
anti-CD55. To demonstrate the effectiveness of these
types of bispecific mAbs to increase C3 deposition,
we initially used anti-HLA Class I (a highly expressed
antigen)*anti-CD55 bispecific mAb. Indeed in the
presence of these bispecific mAbs, increased C3
deposition at the tumor cell surface was observed. In
addition, the immunotherapeutic applicability of anti-
G250*anti-CD55 and anti-Ep-CAM*anti-CD55 bispe-
cific mAbs was investigated. In the presence of the
latter bispecific mAb, initially no complement activa-
tion occurred on the CCCL. When the Ep-CAM ex-
pression on cervical cancer cells was increased by
transfection with 17-1A/Ep-CAM, incubation with anti-
Ep-CAM*anti-CD55 bispecific mAb resulted in both
increased C3 deposition and lysis. Also, the potential
applicability of this type of bispecific mAb has been
demonstrated for other tumor types, renal cancer
cells, and leukemic cells (Blok et al, 1998; Harris et al,
1997). Its use in cancer patients awaits proper animal
models to test the feasibility of this approach in vivo.

Materials and Methods

Cell Lines

CCCL used were as follows: SiHa, HeLa, CaSki (Amer-
ican Type Tissue Collection, Rockville, Maryland) and
CSCC-1, CSCC-7, CC-8, CC-10A, CC-10B, and CC-
11�, generated from five primary squamous and
adenosquamous tumor specimens obtained from hys-
terectomized FIGO Stage IB/IIB cervical carcinoma
patients as previously described (Koopman et al,
1999). The normal primary cervical epithelial cell cul-
tures NCE1 and NCE2 were derived from patients
undergoing hysterectomy for nononcologic reasons.
NCE were tested for HPV infection and were demon-
strated not to be infected.

The cervical carcinoma cell lines were grown in
serum-free keratinocyte medium (GIBCO BRL, Grand
Island, New York) supplemented with 5 �g/L recom-
binant human epidermal growth factor and 50 �g/L
bovine pituitary extract (GIBCO BRL). SiHa, HeLa, and
CaSki were cultured in DMEM (Life Technologies,
Rockville, Maryland) containing 22.5 mM HEPES sup-
plemented with 10% heat-inactivated FCS, 2 mM

glutamine, 50 U/ml penicillin, and 50 �g/ml strepto-
mycin (complete medium). Cell lines were passaged,
once or twice a week, or used for experiments when
90% confluency was reached, using 0.25% trypsin
(Flow Laboratories, Irving, United Kingdom) and 0.1%
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EDTA (Merck, Darmstadt, FRG) in calcium and
magnesium-free HBSS (pharmacy of the Leiden Uni-
versity Medical Center, Leiden, The Netherlands).

Tissue Specimens and Processing

Human cervical tumor cell suspensions were acquired
from three patients who underwent radical hysterec-
tomy because of cervical carcinoma. Tumor speci-
mens were obtained immediately after surgery. Tumor
specimens were cut into 1-mm3 pieces and washed
twice in DMEM. Subsequently, per 1 g of tissue, 5 ml
of DMEM medium containing 4 mg/ml collagenase Ia
(Sigma Chemicals, St. Louis, Missouri) and 0.002%
DNAse (Sigma) was added and the tissue was incu-
bated for 1 hour at 37° C. The acquired cell suspen-
sions were filtered over a 100-�m nylon gauze
(Verseidag-Industrietextilien GmbH, Kempen, Ger-
many) and washed twice with DMEM complete me-
dium. Erythrocytes were removed from the cell sus-
pension by treatment (5 minutes, 4° C) with a solution
of 0.16 M NH4Cl, 10 mM KHCO3, and 0.13 mM EDTA.
Cell suspensions were stored at �70° C in 10%
dimethyl sulfoxide in heat-inactivated fetal bovine se-
rum until use. Both tumor and normal tissue were
snap-frozen in liquid isopentane on dry ice and stored
at �70° C until use.

Antibodies

The following antibodies were used: J4-48 (IgG1; CLB,
Amsterdam, The Netherlands) and GB24 (Hsi et al,
1988) (IgG1; a gift from Prof. Dr. Atkinson, St. Louis,
Missouri) directed against CD46; MBC1 (IgG1; a gift
from Prof. Dr. B. P. Morgan, Cardiff, United Kingdom)
and BRIC216 (IgG1; International Blood Group Refer-
ence Laboratories [IBGRL], Bristol, United Kingdom)
directed against CD55; BRIC229 (IgG2b; IBGRL) and
MEM43 (IgG2a; Sanbio, Uden, The Netherlands) di-
rected against CD59; G250 (Oosterwijk et al, 1986)
(IgG2a) directed against the G250 antigen; 323/A3
(Edwards et al, 1986) (IgG2a) directed against the
Ep-CAM antigen; W6/32 (IgG2a, anti-HLA ABC)
obtained from the American Type Culture Collec-
tion; G250*MBC1, 323/A3*MBC1, and W6/32*MBC1
bispecific mAbs (all IgG2a*IgG1), developed in our
own department (Blok et al, 1998); anti-human C3d
and iC3b (both IgG1) (Quidel Corporation, San Diego,
California); aE11 (IgG2a), directed against human
C5b-9 (DAKO A/S, Glostrup, Denmark); FITC-labeled
goat F(ab)2 anti-mouse IgG/M (DAKO); FITC-labeled
goat F(ab)2 anti-mouse IgG1, FITC-labeled goat F(ab)2
anti-mouse IgG2b, and PE-labeled goat F(ab)2 anti-
mouse IgG2a (Biotechnology Associates, Birming-
ham, Alabama); and horseradish peroxidase (HRP)
rabbit-anti-mouse Ig EnVision� kit (DAKO).

Complement Source

NHS was prepared from freshly collected human AB
serum, aliquoted, and stored at �70° C. Rabbit serum
(BRC) was purchased from Pel-Freeze (Brown Deere,
Wisconsin) and stored at �70° C until use.

Generation of Quadroma Cells

Quadroma cells were generated as described by
van Dijk et al (1989). Briefly, the MBC1 hybridoma
was incubated with increasing amounts (10�7 M to
10�4 M) of 8-azaguanine (GIBCO BRL) to induce
hypoxanthine-guanine phosphoribosyl transferase
deficiency. The 323/A3 hybridoma was incubated
with increasing amounts (10�7 M to 10�4 M) of
5-bromodeoxyuridine (Sigma) to induce thymidine
kinase deficiency. Quadroma cells were generated
by adding PEG-1500 to equal numbers (5 � 106) of
either hypoxanthine-guanine phosphoribosyl trans-
ferase–deficient MBC1 cells or thymidine kinase–
deficient 323/A3/G250/W6/32 cells. The generated
quadroma cells were cultured in medium, containing
0.1 mM hypoxanthine, 7.7 �M aminopterin, and 16
�M thymidine (HAT medium). Cell cultures were
cloned in 96-well microtiter plates (Greiner B.V.,
Alphen aan de Rijn, The Netherlands), with each well
statistically containing 0.3 cells. Quadroma clones
producing bi-isotypic mAbs with functional binding
sites were subcloned. Quadroma clones were se-
lected for further study, and bi-isotypic mAbs were
purified from the supernatant, using affinity chroma-
tography on a protein A column. The percentage of
bispecific mAbs present in the bi-isotypic fraction
was determined by HPLC on a Mono S column (Blok
et al, 1998). The bi-isotypic fractions consisted of
15% to 25% of bispecific mAb.

Isotype-Specific ELISA

Microtiter plates (96 well) were coated for 2 hours at
37° C with rat anti-mouse IgG1 (Sanbio) at a concen-
tration of 2.5 �g/ml in 0.1 M NaHCO3, pH 9.6. Serial
dilutions of culture medium from quadroma clones, in
phosphate-buffered saline containing 0.05% Tween-
20 (PBS/T) and 1% BSA were incubated in the coated
microtiter plates for 1 hour at room temperature.
Bi-isotypic mAb was detected using goat anti-mouse
IgG2a conjugated with HRP (Southern Biotechnology
Associates, Inc., Birmingham, Alabama). Cross-
reactivity with coated rat Ig was blocked with 10% rat
serum in PBS/T. The assay was developed with 1%
3,5,3',5'-tetramethyl-benzidine in 0.11 M sodium ace-
tate (pH 5.5, 100 �g/ml) containing 0.1% freshly
added H2O2. The concentration of monospecific IgG1
(parental mAb) was measured with a goat anti-mouse–
HRP kappa chain conjugation (Sanbio). To measure
the concentration of monospecific IgG2a (parental
mAb), the procedure was repeated with a goat anti-
mouse–IgG2a coating (Southern Biotechnology Asso-
ciates, Inc.). For determination of the mAb concentra-
tion, IgG1- and IgG2a standards (obtained from
Centocor, Leiden, The Netherlands) were used.

Treatment of Tissue Specimens

Immunohistochemistry. Cryostat sections of 5 �m
were dried (1 hour, 50° C) and subsequently placed
overnight in a 60° C oven. Sections were fixed in
acetone (10 minutes). Sections were washed twice
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with PBS (5 minutes) and then incubated with prede-
termined concentrations of primary antibody diluted in
PBS containing 1% BSA (PBS/1% BSA) (1 hour).
Sections were washed three times for 5 minutes with
PBS. Subsequently sections were incubated with HRP
and rabbit anti-mouse Ig both coupled to the DAKO
EnVision� system (30 minutes). After three washes
with PBS, sections were washed once with 0.05 M

Tris-HCl, pH 7.6. Sections were developed with
diamino-benzidine-tetrahydrochloride in Tris-HCl (10
minutes). The reaction was stopped with PBS. Sec-
tions were counterstained with Mayer’s hematoxylin.
The intensity of the staining was scored as negative
(0), weak (1) moderate (2), or strong (3). The percent-
age positive cells was scored as sporadic (1; 1% to
5%), local (2; 6% to 25%), occasional (3; 26% to
50%), majority (4; 51% to 75%), or large majority (5;
76% to 100%), according to the method described by
Ruiter et al (1998). Sections in which the primary mAb
was omitted were included in all experiments as
negative controls. As a positive control for the pres-
ence of C3d and C5b-9 mAbs, renal tissue from a
patient with glomerulonephritis was used.

Flow Cytometry. Cells (2.5 � 105) were incubated
with a 100-�l mixture of primary antibodies diluted in
PBS/0.5% BSA (30 minutes, 4° C). Cells were washed
twice with PBS/0.5% BSA and incubated with 100 �l
of a mixture of secondary antibodies (30 minutes,
4° C). After washing, the cells were resuspended in
250 �l of PBS/0.5% BSA containing 1 �g/ml pro-
pidium iodide (PI) to stain dead cells. Specimens were
measured with the FACSCalibur (Becton Dickinson,
San Jose, California). Ten thousand events of positive
tumor cells were counted. FITC-positive cells were
measured on FL1: BP530/30 nm (green fluorescence).
PE-positive cells were measured on FL2: BP585/42
nm (orange fluorescence). PI-positive (dead) cells
were measured on FL3: LP 650 nm (red fluorescence).
Fluorescence compensation was used to correct for
spectral cross talk between the fluorescent signals.
Data are expressed in MESF values. MESF values
were calculated on the basis of a flow cytometry
standardization kit (Quantum 25 FITC; Flow Cytometry
Standards Europe, Leiden, The Netherlands). Tumor
cells were distinguished from inflammatory and stro-
mal cells by selecting only cells positive for expression
of Ep-CAM. The fraction of PI-negative cells in the cell
suspension consisted of Ep-CAM–positive tumor cells
(10% to 25%) and leukocytes (approximately 50%),
and the remaining cell population (25% to 40%) con-
tained most probably stromal cells (fibroblasts) and
endothelial cells. Differences in subclass of the CD59
mAb did not influence the mean fluorescence inten-
sity, because both MEM43 (IgG2a) and BRIC229
(IgG2b) gave similar results (not shown).

C3c Deposition

C3c deposition was assessed by flow cytometric
analysis as described above. After incubation with
primary mAb (30 minutes, 4° C), cells were incubated
with 10% NHS diluted in DMEM containing 1 mM Ca2�

and 0.5 mM Mg2� (20 minutes, 37° C). C3c deposition
was detected using GaH-C3c-FITC (30 minutes, 4o).
Ten thousand living cells were counted. C3 deposition
was expressed in MESF values.

PIPLC Treatment

Tumor cells were suspended in 50% DMEM/50%
RPMI 1640 containing 1% BSA (4 � 106/ml). PIPLC
(Bacillus Thurigiensis; ICN Biomedicals B.V., Zoeter-
meer, The Netherlands) was added (final concentra-
tion 100 mU/ml). The cells were incubated for 1 hour at
37° C, washed twice with 50% DMEM/50% RPMI
1640 containing 1% BSA, and either used in 51Cr
release assays or flow cytometry experiments.

51Cr Release Assay

The total reaction volume of the 51Cr release assay
was 250 �l, and all dilutions were performed in
DMEM/RPMI/1% BSA medium. Fifty microliters of
51Cr-labeled target cells (2000 cells/well) were mixed
with 100 �l of mAb in round-bottomed microtiter
plates and incubated for 30 minutes at 37° C. As a
homologous complement source, 100 �l of NHS was
added (final concentration of 10%). As a control for
complement activation, BRC (final concentration of
2.5%) was used as a heterologous complement
source. Wells with NHS were incubated for 4 hours
and wells with BRC were incubated for 2 hours at
37° C, after which 100 �l of supernatant was counted
for 51Cr release. Maximal release was defined as the
release obtained by the addition of 10% (v/v) Triton
X-100 to the target cells. Spontaneous release was
obtained by incubating the target cells with medium.
The percentage of specific release was calculated as
100 � (counts experimental release � spontaneous
release)/(maximal release � spontaneous release). All
tests were performed in triplicate.

Transient Transfection

CaSki cells were grown in 10-cm Petri dishes until
30% confluency. DMEM (500 �l) without FCS, con-
taining 30 �l of fugene-6 (Roche, Almere, The Nether-
lands) and 10 �l of pCep4 vector (Invitrogen BV, Leek,
The Netherlands) containing Ep-CAM cDNA diluted in
glycerol, was added and incubated at 37° C. After 4
days, again 500 �l DMEM without FCS, containing 30
�l of fugene-6 and 10 �l of vector, was added and
incubated for another day. Then cells were harvested
and used for flow cytometry and 51Cr release assays
as described above.

Statistical Analysis

Associations between mCRP expression and comple-
ment deposition were evaluated by Pearson’s �2 test.
A p value less than 0.05 was considered statistically
significant.
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