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Abstract Anti-idiotype antibodies can mimic the conformational epitopes of the original antigen and act as 
antigen substitutes for vaccination and/or serological purposes. To investigate this possibility concerning the tumor 
marker carcinoembryonic antigen (CEA), BALB/c mice were immunized with the previously described anti-CEA 
monoclonal antibody (MAb) 5.D11 (A61 ). After cell fusion, 15 stable cloned cell lines secreting anti-Ids (A62) were 
obtained. Selected MAbs gave various degrees of inhibition (up to 100%) of the binding of 1251-labeled CEA to MAb 
5.D11. Absence of reactivity of anti-Id MAbs with normal mouse IgG was first demonstrated by the fact that anti-Id 
MAbs were not absorbed by passage through a mouse IgG column, and second because they bound specifically to 
non-reduced MAb 5.D11 on Western blots. Anti-5.Dl1 MAbs did not inhibit binding to CEA of MAb 10.69, another 
anti-CEA antibody obtained in the same fusion as 5.D11, or that of several anti-CEA MAbs reported in an international 
workshop, with the exception of two other anti-CEA MAbs, both directed against the GOLD IV epitope. When applied to 
an Id-anti-Id competitive radioimmunoassay, a sensitivity of 2 ng/ml of CEA was obtained, which is sufficient for 
monitoring circulating CEA in carcinoma patients. To verify that the anti-Id MAbs have the potential to be used as CE4 
vaccines, syngeneic BALB/c mice were immunized with these MAbs (A62). Sera from immunized mice were 
demonstrated to contain A63 antibodies recognizing the original antigen, CEA, both in enzyme immunoassay and by 
immunoperoxidase staining of human colon carcinoma. These results open the perspective of vaccination against 
colorectal carcinoma through the use of anti-idiotype antibodies as antigen substitutes. 
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Carcinoembryonic antigen (CEA), first de- 
scribed by Gold and Freedman in 1965, is a 
highly glycosylated 180 kDa glycoprotein detect- 
able in the blood of patients with various forms 
of carcinoma and which now has a widespread 
use as a tumor marker (Shiverly and Beatty, 
1985; Chandrasekaran et al., 1983). High serum 
levels of CEA correlate with poor prognosis of 
colorectal carcinoma and the elevation of titers 
after surgical treatment is indicative of recur- 
rence or tumor metastasis [for a review see 
Shively and Beatty (1985) and Jessup and Tho- 
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mas (1989)l. Specific monoclonal antibodies 
(MAbs) were raised against the antigen and are 
replacing polyclonal antisera in quantitative as- 
says (Buchegger et al., 1982; Carneiro et al., 
1987). Radiolabeled MAbs are now also being 
employed for tumor diagnosis by immunoscintig- 
raphy as well as for therapeutic purposes with 
various degrees of success (Goldenberg et al., 
1978; Mach et al., 1980; Bischof-Delaloye et al., 
1989; Buchegger et al., 1990; Sharkey et al., 
1988). However, reproducibility of results from 
different groups is hampered for a number of 
reasons. CEA is part of a large family of pro- 
teins, some of which are expressed by normal 
granulocytes and macrophages and have been 
called non-specific cross-reacting antigens 
(Shively and Beatty, 1985; Buchegger et al., 
1984; Thompson et al., 1989). Glycosylation of 
the molecule may not be uniform, leading to the 
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expression of different epitopes. Furthermore, 
CEA preparations may not be entirely pure or 
may not be identical from one laboratory to 
another (Monestier et al., 1989). MAbs produced 
against different CEA preparations, besides rec- 
ognizing at least five of the different epitopes on 
the molecule (Hammarstrom et al., 19891, may 
exhibit different specificities and thus are not 
comparable among themselves (Haggarty et al., 
1986; Hammarstrom et al., 1989). In addition, 
when MAbs are used for tumor detection or 
treatment of patients, since they are xenogeneic, 
they induce an immune response that further 
limits their use. Finally, CEA is not immuno- 
genic in man, thus restricting its use for vaccina- 
tion purposes. 

An approach that could circumvent some of 
these difficulties would be the use of monoclonal 
anti-idiotype antibodies (anti-Id) directed against 
anti-CEA MAbs. Idiotypes (AB1) comprise the 
variable parts of the immunoglobulin molecule 
responsible for antigen recognition, and they 
themselves elicit an  anti-Id response (AB2). 
These interactions could play an important role 
in the regulation of the immune response (Jerne, 
1974). Some of the anti-Ids, named AB2, can 
conformationally mimic the original antigen and 
may be used as vaccines to induce AB3 antibod- 
ies that will recognize the antigen, an approach 
already being pursued for CEA (Bhattacharya- 
Chatterjee et al., 19901, other tumor markers in 
animal models, as well as for C017-1A antigen 
(Herlyn et al., 1986, 1987a) and for HMW-MAA 
melanoma antigen (Mittelman et al., 1990), both 
in human patients. In the present work we 
describe the production and epitope characteriza- 
tion of syngeneic anti-Id MAbs raised in re- 
sponse to the previously described anti-CEA MAb 
5 .Dl l  (Carneiro et al., 1987). We also describe a 
competitive radioimmunoassay for measure- 
ment of serum CEA levels with Id-anti-Id MAbs. 
The possibility of vaccination against the anti- 
gen is demonstrated by the induction in synge- 
neic mice of an AB3 specific response to CEA 
through immunization with AB2 anti-idiotype 
antibodies. 

MATERIALS AND METHODS 
Monoclonal Anti-CEA Antibody 

5.Dll  and 10.B9 are previously described anti- 
CEA MAbs obtained in BALB/c mice. 5.Dl1, an 
I@,, MAb, is used as capture antibody in a 
quantitative CEA assay (Carneiro et al., 1987). 

10.B9 is an IgGl MAb which recognizes a differ- 
ent epitope on the CEA molecule. 

I m rn u n ization Protocol 

To obtain AB2, 20 two-month old BALB/c 
female mice, divided into groups of four, were 
injected subcutaneously with 100 kg of the puri- 
fied Mab 5.Dll  (Carneiro et al., 1987) coupled to 
Keyhole-limpet hemocyanin by the glutaralde- 
hyde method (Chow et al., 1985) and emulsified 
in complete Freund’s adjuvant. Inoculation was 
in four different sites (inguinal and axillary) and 
the procedure was repeated after 15 days with 
the antigen now emulsified in incomplete Fre- 
und’s adjuvant. The same amount of antigen 
was then injected intravenously every 15 days to 
a maximum of six injections, the last being per- 
formed 3 days before cell fusion. Before the last 
three immunizations, animals were bled and 
their sera tested for the presence of anti-Id 
antibodies against MAb 5.Dll. To obtain AB3, 
BALB/c mice were immunized by the same pro- 
tocol with the presently described anti-Id 6.C4 
(AB2). The sera from the immunized mice were 
then tested for the presence of anti-Id antibod- 
ies against MAb 6.C4 or for antibodies reacting 
with CEA. 

Production of MAbs 

After the last booster inoculation, the mouse 
presenting the highest serum titer for anti-Id 
activity from the first immunized group, as as- 
sayed by an inhibition of binding of CEA to MAb 
5.Dl1, was sacrificed. Cell fusion of its spleno- 
cytes with the non-secreting plasmacytoma 
SP2/0 was performed according to a previously 
described protocol (Lopes and Alves, 1983). Su- 
pernatants were tested by the same assay and 
the cells from positive wells were cloned by 
limiting dilution. Supernatants from positive 
clones were tested for antibody isotype character- 
ization by the double-diffusion (Ouchterlony) 
method using specific antisera (Sigma Chemical 
Go., St. Louis, MO) for heavy and light mouse Ig 
chains. 

Inhibition of Binding Assay 

This assay was employed for testing both the 
immunized mouse serum and hybridoma super- 
natants. CEA was purified from liver metastasis 
of human colon carcinoma by perchloric acid 
extraction, followed by sequential Sephadex 
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G-200 and Sepharose 6B filtration (Krupey et 
al., 1985; Fritshe and Mach, 1977) and was 
labeled with lZ5I by the IodoGen method (Fraker 
and Speck, 1978) to an average specific activity 
of 3.5 pCi/kg. Fifty microliters of a solution 
containing 10 kg/ml (w/v) of capture antibody 
(MAb 5.Dl1, unless otherwise stated) in phos- 
phate buffered saline (PBS; 150 mM NaC1, 10 
mM phosphate, pH 7.2) were applied to each 
well to coat 96-well polyvinyl plates (Falcon, 
Oxnard, CA). Blocking of the remaining active 
sites on plastic was made with 200 p1 of 1% 
bovine serum albumin (BSA, Sigma) in PBS 

Hybridoma supernatants (50 Fl/well) were 
added to the coated wells and, after 1 h of 
incubation at  37"C, plates were washed with 
PBS-BSA. Labeled CEA (200,000 cpm/well) was 
then added and, after 1 h incubation and thor- 
ough washing, the wells were cut and counted in 
an LKB MiniGamma counter (LKB, Bromma, 
Sweden). Supernatants of SP2/0 cell cultures, 
complete culture medium, and normal mouse 
serum diluted 1:lOO in PBS were used as con- 
trols. 

Reverse direct and indirect assays, with CEA 
bound to polystyrene plastic balls as the solid 
phase (Precision Plastic Ball Co., Chicago, Ill.), 
were devised to determine idiotype recognition 
against a previously described panel of anti-CEA 
MAbs obtained from different laboratories. This 
panel of MAbs allowed identification of a t  least 
five different epitopes on the CEA molecule called 
GOLD I toV (Hammarstrom et al., 1989). In the 
direct assay, anti-Id MAb 6.C4 was pre-incu- 
bated with each of the different lZ5I-labeled anti- 
CEA MAbs for 2 h a t  37°C before the addition of 
CEA coated plastic balls. In the indirect assay, 
unlabeled 6.C4 was mixed with each unlabeled 
anti-CEA MAb, the coated balls were added, and 
the reaction evaluated by the addition of lZ5I- 
labeled F(ab'Iz rabbit anti-mouse IgG. In both 
cases, balls were finally washed and counted for 
bound iodine. The different anti-CEA MAbs or 
the anti-mouse IgG F(ab'):! Id MAbs were la- 
beled with lZ5I by the Iodogen Method (Fraker 
and Speck, 1978) with an average specific activ- 
ity of 10 pCi/kg. 

(PBS-BSA). 

Production of F(ab'), Fragments 

MAb 5.Dll  was digested for 4 h with 3% 
pepsin (Sigma) in 100 mM acetate buffer, pH 
4.2, at 37"C, for the production of F(ab'Iz frag- 
ments, as described (Hudson and Hay, 1976). 

After purification by Sephadex G-150 filtration, 
the F(ab'Iz fragments obtained were analyzed 
by sodium dodecylsulfate polyacrylamide gel elec- 
trophoresis (SDS-PAGE). 

SDS-PAGE and Western Blotting 

This was performed on vertical 10% acryla- 
mide slab gels, under reducing and non-reduc- 
ing conditions, according to Laemmli (1970). 
MAb 5.Dll  Western blots were performed as 
already described (Lopes et al., 1985). Reducing 
conditions, obtained through the addition of 
2-mercaptoethanol, were used for the detection 
of the antibody separate chains, on 10% acryla- 
mide gels. Non-reducing conditions, in which 
reducing reagents were omitted, were used for 
the detection of whole antibody on 5% acryla- 
mide gels. 

Affinity Chromatography 

Purified mouse IgG was obtained by affinity 
chromatography on a Protein A-Sepharose 4B 
column (Pharmacia Fine Chemicals, Uppsala, 
Sweden) and was coupled to CNBr-activated 
Sepharose (Pharmacia) according to the manu- 
facturer's instructions. Anti-Id MAbs were tested 
for their ability to recognize 5.Dll  F(ab'Iz frag- 
ment before and after being chromatographed 
through the adsorbent column. 

Quantitative Assays for CEA 

Samples with known concentrations of CEA 
for the standard curve were prepared by either 
dissolving purified CEA in PBS-0.1% BSA or by 
using human serum samples in which the CEA 
levels had been previously measured using com- 
mercial kits. The competition assays consisted 
of a MAb coating the solid phase, either 5.D11 or 
an anti-Id MAb, 50 pl/well of a solution of 10 
Fg/ml of antibody in PBS, and a 9- labeled 
second antibody, used to compete with CEA 
present in the test samples. The final volume of 
the mixture of labeled antibody and CEA sam- 
ples was always 50 p1. The second antibody was 
either an anti-Id, when 5.Dll  was on the solid 
phase, or an anti-CEA MAb, when anti-Id was 
on the solid phase. Anti-CEA MAbs used were 
5.Dll  or 202 (Buchegger et al., 1982). Labeled 
antibody was added to samples containing differ- 
ent amounts of CEA and the mixtures were 
distributed in wells previously coated with anti- 
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body and quenched with PBS-BSA. Reactions 
were incubated for 2 h under gentle agitation at 
37°C. When the labeled antibody was MAb 5.Dl1, 
before addition to the wells, a previous over- 
night incubation at 37°C of the mixture was 
made. Wells were then thoroughly washed, cut, 
and counted for bound iodine in an LKl3 Mini- 
Gamma counter. 

Production and Characterization of AB3 
Antibodies 

After immunization with AB2 antibodies, as 
described for immunization with AB1, BALB/c 
mice were bled and their sera tested for the 
recognition of CEA through both enzyme-immu- 
noassay and immunoperoxidase staining of fro- 
zen sections from human colon carcinoma. En- 
zyme-immunoassay was performed with CEA 
(0.5 pg/ml in PBS, pH 7.5) bound to the solid 
phase, as described (Carneiro et al., 1987). 
Briefly, 50 p1 of serum, serially diluted in PBS- 
BSA from 1 3 0  to 1:2560, was added to CEA 
coated and BSA quenched wells on polyvinyl 
plates. After 2 h of incubation at 37°C and three 
washes with PBS-BSA, biotinylated anti-mouse 
IgG were added, followed by streptavidin-perox- 
idase conjugate (Sigma). Reactions were devel- 
oped with ortho-phenylenediamine in 0.1 M ace- 
tate phosphate buffer, pH 5.8, containing 0.03% 
HzOz, and read in a Titertek EIA Reader. Inhibi- 
tion of binding of AB3 to CEA was performed by 
previous overnight incubation at 37"C, of mouse 
no. 2 serum, diluted 1:320 in PBS-BSA, with 
serial dilutions of purified MAb 6.C4. An unre- 
lated MAb of the same IgG2b isotype was used 
as control. Direct binding of AB3 sera, diluted 
from 1 : l O  to 1:160 in 0.04 M Tris, pH 7.5, 
containing 0.01% BSA, to lZ5I-labeled CEA was 
measured through ammonium sulfate precipita- 
tion at the final concentration of 50%. The pellet 
was counted in a LKB MiniGamma Counter. 

Immunoperoxidase staining of tissue sections 
of human CRC by AB3 was performed with 
biotin-avidin reagents (Vector, Burlingham, CA) 
as described (Guesdon et al., 1979). Endogenous 
peroxidase was blocked with methanol contain- 
ing 3% HzOz. Staining was made with 3-amino- 
9-ethyl-carbazole dissolved in 2.5 ml of dimeth- 
ylformamide and H202 0.015% in 50 ml of 0.05 
M acetate buffer, pH 5.2 (Burtin et al., 1979). All 
proper controls for specificity, such as omission 
of the first incubation step, were performed. 
Normal mouse serum, at the same serial dilu- 

TABLE 1. Inhibition of Binding of CEA 
to MAb 5Dl l  by 15 Anti-Id MAbs of 

Different Isot-ypes 
~~ ~ 

Anti-Id % Binding inhibition 
MAbs hot-ype 1261-CEAa lz6I-5.Dllb 

1.B7' 
2.Bll 
3.Bll  
4.E3' 
4.F6' 
5.A3 
5.c4 
6.C4' 
6.C5" 
6.F7 
7.H6' 
8.C9' 
8 .Gl l  
9.B9 
9.E10C 

99.8 
99.3 
99.8 
99.9 
99.8 
29.5 
98.8 

100.0 
61.1 
22.8 
27.9 
67.5 
99.8 
23.2 
88.4 

100.0 
98.4 
98.8 
98.1 
97.0 
17.3 
98.4 

100.0 
34.8 
14.2 
21.7 
30.7 
98.1 
0.0 

74.9 

aPercentages of inhibition of binding of lz6I-CEA to MAb 
5 D l l  linked to solid phase, in excess of different anti-Id 
MAbs. 
bPercentages of inhibition of binding of lZ6I-MAb 5 D l l  to 
solid phase CEA in excess of different anti-Id MAbs. 
'Selected clones for further evaluation. 

tions used for positive sera, was employed as a 
negative control. 

RESULTS 
Anti-ldiotype MAbs 

Uninhibited binding of lZ5I-labeled CEA to 
MAb 5.Dll  was roughly around 20%. Fifteen 
clones whose supernatants showed inhibition of 
binding of labeled CEA to MAb 5.Dll  were 
established as stable cell lines. Ten of them had 
their isotypes characterized: six IgGl and four 
IgG2b, all "kappa" light chains. Levels of inhibi- 
tion obtained with undiluted supernatants 
ranged from 23 to 100% (Table I). Comparable 
inhibition levels were also obtained when the 
supernatants were preincubated with labeled 
5.Dll and then added to the solid phase coated 
with purified CEA, except for anti-Id MAb 10.B9, 
which did not inhibit the binding of lZ5I-labeled 
5.Dll  to solid phase CEA. 

In Western blots against reduced and non- 
reduced 5.Dl1, positive reactions with biotiny- 
lated anti-Id MAbs were observed only with 
non-reduced 5.Dll  as shown in Figure 1, a 
composition of two different experiments: whole, 
non-reduced antibody was run on 5% acryla- 
mide (lanes A and B), and reduced, separated 
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cpm added ( x ~ O - ~ I  

Fig. 2. 
MAb 5.D11 (0-0) and to an unrelated antibody (0-0). 

Binding of anti-Id MAb 6.C4 to F(ab')2 fragment of 

Fig. 1. Western blots of non-reduced (a) and reduced (b) 
5.D11, developed with either peroxidase-conjugated anti- 
mouse IgC (lanes A and c) or biotinylated MAb 6.C4 followed 
by streptavidin-peroxidase (lanes B and D). Lanes A and B were 
run on 5% acrylamide while lanes C and D were run on 10% 
acrylamide gels. The figure is a composition of two different 
experiments, thus producing nitrocellulose strips of different 
shapes. Side numbers represent molecular mass of the detected 
bands. Anti-Id MAb 6.C4 recognizes 5.D11 only under non- 
reducing conditions. 

antibody chains were run on 10% acrylamide 
(lanes C and D). Since this assay involved two 
murine antibodies, a direct reaction was manda- 
tory, with a labeled second antibody. For this 
reason, only the pre-selected MAbs 6.C4 and 
9.E10 were biotinylated and tested, with similar 
results. 

Specificity of Anti-Id MAbs 

Two anti-CEA MAbs were used for the screen- 
ing of anti-Id MAbs: 5.Dl1, which was the MAb 
used for the immunization of mice, and 10.B9, 
another anti-CEA MAb obtained in the same 
fusion experiment, which is known to recognize 
a different epitope on the CEA molecule (Car- 
neiro et al., 1987). Labeled anti-Id 8.C9 MAb 

bound to 5 .Dll  MAb in solid phase but not to 
10.B9 or to an unrelated MAb anti-S. mansoni. 
Similar results were observed for anti-Id MAb 
1.B7, 6.C4, and 9.E10 (data not shown). Also, 
when anti-Id MAbs were previously passed 
through a normal mouse IgG-Sepharose column 
and then retested for binding to solid phase 
MAb 5.Dl1, the binding was unchanged. Bind- 
ing of 6.C4 MAb to solid phase was also un- 
changed when F(ab'Iz fragments of MAb 5.Dll  
instead of the whole antibody were used to coat 
the plastic balls (Fig. 2). 

Epitope Characterization 

When tested against a panel of anti-CEA 
MAbs, classified as GOLD I to GOLD V accord- 
ing to the epitopes recognized in the CEA mole- 
cule (Hammarstrom et al., 19891, the pre- 
selected MAb 6.C4 inhibited the binding to CEA 
of some GOLD IV MAbs, but not all, suggesting 
that there are several subspecificities within the 
group of anti-GOLD IV MAbs. None of the MAbs 
specific for the other CEA epitopes were inhib- 
ited either by a direct or an indirect inhibition 
assay (Fig. 3). The other AB2 MAbs were not 
tested against the panel. From those tested, only 
MAbs 202 and CE.25, both classified as GOLD 
IV, were convincingly inhibitory. These results 
strongly suggest that the original AJ31 (MAb 
5.Dll)  was also a GOLD IV MAb. To confirm 
this assumption, some representative GOLD 
MAbs (B.93, GOLD I; 35, GOLD 11; B.7, GOLD 
111; CE 25 and 202, both GOLD IV; and 192, 
GOLD V) were tested for their ability to inhibit 
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Fig. 3. Inhibition of binding of GOLD-classified MAbs to CEA immobilized on solid phase by anti-Id MAb 6.C4 using 
indirect (a) and direct (b) assays. Results are expressed as % of the binding without unlabeled MAb 6.C4. Important 
inhibition was observed only against two GOLD IV MAbs (202 and 12-1 40-7). 

binding of lz5I-labeled MAb 5 .Dl l  to Sepharose- 
bound CEA (data not shown). 

Quantitative Assay for Measuring CEA levels 

Figure 4 shows a typical standard curve for 
quantitation of CEA. In this case, 5 .Dl l  was 
bound to the solid phase and labeled lz5I-labeled 
6.C4 was used as antibody in competition with 
the CEA containing sample. Similar results were 
obtained when 6.C4 was bound to the solid 

phase and either 1251-labeled MAb 5 .Dl l  or 202 
were used as antibodies in competition with 
CEA (data not shown). 

Characterization of the AB3 Response 

Sera from mice immunized with 6.C4 bound 
to CEA present on the solid phase as demon- 
strated by enzyme immunoassay (Figure 5a). 
Direct binding of labeled CEA by AB3 serum 
(mouse no. 2 serum) confirmed the EIA results 
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25 I 

Fig. 4. Competitive radioimmunoassay for the measurement of CEA levels with labeled anti-Id MAb 8.C9 and MAb 
5.D11 bound to the solid phase. CEA levels as low as 2 ngirnl could be discriminated. 

(data not shown). Binding of one of those sera to 
CEA (mouse serum no. 2, which gave the high- 
est titer against the antigen) was inhibited by 
preincubation with MAb 6.C4 in a dose-depen- 
dent fashion, as shown in Figure 6B. The same 
serum recognized the antigen expressed on a 
human colon carcinoma, as observed by immu- 
noperoxidase staining. MAb 5.Dll  was used as a 
positive control and the normal mouse serum as 
negative control (Figs. 6A and B). 

DISCUSSION 

The striking characteristic of anti-idiotype an- 
tibodies is their potential ability to  mimic, and 
therefore substitute, the original antigen in some 
of its biological and/or serological activities. It is 
therefore necessary that this antigen surrogate 
exhibit the internal image of the specific epitope. 
This holds true when anti-Ids are produced for 
use as vaccines to induce a specific immune 
response against a non-immunogenic antigen or 
against antigens which pose difficulties for large 
scale production (Monestier et al., 1989). No 
indirect test, however, can prove that an anti-Id 
is actually the internal image of the antigen. 
Such a conclusion can be drawn only after immu- 
nization procedures, when a specific immune 
response against the original antigen is de- 
tected. 

The possibility of production of synthetic vac- 
cines with anti-Ids has been already addressed 
using several models, mostly animal, as has 
been shown for Schistosoma mansoni (Grzych 
et al., 19851, Trypanosoma rhodesiense (Sacks 
and Sher, 19831, and Plasmodium berghei (Po- 

toncjak et al., 19821, as well as bacteria (Mc- 
Namara et al., 1984) and viral antigens (Kennedy 
et al., 1984). Tumor models have also been stud- 
ied with some success and even a vaccination 
trial in humans with colorectal carcinoma was 
performed (Herlyn et al., 1987a,b). The efficacy 
of this approach, however, remains to be estab- 
lished. 

No such restrictions apply when anti-Ids are 
used for serological purposes, where complete 
inhibition of the antigen binding to its original 
antibody is sufficient for the anti-Id to act as a 
reliable antigen substitute. This inhibition can 
be observed even when the anti-Id is not defi- 
nitely characterized as an internal image to any 
of the known antigen epitopes. Moreover, an 
assay employing a MAb and its respective 
anti-Id would rely on two fully reproducible 
reagents, thus avoiding the pitfalls of antigen 
purification from different sources by different 
laboratories with dissimilar methods. 

In this report, we describe the production of 
syngeneic anti-Id MAbs to the murine anti-CEA 
MAb 5.Dll  that fulfill these requirements. The 
5.Dll  MAb was selected for the immunization 
since it is an already described anti-CEA MAb 
which reacted very well as capture antibody 
when bound to a solid phase in a two-site quanti- 
tative assay (Carneiro et al., 1987). All the 15 
selected hybridoma anti-Id cell lines secrete an- 
tibodies that inhibit binding of CEA to 5.Dl1, 
from 23 to 100%. To demonstrate that none of 
the obtained MAbs had any anti-mouse IgG 
activity, anti-Ids were absorbed on a normal 
mouse IgG-Sepharose column, none of them 
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Fig. 5. a: Titration of AB2-immunized mouse sera against CEA 
bound to the solid phase by enzymeimmunoassay. Results with 
sera from four mice are presented with different symbols (0, A, 
a, 0). 0-0, control normal mouse serum. b: Inhibition of 
binding of mouse no. 2 serum (1:320) to CEA by increasing 
concentrations of purified MAb 6.C4 (0-0); unrelated anti- 
body (0-0). 

losing their inhibition ability. Also, binding of 
lZ5I-labeled anti-Ids was similar to both the orig- 
inal 5.Dll antibody and its F(ab')2 fragments. 
Anti-Id MAb 6.C4 was selected for further stud- 
ies on the basis of its inhibition capacity of 
(100%). Furthermore, this specific MAb, showed 
to be the more stable after labeling with both 
'25Iodine and biotin. MAb 6.C4, did not recog- 
nize isolated light and heavy chains of MAb 
5.Dll  in Western blots under reducing condi- 
tions, but did so under non-reducing conditions, 

suggesting that it reacts against a conforma- 
tional idiotypic epitope shared by both antibody 
chains. 

Specificity of the anti-Id MAbs was proven by 
two different approaches. First, anti-Ids did not 
bind to 10.B9, another anti-CEA MAb obtained 
in the same fusion experiment that originated 
5.Dl1, but this is known to recognize a different 
epitope on the CEA molecule. Second, when 
tested against a panel of MAbs of known epitope 
specificity, only the MAbs known to react with 
GOLD IV epitope were inhibited in their binding 
to CEA by our anti-Id MAbs. Furthermore, when 
tested against a panel of eight anti-GOLD IV 
epitope antibodies, only two of these MAbs were 
inhibited by our anti-Id Mabs. MAbs recogniz- 
ing the five different GOLD epitopes were also 
tested for their ability to inhibit binding of lZ5I- 
labeled 5.Dll  to CEA, and significant inhibition 
was only with MAbs 202 and CE.25, both classi- 
fied as GOLD IV antibodies. These results indi- 
cate that 5 .Dll  is actually a GOLD IV MAb. On 
the other hand, the fact that only two of eight 
MAbs classified as recognizing the same GOLD 
IV CEA epitope are recognized by our anti-ID 
MAb shows that different antibodies can recog- 
nize the same epitope, without sharing the same 
idiotype. Therefore, anti-Ids can help to sort out 
different idiotypes among supposedly similar an- 
tibodies classified according to their reaction 
with the same epitope. This may be very impor- 
tant since the classification of epitope reactivity 
is made by competitive binding inhibition. This 
test when positive indicates that the two antibod- 
ies are reacting either with the same epitope or 
with a topographically close epitope which ren- 
ders the other unaccessible by steric hindrance, 
after binding of the first antibody. 

Quantitative assays for CEA were developed 
with anti-Id MAb 6.C4 and both anti-CEA MAbs 
5.Dl1, against which the anti-Id MAb was raised, 
and 202, which was known to react with a GOLD 
IV epitope (Buchegger et al., 1984; Hammar- 
strom et al., 1989). Anti-Id was shown to react 
well either as a capture antibody bound to the 
solid phase or as a competing antibody in the 
soluble phase. Sensitivity of these assays seems 
good enough for clinical use, since CEA levels as 
low as 2 ng/ml could be discriminated. Such 
tests, by using two defined MAbs, do not depend 
on antigen purification. Therefore, they may 
also be useful for the quality control of CEA 
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Fig. 6 .  lmmunoperoxidase staining of tissue sections of human colon carcinoma by (A) normal mouse serum, (B) 
anti-CEA MAb 5.D11, originally use to induce A82 antibodies, (C) anti-CEA MAb 35 A7, used as positive control and 
(D) A83 serum (mouse no. 2 serum). It is interesting to notice that while MAb 5.Dl l  stains granulocytes, thus 
recognizing NCA, AB3 serum does not. 
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quantitative assays routinely used for the evalu- 
ation of cancer patients. 

The ultimate application of anti-Ids would be 
the immunization of patients for the induction 
of an immune response against a nonimmuno- 
genic antigen such as CEA. Experiments per- 
formed by several groups have shown that anti- 
CEA MAbs, radiolabeled with beta-emitting 
isotopes, have the potential to destroy colorectal 
carcinoma with a certain degree of specificity 
(Buchegger et al., 1990; Sharkey et al., 1988). 
Therefore, one may assume that a natural im- 
mune response could have the same capacity. 
Anti-Id antibodies seem to be able to activate 
silent clones (Bona et al., 1981; Schick et al., 
1987) and break tolerance (Stein and Soeder- 
stroem, 1984) to the original antigen. The anti- 
Ids described here seem to fulfill most of the 
requirements for this type of study. To check 
this possibility, MAb 6.C4 was injected in mice 
and a detectable AB3 response was obtained, as 
measured by its specific binding to the original 
antigen, either purified and bound to the solid 
phase, or expressed by human CRC in histologi- 
cal sections. Also, AB2 6.C4 MAb blocked the 
binding of mouse AB3 sera to  CEA, further 
confirming AB3 specificity. Our data are very 
similar to those described by Bhattacharya- 
Chatterjee et al. (1990). Interestingly however, 
their AB3 MAb did not recognize secreted CEA 
and it is hypothesized that this is dependent on 
the different immunogens (original Ag vs. its 
internal image). 

Several arguments can be raised in favor or 
against the clinical use of anti-Id MAbs as tumor 
vaccines. Induction of cytolytic T cells to cells 
expressing the tumor antigen may be essential 
for the success of the vaccination procedure, as 
has already been suggested for different animal 
systems (Raychaudhuri et al., 1987a,b,c). This 
type of response is, however, restricted to synge- 
neic targets (Herlyn et al., 1987b), thus preclud- 
ing experimental studies. On the other hand, 
injection of murine MAbs into patients will cer- 
tainly elicit an immune response likely to  recog- 
nize other segments of the anti-Id and therefore 
limiting the use of murine MAbs for any other 
clinical applications (Bhatacharya-Chatterjee et 
al., 1990). This could be minimized by the admin- 
istration of mouse Fab fragments or human 
MAbs anti-murine Id (Austin et al., 1991). 
Whether an efficient T cell response will be 
produced in humans remains to be established. 

Also, anti-Id immune response is genetically/ 
restricted (Sacks and Sher, 19831, and a range of 
T cell epitopes will be presented by different sets 
of MHC haplotypes. This genetic limitation of 
the immune response could be circumvented by 
the use of several anti-Id MAbs directed against 
antibodies recognizing different epitopes of the 
same antigen or against different antigens of the 
same tumor. Notwithstanding all these possible 
limitations, which will certainly require further 
research, our results open the possibility of an- 
ti-Id vaccination of patients bearing CEA ex- 
pressing tumors. 
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