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Abstract Vaccination with anti-idiotypic antibodies has
been described as a promising concept for treatment of
several malignant diseases. The murine monoclonal anti-
idiotypic antibody ACA125 imitates a specific epitope of
the tumor-associated antigen CA125 expressed by 80%
of ovarian carcinomas. In the first clinical trial it could
be shown that mAb ACA125 is able to elicit anti-anti-
idiotypic antibodies (Ab3) with anti-CA125 specificity in
patients with advanced ovarian cancer. In order to im-
prove the capabilities of anti-idiotype vaccines we gen-
erated a genetically engineered single-chain fragment
(scFv) ACA125 composed of heavy- and light-chain
variable regions connected by a flexible linker. The
antigenicity of scFv ACA125 was demonstrated by
immunizing rats i.p. with scFv or complete mAb in
complete/incomplete Freund’s adjuvants (CFA/IFA) or
precipitated by aluminium hydroxide. Negative control
groups included applications of irrelevant mouse IgG or
adjuvants alone. Anti-anti-idiotypic antibodies (Ab3)
directed against the mAb ACAI125 as well as specific
anti-CA125 antibodies (Abl1’) could be detected in all
animals treated with scFv in CFA/IFA. Nevertheless,
antibody titers were lower than when the complete mAb
ACA125 was used. Suprisingly, an increase of specificity
could not be observed in scFv-immunized animals,
which had been expected because of the lack of heavy-
and light-chain constant regions that could raise rather
unspecific anti-isotypic and anti-allotypic rat anti-
(mouse Ig) antibodies (RAMA). In contrast, the RAMA
responses detected in these rats were even stronger than
those following immunization with complete mAb
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ACA125. In conclusion, the anti-idiotypic scFv ACA125
alone cannot improve the immunogenic features of the
corresponding mAb, but provides a useful tool for the
further development of genetic vaccines.
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Introduction

There is still no really effective treatment of ovarian
carcinoma, despite the use of radical surgery and opti-
mized polychemotherapy, and it therefore seems neces-
sary to develop adoptive immunological approaches
[19]. One promising principle of immunotherapy is the
application of an anti-idiotypic antibody that imitates a
critical epitope of the tumor-associated antigen CA125,
expressed in about 80% of ovarian carcinomas [24]. The
idiotypic network approach of N. Jerne indicates that
such “internal-image” antibodies (Ab2b) are able to
elicit a specific immune response against tumor tissue
expressing the tumor-associated antigen [10], thus
breaking the immunological tolerance against the tumor
[3]. Immunization with anti-idiotypic antibodies should
make activation of both the humoral and cellular
branches of immunity possible. Anti-anti-idiotypic an-
tibodies (Ab3) can be induced, which are directed
against the anti-idiotype and simultaneously recognize
the tumor antigen [9, 23]. Furthermore, these Ab3 could
lead to complement-dependent cytotoxicity as well
as antibody-dependent cytotoxicity. Presentation of
anti-idiotypic antibodies through the MHC complex of
antigen-presenting cells could raise a cellular immune
response against CA125-positive tumors, which implies
a rather unspecific natural killer (NK) activity or the
induction of specific cytotoxic T cells [2].

The murine monoclonal antibody ACA125 (Ab2) is
directed against the idiotypic mAb OCI125 (Abl) rec-
ognizing a specific epitope of the tumor antigen CA125.
The complete mAb ACA125 has proved able to imitate



this CA125 epitope functionally in its antigenic deter-
minants [17, 24].

In the first clinical trial, 45 patients with advanced
ovarian carcinoma and recurrences were immunized
with anti-idiotypic vaccine ACA125. Patients developing
high amounts of specific anti-anti-idiotypic antibodies
(Ab3) directed against CA125 have a significantly im-
proved survival. This positive correlation between hu-
moral immunity, indicated by the induction of Ab3, and
the survival of cancer patients has also been shown in
anti-idiotypic vaccination trials in cases of colorectal
cancer [6, 7] and melanoma [14].

The limitation of adoptive immunotherapy by the use
of anti-idiotypic antibodies lies in the difficulty of raising
an adequate specific and homogeneous antitumoral im-
mune response throughout a collective of cancer pa-
tients. In order to optimize anti-idiotypic vaccination we
generated a genetically engineered single-chain fragment
(scFv) composed of heavy- and light-chain variable re-
gions of the anti-idiotypic mAb ACA125 connected by a
flexible 15-amino-acid linker (Gly4Ser); [18].

The use of scFv fragments instead of the complete
antibody may have two major advantages. On the one
hand it could be expected that, because of the minimized
structure of scFv, the induction of unspecific iso- and
allotypic antibodies, predominantly raised against hea-
vy- and light-chain constant regions, could be greatly
reduced. In addition, these antibody fragments offer the
opportunity to modify the entire variable sequence or to
build new antibody constructs by fusion with immun-
oregulatory components in order to improve antigenic-
ity as well as the specificity of anti-idiotypic vaccines.

ScFv fragments of monoclonal antibodies directed
against tumor-associated antigens have already been
functionally expressed and used in vivo as tumor-tar-
geting agents for the directed delivery of toxins [13, 15]
or cytotoxic T cells [8, 16] to the tumor microenviro-
ment. In this context the capabilities of scFv have been
widely discussed as far as binding affinities to the anti-
gen, blood clearance or tumor penetration and retention
are concerned. However, to our knowledge the capa-
bilities of scFv to evoke specific antitumoral antibodies
in vivo have been described only in cases of idiotypic
scFv for non-Hodgkin’s lymphoma [1] and anti-idio-
typic scFv imitating the carcinoembryonic antigen
(CEA) [22].

The aim of our investigations was to demonstrate the
capability of scFv ACA125 to induce a specific anti-
CA125 immune response in animals and compare this
response to the effect of vaccination with complete anti-
idiotypic Ab2. As the outcome of immunization may
vary with the choice of carrier and adjuvants [4, 11],
vaccination of the rats was carried out with two different
adjuvants, complete/incomplete Freund’s adjuvants
(CFA/IFA) and aluminium hydroxide (alum).

Proof of the antigenicity of antibody fragments
reduced to the variable regions would be important for
the further design of anti-idiotypic constructs based on
the ACA125 scFv.
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Materials and methods

Production of the anti-idiotypic scFv ACA125

Cloning and expression of the anti-idiotypic scFv ACA125 in
Escherichia coli by recombinant phage antibody technology [5, 12]
was previously described [18]. Briefly, the variable heavy- and light-
chain genes were amplified from hybridoma cells producing the
mAb ACA125, connected by a 15-amino-acid linker (Gly,Ser); and
cloned into the expression vector pPCANTABSE (Pharmacia). scFv
expression was carried out in E. coli HB2151 cells in 1-1 shake
flasks. Functional scFv were harvested from E. coli periplasm and
purified by affinity chromatography with NHS columns containing
anti-Etag antibody (Pharmacia). ScFv was specifically bound to the
column through the fused Etag peptide. The purity of the scFv
preparation was determined by sodium dodecyl sulfate/poly-
acrylamide gel electrophoresis (SDS-PAGE) analysis on a 12.5%
polyacrylamide gel under non-reducing conditions following Coo-
massie staining. Binding of scFv to the Abl OC125 was checked by
enzyme-linked immunosorbent assay (ELISA). OCI125 F(ab),
(1 pg/ml) was coupled to a microtiter plate and incubated with
purified scFv in various dilutions. Bound scFv were detected with
anti-Etag conjugated to peroxidase (POD) (Pharmacia; 1:4000).

Inhibition of binding of ACAI125 scFv to OCI125 F(ab), was
achieved by adding a mixture of fixed amounts of scFv (500 ng/ml)
or mADb (100 ng/ml) and various dilutions of purified CA125 an-
tigen (Biodesign; 1.25-125 kU/ml) to OC125-coated plates. Bound
scFv were detected with anti-Etag-POD conjugate (1:4000),
whereas mAb ACA125 was measured via rabbit anti-(mouse Ig)—
POD conjugate (Dianova; Fc-specific, 1:2000). Inhibition of bind-
ing was calculated on the basis of the absorbance of sample without
inhibitor.

Immunization of rats with ACA125 scFv

The immunological properties of the scFv in comparison to Ab2
ACAI125 were examined in 6-week-old female Sprague-Dawley
rats, which were immunized four times i.p. with 50 pg scFv, 100 pg
mAb ACA12S, 100 pg polyclonal mouse IgG (Dianova) or adju-
vants alone (CFA/IFA, alum). Each group consisted of three
identically treated rats. Injections were given in CFA/IFA, or the
alum-precipitated preparation was used, every third week. Blood
samples were collected after the second and third boost.

Detection of humoral immune responses

The induction of humoral immunity was monitored in sera of
ACA125-immunized rats (scFv or mAb) after the second and third
boosts. Animals treated with unspecific mouse IgG or adjuvants
alone were taken as negative control groups.

The development of a rather unspecific rat anti-(mouse anti-
body) response (RAMA) including anti-iso, anti-allotypic as well
as anti-anti-idiotypic antibodies (Ab3), was determined by a
commercially available assay (Medac).

Specific anti-anti-idiotypic Ab3 in sera of immunized animals
were detected by ELISA as described previously [17]. Briefly,
ACAI125 F(ab), (1 pg/ml) was coated on a microtiter plate and
incubated with sera or standard (Abl OCI125) in various dilutions.
Bound Ab3 (or Abl) were detected with complete mAb ACA125
(1 pg/ml) and rabbit anti-(mouse Ig)-POD conjugate, Fc-specific
(Dianova, 1:4000).

Binding of anti-anti-idiotypic Ab3 to CAI125 antigen was
measured by functional ELISA. CA125 (1000 U/ml) was immobi-
lized on microtiter plates via lectin from Tritium vulgaris (10 pg/ml)
and incubated with sera from immunized rats or standard Abl
OC125. Immunocomplexes were detected as described above for
measurement of Ab3 titers.

Detection of anti-anti-idiotypic Ab3 and anti-CA 125 antibodies
(called Abl’) was carried out with rats’ sera depleted of RAMA,
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which were previously eliminated by selective binding to agarose-
linked mouse IgG (Sigma). Ab3 and Abl” were quantified by
OCI125 Abl standards as OCI125 arbitrary units (U) with 1 U/ml
corresponding to 1 ng/ml bound OC125.

Inhibition of binding

To demonstrate the specifity of induced Ab3/Abl’ responses the
inhibition of binding to CA125 or ACA125 through the idiotypic
mAb OCI125 was studied.

Plates coated with CA125 or ACA125 F(ab), were incubated
with a fixed serum dilution containing Ab3 and various dilutions of
the inhibitor OC125 F(ab),. Bound Ab3/Abl” were detected with
goat anti-(rat 1g)-POD conjugate, Fc-specific (Dianova; 1.1000).
The percentage inhibition was calculated on the basis of the ab-
sorption of sera without inhibitor.

Results
In vitro characteristics of anti-idiotypic ACA125 scFv

As described previously, the variable regions of the anti-
idiotypic mAb ACA125 could be successfully cloned as a
scFv (VH-linker-VL) in pCANTABSE and functionally
expressed in E. coli HB2151 [18]. Purification of
ACA125 scFv from E. coli periplasm was achieved by
affinity chromatography via the fused Etag peptide. As
shown in Fig. 1 SDS-PAGE analysis of eluted fractions
under non-reducing conditions revealed the presence of
a single band of approximately 32 kDa representing the
ACA125 scFv. The yield of purified scFv was estimated
as that of a 200-pg/l E. coli shake culture with slight
deviations depending on the batch of preparation.
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Fig. 1 Sodium dodecyl sulfate/polyacrylamide gel electrophoresis
analysis of ACA125 scFv under non-reducing conditions after
Coomassie staining. Lane I 1 pg ACA125 scFv purified from
Escherichia coli periplasm by anti-Etag affinity chromatography,
lane 2 low-molecular-mass marker

The ability to bind the Abl OCI125 could be clearly
demonstrated for purified ACA125 scFv, although the
reactivity of scFv was lower than of the corresponding
mAb ACA125 (Fig. 2a). Furthermore, it could be shown
that binding of ACAI125 scFv to OCI125 was almost
completely inhibited by increasing concentrations of
CA125 antigen (Fig. 2b). Thus, the anti-idiotypic scFv,
like the complete mAb ACA125, binds specifically to the
antigen-combining site of idiotype OC125, which oth-
erwise recognizes the CA125 antigen. On the basis
of these observations, the scFv ACA125 seems to retain
the internal image characteristics of the complete mAb
in vitro and might have the potency to mimic the
CA125 antigen.

Induction of humoral immune responses
by ACA125 scFv

In order to prove the capability of the anti-idiotypic
scFv ACA125 to imitate the function of the tumor-as-
sociated antigen CA125, rats were immunized with scFv
and mAb ACA125 in two different adjuvants (CFA/IFA
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Fig. 2a, b Specific binding of the ACA125 scFv to Abl OCI125.
a Several dilutions of the purified scFv or mAb ACAI125 were
incubated on plates coated with Abl OC125 (1 pg/ml). Immuno-
complexes were detected by peroxidase (POD)-labeled anti-Etag
antibody (for scFv) or rabbit anti-(mouse antibody) (for mAbD).
b Inhibition of binding of scFv (in comparison to mAb ACA125) to
Abl OCI125 by CA125 antigen was performed by enzyme-linked
immunosorbent assay (ELISA). Bound scFv or mAb ACA125 was
determined as described above (a). Inhibition was calculated as a
percentage of the value for sample without inhibitor CA125



and alum). Control groups received irrelevant mouse
IgG or adjuvants alone to demonstrate the specificity of
ACA125-induced immunity.

A rather unspecific RAMA response comprising anti-
isotypic and anti-allotypic as well as anti-anti-idiotypic
(Ab3) antibodies could be detected in all rats immunized
with scFv ACA125 in CFA/IFA, whereas vaccination
with the corresponding mAb in CFA/IFA resulted in an
overall lower induction of RAMA (Fig. 3a). Alum-pre-
cipitated scFv and mAb ACAI125 induced a weaker
RAMA response than did the CFA/IFA preparation.
The mouse IgG control group developed significantly
higher RAMA titers than all the other groups (Fig. 3a).

Induction of anti-anti-idiotypic antibodies

Specific anti-anti-idiotypic Ab3 directed against the an-
tigen-combining site of ACA125 could be detected in all
scFv-immunized rats, but the titers were significantly
lower than those of the complete mAb ACAI125
(Fig. 3b). Vaccination with CFA/IFA or alum elicited
equal amounts of Ab3, but a higher scatter of results
was observed in rats immunized with complete mAb
ACAI125 in alum. As expected, the negative control
groups (mouse IgG or adjuvants) showed no binding to
ACA125.

The development of antibodies with specificity for the
tumor-associated antigen CA125, the so-called Abl’,
could be demonstrated in rats after immunization with
scFv ACA125 in CFA/IFA, whereas alum-precipitated
scFv raised no anti-CA125 antibodies (Fig. 3¢). Vacci-
nation with complete mAb ACAI125 resulted in higher
Abl’ responses within both groups (alum and CFA/
IFA).

The ratio of Abl’ (anti-CA125) induction to Ab3
(anti-ACA125) induction, after immunization with scFv
or mAb, differs in different animals, so that high Ab3
titers cannot necessarily predict a strong anti-CA125
(Abl1’) response (Table 1). In addition, these data indi-
cate that ACA125 scFv in CFA elicits overall a higher
percentage of Abl” with anti-CA125 reactivity than does
the corresponding mAb. In both groups, immunized
with scFv and mAb, Abl’ is induced later than Ab3
during the course of immunization, as shown by an
increasing Abl’/Ab3 ratio after the second and third
boosts (Table 1).

Inhibition of binding

The specificity of anti-anti-idiotypic antibodies elicited
by scFv and mAb ACA125 was shown by competition
with Abl OC125.

Binding of antibodies from sera of scFv-immunized
rats to the anti-idiotypic mAb ACA125 could be inhib-
ited by Abl OC125 with a maximal competition of 23%,
whereas the complete mAb ACAI25 elicited Ab3
that could be almost completely blocked (80%—84%)
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Fig. 3a—¢ Humoral immune responses in rats immunized with scFv
or mAb ACA125 in complete Freund’s adjuvant (CFA) or an alum-
precipitated preparation (AL) after the third boost. Irrelevant
mouse IgG and adjuvants alone were taken as negative controls.
Columns represent mean values of sera from three identically
immunized rats and ranges within one group are indicated. a Rat
anti-(mouse antibody) response was determined by commercial
ELISA (Medac). b Sera of immunized rats were incubated in plates
coated with ACA125 F(ab),. Bound anti-anti-idiotypic Ab3 were
detected by complete mAb ACA125 and rabbit anti-(mouse Ig)
conjugated to POD. ¢ CA125-specific Abl” titers were measured
by incubating rats’ sera on CAl125-coated plates. Detection of
immunocomplexes was achieved as described above

(Fig. 4). Negative control sera, derived from rats after
injection of normal mouse IgG or adjuvants alone,
showed no inhibition of binding to Ab2 by Abl.
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Table 1 Ratio of Abl’ (anti-CA125) to Ab3 (anti-ACA125) in sera
of rats immunized with scFv or mAb ACAI25 in complete
Freund’s adjuvant (CFA) or alum-precipitated after second and
third boost

Treatment Rat Ratio Abl’/Ab3

After 2nd boost After 3rd boost

ACA125 ScFv in CFA 1 1.395 0.615
2 0.187 0.199
3 0.008 0.009
ACA125 ScFv in alum 1 0 0
2 0 0
3 0 0
mAb ACA125 in CFA 1 0.005 0.008
2 0.003 0.026
3 0.078 0.028
mAb ACAI125 inalum 1 0.023 0.143
2 0.0004 0.001
3 ND ND
100
%
80
L0
S 60
g 50
< 40
30
20 e {
10
0 : : : :
0 2 4 6 8 10

0C125 (ug/m)
|—u— mAb AL1 —— mAb CFA2 —a— ScFv CFA1 |

Fig. 4 Inhibition of Ab3 binding to Ab2 ACA125 by Abl OCI125.
A fixed dilution of sera from immunized rats (scFv or mAb
ACA125, irrelevant mouse IgG in CFA/incomplete Freund’s
adjuvant and alum or adjuvants alone) after the third boost was
incubated with different amounts of Abl OCI125 on plates coated
with Ab2 ACA125. Bound Ab3 were detected with POD-labeled
goat anti-(rat Ig). Inhibition was calculated relative to sera without
inhibitor

Therefore, it can be assumed that only a small percent-
age of Ab3 from the scFv-immunized rats can bind to
the same Ab2 epitope as that recognized by Abl. This
implies that the majority of anti-CA125 antibodies de-
tected after scFv vaccination bind to other structures of
the CA125 antigen that are not imitated by the original
mAb ACAI125.

Discussion

The aim of this study was to define the minimum
structural requirements for successful mimicry of the
tumor-associated antigen CA125 by the anti-idiotypic
antibody ACAI125. Therefore, we constructed a scFv

composed of the light- and heavy-chain variable regions
of mAb ACA125 connected by a 15-amino-acid linker,
which was expressed in E. coli [18] and subsequently
characterized in vitro and in vivo.

Various scFv directed against tumor antigens have
been described as retaining the ability to bind to the
tumor antigen. Owing to their small size, scFv clear
more rapidly from blood and penetrate faster and more
deeply into tissues than whole antibody molecules [21].

Anti-idiotypic scFv for tumor therapy have to fulfill
two different criteria. On the one hand, anti-idiotypic
antibody fragments must still bind specifically to the
idiotypic antibody, which implies a functional mimicry
of the tumor antigen by the antigen-combining site. On
the other hand, such vaccines have to be immunogenic
to induce a specific antitumoral response. To our
knowledge, only one study exists that demonstrates that
an anti-idiotypic scFv is capable of successfully imitating
a tumor antigen by inducing specific antitumoral anti-
bodies in vivo [22]. To demonstrate these properties in
the case of ACAI125 scFv would be important for the
development of improved recombinant anti-idiotype
vaccines.

Our investigations show that the ACA125 scFv re-
tained its ability to bind specifically to the idiotypic mAb
OCI125 in vitro, although the affinity was lower than
that of the complete mAb ACA125. This phenomenon
can be explained by the monovalent structure of scFv in
contrast to the bivalent IgG. Competition assays clearly
demonstrate that binding of ACAI125 scFv to Abl
OC125 was inhibited by increasing amounts of CA125
antigen in vitro. On the basis of this observation it could
be concluded that the anti-idiotypic scFv recognizes the
same structural epitope on OC125 as the nominal anti-
gen CA125. Although these results indicate that the scFv
ACA125 could be functionally expressed in E. coli, the
overall yield obtained by the use of expression vector
pCANTABSE was unsatisfactorily low. The develop-
ment of a more efficient scFv expression system, either
by altering plasmid properties like promotor strength
and leader sequences or by using intracellular expression
and the isolation of scFv from E. coli inclusion bodies,
should be taken into consideration. In addition, im-
proved purification strategies based on affinity chroma-
tography with immobilized idiotypic mAb OC125 would
negate the need for the Etag peptide or alternative tag-
ging-sequences, which perhaps could raise an inappro-
priate immune response in vivo.

Immunization of rats with ACA125 scFv instead of
complete mAb ACA125 was conducted to prove the
antigenic capabilities of an anti-idiotypic antibody
fragment reduced to its variable regions. To amplify the
immune responses we tested two different adjuvants,
Freunds’ adjuvant, as a known strong adjuvant, and the
relatively weak alum, widely used for human appli-
cations. The humoral immune response in immunized
rats was assessed by the detection of a rather unspecific
rat anti-(mouse antibody) (RAMA) response, including
anti-allotypic/anti-isotypic antibodies, and of specific



anti-anti-idiotypic antibodies. In general, it was found
that immunization with alum as the adjuvant resulted in
a higher scatter of induced immune responses between
individual animals whereas CFA/IFA produced a more
homogeneous response within the treated collective.

Because of the missing Fc part, it was expected that
vaccination with scFv would result in lower unspecific
RAMA responses than when the complete mAb
ACAI125 was used. Suprisingly, scFv in CFA/IFA, but
not alum-precipitated scFv, induced an overall higher
RAMA response than did the complete mAb. Thus, the
majority of RAMA responses induced by scFv must be
directed against framework regions of the variable do-
mains. The induction of RAMA responses by adminis-
tration of murine scFv could possibly be restricted to the
immune repertoire of the specific rat strain used in our
model system. We have learned from clinical trials with
murine mAb ACA125 that the complete anti-idiotypic
antibody develops high anti-(mouse antibody) (HAMA)
titers in humans [24] but only low RAMA responses in
Sprague-Dawley rats, as shown in the present study. On
the basis of this observation it could be suggested that
induction of unspecific anti-(mouse Ig) immune re-
sponses to scFv ACA125 might vary among different
species in a similar manner.

Nevertheless, specific anti-anti-idiotypic Ab3 against
the antibody-combining site of ACA125 were detected in
all scFv-immunized rats regardless of the adjuvants,
used, but the complete mAb ACAI25 elicited higher
AD3 titers. Anti-anti-idiotypic antibodies with specificity
for the CA125 antigen (Abl’) could be observed after
immunization with scFv in CFA/IFA but not with scFv
in alum. Thus, detection of anti-CA125 antibodies in
rats immunized with scFv ACA125 shows that the crit-
ical idiotope of mAb ACA125, mimicking the CA125
antigen, could be maintained in the scFv structure. In
addition, recent data from vaccination with an scFv-
ACA125-derived cytokine fusion protein (scFv ACA125
fused to interleukin-6) revealed that the induction of
CA125 immunity by a recombinant scFv moiety is also
possible in Balb/c mice (unpublished data) and therefore
not limited by genetic restriction to individual species or
strains.

As indicated by the ratio of Ab3 (anti-ACA125) to
Abl’ (anti-CA125), scFv-immunized rats exhibited a
higher percentage of anti-CA125 antibodies than did rats
treated with the complete mAb, but competition assays
verified that only 20% of these antibodies recognized the
CA125 epitope imitated by anti-idiotype ACA125. Thus,
the majority of the Abl’ induced by scFv seems to bind
to other structures of the CA125 molecule that were not
imitated by the original mAb ACA125.

Since idiotypic structures of Ab2 mimicking a tumor
antigen are often conformation-dependent, this puts a
special folding requirement in the expression system [20].
The folding of a linear scFv molecule in E. coli could
lead to the exposure of amino acid residues other than
those in the native antibody molecule, which would in-
duce anti-anti-idiotypic Ab3 with a specificity different
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from that of CA125. As purification of ACA125 scFv
from E. coli periplasm was achieved by selective binding
to anti-Etag mAb directed against the Etag peptide
fused to the scFv, it could be possible that the scFv
preparation contained a mixture of protein folded to
variable extents with only small amounts of real inter-
nal-image scFv capable of inducing specific anti-CA125
antibodies. According to this hypothesis, altering the
purification strategy by using affinity columns with im-
mobilized idiotypic mAb OC125 could lead to isolation
of the functional internal-image scFv fraction.

In summary, these findings demonstrate that the anti-
idiotypic scFv ACA125 reduced to the variable regions
has the potential to mimic the CA125 tumor antigen
in vivo, as proven by detection of anti-anti-idiotypic
ADb3 and anti-CA125 antibodies in immunized animals.
In comparison to the mAb ACAI125 the corresponding
scFv molecule induces an overall weaker and less specific
immune response. Strategies to improve the specificity
and antigenicity of scFv ACA125 could involve altering
the purification scheme or genetic modifications towards
humanization and fusion to immunogenic compounds
(e.g. cytokines).

Acknowledgement This study was supported by Bonfor grant 103/
13 Wa.

References

1. Caspar CB, Levy S, Levy R (1997) Idiotype vaccines for non-
Hodgkin’s lymphoma induce polyclonal immune responses
that cover mutated tumor idiotypes: comparison of different
vaccine formulations. Blood 90: 3699

2. Cerny J, Hiernaux J (1990) Concept of idiotypic network: de-
scription and functions. In: Cerny J, Hiernaux J (eds) Idiotypic
network and diseases. American Society for Microbiology,
Washington, DC, p 13

3. Chatterjee M, Foon K, Kohler H (1994) Idiotypic antibody
immunotherapy of cancer. Cancer Immunol Immunother 38:
75

4. Chen ZJ, Yang H, Liu C, Hirai S, Ferrone S (1993) Modula-
tion by adjuvants and carriers of the immunogenicity in xe-
nogenic hosts of mouse anti-idiotypic monoclonal antibody
MK2-23, an internal image of human high molecular weight
melanoma-associated antigen. Cancer Res 53: 112

5. Clackson T, Hoogenboom HR, Griffiths AD, Winter G (1991)
Making antibody fragments using phage display libraries.
Nature 352: 624

6. Foon KA, Chakraborty M, John WJ, Sherratt A, Koehler H
(1995) Immune response to the carcinoembryonic antigen in
patients treated with an anti-idiotypic antibody vaccine. J Clin
Invest 96: 334

7. Herlyn D, Harris D, Zaloudik J, Sperlagh M, Maruyama H,
Jacob L, Kieny MP, Scheck S, Somasundaram R, Hart E, Ertl
H, Mastrangelo M (1994) Immunomodulatory activity of a
monoclonal anti-idiotypic antibody to anti-colorectal carcino-
ma antibody CO17-1A in animals and patients. J Immunol 15:
303

8. Hwu P, Yang JC, Cowherd R, Treisman J, Schafer GE, Eshhar
Z, Rosenberg SA (1995) In vivo antitumor activity of T-cells
redirected with chimeric antibody/T cell receptor genes. Cancer
Res 55: 3369

9. Jefferis R (1993) What is an idiotype? Immunol Today 14: 119

10. Jerne NK (1974) Towards a network theory of the immune
system. Ann Immunol (Paris) 125: 373



192

. Koido T, Scheck S, Herlyn D (1995) Induction of immunity to

colon carcinoma antigen CO17-1A by monoclonal anti-
idiotype (Ab2): effects of Ab2 fragmentation, carrier and
adjuvant. Tumor Targeting 1: 115

. Marks JD, Hoogenboom HR, Bonnert TP, McCafferty J,

Griffith AD, Winter G (1991) By-passing immunization: hu-
man antibodies from V-gene libraries displayed on phage.
J Mol Biol 222: 581

. Maurer-Gebhard M, Schmidt M, Azemar M, Altenschmidt U,

Stocklin E, Wels W, Groner B (1998) Systemic treatment with a
recombinant erbB-2 receptor-specific tumor toxin efficiently
reduces pulmonary metastases in mice injected with genetically
modified carcinoma cells. Cancer Res 58: 2661

. Mittelman A, Chen Z, Yang H, Wong G, Ferrone S (1992)

Human high molecular weight melanoma-associated antigen
(HMW-MAA) mimicry by mouse anti-idiotypic monoclonal
antibody MK2-23: induction of humoral anti-HMW-MAA
immunity and prolongation of survival in patients with stage
IV melanoma. Proc Natl Acad Sci USA 89: 466

. Reiter Y, Wright AF, Tonge DW, Pastan I (1996) Recombi-

nant single-chain and disulfide stabilized Fv-immunotoxins
that cause complete regression of a human colon cancer
xenograft in nude mice. Int J Cancer 67: 113

. Renner C, Pfreundschuh M (1995) Tumor therapy by immune

recruitment with bispecific antibodies. Immunol Rev 145: 179

. Schlebusch H, Wagner U, Grinn U, Schultes B (1995) A

monoclonal anti-idiotypic antibody ACA125 mimicking the

18.

19.

20.

21.

22.

23.

24.

tumor-associated antigen CA125 for immunotherapy of ovar-
ian cancer. Hybridoma 14: 167

Schlebusch H, Reinartz S, Kaiser R, Griinn U, Wagner U
(1997) Production of a single-chain fragment (scFv) of the
murine anti-idiotypic antibody ACA125 as phage-displayed
and soluble antibody by recombinant phage antibody tech-
nique. Hybridoma 16: 47

Steplewski Z (1993) Advances and outlooks for immunother-
apy of cancer. Hybridoma 12: 493

Stevenson FK, Zhu D, King CA, Ashworth LJ, Kumar S,
Thompsett A, Hawkins RE (1995) A genetic approach to
idiotypic vaccination for B cell lymphoma. Ann NY Acad
Sci 772: 212

Thirion S, Motmans K, Heyligen H, Janssens J, Raus J,
Vandevyver (1996) Mono- and bispecific single-chain antibody
fragments for cancer therapy. Eur J Cancer Prev 5: 507
Tripathi PK, Qin H, Deng S, Xu C, Bhattacharya-Chatterjee
M, Foon KA, Chatterjee SK (1998) Antigen mimicry by an
anti-idiotypic antibody single chain variable fragment. Mol
Immunol 13: 853

Varela F, Coutinho A (1991) Second-generation immune net-
works. Immunol Today 12: 159

Wagner U, Schlebusch H, Kéhler S, Schmolling J, Griinn U,
Krebs D (1997) Immunological responses to the tumor-asso-
ciated antigen CA125 in patients with advanced ovarian cancer
induced by the murine monoclonal anti-idiotype vaccine
ACA125. Hybridoma 16: 33



