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ABSTRACT

Since the human high-molecular-weight melanoma-associated antigen
(HMW-MAA) represents a useful target to implement active specific
immunotherapy with mouse antiidiotypic monoclonal antibody (mAh),
the present study is aimed at developing and characterizing mouse
antiidiotypic inAhs which bear the mirror image of the determinant
defined by the anti-HMW-MAA mAb TP61.5. To this end, a BALB/c
mouse was immunized with the syngeneic mAb TP61.5. Screening of the
703 generated hybridomas showed that 13 of them secrete antiidiotypic
mAbs which inhibit the binding of the immunizing mAb TP61.5 to
melanoma cells by at least 75%. The dose of antiidiotypic mAb required
to inhibit by 50% the binding of mAb TP61.5 to melanoma cells ranged
between 4 and 200 ng. The 13 antiidiotypic niAbs recognize conforma-
tional idiotypes, since they did not react in Western blotting with the
heavy and light chain of mAb TP61.5 isolated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis under reducing conditions. Further
more, the 13 antiidiotypic inAbs did not react with 23 inAbs which
recognize 13 determinants of the HMW-MAA distinct from that defined
by mAb TP61.5. Analysis of the 13 antiidiotypic niAbs for their ability
to elicit cellular and humoral anti-HMW-MAA immunity showed that
only mAb TK7-371 elicited a delayed-type hypersensitivity reaction to
HMW-MAA-bearing cells in syngeneic hosts and anti-HMW-MAA
antibodies in BALB/c mice and in rabbits. Since rabbits express the
HMW-MAA, the present results indicate that the antiidiotypic mAb
TK7-371 can induce humoral immunity to self HMW-MAA. Therefore,
the antiidiotypic mAb TK7-371 may be an efficacious immunogen to
implement active specific immunotherapy in patients with melanoma.

INTRODUCTION

The potential use of antiidiotypic antibodies as immunogens
to evoke an immune response against TAA3 in patients with

solid tumors (1,2) has stimulated interest in the development
of antiidiotypic antibodies which bear the mirror image of TAA.
These studies have been facilitated by the hybridoma method
ology which has provided anti-human TAA mAb to be used as
immunogens to induce antiidiotypic mAb and as targets in
serological assays to characterize their specificity. Furthermore,
the preparation of antiidiotypic mAb with well-standardized
properties (3-13) has overcome the strictures imposed by the
heterogeneity of polyclonal antiidiotypic antibodies and varia
bility among batches on their clinical applications.

In order to implement active specific immunotherapy in
patients with melanoma utilizing as immunogens antiidiotypic
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mAbs which bear the mirror image of MAAs, we have developed
mouse antiidiotypic mAbs to syngeneic mAbs which recognize
distinct antigenic determinants of the human HMW-MAA (6).
The latter has been selected among the MAA we have identified
with mouse mAb, because of its expression in a high percentage
of malignant lesions from patients with melanoma, its high
density on melanoma cells, and its restricted distribution in
normal tissues (for review, see Ref. 14). In previous investiga
tions (6, 15, 16) we have shown that mouse antiidiotypic mAb
MK2-23, which bears the mirror image of the determinant
defined by anti-HMW-MAA mAb 763.74, elicits anti-HMW-
MAA immunity in about 60% of patients with melanoma.
These results in conjunction with the beneficial effect on the
course of the disease in about 20% of the patients and with the
lack of side effects associated with repeated administrations of
mouse antiidiotypic mAbs indicate that the latter represent
useful immunogens to implement active specific immunother
apy in patients with melanoma.

Distinct determinants of HMW-MAA may display a differ
ential distribution on melanoma cells within a lesion and in
melanoma lesions in different anatomical sites (17). Further
more, only low levels of HMW-MAA are detected in ocular
melanoma lesions (18). The heterogeneity in the expression of
HMW-MAA determinants and the low expression of HMW-
MAA may provide melanoma cells with a mechanism to escape
destruction by the immune response elicited by a mouse anti
idiotypic mAb which bears the mirror image of a HMW-MAA
determinant. This limitation of active specific immunotherapy
might be overcome by eliciting immunity to distinct determi
nants of HMW-MAA with combinations of antiidiotypic mAbs
which bear the corresponding mirror images. Therefore, in the
present study we have characterized the antiidiotypic mAb TK7-
371 which bears the mirror image of the determinant recognized
by anti-HMW-MAA mAb TP61.5. The latter defines a distinct
and spatially distant determinant from that recognized by mAb
763.74.

MATERIALS AND METHODS

Animals. Eight- to 12-wk-old male BALB/c mice were purchased
from Charles River Breeding Laboratory, Wilmington, MA. Twelve
mo-old male New Zealand white rabbits were purchased from Hazelton
Research Products, Denver, PA.

Cells. Cultured Colo 38 human melanoma cells, cultured LG-2
human B-lymphoid cells, and P3-X63-Ag8.653 mouse myeloma cells
were grown in RPMI 1640 medium supplemented with 10% fetal calf
serum, 2 mM L-glutamine, and gentamicin sulfate (25 Mg/ml).

mAb and Conventional Antisera. The mAbs 116, 149.53, 225.28, 543,
653.25, 724, 763.74, 902.2.27, TP32, TP34, TP41.2, TP61.5, TP108,
VT1.3, VT20, VT33.1, VT64, VT67.5, VT68.2, VT79.2, VT80.12,
VT86, VT87.41, and VT90.10 which define 13 distinct antigenic de
terminants of HMW-MAA and the anti-ICAM-1 mAb CL207.14 were
developed and characterized following the methodology we have pre
viously applied (19-21). The antiidiotypic mAbs MF9-10, MF11-30,
MK2-23, and TK6-74 to an idiotope within the antigen-combining site
of the immunizing anti-HMW-MAA mAbs 149.53, 225.28, 763.74,
and TP41.2, respectively, were developed and characterized as described
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(6). mAhs were purified from ascites by sequential precipitation with
caprylic acid and ammonium sulfate (22). F(ab')z fragments were

prepared from mAbs following the procedure we have previously ap
plied (23). The purity of mAb and F(ab')2 fragment preparations was
assessed by SDS-PAGE (24). The activity of F(ab')2 fragment prepa

rations was assessed by their ability to react with the corresponding
targets.

The syngeneic anti-HMW-MAA serum elicited with the antiidiotypic
mAb MK2-23 was characterized as described elsewhere (6). Affinity-
purified goat antibodies to the Fc portion of mouse IgG, affinity-
purified goat anti-mouse IgG (heavy and light) antibodies, and affinity-
purified goat anti-rabbit IgG antibodies were purchased from Jackson
ImmunoResearch Laboratories, Inc., West Grove, PA. Antibodies were
labeled with I25Iutilizing the chloramine-T method (25) or the iodogen

method (26).
Production of Antiidiotypic mAb to Anti-HMW-MAA mAb TP61.5.

A BALB/c mouse was primed with an i.p. injection of 200 Â¡igof
purified mAb TP61.5 coupled to KLH (Sigma Chemical Co., St. Louis,
MO) and polymerized with glutaraldehyde (27) in CFA (GIBCO Lab
oratories, Detroit, MI). The mouse was boosted with an i.p. injection
of 200 n&of the same immunogen in IFA on Day 7 and in PBS on Day
14. Three days following the second booster, the mouse was sacrificed,
and the spleen was removed. Splenocytes were isolated and hybridized
with P3-X63-Ag8.653 mouse myeloma cells. Hybridization and sub-
cloning were performed according to standard procedures (28). The
isotype of mAb was determined by testing spent medium of hybridomas
with a mouse monoclonal subisotyping kit (Hyclone Laboratories,
Logan, UT) following the manufacturer's instructions.

Serological Assays. Assays were performed in 96-well Polyvinylchlo
ride microtiter plates (Dynatech Laboratories, Inc., Alexandria, VA).
The binding assay with F(ab')2 fragments of mAb, the sandwich assay,
the inhibition by antiidiotypic antibodies of the binding of '"I-labeled
anti-HMW-MAA mAb to target cells, the binding of '"I-labeled anti

idiotypic mAb to mAb-coated plates, the inhibition by antiantiidiotypic
antisera of the binding of '"I-labeled antiidiotypic mAb to mAb-coated
plates, the binding of antisera to cells utilizing 125I-labeledanti-immu-

noglobulin xenoantibodies, and the inhibition by antisera of the binding
of 125I-labeled mAbs to target cells were performed as described else

where (29, 30). The affinity constant of antiidiotypic mAbs to mAbs
was measured in the following way. Microtiter plates were coated with
the lowest amount of antiidiotypic mAb which gives the highest binding
to mAb. Following three washings with PBS-T20, 1.4-fold serial dilu
tions of l25I-mAb were added to plates in a total volume of 100 Â¿ilof
PBS-BSA. Following a 2-h incubation at room temperature, plates were
washed S times with PBS-T20 and dried. Bound radioactivity was
measured in a gamma counter. Nonspecific binding was measured by
incubating l25I-mAb in microtiter plates coated with an unrelated mAb.

Results were plotted in the form of the linear regression transformation
of the law of mass equilibrium (31).

Immunochemical Methods. SDS-PAGE and Western blotting were
performed utilizing procedures previously applied (23). Immunoglob-
ulins were conjugated to Affigel 10 (Bio-Rad Laboratories, Richmond,
CA) (20 mg/ml of gel) following the manufacturer's instructions. La
beling of cells with I25I,solubilization with Nonidet P-40, immunopre-
cipitation, and SDS-PAGE were performed as described (6, 23).

Preparation of Antiidiotypic Antisera. BALB/c mice were primed
with a s.c. injection of SO ng of each antiidiotypic mAb coupled to
KLH, polymerized with glutaraldehyde, and mixed with CFA. Mice
were then boosted with 50 Â¿tgof the same immunogen in IFA on Day
14 and in PBS on Day 28. Sera were harvested on Days 0 and 42.
Rabbits were immunized with 500-Mg/injection of mAb following the
same immunization schedule. Sera were harvested on Days 0 and 42.

DTH Assay. This assay was performed as described elsewhere (15).
Briefly, irradiated cultured cells were injected into the hind footpads of
mice immunized with antiidiotypic mAb. The thickness of each footpad
was measured at Time 0 and at 24, 48, and 72 h after the injection of
cells. Results are expressed as the mean Â±SD of swelling. The difference
in the swelling values obtained following the injection of different cells
was calculated using the Student t test.

RESULTS

Since the aim of the present study was to identify antiidi
otypic mAbs which bear the mirror image of HMW-MAA and

since one of the characteristics of these antiidiotypic mAbs
is their ability to inhibit the binding of the corresponding
anti-HMW-MAA mAb to melanoma cells, the supernatants
from the 703 hybridomas generated with splenocytes from a
BALB/c mouse immunized with mAb TP61.5 were screened
for their ability to inhibit the binding of 125I-mAb TP61.5 to

cultured Colo 38 melanoma cells. Supernatants from the hy
bridomas TK7-37, TK7-68, TK7-74, TK7-110, TK7-128, TK7-
195, TK7-207, TK7-371, TK7-447, TK7-524, TK7-599, TK7-
623, and TK7-656 inhibited the binding of mAb TP61.5 to
Colo 38 melanoma cells by at least 75% (Table 1). The inhibi
tion is specific, since the supernatants did not inhibit the
binding of '"I-labeled anti-HMW-MAA mAbs 149.53, 225.28,

763.74, and TP41.2 to Colo 38 melanoma cells. The 13 hybrid
omas were subcloned and grown in ascites. mAbs were purified,
labeled with 125I,and tested for binding to 24 mAbs which
define 13 distinct antigenic determinants of HMW-MAA. The
13 antiidiotypic mAbs react only with the immunizing mAb
TP61.5 in the binding assay and in the sandwich assay (Table
1). It should be noted that none of the anti-HMW-MAA mAbs
tested cross-inhibited the binding of mAb TP61.5 to melanoma
cells. The 13 antiidiotypic mAbs differed in their ability to
inhibit the binding of mAb TP61.5 to melanoma cells, as
measured by the minimum amount of antiidiotypic mAb re-

Table 1 Characteristics of the mouse antiidiotypic mAbs elicited with the
syngeneic anti-HMW-MAA mAb TP61.5

Inhibition of
binding of

mAb
TP61.5tomelanomaReactivity

with mAbTP1.5Binding

IgG assay"
mAb subclass (cpm x10~3)TK7-37TK7-68TK7-74TK7-110TK7-128TK7-195TK7-207TK7-371TK7-447TK7-524TK7-599TK7-623TK7-65624.524.927.428.428.726.122.031.8!a

22.431.1!b

34.723.927.9Sandwich

assay*
(cpm x10~3)27.622.534.533.028.824.927.932.222.830.933.922.229.8%'88999695887577988394769199cellsng/l<XM854682004082422200428Affinityconstant'

(10' XM~')0.510.260.390.101.490.760.180.340.381.510.280.160.25

' '"I-labeled antiidiotypic mAbs (1 x IO5 cpm/100 M') were added to mAb
TP61.5-coated microtiter plates. At the end of a 2-h incubation at room temper
ature, plates were washed 3 times with PBS-T20. Bound radioactivity was meas
ured in a gamma counter. Nonspecifically bound radioactivity was measured by
incubating 12!I-antiidiotypic mAbs in anti-HMW-MAA mAb 763.74-coated mi

crotiter plates. Specifically bound radioactivity was measured by subtracting
nonspecifically bound radioactivity from bound radioactivity.

'Antiidiotypic mAbs (1 Â»ig/100Â¿il)were incubated for 4 h at 4'C in mAb
TP61.5-coated microtiter plates. Following 3 washings with PBS-T20, plates
were added with l!'I-mAbTP61.5(1 x IO'cpm/1 (KM). Incubation was continued
at room temperature for 2 h. Plates were then washed 5 times with PBS-T20.
Bound radioactivity was measured in a gamma counter. Nonspecifically bound
radioactivity was measured by incubating antiidiotypic mAbs in anti-HMW-MAA
mAb 763.74-coated microtiter plates and adding '"I-mAb 763.74 (1 x 10* cpm/

100 fil). Specifically bound radioctivity was measured by subtracting nonspecifi
cally bound radioactivity from total bound radioactivity.

c Maximal inhibition of the binding of 125I-mAbTP61.5 (2 x 10*cpm) to Colo
38 melanoma cells (2 x 10" cells) by antiidiotypic mAb (5 pg/100 n\).

'"Dose of antiidiotypic mAb required to inhibit by 50% the binding of ' "I -
mAb TP61.5 (2 x 10s cpm) to Colo 38 melanoma cells (2x10* cells).
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quired to inhibit the binding of mAb TP61.5 to melanoma cells
by 50% (Table 1). Furthermore, even at the highest concentra
tion used (100 ng/ml), the antiidiotypic mAbs TK7-195, TK7-
207, and TK7-599 inhibited the binding of mAb TP61.5 to
melanoma cells by less than 80%. Representative inhibition
curves are shown in Fig. 1. The inhibition is specific, since each
antiidiotypic mAb did not affect the binding of l25I-anti-HMW-

MAA mAb 763.74 to Colo 38 melanoma cells. Furthermore,
the binding of anti-HMW-MAA mAb TP61.5 to melanoma
cells was not affected by the antiidiotypic mAbs MF9-10,
MF11-30, MK2-23, and TK6-74 elicited with the anti-HMW-
MAA mAbs 149.53, 225.28, 763.74, and TP41.2, respectively.

Western blotting analysis of the reactivity of the 13 125I-

labeled antiidiotypic mAbs with mAb TP61.5 electrophoresed
under reducing and nonreducing conditions in the presence of
SDS showed reactivity of all of them with the whole IgG of
mAb TP61.5. None of the 13 antiidiotypic mAbs reacted with
the reduced heavy and light chains of mAb TP61.5. Represent
ative results are shown in Fig. 2. These results suggest that the
idiotopes recognized by the 13 antiidiotypic mAbs on mAb

IDO

O
t-<
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S 50

ug/ml

Fig. 1. Inhibition by antiidiotypic mAb of the binding of anti-HMW-MAA
mAb TP61.5 to cultured human Colo 38 melanoma cells. '"I-mAb TP61.5 (2 x
10' cpm) ( ) was mixed with purified antiidiotypic mAb TK7-37 (O), TK7-68
(A), TK7-207 (D), and TK7-599 (Â«)in a total volume of 100 jil. Following a 4-h
incubation at 4'C, each mixture was added to Colo 38 melanoma cells (2 x 10s),
and incubation was continued for an additional 2 h at 4'C. Then cells were

washed S times with PBS, and bound radioactivity was counted in a gamma
counter. Results are expressed as the percentage of inhibition of binding to
melanoma cells, as compared to binding in the presence of the unrelated antiidi
otypic mAb MF11-30. '"I-labeled anti-HMW-MAA mAb 763.74 was used as a

specificity control ( ).

TP61.5 are conformational, provided that electrophoresis in
the presence of SDS does not destroy them.

To determine whether the 13 antiidiotypic mAbs were able
to induce anti-HMW-MAA antibodies, five BALB/c mice were
immunized with each antiidiotypic mAb. Only sera from the
five mice immunized with mAb TK7-371 reacted with Colo 38
melanoma cells in a binding assay; the reactivity is specific,
since it is significantly higher than that with LG-2 B-lymphoid
cells (Fig. 3) which do not express HMW-MAA. It is notewor
thy that all the 13 antiidiotypic mAbs are immunogenic, since
sera from the immunized mice inhibited the binding of the
corresponding immunizing antiidiotypic mAb to mAb TP61.5.
Representative results are presented in Fig. 4, which also shows
that the immune sera did not inhibit the binding of anti-HMW-
MAA mAb 763.74 to the corresponding antiidiotypic mAb
MK2-23.

Sera from the BALB/c mice immunized with mAb TK7-371
did not immunoprecipitate any component from I25l-labeled

Colo 38 melanoma cells. To prove that sera from the immu
nized mice contain anti-HMW-MAA antibodies, they were
tested for their reactivity with HMW-MAA purified by affinity
chromatography from an extract of Colo 38 melanoma cells.
As shown in Fig. 5, serum from the immunized mice reacted
with the purified HMW-MAA. The reactivity is specific, since
the sera did not react with ICAM-1 purified by affinity chro
matography on F(ab')2 fragments of mAb CL207.14. The anti-

HMW-MAA antibodies in the immune sera are likely to rec
ognize the same determinant as that defined by mAb TP61.5,
since they did not react with HMW-MAA purified by binding
to F(ab')2 fragments of mAb TP61.5 (Fig. 5). It is noteworthy

that coating of Colo 38 melanoma cells with the immune serum
did not affect the binding of l25I-mAb TP61.5 (Fig. 6). The

unidirectional inhibition may reflect the displacement of the
polyclonal antibodies by mAb TP61.5 because of differences in
affinity.

The antibodies in serum from the mice immunized with the
antiidiotypic mAb TK7-371 express the corresponding idiotope
in their antigen-combining site, since mAb TK7-371 inhibts the
binding of the antisera to Colo 38 melanoma cells in a dose-
dependent fashion (Fig. 7). The inhibition is specific, since mAb
TK7-371 does not affect the binding to Colo 38 melanoma cells
of an antiserum elicited with the antiidiotypic mAb MK2-23.
Conversely, the binding to melanoma cells of the antiserum
elicited with mAb TK7-371 is not affected by the antiidiotypic
mAb MK2-23.

To determine whether mAb TK7-371 can induce anti-HMW-
MAA antibodies across species barriers, sera from two rabbits

Fig. 2. Reactivity of antiidiotypic mAb with
the whole immunoglobulin and with the heavy
and light chains of anti-HMW-MAA mAb
TP61.5. Anti-HMW-MAA mAb TP61.5 (A) was
electrophoresed under reducing (+) and nonre
ducing (-) conditions, blotted to a nitrocellulose
filler, and incubated with '"1-antiidiotypic mAbs
TK7-37, TK7-110. and TK7-371. Antiidiotypic
mAb MF11-30, elicited with the anti-HMW-
MAA mAb 225.28 (B). was used as a specificity
control. // and / indicate the position of heavy
and light chains of immunoglobulins, which were
detected with '"I-goat anti-mouse IgG (H+L)

antibodies (indicated as control).
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Fig. 3. Binding to cultured human Colo 38
melanoma cells of syngeneic antisera elicited
with the antiidiotypic mAb TK7-371. Serum
was obtained on Day 0 ( ) and on Day
42 ( ) from BALB/c mice immunized with
antiidiotypic mAb TK7-371 on Days 0, 14,
and 28. Two-fold dilutions of serum (50 jil)
from Mouse 1 (O), 2 (A), 3 (D), 4 (*), and 5
(+) were incubated with Colo 38 melanoma
cells (2 x 10') (A) for 2 h at 4'C. Cells were

then washed 3 times with PBS and added with
125I-anti-mouse IgG Fc xenoantibodies (1 x
10s cpm). At the end of an additional 2-h
incubation at 4*C, plates were washed 5 times

with PBS and dried. Bound radioactivity was
measured in a gamma counter. Results are
expressed as specifically bound cpm/2 x 10'
cells. LG-2 B-lymphoid cells (B) which do not
express HMW-MAA were used as a specificity
control.
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Fig. 4. Inhibition by syngeneic antiantiidiotypic sera of the binding of antiidi
otypic mAb to anti-HMW-MAA mAb TP61.5. Sera were obtained on Day 42
from BALB/c mice immunized with antiidiotypic mAb on Days 0, 14, and 28.
Five-fold dilutions of sera (50 Â¿il)were mixed with the immunizing 12!I-antiidi-
otypic mAb TK7-74 (O), TK7-207 (A), TK7-371 (D), and TK7-623 (*). Following
a 4-h incubation at 4'C, each mixture was transferred to mAb TP61.5-coated

plates ( ), and incubation was continued for an additional 2 h. Then plates
were washed 5 times with PBS-T20 and dried. Bound radioactivity was counted
in a gamma counter. Results are expressed as the percentage of inhibition of
binding of antiidiotypic mAb to mAb TP61.5 as compared to binding in the
presence of preimmune serum. The combination of n*I-antiidiotypic mAb MK2-
23 and immunizing anti-HMW-MAA mAb 763.74 ( ) was used as a
specificity control.

immunized with mAb TK7-371 were tested with Colo 38 mel
anoma cells and with LG-2 B-lymphoid cells in a binding assay.
Both sera displayed a markedly higher reactivity with Colo 38
cells than with LG-2 cells. Furthermore, absorption with LG-2
cells removed the reactivity of the sera with LG-2 cells, but did
not markedly affect that with Colo 38 melanoma cells. Repre
sentative results are shown in Fig. 8. Lastly, rabbit immune
sera displayed a specific reactivity with HMW-MAA purified
by affinity chromatography on mAb 149.53 (Fig. 5). Like the
mouse immune sera, the rabbit immune sera did not bind to
HMW-MAA bound to F(ab')2 fragments of mAb TP61.5.

To determine whether antiidiotypic mAb TK7-371 induced
cellular immunity to HMW-MAA-bearing cells, the effect of
immunization with antiidiotypic mAb TK7-371 on DTH reac
tion to melanoma cells was investigated. Injection on Day 50
of Colo 38 melanoma cells into the right hind footpads of
BALB/c mice immunized with mAb TK7-371 on Days 0, 14,
and 28 induced swelling. The thickness of swelling was signifi
cantly (P < 0.05) higher than that observed in the contralateral

footpad injected with LG-2 B-lymphoid cells (Fig. 9). Further
more, the thickness of swelling in BALB/c mice challenged
with Colo 38 melanoma cells following immunization with the
antiidiotypic mAb TK7-371 was significantly higher than that
observed following immunization with antiidiotypic mAb TK7-
110andTK7-207(Fig. 9).

To determine whether the ability of the antiidiotypic mAbs
to elicit anti-HMW-MAA immunity correlated with their affin
ity constant to mAb TP61.5, this parameter was measured.
Representative results of the Scatchard plot analysis of the
binding of the antiidiotypic mAb to mAb TP61.5 are shown in
Fig. 10. The 13 antiidiotypic mAbs displayed similar affinity
constants (Table 1). Therefore, in this antigenic system, no
relation was found between the affinity constant of the antiidi
otypic mAbs and their ability to induce anti-HMW-MAA
immunity.

DISCUSSION

Analysis of 13 antiidiotypic mAbs which inhibit the binding
of the immunizing syngeneic anti-HMW-MAA mAb TP61.5
to melanoma cells has shown that mAb TK7-371 induces
cellular immunity to HMW-MAA-bearing cells in syngeneic
hosts and anti-HMW-MAA antibodies in syngeneic and xeno-
geneic hosts. The induction of anti-HMW-MAA antibodies in
rabbits shows that mAb TK7-371 bears the mirror image of
HMW-MAA, since it induces anti-HMW-MAA antibodies
across a species barrier (32). Furthermore, and most impor
tantly, this finding shows that mAb TK7-371 can induce im
munity to self HMW-MAA, since this antigen is expressed in
rabbits (33). These results argue in favor of the possibility that
mAb TK7-371 may be able to induce anti-HMW-MAA im
munity in patients with melanoma.

The anti-HMW-MAA antibodies induced by mAb TK7-371
in syngeneic and xenogeneic hosts recognize the same (or
spatially close) determinant(s) as that defined by mAb TP61.5,
since they do not bind to HMW-MAA coated with mAb
TP61.5. The antibodies induced by mAb TK7-371 appear to
have a lower affinity constant than mAb TP61.5, since they do
not immunoprecipitate the HMW-MAA from radiolabeled cul
tured melanoma cells and do not inhibit the binding of mAb
TP61.5 to cultured melanoma cells. Like mAb TP61.5, the
antibodies elicited by mAb TK7-371 express the corresponding
idiotope in their antigen-combining sites, since their binding to
melanoma cells is inhibited by mAb TK7-371.

mAb TK7-371 is not the only example of mouse antiidiotypic
mAb which bears the mirror image of HMW-MAA. In recent
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Fig. 5. Binding to purified HMW-MAA of sera from BALB/c mice and from
rabbits immunized with the antiidiotypic mAb TK7-371. Serum was obtained on
Day 42 from BALB/c mice and from rabbits immunized with antiidiotypic mAb
TK7-371 on Days 0, 14, and 28. A Nonidet P-40 extract of Colo 38 melanoma
cells was incubated for 4 h at 4'C in microtiter plates coated with F(ab')2
fragments of anti-HMW-MAA mAb 149.53 or of mAb TP61.5. The latter two
mAbs recognize distinct and spatially distant determinants of HMW-MAA.
Following 3 washings with PBS-T20, serum (50 nl) from BALB/c mice (â€¢)and
from Rabbit 1 (B) was added. At the end of a 4-h incubation at 4'C, plates were
washed 3 times with PBS-T20 and added with '"I-anti-mouse IgG Fc or anti-
rabbit IgG xenoantibodies (2 x 10* cpm). Incubation was continued for an
additional 2 h at 4'C. Plates were then washed 5 times with PBS-T20 and dried.

Bound radioactivity was measured in a gamma counter. Results are expressed as
specifically bound cpm/well. Microtiter plates coated with F(ab')2 fragments of
anti-ICAM-I mAb CL207.14 were used as a control. The binding of HMW-
MAA to mAbs 149.53- and TP61.5-coated microtiter plates was monitored by
binding of '"I-mAbs TP61.5 (D) and 149.53 (ID),respectively. Serum from Rabbit
1 was used following removal of anti-mouse immunoglobulin antibodies by
absorption with mouse immunoglobulin.
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Fig. 6. Lack of inhibition of the binding of '"I-anti-HMW-MAA mAbTPol.5
to cultured human Colo 38 melanoma cells by sera from BALB/c mice and
rabbits immunized with the antiidiotypic mAb TK7-371. Serum was obtained on
Day 42 from BALB/c mice and from Rabbit 1 immunized with antiidiotypic
mAb TK7-37I on Days 0, 14, and 28. Two-fold dilutions of serum (50 Â¡i\)from
BALB/c mice (O O) and from Rabbit 1 (O O) were incubated with Colo
38 melanoma cells (2 x 10*) for 2 h at 4'C. Then cells were washed twice with
PBS and added with '"I-mAb TP61.5 (2 x 10s cpm). At the end of an additional
2-h incubation at 4'C, plates were washed 5 times with PBS and dried. Bound

radioactivity was measured in a gamma counter. Results are expressed as the
percentage of inhibition of binding of mAb TP61.5 to melanoma cells as compared
to binding in the presence of preimmune serum. Melanoma cells incubated with
preimmune mouse (G D) and rabbit (D D) serum or with purified mAb
TP61.5 (A) were used as controls.
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Fig. 7. Inhibition by antiidiotypic mAb TK7-371 of the binding to cultured
human Colo 38 melanoma cells of sera from BALB/c mice and rabbits immu
nized with the antiidiotypic mAb TK7-371. Sera were obtained on Day 42 from
BALB/c mice and from rabbits immunized with antiidiotypic mAb TK7-371 on
Days 0, 14, and 28. Serum from BALB/c mice ( ) and from Rabbit 1( ) was incubated with 10-fold dilutions di' purified F(ab')2 fragments of
antiidiotypic mAb TK7-371 (O) for 4 h at 4'C. The mixture (100 Â»\)was then
added to Colo 38 melanoma cells (2 x 10') and incubation was continued for an
additional 2 h at 4'C. Cells were then washed 3 times with PBS and added with
I2*l-anti-mouse IgG Fc or anti-rabbit IgG xenoantibodies (1 x IO5cpm). At the
end of an additional 2-h incubation at 4'C, plates were washed 5 times with PBS

and dried. Bound radioactivity was measured in a gamma counter. Results are
expressed as the percentage of inhibition of binding of sera to melanoma cells ascompared to binding in the presence of mouse IgG. 1Ul>'); fragments of antiidi
otypic mAb MK2-23 P) elicited with the anti-HMW-MAA mAb 763.74 were
used as a specificity control.

studies (6, 15, 16, 34, 35) we have analyzed a large panel of
mouse antiidiotypic mAbs elicited with the syngeneic mAbs
149.53, 225.28, 763.74, and TP41.2 which recognize distinct
and spatially distant determinants of HMW-MAA. mAb
MF11-30, which recognizes an idiotope within the antigen-
combining site of mAb 225.28, induces humoral anti-HMW-
MAA immunity in patients with melanoma (34, 35). The ability
of mAb MF 11-30 to induce cellular anti-HMW-MAA immu
nity has not been determined yet. Furthermore, mAb MK2-23,
which recognizes an idiotope within the antigen-combining site
of mAb 763.74, elicits cellular and humoral anti-HMW-MAA
immunity in syngeneic and xenogeneic hosts (6, 15, 16). The
immunogenicity of mAb MK2-23 appears to be higher than
that of mAb TK7-371, since it induces a higher level of anti-
HMW-MAA antibodies and since the latter can immunoprecip-
itate the HMW-MAA from radiolabeled melanoma cells.
Whether the different immunogenicities of mAb TK7-371 and
MK2-23 reflect the degree of antigen mimicry remains to be
determined.

The antiidiotypic mAbs we have generated against mAb
TP61.5 share some characteristics with the monoclonal and
polyclonal antiidiotypic antibodies developed in human tumor-
associated antigenic systems expressed by melanoma cells and
by other types of human tumor cells. Like the antiidiotypic
mAbs we have described, the mAbs CM 1 and CM 11 recognize
conformational idiotopes within the antigen-combining site of
the immunizing anti-CEA mAbs NP-3 and NP-4 (7). No infor
mation is available about the ability of the two antiidiotypic
mAbs to induce anti-CEA immunity. Furthermore, the antiidi
otypic mAb TK7-371 we have described shares the ability to
induce humoral immunity to the corresponding TAA with a
number of antiidiotypic antibodies. The polyclonal antiidiotypic
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antibodies include those elicited with the anticarcinoma-asso-
ciated antigen mAb GA733 (36) and CO 17-1A (37) and with
the anti-osteosarcoma-associated antigen mAb OSA-1 (9). The
antiidiotypic mAbs include the mAb ÃŸ-land ÃŸ-2elicited with
the anti-breast carcinoma-associated antigen mAb MBrl (3),
the mAb LY8-229 elicited with the anti-small cell lung carci
noma-associated antigen mAb LAMB (4), the mAb Nos. 3 and
7 elicited with the anti-p97 MAA mAb 96.5 (5), the mAb 3H1,
and M7-625 elicited with the anti-CEA mAb 8019 (8) and mAb
MA 2081 (13), respectively, the mAb 4C10 elicited with the
human anti-ganglioside GM3 mAb L612 (10), the mAb AI206
elicited with the anti-adenocarcinoma-associated antigen mAb
YH 206 (12), and the mAb IM06 and IM32 elicited with the
anti-HMW-MAA mAb MEM 136 (11). All the antiidiotypic
antibodies, but mAb Nos. 3 and 7, were not tested for their
ability to induce cell-mediated immunity to the corresponding
TAA. The antiidiotypic mAb Nos. 3 and 7 have been shown
not to induce cell-mediated immunity to p97 MAA-bearing

o
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Fig. 8. Binding to cultured human Colo 38 melanoma cells of sera from rabbits
immunized with the antiidiotypic mAb TK7-371. Serum was obtained on Day 42
from Rabbit 1 immunized with antiidiotypic mAb TK7-371 on Days 0, 14, and
28. Serum was absorbed with B-lymphoid cells. Two-fold dilutions of unabsorbed
(top) and of absorbed (bottom) serum (A) (50 ni) were incubated with Colo 38
melanoma cells (2 x 10*) ( ) for 2 h at 4Â°C.Cells were then washed 3
times with PBS and added with '"I-anti-rabbit IgG xenoantibodies (1x10* cpm).
At the end of an additional 2-h incubation at 4'C, plates were washed 5 times

with PBS and dried. Bound radioactivity was measured in a gamma counter.
Results are expressed as specifically bound cpm/2 x IO5cells. LG-2 B-lymphoid
cells ( ) which do not express HMW-MAA and preimmune serum (O) were
used as specificity controls.
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Fig. 9. Cell-mediated DTH reaction to cultured human Colo 38 melanoma
cells in BALB/c mice immunized with the syngeneic antiidiotypic mAb TK7-371.
Five BALB/c mice were immunized with mAb TK7-371 (50 /<g)conjugated to
KLH and mixed with CFA on Day 0, with IFA on Day 14, and with PBS on Day
28 (A). On Day 50, 5 x IO5irradiated (20,000 rad) Colo 38 melanoma cells (D)

were injected into the right hind footpad. Footpad thickness was measured on
Day 0 and at 24, 48, and 72 h following the injection of cells, utilizing a Digit
outside micrometer. Swelling was determined by subtracting footpad thickness at
Time 0 from that measured 24, 48, and 72 h following the injection of cells.
Results are expressed as the mean Â±SD of values obtained in five mice. Five
BALB/c mice immunized with the unrelated antiidiotypic mAb Ik7) 10 (B) and
mAb TK7-207 (C) with the same schedule as with mAb TK7-371 and irradiated
(20,000 rad) LG-2 B-lymphoid cells (5 x 10*) (EES)injected into the left hind

footpad were used as specificity controls.

cells (5). Lastly, the antiidiotypic mAb TK7-371 shares the
ability to induce cellular and humoral immunity to the nominal
antigen with the polyclonal antiidiotypic antibodies elicited
with the human anti-mammary tumor virus antigen mAb Bl 1
and 4.6/6 (38) and with the polyclonal antiidiotypic antibodies
elicited with the anti-p97 MAA mAb 8.2 (39). The latter
polyclonal antiidiotypic antibodies did not react with anti-p97
MAA mAbs which recognize distinct determinants from that
defined by mAb 8.2. This finding parallels the lack of reactivity
of the antiidiotypic mAb we have developed with mAb TP61.5,
with a panel of mAbs which recognize different determinants
on HMW-MAA from that defined by mAb TP61.5. A reactivity
pattern similar to the latter has also been obtained by Bluestone
et al. (40), when testing syngeneic antiidiotypic antibodies with
mAb which recognize distinct determinants of H-2 Class I
antigens.

The affinity constant of the 13 antiidiotypic mAbs for mAb
TP61.5 ranges between 0.16 and 1.49 x IO9 M'1. These values

are lower than the affinity constant of mAb TP61.5 for mela
noma cells which has been found to be approximately 4 x IO9
M~'.4 These findings are different from those obtained in two

other systems. Agius a al. (41) have found a similar affinity
costant of an anti-acetylcholine receptor mAb for syngeneic
antiidiotypic mAbs and for the receptor. In the HLA system,
we (42) have found a comparable affinity constant of an anti-
HLA-DQw3 mAb for its antigen and its syngeneic antiidiotypic
mAb. In addition, the present study has detected no difference
between the affinity constant of the antiidiotypic mAb which
bears the mirror image of HMW-MAA and that of those which
do not. Therefore, this parameter does not appear to be useful
to select antiidiotypic mAbs which bear the mirror image of the
corresponding antigen.

* Unpublished results.
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Fig. 10. Scatchard plot analysis of the bind
ing of '"I-anti-HMW-MAA mAb TP61.5 to
antiidiotypic mAb. Antiidiotypic mAbs TK7-37
(O), TK7-195 (A) (A and C), TK7-110 (D), TK7-
371 (A), and TK7-447 (O) (B and D) bound to
microtiter plates were incubated with 1.4-fold
serial dilutions of '"I-mAb TP61.5 in a total
volume of 100 M!of PBS-BSA. At the end of a
2-h incubation at room temperature, plates were
washed 5 times with PBS-T20 and dried. Bound
radioactivity was counted in a gamma counter.
Nonspecifically bound radioactivity was meas
ured by incubating '"I-mAb TP61.5 in an unre
lated antiidiotypic mAb MPI l-30-coated micro-
liter plate. Specifically bound radioactivity was
measured by subtracting nonspecifically bound
radioactivity from total bound radioactivity. In
I and B, results were plotted in the form of

specifically bound mAb versus mAb concentration: in ('and D, results were plotted in the form

of the linear regression transformation of the
law of mass equilibrium (31).

HO ito o an
!BI-mAbTP61.5 ADDED(X10 'cpÂ»)/HELL
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Fragmentary information is available about the frequency of
antiidiotypic mAbs which bear the mirror image of the corre
sponding antigen. The frequency we have found in the present
study is similar to that we have found in previous investigations
with anti-HMW-MAA mAb (6) and anti-HLA Class II mAb
(43), but lower than that found by Viale et al. (3) in the mAb
MBr 1-defined breast carcinoma-associated antigen system and
higher than that found by Kahn et al. (5) in the p97 MAA
system. Whether these differences reflect the immunogenicity
of the idiotopes expressed on the mAbs used to generate anti
idiotypic mAb, the immunization schedule and/or the sensitiv
ity of the screening procedure remains to be determined.

To the best of our knowledge, mAb TK7-371 and the previ
ously described mAbs MF11-30 (34, 35) and MK2-23 (6)
represent the first examples of antiidiotypic mAbs which bear
the mirror image of distinct determinants of a TAA. The three
antiidiotypic mAbs represent useful reagents to compare the
efficacy of immunotherapy with individual antiidiotypic mAbs
and with their combinations in patients with melanoma.
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