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Abstract

Hybridization of murine myeloma cells P3-X63-Ag8.653 with
splenocytes from a BALB/c mouse immunized with the syn-

geneic anti HLA-DR1,4,w6,w8,w9 MAbAC1.59 resulted in
the development of 108 hybridomas secreting antiidiotypic an-

tibodies. 100 of them inhibited the binding of MAbAC1.59 to
target cells. Detailed analysis of the antiidiotypic MAb
F5-444, F5-830, F5-963, F5-1126, F5-1336, and F5-1419
showed that all of them recognize idiotopes within or spatially
close to the antigen combining site of MAbAC1.59. In cross-

blocking experiments, the six antiidiotypic MAbs cross-

blocked each other. It is likely that the six MAbs recognize
spatially close, but not identical idiotopes because they elicited
antiantiidiotypic antibodies of different or similar, but not
identical specificity and differ in their ability to elicit anti-HLA
class II antibodies. The latter, which were found only in sera

from BALB/c mice immunized with antiidiotypic MAbF5444
and F5-830, mimic the specificity of MAbAC1.59 and express
the idiotope defined by the immunizing antiidiotypic MAb.
These results indicate that the MAbF5A444 and F5-830 are

antiidiotypes,6 and the remaining four are antiidiotypes -y.

Introduction

Jerne's network theory postulates that idiotypic interactions
regulate the immune system (1). In agreement with this theory,
antiidiotypic antibodies raised to antibodies to a variety of
antigens have been shown to be useful reagents with which to
manipulate the immune response to the corresponding anti-
gens, presumably by balancing amplification and suppressor
signals among immune cell subsets (2-5). These approaches
have been greatly facilitated by hybridoma methodology,
which has provided homogeneous antibodies to be used as

immunogens and as targets to elicit and to characterize antiid-
iotypic antibodies, respectively. Furthermore, hybridoma
methodology has overcome the practical difficulties inherent
in preparing large amounts of purified and well-standardized
antiidiotypic antibodies with a well-defined specificity.

Despite the regulatory role of HLA class II antigens in
immunological phenomena, of the availability of anti-HLA
class II MAbs and the potential applications of antiidiotypic
antibodies to anti-HLA class II antibodies to investigate and to
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modulate the immune response to these antigens, to the best of
our knowledge, antiidiotypic MAbs to anti-HLA class II anti-
bodies have not yet been developed. Wetherefore attempted to
produce antiidiotypic MAbs to murine anti-HLA class II
MAbs and to determine which of these could mimic the im-
munogenic epitope of HLA class II alloantigens. The aim of
this paper is to characterize the specificity and the functional
characteristics of six syngeneic antiidiotypic MAbs elicited
with the murine MAbAC1.59, which recognizes a determi-
nant expressed on HLA-DR1,DRw8,DRw9 allospecificities
and on subtypes of HLA-DR4 and DRw6allospecificities (6).

Methods

Animals. Eight 12-wk-old BALB/c mice were purchased from Charles
River Breeding Laboratories, Wilmington, MA.

Cell lines. The HLA homozygous cultured B lymphoid cells BAE
219 (HLA-DR8), LG-2 (HLA-DR 1), LKT-13 (HLA-DR4), MANN
(HLA-DR7), THO(HLA-DR4), WALK(HLA-DR4), WT49 (HLA-
DR3), and Yallup (HLA-DR8); the HLA heterozygous cultured B
lymphoid cells Victor (HLA-DR4,w6) and WI-L2 (HLA-DR4,7); the
cultured T lymphoid cells MOLT-4; and the murine myeloma cells
P3-X63-Ag8.653 were grown in medium RPMI 1640 supplemented
with 10% FCS, 2 mML-glutamine, and 25 jig/ml gentamicin sulfate.

MAbs and conventional antisera. The anti-HLA class I, anti-HLA
class II and anti-human melanoma-associated antigen (MAA)' MAbs
developed in our laboratory were prepared and characterized as de-
scribed elsewhere (6-15). The anti HLA-DP MAbB7/21 and the anti
HLA-DR1 MAbH40-242.3 were developed as described (16, 17).

The murine antiidiotypic MAb F3-C25 and F3-B6 to idiotopes
within (or closely related to) and outside the antigen combining site,
respectively, of the syngeneic anti HLA-DR,DP MAbCR1 1-462 (18)
and the murine antiidiotypic MAbT1O-440 to an idiotope within (or
closely related to) the antigen combining site of the syngeneic anti-
HLA-A2,A28 MAbCR1 1-351 (Ferrone, S., unpublished observations)
have been prepared and characterized following procedures similar to
the ones we have used in this investigation.

MAbs were purified from ascitic fluid by a two-step procedure.
After caprylic acid (19) or 40% ammonium sulfate precipitation, IgM
were purified by gel filtration on a fast-phase liquid chromatography
(FPLC) system (Pharmacia Fine Chemicals, Piscataway, NJ), IgGI by
ion exchange chromatography on DEAEand IgG2 by affinity chroma-
tography on protein A Sepharose (Pharmacia Fine Chemicals) (20).
F(ab')2 fragments were prepared from IgGI MAbs following the pro-
cedure we have previously applied (21). The purity of the whole Ig and
of F(ab')2 fragments of MAbswas assessed by SDS-PAGE(22).

Affinity-purified goat antibodies to the Fc portion of murine IgG
and to the heavy and light chain of murine IgG and IgM were pur-
chased from Jackson Immunoresearch Laboratories (Avondale,
PA). Antibodies were radiolabeled with 1251 using the chloramine T
method (23).

Preparation of syngeneic antiidiotypic MAbs to MAbACl.59. A
BALB/c mouse was primed with an intraperitoneal injection of 200 ,g
of purified MAb AC1.59 that had been coupled to keyhole limpet

1. Abbreviations used in this paper: IEF, isoelectric focusing; IFA,
incomplete Freund's adjuvant; MAA, melanoma-associated antigen.
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hemocyanin (KLH) (Sigma Chemical Co., St. Louis, MO), polymer-
ized with glutaraldehyde (24) and mixed with CFA (Gibco Laborato-
ries, Grand Island, NY). The mouse was then boosted with 200 ,ug of
the same immunogen in incomplete Freund's adjuvant (IFA) on days
7, 12, 21, 51, 58, and 65. On day 79 the mouse was killed, the spleen
was removed, and splenocytes were hybridized with murine myeloma
cells P3-X63-Ag8.653. Hybridization and subcloning were performed
according to standard procedures. The isotype of MAbs was deter-
mined by testing either spent medium of hybridomas with mouse
monoclonal subisotyping kit (model 55051; Hyclone Laboratories,
Logan, UT) in ELISA or 10-20-fold-concentrated spent medium with
xenoantibodies specific for murine Ig classes and subclasses (Zymed
Laboratories, Inc., San Francisco, CA) in radial immunodiffusion.

Preparation of syngeneic antiantiidiotypic antisera. Six groups of
four BALB/c mice each were immunized by an intraperitoneal injec-
tion of 200 Ag of purified antiidiotypic MAbsF5-444, F5-830, F5-963,
F5-1126, F5-1336 and F5-1419 coupled to KLH, polymerized with
glutaraldehyde, and mixed with CFA. Mice were then boosted with
200 Mg of the same immunogen in IFA on days 7 and 14. Serum was
harvested on day 14 before the booster, 45 and 65.

Idiotype binding assays. They were performed in polyvinylchloride
microtiter plates (Dynatech Laboratories, Alexandria, VA). The indi-
rect binding assay with '25I-labeled xenoantibodies to the Fc fragment
of murine IgG, the direct binding assay with '25l-labeled antiidiotypic
MAbs, and the inhibition by antiidiotypic MAbs of the binding of
anti-HLA MAbs to lymphoid cells were performed as described else-
where (25).

Cross-inhibition experiments were performed by incubating MAb
ACl .59-coated plates with 50 MI of fourfold dilutions of cold antiidio-
typic MAbs (concentration ranging between 200 and 0.04 Mg/ml) for 7
h at 4°C. After four washings with PBS-Tween 20, plates were incu-
bated with '251-labeled antiidiotypic MAbs (1 x 105 cpm/well). The
assay was then continued as described above for the binding assay.
Negative controls were performed by incubating MAbAC1.59-coated
plates with antiidiotypic MAbs to an unrelated MAb. Positive controls
were performed by incubating MAb ACl.59-coated plates with an
antiidiotypic MAbhomologous to the '251-labeled one.

Competition experiments were performed by preincubating radio-
labeled MAbwith cold MAbfor 2 h at 4°C before incubation for 16 h
at 4°C with MAb-coated microtiter plates.

Results are expressed as percent of inhibition compared with nega-
tive controls. The results obtained with the cross-inhibition assay and
with the competition assay are superimposable. Therefore, the two
assays were used interchangeably.

In the inhibition by syngeneic antiantiidiotypic antisera of the
binding of antiidiotypic MAbs to idiotype-coated plates, '251-labeled
antiidiotypic MAbs (1 X 105 cpm) were preincubated with 50 Ml of
10-fold dilutions of syngeneic antiantiidiotypic antisera. After a 2-h
incubation at 4°C, the mixture was added to idiotype-coated plates and
the incubation was prolonged for 16 h at 4°C. Negative controls were
performed by incubating '251-labeled antiidiotypic MAbs with preim-
mune sera or with antiantiidiotypic antisera elicited with an unrelated
antiidiotypic MAb. Results are expressed as percent inhibition com-
pared with negative controls.

SDS-PAGE, Western blot, and isoelectric focusing (IEF) of antiid-
iotypic MAbs. They were performed using the procedures previously
applied (22, 26, 27).

Serological assays with lymphoid cells. The indirect binding assay
with radiolabeled antimouse Ig xenoantibodies was performed as de-
scribed (11). Briefly, lymphoid cells (2.3 X 105) were incubated for 2 h
at 4°C with 50 Ml of 10-fold dilutions of mouse serum. Then cells were
washed three times with PBS and added with '25I-labeled xenoanti-
bodies to the Fc fragment of murine IgM or of murine IgG (I X 105
cpm). At the end of a 2-h incubation at 4°C, cells were washed four
times with PBS and bound radioactivity was measured in a gamma
counter.

Radiolabeling of lymphoid cells, indirect immunoprecipitation, and
SDS-PAGE. Lymphoid cells were labeled either with 125I using the

lactoperoxidase method (28) or with [35S]methionine as described (12).
Indirect immunoprecipitation and SDS-PAGEwere performed as de-
scribed ( 12).

Results

Hybridization of murine myeloma cells P3-X63-Ag8.653 with
splenocytes from a BALB/c mouse immunized with the syn-
geneic anti HLA-DRl,4,w6,w8,w9 MAbAC1.59, an IgM,
yielded 900 hybridomas. Testing of their spent medium with
MAbAC1.59 in the binding assay using '25I-labeled xenoanti-
bodies specific for murine IgG as a tracer detected activity in
108 supernatants.

The hybridomas F5-444, F5-830, F5-963, F5-1126,
F5-1336, and F5-1419, which showed the highest reactivity
with MAb AC1.59, were subcloned and grown in BALB/c
mice. MAbs were purified from the ascitic fluid, radiolabeled
with 1251I, and tested in a binding assay with a panel of 12
anti-HLA class I MAbs, 13 anti-HLA class II MAbs, and 9
anti-human MAAMAbs. The anti-HLA-DQwl MAbKS- 1I
and the anti-HLA-DR4, DQwl MAb KS-5 included in the
panel have the same heavy and light chain isotype as MAb
AC1.59. As shown in Table I, '251I-labeled MAb F5-444,
F5-830, F5-963, F5-1126, F5-1336, and F5-1419 reacted only
with MAbAC1.59. The specificity of the binding is indicated
by the reactivity of antiidiotypic MAbF3-C25 only with the
corresponding immunizing MAbCR11-462. The coating of
plates with MAbs is indicated by the specific binding of I25I-la-
beled goat anti-mouse Ig antibodies.

The antiidiotypic MAbF5-444, F5-830, F5-963, F5-1126,
F5-1336, and F5-1419 inhibited the binding of '251I-labeled
MAbAC1.59 to cultured B lymphoid cells BAE 219 (HLA-
DR8), LG-2 (HLA-DR 1), LKT-13 (HLA-DR4), THO(HLA-
DR4), and WALK(HLA-DR4) in a dose-dependent manner.
No significant difference was found among the six antiidioty-
pic MAbs in the amount required to inhibit by 50% the bind-
ing of 125I-labeled MAbAC1.59 to lymphoid cells with differ-
ent HLA phenotypes. Representative results are shown in Fig.
1. The inhibition is specific because the antiidiotypic MAbs
elicited with MAbAC1.59 did not affect the binding of '251-la-
beled anti-HLA-DR,DP MAbCR11-462 and of 251I-labeled
anti-HLA-DR,DQ,DP MAbQ5/13. Furthermore the binding
to lymphoid cells of '251-labeled MAbAC1.59 was not affected
even by large amounts (200 ,ug/ml) of the antiidiotypic MAb
F3-C25 elicited with the anti-HLA-DR,DP MAbCR11-462
(data not shown). These results suggest that the idiotopes rec-
ognized by the six MAbs are within or closely related to the
antigen binding site of MAbAC1.59. The idiotopes defined by
the six MAbs require the association of the heavy and light
chain of MAbAC1.59 for their expression, since none of them
reacted with the heavy and light chain of MAbAC1.59 isolated
by SDSelectrophoresis under reducing conditions. Represen-
tative results are shown in Fig. 2.

The spatial relationship of the idiotopes recognized by the
MAb F5-444, F5-830, F5-963, F5-1126, F5-1336, and
F5-1419 was analyzed with competition experiments. As
shown in Fig. 3, the six antiidiotypic MAbs cross-inhibited
each other in a dose dependent manner. All of them, but the
MAbF5-963, displayed a similar inhibitory activity, as mea-
sured by the amount of cold MAbrequired to inhibit by 50%
the binding of the other 125I-labeled MAbs (Table II). The
MAbF5-963 displayed a lower inhibitory activity towards the
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Table I. Specificity of Antiidiotypic MAbsElicited with MAbACJ.59

'25p-labeled mAb*
Ig .'25-Ianti-mouse

MAb class Specificity F5-444 F5-830 F5-963 F5-1126 F5-1336 F5-1419 F3-C25 Ig Ab

ACI.59 M HLA-DRI,4,w6,w8,w9 80* 114 53 91 113 112 § 18
H40.242.3 G2a HLA-DRI 25
KS5 M HLA-DR4,DQwl - 30
KSI1 M HLA-DQwl - - 29
AC6G G2b HLA-DQw3 - 22
B7/21 G2a HLA-DP - - 21
Q2/70 GI HLA-DR - 24
Q5/6 G2a HLA-DRI" - - 26
CR11462 GI HLA-DR,DP 54 28
Q2/80 G2a HLA-DR,DP - - 25
127 G2a HLA-DR,DP - 24
420 GI HLA-DR,DP - 19
417 GI HLA-DR,DP - - 21
441 GI HLA-DR,DP - - - 22
Q5/13 G2a HLA-DR,DQ,DP - 24

'251-labeled antiidiotypic MAbs (2 X 105 cpm/well) were tested for their ability to bind to microtiter plates which had been coated with MAb.
Coating of plates with MAbwas monitored by testing with '25I-labeled goat anti-mouse Ig antibodies (Ig Ab) (8 X 104 cpm/well). * The anti-
idiotypic MAbdid not bind to microtiter plates coated with anti-HLA-A2,A28 MAbCR11-351 and MAbKS2, with anti-HLA-B7, B27, Bw42,
Bw54, BwS5, Bw56, Bw67, Bw73 MAbKS4, with MAbQ6/64 to a determinant restricted to the gene products of the HLA-B locus, with MAb
CR1, CR10-131, CR10-214, CR10-215, CR1 1-115, and Q1/28 to monomorphic determinants of HLAclass I antigens, with anti 82-microglobu-
lin MAbNAMB-1, with MAb149.53, 225.28, 653.25, 657.5, 763.74, 902.51 to distinct determinants of high molecular weight-melanoma-asso-
ciated antigen, with MAb345.134 to 115-kD MAA, with MAb376.94 to 100 kD MAAand with MAbCL203.4 to 96 kD MAA. tCounts per
minute X lo-3. § Less than 400 cpm. IiPositive with all HLA-DR allospecificities but HLA-DR7.

MAbF5-1126, F5-1336, and F5-1419. These results suggest
that the MAbF5-444, F5-830, F5-963, F5-1126, F5-1336, and
F5-1419 recognize the same or spatially close idiotopes of
MAbAC1.59.

Two approaches were used to analyze the variable region of
the antiidiotypic MAbs. In the first one, the spectrotype of
MAbF5-444, F5-830, F5-1126, F5-1336, and F5-1419, all
IgG 1, was compared; the MAbF5-963 was not included in this

analysis, since it is an IgG2a. The five antiidiotypic MAbs
focus in the pH-6.0-6.6 range and comprise between two and
four major components (Fig. 4). The spectrotypes of the five
antiidiotypic MAbs are similar, but not identical suggesting a
difference in the variable region at the level of the polypeptidic
and/or carbohydrate moiety. This conclusion was corrobo-
rated by the analysis of the specificity of syngeneic antisera
elicited with the six antiidiotypic MAbs. Each antiantiidio-
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Figure 1. Inhibition by
syngeneic antiidiotypic
MAbs F5-444, F5-830,
F5-963, F5-1 126,
F5-1336, and F5-1419
of the binding of MAb
AC1.59 to cultured
human B lymphoid
cells. '25I-labeled MAb
AC1.59(I X 105
cpm/50 Ml) was mixed
with 50 Ml of fourfold

dilutions of purified unlabeled antiidiotypic MAbF5-444 (o), F5-830
(*), F5-963 (Ai), F5-1126 (o), F5-1336 (o), and F5-1419 (v) (concen-
tration ranging from 3,124 to 3.0 ng/ml). After a 2-h incubation at
4°C, the mixture was added to cultured human B lymphoid cells
LG-2 (HLA-DR1) (A) and LKT-13 (HLA-DR4) (B) and incubation
was continued for 1 h at 4°C. Then cells were washed four times
with PBS and bound radioactivity was counted in a y counter. The
antiidiotypic MAbF3-C25 to an idiotope within the antigen combin-
ing site of the anti-HLA-DR,DP MAbCR11-462 was used as a nega-
tive control (i).

12DI-MAb
F5-444 F5-963

F1 2 1I 3 4 1
_

'35I-MAb
F5-444 F5-963

15 61 1 7 8I

-H

-L

Figure 2. Western blot analysis of the reactivity of antiidiotypic MAb
F5-444 and F5-963 with MAbACI.59. The anti-HLA-
DRl,4,w6,w8,w9 MAbAC1.59 (lanes 1, 3, 5, and 7) and the anti-
HLA-DQwI MAbKS11 (lanes 2, 4, 6, and 8) were applied to an

SDSgel, electrophoresed under nonreducing (lanes 1, 2, 3, and 4)
and reducing (lanes 5, 6, 7, and 8) conditions and transferred to a ni-
trocellulose filter by electroblotting. Filters were then incubated with
'251-labeled MAbF5-444 and MAbF5-963 (5 X l0 cpm/ml),
washed and exposed to a Kodak XAR-5 film. Position of migration
of heavy and light chain of Ig was detected by Ponceau red staining
on a parallel track of nitrocellulose.
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Figure 3. Mapping of idiotopes recognized by MAbF5-444, F5-830,
F5-963, F5-1126, F5-1336, and F5-1419 on MAbACl.59. '25I-la-
beled antiidiotypic MAbF5-444 (A), F5-830 (B), F5-963 (C),
F5-1126 (D), F5-1336 (E), and F5-1419 (F) (I X 105 cpm/50 Al)
were mixed with 50 ,u of fourfold dilutions of purified unlabeled an-

tiidiotypic MAbF5-444 (o), F5-830 (*), F5-963 (A), F5-1126 (0),
F5-1336 (o), and F5-1419 (A) (concentration ranging from 200 to
0.04 ,ug/ml). After a 2-h incubation at 4°C, the mixture was added to
MAbAC1.59-coated plates and incubation was continued for an ad-
ditional 16 h at 4°C. Then plates were washed four times with
PBS-T20 and bound radioactivity was measured in a -y counter. The
antiidiotypic MAbF3-C25 (i) to an idiotope within the antigen com-

bining site of anti-HLA-DR,DP MAbCR11-462 was used as a nega-

tive control.

typic antiserum was tested for its ability to inhibit the binding
of each of the six 1251-labeled antiidiotypic MAbs to MAb
AC1.59. As shown in Fig. 5, each antiserum inhibited the
binding of the corresponding antiidiotypic MAb. Further-
more, while the anti-MAb F5-963 antiserum did not affect the
binding of the other five antiidiotypic MAbs, the antisera elic-
ited with the MAbF5-1126, F5-1336, and F5-1419 inhibited
the binding of all the antiidiotypic MAbs but MAbF5-963.
The latter and the MAbF5-1419 were not affected in their
binding to MAbAC1.59 by anti-MAb F5-444 and anti-MAb
F5-830 antisera; both of them inhibited the binding of MAb
F5-444, F5-830, F5-1126, and F5-1336 to MAbAC1.59. The
inhibitory activity of the anti-MAb F5-444 antiserum was

higher than that of the anti-MAb F5-830 antiserum. The re-

sults suggest that the antiidiotypic MAbF5-963 does not share
idiotopes with MAbs F5-444, F5-830, F5-1126, F5-1336, and
F5-1419, whereas the latter five do. The idiotopes expressed by
the latter five MAbappear to differ in their immunogenicity,
provided that the differential reactivity patterns of the antisera
do not reflect variability in the immune response of the immu-
nized mice.

Antiantiidiotypic antisera were then tested for their con-

tent of anti-HLA class II antibodies. In a binding assay with a

panel of HLA-typed lymphoid cells, only the sera from mice
immunized with MAbF5-444 and F5-830 displayed specific
reactivity with HLA-DRl,DR4 or DRw8antigens bearing B

Table II. Mapping of Idiotopes Recognized by the Antiidiotypic
MAbsF5-444, F5-830, FS-963, F5-1126, FS-1336, and FS-1419
on MAbAC1.59

'251-labeled antiidiotypic MAb
Cold Ig
MAb Isotype F5-444 F5-830 F5-963 F5-1126 F5-1336 F5-1419

ng/100,ul

F5-444 Gl(k) 128* 195 109 281 281 225
F5-830 Gl(k) 114 114 70 130 165 130
F5-963 G2a(k) 201 1,505 88 425 1,119 362
F5-1126 Gl(k) 110 165 56 130 206 171
F5-1336 Gl(k) 74 90 50 51 109 111
F5-1419 Gl(k) 88 156 62 105 236 111
F3-C25 G2a(k) NI§ NI NI NI NI NI
AC1.59 M(k) 5 8 39 8 7 10

'25I-labeled antiidiotypic MAb(1.0 X 105 cpm/well) was preincu-
bated for 2 h at 4°C with fourfold dilutions of purified cold antiidio-
typic MAbbefore being added to MAbACl.59-coated microtiter
plates. After an additional 16-h incubation at 4°C, plates were
washed four times with PBS-T20 and bound radioactivity was mea-
sured in a y counter.
* Concentration (nanograms/ 100 microliters) of purified MAbin-
hibiting the idiotype-antiidiotype reaction by 50%.
t The antiidiotypic MAbF3-C25 elicited with the anti HLA-DR, DP
MAbCR11-462 at the concentration of 10,000 ng/l00 Ail did not in-
hibit the idiotype-antiidiotype reaction.

lymphoid cells. The reactivity pattern of the two antisera was
identical to that of MAbACI.59. Specifically, like the latter,
the two antisera reacted with cells LG-2 (HLA-DR 1), LKT- 13
(HLA-DR4), WALK(HLA-DR4) and Yallup (HLA-DR8)
(Fig. 6 A). On the other hand, like MAb AC1.59, the two
antisera did not react with B lymphoid cells MANN(HLA-
DR7), Victor (HLA-DR4,w6), W1-L2 (HLA-DR4,7), and
WT49(HLA-DR3) and with T lymphoid cells MOLT-4 (Fig. 6
B). The cell lines Victor and WI -L2 express subtypes of HLA-
DR4 and DRw6, which do not carry the determinant recog-
nized by MAbAC1.59. The antisera did not immunoprecipi-
tate any component from [35S]methionine and 1251-labeled
cultured B lymphoid cells LKT- 13 and WALK. Furthermore,
like MAbAC1.59, the antisera reacted with no B lymphoid cell

Figure 4. IEF of antiid-
_ 8 8 iotypic MAbF5-444,

-B.c-8 F5-830, F5-1126,
F5-1336, and F5-1419.

7- 0 Purified antiidiotypic
-65 XH MAbF5-1336 (lane 1),
_
-6 5 pH F5-830 (lane 2),
-6.0 F5-1419 (lane 3),

F5-1126 (lane 4), and
F5-444 (lane 5) were fo-

-46 cused on a thin layer of
5%polyacrylamide gel

2 3 4 5 6 in apH gradient rang-
ing from 3.5 to 9.5.

Bands were visualized by Coomassie brilliant blue R 250 staining.
pH was determined by focusing a standard protein mixture (Bio-Rad
Laboratories, Richmond, CA) (lane 6).
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Figure 5. Inhibition by syngeneic antiantiidiotypic antisera of the
binding of antiidiotypic MAbF5-444, F5-830, F5-963, F5-1126,
F5-1336, and F5-1419 to MAbAC1.59. Syngeneic antisera elicited
with antiidiotypic MAbF5-444, (o), F5-830 (*), F5-963 (A), F5-1126
(o), F5-1336 (o) and F5-1419 (v) were mixed with '25I-MAb F5-444
(A), F5-830 (B), F5-963 (C), F5-1126 (D), F5-1336 (E), and F5-1419
(F). After a 2-h incubation at 4°C, the mixture was added to MAb
ACi .59-coated plates and incubation was prolonged for an addi-
tional 16 h at 4°C. After four washings with PBS-T20, bound radio-
activity was measured in a 'y counter.

WALKcomponent in Western blotting. Therefore the reactiv-
ity of the antisera with HLA class II antigens was shown by
measuring their binding to HLAclass II antigens isolated from
cultured B lymphoid cells by affinity chromatography on anti
HLA-DR,DP MAbCR11-462. To this end, an extract of cul-
tured B lymphoid cells LKT- 13 (HLA-DR4), MANN(HLA-
DR7), Victor (HLA-DR4,DRw6), and WALK(HLA-DR4)
was incubated for 48 h at 4°C in 96-well microtiter plates
coated with F(ab')2 fragments of the anti-HLA class II MAb
CR11-462. After four washings with PBS-T20, 50,ul of 10-fold
dilutions of murine sera was added to each well and the incu-
bation was continued for an additional 16 h at 4°C. Then
plates were washed four times with PBS-T20 and added with
1251I-labeled xenoantibodies to the Fc fragment of mouse Ig (8
X 104 cpm). After an additional 16-h incubation at 4°C and
five washings with PBS-T20, bound radioactivity was mea-
sured. Like MAbAC1.59, sera from mice injected with MAb
F5-444 and F5-830 reacted with HLAclass II antigens isolated
from cultured B lymphoid cells LKT- 13 and WALK, but not
with those isolated from cultured B lymphoid cells MANN
and Victor (Fig. 7). The reactivity is specific because the serum
from a BALB/c mouse immunized with the anti-MAb
CR11-462 MAbF3-B6 did not react with plates coated with
HLA class II antigens isolated from cultured B lymphoid cells
LKT-1 3, MANN, Victor, and WALK. The presence of HLA
class II antigens in plates incubated with extracts of the four B
lymphoid cells lines is shown by the binding of '25I-labeled
MAbLGII-612.14, which reacts with a distinct and spatially
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Figure 6. (A) Comparison of the reactivity with HLA-typed cultured
B lymphoid cells of MAbACI .59 and of antiantiidiotypic antisera
elicited with antiidiotypic MAbF5-444 and MAbF5-830. MAb
AC1.59 (50 Al of spent medium) (column 5) and antiantiidiotypic
antisera (50 Ml of a 1:50 dilution) elicited with antiidiotypic MAb
F5-444 (column 1) and MAbF5-830 (column 2) were incubated for
2 h at 4°C with cultured B lymphoid cells LG-2 (HLA-DR1) (A),
LKT-13 (HLA-DR4) (B), WALK(HLA-DR4) (C), and Yallup
(HLA-DRw8) (D). Binding of antibodies to cells was measured by
the uptake of 1251-labeled xenoantibodies to the Fc fragment of mu-
rine IgM and IgG. A syngeneic antiantiidiotypic antiserum elicited
with the unrelated antiidiotypic MAbF3-B6 (column 3) and preim-
mune sera (column 4) were used as negative controls. (B) Compari-
son of the reactivity with HLA-typed cultured lymphoid cells of
MAbAC1.59 and of antiantiidiotypic antisera elicited with antiidio-
typic MAbF5-444 and MAbF5-830. MAbAC1.59 (50 MA of spent
medium) (column 5) and antiantiidiotypic antisera (50 Al of a 1:50
dilution) elicited with antiidiotypic MAbF5-444 (column 1) and
MAbF5-830 (column 2) were incubated for 2 h at 4°C with cultured
B lymphoid cells MANN(HLA-DR7) (A), Victor (HLA-DR4,w6)
(B), W1-L2 (HLA-DR4,7) (C) and WT49(HLA-DR3) (D) and with
cultured T lymphoid cells MOLT-4 (E). Binding of antibodies to
cells was measured by the uptake of '25I-labeled xenoantibodies to
the Fc fragment of murine IgM and IgG. A syngeneic antiantiidio-
typic antiserum elicited with the unrelated antiidiotypic MAbF3-B6
(column 3) and preimmune sera (column 4) were used as negative
controls.

distant determinant from the one recognized by the anti-
HLA-DR,DP MAbCR11-462.

To determine whether the anti-HLA class II antibodies
induced by immunization with the antiidiotypic MAbF5-444
and MAbF5-830 express the corresponding idiotope, the sus-
ceptibility of the antiantiidiotypic antiserum to inhibition by
antiidiotypic MAb F5-444 and F5-830 in their binding to
HLA class II antigens isolated from cultured lymphoid cells
LKT- 13 was tested. As shown in Fig. 8, the antiidiotypic MAb
F5-444 and F5-830 inhibited the binding of the syngeneic an-

tiantiidiotypic antiserum to HLA class II antigens isolated
from cultured B lymphoid cells LKT- 13 in a dose-dependent
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10-' 102 10-3 1-l0 10-2 10-3 and added with 50 Al of
Antisera dilution antiantiidiotypic anti-

sera elicited with MAb
F5-444 (A) and MAbF5-830 (o). Incubation was continued for an
additional 16 h at 4°C. Binding of antibodies to HLA class II anti-
gens was measured by the uptake of '251-labeled xenoantibodies to
the Fc fragment of murine Ig. A syngeneic antiantiidiotypic anti-
serum elicited with the unrelated antiidiotypic MAbF3-B6 (-) and
preimmune sera (n) were used as negative controls. Coating of plates
with HLA class II antigens was assessed by measuring the binding of
anti-HLA-DR1,4,w6,w8,w9 MAbAC1.59 (o) and of anti HLA-
DR,DP MAbLG2-612.14 (o). The latter two MAbs recognize dis-
tinct and spatially distant determinants from the one recognized by
the anti HLA-DR,DP MAbCR11-462.

12 A B Figure 8. Inhibition by
F i antiidiotypic MAb

F5-444 and MAb
F5-830 of the binding

2 to purified HLA class II

6 \ antigens of syngeneic
antiantiidiotypic anti-

0.
\ sera elicited with MAb

F5-444 and MAb
F5-830. Syngeneic an-

tiantiidiotypic anti-
2.5 25.0 250.0 2.5 25.0 250.0 serum (50 AI of a 1:10

Monoclonal antibody ("/ml) dilution) elicited with
the antiidiotypic MAb

F5-444 (A) and MAbF5-830 (B) were mixed with 50 A1 of PBScon-
taining different amounts of purified immunizing antiidiotypic MAb
(o). After 1 h incubation at 40C, the mixture was added to wells
coated with HLA class II antigens purified from an extract of cul-
tured B lymphoid cells LKT-13 (HLA-DR4) by binding to F(ab')2
fragments of MAbCR11-462. Incubation was prolonged for an addi-
tional 16 h at 4°C. Binding of antibodies to HLA class II antigens
was measured by the uptake of '25I-labeled xenoantibodies to the Fc
fragment of murine IgG. The antiidiotypic MAbT 10-440 to an idio-
tope within the antigen combining site of anti-HLA-A2,A28 MAb
CR11-351 (A) was used as a negative control.

fashion. The inhibition is specific because preincubation with
the antiidiotypic MAbT1O-440 elicited with the anti-HLA-
A2,28 MAbCR11-351 had no effect on the binding of anti-
MAbF5-444 and MAbF5-830 antisera to cultured lymphoid
cells LKT- 13.

Discussion

This study has described for the first time the development and
characterization of murine antiidiotypic MAbs to the synge-
neic MAbAC1.59, which recognizes a polymorphic determi-
nant of HLADRantigens. The MAbF5-444, F5-830, F5-963,
F5-1126, F5-1336, and F5-1419 we have investigated in details
recognize private idiotopes because they react only with the
immunizing MAbAC1.59 when tested with a large panel of
anti-HLA class I and class II MAbs. The specificity of the
antiidiotypic MAbs parallels that of antiidiotypic antisera elic-
ited in BALB/c mice with the MAb AC1.59 (27): they dis-
played no cross-reactivity with a panel of anti-HLA class II
MAbs. Because none of the latter displays the same specificity
as MAbAC1.59, these findings are in agreement with results
obtained in the murine system that only antibodies of the same
fine specificity share idiotopes (29-35).

The idiotopes defined by the six MAbs require the associa-
tion of the heavy and light chain of MAbAC1.59 for their
expression because they do not react with isolated heavy and
light chains in Western blotting. Mapping experiments and
functional studies suggest that the idiotopes recognized by the
six MAbsare spatially close, but not identical, as they cross-in-
hibit each other in their binding to MAbAC1.59, but elicit
antiantiidiotypic antibodies of different or similar, but not
identical specificity. Furthermore, the six antiidiotypic MAbs
differ in their ability to elicit anti-HLA class II antibodies. The
latter were detected only in sera from BALB/c mice immu-
nized with antiidiotypic MAbF5-444 and F5-830. The anti-
HLA class II antibodies induced by antiidiotypic MAbsmimic
the characteristics of MAbAC1.59 because they display the
same reactivity pattern with a panel of HLA-typed B lymphoid
cell lines and purified HLA class II antigens and with synge-
neic antiidiotypic MAbs. The inability of antiantiidiotypic an-
tisera to immunoprecipitate HLA class II antigens from cul-
tured B lymphoid cells is not surprising, in view of the low
intensity of components immunoprecipitated by MAbAC1.59
from radiolabeled B lymphoid cells. It may reflect the low
affinity and/or titer of anti-HLA class II antibodies induced by
antiidiotypic MAbs in a syngeneic combination.

Antiidiotypic antibodies have been classified into four
groups (36). Antibodies a recognize idiotopes distinct from the
antigen combining site. Antibodies A recognize idiotopes
within the antigen combining site and bear the internal image
of the nominal antigen. Like the former ones, antibodies y
recognize idiotopes within the antigen combining site and
therefore are antigen inhibitable. However, they do not mimic
the three-dimensional structure of the nominal antigen. Anti-
bodies e recognize determinants shared by the antibodies and
by the nominal antigen. According to this classification, the
MAbs F5-444 and F5-830 recognize (3 idiotopes because they
are the mirror image of HLA class II antigens. The remaining
four MAbs inhibit the interaction of MAbAC1.59 with the
corresponding antigen and do not induce the formation of
anti-HLA class II antibodies. Therefore, they are antiidiotypic
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antibodies y, provided that the lack of production of anti-HLA
class II antibodies by the immunized mice does not reflect
individual variability in the ability to produce anti-HLA-
DR1 ,4,w6,w8,w9 antibodies following immunization with an-
tiidiotypic MAbs. Only - 20% of BALB/c mice treated with
antiidiotypic xenoantibodies were found to produce anti-H-2
Kk antibodies (37). Characterization of the amino acid se-
quence of the variable region of the six antiidiotypic MAbs
elicited with MAbAC1.59 will define the structural basis of
their diversity. Furthermore, this information combined with
the available data about the amino acid sequence of HLA-
DR4 antigens (38) will provide the background to synthesize
peptides that can be used to modulate the immune response to
these antigens. Experiments along this line are in progress in
our laboratory.

In the histocompatibility antigen area, antiidiotypic anti-
bodies that are the mirror image of antigens have been devel-
oped in three other systems. In mice-, pig-, and rabbit-antiid-
iotypic antibodies elicited with a murine MAb induced the
formation of anti-H-2 class I antibodies in some of the BALB/
c mice treated (39), and pig-antiidiotypic antibodies elicited
with a murine MAb induced the formation of anti-class II
histocompatibility antigen antibodies in all the C3H.SWmice
treated (40). In rats, like in our system, one syngeneic antiid-
iotypic MAbelicited the formation of anti-class II histocom-
patibility antigen antibodies (41). In swines, rabbit-antiidio-
typic antibodies elicited with a murine MAbinduced the for-
mation of anti-class I histocompatibility antigen antibodies in
mice, but not in swines (42). Furthermore, in these three sys-
tems, like in the human one analyzed in this investigation,
antibodies elicited with antiidiotypic antibodies were shown to
share idiotope(s) with the MAbused to elicit antiidiotypic anti-
bodies.

The frequency of antiidiotypic antibodies secreting hybrid-
omas in the fusion analyzed is noteworthy in view of the diffi-
culties encountered to develop antiidiotypic MAbs to murine
anti-HLA class II MAbs (unpublished observations). The fre-
quency we have obtained is markedly higher than that we have
obtained using splenocytes from BALB/c mice immunized
with MAbs to monomorphic determinants of HLA-DR and
DP antigens (18), to polymorphic determinants of HLA-DQ
antigens, to monomorphic and polymorphic determinants of
HLA Class I antigens (Ferrone, S., unpublished observations)
and to monomorphic determinants of human high molecular
weight-melanoma associated antigen (Kusama, M., T. Kage-
shita, Z. J. Chen, and S. Ferrone. 1989. Production and char-
acterization of syngeneic antiidiotypic monoclonal antibodies
to murine anti-human high molecular weight-melanoma as-
sociated antigen [HMW-MAAJmonoclonal antibodies. Man-
uscript submitted for publication.) Furthermore, the fre-
quency is markedly higher than that obtained with splenocytes
from BALB/c mice immunized with syngeneic anti murine
I-A MAbs (43) and from rats immunized with syngeneic and
allogeneic MAbs to rat class II histocompatibility antigens
(44). Whether this difference reflects the immunization sched-
ule, the IgG class of MAbAC1.59 and/or the immunogenicity
of its idiotopes remains to be determined.

The studies reported herein using antiidiotypic MAbs di-
rected against the anti HLA-DR1,4,w6,w8,w9 MAbAC1.59
suggest that idiotype networks operate during the course of the
murine immune response to HLA class II antigens. Therefore,

antiidiotypic antibodies may be useful reagents to alter the
serologic characteristics of an antibody response to HLA class
II antigens and may offer a potential means to modulate the
immune response to this antigen.
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