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Introduction

One of the greatest challenges of modern
immunology is the development of effective
vaccines for such diverse diseases as cancer,
hepatitis, and acquired immune deficiency
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Moloney Leukemia Virus-Induced
Cell Surface Antigen Mimicry by
Monoclonal Antibodies
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Abstract

We have investigated antigen-independent modulation of im-
mune responses by monoclonal antibodies directed against
both viral and nonviral antigens. BALB/c mice were immu-
nized with monoclonal IgM (i.e. Abl) specific for either
Moloney murine leukemia virus-induced cell surface antigen
(MCSA) or the hapten 2,4-dinitrophenyl (DNP). Injection
with either Abl activated a functional idiotypic (Id) network
as evidenced by production of both anti-Id (Ab2) antibodies
and anti-anti-Id (Ab3) antibodies. A subset of induced Ab3
(designated Abl’), exhibited specificity for antigen (virus or
DNP). In mice immunized with anti-Id antibodies (Ab2), pro-
duction of Ab3 and Abl’ was also observed. In the MCSA sys-
tem, antibody-induced Abl’ responses were effective in pro-
tecting mice from tumor development upon subsequent chal-
lenge with live virus. Furthermore, antigen-independent mod-
ulation of immunity to both viral and nonviral antigens was
found to be thymus-dependent. Similar findings in other viral
systems suggest that antibody-induced activation of Id net-
works may prove a viable alternative vaccine strategy that can
elicit antigen-specific responses, and in some cases protection,
in the apparent absence of exposure to antigen.

syndrome (AIDS). Conventionally, viral and
bacterial vaccines have consisted of attenuat-
ed (nonvirulent) strains of the pathogenic or-
ganism, or stocks which have been inactivated
by heat, chemical treatment, or irradiation.
However, each of these methods carries the
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inherent risk that the vaccine may itself in-
duce the disease, due to incomplete inactiva-
tion or the appearance of a virulent revertant
in an attenuated strain. Modern molecular
biology has offered alternative methods of
producing safe and effective microbial vac-
cines, including expression of recombinant
antigenic epitopes in nonpathogenic carriers
such as vaccinia virus [1]. While this ap-
proach is valid for strongly immunogenic vi-
ral or bacterial epitopes, it is less promising in
tumor systems involving less well-defined and
more weakly immunogenic tumor antigens.
Thus, the development of effective tumor
vaccines still poses a significant challenge to
modern immunologists.

One novel and exciting approach to tumor
vaccine development involves the network
hypothesis originally proposed by Jerne [2]. In
this view of the immune system, antibodies
interact not only with nominal antigen, but
also with other antibody molecules during the
course of an immune response. The antibody
variable region contains two important sites
necessary for these interactions to occur. They
include the paratope (antigen combining site)
and the idiotope, an immunogenic site which
can be bound by the paratopes of other anti-
body molecules. A collection of unique idio-
topes borne by any individual antibody is col-
lectively referred to as the idiotype (Id) of that
molecule. The immune system can thus be
viewed as a network of interacting elements,
which express unique Ids capable of eliciting
specific anti-Id responses.

For example, an antigen may activate a
population of B cells expressing antibody (Id,
or Abl) which bear distinct Id determinants
and are capable of binding Ag through their
paratopes (fig. 1). The Id determinants on
Ab] are also immunogenic and can stimulate
a second population of lymphocytes express-
ing Ab molecules, termed anti-Id antibody
(Ab2). Likewise, Ab2 can stimulate a third

population of lymphocytes expressing anti-
anti-Id antibodies (Ab3) which recognize and
bind Ab2. A subset of the Ab3 response (Abl”)
can also bind the original antigen. Thus, at
least a portion of the Ab2 response possesses
the capacity to stimulate an antigen-specific
immune response. This Id cascade may play
positive or negative regulatory roles in the
response to nominal antigen.

Of particular interest for this discussion, Id
or anti-Id reagents themselves may be used to
induce specific immune responses in the ab-
sence of nominal antigen. This feature of the
Id network lends itself to the development of
effective vaccines, which would eliminate the
need to purify large quantities of poorly de-
fined or poorly immunogenic tumor antigens.
The advent of hybridoma technology, and the
resulting ability to produce large quantities of
pure monoclonal antibody of desired specific-
ity, has provided a quantum leap in the tech-
nology of Id vaccine development.

The immune network hypothesis as origi-
nally proposed by Jerne [2] was limited to B
lymphocytes and their secreted antibodies.
However, many reports have implicated anti-
gen-specific and Id-specific regulatory T lym-
phocytes in Id-based regulation of immune
responses [3-9]. These findings suggest that I1d-
specific T cells can interact with B cells to regu-
late Id*, antigen-specific immune responses
and that Id-directed B-T lymphocyte coopera-
tion is conceivably a general physiologic phe-
nomenon. The recognition of Id determinants
by T cells confers an added level of complexity
to network regulation since B-T lymphocyte
interactions may have either an inhibitory or
stimulatory effect on a particular antigen-spe-
cific B cell, depending on the spectrum of lym-
phokines produced by the T cell. The added
dimension of T cell involvement in Id-based
regulation does not contradict the basic tenets
of the immune network theory but instead may
supplement it in a more global manner.
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Many reports have described Id-based im-
mune regulation in a number of different viral
systems (summarized in table 1). Both poly-
clonal and monoclonal reagents have proven

to be useful. However, the exquisite specifici-
ty and large scale production potential of
monoclonal antibodies makes this the method
of choice for vaccine development. A com-

Table 1. Idiotype-based immune regulation in different viral systems

Family Virus Injected Ab® Ab3(Ab1)® Protection® Commentsd Ref. No.
Retroviridae M-MuSV/M-MuLV Abl ++) + monoclonal 13,14
Ab2 ++) + monoclonal 15
FeLV Ab2 ++) NR mono-, polyclonal 12,51
MMTV Ab2 +(+) + monoclonal 52,53
HIV Ab2 +(+) NR monoclonal 62-66
Papoviridae SV40 Ab2 +-) + polyclonal 49
Ab2 +(+) NR monoclonal 50
Ab2 ++) + monoclonal 88
Ab2 +(+) NR polyclonal 89
Hepadnaviridae Hepatitis B virus Ab2 ++) + polyclonal 54-57
Reoviridae Reovirus type 3 Ab2 +(+) + monoclonal 10, 58
Bluetongue virus Ab2 NR NR monoclonal 67
Rhabdoviridae Rabies virus Ab2 ++) 0 polyclonal 11,68
Ab2 +(+) NR monoclonal 69
Picornaviridae Polio virus type IT Ab2 +H+) 0 monoclonal 61
FMDYV type A;> Ab2 +(+) + polyclonal 70,71
FMDY type Oy Abl NR(+) NR monoclonal 72
Coxsackie virus B3 Ab2 +(+) + mono-, polyclonal 73,74
Coxsackie virus B4 Ab2 +NR) NR polyclonal 75
Enterovirus 70 Ab2 +(+) NR monoclonal 96
Orthomyxoviridae  Influenza A virus Ab2 +(+) NR polyclonal 76
Paramyxoviridae  Sendai virus Ab2 +(+) + monoclonal 47,77,78
Newecastle disease virus Ab2 +(+) NR polyclonal 79
Respiratory syncytial virus Ab2 +{+) NR polyclonal 80
Herpesviridae Cytomegalovirus Ab2 +(+) NR monoclonal 81
Ab2 +(+) NR polyclonal 90
Pseudorabies virus Ab2 +(+) + polyclonal 82,91
Herpes simplex type II Ab2 NR(-) - polyclonal 83
Herpes simplex type | Ab2 NR(-) NR polyclonal 84
Togaviridae Rubella virus Ab2 ++) NR monoclonal 85
VEE Ab2 NR(+) NR polyclonal 86
Semliki forest virus Ab2 +(+) + monoclonal 92
Flaviridae JEV Ab2 +(+) NR polyclonal 87
Coronaviridae TGEV Ab2 +(+) NR polyclonal 93
Ab2 +{+} NR monoclonal 94
Mouse hepatitis virus Ab2 ++) + polyclonal 95

Id network activation by antibody alone against virus-induced tumor-associated antigens and viruses associated with infec-
tious disease. HIV = Human immunodeficiency virus; FMDYV = foot and mouth disease virus; VEE = Venezuelan equine encepha-
lomyelitis virus; JEV = Japanese encephalitis virus; TGEV = transmissible gastroenteritis coronavirus.

2 Activation of Id network by Id {(Ab1) or anti-Id {Ab2) antibody.
b +=Response detected, — = response not detected; NR = not reported.
; + = Protection; 0 = no protection; - = increased pathogenicity; NR = not reported.

Clonality of injected antibody (Ab1 or Ab2 - see column 2).
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mon strategy [10- 12] is to generate an anti-
epitope monoclonal antibody (Abl) that is
associated with a protective response in the
host (e.g., virus-neutralizing). The Ab1 is then
used as an immunogen to elicit an anti-Id
antibody (Ab2). Ideally, the Id borne by Abl
should be located in, or sufficiently near, the
antigen combining site of the antibody (para-
tope-associated), be interspecies cross-reac-
tive, and be able to induce a second popula-
tion of anti-Id antibody (Ab2). An Ab2 gener-
ated in this manner may present a comple-
mentary three-dimensional conformation suf-
ficiently similar to the original viral epitope
defined by Ab1. Exposure to the anti-Id alone
could conceivably mimic the effects of expo-
sure to viral epitopes or virus-induced anti-
gens with none of the potential negative con-
sequences. This idea is appealing with regard
to the development of alternative vaccine
strategies since anti-Ids could potentially su-
persede antigen in induction of Id*, antigen-
specific responses. This approach is obviously
attractive when considering vaccines against
HIV, hepatitis, or other pathogens where em-
ployment of conventional vaccines (contain-
ing killed or attenuated virus) may be risky.
Our laboratory has been investigating anti-
gen-independent modulation of immunity by
monoclonal antibodies to both viral and non-
viral antigens. In one system [13-15], we
examined antibody-induced immune re-
sponses to a Moloney murine leukemia virus-
induced cell surface antigen (MCSA). We also
investigated antigen-independent immune re-
sponses to the well-defined M460 1d [16, 17],
which is associated with the BALB/c immune
response to the hapten 2,4-dinitrophenyl
(DNP). This review describes the Id and anti-
gen-binding specificities in the sera of mice
injected with unmodified, homologous mono-
clonal antibody, in the absence of carrier mol-
ecules, adjuvants and antigen. Although the
nature of the antigens themselves are different
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Fig. 1. Schematic representation of the Id network.
Antigen (Ag) induces and is recognized by lympho-
cytes expressing antibody bearing an Id (Abl). Abl
induces and is recognized by lymphocytes expressing
anti-Id antibody (Ab2) and so on. A subset of Ab3 (des-
ignated Ab1‘) not only recognizes Ab2, but also reacts
with the original Ag in the circuit and may share idio-
topes with Abl. Other subsets of Ab3 (designated
Abl1”, Abl"” etc.) represent parallel sets which may
share idiotopes with Ab! and Abl’, but have distinct
binding specificities. Likewise, a subset of Ab4 (desig-
nated Ab2’), which recognizes Ab3, can also bind Abl
and may share idiotopes with Ab2. Other Ab4 subsets
represent parallel sets with the same characteristics
described above.

(viral vs. hapten), common features are ob-
served in the immune responses generated
after introduction of monoclonal antibodies
within each Id system. In all experiments, pas-
sive immunization with Abl activated an Id
network (fig. 1) which elicited both Ab2 and
ADb3 responses, a portion of the latter exhib-
iting specificity for antigen (Abl‘). In mice
passively immunized with anti-Id antibody
(Ab2), production of Ab3 and Abl’ was also
observed. In some experiments in the MCSA
system, the resulting Ab1’ responses proved to
be effective in protecting the animals from
tumor development upon subsequent chal-
lenge with live virus. In addition, we show
that antigen-independent modulation of im-
munity to both DNP and Moloney murine
sarcoma/leukemia virus complex (M-MuSV/
M-MulLV) is thymus-dependent.
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The Viral Story: M-MuSV/M-MulV

The M-MuSV/M-MulLV is composed of
M-MuSV, a replication-defective retrovirus
that transforms cells and induces tumor for-
mation, and M-MuLV, a helper virus neces-
sary for M-MuSV replication [18, 19]. Injec-
tion of M-MuSV/M-MuLV into mice induces
localized sarcomas which spontaneously re-
gress in immunocompetent hosts [20]. This
regression event is dependent upon specific
humoral and cell-mediated immune re-
sponses [21-26] which are directed at anti-
gens encoded by the helper virus [27-29].

Our laboratory has isolated and character-
ized three hybridoma clones secreting mono-
clonal IgM,k antibodies, which bind M-
MuSV/M-MuLV-infected cells [13, 14]. The
monoclonal antibodies (mAb) bind a cyto-
plasmic and cell surface Friend-Moloney-
Rauscher group-specific antigen as deter-
mined by ELISA and immunofluorescence.
Immunoelectron microscopy revealed anti-
body binding to virus-infected cell surfaces,
but not to budding or mature virus particles
[13]. In agreement with the immunoelectron
microscopy, the mAbs were unable to neutral-
ize virus, but were active in complement-
mediated and cell-mediated cytotoxicity of
infected cells, suggesting that these antibodies
were specific for the gp85gag cell surface anti-
gen. To test this hypothesis, we obtained a
mutant clone of M-MuLV [30] which pro-
duces infectious virus, but lacks the genes for
the transmembrane leader sequence and thus
does not produce glycosylated cell surface
gp85gag. When NIH3T3 cells were trans-
fected with proviral DNA from both mutant
and wild-type M-MuLV, both cells expressed
cytoplasmic antigen detectable by immuno-
fluorescence with one of our IgM mAb. How-
ever, only cells transfected with the wild-
type proviral DNA (containing cell surface
gp85gag) were susceptible to complement-me-

diated lysis induced by this antibody. These
data provide direct evidence that the cell sur-
face target of these antibodies is an epitope
contained within gp85gag. The in vitro char-
acterization of these mAbs is summarized in
table 2 [14].

Due to the in vitro reactivity of the mAbs
with an MCSA, we attempted to determine
whether they could exhibit antitumor activity
in vivo [13]. BALB/c mice received an intra-
muscular inoculation with an oncogenic dose
of M-MuSV/M-MulLV. Twice a week thereaf-
ter, the mice were inoculated intraperitone-
ally with either MCSA-specific mAb, an iso-
type-matched control mAb, or saline. Tumor
size was measured at the site of virus injection
every 3-4 days. In a representative experi-
ment shown in figure 2, two of the MCSA-spe-
cific mAbs (KL-5 and KL-9) demonstrated
pronounced in vivo antitumor activity, pro-
viding complete or nearly complete protec-
tion from tumor development, This effect was
not due to nonspecific activity of the IgM
mAbs, since mice treated with the control
mAb, MOPC104E, were not protected from
tumor development. The in vivo protective
effect of MCSA-specific IgM was partially de-
pendent on the presence of functional T cells.
When athymic (nu/nu) and euthymic (nu/+)
mice were inoculated with virus, then treated
with mAb, sarcoma development and growth
could be inhibited, and survival time in-
creased, in nuw/nu mice receiving M-MuSV-
specific IgM [data not shown]. However, all
nw/nu mice eventually died from the over-
whelming tumor burden while their euthymic
littermates receiving identical treatment re-
covered completely [13].

These in vivo experiments demonstrated
that each of the MCSA-specific IsM mAbs
could exhibit antitumor activity in vivo, but
these results did not reveal the mechanism of
protection. There are several possible mecha-
nisms. The most direct mechanism of protec-
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Fig. 2. Primary Moloney sar-
coma growth inhibition by IgM
monoclonal antibodies KL-5 and
KL-9. Each point represents the
geometric mean increase in thigh
diameter from 4 BALB/c female
mice inoculated with M-MuSV.
O = Animals treated with PBS; A =
animals treated with MOPCI104E,
150 ug/injection i.p.; O = animals
treated with KL-5 IgM, 150 ug/
injection; @ = animals treated with
KL-9 IgM, 150 pg/injection. Ar-
rows indicate days of treatment, in-
cluding day | after virus infection
not shown. Actual thigh diameters
(logjp mean £ SEM, mm) at peak
tumor size (day 12) were PBS-

w -
1 ]

Geometric mean increase in thigh diameter (mm)
3+
L

treated 0.91 x 0.064, MOPC 5
104E-treated 0.94 = 0.076; KL-5-

treated 0.74 + 0.054, KL-9-treated

0.67 = 0.005 [modified from 13].

tion might be simple neutralization of the
virus inoculum, thus preventing the infection
and transformation of cells in vivo. However,
as stated previously, none of the mAbs were
capable of neutralizing virus when tested in
vitro; therefore, this possibility is unlikely to
explain in vivo antitumor activity. Thus, we
considered mechanisms directed at virus-in-
fected cells, rather than free virus particles.
The mADs are known to exhibit both comple-
ment- and cell-mediated lysis of infected cells
in vitro (see table 2), so it is possible that these
effector arms of the immune response were
involved following binding of the mAb to the
target antigen on infected cells, leading to lysis
of the tumor cells. Both of these mechanisms
are specific, but passive, in that activation of
antigen-specific lymphocytes is not required
to generate either the components of the com-
plement cascade or effector cells capable of
mediating antibody-dependent cell cytotoxic-
ity. Therefore, we investigated the hypothesis

10 15 20
Time after virus injection (days)

Table 2. mAb used in this study

Designation HandL Specificity RSI.1.3
reactivity
KL9 IgM, x MCSA +
KL5 IgM, MCSA +
323 IgM, k MCSA +
7.1.24 IgM, x MCSA +
DNP 57-1 IgM, k DNP +
HPCM2 IgM, PC -
BHS 1gM, x PC -
M25 IeM, x PC -

H and L represent H and L chain composition of
each mAb determined by ELISA. Each mAb was
assayed for reactivity with RS1.1.3 in an ELISA. + =
Positive (ODs4 = 0.50); — = negative (ODs4 < 0.10);
+ = weakly reactive, in one experiment DNP 57-1
reacted weakly with RS1.1.3 (OD = 0.11). However,
the titer at equal IgM concentrations was 7-fold low-
er than KL9. In subsequent experiments DNP 57-1
was negative [modified from 14]. PC = Phosphoryl-
choline.
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Table 3. Cell-mediated cytotoxicity versus Ha2
target cells, by spleen cells from M-MuSV-inoculated
mice treated with monoclonal IgM antibodies

Effector Treatment groups®
2
cells/well KL5 KL-9
A%re- p<d A%re- p<d
duction® duction®
10,000 49 0.025 68 0.005
5,000 56 0.005 33 0.20
2,500 53 0.001 33 0.10
1,250 26 0.30 34 0.10
625 54 0.01 55 0.02
312 46 0.02 47 0.05
156 26 0.30 37 0.10

2 Spleen cells/10u] well; 10,000 corresponds to E:T of
50:1. All effector cells in this experiment were treated
with trypsin prior to assay.

b Four BALB/c mice/group inoculated with M-
MuSV 30 days previously and injected intraperitone-
ally twice weekly with 150 ug IgM KL-5 or KL-9 in
ascitic fluid. Last treatment on day 22 after virus injec-
tion. Fractionation experiments have previously
shown that specific cytotoxicity from spleen cells of
BALB/c mice 30 days or longer after virus injection is
mediated by non-T cells [23].

¢ % reduction compared to PBS-treated group. It is
extrapolated from % remaining target cells. For data to
be combined from different Microtiter plates, the
number of remaining target cells in each well was nor-
malized to the control wells containing target cells and
medium only. n = 24, for each effector cell concentra-
tion. log;o mean * SEM normalized target cells re-
maining at the 10,000 effector concentration were:
PBS-treated .89 + 0.095, KL-5-treated 1.6 = 0.070,
and KL-9-treated 1.4 + 0.10.

4 Estimated by Student's t test, compared to PBS-
treated group at each effector cell concentration [modi-
fied from 13).

that antigen-specific activation of the im-
mune system resulted from passive immuno-
therapy with MCSA-specific IgM mAbs.
Since functional T cells were required to
achieve complete tumor resistance during
mADb therapy [13], we proposed that the

MCSA-specific monoclonal antibodies in-
duced antigen-specific cell-mediated immune
responses in vivo. To test this hypothesis,
mice were inoculated with virus, with or with-
out subsequent mAb administration, as de-
scribed above. Thirty days after virus injec-
tion, spleen cells from virus-inoculated mice
were assayed for cytotoxic activity against M-
MuSV-transformed target cells. As expected,
spleen cells from virus-inoculated mice were
lytic for tumor cells in vitro. Surprisingly,
spleen cells from virus-inoculated mice subse-
quently given mAb injections exhibited more
cytotoxic activity as compared to mice inocu-
lated with virus only (table 3). The cytotoxic
activity of the effector cells was not due to
passively adsorbed monocional antibody,
since exposure of the splenocytes to trypsin
did not reduce their ability to kill transformed
targets [13]. These data suggest that adminis-
tration of MCSA-specific monoclonal IgM ac-
tivated a specific immune response, resulting
in the generation of tumor-specific cytotoxic
effector cells in vivo.

In addition to cytotoxic effector cells, both
B cells and helper T cells are important in the
normal immune response to M-MuSV/M-
MuLV. Thus, we hypothesized that B cells
(and, by extension, helper T cells) were acti-
vated by exposure to the MCSA-specific [gM
mADb, representing Abl. To test this hypothe-
sis, we examined the MCSA-specific antibody
response in the sera of mice treated with Abl.
Mice were inoculated with virus, with or with-
out subsequent IgM Abl administration as
described above, and observed for tumor de-
velopment. At various time points during the
course of tumor development and regression,
sera were collected and examined for titers of
MCSA-specific antibodies in an ELISA [14 ].
By employing isotype-specific secondary re-
agents, we were able to distinguish the pas-
sively administered IgM antibodies from anti-
gen-specific antibodies produced in vivo. The
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lected from mice on the indicated .
days after virus inoculation on day < 161
0, and assayed for M-MuLV-spe- &
cific antibodies by ELISA. Day 0 HoT
values are the log;g mean = SEM § 12
of 12 normal mouse sera titers. @ = E
Mice inoculated with virus on day g
0 followed by no further treatment; 5 I
O = mice inoculated with virus on = 087
day 0 followed by KL-9 IgM injec- s ﬁl 71
tions (100 ug/mouse) on days indi- il /\LI)
cated by arrows; O = mice which Y944
were not inoculated with virus, but
were injected with KL-9 IgM on T
days indicated by arrows. a M- 0.0 —_— : b

o 4

MuLV-specific 1gG1 titers. b M-
MuLV-specific IgG2a titers [modi-
fied from 14].

results of this serological assay paralleled
those of the cellular assay described above,
1.e., higher titers of MCSA-specific non-IgM
antibodies were found in the sera of mice
which had received IgM mAb injections fol-
lowing virus inoculation, compared to those
animals which were inoculated with virus
only (fig. 3). The MCSA-specific serum anti-
bodies induced by IgM Abl administration

5

I I T
10 15 20 25 32 109
Time postinoculation (days)

were predominantly of the IgGl and IgG2a
isotypes, with minor contributions from the
1gG2b and IgG3 isotypes. The presence of
MCSA-specific IgG1 is particularly intrigu-
ing, since this isotype is almost completely
absent from the normal antibody response to
virus challenge in BALB/c mice {14 ]. These
results suggest that administration of IgM
Abl activated antigen-specific B cells in vivo,
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Fig. 4. Anti-idiotypic serum ti-
ters after passive IgM injection.
The same sera assayed in figure 3
were also assayed for anti-idiotypic
antibodies by using ELISA plates
coated with KI-9 IgM or with
HPCM2 IgM. The results shown
were calculated by subtracting the
HPCM2-binding titers from the
KI-9-binding titers of the same
sera. The highest HPCM2-binding
titers at the peak of the response

4.0+

3.0 1

Endpoint titer (log mean £ SEM)

Y YVYyyvy

were 40, i.e., >200-fold lower than r
anti-KL-9 titers. The symbols are 5

described in the legend to figure 3
[modified from 14].

which secreted antigen-specificantibodies of
isotypes distinct from that of the original
Abl.

One of the most interesting and exciting
findings of these studies occurred serendipi-
tously. In the initial serological studies, mice
were examined following inoculation with vi-
rus, with or without subsequent Abl treat-
ment. However, no mice received Abl treat-
ment in the absence of virus inoculation.
Therefore, the experiment was expanded to
include a group of mice treated in this fash-
ion. Thus, four groups of mice were examined
for the presence of MCSA-specific serum anti-
body titers: (1) normal, (2) inoculated with
virus only, (3) inoculated with virus followed
by IgM Abl treatment, (4) treated with IgM
Abl in the absence of virus inoculation. As
expected, group I had undetectable titers of
MCSA-specific antibodies, group I had mea-
surable titers of predominantly IgM anti-
bodies, and group III had elevated titers of
MCSA-specific IgG1 and IgG2a antibodies.
Surprisingly, the MCSA-specific titers in the
sera of group IV mice were essentially identi-
cal to those found in group II1, suggesting that
the IgG1 and IgG2a titers seen in group III

10 15 20 25 32 109
Time postinoculation (days)

resulted primarily from exposure to the IgsM
Abl, independent of exposure to the virus
(fig. 3). Thus, the injection of IgM Abl had a
vaccine effect, in that it resulted in the activa-
tion of antigen-specific B cells in vivo.

It is difficult to envision how injection of
antigen-specific antibody (Abl) can result in
activation of B cells specific for the same anti-
gen, unless one invokes the Id network as dis-
cussed above. If we hypothesize that Abl
injection initiates the Id cascade, then we
should be able to detect several antibody spec-
ificities in the sera of treated mice: Ab2, or
anti-Id antibody which binds specifically to
the Id determinants on the injected Abl; Ab3,
or anti-anti-Id antibody which binds specifi-
cally to the Id determinants on the Ab2; and
Abl’, a subset of Ab3, which binds not only to
Ab2 but also to the nominal antigen, in this
case MCSA. Abl’ would be represented by the
increased titers of MCSA-specific IgG1 and
IgG2a which were found in the sera of Abl-
injected mice.

Therefore, these same sera were examined
for Ab2 titers, in an ELISA using plates coated
with the immunizing Abl or an isotype-
matched control mAb [14]. Since the coated
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mAbs were IgM, we used IgG subclass-spe-
cific secondary reagents to detect Ab2 titers.
High titers of Ab2 were found in group III (vi-
rus plus Abl) and group IV (Abl only), but
not in detectable quantities in groups I or II
(fig. 4, 5). Thus, the first step in the Abl-
induced Id cascade, the production of Ab2,
was confirmed.

To detect Ab3, we employed an ELISA in
which plates were coated with RS1.1.3, a
monoclonal IgGl Ab2 which recognizes a
common idiotope present on our panel of
MCSA-specific IgM mAbs [15]. The hybrido-
ma secreting RS1.1.3 was produced by im-
mortalizing B cells from a mouse immunized
with the IgM mAb, 7.1.2.4, and screening for
binding to several different IgM mAbs.
RS1.1.3 was identified by its ability to bind
specifically to the MCSA-specific IgM mAbs,
but not to unrelated IgM mAbs of disparate
specificities. When sera from the four groups
of mice described above were assayed for
anti-RS1.1.3 titers, only group III (virus plus
Abl) and group IV (Abl only) sera displayed
significant titers (table 4). These Ab3 titers
consisted of the IgG2a, IgG2b, and IgG3 iso-
types [14]. Thus, the second step in the Abl-
induced Id cascade, the production of Ab3,
was confirmed.

In this series of studies, Ab2 (fig. 4, 5a),
ADb3 (table 4), and Abl” (fig. Sb) were detect-
able in the sera of mice immunized with IgM
Abl. We believe these data constitute the first
description of a complete Id network induced
by exposure to antigen-specific mAb, in the
absence of apparent exposure to the nominal
antigen itself. In addition to the serological
observations, we also observed primed cellu-
lar responses (table 3), which would suggest
that Id manipulation of the immune response
may serve as a potent route of vaccination.
However, while Abl did provide protection
in a therapeutic manner (fig. 2), it failed to
generate protection in a prophylactic manner
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Fig. 5. Dose-response of Ab2 and Abl’ titers after
IgM injection. Mice were immunized with various
doses of 7.1.2.4 (5 injections/mouse), then rested 5
days before the sera were collected and analyzed by
ELISA for Ab2 and Abl” titers. a Ab2 titers deter-
mined by binding of serum IgG1 (M) or serum IgG2a
(O)to 7.1.2.4 -coated ELISA plates. b Abl" titers deter-
mined by binding of serum IgG1 (M) or serum IgM (O}
to YAC lymphoma extract-coated plates, [modified
from 14].

[data not shown], even though prior immuni-
zation with Ab! induced both humoral and
cellular responses.

Following the demonstration that the Id
cascade was activated by Abl, we examined
the effect of Ab2 administration on the subse-
quent immune response [15]. Mice were im-
munized intraperitoneally with varying doses
of RS1.1.3 suspended in saline without adju-
vant, and their sera were then analyzed for
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Table 4. Ab3 titers of KL9 IgM-injected mice

Days NMS MuSV MuSV + KL9 KL9 only Isotype
15 0.85(0.11) 2.51(0.01) 2.60(0.14) Total
20 0.52(0.05) 0.65(0.13) 2.62(0.20) 2.69(0.18)

25 0.94(0.24) 2.36 (0.20) 2.45(0.03)

15 1.41 (0.04) 1.45(0.15) [gG2a
20 1.73(0.14) 2.09 (0.09)

25 0.92 (0.04) 1.30(0.38)

15 0.88(0.335) 1.48 (0.06) 1gG2b
20 1.28(0.11) 0.99 (0.23)

25 1.03(0.07) 0.73 (0.26)

15 0.74 (0.08) 1.01 (0.06) 1gG3
20 1.12(0.06) 1.28 (0.06)

25 0.76 (0.12) 0.93(0.03)

The sera assayed in figures 4 and 5 were assayed for Ab3 antibodies by using ELISA plates
coated with purified RS1.1.3 (monoclonal Ab2). Results are presented as log;p mean + SEM
of triplicate sera each time point. Day = Days after virus inoculation; NMS = normal mouse
sera; MuSV = sera from mice inoculated with virus on day 0; MuSV + KL9 = sera from mice
inoculated with virus on day 0, followed by K19 IgM on days I, 4, 6, 8, 11, and 13 (100 pg/
mouse/injection); KL9 only = sera from mice injected only with KL9 IgM (no virus inocula-
tion); isotype = isotype probed in the ELISA (total = all isotypes except IgG1) [modified from

14].

Ab3 (binding to RS1.1.3) and Abl’ (binding
to MCSA). Mice immunized with increasing
quantities of Ab2 had elevated titers of serum
Ab3, which was undetectable in sera from
nonimmune mice. [gM and [gG2a were the
dominant isotypes, with IgG2b and IgG3 also
detectable (fig. 6a). When the same sera were
screened for Abl’ antibodies, only the IgM
and IgGl isotypes were detected (fig. 6b).
These data show that immunization with Ab2
activat