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Anti-Idiotypic Antibodies Bear the Internal Image 
of a Human Tumor Antigen 

Goat antibodies to idiotypes (anti-idiotypic antibodies; Ab2) that recognize an 
idiotype associated with the combining site of a BALBIc mouse IgG2a monoclonal 
antibody (Abl) to human gastric carcinoma were used to immunize BALBIc mice and 
rabbits. A monoclonal anti-anti-idiotypic antibody (Ab3) of IgGl isotype was 
obtained after immunization of mice. The Ab3 and the Abl showed identical binding 
specificities and bound with similar avidities to the same tumor antigen. The induction 
of Abl-like Ab3 by Ab2 was not restricted to mice, since Ab3 could also be induced in 
rabbits. Both the mouse- and the rabbit-derived Ab3 bound the same gastrointestinal 
cancer-associated antigen as Abl. These findings indicate that Ab2 induced the 
formation of antigen-specific Ab3, probably because it bears the internal image of the 
tumor-associated antigen. This Ab2 may therefore have potential for modulating the 
immune response of cancer patients to their tumors. 

W E HAVE PREVIOUSLY DISCUSSED would be the triggering of an anti-tumor 
(1, 2) the possibility of a benefi- immune response in cancer patients after 
cia1 role of antibodies to idio- administration of anti-Id. Of the various 

types (anti-Id) induced in patients with gas- populations of anti-Id directed against anti- 
trointestinal tract tumors after treatment tumor antibodies, those bearing the internal 
with a monoclonal antibody (MAb). Direct image of the tumor antigen will selectively 
evidence for a beneficial effect of anti-Id stimulate antigen-specific B andlor T cells 

Table 1. Characterization ofAbl (MAb GA733) andAb3 CE5. Abl was generated as described (5 ) .  To 
generate Ab3, BALB/c mice were immunized with 50 pg of Ab2 in complete Freund's adjuvant 
subcutaneously and were injected on day 11 with the same amount of Ab2 in incomplete Freund's 
adjuvant, and again intravenously without adjuvant on day 33. Three days later, spleen cells were fused 
with non-secretor 653 mouse myeloma cells (8). Antibody isotype was determined by Ouchterlony 
immunodifision. Binding of '251-labeled GA733 antigen to either Abl or Ab3 was tested in a solid- 
phase radioimmunoassay (18). Antibody avidity and number of antibody-binding sites per cell were 
determined by Scatchard analysis (19). ADMC against [3H]thymidine-labeled CRC cells was deter- 
mined as described, by means of thioglycollate-elicited murine peritoneal macrophages as effector cells 
(9). Inhibition of binding of 1251-labeled Abl to Ab2 by Ab3 or Abl was measured by a solid-phase 
radioimmunoassay (18) in which Ab2 at a concentration of 0.5 (~g/rnl was bound to wells of polyvinyl 
microtiter plates and then the wells were incubated with various concentrations of Ab3 CE5 or Abl 
GA733. Finally, the wells were incubated with '251-labeled Abl (20,000 count/min per well) and 
inhibition of binding of '2SI-labeled Abl was calculated. 

and will induce immunity in various species. 
Induction of antigen-specific immunity by 
anti-Id that most likely bear the internal 
image of the antigen has been reported in 
the rabbit allotype (3) and tobacco mosaic 
virus (4) systems. Immunization with anti- 
Id may play an important role in those cases 
where the antigen is not available. Since 
cancer antigens are not available in quanti- 
ties sufficient for immunization. we have 
investigated the possibility that an internal 
image of the cancer antigen carried by an 
immunoglobulin (anti-idiotype) may pro- 
duce an immune response against the tu- 
mor. 

MAb GA733 (referred to hereafter as 
Abl), with binding specificity for human 
carcinomas of various tissue origins, was 
chosen for production of anti-Id because of 
its tumoricidal activitv in vitro and in vivo in 
nude mice (5) .  Tumor-associated antigen 
was purified from tumor cell lysates on an 
Abl-linked afiinity column (6). Anti-Id 
(Ab2) was produced in goats and isolated 
from the sera as described (7). The anti- 
idiotypic nature of afKnity-purified goat 
Ab2 has been described previously (2, 7).  ~. , 

The Ab2, at a concentraGon of 0.2 kglml, 
inhibited binding of iodinated Abl to target 
cells by 97  percent, indicating that Ab2 is 
directed to one or more epitopes within or 
near the combining site of Abl. In control 
experiments, Ab2 d id  not significantly in- 
hibit binding of an unrelated immunoglob- 
ulin G (IgG2a) MAb to the same target 
cells. The Ab2 ~ o ~ u l a t i o n  with combining: 

L L " 
site-related specificity represented approxi- 
mately 67 percent of the total Ab2 popula- 
tion as determined by inhibition of binding 
of Ab2 to Abl by GA733 tumor-associated 

Parameter investigated ~ b l  Ab3 CE5 antigen. In a control, we observed no signif- 
(MAb GA733) icant inhibition of binding of Ab2 to Abl  

Isotype IgG2a I@1 GA733 in the presence of human serum 
Binding to 1251-labeled GA733 antigen (coundmin) 10,905.0 1,410.0 albumin. 
Binding avidity (association constant K, x lo7 M-')  ? SEM 2.0 2 1.0 4.0 These results suggested that a major pop- 
Number of Ab-binding sites per cell ( x  lo6) * SEM 3.0 ? 0.5 2.7 ? 0.1 
ADMC (% suecific lvsisl 57.4 25.1 
~ a x i m & n  inkbition of binding of Abl to Ab2 (%) 95.6 41.0 Wistar Institute of Anatomy and Biology, Philadelphia, 

PA 19104. 
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ulation of the Ab2 might bear the internal 
image of the GA733 antigen. To confirm 
these findings, we immunized BALB/c mice 
(the strain used for generation of MAb 
GA733) with Ab2 (Table 1) for production 
of anti-anti-idiotypic antibodies (Ab3) that 
might share idiotopes with Abl and exhibit 
identical binding specificity. Monoclonal 

Colorectal 
carcinomas 

SW 948 

SW 1116 

- - - - - - - - - 
Capan Pancreas 

carcinomas - - - - - - - - - 
Prostate 
carcinomas 

Breast 
carcinomas 

Bladder 
carcinomas --------------- ---- 

Melanoma 

SK-MEL-23 

WI-38 I Fibroblasts 

Positive cells (96) 

Fig. 1. Immunorcactivity of murine monoclonal 
Abl GA733, Ab3 CE5, and rabbit polyclonal 
Ab3 445. Generation of murine MAb is as de- 
scribed in the legend to Table 1. A New Zealand 
white rabbit (445) was injected subcutaneously 
with 300 p,g of Ab2 in corn lctc Freund's adju- 
vant on day 0 and 100 p,g o P ~ b 2  in incomplete 
adjuvant on day 7, followed by two intramuscular 
injections each of 100 p,g of Ab2 in saline on days 
21 and 64. The rabbit was bled 14 days after the 
last injection. Percentage of antibody-reactive 
cells was determined by MHA as described for 
murine MAb (11). Binding of rabbit antibodies 
to tumor cells was detected in a modified MHA 
by means of an indicator system of sheep red 
blood cells (SRBC) coated with rabbit anti-SRBC 
antibody to which goat anti-rabbit IgG had been 
bound. 

Ab3 were generated after h i o n  of spleen 
cells from immunized mice with non-seae- 
tor 653 mouse myeloma cells (8). From one 
BALBIc mouse, 120 hybridoma colonies 
were derived. Eight of the 120 colonies 
produced antibodies that bound in prelimi- 
nary radioimmunoassay screening to 
SW948 colorectal carcinoma cells (CRC) 
expressing GA733 antigen. Cells from one 
of the eight wells were cloned twice, and 
MAb secreted by a subclone (CE5) were 
purified on protein A-Sepharose columns 
(Bio-Rad) according to the manufacturer's 
directions. Both purified Ab3 CE5 and Abl 
bound the isolated GA733 antigen (Table 
1). Since the binding avidities to intact cells 
and the number of antigenic sites per cell 
were similar for both antibodies, the less 
e5cient binding of Ab3 CE5 to isolated 
GA733 antigen may indicate that the inter- 
action of this antibody with antigen may be 
more sensitive to detergent solubilization of 
the antigen. Ab3 CE5 was less effective than 
Abl in antibody-dependent macrophage- 
mediated cytotoxicity (ADMC) assays (9). 
This finding is in agreement with previous 
results (9, 10) which showed that MAb of 
IgGl isotype was much less effective in 
ADMC than IgG2a MAb. 

Ab3 CE5 at 300 pg/rnl, but not normal 
mouse IgG at the same concentration, inhib- 
ited binding of iodinated Abl to Ab2 by 41 
percent, indicating that Ab3 CE5 shares 
idiotopes with Abl GA733 (Table 1). As a 
positive control, Abl was shown to inhibit 
binding of iodinated Abl to Ab2 by 95 
percent. Since the binding avidities dis- 
played by Abl and Ab3 CE5 are similar 
(Table l) ,  the partial inhibition obtained 
with Ab3 CE5 in these assays may indicate 
that Ab3 CE5 expresses some, but not all, 
Abl-related idiotopes defined by Ab2. Ab3 
CE5 inhibited binding of Abl to CRC 
target cells by 41 percent (maximally) and 
Abl inhibited binding of Ab3 CE5 by 98 
percent, confirming that both antibodies 
bind to the same antigen. In mixed hemad- 
sorption assays [MHA ( l l ) ]  with 13 human 
tumor cell lines of various origins as well as 
fetal fibroblasts as targets, the binding speci- 
ficity of Ab3 CE5 was identical to that of 
Abl (Fig. 1). 

To investigate whether induction of Abl- 
like Ab3 was species-restricted, rabbits were 
also immunized with Ab2 to generate p ly-  
clonal Ab3. Sera from the two rabbits inhib- 
ited binding of iodinated Abl to Ab2 by 67 
and 69 percent, respectively, kdicating the 
presence of Ab3 sharing idiotopes with 
Abl. No significant inhibition by preim- 
mune sera was observed. These inhibition 
assays were performed in the presence of 5 
percent normal goat serum to minimize 
steric hindrance of the combining region of 

Ab2 by anti-isotypic and anti-allotypic anti- 
bodies present in the rabbit sera. Sera from 
both rabbits bound to various target cells in 
a pattern identical to that of Abl as demon- 
strated for serum of rabbit 445 (Ab3 445) in 
Fig. 1. 

Since the GA733 antigen has been identi- 
fied and characterized (5), it was of interest 
to determine whether the mouse-derived 
Ab3 CE5 and the rabbit-derived Ab3 would 
precipitate the same glycoprotein. The re- 
sults (Fig. 2A) indicate that both Abl and 
Ab3 CE5 precipitated the iodinated GA733 
antigen. The same antigen was precipitated 
by both antibodies from cell extracts that 
had been prepared from metabolically la- 
beled CRC cells (12). To test fbr the interac- 
tion of rabbit-derived Ab3 with GA733 
antigen, antigen-specific Ab3 was isolated 
from the serum of rabbit 447 by adsorption 
of the serum to glutaraldehyde-fixed SW948 
CRC cells that expressed GA733 antigen; 

Fig. 2. (A) Electrophoretic profile of '251-labeled 
GA733 antigen aftcr inmunoprecipitation with 
purified Abl (lane l),  Ab3 CE5 (lane 2), or 
unrelated MAb ME7529 (lane 3). Marker sizes 
are shown in kilodaltons (kD). The major band at 
30 kD and the minor band at 40 kD represent the 
'*'I-labeled -733 antigen. ALL antibodies were 
used at a concentration of 2.7 p,g/ml. GA733 
antigen was isolated on Abl f i t y  columns (6) 
and labeled with I2'I by the chloramine-T method 
(20); it was incubated with MAb and then with 
goat anti-mouse IgG antibody coupled to agarose 
beads. The preapitated molecules were analyzed 
by gel electrophoresis and autoradiography. The 
film was ex sed for 3 days. (B) Electrophoretic P" profile of ' 'I-labeled GA733 antigen bound to 
Ab3 447 that had been isolated from serum by 
adsorption to SW948 CRC cells and elution of 
bound antibody with glycine HCI b&, pH 2.8 
(lane 1); absence of binding to normal rabbit IgG 
(lane 2). Ab3 447 and normal rabbit IgG were 
used at concentrations of 8 and 25 pglml, respec- 
tively. The film was exposed for 10 days. 
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the bound antibody was then eluted with 
O.lM glycine HCI buffer (pH 2.8). Isolated 
rabbit Ab3 447 bound the same antigen that 
was precipitated by Abl  (Fig. 2, A and B). 

Kennedy et al. (13) have reported inhibi- 
tion of a virus-induced tumor by anti-Id 
directed against an idiotope of a single MAb 
to SV40 T antigen; this idiotope was not 
expressed by other MAb's reacting with T 
antigen. In addition, the modulation of the 
immune response to tumors after adrninis- 
tration of anti-Id has been observed (14- 
16). Our conclusion that Ab2 may carry the 
internal image of the GA733 tumor-associ- 
ated antigen is based on the following obser- 
vations: (i) Ab2 induced the formation of 
antigen-specific Ab3 in the absence of expo- 

switch-variant hybridoma cells are isolated 
from the IgG1-producing Ab3 CE5 hybrid- 
oma cells (I?,  it will be possible to demon- 
strate tumoricidal activity of Ab3 CE5 in 
nude mice containing human tumor xeno- 
grafts (9). The beneficial role of anti-Id in 
cancer patients can then be directly investi- 
gated by clinical studies of patients that have 
been immunized with anti-Id to induce hu- 
moral and/or cellular immune responses. 
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Perturbation of Red Cell Membrane Structure During 
Intracellular Maturation of Plmmdium falcipamm 

An experimental approach, which in this study was applied to the malarial system, can 
be used to analyze the molecular structure and organization of individual phospholip- 
ids in a wide variety of biological membranes. Electron spin resonance spectroscopy 
was used to investigate the structural modifications of the major red cell phospholipids 
that occur in erythrocyte membranes infected with the human malarial parasite, 
Plasmodium falciparum. These modifications were correlated with the intracellular 
developmental stage of the parasite. Phosphatidylcholine, phosphatidylethanolarnine, 
and phosphatidylserine were increasingly disordered (fluidized) as infection pro- 
gressed. This disordering occurred at Merent rates and to varying extents. 
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intraerythrocytic developmental process. In- 
vasion of the red cell by Plasnwdium falci- 
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nents of the receptor-mediated attachment 
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about the energetics or molecular mecha- 
nisms of red cell penetration by the parasite 
or about the events that occur in the red cell 
membrane after parasitic invasion. We pro- 
pose that key events in the invasion and 
postinvasion processes involve nonuniform 
alterations in the structure and organization 
of the major red cell phospholipids. Alter- 

ations in the content and organization of the 
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rocyte appear as early as the internalization 
process. Membrane areas rich in rhomboi- 
dally arranged intramembranous particles 
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rich environment in the invaginated portion 
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after invasion. Ginsburg (3)  characterized 
new permeation pathways in the infected 
cells, which appear at the trophozoite stage 
and are selective for anions. Other mem- 
brane alterations include a more negative 
transmembrane potential in the later stages 
of intraerythrocytic development (7) and the 
synthesis and insertion of new and altered 
membrane proteins on the surface of the 
infected cell (8). 

It has been suggested (3) that modifica- 
tions of membrane lipid-lipid and lipid- 
protein interactions play an important role 
in erythrocyte penetration, intracellular mat- 
uration, and release of malarial parasites. 
There have been, however, no detailed 
physicochemical analyses of the red cell 
membrane during these processes. In order 
to probe membrane structure at the molecu- 
lar level, we incorporated specific phospho- 
lipid spin labels into the native red cell 
membrane and compared the electron spin 
resonance (ESR) spectra arising from unin- 
fected erythrocytes to the spectra arising 
from erythrocytes parasitized with P. falci- 
parum at specific stages of development. We 
report the conformational modifications in- 
duced in individual phospholipid classes in 
the membrane of the infected erythrocyte at 
different developmental stages of the para- 
site. 
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