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AbstractmIntravenous injection of the murine monoclonal
anti-CA125 antibody B43.13 (Ovarex: Ab1) into ovarian
cancer patients led to the induction of an idiotypic network.
Of the 75 patients who received one to ten injections of a
2-mg dose of the antibody, 48 developed anti-(mAb
B43.13) antibodies (Ab2); 18 of these patients also had
elevated levels of anti-[anti-(mAb B43.13)] antibodies
(Ab3; = anti-CA125 antibodies) compared to pre-injection
values. Characterization of these antibodies revealed that
the binding to CA125 could be inhibited by mAb B43.13 in
most samples. Human anti-CA125 antibodies or Ab3 puri-
fied from patient serum samples specifically recognized
human ovarian tumor cells and tissues expressing CA125.
In addition, these anti-CA125 antibodies were able to
conduct Fc-mediated tumor cell killing (antibody-dependent
cell-mediated cytotoxicity). This raises the possibility of
using an Ab1 for anti-idiotype induction immunotherapy of
cancer.
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Introduction

Murine monoclonal antibodies (mAb) directed against
tumor-associated antigens have been used for therapy of
cancer in various protocols. Most clinical experience has
been obtained with non-conjugated mAb [10, 20, 21, 28,
35, 45]. Various direct antitumor effector functions, such as
antibody-dependent cell-mediated cytotoxicity (ADCC) [1,

38], complement-dependent cytotoxicity (CDC) [19] and
apoptosis [48], have been attributed to the clinical outcome.

In addition to the direct effects, the injected antibody
may also function as a vaccine. According to the Network
hypothesis proposed by Niels Jerne [22], antibodies can
elicit anti-idiotypic antibodies (Ab2). Ab2, in turn, can serve
as a surrogate antigen to induce anti-(anti-idiotypic) anti-
bodies (Ab3), which recognize the original antigen of the
Ab1. Activation of Ab3 has been correlated with cancer
regression in animal models and cancer patients [46, 14, 15,
50, 39].

The monoclonal antibody B43.13 recognizes the human
cancer-associated antigen CA125, an important target for
immunotherapy of ovarian carcinomas [25, 37, 30]. mAb
B43.13 was initially used for radio-immunodetection of
recurrent ovarian carcinoma [37]. A retrospective study
showed unexpected prolonged survival in some patients
injected with mAb B43.13 [2, 3]. The improved clinical
outcome was attributed to induction of the anti-idiotypic
network by this Ab1. Recent studies, further investigating
this approach of idiotype induction immunotherapy for
ovarian cancer, showed activation of both a humoral and
a cellular CA125-specific response [2, 30]. mAb B43.13
forms the active ingredient of Ovarex, which is currently
being investigated in phase II/III clinical trials in ovarian
cancer patients.

In the present study, we analyzed sera of patients
injected with mAb B43.13 for the presence of human
anti-CA125 antibodies and their importance in killing
ovarian carcinoma cells.

Materials and methods

Patients

Seventy-five patients with ovarian cancer (classified as FIGO I±IV, see
Table 1) were injected i.v. one to ten times with 2 mg murine
monoclonal antibody mAb B43.13, labeled with 99mTc (Ovarex) for
immunoscintigraphic purposes at the Department for Nuclear Medicine
at the Johann-Wolfgang-Goethe University in Frankfurt. Serum sam-
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ples were drawn before and at various times after injection and stored
at ±80 °C until analysis.

mAb B43.13

mAb B43.13 was produced in ascites and purified under current good
manufacturing practices. The antibody was reduced under UV light and
prepared for radio-labeling with 99mTc as described previously [47].

Generation of chimeric mAb B43.13

The constant region of mAb B43.13 has been replaced by a human g3
region by recombinant DNA techniques. The sequences of the light-
and heavy-chain variable regions were obtained from the mRNA of the
hybridoma, and cDNA of the variable regions was generated. The k
variable domain has been cloned into the k KS+ shuttle vector.
Following two rounds of site-directed mutagenesis, a good mutant
has been cloned into the pSV2 expression vector for transfection. The g
variable domain was generated by the polymerase chain reaction
(PCR) and cloned into the g KS+ shuttle vector. Site-directed mutagen-
esis was performed, the mutants sequenced and a good ELVg cloned
into the expression vector. The two expression vectors were used to
transfect the myeloma cell line NS-1 and screened for transfectoma
secreting chimeric mAb B43.13 antibodies.

Generation of single-chain mAb B43.13 (scFv mAb B43.13)

The mAb B43.13 variable domain sequences were PCR-amplified
using sequence-specific primers, and engineered into a cloning vector
with a scFv orientation of Vl-linker-Vh. The DNA fragment coding for
the scFv was then subcloned into a Pichia pastoris vector, pPIC-9, with
aF secretion signals, resulting in the recombinant plasmid pPIC-B43.13
[29].

Generation of mAb BR11.1

The anti-idiotypic antibody BR11.1 against mAb B43.13 was gener-
ated by immunizing BALB/c mice with keyhole-limpet-hemocyanin-
conjucated B43.13-F(ab9)2 in the RIBI adjuvant system (RIBI Immu-
noChem Research Inc.). Initial screening was performed on B43.13-
F(ab9)2-coated enzyme-linked immunosorbent assay (ELISA) plates.
Promising clones were tested for inhibition of the binding to mAb
B43.13 by CA125 and for the failure to bind to other mouse IgG1
antibodies. The clone BR11.1 gave the best results and was further
characterized by generating Ab3 in rats, which were able to bind
CA125 and BR11.1 [44].

Cell culture

Ovarian cancer cells (NIH:OVCAR-3, Caov-4, SK-OV-3) were ob-
tained from ATCC (Rockville, USA). OVCAR-NU3 cells were ob-
tained from NIH:OVCAR-3 cells, passaged three times through nude-
mouse tumors. All cells were cultured in RPMI-1640 medium supple-
mented with 10% fetal bovine serum, 2 mM l-glutamine, 1% insulin/
transferrin/selenine and 5 ng/ml gentamicin (all from Gibco) at 7%
CO2 and 37 °C.

CA125 production

NIH:OVCAR-3 and Caov-4 cells were grown in triple-layer flasks
(Nunc) in complete medium until confluent. Medium was removed, the
cells were washed with 50 ml RPMI-1640 medium and supplemented
with 100 ml RPMI-1640/flask. Cell supernatants were collected
weekly until massive cell death started (after approximately 4
weeks). Supernatants were pooled and stored at ±25 °C until purifica-
tion. Batches of 2 l were purified by ammonium sulfate precipitation

(30%±75% saturation) and gel filtration on Sephacryl S-500 HR.
CA125-containing fractions (void volume) were pooled, concentrated
20-fold through an Amicon stir cell (YM-30 membrane) and frozen in
aliquots at ±80 °C. The antigen preparation was further purified by
chromatography on wheat-germ-lectin-Sepharose (Sigma). Concen-
trated fractions from the gel filtration column were loaded in phos-
phate-buffered saline (PBS). CA125 was eluted with N-acetylglucosa-
mine (200 mg/ml). CA125-containing fractions were pooled and
dialyzed against PBS. Aliquots were stored frozen at ±80 °C. The
purity of the CA125 samples was checked by sodium dodecyl sulfate/
polyacrylamide gel electrophoresis (SDS-PAGE), Western blotting and
immune blotting after isoelectric focussing [43].

Detection of human anti-(mouse Ig) antibodies

Serum samples from patients before and after injection of mAb B43.13
were analyzed in the TruQuant human anti-(mouse Ig) antibody
(HAMA) radioimmunoassay (Biomira Diagnostics Inc.) and the
HAMA ELISA from Medac according to the manufacturer's instruc-
tions.

Anti-idiotype assay (Ab2)

Antibody concentrations were determined in an ELISA using mAb
B43.13 chimeric antibody as coating agent (1.5 mg/ml, 100 mg/well) for
Maxisorp plates (Nunc). Plates were blocked with 3% bovine serum
albumin/2% sucrose in PBS for 30 min at room temperature (250 ml/
well). Positive controls (Ab2-positive serum pool) and serum samples
were diluted 1/25 with newborn calf serum/1% normal mouse serum
(diluent). Standards were prepared from a monoclonal anti-idiotypic
antibody against mAb B43.13 (BR11.1) in the range 2.5±100 ng/ml.
Standards, positive controls and samples (100 ml/well) were incubated
for 1 h at room temperature under agitation. Plates were washed three
times with PBS/0.1% Tween-20 and incubated with mAb B43.13
(0.2 mg/ml, 100 ml/well) for 1 h at room temperature. After three
washes, horseradish-peroxidase (HRP)-conjugated goat anti-(mouse
IgG1) (Southern Biotechnology Associates) was incubated for 1 h at
room temperature under agitation. Wells were washed again as de-
scribed and 2,29-azino-bis-(3-ethylbenzthiazolinesulfonate (ABTS)
substrate (Kierkegaard) was added for approximately 30 min. Color
development was measured in an ELISA reader at 405/492 nm.
Samples exceeding the range of the standard curve were re-assayed
at a higher dilution.

Anti-CA125 assay

Nunclone microtiter plates (Nunc) were coated with purified CA125
(ammonium sulfate precipitation and gel filtration) at 4000 U/ml in
PBS overnight at 4 °C (100 ml/well). Plates were blocked with 3%
BSA/2% sucrose in PBS for 30 min at room temperature (250 ml/well).
Serum samples were diluted 1/25 with newborn calf serum/1% normal
mouse serum (diluent). Standards were prepared from chimeric B43.13
in the range 1.25±50 ng/ml. A positive control was obtained from a
serum pool with high anti-CA125 antibody concentrations. Standards,
control and samples (100 ml/well) were incubated for 2 h at room
temperature under agitation. Plates were washed three times with PBS/
0.1% Tween-20 and incubated with HRP-conjugated goat anti-(human
IgG) (Southern Biotechnology Associates) for 1 h at room temperature
under agitation. Wells were washed again as described and ABTS
substrate (Kierkegaard) was added for approximately 30 min. Color
development was measured in an ELISA reader at 405/492 nm.
Samples exceeding the range of the standard curve were further diluted
and assayed again. Positive samples were re-tested on plates coated
with the CA125 purified on wheat-germ-lectin-Sepharose.
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Rabbit Ab2 assay for measurement of Ab3

Anti-idiotypic antibodies against mAb B43.13 were generated in
rabbits by subcutaneous immunization with mAb B43.13 in the RIBI
adjuvant system (RIBI ImmunoChem Research Inc.). Serum from
rabbits with positive concentrations was purified on protein A and
ABx anion-exchange HPLC. Isotypic rabbit anti-(mouse Ig) antibodies
were removed by affinity chromatography on a non-specific mouse
IgG1 column. The purified antibody was used to coat microtiter plates
(Nunc, Maxisorp) at 2.5 mg/ml in PBS overnight at 4 °C (100 ml/well).
Plates were blocked with 3% BSA/2% sucrose in PBS for 30 min at
room temperature (250 ml/well). Ab3-positive patient serum samples
were diluted 1/25 with newborn calf serum/1% normal mouse serum
(diluent). Standards were prepared from chimeric B43.13 in the range
1.25±50 ng/ml. Standards and samples (100 ml/well) were incubated
for 2 h at room temperature under agitation. Plates were washed three
times with PBS/0.1% Tween-20 and traced for bound human immu-
noglobulins as described in the anti-CA125 assay. Anti-idiotypic
antibodies from rabbit serum instead of the murine monoclonal Ab2

mAb BR11.1 were used for this assay in order to avoid cross-reactivity
of HAMA.

Anti-CA125 inhibition assay

The assay was performed as described for the anti-CA125 assay. Serum
samples were diluted 1/12.5, and 50 ml/well sample was incubated in
the presence of 50 ml/well diluent or mAb B43.13 single chain in
diluent (1 mg/ml) or CA125 (from wheat-germ-lectin-Sepharose pur-
ification) in diluent (10 000 U/ml). Inhibition was calculated in relation
to the signal obtained with diluent only.

Purification of anti-CA125 antibodies from human serum

Anti-CA125 antibodies were purified by protein-A-Sepharose (Phar-
macia) from sera containing high levels of these antibodies. Samples of

1±2 ml serum were applied to a 1-ml protein-I a column. The column
was washed with 5 ml PBS and bound immunoglobulins were eluted
with 0.1 M glycine/HCl, pH 3.0. The eluted antibodies were tested by
Western blotting for their specificity to CA125. Samples bound to
high-molecular-mass components (above 200 kDa) of the purified
CA125, identical to chimeric mAb B43.13 (data not shown).

Histology

CA125-positive (NIH:OVCAR-3, Caov-4) and negative (SK-OV-3)
tumor cell lines were grown in chambered tissue slides (Nunc) for 2
days and fixed in 0.1% glutaraldehyde/3.7% formaldehyde/PBS.
Tumor tissues from NIH:OVCAR-3 tumor cells transplanted in nude
mice or ovarian carcinoma from patients were snap-frozen and cut on a
cryostat. Transplants from colon carcinoma cells were used as a
control. Sections were fixed in 0.1% glutaraldehyde/3.7% formalde-
hyde/PBS. In all samples, endogenous peroxidase was blocked by
incubation with 1.5% H2O2/0.1% NaN3/5% normal human serum for
30 min at room temperature. Sections were incubated with chimeric
mAb B43.13 (10 mg/ml), purified human immunoglobulins from
patients with high anti-CA125 concentration (5 mg/ml) or normal
human serum (10%) for 1 h at room temperature under slow agitation.
After washing, bound human antibodies were detected by incubation
with rabbit F(ab9)2 anti-(human IgG), conjugated to HRP, for 1 h at
room temperature. Color development was performed with 1 mg/ml
diaminobenzidine in 0.1 M TRIS/HCl, pH 7.4/0.01% H2O2 for 5±
10 min. Slides were washed in water, counter-stained with hematoxylin
and mounted.

Chromium labeling of tumor cells

OVCAR-NU3 cells were harvested by trypsination and washed twice
with complete medium. Approximately 1´106 cells were resuspended
in 100 ml complete medium and 20 ml fetal bovine serum and 100 mCi
[51Cr]chromate (100 ml) were added. Cells were incubated at 37 °C for
1 h with agitation every 15 min. Cells were washed twice with 50 ml
RPMI-1640 medium and resuspended in complete medium at a
concentration of 1´105 cells/ml.

CDC

Chromium-labeled tumor cells (1´104 cells/well) were incubated with
purified immunoglobulins from patients with high anti-CA125 anti-
body concentrations at concentrations ranging from 0 to 20 mg/ml for
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Table 1mDistribution of Ovarex injections administered to patients

No. injections No. patients

1 29
2 22
3±5 42
45 7

Table 2mAnalysis of sera from patients receiving Ovarex mAb-
B43.13. Serum samples before and after Ovarex injections were
analyzed in the human anti-(mouse Ig) antibody (HAMA), Ab2 and
anti-CA125 assay as described in Materials and methods. Patients who
developed positive concentrations above 200, 50 or 200 ng/ml after
receiving the Ovarex vaccine were considered to be positive. The cut-

off values were determined as the mean + 3 standard deviations (SD),
obtained from analysis of 100 normal serum samples. The mean values
+SD, the median, the range and the percentage of positive samples
are given. The significance of the difference between pre- and post-
injection levels was determined by Student's t-test

Parameter Injection Content in serum (ng/ml) No. positive/ Positive P (significance
total (%) pre/post

Mean +
SD

Median Range Injection)

HAMA Pre 34+36.4 22 0±172 0/78 0.0
Post 33085+92379 4304 10±588 890 90/100 90.0 0.00134

Ab2 Pre 5.5+15.3 0 0±67.5 2/48 4.2
Post 620+1808 162.5 0±12000 48/75 64.0 0.00412

Ab3 Pre 58.3+43.3 50 0±256 1/53 1.9
Post 190.8+276.5 120 0±1603 18/75 24.0 0.00008



2 h at 37 °C in round-bottom microtiter plates. Cells were spun down
for 1 min at 30´g, the supernatant was removed, and 200 ml/well
RPMI medium containing 15% fresh human serum was added for 4 h
at 37 °C. Microtiter plates were centrifuged again for 1 min at 30´g,
and 150 ml supernatant was removed for [51Cr]chromate counting. The
specific lysis was determined according to the formula:

Lysis �%� � specific release ÿ spontaneous release

total release ÿ spontaneous release
� 100

The spontaneous release was determined by the release of [51Cr]chro-
mate in wells without antibody. The total release was obtained from
wells incubated with 0.1% Triton X-100.

ADCC

The experiment was performed as described for CDC. Chromium-
labeled tumor cells (1´104 cells/well) were incubated with protein-A-
purified immunoglobulins from patients with high anti-CA125 anti-
body concentrations, derived from a serum pool and also from
individual patients. Instead of adding 15% fresh human serum, periph-
eral blood lymphocytes from healthy donors were added at a ratio of
1/25 (tumor/effector cells). Microtiter plates were centrifuged for 1 min
at 30´g to bring cells into close contact and then incubated for 4 h at
37 °C.

Statistical analysis

Data were analyzed in Student's t-test (two-tailed, paired or non-
paired, depending on application) to determine the significance of
differences (P values) between the various groups.

Results

CA125 purification

CA125, produced under protein-free conditions in cell
culture, could be purified to more than 95% purity via
ammonium sulfate precipitation, gel filtration and chroma-
tography on wheat germ lectin (no contaminants visible in
SDS-PAGE with silver stain). CA125 purified by ammo-
nium sulfate precipitation and gel filtration showed six
bands in the SDS gel. Both preparations were tested in
parallel by Western blot analysis using chimeric mAb
B43.13 (positive control) and serum samples from patients
with anti-CA125 antibodies. In all cases, only one band
above 200 kDa was stained (data not shown). The prepara-
tions were also tested to determine whether they could coat
microtiter plates. Highly pure CA125 after wheat germ

lectin chromatography, and the cruder preparation without
the affinity-chromatographic step, coat tissue-culture plates
well. Anti-CA125-positive serum samples were tested by
ELISA on plates coated with these two preparations and
were positive in both assays. Those data show that no cross-
reacting impurities are present in the cruder CA125 prep-
aration. Owing to a much higher yield in the production of
the antigen, we decided to use the less pure preparation in
order to obtain large quantities of pure CA125 for clinical
trial sample analysis.

Anti-idiotype assay

The normal range of anti-idiotypic antibody levels was
tested in 100 healthy blood donors. The cut-off level for
the assay was set at 50 ng/ml, which reflects the mean
+ 3 SD of Ab2 found in healthy blood donors.

A value for a positive control, prepared from patient sera
with positive Ab2 levels, was determined in 15 replicates.
The mean+2 SD range for the control was 320+80 ng/ml.
The control had to be within this range for all anti-idiotype
assays to be valid. The assay was tested for interference
with HAMA or circulating CA125 antigen. The use of
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Table 3mCorrelation between Ab2 and Ab3 induction. Patients were
grouped into Ab2 responders (Ab2 4 50 ng/ml) and non-responders
(Ab2 5 50 ng/ml) and induction of Ab3 was compared. The mean
values + SD, the percentage of positive samples and the significance
of the difference between the two groups (Student's t-test) are given

Ab2

(ng/ml)
Ab3 mean + SD
(ng/ml)

No. positive/total
(%)

Significance
P

550 84+ 64.5 2/23 ( 8.9%)
450 239+326.25 15/50 (30%) 0.00209

Fig. 1a,bmAb3 staining of CA125-positive tumor cells. NIH:OVCAR-
3 (a) and Caov-4 (b) cells were grown in chambered tissue slides, fixed
and stained with purified Ab3, horseradish-peroxidase (HRP)-conju-
gated anti-(human IgG) and diaminobenzidine



chimeric mAb B43.13 on the solid phase and the addition
of normal mouse serum to the sample diluent could suc-
cessfully block any HAMA interference up to 1 mg/ml.
There was no binding of a control antibody to the patients'
Ab2 when this was tested during the validation procedure of
the assay. Chimeric mAb B43.13 does not bind well to
CA125 when coated on a solid surface [30]. Therefore, very

high CA125 concentrations (4100 000 U/ml) are necessary
to inhibit the binding of Ab2 to the chimeric antibody
completely. A small amount of interference, with inhibition
up to 10%, cannot be completely excluded for the CA125
levels present in the patients' samples (up to 2700 U/ml).
Nevertheless, this potential interference did not prevent the
detection of Ab2 in those samples.

Anti-CA125 assay

The normal range of anti-CA125 antibody levels was tested
in 100 healthy blood donors. Some binding to the coated
CA125 was observed in all blood donor samples, indepen-
dent of the purity of the CA125 used (CA125 with or
without purification on wheat-germ-lectin-Sepharose). This
interference is probably due to the presence of anti-carbo-
hydrate antibodies in normal serum. The cut-off level for
the assay was set at 200 ng/ml, which reflects the mean
+ 3 SD of anti-CA125 antibodies found in healthy blood
donors.

A positive control was prepared from patient sera with
positive anti-CA125 levels and assayed in 15 replicates.
The mean+2 SD range for the control was 550+65 ng/ml.
The control had to be within this range in order for all anti-
CA125 assays to be valid. Several samples with high anti-
CA125 antibody values were re-tested on plates coated with
CA125 purified on wheat-germ-lectin-Sepharose. All sam-
ples were positive again, confirming that the CA125 prep-
aration obtained from the gel filtration column does not
cause false positive results in this assay. The specificity of
the assay was also demonstrated by inhibition with pure
CA125 and B43.13 scFv (see Table 4). The presence of
circulating CA125 in serum did not prevent the detection of
Ab3 within the range of antigen observed in our patient
samples (2741 U/ml maximum). However, some interfer-
ence was observed at high CA125 levels with an approx-
imately 50% inhibition of Ab3 at 5000 U/ml CA125 in the
serum.

Induction of the idiotypic network in patients after mAb
B43.13 injection

Ovarian cancer patients received one to ten injections of
99mTc-labeled mAb B43.13. Serum samples before and at
various times after injection were tested for human anti-
(mouse Ig) antibodies (HAMA), anti-idiotypic antibodies
against mAb B43.13 (Ab2) and anti-CA125 antibodies
(Ab3) as described in Materials and methods. Samples
from 75 patients could be included for Ab2 and Ab3 analysis
where results before and after injection were available.
Altogether, 90% of the patients developed antibodies
against mouse IgG (HAMA) during the follow-up of
Ovarex injections. Anti-idiotypic antibodies were shown
in 64% of the patients, and 18 patients generated positive
concentrations against CA125 after injection of mAb
B43.13 (24%) (Table 2). A statistical analysis was perform-
ed for comparison of antibody concentrations before and
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Fig. 2a±cmFrozen sections of OVCAR-NU3 tumors from nude mice.
The tumor sections were stained with chimeric mAb B43.13 (a),
purified antibodies from patients with high anti-CA125 antibody
concentrations (b) and normal human serum (c). Binding of antibodies
was detected by HRP-conjugated anti-[human Ig (H+L)] and diami-
nobenzidine. Slides were counter-stained with hematoxylin



after injection of mAb B43.13. In all three parameters
tested, the two groups were significantly different (P values
between 0.00008 and 0.004, Table 2). This confirms the
induction of HAMA, Ab2 and Ab3 in response to mAb
B43.13 injection. It could also be demonstrated that the
generation of Ab3 in these patients was strongly correlated
with the presence of Ab2 (P = 0.002) and that induction of
the idiotypic network is required for formation of Ab3

(Table 3).

Histology

Partially purified antibodies from a pool of anti-CA125-
positive serum samples were used for histological staining
of tumor cells and frozen sections and compared to chi-
meric mAb B43.13.

The two CA125-positive human ovarian cancer cell
lines, NIH:OVCAR-3 and Caov-4, were positive for stain-
ing with purified immunoglobulins from patients with high
anti-CA125 antibody concentrations (Fig. 1a,b) and gave
similar results to those obtained with chimeric mAb B43.13
(data not shown). Human anti-CA125 antibodies did not
bind to the CA125 negative cell line SK-OV-3 (data not
shown). NIH:OVCAR-3 tumors, grown in nude mice,
showed positive staining for chimeric mAb B43.13 and
purified immunoglobulins from patients with high anti-
CA125 antibody concentrations (Fig. 2a,b). The staining
pattern of human anti-CA125 antibodies was similar to the
one obtained with chimeric mAb B43.13. Both preparations
bound focally to tumor areas. The antigen was strongly
present in lumina and also on cell surfaces, but only a little
was found within the cells. The polyclonal antibodies
derived from patients resulted in somewhat higher back-
ground staining than that shown by chimeric mAb B43.13,
lacking some of the specificity of the monoclonal antibody.
Normal human serum did not produce positive staining of
this tumor (Fig. 2c). A colon tumor grown in nude mice
(CA125-negative, carcinoembryonic-antigen- and CA19.9-

positive) did not reveal any specific binding of human anti-
CA125 antibodies (Fig. 3).

Staining of human tumors resulted in a much higher
background than immune histochemistry with murine tu-
mors, because of the reaction of the anti-(human IgG)
horseradish-peroxidase conjugate with human immunoglo-
bulins present in the tissues and vessels. However, chimeric
mAb B43.13 and patients' anti-CA125 antibodies revealed
positive areas around the tumor cells, distinguishable from
the background, but results were not as clear as with murine
tumors (data not shown).

Characterization of human anti-CA125 antibodies

Anti-CA125 antibodies generated through the idiotypic
network (Ab3) should have the same binding properties as
the original antibody Ab1. In order to characterize the
nature of anti-CA125 antibodies found in patients' sera
after Ovarex injection, serum samples with positive anti-
CA125 values were analyzed in an inhibition assay using
CA125 (positive control), buffer (negative control) or
single-chain mAb B43.13 as inhibitors. The single-chain
antibody was chosen to avoid the interference of HAMA,
present in various amounts in the serum samples. Chimeric
mAb B43.13 served as a positive control for all inhibition
assays. The results are summarized in Table 4.

All except two samples from one patient were inhibi-
table with CA125 antigen, indicating the specificity of the
assay. Inhibition with single-chain mAb B43.13 varied from
sample to sample but seemed to be similar within a patient.
Out of 27 post-injection samples, 23 (10 out of 13 patients)
could be inhibited with scFv mAb B43.13. Three patients (4
samples) did not show inhibition with scFv mAb B43.13.

Ab3-positive samples were also tested for their binding
to a polyclonal rabbit Ab2 preparation. All samples that
showed high inhibition with scFv B43.13 also recognized
rabbit Ab2, indicating the presence of true Ab3. Samples
that showed no or low inhibition with scFv B43.13 or had
low Ab3 concentrations in the CA125 assay did not bind to
the rabbit Ab2 (12 out of 27 samples, Table 4).

Fc-mediated tumor cell killing of mAb B43.13 and human
anti-CA125 antibodies

To evaluate the possibility that the improved survival rate
of patients injected with mAb B43.13 could be attributed to
CDC and/or ADCC action of the injected antibody or the
human anti-CA125 antibodies formed, chromium-release
assays were performed, using mAb B43.13, chimeric mAb
B43.13 and Ab3 as mediators. SW1116 and mAb B25.10
(IgM against CA19.9) were used as a positive control for
CDC assays.

The results are demonstrated in Fig. 4. SW1116 cells
could be lysed by mAb B25.10 and complement in a
concentration-dependent manner (up to 70%). Neither
mAb B43.13 nor chimeric mAb B43.13 could lyse the
CA125-positive [51Cr]chromate-labeled ovarian carcinoma
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Fig. 3mFrozen sections of Colo205 tumors from nude mice. The tumor
sections were stained with purified antibodies from patients with high
anti-CA125 antibody concentrations as described in Fig. 2



cells (OVCAR-NU3). Lysis mediated by purified immuno-
globulins from patients with high anti-CA125 antibody
concentrations was slightly higher than the negative control
(up to 9%) but lysis was not significantly higher than the
control serum (P = 0.1836).

For ADCC testing, labeled OVCAR-NU3 cells were
incubated with mAb B43.13, chimeric mAb B43.13, and
MOPC 21 as well as human IgG (negative controls) at
concentrations ranging from 0 to 25 mg/ml. The cells were
also incubated with protein-A-purified immunoglobulins
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Table 4mCharacterization of anti-CA125 antibodies in patients in-
jected with Ovarex mAb-B43.13. Anti-CA125-positive samples were
tested for inhibition of their binding to CA125 (solid phase) by CA125
(purified on wheat-germ-lectin-Sepharose) or scFv mAb B43.13. Also
binding of the samples to rabbit-Ab2 was analyzed in an enzyme-

linked immunosorbent assay. The sample code is composed of the
injection number and the time (days) after the last injection (i.e. 1D0 =
before the first injection, 4D144 = 144 days after the 4th injection).
ND not done, NA not available, ± no inhibition or no binding, +
binding

Patient Sample code Anti-CA125 Ab levels Binding to rabbit Ab2 Inhibition (%)a

(ng/ml)
CA125
(10 000 U/ml)

B43.13 scFvb

(1 mg/ml)

B43.13c Positive control 200 + 94.1 97.4

1 1D0 87.5 ND ND ND
3D0 370 + 62.3 42.6

2 1D0 NA NA NA NA
1D185 238 ± 21.6 ±

3 1D0 115 ND ND ND
3D86 635 + 80.2 84.4
3D207 1218 + 91.4 94.0
4D144 1993 + 77.1 93.0
4D270 773 + 79.2 83.0
4D309 418 + 77.0 83.0
5D134 1603 + 89.1 83.3

4 1D0 115 ND ND ND
2D15 590 ± 62.3 ±
2D41 540 ± 56.9 20.2
2D76 578 ± 63.6 29.3
3D28 278 ± 24.2 14.7

5 1D0 182.5 ND ND ND
1D16 388 + 74.8 78.3

6 1D0 NA NA NA NA
3D0 258 + 54.0 60.2

7 1D0 373 ± 29.7 ±
1D7 1478 + 77.1 87.1
1D17 1173 + 78.4 86.5

8 1D0 65 ND ND ND
3D112 230 ± ± 16.0
3D166 213 ± ± 42.5

9 1D0 50 ND ND ND
3D0 1038 + 30.8 39.2

10 1D0 37.5 ND ND ND
5D134 220 ± 19.0 24.4
6D134 218 + 18.0 39.0
9D26 335 ± 54.5 19.3
9D65 333 ± 56.1 24.4
10D40 235 + 61.4 37.0

11 1D0 160 ND ND ND
2D14 265 ± 24.5 ±

12 1D0 112.5 ND ND ND
1D15 288 + 30.8 47.4

13 1D0 0 ND ND ND
2D17 253 ± 30.3 ±

a To be considered as significant, inhibition has to be at least 10%
b Single-chain mAb-B43.13 was used in the inhibition studies to avoid non-specific inhibition of the Fc portion of the antibody and cross-
reactivity due to HAMA



from patients with high anti-CA125 antibody concentra-
tions (serum pool and individual patients).

mAb B43.13 and MOPC 21 did not lyse the ovarian
tumor cells (data not shown). Human IgG3 also does not
lyse OVCAR-NU3 cells. On the other hand, chimeric
B43.13 and especially purified antibodies from a serum
pool with high Ab3 concentrations (protein A chromato-
graphy) were able to lyse ovarian tumor cells, as demon-
strated in Fig. 5a. OVCAR-NU3 cell lysis by the human
anti-CA125 preparation was significantly higher than by
the control human IgG (P = 0.00194). Similar results were
obtained with immunoglobulins obtained from individual
patients with high Ab3 concentrations (Fig. 5b). All samples
showed statistically significant differences in the lysis of
OVCAR-NU3 cells compared to the control IgG (patient 3:
P = 0.0014, patient 4: P = 0.0054, patient 7: P = 0.0026,
patient 10: P = 0.0013, patient 12: P = 0.0329). Chimeric
mAb B43.13 lysed ovarian cancer cells up to 15%. Purified
antibodies from a high Ab3 serum pool mediated the
maximum lysis of 29%. The same preparation did not

lyse CA125-negative tumor cells (SW1116 cells, data not
shown). The anti-CA125 antibodies from individual pa-
tients generated maximum lysis between 5% and 16%.

Correlation of idiotype induction and survival of the
patients

Where available, the survival data of patients treated with
Ovarex mAb B43.13 were correlated with those for the
induction of anti-idiotypic and anti-(anti-idiotypic) antibod-
ies. The mean+standard deviation and median survival
were calculated in responders and non-responders. The
significance of the differences between the two groups
was analyzed by Student's t-test. For this study, only
patients with ovarian cancer classified as FIGO III and IV
were included in the analysis in order to reduce the
influence of a better survival prognosis in an earlier cancer
stage.

208

Fig. 4mComplement-dependent
cytotoxicity. OVCAR-NU3 or
SW1116 cells were labeled with
51Cr as described in Materials and
methods. The cells were incubat-
ed with different antibodies for 2 h
at 37 °C and washed once. Com-
plement-containing fresh human
serum (15%) was added, the
assay was incubated for 4 h at
37 °C and 150 ml supernatant was
removed for gamma counting.
The percentage lysis was calcu-
lated in relation to the maximum
release, obtained from samples
incubated with 1% Triton X-100.
n SW1116/B25.10, s OVCAR-
NU3/mAb B43.13, u OVCAR-
NU3/Ab3, l OVCAR-NU3/chi-
meric mAb B43.13

Table 5mCorrelation between idiotype induction and survival. Patients
were grouped into Ab2 or Ab3 responders/non-responders and ana-
lyzed for their survival spans after diagnosis of the disease. The

significance of the difference between responders and non-responders
was determined by Student's t-test

Parameter Survival (months)
(post-injection)

Mean + SD Median Significance
P

Ab2 5250 ng/ml 36.00+20.19 30.0
Ab2 4250 ng/ml 49.05+28.21 44.0 0.0475

Ab3 increase 53´pre-injection value 37.36+18.15 38.0
Ab3 increase 43´pre-injection value 69.91+43.26 49.0 0.0029



If patients were grouped into Ab2 responders and non-
responders, the mean and median survival was higher in the
Ab2-positive group (Ab24250 ng/ml). Patients with no or
low Ab2 (5250 ng/ml) showed a mean survival of 36+20
months (median = 30 months) whereas patients with a high
Ab2 concentration lived for an average of 49+28 months
(median = 44 months) from the date of diagnosis of their
cancer (Table 5). A concentration of at least 250 ng/ml was
necessary to show a significant difference (P = 0.0475) in
their survival.

The increase in the Ab3 concentrations was used to
analyze the survival data. If patients whose anti-CA125
antibody concentration increased by more than a factor of
three after Ovarex mAb B43.13 injection were compared to

patients who did not show such an increase, the difference
between those two groups was highly significant
(P = 0.0029). The mean survival times were 37+18 months
(median 38 months) in the group with no or low Ab3

increase and 70+43 months (median 49 month) in the
group showing a threefold or more increase in the anti-
CA125 concentration. No statistically significant difference
was observed when patients with Ab3 values above and
below 200 ng/ml (cut-off value) were compared in regard to
their survival patterns.
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Fig. 5a,bmAntibody-dependent
cell-mediated cytotoxicity.
OVCAR-NU3 cells were labeled
with 51Cr as described in Materi-
als and methods. The cells were
incubated with different antibod-
ies for 2 h at 37 °C and washed
once. Fresh human peripheral
blood mononuclear cells from a
healthy donor were added at a
ratio of 1 to 25 (tumor to effector
cells), the assay was incubated for
4 h at 37 °C and 150 ml superna-
tant was removed for gamma
counting. The percentage lysis
was calculated in relation to the
maximum release, obtained from
samples incubated with 1% Tri-
ton X-100. a Cells were incubat-
ed with chimeric mAb B43.13
(n), human IgG3 (l), purified
Ab3 (u). b Cells were incubated
with purified human anti-CA125
antibodies from individual pa-
tients (patients: u 3, s 4, & 7,
l 10, n 12) and human IgG3 as a
control (*)



Discussion

Murine monoclonal antibodies directed against tumor-asso-
ciated antigens have been used for various approaches in
the therapy of cancer. The antibodies have been used as
vehicles to bring tumor-destroying drugs and/or radioiso-
topes to the tumor or as a vaccine to stimulate the immune
system to fight cancer. Various antitumor mechanisms have
been attributed to these antibodies, such as antibody-de-
pendent cellular cytotoxicity [1], complement-dependent
cytotoxicity [17], apoptosis [48], idiotype network induc-
tion (for review see [5]) or stimulation of T cells [27].

Induction of Ab3, binding to the original tumor antigen,
via the idiotypic network, was first described by Herlyn et
al. [18]. Anti-idiotypic antibodies (Ab2) themselves have
been used to induce immunity against viruses [23] and
cancer. In many studies, various tumor-associated antigens
have been used as targets for gastro-intestinal tumors [4, 11,
19], breast cancer [7, 42], ovarian cancer [41], lymphoma
[40], melanoma [8, 36], lung cancer [53] or sarcoma [51]
and tested in animal models. Induction of tumor-binding
antibodies after injection of an Ab1 has also been shown for
two antibodies: 17-1A [12, 13, 16] and OC125 [43, 50].

In this paper we have described the induction of ovarian-
cancer-binding antibodies after injection of mAb B43.13 in
patients and discussed the possible effect of these antibod-
ies on tumor reduction and survival benefit.

The actual mechanism by which mAb B43.13 mediates
an improvement of the survival rate in ovarian cancer
patients after multiple injections of the antibody is not yet
completely understood. The role of the antibody in induc-
tion of the idiotypic network was studied by measuring the
anti-idiotypic and anti-(anti-idiotypic) antibodies in the sera
of patients treated with the mAb B43.13.

The study of the immune response in cancer patients
who received mAb B43.13 clearly demonstrated the induc-
tion of the idiotypic network in 64% of the patients, as
indicated by the presence of Ab2 levels in their serum [30].
In 24% of the cases, where Ab2 concentrations were high,
anti-CA125 antibodies could also be detected. Those anti-
bodies were purified from a serum pool and from individual
patients and were demonstrated to bind to CA125-positive
cell lines as well as to ovarian tumors.

We investigated whether those anti-CA125 antibodies
(so-called Ab3) were developed through the idiotypic net-
work cascade by measuring inhibition with the injected Ab1

mAb B43.13. In order to minimize effects of HAMA
present in the serum samples, single-chain fragments of
the antibody were used. Out of 23 samples from 10 patients,
the majority (85%) showed inhibition with mAb B43.13.

Four samples (3 patients) could not be inhibited with
mAb B43.13. These CA125-binding antibodies were
thought to be developed through the antigen itself. Since
none of these patients produced anti-CA125 antibodies
before injection of Ovarex, injection of mAb B43.13
appears to have other effects in augmenting the immune
response to CA125, besides the induction of anti-(anti-
idiotypic) antibodies. The hypothesis is suggested that

anti-CA125 antibodies can also be generated through com-
plex formation with mAb B43.13, thus rendering the anti-
gen more immunogenic [34]. Several papers have demon-
strated that antibodies specific for an antigen can enhance
the immune response to this antigen via augmented antigen
presentation by macrophages and B cells [6, 9, 26, 52].

Nevertheless, binding of most of the samples to CA125
could be inhibited with mAb B43.13 (85%). Most of these
samples also bound to rabbit Ab2. Induction of Ab3 was
highly correlated with the presence of Ab2 (P = 0.0021).
This demonstrates the important role of the idiotypic net-
work for induction of cancer-binding antibodies (Ab3). On
the other hand, we also observed that the Ab2 response was
favored when patients were expressing the CA125 antigen
in their serum, an observation that could be explained by a
protective effect of CA125 for the mAb B43.13-binding
region. Manca et al. [32, 33] showed that antibodies can
preserve the sequence of the epitope they are binding to
during antigen processing. This can also be valid for the
antibody-binding region through protection by bound anti-
gen.

Traditionally, mAb were thought to be acting as magic
bullets, damaging the cells they bind to either through CDC
or ADCC. These mechanisms have been described as less
relevant and effective for several antibodies in terms of
tumor cell killing [24]. In addition, mAb B43.13 by itself
was not able to activate CDC or ADCC. Further, the
injection of only 2 mg/patient produces only a very low
concentration of mAb B43.13 in the patient's serum,
probably too low to mediate CDC or ADCC efficiently.
Therefore, other mechanisms of antitumor activity must be
involved for the observed clinical responses induced by
Ovarex. The tumor-binding Ab3 described were efficient in
mediating those Fc-dependent immunological responses,
especially ADCC. The patient's own antibodies against
the tumor may have a much greater potential than the
injected mAb B43.13 or a chimeric mAb B43.13 because
of their constant supply by the patient's immune system.
Thus, Ab3-mediated tumor killing may be a factor of the
Ovarex action contributing to the patients' survival benefit.
The statistical data on survival times showed a highly
significant difference between patients who developed an
increase in their anti-CA125 concentration and patients
in whom the anti-CA125 concentration did not increase
(P = 0.0029). There was also a survival benefit for patients
who developed anti-idiotypic antibodies compared to pa-
tients who did not respond with Ab2 formation. However,
the difference between these two groups was less signifi-
cant (P = 0.0475).

These data show the important effect of anti-CA125
antibody induction through the idiotypic network. On the
other hand, the relatively low percentage of anti-CA125-
positive patients (24%) suggests that Ab3 alone may not
account for the observed clinical outcome and that other
mechanisms play a role, especially in terms of cell-
mediated immunity. We have already reported that elevated
interferon g levels (and interleukin-2 levels) were detectable
in 36% of the patients injected with mAb B43.13 [31],
indicating the involvement of T cells in the response to the
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antibody. Cytokines have well-known immunoregulatory
effects [27] and can also mediate bystander effects on tumor
cell killing. The analysis of cellular responses in patients
injected with mAb B43.13 will be the subject of further
studies.
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