MINIREVIEW

Internal Image Concept Revisited' (s4033)

CONSTANTIN A. BONA?
Department of Microbiology, Mount Sinai School of Medicine, New York, New York 10029

Abstract. Internal image of the antigen represents an essential element of network
theory. From theoretical standpoint this concept considers that the idiotypes which
are phenotypic markers of variable region of antigen receptor of lymphocytes repre-
sent links between the universe of self and foreign antigens and the immune system.
This concept had seen rapid practical applications. Ensuing years may see whether
these applications are beneficial or rather represent research tools in biological

sciences.

[P.S.E.B.M. 1996, Vol 213]

nternal image concept is pivotal for idiotype net-

work theory. This concept proposes that the idio-

types represents links between the outside world
of the antigens and the inner immune repertoire (1, 2).
The antigen receptor of lymphocytes (i.e., immuno-
globulin [Ig] of B cells, or T-cell receptor [TCR] in the
case of T cells) expresses antigenic determinants that
can be recognized and can elicit a humoral or cellular
immune response in xenogenous, allogeneic, synge-
neic, or autologous animals (3-6). The idiotypes are
phenotypic markers of variable region of lymphocytic
antigen receptor (7).

The completeness of the immune system is due to
the ability of lymphocytic receptor to recognize entire
universe of foreign and self antigens. This property is
related to enormous diversity of lymphocytic receptor
resulting from multiple V-germline genes encoding Ig
receptor (VH, VK, VA) or TCR (Va, VB, V, &, Vy),
the pairing of VH with various VL or VB with Va or
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with D, J segments. Furthermore, the addition or de-
letion of nucleotides during the rearrangement of V
genes and somatic mutations occurring in the rear-
ranged V genes also contribute to the diversity of the
immune repertoire.

The diversity of antigen receptor is reflected in the
diversity of idiotypes. Thus, as a statistical necessity
the network theory introduced the concept of internal
image proposing that the idiotypes of lymphocytic re-
ceptor reflect the antigen diversity (1). This concept is
not a simple consequence of the ‘‘lock and key’’ rule
of the complementary of the antigen-antibody reaction
but rather is based on the principle of 3-dimensional
mimicry; that is, two molecules that may differ greatly
in their gross chemical structure may appear similar to
lymphocytic antigen receptor because they both ex-
hibit specific chemical functional groups in appropri-
ate configuration for their interaction.

Crystallographic analysis of Ig or TCR showed
that while the combining site represents a cleft, the
idiotypes like the antigenic determinants represent
protuberances. This implies that the variable region of
antigen receptor possesses a particular structure able
to interact with the antigen and also able to interact
with the receptor of other lymphocyte by virtue of
their idiotypes.

An internal image is defined by anti-idiotype anti-
bodies which cross-react with foreign antigens, mean-
ing that their idiotypes represent the positive imprint
of the antigen.



The most significant idea inherent to the internal
image concept that idiotypes connect not only the for-
eign antigens with inner immune repertoire but also
the immune system with other systems. This was
clearly illustrated by Sege and Peterson (8) who dem-
onstrated that anti-1d antibodies against rat-bovine in-
sulin antibodies bound to insulin receptor and mim-
icked some functions of insulin.

Heterogenicity of Anti-Idiotype Antibodies

The idiotypes can be located on various segments
of variable region of heavy and light chains. Early ef-
forts to locate the idiotypes were based on serological
methods, particularly, the competition by antigen of
the binding of anti-idiotypes to idiotypes. Such meth-
ods led to classification of idiotypes in idiotypes asso-
ciated with the combining site which are antigen in-
hibitable (9) and idiotypes associated with the frame-
works which are antigen noninhibitable (10).
Serological experiments combined with electron mi-
croscopic studies of monoclonal antibodies specitic for
Streptococcal group A polysaccharide demonstrated
that the idiotopes can be located over the entire sur-
face of V region extending from paratope to the junc-
tion with first exon of constant region (11).

These observations raised the question of hetero-
geneity of anti-idiotype antibodies recognizing idio-
topes located in various segments of V regions. Based
on these observations, Jerne et al. (12) defined two
categories of anti-idiotype antibodies (Ab,): Ab,a-
anti-idiotypes recognizing framework associated idio-
types and Ab,B-anti-idiotypes recognizing paratope
associated idiotypes. Heinz Kohler and 1 (13), after a
thorough analysis of the properties of anti-idiotypes
antibodies, classified the Ab,s into four categories:

1. Ab,a are anti-idiotypes recognizing idiotypes
associated with the framework of variable region since
their binding to corresponding idiotopes is not inhib-
ited by antigen. These anti-Id antibodies can suppress
or prime the clones expressing idiotypes, but they can-
not mimic the antigen. Huang et al. (14) have shown
that Ab,a can induce a T-dependent, MHC-restricted
proliferation of B cells followed by their differentiation
into antibody producing cells. It was also shown that
Ab,a directed to antibodies specific for HBsAg (15) or
influenza virus neuraminidase (16) can induce specific
antibodies without subsequent exposure to viral anti-
gen. Antibodies elicited by immunization with Ab,a
were able to inhibit Id-anti-Id reaction, indicating that
they express Id of Ab,.

2. Ab,y are anti-idiotype antibodies recognizing
paratope associated idiotopes. Such anti-Id antibodies
can inhibit the binding of antigen to the parotope. The
inhibition is due to alteration of 3-dimensional struc-
ture of paratope preventing the interaction with the

epitope (13). Like Ab,a, the Ab,y cannot mimic the
antigen.

A particular category of Ab,y interact with regu-
latory idiotopes (17) which play an important role in
idiotype-regulated immune responses. Regulatory id-
iotopes exhibit the following properties: (a) they are
antigen inhibitable (18) and markers of germline genes
(19, 20); (b) they may function as autoimmunogens
since they can induce synthesis of autoantiidiotyic an-
tibodies (18); (c) they can be shared by several mem-
bers of idiotype network (e.g., Ab, and Ab; or Ab, and
Ab, (17) but also by antibodies with different specific-
ities (21, 22); and (d) they have the potential to become
dominant because they are recognized by T cells (23).
The immune repertoire contains not only B cells pro-
ducing Ab,y specific for regulatory idiotopes (17, 18)
but also T cells recognizing regulatory idiotopes (24,
25).

3. Ab,B are anti-Id antibodies recognizing antigen-
inhibitable idiotopes which mimic the antigen. These
antibodies represent the internal image of the antigen
since their idiotypes cross-react with foreign or self
epitopes. This means that among the multitude of 3-di-
mensional structures of idiotopes of variable regions
one could find structures or shapes which are similar,
if not identical, to the epitopes of self and nonself
antigens.

4. Ab,e (epibodies) represent a special category of
anti-Id antibodies which bind to idiotopes as well as
the antigen interacting with antibodies expressing the
idiotopes. We have described these antibodies in rheu-
matoid factor (RF) system in which we demonstrated
that the binding of epibody to a IdX of a RF was in-
hibited by Fc fragment. In addition, we showed that
monoclonal epibodies bound to Fc fragment which is
the antigen interacting with RFs (26). Epibodies were
described among anti-Id antibodies specific for idio-
types of anti-AchR autoantibodies (27) anti-DNA au-
toantibodies (28) and anti-allotype antibodies (29). The
epibody may represent a particular category of inter-
nal image because its paratope interacts with both id-
iotope and epitope.

In spite of the fact that our classification repre-
sents perhaps an oversimplification of immunochemi-
cal and functional properties of anti-idiotype antibod-
ies, the ensuing years have seen its utility in charac-
terization of anti-idiotype antibodies.

Criteria Defining Ab,-Internal Image

Very rarely in science has a theoretical concept
seen rapid practical application. However, this was
the case of internal image concept, as when Nisonoff
and Lamoyi (30), and Roitt et al. (31) exploited the
concept to propose the utilization of Ab, as vaccines.
Internal image immunoglobulins were also largely
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used to study the function of cell receptors binding the
hormones, to isolate and characterize cell receptors
interacting with a variety of biological active ligands or
drugs, as anti-tumor therapeutical agents or as tools
for understanding the production of autoantibodies.
Taking into account these broad applications, investi-
gators tried to find precise criteria to define Ab,B.
Nisonoff and Lamoyi (30) proposed that Ab, be de-
fined by their ability to recognize antigen-inhibitable
idiotype. However, both Ab,y and Ab,f recognize an-
tigen-inhibitable idiotype and so far it appears that
they are quite different with respect to network con-
siderations and their functions. At the Nobel sympo-
sium in 1987, together with Ertl (32), we proposed
three criteria to define internal image antibodies.

Immunochemical Criterion. Ab,B’s antigen-
inhibitable capacity to interact with paratope-associated
idiotype is useful to distinguish Ab,f from Ab,a. How-
ever it cannot be used to distinguish Ab,B from Ab,y.

Functional Criterion. The functional criterion is
based on the ability to Ab,B to mimic a given antigen
and therefore to induce the synthesis of antibody spe-
cific for a nominal self or foreign antigen. It was dem-
onstrated that some Ab,a also can activate clones ex-
pressing corresponding idiotypes. However, the out-
come of the activation of clones by Ab,a or by Ab,y is
different from that induced by Ab,B. An Ab,a or
Ab,y, which binds to idiotope of Abs, presumably ac-
tivates three types of clones: Ag*Id*, which can bind
the antigen that elicited the production of Ab, anti-
body, Ag Id ™, the parallel sets; and Ag”Ig™~, a true
anti-anti-Id antibody (Ab;). Ab,B, which mimics the
antigen, also activates three different types of clones:
Ag*ld*, Ag*Id™, and true Ab; (i.e., Ag"Id").

A particularity of Ab,B, which expresses an idio-
type mimicking the antigen, is its ability to elicit anti-
bodies specific for the same antigen in various species.
This property is related to the ability of Ab,f to inter-
act with the paratope of antibodies that exhibit similar
antigen specificity but can be encoded by various Vi
and V; genes in different species.

Structural Criterion. Structural identity between
an epitope of the antigen and a segment of variable
region of antibody may represent the most faithful cri-
terion to define an Ab,B. The idiotype of Ab,B, being
identical to the epitope of the antigen, will interact
with lymphocyte antigen receptor alike the antigen. It
was actually shown that the Ab,f shares identical se-
quences with the antigen. Roth et al. (33) prepared
anti-Id monoclonal antibodies (mAbs) against poly-
clonal antibodies specific for GAT (Glu®®Ala**Tyr'%)
synthetic terpolymer. The sequencing of two mono-
clonal anti-Id antibodies showed the presence of
shared sequences Tyr, Tyr, Glu, or Glu, Glu, Tyr be-
tween the D segment and the synthetic terpolymer
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peptide in which Glu-Tyr represents the immunodom-
inant epitope.

Immunization of mice with the synthetic peptide
corresponding to the D segment of Ab, mAb elicited
an anti-GAT antibody response similar to original an-
tigen with an important difference: while they exhib-
ited binding to GT, the immunodominant epitope of
GAT terpolymer, they did not express GAT IdX char-
acteristic of antibodies induced by GAT synthetic pep-
tide (34). Bailey et al. (35) had prepared several mAbs
from MRL/Ipr and C;H/HeJ mice injected with HP20-
Ab,3 mAb raised in GAT system (33). Analysis of
immunochemical properties of mAbs obtained from
mice immunized with HP 20 mAb showed that they
exhibited similar Ka for GT and also for self antigens
such as DNA Sm or Fc fragment of IgG. Among 24
mAbs studied, only 6 expressed GATIdx. The analysis
of V and V¢ gene families encoding their specificity
showed that they drew their V genes from various Vy
and V families. This is in striking contrast with ca-
nonical anti-GAT antibodies encoded by genes derived
from V4J558 and V1 families (36), indicating that
mADbs induced by Ab,B did not derive from the pool of
precursors of GAT specific B cells. These data clearly
demonstrated that Ab,B, by virtue of its ability to
mimic the antigen, stimulates both Ag*Id™ and
Ag*1Id~ clones, and that the paratope of these clones
can be encoded by V genes deriving from various fam-
ilies. Bruck et al. (37) also reported a shared tetrapep-
tide between an epitope of the hemagglutinin (HA) of
reovirus and the CDR2 of the light chain of a mono-
clonal anti-Id antibody raised by immunization with
anti-reovirus antibody.

Van Cleave et al. (38) analyzed the sequence of
Vy and V¢ genes of two mAbs obtained from mice
immunized with rabbit Igs bearing al allotypes. The
Vy region of both antibodies contain an unique se-
quence of identity with rabbit V; segment bearing al
allotypic determinant but in a novel configuration. The
V4 sequence of murine internal image antibody was in
the reverse orientation. The peptides corresponding to
these sequence were able to inhibit the binding of la-
beled rabbit Ig al to an anti-al mAb.

While the structural criterion may be the best for
designation of Ab,f raised by immunization with an-
tibodies specific for protein antigens, the immuno-
chemical and functional criteria can be used to define
Ab,p raised against antibodies specific for polysaccha-
rides, lipoproteins, nucleotides, or synthetic drugs.

Internal Image Immunoglobulin ‘‘a la Carte”’

The advent of molecular biology allowed the con-
struction of chimeric molecules in which peptides of
microbial antigens or lymphokines were expressed in
bacterial, viral, or mammalian genes. These molecules



were produced to deliver vaccinating epitopes or bio-
logically active ligands. This methodology was also
used to prepare chimeric immunoglobulins in which
microbial epitopes were added to CDR3 of V; genes
(39) or replaced the CDR of V; genes (40). These chi-
meric molecules obtained by genetic engineering rep-
resent Ab, because they fulfill the structural crite-
rion, namely, the sharing of identical sequences with
the nominal antigen.

Obviously, while these molecules may represent
faithful copies of linear epitopes recognized by T cells
and rarely by B cells, they cannot mimic conforma-
tional self or foreign epitopes. Billeta er al. (40)
showed that the addition of a peptide corresponding to
the tandem repeat of circumsporozoite protein (CSP)
to CDR3 of a V|, gene of an autoantibody elicited an-
tibodies capable of inhibiting the invasion of hepato-
cytes by sporozoites. This Ab,B ‘4 la carte’’ was able
to induce anti-CSP antibodies because the tandem re-
peat is a linear epitope.

Zaghouani et al. (41) prepared a humanized chi-
meric Ig in which the CDR3 of V; region of an anti-
arsonate antibody was replaced with 19 amino acids
residues corresponding to principal neutralizing deter-
minants of hypervariable region 3 (V;) loop of HIV-1
virus. The replacing of D segment by HIV-1 peptides
was accompanied by loss of anti-arsonate activity.
One chimeric Ig molecule expressed a 19 amino acid
residues peptide corresponding to consensus sequence
predicted from the sequences of 245 isolates and the
second of WM, strain. Injected in baboons, the chi-
meric Ig induced antibodies which bound to V; pep-
tide, native gp120 envelope glycoprotein, and neutral-
ized HIV-1 virus. In addition, these chimeric Ig were
able to stimulate in vitro production of antibodies spe-
cific for HIV-1 virus by lymphocytes from HIV-1-
infected human subjects. Previous studies have inves-
tigated anti-CD4 antibodies as models of internal im-
age Igs of the HIV viral gp120 binding site for CD4.
This approach was based on the concept that the
paratope of anti-CD4 antibody structurally mimics the
receptor of HIV1-gp120 glycoprotein.

Study of anti-Id antibodies raised against anti-CD4
mAbs showed that, while they could induce anti-CD4
antibodies in mice, no such response was detected in
other species (42). Lanza et al. (43) used chimeric Igs
to stimulate a protective response against HIV-1. They
added to CDR3 of V62 gene used by anti-thyro-
globulin autoantibody a nucleotide sequence encoding
a 7-mer or a 15-mer corresponding to the first domain
of human CD4, which is the major receptor for HIV-1
virus. While these chimeric Ig molecules injected in
rabbit and mice, like anti-Id anti-CD4 antibodies of
Healy et al. (42), were able to elicit the synthesis of
anti-CD4 antibodies, they were unable to elicit the

synthesis of neutralizing antibodies in monkeys
(Kennedy, personal communication). This can be re-
lated to their inability to break the tolerance, since
Goodnow et al. (44) have demonstrated that the B cells
specific for cell membrane-associated antigens like
CD#4 are deleted in the bone marrow during ontogeny.
In addition, one may ask whether the induction of anti-
CD4 antibodies is beneficial for AIDS patients. While
the anti-CD4 antibody inhibits in vitro the penetration
of the virus, it may also have a deleterious effect in
vivo by killing CD4 T cells by an ADCC mechanism or
by promoting apoptosis like gp120 protein. I have dis-
cussed this case in length because I believe that Ab,B
has a great potential for vaccines. However, in design-
ing Ab,B ‘‘a la carte” the investigators should take
into consideration fundamental knowledge, since anti-
bodies as well as T cells, while beneficial in host de-
fense against microbes, sometimes can be deleterious.

Another approach to prepare Ab,B *‘a la carte”
was imagined by Blalock (45). His approach consists
of producing anti-Id antibodies by immunization with
peptides specified by complementary sense or anti-
sense RNA nucleotide sequences. Using this ap-
proach, Bost et al. (46) were able to induce anti-Id
antibodies subsequent to immunization with comple-
mentary peptides. Monoclonal anti-Id antibodies pro-
duced by this methodology were able to suppress the
production of antibodies by hybridomas bearing the
corresponding idiotype (47). It therefore appears that
this approach also provides a method to produce Ab,
“‘ala carte.”

Molecular Characteristics of Internal
Image Immunoglobulins

While the sequencing of V region genes expressing
individual or cross-reactive idiotypes provided a deep
insight into structural correlates of idiotypes, we
searched a long time for information on 3-dimensional
structure of Ab,B-idiotype-antigen crystals. Fields et
al. (48) determined the crystal structure of an idiotype
and anti-idiotype to a nominal resolution of 1.9A. Fv
fragments were obtained from D1.3, a mAb specific
for lysozyme, and from E5.2, anti-idiotypic mAb. E5.2
exhibited the properties of an Ab,B in that when in-
jected in BALB/c or C57BL/6 mice it elicited the pro-
duction of anti-lysozyme antibodies.

Of the 18 residues that contact anti-Id antibody
and the 17 that interact with lysosyme, 13 were in
contact with both lysozyme and anti-Id antibody. The
position of atoms by which anti-idiotype contacts anti-
lysozyme antibody is close to that by which D1.3 con-
tacts the lysozyme. The structural mimicry observed
involves van dar Waals forces, hydrogen bonds, and
solvent interaction. Ban et al. (49) determined the
crystal structure of Fab complex of mAb specific for
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E2 peptomer of feline infectious peritonitis virus and
of an anti-1d antibody. This anti-Id also exhibited Ab,
properties in that when it was injected in animals it
elicited the production of viral neutralizing antibodies.
The two Fab fragments interact by direct juxtaposition
of their complementary CDRs. CDR loops of two Fab
were in contact through van der Walls forces and hy-
drogen bonds between 58 atoms of antibody and 59
atoms of anti-idiotype. In total, 19 residues of idiotype
and 17 residues of anti-idiotype participate in interac-
tion. In CDR1 loop of light and heavy chains, a near
identity with the sequences of an hexapeptide of the
antigen was found. These two regions of homology of
CDR1 of light and heavy chain of Ab, provide impor-
tant contact with the idiotype of antibody specific for
viral antigen. These results indicate that the structural
correlates of Ab,B mimicry can be related to confor-
mational determinants because the contact residues
can be located in various CDR loops. However, in
other cases, such as feline peritonitis virus system,
some linear peptides located in CDRs can play a major
role in antigen mimicry.

Internal Image Immunoglobulins and T Cells

In contrast to B cells, which can recognize linear
or conformational epitopes on native antigens, T cells
recognize peptides derived from the processing of self
or foreign antigens in association with MHC class I or
I1 antigens (50). The recognition of idiotypes by T cells
followed the same rules. It was shown that CTLs-
(CD87) recognize idiopeptides generated via endoge-
nous pathway in association with class I antigens (51,
52). Similarly, CD4 T cells recognize idiopeptides in
association with class 1l antigens (24, 53, 54). It is
worthwhile to point out that CD4 T cells recognize
idiopeptides generated via endogenous pathway rather
than in the endosomal compartment following the in-
ternalization of Igs. Generation of idiopeptide in ER
was elegantly demonstrated by Weiss and Bogen (595).

In 1988 we proposed that an internal image immu-
noglobulin mimicking a T-dependent antigen should be
obligatorily recognized by T cells in a genetically re-
stricted manner, namely, in association with MHC an-
tigens (56). Since CD8* T cells recognize nonamer
peptides and CD4 ™ T cells recognize 8- to 20-mer pep-
tides it results that internal image lg should be pro-
cessed to generate peptides able to bind to class I or 11
molecules. No internal image Igs sharing 8-20 amino
acid residues linear peptides with foreign antigens are
yet available to study the generation of internal image
idiopeptides by processing natural Ab,B. Therefore,
we decided to investigate the molecular basis of the
recognition of internal image Igs by T cells preparing
‘‘a la carte’ chimeric Ig expressing linear viral
epitopes. For this purpose, we prepared by genetic
engineering method, a V,; gene in which the CDR3
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was replaced with a peptide corresponding to 147-161
amino acid residues of PR8 influenza virus nucleopro-
tein (N147-161) and another corresponding to 110-120
amino acid residues of hemagglutinin (HA110-120).
While N147-161 peptide is recognized by CD8 T cells
in association with class I-K® antigen (57), the HA110-
120 peptide is recognized in association with class II
I-E¢ antigen (58).

The chimeric Vi genes were co-transfected with
V4 gene and respective transfectomas produce an Ig
molecule expressing N147-161 peptide that we desig-
nated as Ig-NP (39) and another expressing HA110-
120 peptide that we designated IgHA (59). We have
shown that Ig-NP cannot sensitize target cells to be
killed by NP-specific CTL or to induce the prolifera-
tion of the CTL upon incubation in vitro with various
APC (40). IgNP was unable to prime NP-specific CTL
subsequent to parental administration in adults or ne-
onates, or by transfer to fetuses via the placenta (60).
These results clearly showed that IgNP molecule
taken up by APC and processed in endosomes cannot
generate NP147-161 class 1 complex which is recog-
nized by CTL. By contrast, transfectoma bearing chi-
meric V; NP gene were lysed in a genetically restric-
tion fashion by CTL and were able to prime the CTL
precursors when injected into mice of H2¢ haplotype
(40, 60).

The conclusion of these observations is very clear.
The translated product of chimeric VNP gene should
be processed like viral nucleoprotein in endogenous
pathway to generate the NP peptide which once com-
plexed with class I antigen is translocated on the sur-
face where it may be recognized by T cells. This con-
clusion suggests that an internal image Ig per se cannot
be recognized by T cells through a mimicking of the
foreign antigens with the exception of a V region shar-
ing a nonapeptide structurally identical to a foreign
antigen. This view was supported by a recent obser-
vation of Cao et al. (61), who found that hybridomas
expressing a Vy gene from V7183 family, which
shares a peptide with the A/Japan influenza virus he-
magglutin, were killed by HA-specific CTLs.

In contrast, we found the IgHA expressing
HA110-120 peptide can activate in vitro CD4 T-cell
hybridomas or can prime in vivo the precursors of
HA110-120-specific CD4 T cells (59). Our studies
showed that IgHA is mainly internalized via FcR, that
it is degraded in endosomal compartment where the
peptide is sorted by 1-EY molecules, and that the pep-
tide-class 11 complex translocated on the cell surface is
recognized by CD4 T cells. It is important to point out
that we extracted from I-E¢ antigen of APC pulsed
with the synthetic peptide chimeric IgHA or PR8 in-
fluenza virus an 11-mer peptide with identical struc-
ture (62). This observation clearly demonstrates that
the generation of idiopeptide from internal image Ig or



Table I. Hormones Mimicked by Internal
Image Immunoglobulins

Table Ill. Drugs of Organic Origin Mimicked by
Internal Image Immunoglobulins

Ab,B-mimicked Receptors

Ab,B-mimicked Drug receptor

hormones drugs
Insulin Insulin receptor (8) Alprenelol B-Adrenergic receptor (77)
Gonadotropin Gonadotropin receptor (66) Morphine Opiate receptor (78)
Aldosterone Aldosterone binding proteins (67) Cyclosporine Cyclophilin (79)
Thyrotrophin Adenosine Adenosine receptor (80)
hormone Thyrotrophin receptor (68) Bis Q Acetylcholine receptor (81)

Growth hormone Growth homone receptor (65)

from viral protein obeys the same rules of processing
and presentation of foreign antigens as APC.

In aggregate, our results showed that the viral
epitopes recognized by CD4 or CD8 T cells inserted
within the CDR3 of Ig are antigenic, as they are ex-
pressed by the viral proteins, and therefore these chi-
meric molecules can be used as tools to investigate the
molecular mechanisms of recognition and stimulation
of T cells by internal image Igs.

This conclusion is supported by two experimental
findings. Pride et al. (63) showed that T cells from
mice immunized with hepatitis virus or with an Ab,
mimicking HBsAg proliferate in vitro upon incubation
with viral antigen, synthetic peptide, or heavy chain of
Ab,B. This response was ablated when APC were pre-
fixed with glutaraldehyde or when they were incu-
bated with anti—class II (i.e., I-A) antibodies. Simi-
larly, Brumenau et al. (64) showed that resting CD4 T
cells from a transgenic mouse expressing TCR genes
of a hybridoma recognizing HA110-120 peptide devel-
oped a strong proliferative response when incubated
with the synthetic peptide, PR8 virus, chimeric IgHA,
or bromelin-prepared HA. The stimulation was also
ablated by the prefixation of APC with formaldehyde
or preincubation with cholorquine or anti—class 11 (i.e.,
I-E) antibodies.

Therefore, it clearly appears that the idiopeptides
of Ab,B which are recognized by T cells are processed

Table Il. Biologically Active Ligands Mimicked by
Internal Image Immunoglobulins

Ab,B-mimicked
ligands

Receptor

Formyl peptide Chemotactic receptor (69)

Laminin Laminine 3 receptor (70)
Factor H B,H-globulin receptor (71)
Bradykinin Kinin receptor (72)
Albumin Endothelial cell albumin

receptor (73)

Polymeric human albumin
receptor of hepatitis B
virus (74)

Polymeric Albumin

B-Glycan Monocyte B-glycan
receptor (75)
TNFa TNF receptor (76)

by APC and presented in a genetically restricted man-
ner like the peptides derived from foreign antigens.

Practical Applications of Internal Image Igs

There are very few examples, other than internal
image of the antigen, of a theoretical biological con-
cept that has such rapid and practical application. The
secret of this impetus may be attributed to two facts:
first, the demonstration of Sege and Paterson (8) that
an Ab,B can mimic a hormone, second, the idea of
Nisonoff and Lamoyi (28), and Roit et al. (29) that
Ab,B can be used as a new generation of safe vaccines.

The demonstration that an Ab,f can mimic some
functions of insulin strongly suggested that an Ab,(
can mimic biologically active ligands. We have shown
that a monoclonal anti-Id specific to anti-porcine
growth hormone antibody was able to promote the
growth of somatotrop-deficient animals prepared by
hypophysectomy (65). Table I illustrates Ab,B3s mim-
icking hormones. It was shown that Ab,B against anti-
hormone antibodies can mimic completely or partially
the biochemical and/or molecular intracellular events
induced by the binding of hormones to their corre-
sponding cell receptor. Furthermore, it was shown
that Ab,B can mimic not only hormones but also the
binding to receptors of other biologically active ligands
(Table 11). All the examples cited in Table 11 showed
the possibility of obtaining antibodies by a ligand-
specific receptor in the absence of the receptor itself.
Ab,B can also mimic some organic drugs (Table 11I)
and various proteins or at least some of their antigenic

Table IV. Proteins Mimicked by Internal
Image immunoglobulins

Ab,B-mimicked

Type of response

proteins
Vitamin A transport Binding to pre-albumin (82)
protein

HLA-DR HLA antigens (83)

IgE Basophilic IgE receptor (84)
IgE IgE binding factor (85)
Rheumatoid factor Fcy binding protein of HSV

type | (86)

Fc fragment
Taxol

RF-receptor of B cells (87)
Tubulin-microtubule (88)
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Table V. Self Antigens Mimicked by Internal Image of Immunoglobulins

Disease

Autoantigens
C3/C5 convertase
Factor VIil
CD4
Tumor-associated antigens
GD2
High molecular weight melanoma antigen
gp37
Colon carcinoma antigen
Human mammary tumor virus antigen
gp52 of mammary mouse tumor virus
SV40 large tumor antigen
L1210 tumor

Membrane proliferative glomerulonephritis (89)
Hemophilia A (90)
HIV-1 seropositive with thrombocytopenia (91)

Melanoma (92)

Melanoma (93)

Human T cell leukemia (94)
Colon cancer (95)

Breast tumor (96)

Breast cancer (97)

Tumor in mice (98)

Murine leukemia (99)

determinants (Table IV). In principle, internal image
immunoglobulins should mimic not only the foreign
antigens but also self antigens. While there are a few
examples of Ab,f that mimic the self antigen, there are
numerous examples demonstrating that Ab, mimic
tumor-associated antigens (Table V). Ab, mimicking
tumor-associated antigen potentially may have an im-
munotherapeutic applications aimed at hardening the
immune response against tumors that are tolerated by
host. Indeed, there are trials aimed at evaluating the
efficacy of internal image Igs in the treatment of mel-
anoma or colon cancer.

During the last decade, much hope was put on the

use of internal image Igs as vaccines based on the
prediction of Nisonoff and Lamoyi (30) that idiotypes
of Ab, would mimic the foreign antigens. Rubinstein
et al. (100) was one of the first to demonstrate that
Ab,B can mimic a bacterial polysaccharidic antigen.
BALB/c mice injected after birth with minute amounts
of a monoclonal antibody specific for A481d expressed
on a levan binding myeloma protein, activated B
clones producing antibodies specific for $2-6 fruc-
tosan. IEF analysis of these clones shown that, in spite
of the fact that they expressed A481d, they showed a
different pl from that of antibodies produced by mice
immunized with bacterial levan.

Table VI. Microbial Antigen Mimicked by Internal Image Immunoglobulin

Antigen Mimicked by Ab,B

Function of antibodies

A. Bacterial species
C. levanicum
E. coli
S. pneumonia
S. pyogenesis

Levan

Phosphocholine

Gram-negative Lipid A
P. aeruginosa Capsular antigen
C. diphtheria Toxin
L. pneumonia Cytolysin
B. Viruses
HIV gp120
p24

Reovirus type 3
Poliovirus type i
Influenza virus
Rabies virus

Sv40

Coxsackie virus B4
Corona virus

Hemagglutinin

Hemagglutinin
Virus glycoprotein
T antigen

Binding receptor
MHV-A59 epitope

Blue tongue virus Not defined
FMDV Surface epitopes
Hepatitis virus HBs Ag

C. Parasites
Schistosoma mansoni Glycoprotein 68KD
Trypanosoma VAT

Trichothecene Mycotoxin T2

Capsular polysaccharide

Group A carbohydrate

Neutralizing epitope

Anti-B-6 fructosan antibodies (100)
Protective antibodies (102)
Protective antibodies (101)
Protective antibodies (103)
Protective antibodies (104)
Protective antibodies (105)
Protection of Vero cells (106)
Non-neutralizing antibodies (107)

Neutralizing antibodies (108, 109)
Non-neutralizing antibodies (110)
Neutralizing antibodies (111)
Neutralizing antibodies (112)
Neutralizing antibodies (113, 114)
Neutralizing antibodies (115)
Suppressive antibodies (116)
Non-neutralizing antibodies (117)
ND? (118)

Neutralizing antibodies (119)
Non-neutralizing antibodies (120)
ND (121, 122)

Cytotoxic and protective Ab (123, 124)
Protective immunity (125)
Protective antibodies (126)

2 Not determined.
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In the years following the initial observation of
Rubinstein et al. (100), several investigators demon-
strated that Ab,B can mimic bacterial polysaccharides
as well as bacterial protein antigens (Table VI). These
findings clearly demonstrated that a mimicry of
polysaccharides by Ab,f cannot be due to sequence
homology of antigen and Ab,f but rather to their shar-
ing of functional chemical groups that interact with the
combining site of anti-polysaccharide antibodies. It
was also shown that Ab,B are able to mimic viral an-
tigens of protein origin. The results of these studies are
summarized in Table VIB. In some cases, Ab,B-like
viral antigens were able to elicit protective or neutral-
izing antibodies, whereas in other cases non-
neutralizing antibodies resembled an Ab; rather than
an Ab,.

However, one may ask why idiotype vaccine ap-
proach was not adopted by vaccinologists ‘and why
any idiotype vaccine was not evaluated in human trials
in spite of the fact that their efficacy was proved in
preclinical trials. I believe that idiotype vaccines’ fail-
ure to penetrate the human vaccination arsenal has
several explanations. First, no human Ab,B able to
function as idiotype vaccine was characterized or pro-
duced in sufficient amounts for a clinical trail. Utiliza-
tion in humans of xenogenous (rabbit or murine) idio-
type vaccines is unrealistic, because of undesirable an-
tibody response against foreign Igs. Secondly, even in
animals the idiotype vaccines were not demonstrated
to elicit superior quantitative (titer) or qualitative (af-
finity) antibody responses compared with classical
killed or live attenuated vaccines. Third, little effort
was made to determine whether the idiotype vaccine
confers memory like the classical vaccines. Induction
of immunological memory is critical for the efficacy of
vaccine.
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