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Abstract. The use of anti-idiotypic antibodies as immuno-
gens represents one potential approach to active specific
immunotherapy of cancer. Two panels of syngeneic mono-
clonal anti-idiotypic antibodies were generated. One panel
was directed against mAb CC49 and the other to mAb
COL-1. mAb CC49 recognizes the pancarcinoma antigen
(Ag), tumor-associated glycoprotein-72 (TAG-72), and
mAb COL-1 recognizes carcinoembryonic antigen (CEA).
Seven anti-idiotypic (Al) antibodies (Ab2) designated
AJ49-1-7 were generated that recognize the variable re-
gion of mAb CC49. These mAb were shown to inhibit the
interaction of mAb CC49 (Ab1) with TAG-72 (Ag). Five
anti-idiotypic antibodies designated CAI-1-5 were also
generated to the anti-CEA mAb, COL-1 (Abl). These Ab2
were shown to inhibit the interaction between COL-1
(Abl) and CEA (Ag). Immunization of mice, rats, and
rabbits with Ab2 directed against CC49 or COL-1 could
not elicit specific Ab3 humoral immune responses, i.e.,
antibody selectively reactive with their respective target
antigens. However, immunization of mice with the CC49
anti-idiotypic antibody (Ab2), designated AI49-3, could
induce a delayed-type hypersensitivity response (DTH)
specific for tumor cells that express TAG-72. Similarly,
immunization of mice with an anti-idiotypic antibody
directed against COL-1, designated CAI-1, could induce
specific DTH cell-mediated immune responses to murine
tumor cells that express human CEA on their surface.
These results thus demonstrate that while some anti-idio-
type mAb may not be potent immunogens in eliciting Ab3
humoral responses, they are capable of eliciting specific
cellular immune responses against human carcinoma-as-
sociated antigens. This type of mAb may ultimately be
useful in active immunotherapy protocols for human carci-
noma.
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Introduction

Among the more studied human carcinoma-associated an-
tigens are carcinoembryonic antigen (CEA) [14] and
tumor-associated glycoprotein-72 (TAG-72) [5]. CEAis a
180-kDa glycoprotein expressed on the majority of colon,
rectal, stomach, and pancreatic tumors [38], and 50% of
breast carcinomas [48] and 70% of lung adenocarcinomas
[53]. CEA is also expressed on normal colonic epithelium.
TAG-72, initially defined by monoclonal antibody B72.3,
is a 106-kDa mucin found on the cell surface of colorectal,
gastric, pancreatic, ovarian, endometrial, mammary, and
non-small-cell lung carcinomas [5]. TAG-72 is not appre-
ciably expressed on a range of normal human tissues with
the exception of normal secretory endometrium [49] and
transitional mucosa, the mucosa adjacent to the tumor mass
[55]. Monoclonal antibodies to TAG-72 [6, 10, 32] and to
CEA [2, 15, 45] have both had success in radiolocalization
of tumors in patients. Both of these antigens represent
potential targets of active specific immunotherapy.

The use of anti-idiotypic antibodies as an immunogen
represents one potential approach of active specific im-
munotherapy. The internal-image anti-idiotypic antibody
(Ab2) that recognizes the paratope of the idiotype (Abl)
may mimic the antigenic determinant recognized by the
idiotype. Since these complementary idiotypic and anti-
idiotypic interactions may function to regulate immune
responses [20], an Ab2 can potentially be utilized as a
surrogate immunogen to induce specific immune re-
sponses [40]. These idiotype/anti-idiotype network sys-
tems have also been shown to play a role in the regulation
of T cell immunity via immunoglobulin and T cell receptor
idiotypes {9, 41, 42].
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Traditionally, most investigators characterize the inter-
nal image of anti-idiotypic antibodies by the following
criteria: (a) Ab2 must be able to bind to the Abl idiotype,
(b) Ab2 must inhibit Ab1 binding to antigen and (c) Ab2
must be able to induce an anti-anti-idiotype or “Ab3” im-
mune response reactive with the antigen, which could be
either a cell-mediated or humoral immune response. Re-
cently, the use of anti-idiotypic antibodies as a vaccine has
been reported to produce protective immunity against par-
asites, bacteria, and viral infections [16, 34, 43]. This
strategy is also being pursued in tumor antigen systems for
carcinoma [17, 18, 29, 52], melanoma [22, 28] and sarco-
ma [7] in both rodent {7, 42] and human [17, 22, 28, 29]
systems.

We present data here on the generation and character-
ization of two panels of monoclonal anti-idiotypic antibod-
ies that recognize the variable regions of mAb CC49 and
COL-1, that react with TAG-72 and CEA, respectively.
CC49 and COL-1 mAb were selected because of their
defined pattern of reactivity specific for certain types of
human tumors versus the vast majority of normal tissues
[38]. COL-1 mAb has also been shown to react specifically
with CEA but not with the closely related molecule non-
specific cross-reacting antigen that is found on the surface
of human granulocytes. COL-1 has a Ka of 1.36 x 10° M-1
and has been shown to react with a protein epitope on CEA
[26]. mADb CC49 has a Ka of 16.2 x 10° M-! and has been
shown to react with a carbohydrate epitope [27]. In ongo-
ing clinical trials, radiolabeled forms of both mAb CC49
and COL-1 have been shown to localize carcinoma selec-
tively in colon cancer patients (S. Larson, and B. Yu,
personal communication).

We report here that both sets of anti-idiotypic antibodies
could specifically inhibit Abl binding to their antigen.
However, when the Ab2 were used as an immunogen, an
Ab3 humoral immune response of antibodies reactive with
the original antigen could not be detected. We do demon-
strate, however, that one of the anti-idiotypic antibodies
that recognizes the anti-TAG-72 mAb CC49, could induce
delayed-type hypersensitivity (DTH) responses specific
for tumor cells that express TAG-72. One COL-1 anti-
idiotypic antibody, CAI-1, could similarly elicit DTH re-
sponses to CEA on the surface of murine tumor cells.

Materials and methods

Animals. Balb/c and C57BL/6 female mice between 6 and 12 weeks old,
Wistar rats and New Zealand rabbits were obtained from the Frederick
Cancer Research Facility (FCRF), quarantined and maintained in the
Health Center Animal Resources Facility at NIH. Female athymic mice
(nu/nu) with Balb/c background, also obtained from the FCRF, were used
to induce hybridoma ascites in this study.

Cells. The LS-174T colon carcinoma cell line [50], obtained from the
American Type Culture Collection (ATCC, Rockville, Md.) was grown
as described previously [39]. The MRC-5 human embryonic fibroblast
cell line was acquired from the ATCC and maintained in Dulbecco’s
modified Eagle’s medium (DMEM) containing 10% heat-inactivated
fetal calf serum (FCS). The MC-38 murine colon adenocarcinoma cell
line was a gift from Dr. S. Rosenberg [11]. The MC-38 line transduced
with the CEA gene (MC-38-CEA-2) was obtained from Dr. P. Robbins

[44]. Both lines were maintained in DMEM containing 10% FCS. The
OVCAR-3 human ovarian carcinoma cell line obtained from Dr. David
Segal was maintained in ascites of nude mice on a Balb/c background.
The tumor cells were harvested from ascites and grown in RPMI-1640
complete medium supplemented with 2 mM glutamine, 1 mM sodium
pyruvate, fungizone (0.25 pg/ml), streptomycin (50 Hg/ml) and 15%
heat-inactivated FCS. All murine hybridoma cell lines were passaged in
RPMI-1640 complete medium as described above. Cells were cultured at
37°C in a humidified incubator containing 7.0% CO2. Monolayers were
detached from culture flasks with 0.1% trypsin containing 0.5 mM
EDTA.

Monoclonal antibodies. Two panels of mouse mADb recognizing the two
distinct human tumor-associated antigens, TAG-72 and CEA, were used.
One panel of anti-TAG-72 mAb (B72.3, CCl11, 15, 29, 30, 40, 46, 49, 83,
92, and 112) recognized multiple epitopes of the TAG-72 molecule [27].
The panel of anti-CEA mAb (COL-1, 4, 6, 7, and 11), was generated as
previously described, and recognized different epitopes of CEA [26].
D612 mAb was utilized as an isotype-matched control for these studies.
D612 has been reported to react with human gastrointestinal carcinoma
and to normal gastrointestinal tissue. It is non-reactive with CEA [39]. A
rat monoclonal anti-idiotypic antibody specific for mAb B72.3, desig-
nated AI72.3, was utilized as a control for the CC49 Ab2 fine-specificity
studies.

Production of anti-idiotypic mAb species (Ab2) to CC49 (Abl) and
COL-1 (AbI). Balb/c mice were immunized by intraperitoneal (i. p.) and
subcutaneous (s. c.) injections of 50 pg/200 pl of either CC49 or COL-1
purified mAb coupled to keyhole limpet hemocyanin (KLH) (Sigma, St.
Louis, Mo.) emulsified in complete Freund’s adjuvant (Sigma, St. Louis,
Mo.) as previously described [42]. Animals were then boosted weekly
with the immunogen emulsified in incomplete Freund’s adjuvant. The
initial boost contained 50 pg/200 pul whereas subsequent boosts con-
tained 20 pg. Prior to fusion, the mice were given a final intravenous
(i.v.) boost of 10 ng CC49/KLLH or COL-1I/KLH conjugates diluted in
100 ul phosphate-buffered saline (PBS). The fusion was performed
3 days later according to the standard methods for hybridoma technology
[19]. Briefly, the splenic lymphocytes derived from the mice immunized
with either CC49 or COL-1 mAb were harvested and mechanically
dispersed over a wire mesh screen (Fenco Cage Products, Boston,
Mass.). Subsequently, these cells were fused with the non-immunoglob-
ulin-secreting mouse myeloma cell line P3-NS1 Ag4 ({23], ATCC no.
TIB-18) using a 50% solution of polyethylene glycol 1500 (BDH Chemi-
cals Ltd., Poole, England) and cultured in hypoxanthine/aminopterin/thy-
midine selection medium as previously described [38].

Screening of anti-idiotype hybridoma supernatants. Initial screening of
the CC49 Ab2 hybridoma supernatants was done by a solid-phase
enzyme-linked immunosorbent assay (ELISA) using a modification of
an indirect method for the detection of bound immunoglobulin {42]. A
sample containing 50 ng purified CC49 F(ab"); or a purified preparation
of murine polyclonal IgG F(ab’); fragments diluted in PBS was coated to
each well of 96-well polyvinyl chloride flat-bottom microtiter plates
(Dynatech, Chantilly, Va.) and incubated overnight at 4°C. For every
immunoassay described in this section, antigen-coated microtiter wells
were treated with 100 i 5% bovine serum albumin (BSA, Sigma, St.
Louis, Mo.) in PBS for 1 h at 37° C to prevent the non-specific binding of
antibody to the plates. A 50-ul sample of either a 1 : 2 dilution of hybrid-
oma tissue-culture supernatants or varied dilutions of purified Ab2 mAbs
was then added to each well. Following a 1-h incubation, 50 pl horse-
radish-peroxidase-conjugated rabbit anti(mouse IgG Fc) serum (Jack-
son Immunoresearch Laboratories, West Grove, Pa.) was added
(1:2500) to each well for 1 h, 37°C. After a wash step, any remaining
bound immunoglobulin was revealed by a 10-min incubation with 100 pl
substrate solution containing 0.015% Hz0; and 2.8 mM o-phenylenedi-
amine dibydrochloride substrate (Sigma, St. Louis, Mo.) diluted in 0.1 M
phosphate/citrate buffer, pH 5.0. The reactions were stopped by addition
of 25 pul 4 M H2SOs. Plates were read on a Bio-tek microplate ELISA
reader EL310 (Winooski, VT) at an absorbance of 490 nm. Those hy-
bridoma supernatants that contained mAb that specifically recognized



CC49 F(ab"), fragments but not murine F(ab”); fragments were selected
for further characterization of purified anti-CC49 mAb.

The COL-1 Ab2 hybridoma supernatants were screened using an
inhibition solid-phase radioimmunoassay (SPRIA) where the super-
natants were tested for the presence of immunoglobulin that could inhibit
125]-radiolabeled CEA (International Enzyme, San Diego, Calif.) from
binding to COL-1 mAb (Ab1) but not inhibit binding to an isotype-iden-
tical anti-CEA mAb, COL~-4 (IgG2a). In this assay, COL-1 and COL-4
mAb were coated overnight to each well of round-bottom microtiter
plates (100 ng/50 pl) at 4° C. The plates were blocked from non-specific
protein binding with 100 ul 5% bovine serum albumin (BSA) diluted in
PBS for 1 h at 37° C. Samples containing 50 [l hybridoma supernatants
at a 1:2 dilution were incubated for 1 h at 37° C. Following the wash
step, which removed unbound immunoglobulin, !25I-labeled CEA
(50000 cpm/25 ul) was added to each well for 1 h at 37°C. The plates
were washed and exposed overnight at -70° C to Kodak XAR film with a
lightning-plus screen (Dupont, Wilmington, Del.). Idiotype-specific su-
pernatants were selected on the basis of their ability to inhibit the labeled
CEA from binding to COL-1 mAb but not to COL-4 mAb.

Selection of the CC49 Ab2 that inhibit Ag : Abl interaction. An inhibition
assay was developed to characterize the anti-idiotypic antibodies to
CC49 mAb. Purified TAG-72 (0.349 unit/50 ul) was dried down over-
night at 37° C to each well of round-bottom microtiter plates (Dynatech,
Chantilly, Va.). TAG-72 was purified as previously described from LS-
174T colon carcinoma xenografts [46]. One unit of purified TAG-72 is
defined as the amount of TAG-72 found in one microgram of a standard
tumor extract expressing TAG-72 [21]. In separate microtiter reaction
plates that contain no antigen, 10 ng purified CC49 protein (50 ul) was
coincubated with 50 U of either dilutions of Ab2 tissue-culture super-
natants or various concentrations of purified immunoglobulin for 1 h at
37°C. Next, 50 ul mixture was transferred to the TAG-72 detection
plates and incubated for 1 h at 37°C. Bound CC49 mAb was detected
with 12]-radiolabeled goat anti-(mouse IgG H+L chain) specific antisera
(75000 cpm/25 pl) (Becton-Dickinson, San Jose, Calif.). The percentage
inhibition was calculated by the following formula:

100 { 100 x [test sample 125T (cpm) — background 1251 (cpm)] }
- total 1251 (cpm) — background 1251 (cpmy)

The hybridoma cells that secreted mADb that interfered with CC49 mAb
(Ab1) binding to purified TAG-72 were cloned twice and injected into
mice for ascites production.

Isotyping of monoclonal anti-idiotypic antibodies. A SPRIA was per-
formed as described previously for the isotype determination of these
Ab2 [38].

Purification of anti-idiotypic monoclonal antibodies (Ab2). For the puri-
fication of the anti-idiotypic antibodies to CC49, the immunoglobulin
was precipitated from the ascites fluid with 40% saturated ammonium
sulfate at 4°C for 3 h. The immunoglobulin was then dialyzed overnight
against 20 mM TRIS/HC1 (pH 7.0) and applied to an ion-exchange
column (SAX protein DEAE; Waters, Division of Millipore, Marl-
borough, Mass.) by high-performance liquid chromatography. Antibody
was eluted with a salt gradient ranging from 0 to 0.5 M NaCl diluted in
20 mM TRIS/HCI (pH 7.0). Fractions containing the anti-idiotype mAb
were analyzed by sodium dodecyl sulfate/polyacrylamide gel electro-
phoresis followed by Coomassie blue staining to reveal protein bands.
Each fraction was assayed for reactivity by the indirect anti-idiotype
binding assay to CC49 F(ab’),. The fractions containing anti-idiotype
mAb were pooled and dialyzed extensively against PBS. The protein
concentration was determined by the method of Lowry et al. [31].

The anti-idiotypic antibodies reactive with COL-1 were purified over
a column containing Staphylococcus aureus protein-A-Sepharose CL4B
(SPA-Sepharose) beads (Pharmacia, Uppsala, N.Y.). A 1.5-g sample of
dry SPA-Sepharose beads was swollen in 0.1 M NaPOy buffer, pH 8.0,
for 30 min and 1 -2 ml murine hybridoma ascites fluid was added to the
beads and rotated at room temperature for 30 min. Following extensive
washing with the 0.1 M NaPOj buffer, pH 8.0, bound immunoglobulin
was eluted with 0.1 M sodium citrate buffer pH 3.0-4.5. Purified immu-
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noglobulin was immediately neutralized with 1 M TRIS and dialyzed
against PBS. The fractions were characterized and pooled as described
above.

Radiolabeling of monoclonal antibodies with iodine-125. The mAb
COL-1, CC49, Al49-1-7, CAI-3, and CEA, were labeled with sodium
iodide (Nal21) using a modification of the Iodogen technique [12].
Iodogen (Pierce Chemical, Rockford, Il1.) was diluted in chloroform to
10 mg/ml and 20-ml aliquots were evaporated under a stream of nitrogen
and stored at —20°C until use. A 50-ug aliquot of antibody or 200 pg
antigen diluted in PBS and 0.5 mCi Nal2 were added to the iodogen
tubes. After a 2-min incubation at room temperature, the protein was
removed from the insoluble iodogen and the unincorporated 1251 was
separated from the antibody by gel filtration through Sephadex G-25
(Pharmacia Fine Chemicals, Piscataway, N.J.).

Antibody coupling with KLH. Monoclonal antibodies were coupled to the
carrier protein keyhole limpet hemocyanin (KLH, Sigma Chemical, St.
Louis, Mo.) by chemical cross-linking in the presence of glutaraldehyde
(Sigma Chemical, St. Louis, Mo.) as described [33].

Ab2 induction of the Ab3 humoral response. Balb/c mice, Wistar rats and
New Zealand white rabbits were immunized with anti-idiotypic antibod-
ies AI49-1-6 to examine the specificity of the humoral Ab3 immune
response within and across species boundaries. Wistar rats were im-
munized with mAb AI49-3, 4 and 5. Three animals per group of mice and
rats were immunized subcutaneously with either 25 ug or 50 pg purified
anti-idiotypic antibodies coupled to KLH and emulsified in complete
Freund’s adjuvant. Subcutaneous boosts of the same amount of immuno-
gen emulsified in incomplete Freund’s adjuvant were administered every
2 weeks. Rabbits were immunized subcutaneously at multiple sites with
50 ug anti-idiotypic antibodies coupled to KLH, also emulsified in adju-
vant as described above. All animals were bled every 2 weeks either
7 days following each boost for mice and rats or just prior to each boost
for the rabbits. Two strains of mice (Balb/c and C57BL/6) and New
Zealand white rabbits were also immunized as described above with
three of the anti-idiotypic mAb to CEA designated CAI-1, CAI-3 and
CAI-S.

Quantification of TAG-72-reactive antibody. Serum samples from mice
and rats were collected from the tail vein into Natelson heparanized
collecting tubes (Government Marketing Services, Washington, D.C.).
All serum samples were tested in a modified SPRIA for antibody reactiv-
ity to purified TAG-72. TAG-72 (1.754 U/50 pl) and BSA
(100 ng/50 wl) diluted in PBS were each dried down to microtiter wells
overnight at 37°C. Serial dilutions of serum starting at 1:100 were
incubated with the antigen on the plate for 1 h at 37° C. For the detection
of bound mouse immunoglobulin, 125-labeled goat anti-(mouse IgG
H+L chain) specific antisera (75000 cpm/25 pl) was incubated for 1 h at
37°C. Bound rat immunoglobulin was determined utilizing a rabbit anti-
(rat IgG H+L chain) specific linker (1 : 2500) (Jackson Immunoresearch
Laboratories, West Grove, Pa.) followed by 1251-1abeled S. aureus protein
A (SPA) (50000 cpm/25 ul). Rabbit antiserum binding to TAG-72 or
BSA was detected by 1Z5I-labeled SPA (50 000 cpm/25 ul).

Quantification of antibodies reactive with CEA. Samples of mouse and
rabbit sera were quantified for anti-CEA antibodies by ELISA. Micro-
titer plates were dried down overnight at 37° C with 100 ng/well purified
CEA. The wells were incubated with dilutions of mouse or rabbit an-
tiserum, preimmunization serum, or the anti-CEA mAb, COL-1. Bound
antibody was detected with horseradish-peroxidase-conjugated goat anti-
(mouse IgG) antiserum or similarly conjugated donkey anti-(rabbit IgG)
antiserum (Becton Dickinson, San Jose, Calif.). The complex was de-
tected using the o-phenylenediamine chromogen as described above.

Ab2 induction of antigen-specific delayed-type hypersensitivity re-
sponses. The induction of cell-mediated immunity to TAG-72 by immu-
nization with anti-idiotypic mAb, AI49-1-7 was explored using a
delayed-type hypersensitivity assay [42]. Balb/c mice were immunized
twice at 2-week intervals with 1.5 x 107 irradiated (40 Gy) hybridoma
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Fig. 1. Inhibition of CC49 mAb (Abl) binding to TAG-72 by Ab2
species. Purified TAG-72 (0.35 U/50 pl/well) was dried down overnight,
37°C, to microtiter plates. In a separate reaction plate with no antigen
bound, purified CC49 mAb (20 ng/50 pul) was coincubated with fivefold
dilutions of anti-idiotypic mAb AT49-1-7, or control IgG, MOPC-21,
starting at 1000 ng/50 pl for 1 h, 37°C. Samples containing 50 pl mix-
ture were then incubated on the TAG-72 detection plate for 1 h. Bound
CC49 mAb was detected by a subsequent 1-h incubation with 125I-radio-
labeled goat anti-(mouse IgG) (heavy- and light-chain-specific) antisera
(75000 cpm/25 pl). The percentage inhibition was calculated as de-
scribed in Materials and methods

cells secreting the anti-idiotypic antibody, AI49-3, or human tumor cells
that express TAG-72, emulsified in incomplete Freund’s adjuvant (IFA).
X-irradiated hybridoma cells secreting a control isotype-matched mAb
(COL-12) emulsified in IFA, PBS emulsified in IFA, and PBS alone
were utilized as control immunogens. In a separate experiment, Balb/c
mice were immunized with 100 pg purified anti-idiotypic antibodies
Al49-3~5 coupled to KLH in the manner described above. Mice were
challenged with an injection in one footpad of 5x 105 X-irradiated
human ovarian carcinoma cells (OVCAR-3), which express TAG-72,
7 days following the final boost. As a control for a non-specific DTH
response, each mouse received an injection of 5 x 10° X-irradiated MRC-
5 human fibroblast cells in the opposite footpad and expressed in “mil”
(0.0254 mm). After 48 h, footpad thickness was measured with a micro-
meter. DTH was calculated as the difference of footpad swelling between
hind footpads. This experiment was repeated four times with three to five
mice per group and readings were made in a blind manner.

C57BL/6 mice were also utilized to analyze the specific DTH re-
sponses induced by the purified COL-1 anti-idiotypic antibodies. In three
separate experiments, four to six mice per group were immunized in-
traperitoneally with X-irradiated hybridoma cells (40 Gy) secreting
COL-1 Ab2, CAI-1, or X-irradiated hybridoma cells secreting a control
immunoglobulin D612. Seven days following the last immunization,
5% 1035 X-irradiated (200 Gy) human-CEA-transduced murine tumor
cells, MC-38-CEA-2, in 20 ul PBS were injected into one hind footpad
and 20 pl PBS containing 5 x 105 X-irradiated cells from the non-trans-
duced cell line, MC-38, were injected into the other hind footpad. The
thickness of the footpads was measured 48 h later as described. The P
values were determined utilizing Student’s r-test of significance [47].

Results
Generation of anti-idiotypic antibodies to mAb CC49

Spleens from mice immunized with CC49 mAb coupled to
KLH were subsequently harvested for hybridoma produc-
tion. The supernatants from a total of 2750 wells were
screened in a solid-phase ELISA for the presence of anti-
bodies that bound to CC49 F(ab’); fragments versus con-
trol murine polyclonal F(ab’)2. Out of 2750 wells screened,
26 were reactive with CC49 F(ab")2 but not with the control
murine F(ab’), fragments. The remaining wells were nega-
tive to both CC49 and control F(ab’);. No mAb were
generated that recognize both CC49 and the control IgG
F(ab’)a.

In order to determine whether these hybridoma super-
natants contain immunoglobulin reactive with sites as-
sociated with the paratope of mAb CC49, the CC49-reac-
tive supernatants were screened in a competition radioim-
munoassay. Out of 26 anti-idiotypic antibody supernatants,
10 inhibited mAb CC49 from binding to TAG-72. These
Ab2 represent the portion of the total population that couid
be classified as potential Ab2 that may bear the image of an
epitope on TAG-72. Seven of the wells containing anti-
idiotypic antibodies to mAb CC49 that most efficiently
inhibited CC49 binding to TAG-72 were selected for
ascites production and further characterization. These mAb
were designated Al49 (anti-idiotypes to CC49) 1-7.

Binding reactivity of purified anti-idiotypic antibody,
Al49-1-7. Studies were undertaken to determine if the
purified Ab2 species, Al49-1-7, could inhibit mAb CC49
from binding to the TAG-72 antigen. As seen in the
radioimmunoassay results shown in Fig. 1, all of the puri-
fied Ab2 specifically inhibited mAb CC49 (Abl) from
binding to purified TAG-72 while the irrelevant control
antibody, MOPC-21, failed to inhibit binding. These re-
sults suggested that the purified anti-idiotypic antibodies
recognize site(s) proximal to the CC49 antigen combining
site.

Specificity of monoclonal anti-idiotypic antibodies (Ab2)
for a site unique to mAb CC49 (Abl). In a previous report
{271, we demonstrated that many of the anti-TAG-72 “CC”
mAb, including CC49, were shown to cross-compete with
each other in a reciprocal competition radioimmunoassay.
A radioimmunoassay was designed to determine if the Ab2
species Al49-1-7 recognize determinants common to
some or all of a panel of ten anti-TAG-72 mAb, or only
recognize a determinant unique to the mAb CC49. Al49-
1-7 were radiolabeled and tested in direct-binding
radioimmunoassay for immunoreactivity to a panel of CC
mADb. As shown in Table 1, the 125-radiolabeled AI49-1—
7 mAb species bound uniquely to the mAb CC49 idiotype
but not to any of the other idiotypes on the anti-TAG-72
mAD species or the irrelevant control mAb, COL-3. As a
positive control, 125I-labeled goat anti-(mouse IgG) an-
tiserum was shown to bind to every well containing IgG.
Therefore, mAb AI49-1-7 recognize epitopes restricted to
CC49 among the panel of CC mAb.
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Table 1. Binding reactivity of anti-idiotypic antibodies (Ab2) AI49-1—7 to a panel of anti-TAG-72 mAb?

mADb Tsotype 125]-1abeled AI49 mAb (Ab2) (cpm)
(Ab1)

AT49-1 Al49-2 Al49-3 Al49-4 Al49-5 Al49-6 AJ49-7 GAM
B72.3 IgG1 65 79 63 79 19 45 109 4276
CCl11 IgGl 64 36 104 45 24 89 54 5430
CC15 I1gG2b 73 42 54 35 133 84 194 4859
CC29 IgG1 89 0 69 54 57 68 95 4174
CC40 1gGl1 79 35 63 99 - 63 44 105 3238
CC46 1gG1 79 54 68 68 40 149 155 4851
CC49 1gG1 3106 12056 9110 6938 10072 5597 3498 2475
CC50 IgGl1 160 47 130 78 4 95 82 5348
CC83 IgG1 175 89 64 184 79 115 34 4304
CCl112 IgM 135 57 74 75 29 69 147 283
COL-3 IgGl 104 57 49 55 47 114 89 3569
PBS NAb 176 25 19 95 31 75 53 24

2 Microtiter plates were coated overnight at 4° C with 50 ng/50 ul differ-
ent mAb. Following an incubation with phosphate-buffered saline (PBS)
containing 5% bovine serum albumin to block non-specific protein bind-
ing, 125]-radiolabeled AI49 anti-idiotypic antibodies or 125]-radiolabeled

Table 2. Fine binding specificity of anti-idiotypic antibodies (Ab2),
AT49-1 -7, for the CC49 idiotype (Ab1)2

Inhibitor ~ Inhibition 50% (ng)®
Ab2 mAb

AI49-3 Index-3° AI49-5 Index-5 AJ49-6 Index-6
AT49-1 24 38 25 09 5.0 78
AT49-2 78 122 2.7 1.0 65 102
Al49-3 0.6 1.0 <06 <02 1.5 2.3
Al49-4 1050  164.1 5.0 19 125 195
AI49-5 160 250 2.7 1.0 70 110
AT49-6 9.0 141 <06 <02 0.6 1.0
Al49-7 55 8.6 <06 <02 3.8 59
AI723 20000 31250 20000 >741.0 2000.0 3125.0

2 Microtiter wells coated with CC49 F(ab’); fragment (50 ng/50 pl)
were incubated with fivefold dilutions of different Ab2 or the irrelevant
control anti-idiotypic antibody to B72.3, AI72.3, for 1 h at 37°C. Sub-
sequently, 1Z5I-radiolabeled AI49 Ab2 mAb, AI49-3, AI49-5 and AI49-6,
were added to the antigen plate (75000 cpm/25 pl) and the mixture was
incubated overnight, 4° C. The percentage inhibition was calculated as
described

b Quantity (ng) required to inhibit !25I-radiolabeled Ab2 binding by
50% (Is0)

¢ Index the experimental competitor Iso values divided by the Iso value
obtained by an Ab2 competing with itself

Fine specificity of the AI49 mAb (Ab2) binding to the CC49
idiotype (Ab1). Reciprocal antibody competition radioim-
munoassays were designed to “map” the binding location
of the different Ab2 species, Al49-1-7, to the idiotype of
mAb CC49 and to delineate whether fine binding differ-
ences exist between them. Table 2 summarizes the data
from these mapping studies. The panel of Ab2 was ana-
lyzed for their ability to inhibit radiolabeled Ab2 from
binding to mAb CC49 (Abl); Al49-3, 5, and 6 were radio-
labeled for this study. For these studies, complete inhibi-
tion curves were generated for each competitor Ab2 and
the quantity (ng) required to inhibit the radiolabeled Ab2
by 50% (Iso) was determined. From these values, an index

goat anti-(mouse IgG) (GAM) (50000 cpm/well) were incubated on the
coated microtiter plates for 1 h. Plates were washed and bound immuno-
globulin was determined as cpm bound

b NA, not applicable

was derived by dividing the experimental competitor Iso
values by the Iso value obtained by an Ab2 competing with
itself. The relatively low indices indicate that all of the Ab2
mAb could efficiently inhibit the labeled anti-idiotypic
antibodies from binding to mAb CC49 (Abl) (Table 2). A
control anti-idiotypic antibody AI72.3, which does not
react with CC49, failed to compete for binding.

Fine differences in binding were noted between the
AD2 species (Table 2). Al49-4 required 164-fold more an-
tibody for 50% inhibition than the homologous competitor
Al49-3, indicating that it may recognize a related but
different epitope on mAb CC49 or may have a lower affin-
ity than that of AI49-3. Al49-5 appeared to have a lower
affinity to mAb CC49 compared to the other types of Ab2.
In some cases (Al49-3, 6, 7), less competition antibody
was required to cause 50% inhibition than when AI49-5
was used as a competitor against itself. mAb Al49-2, 4, 5
appear to recognize related but different epitopes as
AJ49-6.

Generation of monoclonal anti-idiotypic antibodies to
carcinoembryonic antigen

Spleens from mice immunized with COL-1 mAb coupled
to KLH were harvested for hybridoma production. Hybrid-
oma supernatants from 5000 wells were screened in a
solid-phase competition radioimmunoassay for the pres-
ence of antibody that could inhibit 125]-radiolabeled CEA
from binding to either mAb COL-1 or isotype-identical
mAb COL-4. Five supernatants out of 5000 wells screened
(0.1%) contained immunoglobulin that specifically inhibit-
ed radiolabeled CEA binding to COL-1 but not to mAb
COL-4. These five anti-idiotypic antibodies were desig-
nated the COL-1 anti-idiotypic antibodies, CAI-1-5. No
supernatants were observed that could inhibit CEA from
binding to mAb COL-4.
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Fig. 2. Inhibition of COL-1 (Abl) binding to carcinoembryonic antigen
(CEA) (Ag) by Ab2. Purified CEA (25 ng/well) was dried down over-
night to each well on microtiter plates. In a separate blank reaction plate,
twofold dilutions of the purified anti-idiotypic antibodies, CAI-1 (W),
CAI-2 (O), CAI-3 ([0), CAI-4 (A), CAI-5 (H) as well as control mAb,
AJ49-2 (A) (starting at 100 ng/25 ul) were coincubated with 123I-radio-
labeled COL-1 mAb (25 000 cpm/25 ul) for 1 b, 37° C. Samples contain-
ing 50 pl mixtures were then incubated for 1 h on the CEA detection
plates. The radioactivity (cpm) was detected and percentage inhibition
was determined as described in Materials and methods

Table 3. Binding specificity of the COL-1 anti-idiotypic antibodies to a
panel of anti-(carcinoembryonic antigen) (anti-CEA) monoclonal anti-
bodies?

Ab2 Anti-CEA mAbs (Ab1) (% inhibition)

Inhibitor

TCS Isotype COL-1 COL-4 COL-6 COL-7 COL-11
CAI-1 IgG2a 100 10 8 0 17
CAI-2 IgG1 96 1 7 16 23
CAI-3 1gG2a 98 0 8 16 0
CAI-4 1gG2b 99 3 0 0 0
CAIL-3 TeG2b 92 5 0 0 0
NS-1 NAP 0 0 0 0 0

2 Microtiter plates were coated with a panel of five anti-CEA mono-
clonal antibodies (100 ng/50 pl) and each was incubated with Ab2 hy-
bridoma tissue-culture supematants (TCS) or control TCS from NS-1
myeloma cells for 1 h, 37°C. The plates were washed and incubated for
1 h with 125I-radiolabeled CEA (50000 cpm/25 pl). The percentage inhi-
bition of the radiolabeled CEA binding to the anti-CEA monoclonal
antibodies was calculated as described in Materials and methods

b Not applicable

Binding reactivity of purified anti-idiotypic antibodies,
CAI-1-5. Studies were undertaken to analyze and com-
pare the binding reactivities of the purified Ab2 species,
CAI-1-5. In the competition radioimmunoassay shown in
Fig. 2, CAI-1-5, specifically inhibited 125]-radiolabeled
mAb COL-1 (Ab1) from binding to purified CEA (Ag). A
control mAb directed at the CC49 idiotype failed to inhibit
the labeled mAb COL-1 binding. The five different Ab2
demonstrated inhibition curves that had three distinct
slopes suggesting that these Ab2 may recognize different
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Fig. 3. Fine specificity of the anti-idiotypic antibodies (Ab2), CAI-1-3
binding to the COL-1 (Abl) idiotype. Microtiter wells were coated
overnight, 4°C, with 50 ng/50 pl purified COL-1 mAb (Ab1). Following
a step to block non-specific protein binding, the plates were incubated for
1 h with twofold dilutions of purified anti-idiotypic antibodies, CAI-1
(m), CAI-2 (O), CAI-3 (), CAI-4 ( A), CAI-5 () as well as a control
immunoglobulin, AI49-2 (A) at a starting concentration of 200 ng/50 pl.
Subsequently, !%I-radiolabeled anti-idiotypic mAb, designated CAI-3
(50000 cpm/25 ul), was added to the plates and incubated overnight at
4°C. The percentage inhibition was calculated as described in Materials
and methods

sites on the COL-1 idiotype (Abl). Ab2 mAb, CAI-1,
inhibited COL-1 binding with the highest relative affinity;
the mAb required only 4.5 ng to achieve 50% inhibition.
Ab2 mAb CAI-3 and CAI-4 demonstrated superimposable
curves suggesting that they may recognize very related or
identical epitopes. CAI-2 and CAI-5 have similar slopes
suggesting that they react with similar epitopes; CAI-5
(Ab2) appeared to have a higher affinity than the rest of the
Ab2 CAI-2 -4 to mAb COL-1 (Ab1).

Anti-idiotypic monoclonal antibodies, CAI-1-5, recognize
a site unique to COL-1. Previous studies using reciprocal
competition RIA have shown various degrees of cross-re-
activity among the anti-CEA COL mAb series. Specifi-
cally, COL-1, 4, 6, 7, and 11 all cross-compete with each
other for CEA binding and cannot be distinguished from
each other on the basis of these assays [26]. A competition
radioimmunoassay was designed to determine if the COL-
1 Ab2 mAb recognize determinants found on a panel of
anti-CEA mAb. As shown in Table 3, all of the Ab2 inhib-
ited the binding of 125I-radiolabeled CEA to mAb COL-1
species but not the binding of 125I-radiolabeled CEA to any
of the other anti-CEA mAb. These data suggested that
these Ab2 specifically recognize epitopes unique to the
COL-1 idiotype.

Fine binding specificity of the anti-idiotypic antibodies
CAI-1-5 for the COL-1 idiotype. An antibody competition
radioimmunoassay was designed to map the binding of the
different Ab2 mAb to the idiotype of the mAb COL-1
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Fig. 4. Reactivity of rabbit serum (Ab3) binding to the CC49 anti-idio-
typic antibody (Ab2) immunogen, AI49-5. One rabbit was immunized
twice at 2-week intervals with the CC49 Ab2, AI49-5. Fivefold dilutions
of preimmunization (A), rabbit anti-AI49-5 serum (A) and a control
hyperimmurie serum against another Ab2, AI49-3 (O) (starting at
1:125) were tested for reactivity to purified AI49-5 Ab2. Rabbit anti-
(mouse Ig) Ab3 serum was diluted in phosphate-buffered saline (PBS)
with 1% mouse serum to absorb out anti-Fc rabbit responses. Microtiter
plates coated with purified AI49-5 mAb (100 ng/well) were incubated
with different dilutions of rabbit antibodies for 1 h, 37°C. !?I-radio-
labeled CC49 mAb (50000 cpm/25 pl) was sequentially added to the
plates and incubated for 1 h at 37° C. The percentage inhibition of CC49
mAb binding was calculated as described in Materials and methods

(Abl) to delineate whether there are fine binding differ-
ences between the Ab2 species. Figure 3 illustrates the
results of a competition assay in which the panel of Ab2
were analyzed for their ability to inhibit 125I-labeled CAI-3
ADb2 mAD from binding to the COL-1 idiotype (Abl). As
shown, mAb CAI-4 (Ab2) completely inhibited labeled
CAI-3 Ab2 binding to COL-1 Abl, producing a curve
superimposable onto the CAI-3 Ab2 inhibition curve of its
own binding to COL-1 (Abl). These data suggested that
CAI-3 (Ab2) recognizes the same site as CAI-4 (Ab2) on
COL-1 (Ab1). The remaining Ab2 species could only par-
tially inhibit mAb CAI-3 binding, indicating that the Ab2
differ in affinity or that they recognize distinct epitopes on
the COL-1 idiotype. The irrelevant control antibody failed
to inhibit 125I-CAI-3 binding to mAb COL-1. These results
suggest that the CAI Ab2 antibodies can be distinguished
by their binding to COL-1.

Analysis of Ab3 humoral immune responses induced by
Ab2

Humoral Ab3 immune responses elicited by Al49-1-6.
The anti-idiotypic antibodies to CC49 (i.e., AI49-1-6)
were tested for their ability to induce an antigen-specific
humoral immune response (Ab3) within and across species
barriers. This is the classical criterion to define if anti-idio-
typic (Ab2) mAb express the internal image of Abl, thus
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mimicking a B cell epitope on the antigen. These studies
were performed in mice, rats and rabbits to analyze Ab3
humoral immune responses. Mice, in groups of three, were
immunized with 25-50 pg purified Ab2, AI49-1-6, and a
control immunoglobulin COL-12. Rats, also in groups of
three, were immunized with 25 pg AI49-3—5. One rabbit
each was administered 50 pug AI49-1-6. Sera were tested
in solid-phase radioimmunoassay for reactivity against
TAG-72 and an irrelevant control antigen 14 days follow-
ing each boost. Sera from all rats and three out of six
rabbits were also tested for specific reactivity to the Ab2
immunogen. All sera tested displayed strong titers of anti-
body reactive with the idiotype of the Ab2 immunogen
(Fig..4). On the other hand, none of the antisera derived
from the Ab2-immunized mice, rats, and rabbits gave rise
to antibody specific for TAG-72 during the 4-month period
of biweekly immunizations.

Ab3 antisera derived from immunized rats and rabbits
were analyzed for the presence of anti-Ab2-specific im-
mune responses to ensure the animals were responding to
immunization. Figure 4 illustrates representative results
from one rabbit immunized with mAb Al49-5. The serum
was tested for its ability to inhibit the binding of 125I-radio-
labeled CC49 to purified Al49-5 coated on the microtiter
plate. AI49-5 Ab3 serum derived 14 days following the
second immunization (day 28) demonstrated specific inhi-
bition. On the other hand, the AT49-5 rabbit preimmuniza-
tion serum and an Ab3 rabbit serum against a different Ab2
(AI49-3) did not compete. These data indicated that the rats
(immunized with AI49-3, 4, and 5) and rabbits (immunized
with Ab2 AI49-1 - 6) tested in this manner elicited specific
Ab3 immune responses to the Ab2 idiotype that was uti-
lized as immunogen. Titers to the Ab2 idiotype were also
shown to rise with subsequent immunizations (data not
shown).

Humoral Ab3 responses elicited by anti-idiotypic antibod-
ies to COL-1 (CAI-1-5). Studies were undertaken to deter-
mine whether Ab2 mAb CAI-1-5 express the internal
image of the COL-1 idiotype (Abl) thus mimicking an
epitope on CEA (Ag). These studies were done in Balb/c
and C57BL/6 (three per group) mice and New Zealand
rabbits (one or two per group) to analyze the induction of
antigen-specific Ab3 humoral immune responses. All ani-
mals were immunized as described in Materials and
methods with 50 pg purified Ab2 antibodies coupled to
KLH. Preimmunization and serum samples taken 14 days
following each boost were tested in ELISA against purified
CEA and an irrelevant control antigen, thyroglobulin.
None of the Ab2 immune sera demonstrated antibody
specifically reactive to purified CEA during the 4-month
immunization period.

All of the Ab3 rabbit sera were tested for the presence of
antibody reactive with the Ab2 utilized as immunogen.
Figure 5 illustrates that the rabbit Ab3 sera obtained
14 days following the second immunization (day 28) con-
tained antibodies specifically reactive with the Ab2 utilized
as immunogen but not with the other COL-1 anti-idiotypic
antibodies. Specific anti-Ab2 humoral responses were
noted in all three rabbits tested. The anti-CAI-1 rabbit Ab3
serum was shown to react with purified CAI-1 Ab2 mAb
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Fig. 5. Reactivity of rabbit Ab3 serum binding to the COL-1 anti-idio-
typic antibodies (Ab2). New Zealand White rabbits were immunized at
2-week intervals with purified COL-1 anti-idiotypic antibodies CAI-1, 3,
and 5 coupled to keyhole limpet hemocyanin as described. Rabbit Ab3
sera obtained 14 days after the second immunization were tested for
reactivity to their Ab2. Anti-idiotypic antibodies to COL-1 mAb, desig-
nated CAI-1, 3 and 5, were coated to microtiter plates (50 ng/well)
overnight at 4° C. The rabbit sera against the Ab2 species, CAI-1 (striped
boxes), CAI-3 (black boxes) and CAI-5 (white boxes), were diluted in
PBS with 1% mouse serum in order to adsorb out anti-(mouse IgG)
responses. A 1:3125 dilution of each serum was incubated on the antigen
plates for 1 h, 37°C. Following a wash step, the plates were treated for
1 h with horseradish-peroxidase-conjugated Staphylococcus aureus pro-
tein A. The o-phenylenediamine chromogen was added for 10 min for the
detection of the bound IgG complexes

but not to purified CAI-5 Ab2 mAb. Likewise, anti-CAI-3
rabbit serum only bound to CAI-3 and anti-CAI-5 only
bound to CAI-5.

Induction of cell-mediated immunity by Ab2

Ab2 induction of DTH in tumor cells that express TAG-72.
Studies were conducted to determine whether immuniza-
tion of mice with the AI49 anti-idiotypic antibodies can
induce cell-mediated immune responses to TAG-72. Two
preliminary DTH experiments were performed in which
mice were immunized with X-irradiated hybridoma cells
secreting AT49-3, 4, or 5 (see Materials and methods).
These were three of the Ab2 species that appeared to differ
from each other on the basis of the fine binding specificity
competition assays. Ab2 AI49-3 was the only antibody that
demonstrated differential swelling in response to challenge
with the TAG-72-expressing OVCAR-3 ascites cells in 6
out of 8 animals (mean of 203 pwm, 8 “mil”) (Fig. 6). In
addition, purified anti-idiotypic antibodies, AI49-3, 4 and
5 coupled to KLLH were tested at one dose level using
the same immunization regimen and did not induce DTH
responses (data not shown).

A summary of the DTH results from four experiments is
shown in Fig. 6. Utilizing 127 um (5 “mil”) as an arbitrary
baseline level of a positive DTH response, 9 out of 13 mice
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Fig. 6. Anti-idiotypic antibody (Ab2) induction of delayed-type hyper-
sensitivity (DTH) responses to human tumor cells expressing TAG-72
(Ag). Balb/c mice were immunized with 1.5 x 107 X-irradiated hybrid-
oma cells secreting the anti-idiotypic antibody (AI49-3). Hybridoma
cells secreting a control IgG (COL-12), PBS in adjuvant or PBS alone
were used as control immunogen. Human ovarian carcinoma cells,
OVCAR-3, expressing TAG-72 were immunized as a control for a posi-
tive DTH response (TAG-72). Seven days following the last boost, each
mouse received an injection of 5% 105 X-irradiated OVCAR-3 into one
footpad. As a control for non-specific swelling, the mice received an
injection of 5x 105 X-irradiated TAG-72 negative human embryonic
fibroblast cells, MRC-5, in the opposite footpad. DTH responses were
measured 48 h later and expressed in mil (0.0254 mm) as the difference
between footpad swelling. The dotted line represents an arbitrary base-
line for a positive response. Each dot represents one mouse. PBS/AD],
PBS in adjuvant

immunized with the hybridomas secreting Ab2 Al49-3,
demonstrated positive swelling responses (Fig. 6). On the
other hand, only 2 out of 32 mice immunized with one of
the controls (a hybridoma secreting an isotype-matched
control IgG emulsified in IFA, PBS emulsified in IFA or
PBS alone) demonstrated responses above the baseline for
differential swelling. As a control for a positive DTH re-
sponse, the irradiated OVCAR-3 cells were also used as
immunogen as described above. Out of 11 animals, 10
demonstrated a differential DTH response to a footpad
challenge with OVCAR-3 and MRC-5 cells respectively.
Thus, AI49-3~Ab2-secreting hybridoma cells were able to
elicit significant DTH responses to TAG-72-expressing
human tumor cells compared to a TAG-72-negative human
embryonic fibroblast cell line (Fig. 6).

A two-tailed Student’s #-test was utilized to analyze the
statistical significance of the difference between the means
of the observed responses between groups immunized with
either the hybridoma cells secreting anti-idiotypic antibody
or with the control immunogens described above. These
calculations were conducted in such a manner to account
for variation between individual experiments. Table 4 re-
ports the P values calculated from the combinations of
pairwise comparisons of observed responses between the
groups of immunogen. AlI49-3 significantly induced an-
tigen-specific responses to the TAG-72-expressing ascites
cell line, OVCAR-3, when compared to all of the control



Table 4. Statistical analysis of delayed-type hypersensitivity (DTH) re-
sponses induced by the CC49 anti-idiotypic antibody, A149-32

Immunogen:

pairwise comparisons

Group 1 Group 2 t dfb P
(cells) (cells)

AJ49-3 Controls® 4.150 39) <0.001
Al45-3 COL-12 2.880 20) 0.010
OVCAR-3 Controls 5.949 (37 <(0.001
OVCAR-3 COL-12 3.872 (18) 0.001
PBS/ADJd COL-12 0.0200 (20) 1.000

2 Mice were immunized twice with the immunogens AI49-3 hybridoma
cells, TAG-72* OVCAR-3 cells, control hybridoma cells secreting COL-
12, PBS emulsified in adjuvant and PBS alone. Seven days following the
last immunization, mice were challenged by administering 5 x 10°
OVCAR-3 cells in one footpad and 5x 10° MRC-5 human fibroblast
cells in the other footpad. After 48 h, the footpads were measured (see
Materials and methods) and DTH was determined as the difference in
footpad swelling. A two-tailed Student’s ¢-test of significance was uti-
lized to calculate the P values of the differences of the mean DTH
responses between groups immunized with the hybridoma cells secreting
the anti-idiotypic antibody (AT49-3) versus those that were immunized
with either all of the control immunogen (Controls) or versus only those
that received the hybridoma cells secreting an irrelevant immunoglobulin
(COL-12). Comparisons were also made between the mean DTH re-
sponses observed between groups immunized with OVCAR-3 cells ver-
sus the mean response observed between groups immunized with the
control immunogen or the hybridoma cells secreting the irrelevant immu-
noglobulin, mAb COL-12. From the differences between the means, ¢
was calculated and P values were determined [41]

b Degrees of freedom .

¢ Controls included irradiated hybridoma cells secreting isotype-
matched immunoglobulin COL-12, PBS emulsified in Freund’s adju-
vant, or PBS alone

d PBS emulsified in Freund’s adjuvant

immunogens (P <0.001) or the control hybridoma COL-12
immunogen alone (P = 0.01). As a positive immunogen,
OVCAR-3 induced significant DTH responses compared
to all of the control immunogens combined (P <0.001) and
to COL-12 hybridoma alone (P <0.001). In contrast, no
differences were observed between groups of mice that
received PBS emulsified in IFA compared to responses
observed in the groups of mice immunized with the COL-
12 hybridoma cells (P = 1.0)

Ab2 induction of delayed-type hypersensitivity responses
to cells expressing CFA. Studies were done to examine the
ability of Ab2 mAb to elicit specific cell-mediated immune
responses to CEA on the surface of a tumor cell. Recently
we have reported on the generation of a murine C57BL/6
colon adenocarcinoma cell line that has been transduced
with the gene for human CEA (MC-38-CEA-2) [44]. The
availability of these cells as well as the non-transduced
MC-38 cells (CEA-negative) offered an excellent model to
test specificity. Figure 7 illustrates the results of a series of
three DTH experiments utilizing CAI-1 Ab2 mAb as im-
munogen. CAI-1 was selected for these experiments be-
cause initial experiments demonstrated that CAI-1, out of
all of the anti-idiotypic antibodies to COL-1, could elicit
DTH responses to the CEA-transduced cells. Data from
this experiment aare included in Fig. 7. With an arbitrary
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Fig. 7. Anti-idiotypic antibody (Ab2) induction of DTH responses to
CEA -transduced murine tumor cells. C57BL/6 mice were immunized as
described in the text with X-irradiated hybridoma cells (40 Gy) secreting
the anti-idiotypic antibody (Ab2) (CAI-1), or hybridoma cells secreting a
control isotype-matched mAb, D612 that is non-reactive with CEA [38].
Seven days following the boost, each mouse was challenged with an
injection of 5 x 105 X-irradiated murine tumor cells expressing CEA in
one hind footpad. To control for non-specific swelling, 5x 105 X-ir-
radiated murine non-transduced tumor cells were injected into the op-
posite footpad. After 48 h, DTH responses were measured in mi/
(0.0254 mm) as the difference between footpad swelling. The dotted line
is an arbitrary value for a positive response. Each dot represents one
mouse

baseline for a positive DTH reaction of 140 pm
(5.5 “mil”), 8 out of 13 mice immunized with CAI-1 Ab2
mAb showed significant (P <0.001) responses to the CEA-
transduced murine tumor cells (average = 190 um) com-
pared to the mice receiving the control immunogen (aver-
age = 6 Wm). These data demonstrate that mAb CAI-1,
could induce statistically significant cell-mediated immu-
nity directed against tumor cells expressing human CEA
(Fig. 7).

Discussion

This paper explores one approach of active specific im-
munotherapy, the use of monoclonal anti-idiotypic anti-
bodies as surrogate immunogens to induce immune re-
sponses to two carcinoma-associated antigens, TAG-72
and CEA. In this report, two panels of anti-idiotypic anti-
bodies to mAb CC49 and COL-1, recognizing TAG-72 and
CEA respectively, were generated and characterized.
These anti-idiotypic antibodies were demonstrated by im-
munoassays (a) to react specifically with the idiotype of
the monoclonal antibody (Abl) used as immunogen and
(b) to inhibit the binding interaction between the Abl and
antigen. Anti-idiotypic antibodies AI49-3 and CAI-1 could
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each induce cell-mediated immune responses specific for
tumor cells that express TAG-72 and CEA, respectively.

Anti-idiotypic antibodies offer a unique opportunity to
induce specific immune responses to monoclonal-anti-
body-defined epitopes known to be tumor-associated, thus
eliminating possible cross-reactive responses to other epi-
topes on an antigen that may be found in normal tissues.
The CEA-related antigen, non-specific cross-reacting an-
tigen, found on the surface of human granulocytes is one
such example. In addition, the use of anti-idiotypic anti-
bodies could alleviate the problems of purifying large
quantities of antigen; for example, the currently available
source of CEA is liver metastases of human colon carcino-
ma tumors, or xenografts grown in athymic nude mice.
Moreover, we have found that CEA isolated in this manner
varies extensively from lot to lot resulting in heterogeneity
in content (data not shown). Recombinant expression sys-
tems that produce large quantities of full-length,
completely glycosylated CEA have not been developed. At
this time, only very small amounts of TAG-72 have been
purified from tumor xenografts in a multistep mAb column
affinity purification procedure [46]. The gene coding for
the protein backbone of the TAG-72 mucin has not been
cloned, so no recombinant expression system is available.

“Mapping” of epitopes on an antigen by competitive
binding analysis with monoclonal antibodies sometimes
cannot distinguish between antibodies that bind to identical
epitopes, overlapping sites or that bind separate sites of the
antigen but cross-compete because of spatial hindrance.
Reciprocal antibody competition binding analysis of a
panel of anti-TAG-72 mAb suggested that mAb CC49,
CC112, CC40, and CC50 recognize similar or adjacent
epitopes on the TAG-72 molecule as determined by com-
petition assays [27]. However, all seven radiolabeled anti-
idiotypic antibodies, A149-1-7, reacted uniquely with
mAb CC49 (Abl) and not with the other CC mAb. These
data defined the paratope of CC49 as being distinctive
from that of those mAb that recognize similar epitopes as
well as those that bind to divergent epitopes of the TAG-72
molecule. Likewise, although the COL antibodies (COL 1,
4, 6,7, and 11) were shown to recognize identical or very
similar epitopes of CEA by competition RIA [26], the
anti-idiotypic antibodies demonstrated that the paratope of
COL-1 is distinct from the rest. These Ab2 reagents thus
recognize private epitopes found only on mAb CC49 and
COL-1, respectively, and can be utilized as unique identifi-
ers of only those idiotypes.

Attempts to generate TAG-72 or CEA-specific humoral
responses by immunization of rodents with the Ab2 were
unsuccessful; no antigen-specific antibody reactivity was
observed in either system. One explanation may be that
pre-existing Ag+ and Id+ B Cell clones are either absent or
present only in very small clones [24]. Evidence now exists
that the concept of internal image conformation for anti-
idiotypic antibodies may only apply in special circum-
stances [24]. Most of the induced antigen-specific re-
sponses can be explained by the anti-clonotypic stimula-
tion of Id* B cell clones that are either primed by disease or
those that already existed and were committed to produc-
ing the antigen-specific immune response. A second possi-
ble explanation for this observation may be that there is a

modulation of Ab3 humoral immune responses against
antigen that may have been below the level of detection at
the time of serum testing. Finally, these Ab2 may not be
entirely paratopic in nature; they may not contain enough
contact residues to the paratope of the idiotype to induce an
antigen-specific Ab3 antibody response [24]. An explana-
tion for the TAG-72 system might be that it is difficult to
generate humoral immunity to a carbohydrate epitope em-
ploying the protein of the Ab2 immunoglobulin. However,
humoral Ab3 responses have been demonstrated that rec-
ognize polysaccharide epitopes of bacterial antigens [51].

At this time, the mechanism for cellular immune recog-
nition of TAG-72 remains unknown. CC49 has been
shown to recognize a carbohydrate epitope [27]. Antigen-
specific T cell immunity against a carbohydrate moiety
induced by an Ab2 is an unexpected observation since it is
believed that carbohydrate itself can not induce T cell
immunity. On the other hand, full characterization of the
molecule may reveal that mAb CC49 (Ab1) recognizes a
partially glycosylated epitope. This would allow the
anti-idiotype to contain a similar sequence that could
be processed and presented by antigen-presenting cells
to induce T cell immune responses to TAG-72 on the sur-
face of tumor cells. Cytolytic T cells have been described
that recognize a known peptide on a mucin molecule,
MUC-2 [1].

Utilizing a DTH assay, several laboratories have re-
ported that anti-idiotypic antibodies could induce cellular
immunity in both murine and human tumor systems
[29, 42]. In the studies reported here, AI49-3 could induce
a DTH response in mice to TAG-72 on the surface of the
human ovarian carcinoma ascites cell line, OVCAR-3. In
this assay we utilized xenogeneic tumor cells because no
syngeneic tumor model exists at this time. Mice do not
naturally express TAG-72 on their cells. However, repeti-
tion of experiments and the use of many controls as well as
statistical analysis confirmed that the DTH responses we
observed were not likely to be due to xenogeneic re-
sponses.

The beneficial responses induced by anti-idiotypic anti-
bodies have been frequently reported in both experimental
systems and in some human clinical investigation. Many
anti-idiotypic antibodies have been described that elicit
humoral Ab3 responses to tumor-associated antigen in ro-
dent and human antigen systems. This has classically been
used as a criterion for proceeding with antitumor effects in
model systems or for going on to clinical trials. However,
one anti-idiotypic antibody that could not induce Ab3 anti-
bodies to a syngeneic antigen associated with a rat sarcoma
could induce an antitumor effect [7]. However, the same
anti-idiotypic antibody emulsified in adjuvant could induce
ADb3 but could not inhibit tumor growth. Other anti-idio-
typic antibodies have previously been demonstrated to eli-
cit DTH responses to tumor antigens [29, 42]. One of these
reported Ab2 could inhibit tumor growth in syngeneic ro-
dent model systems [42]. In humans, the development of
an antiidiotypic antibody response in patients administered
an antitumor-associated antigen mAb to colon carcinoma
has been reported to correlate with clinical improvement
and long remission from disease [25, 54]. Furthermore,
patients administered the same mAb demonstrated specific



DTH responses to the Ab2 that were reported to correlate
with complete remission from disease (albeit in a few
cases) [35]. Clinical trials with Ab2 are currently ongoing
for melanoma [4, 36] and colorectal carcinoma patients
[18]. To date, few clinical trials have drawn these types of
correlations.

Many anti-idiotypic antibodies have been described to
monoclonal antibodies that recognize CEA [3, 8, 13, 30,
37, 51]. The majority of these studies describe Ab2 species
that induce Ab3 humoral immune responses specific for
CEA [3, 8, 13, 30, 51] characterized by Western blot [13],
immunoprecipitation [3] and immunoassays [3, §, 13, 30,
51], as well as by immunohistochemical staining of colon
carcinoma tissue sections [3]. One study has reported an
Ab2 to an anti-CEA mAb that can induce a cell-mediated
immune response [8]. In this study, tumor-infiltrating lym-
phocytes (TIL) obtained from colon carcinoma patients
and stimulated in vitro with anti-idiotypic mAb were
shown to proliferate in response to purified CEA. No pro-
liferation was observed to CEA in those TIL stimulated
with a control immunoglobulin. The studies reported here
are the first to describe an Ab2 initiating a delayed-type
hypersensitivity cellular immune response to CEA-ex-
pressing cells. This is also the first report describing anti-
idiotypic antibodies to an anti-TAG-72 mAb (CC49); one
of these mAb was also shown to mediate a cellular immune
response. Cell-mediated immune responses such as DTH
have been implicated in playing a role in tumor rejection.
Therefore, these anti-idiotypic antibodies may be useful as
potential immunogens for active specific immunotherapy
protocols of a range of human carcinomas.

Acknowledgements. We thank Marion Taylor for his expert technical
assistance. We also acknowledge the editorial help of Ms. Jennifer Viers
and Mrs. Robin Riley. The authors thank Dr. 8. Raychaudhuri and Dr. S.
Epstein for many helpful suggestions and discussions during these stud-
ies. We also thank Dr. J. Gart for his help with the statistical analysis.

References

1. Barnd DL, Kerr LA, Metzgar RS, Finn OJ (1988) Human tumor-spe-
cific cytotoxic T-cell lines generated from tumor-draining lymph
node infiltrate. Transplant Proc 20: 339

2. Beatty JD, Williams LE, Yamauchi D, Morton BA, Hill R, Beatty
BG, Paxton RJ, Merchant B, Shively JE (1990) Presurgical imaging
with indium-1abeled anti-carcinoembryonic antigen for colon cancer
staging. Cancer Res 50 [Suppl]: 922s

3. Bhattacharya-Chatterjee S, Biddle W, Foon K, Kohler H (1990)
Murine monoclonal anti-idiotype antibody as a potential network
antigen for human carcinoma embryonic antigen. J Immunol 145:
2758

4. Chen ZJ, Yang H, Yamada M, Kageshita T, Zhen Y, Bae JW,
Mittelman A, Ferrone S (1990) In: Lotze MT, Finn OJ (eds) Cellular
immunity and the immunotherapy of cancer. Wiley-Liss, New York,
pp 351-359

5. Colcher D, Horan-Hand P, Nuti M, Schlom J (1981) A spectrum of
monoclonal antibodies reactive with human mammary tumor cells.
Proc Natl Acad Sci USA 78: 3199

6. Colcher D, Esteban JM, Carrasquillo JA, Sugarbaker P, Reynolds
JC, Bryant G, Larson SM, Schlom J (1987) Complementation of
intracavitary and intravenously administered mAb B72.3 in patients
with carcinoma. Cancer Res 47: 4218

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23

24.

25.

26.

291

. Dunn PL, Johnson CA, Styles JM, Pease SS, Dean CJ (1987) Vacci-

nation with syngeneic monoclonal anti-idiotype protects against a
tumour challenge. Immunology 60: 181

. Durrant LG, Denton GWL, Jacobs E, Mee M, Moss R, Austin EB,

Baldwin RW, Hardcastle JD, Robins RA (1992) An idiotypic replica
of carcinoembryonic antigen inducing cellular and humoral immune

responses directed against human colorectal tumours. Int J Cancer
50: 811

. Ertl HC, Finberg RW (1984) Sendai virus-specific T cell clones:

induction of cytolytic T cells by an anti-idiotypic antibody directed
against a helper T-cell clone. Proc Natl Acad Sci USA 81: 2850
Esteban JM, Colcher D, Sugarbaker P, Carrasquillo JA, Bryant G,
Thor A, Reynolds JC, Larson SM, Schlom J (1987) Quantitative and
qualitative aspects of radiolocalization in colon cancer patients of
intravenously administered mAb B72.3. Int J Cancer 39: 50

Fox BA, Spiess PF, Kasid A, Puri R, Mule JJ, Weber JS, Rosenberg
SA (1990) In vitro and in vivo anti-human properties of a T-cell
clone generated from tumor-infiltrating lymphocytes. J Biol Re-
sponse Mod 9: 499

Fraker PJ, Speck JC Jr (1978) Protein and cell membrane iodinations
with a sparingly soluble chloramid 1,3,4,6-tetrachloro-3a,6a-
diphenylglycouril. Biochem Biophys Res Commun 80: 849

Gaida F-J, Fenger U, Wagener C, Neumaier M (1992) A monoclonal
anti-idiotypic antibody bearing the image of an epitope specific to the
human carcinoembryonic antigen. Int J Cancer 51: 459

Gold P, Freedman SO (1965) Specific carcinoembryonic antigens of
the human digestive system. J Exp Med 122: 467

Goldenberg DM, Goldenberg H, Sharkey RM, Higginbotham-
Ford E, Lee RE, Swayne LC, Burger KL, Tsai D, Horowitz J,
Hall TC, Pinsky CM, Hansen HJ (1990) Clinical studies of cancer
radioimmunodetection with carcinoembryonic antigen monoclonal
antibody fragments labeled with 23] or ®*mTc. Cancer Res [Suppl]
50: 909s

Grych JM, Capron M, Lambert PH, Dissous C, Torres S, Capron A
(1985) An anti-idiotypic vaccine against experimental schistomiasis.
Nature 316: 76

Herlyn M, Ross AH, Iliopoulos D, Koprowski H (1987) Induction of
specific immunity to human colon carcinoma by anti-idiotypic anti-
bodies to monoclonal antibody CO17-1A. Eur J Immunol 7: 1649
Herlyn D, Benden A, Kane M, Somasundaram R, et al (1991) Anti-
idiotype cancer vaccines: pre-clinical and clinical studies. In Vivo
5:615

Herzenberg LA, Herzenberg LA, Milstein C (1978) Cell hybrids of
myelomas and antibody forming cells and T lymphocytes with
T cells. In: Handbook of experimental immunology. Blackwell
Scientific Publications, London, p 25.1

Jerne NK (1974) Towards a network theory of the immune system.
Annu Rev Immunol 125: 373

Johnson VG, Schlom J, Paterson AJ, Bennet J, Magnani JL,
Colcher D (1986) Analysis of a human tumor-associated glyco-
protein (TAG-72) identified by monoclonal antibody B72.3. Cancer
Res 46: 850

Kahn M, Hellstrom I, Estin CD, Hellstrom KE (1989) Monoclonal
anti-idiotypic antibodies to the p97 human melanoma antigen.
Cancer Res 49: 3157

. Kohler G, Milstein C (1976) Derivation of specific antibody produc-

ing tissue culture and tumor cell lines by cell fusion. Eur J Immunol
6:511

Kohler H, Kieber-Emmons T, Srinivasav S, Kaveri S, Morrow
WIW, Muller S, Kang C-Y, Raychaudhuri S (1989) Short analytical
review: revised immune network concepts. Clin Immunol Im-
munopathol 52: 104

Koprowski H, Herlyn D, Lubeck M, DeFreitas E, Sears HF (1984)
Human anti-idiotypic antibodies in cancer patients. Is the modulation
of the immune response beneficial to the patient? Proc Natl Acad Sci
USA 81: 216

Kuroki M, Greiner JW, Simpson JF, Primus FJ, Guadagni F,
Schlom J (1989) Serologic mapping and biochemical characteriza-
tion of the carcinoembryonic antigen epitopes using fourteen distinct
monoclonal antibodies. Int J Cancer 44: 208



292

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

Kuroki M, Fernsten PD, Wunderlich D, Colcher D, Simpson JF,
Poole DJ, Schlom J (1990) Serologic mapping of the TAG-72 tumor-
associated antigen employing 19 distinct monoclonal antibodies.
Cancer Res 50: 4872

Kusama M, Kageshita T, Chen ZJ, Ferrone S (1989) Characterization
of syngeneic anti-idiotypic monoclonal antibodies to murine anti-
human high molecular weight melanoma-associated antigen mono-
clonal antibodies. J Immunol 143: 3844

Lee VK, Harriott TG, Kuchroo VK, Halliday WJ, Hellstrom I,
Hellstrom KE (1985) Monoclonal anti-idiotope antibodies related to
a murine oncofetal bladder tumor antigen induce specific cell-medi-
ated tumor immunity. Proc Natl Acad Sci USA 82: 6286

Losman M, Hansen H, Sharkey R, Goldenberg DM, Monestier M
(1988) Human response against NP-4, a mouse antibody to car-
cinoembryonic antigen: human anti-idiotypic antibodies mimic an
epitope on the tumor antigen. Proc Natl Acad Sci USA §5: 1052
Lowry OH, Rosebrough NJ, Farr AL, Randall RJ (1951) Protein
measurement with the Folin phenol reagent. J Biol Chem 193: 265
Maguire RT, Schmelter RF, Pacucci VL, Conklin JJ (1989) Immu-
noscintography of colorectal adenocarcinoma. Results with a site-
specifically radiolabeled B72.3 (*!In-CYT-103). Antibody Im-
munoconj Radiopharmacol 2: 257

Maloney DG, Kaminski MS, Burowski D, Haimovich I, Levy R
(1985) Monoclonal anti-idiotypic antibodies against the murine B
cell fymphoma 38C13: characterization and use as probes for the
biology of the tumor in vivo and in vitro. Hybridoma 4: 191
McNamara MK, Ward RE, Kohler H (1984) Monoclonal anti-idio-
typic vaccine against streptococcus pneumonial infection. Science
226:1325

Mellstedt H, Frodin JE, Biberfield P, Fagerberg J, Giscombe R,
Hernandez A, Mascucci G, Li S-L, Steinitz M (1991) Patients treated
with a monoclonal antibody (Ab1) to the colorectal carcinoma an-
tigen 17-1A develop a cellular response (DTH) to the “internal image
of the antigen” (Ab2). Int J Cancer 48: 344

Mittelman A, Chen ZJ, Kageshita T, Yang H, Yamada M, Baskind P,
Goldberg N, Ahmed T, Arlin Z, Ferrone S (1990) Active specific
immunotherapy in patients with melanoma. A clinical trial with
mouse monoclonal antibodies elicited with syngeneic anti-high-mo-
lecular weight-melanoma associated antigen monoclonal antibodies.
J Clin Invest 86: 2136 ‘

Monestier M, Debbas ME, Goldenberg DM (1989) Syngeneic anti-
idiotypic monoclonal antibodies to murine anti-carcinoembryonic
antigen monoclonal antibodies. Cancer Res 49: 123

Muraro R, Wunderlich D, Thor A, Noguchi P, Cunningham R,
Schlom J (1985) Definition by monoclonal antibodies of a repertoire
of epitopes on carcinoembryonic antigen differentially expressed in
human colon carcinomas versus normal adult tissues. Cancer Res
45: 5768

Muraro R, Nuti M, Natali PG, Bigotti A, Simpson JF, Primus FI,
Colcher D, Greiner JW, Schlom J (1989) A monoclonal antibody
(D612) with selective reactivity for malignant and normal gastroin-
testinal epithelium. Int J Cancer 43: 598

40.

41.

42.

43

44.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

Nissonoff A, Lamoyi E (1981) Implications of the presence of an
internal image of the antigen on an anti-idiotypic antibody. Clin
Immunol Immunopathol 21: 397

Rajewsky K, Takemori T (1983) Genetics, expression and function
of idiotype. Annu Rev Immunol 1: 569

Raychaudhuri S, Saeki Y, Fuji H, Kohler H (1986) Tumor specific
idiotypic vaccines: 1. Generation and characterization of an internal
image tumor antigen. J Immunol 137: 1743

Reagan KJ, Wunner WH, Wiktor TJ, Koprowski H (1983) Anti-idio-
typic antibodies induce neutralizing antibodies to rabies virus glyco-
protein. J Virol 48: 660

Robbins PF, Kantor J, Salgaller M, Hand P, Fernsten PD, Schlom J
(1991) Transduction and expression of the human carcinocembryonic
antigen gene in a murine colon carcinoma cell line. Cancer Res
51: 3657

Sharkey RM, Goldenberg DM, Goldenberg H, Lee RE, Ballance C,
Pawlyk D, Varga D, Hansen HJ (1990) Murine monoclonal antibod-
ies against carcinoembryonic antigen: immunological, pharmacoki-
netic, and targeting properties in humans. Cancer Res 50: 2823
Sheer DG, Schlom I, Cooper H (1988) Purification and composition
of the human tumor associated glycoprotein (TAG-72) defined by
monoclonal antibodies CC49 and B72.3. Cancer Res 48: 6811
Snedecor GW, Cochran WG (1989) In: Statistical methods, 8th edn.
Towa State Press, Ames, lowa, p 132

Steward AM, Nixon D, Zamcheck N, Aisenberg A (1974) Car-
cinoembryonic antigen in breast cancer patients: serum levels and
disease progress. Cancer 33: 1246

Thor A, Viglione MJ, Muraro R, Ohuchi N, Schiom J, Gorstein F
(1987) Monoclonal antibody B72.3 reactivity with human en-
dometrium: a study of normal and malignant tissues. Int J Gynecol
Pathol 6: 235

Tom BH, Rutzky LP, Jakstys MM (1976) Human colonic adeno-
carcinoma cells: I. Establishment and description of a new line. In
Vitro 12: 180

Tsujisaki M, Imai K, Tokuchi S, Hanzawa Y, Ishida I, Kitagawa H,
Hinoda Y, Yachi A (1991) Induction of antigen-specific immune
response with the use of anti-idiotypic monoclonal antibodies to
carcinoembryonic antigen antibodies. Cancer Res 51: 2599

Viale G, Flamini G, Grassi F, Buffa R (1989) Idiotypic replica of an
anti-human tumor-associated antigen monoclonal antibody. Analysis
of monoclonal Abl and Ab3 fine specificity. J Immunol 15: 4338
Vincent RG, Chu TM (1978) Carcinoembryonic antigen in patients
with carcinoma of the lung. J Thorac Cardiovasc Surg 66: 320
Wettendorf M, Hiopoulos D, Tempero M, Kay D, DeFreitas E,
Koprowski H, Herlyn D (1989) Idiotypic cascades in cancer patients
treated with MoAb CO171A. Proc Natl Acad Sci USA 86: 3787
Wolf BC, Salem RR, Sears HF, Horst DA, Lavin PT, Herlyn M,
Itzkowitz SH, Schlom J, Steele GD (1989) The expression of
colorectal carcinoma-associated antigens in the normal colonic mu-
cosa: an immunohistochemical analysis of regional distribution. Am
J Pathol 135: 111



