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BASIC STRATEGIES OF THE IMMUNE SYSTEM IN THE REGULATION
OF ANTIBODY RESPONSE

Lucrano Aporini

The essence of the immune system is its highly refined regulation. Therefore,
a comprehensive review of immunoregulation will eventually become a review
on the immune system, and this communication will only focus on current concepts
of basic strategies used by the immune system to regulate the antibody response.

In higher vertebrates, as noted by many immunologists **, the only system
comparable to the immune system, for level of complexity and type of function
performed, is the central nervous system. Critical characteristics highly developed
only in the immune and nervous systems are the ability to respond to unexpected
stimuli, to maintain flexibility in the repertoire of possible responses, to learn
from the environment in order to give the most appropriate response, and to
remember it.

These' unique characteristics obviously call for very precise and sophisticated
regulatory mechanisms, able to carefully modulate and control the interaction of
every component of the immune system and their reactivity to foreign substances.

This review is divided into three sections representing major regulatory mech-
anisms operating in the control of antibody response: 1. antibody feedback,
2. T cell regulation and 3. idiotypic network.

1. ANTIBODY FEEDBACK

Twenty years ago cellular immunologists imagined, rather naively, the immune
system as composed of only one type of lymphoid cell: the plasma cell. Accordingly,
regulatory mechanisms wete thought to be extremely simple: antigen selected B cell
clones to produce antibodies and antibody feedback inhibited B cells. Within this
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STRATEGIES IN IMMUNOREGULATION

conceptual framework the idea of antibody feedback, that is regulation of antibody
response by actively produced or passively received antibody, developed as the first
regulatory mechanism described in detail in the immune system.

Originally, the interpretation of antibody feedback was a peripheral one,
relating suppressive activity to a diminution of the available immunogenic stimulus.
In fact, Uar and MOLLER ' demonstrated that formation of antigen-antibody
complexes can render antigen sterically unavailable to the immune machinery.

Subsequently, antibody feedback was found to be considerably more complex
since, as it appears from tab. 1, many different mechanisms may be involved.
The first indication of direct B cell suppression in antibody feedback was given
by RowLEy et al. ¥ who demonstrated that passively transferred antibody decreases
the number of antibody forming cells in vivo, without affecting the rate of prolif-
eration.

PiercE ™ obtained experimental evidence for a different mechanism in antibody
feedback. In his system the primary in wvitro anti-sheep red blood cell (SRBC)
response was strongly suppressed by addition to cultures of hyperimmune anti-
SRBC antibodies. Suppression was antigen specific and directly related to the
amount of antibody added. Incubation of separated lymphoid cells with antibody
did not impair their ability to develop an anti-SRBC response. However, if macro-
phages were incubated with antibody before culture the subsequent in wvitro
response was strongly suppressed. It was therefore concluded that antibody feed-
back can operate via neutralization of the antigenic stimulus at the macrophage-
dependent phase of the response.

Activation of suppressor T cells by specific antibody as a mechanism for
antibody feedback was postulated by GersHON et al. . This was indicated by
experiments in which adult thymectomy was shown to completely eliminate the
suppressive effects of passive antibodies, as judged by the ability of macrophages
to bind specific tumor cells in the presence of cytophilic antibody.

BirnBaUM et al. * described a model of tolerance induced in adult mice by a
single injection of a moderate dose of hapten-carrier conjugate. The mechanism
underlying this tolerant state was shown to be the production of small amounts of
high affinity antibody in response to the tolerogenic antigen. This antibody can
inhibit the response to a subsequent challenge by a mechanism comparable to
passive antibody-mediated suppression.

immunoregulatory mechanism reference
reduction of antigenic immunogenicity Unr and MGLLER 1%
direct B cell inhibition ROWLEY et al.
macrophage inhibition Pierce ™

' RypER and SCHWARTZ
induction of suppressor T cells (GERSHON et al. %
induction of small amounts of tolerogenic high affinity antibodies BIsNBAUM et al. 2
T cell receptor blockade KoNTIAINEN #
inhibition of T-B cooperation SINCLAIR %

Tab. 1 - Antibody and antigen-antibody complexes mediated immunoregulation.
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An alternative model of immunoregulation by antibody and antigen-antibody
complexes has recently been proposed by SiNcLAIR . According to this author,
the Fc portion of antibody is required for suppression of the antibody response
and this suppression may directly affect B cells or involve T cells. In this case
T cell involvement is not, as indicated by GersHoN et al. ¥, activation of suppressor
T cells, but may result in removal or dampening of an existing antibody feedback
by helper T cells engaged in B cell activation.

Although immunologists have been recently relatively less interested than
before in antibody feedback, its importance is clearly documented. As an example,
recent work has demonstrated that the decline of plaque-forming cells (PFC)
response iz vitro after days 5 and 6 of culture is mediated, at least in part, by anti-
body feedback *. Direct evidence for the suppressive role of endogenous production
of antibody ## vitro has been obtained by the addition of Staphylococcus aureus to
the reservoir of diffusion cultures in which macromolecular diffusion was allowed by
the use of 0.2 p Nuclepore membrane to separate inner and outer chamber.
Continuous removal by this immunoadsorbent of antibody produced during i vitro
culture markedly increased the PFC response.

The plethora of different mechanisms involved in antibody feedback probably
reflects different experimental conditions, but it also offers an example of redun-
dancy in the immune system. In other words, to perform such a fundamental
task like suppression of the antibody response, the immune system has many
options available which are selected and carried out through different functional
pathways.

2. T CELL REGULATION

T cells have a fundamental role in the regulation of the immune system. In
particular, the net antibody production is controlled by a delicate balance between
helper T cells (surface phenotype: Thy 1*, Ly 1+23~, Ia*) and suppressor T cells
(Thy 1*, Ly 1-23*, [.J+) %3287 Many recent reviews examine in detail charac-
teristics and functions of T cell subsets 1357 %,

We will consider three aspects of T cell regulation: I. regulatory interactions
among T cell subsets; II. H-2 linked Ir gene control of T cell function; III. regula-
tory role of antigenic epitopes in T cell subsets induction.

I. Regulatory interactions among T cell subsets

The delivery of a positive or a negative signal to B cells is mainly the result of
complex regulatory interactions among T cell subpopulations. The first example of
T-T cooperation was given by CaANTOR and AsoFsky ¥ which demonstrated synergy
between precursor and amplifier T cells in the generation of graft-versus-host
reaction. Subsequently, negative T-T interactions, leading to suppression of the
antibody response, have been demonstrated to take place between suppressor and
helper T cells *%. Detailed analysis of T cell interactions in the regulation of
antibody response has been carried out by Tapa et al. **. Two distinct antigen
specific T cell factors, one suppressing (TsF) and the other enhancing (TaF) the
antibody response have been identified *!®, The gene which codes for the TsF
was mapped in the I-J subregion and that coding for TaF in the I-A subregion
of the H-2 complex *%. Both molecules were found to be selectively expressed
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on T cell subpopulations and were antigenically distinct from classical B cell Ia
antigens. TsF is a product of Ly 23* cells and TaF is produced by Ly 1+ T cells
(see also tab. 3). The acceptor sites for both T cell factors were found to be on
Ly 123* T cells. Two distinct amplification loops have been suggested #. TsF acts
on Ly 123* cells to induce new suppressor T cells, whereas TaF will induce
precursor cells of the same Ly 123* pool to become helper T cells. Thus, antibody
production is regulated by multiple T cell factors, some of which directly mediate
T-B collaboration and others regulate the magnitude, duration and quality of the
response.

Subsequently, two distinct types of carrier specific helper T cells were demon-
strated to act independently and synergistically in the generation of a B cell activating
signal ®. The first type of helper T cell (Th1) can help the response of hapten-primed
B cells only if the haptenic and carrier determinants are present on the same mole-
cule (cognate interaction). The second type of helper T cell (Th2) can help the
B cell response to an hapten coupled to heterologous catrier upon stimulation with
unconjugated relevant carrier (polyclonal interaction). Therefore, at least two
distinct pathways involving different subsets of carrier specific helper T cells are
operating in T-B collaboration. Both Thl and Th2 are Ly 1* cells but Th2 bear
also products controlled by the I-J subregion. Thus, the I-J subregion contains at
least two distinct loci controlling different I-J molecules on suppressor and
helper T cells ™%,

New fascinating complexities in immunoregulatory circuits among T cell sub-
populations have been recently revealed. Members of the Ly 1* set are divisible
into more discrete populations according to differential expression of the Qal
surface phenotype *2. Antigen-stimulated Ly 1* cells, in addition to stimulating
B cells to secrete antibody, can induce Ly 123*Qal* T cells to exert feedback
suppression activating the Ly 23* system both in vivo ®® and in vitro ®. In addition,
it has been shown that signals from both Ly 1*Qal* and Ly 1*Qal- cells are
required for optimal B cell induction .

II. H-2 linked Ir gene control of T cell function

Immune recognition and cellular interactions to T-dependent antigens are con-
trolled by the products of immune response (Ir) genes, located within the major
histocompatibility complex, H-2 in the mouse. Ir genes are mapped in the I region,
a segment of the 17th chromosome between the K and S regions of the H-2
complex %318 Results obtained in a number of laboratories have permitted the
delineation of Ir genes regulatory function %%, Analysis of Ir genes and their
regulatory effects has been possible through the use of congenic and recombinant
strains and of immunogens restricted in specificity and heterogeneity such as
synthetic polypeptides with limited number of amino acid residues, alloantigens,
and relatively small proteins with a limited number of antigenic epitopes. A
representative list of H-2 associated immunoregulatory functions is given in tab. 2.

Antibody response to T-dependent antigens requires interactions among T cells,
B cells and macrophages. (Throughout this review the word macrophage is used
as a synonym for antigen-presenting accessory cell). The mechanisms by which H-2
linked Ir genes regulate interactions among these cell populations remain contro-
versial. An up-to-date summary of the conflicting results and discordant interpre-
tations of the genetic control of antibody response can be found in®.
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function

reference

immune response to T-dependent antigens
allogeneic effect

T-B collaboration

complement activity

serologically detectable Ia antigens
cell-mediated immunity to viral antigens
cell-mediated immunity to bacterial antigens
complement receptor expression

production of helper factor

production of T cell derived suppressor factor
T cell-mediated suppression

Ir gene complementation

cell-mediated immunity to hapten-modified cells
cell-mediated immunity to minor histocompatibility antigens
macrophage-T cell interaction

development of delayed-type hypersensitivity
antigen-dependent T cell proliferation
suppression of mixed lymphocyte reaction

response to different peptides on the same molecule

McDEvITT and CuiniTZ %
HirsT and DuTTon #
KinprED and SHREFFLER
DemaANT et al. 2

Davipetal. 2

ZINKERNAGEL and DoHErTY
ZINKERNAGEL 'V

GELFAND et al, ¥

Taussi¢ and MuNro '®
Taxemori and Tapa %

Karp et al.

Vaz et al. 7 and Dorr et al. %
SHEARER et al. %

Bevan 1

Ers and FELDMANN %

MILLER et al. %

Scuwartz and Paur ®

RicH and RicH 7

BerzoFSKY et al. ?

production of T amplifier factor ToKUHISA et al. 12

activation of helper or suppressor T cells by the same peptide ADORINI et al. 2

Tab. 2 - Partial list of H-2 associated immunoregulatory functions.

Initially, analysis of Ir genes function in the regulation of antibody response
indicated a requirement for H-2 identity between helper T cells and B cells, and
between macrophages and proliferating T cells®. Subsequently, it has been
demonstrated that genotypic identity between helper T cells and B cells is not
sufficient and not required for an effective T-B collaboration to occur. Therefore,
the role of Ir genes in regulation of cell interactions could be viewed as a require-
ment for T cell recognition of H-2 determinants expressed on macrophages and/or
B cells, rather than strict H-2 identity between T and B cells.

ErB and FeLDMANN? first demonstrated genetic restriction at the level of
macrophage-T cell interaction in the in vitro generation of helper T cells. In fact,
antigen-primed helper T cells are able to stimulate syngeneic unprimed B cells only
if antigen-pulsed macrophages are syngeneic with helper cells at the I-A subregion Z.

In a recent study by SINGER et al. ¥ requirements for helper T cell recognition
of H-2 determinants expressed on macrophages and/or B cells were examined
using separated and purified cell populations. Complicating allogeneic effect, likely a
major source of conflicting results in this area, were minimized or avoided by the
use of helper T cells from normal F; hybrids, parent—F; and Fi—>parent chimeras.
Results of this study support the general notion that regulation of cell interactions
by H-2 linked Ir genes is best understood as specific recognition, rather than
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homology, of H-2 determinants expressed on the surface of the interacting cell
populations. In particular, it appears that no tequirement for H-2 recognition exists
between helper T cells and B cells, and that helper T cells are only required to
recognize H-2 determinants expressed by macrophages.

Ir gene expression on T cell subsets has been mainly studied by examining
antigen-specific factors which bear I-region coded determinants 35 6.10L1%  Rep.
resentative examples of T cell factors are given in tab. 3.

These factors have several features in common: they are antigen specific, are
extracted or released from immune T cells, lack immunoglobulin determinants, their
molecular weight is about 50,000, and bear I-region controlled determinants.
Recently, it has been demonstrated that azobenzenearsonate-specific suppressor factor
bears idiotypic determinants, and that this suppressor factor contains a molecular
complex composed of idiotypic determinants and H-2 linked products*. T cell
factors and the closely linked T cell receptor are still imprecisely defined, but
their final biochemical and functional characterization should soon be available
through the analysis of T cell hybridoma products.

Although the vast body of data on T cell factors points to the expression of Ir
genes in T cells, direct experimental evidence is still lacking. However, specific Ir
gene function is clearly expressed in macrophages and B cells, as shown in various
systems by the demonstration of non responder defect in one or the other cell
populations. The prototype experiment to demonstrate the selective role of macro-
phages in T cell activation is to prime (responder x non responder) F; T cells with
antigen on either of the parental macrophages. SHEVACH and RoSENTHAL ¥ first
demonstrated, in the guinea pig system, that antigen-pulsed macrophages from the
non responder parent fail to activate F; proliferating cells, whereas macrophages from
the responder parent induce strong T cell proliferation. More recently, MARRACK
and KarpLER ® demonstrated that when (responder x non responder) F; T cells
are titrated with various combinations of B cells and macrophages of either
parental H-2 type, high responsiveness requires the presence of at least high
responder B cells and, in one case, high responder macrophages in the cultures,
indicating expression of Ir genes in both cell types.

A’ currently accepted model of Ir gene function postulates that Ir genes control
expression of la molecules on macrophages and B cells. Therefore, macrophages
bearing certain Ia determinants (e.g. I-A) may favour induction of helper T cells
whereas macrophages presenting antigen in the context of K or D molecules could
favour preferential stimulation of suppressor T cells. In addition, subsets of macro-

function source target H-2 restriction reference
helper Ly1t B — Munro and Taussic ¢
Ly 1+ macrophages (B?) —_ Howie and FELDMANN ¥
suppressor Ly 23+ L.J* Ly 123+ + TapA et al. 9%
Ly 23+ I.J* ? — Kapp et al. %2
Ly 23+ L.J+ Ly 1+ — KonrraineN and FELDMANN ¥
amplifier Ly 1+ Ly 123+ + ToxuHIsA et al., 12

Tab. 3 - Antigen specific T cell factors as immunoregulatory molecules.
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phages could handle antigen in different ways and through a process of intramo-
lecular selection ™ present to the respective T cell subsets helper or suppressive
antigenic epitopes 2. The interaction through Ia determinants and antigenic epi-
topes > could create the immunogenic signal for T cell activation. This hypothesis
has been verified and a genetically restricted factor (GRF) has been found in
macrophage culture supernatants. GRF is composed of Ia and antigenic determinants
and is able to induce antigen specific helper T cells %,

The model also predicts that the same Ir gene products are expressed on B
cells and macrophages. Interaction of Ia molecules with antigen bound to specific
receptots on the B cell membrane could thus provide a target for products of
GRF-activated T cells. Restrictions imposed by the GRF-helper T cell interaction
could therefore explain the restriction observed in secondary antibody responses
at the level of T-B collaboration ¥,

III. Regulatory role of antigenic epitopes in T cell subsets induction

In every immunogenic molecule there are antigenic epitopes potentially able
to induce suppressor or helper T cells . The intramolecular selection of critical
peptides by macrophages ™ can lead to preferential activation of functionally dif-
ferent T cell subpopulations ?, and what may be crucial is the complex of macro-
phage enzymes available to a strain which would eventually determine the size and
nature of the peptides presented to T cells .

A comprehensive analysis of the regulatory role of antigenic epitopes has been
carried out in the lysozyme system ¥. The antibody response to a set of closely
related lysozymes is under H-2 linked Ir gene control ®. C57BL/10 mice (H-2%)
are non responders to hen egg-white lysozyme (HEL), whereas the congenic B10.A
(H-2%) mice are respondets. Both strains respond to the closely related ring-necked
egg-white lysozyme (REL). HEL, but not REL, is able to induce suppressor T cells
in non responder mice*. HEL and REL differ only at ten amino acid residues
(out of 129) indicating that a limited region on the non immunogenic HEL, absent
on REL, can account for the induction of suppressor T cells in H-2° non responder
mice. The N-terminal, C-terminal peptide (N-C) obtained from HEL and representing
20% of the entire molecule, is able to induce antigen specific suppressor T cells in
B10 and helper T cells in B10.A mice. The Ly peptide, the remaining 80% of
the HEL molecule, induces helper cells specific for HEL in both B10 and B10.A
mice >, The genetic nonresponsiveness of B10 mice to HEL can therefore be
attributed to the activation of suppressor T cells by a restricted portion of the
molecule (N-C) which prevents the potential response directed against other epitopes
on the same molecule (Li). Therefore, one manifestation of Ir gene activity appears
to be the intramolecular selection of different antigenic determinants leading to the
activation of suppressor or helper T cells, as exemplified in the B10 strain by the
N-C and Ly peptides effect.

The existence of limited regions on antigenic molecules able to activate sup-
pressor T cells to nullify the positive effect induced by helper T cells reactive with
other epitopes present in the same molecule has been demonstrated in the response
to P-galactosidase, where a single cyanogen bromide peptide of P-galactosidase
induced T cell-mediated suppression specific for haptens coupled to the native
enzyme '*. Furthermore, a peptic fragment of BSA has been demonstrated to
induce suppressor T cells able to suppress the primary anti-BSA IgE response ¢.
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The regulatory role of limited portions on a protein antigen in affecting the overall
response to the entire molecule has also been reported in the myelin basic protein
system *. Myelin basic protein, which can induce experimental allergic encephalo-
myelitis, can be cleaved into distinct regions, one of which causes encephalomyelitis
whereas a different one induces specific suppressor T cells preventing the disease
upon subsequent challenge with myelin basic protein. Induction of suppressor T cells
able to counteract helper activity has' also been indicated by the finding that a
polypeptide of glutamic acid and alanine (GA), which is immunogenic in H-2° mice,
can be converted into a non-immunogenic antigen by the addition of 4-10%
tyrosil residues (GAT) ¥,

Presentation of selected antigenic epitopes has therefore a televant part in
regulation of antibody response, and they probably play a decisive, although not
always recognized, role in tipping the immune balance toward help or suppression.

3. IDIOTYPIC NETWORK

The term idiotype was originally coined to designate unique antigenic determi-
nants present on immunoglobulin molecules of a certain animal responding to a
given antigen ®2. However, the discovery of extensive idiotypic cross-reaction
rendered the original definition obsolete. Idiotypes are therefore currently defined
as antigenic determinants present in the immunoglobulin chain variable domain.
The structural and serological analyses of idiotypic determinants have been exten-
sively reviewed % #6119 and we will restrict our discussion to a recently developed
area of idiotype research, the functional role in immunoregulation of idiotypic
determinants of antigen specific receptors.

The concept of the immune system as a functional idiotypic network stemmed
from a theory proposed by JErNE ¥ to explain Oudin’s results ? and the Oudin-
Cazenave phenomenon . These observations, critical for the formulation of the
network theory, are that a given idiotype may be associated with combining sites
specific for different antigens. In addition, the same antigen specificity may be
associated to different idiotypes. This led to the fundamental idea of the network
theory: each combining site not only recognizes antigenic determinants but it is
also recognized by anti-idiotypic determinants within the same immune system.
Thus, a large number of idiotype-anti-idiotype connections are easily formed in a
functional network of lymphocyte receptors and soluble molecules. The basic
features of Jerne’s network are depicted in fig. 1.

According to Jerne’s theory the immune system is normally suppressed and
whén it is perturbed by immunogens there is a response in order to reestablish
homeostasis.

The induction of the first set of idiotypes (1) is stimulated by an antigenic
epitope (E} on an immunogenic molecule. A second, idiotypically complementary
set (2) is activated when a certain threshold level is reached and will induce
suppressive or enhancing events. In addition, two other sets were postulated: the
‘internal image’ (3) set bearing idiotypic determinants recognized by the first set,
and thus similar to the antigenic epitope, and the ‘parallel’ set (4), similar in
idiotypic determinants to (1) but with different antigenic specificity. This is an
‘open’ system, idiotype-anti-idiotype reactions will involve ever larger sets of
lymphocytes and potentially the entire network of the immune system.

320



L. ADORINI

E
Fig. 1 - Schematic representation of Jerne’s idiotypic network. E = antigenic epitope on an
immunogenic molecule. 1 = epitope recognizing set; 2 = anti-idiotypic set; 3 = ‘internal image’

set; 4 = non antigen specific parallel set. See text for details.

The principles of the network theory were formulated in the eatrly seventies
when idiotypic analysis was merely descriptive and since then it has been considera-
bly refined and extended ®%!%, but it created the speculative framework of a
radically different view not only of the regulation of the immune system, but of
the immune system itself. This became an antigen-independent, self-regulated net-
work of interaction in which all the components are in mutual equilibrium receiving
positive and negative signals from within the system. Antigen introduction perturbs
the network and its effects reverberate through the entire system until a new
stable state is reached.

The basic requirement for an idiotypic network is therefore the mutual recogni-
tion of idiotypes and anti-idiotypes by B and T cells. A complete survey of all the
systems in which idiotypic recognition has been demonstrated is beyond the scope
of this review and only selected examples will be examined.

A clear example of recognition by B cells of B cell idiotype is obviously the
production of anti-idiotypic antibodies. This has been demonstrated not only in
syngeneic systems 2 but, more important, also in autologous systems .

Recognition of T cell idiotypes by B cells has been elegantly shown in an
impressive series of experiments by Ramseier and Lindemann, and Binz and
Wigzell, reviewed in "', The general protocol of these studies has been to elicit an
anti-idiotypic response against T cell:bound receptor molecules by injecting into
F; animals (mice or rats) cells from one parental strain. The conclusion reached is
that idiotypic determinants on antibodies might be shared or identical to corre-
sponding recognition structures on T lymphocytes. Vu sharing between T and B
cell antigen receptor was also suggested by Brack et al. ®. Guinea pig anti-idiotypic
antibodies of the IgG1 class, directed to an A/J antibody against group A
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streptococcal carbohydrate (A-CHO), or directed to a Balb/c myeloma protein
that binds the same antigen, stimulate, when injected in mice, specific precursor
B cells as well as helper T cells. Thus, the answer to the fundamental question:
“Do T and B cell receptors share the same set of V genes?”, seems to be positive
at least for what concerns Vy structures ©.

Recognition of B cell idiotypes by helper T cells has been demonstrated by
JaNEwAy et al. ®. These authors have shown that T15 specific helper T cells
generated in Balb/c mice (T15 is the idiotype characteristic of the phosphorylcholine-
binding TEPC 15 myeloma protein of Balb/c origin) bear receptors which, like
antibodies, have exquisite specificity and can discriminate among individual idiotypic
determinants present on other isologous PC-binding myeloma proteins. WOODLAND
and CanTor ' demonstrated that idiotype specific helper T cells bear anti-idiotypic
receptors which recognize and interact directly with idiotype positive B cells.
Induction of idiotype positive B memory cells after immunization of A/J mice
with azophenylarsonate conjugated with keyhole-limpet hemocyanin (Ar-KLH)
requires a signal from idiotype specific Ly 1* cells in addition to a signal from carrier
reactive Ly 1+ cells. Similarly, HETZELBERGER and ErcHMANN ® have demonstrated
idiotypic restriction for T-B cooperation in the ASA system, the major idiotype
obtained in A/] mice against group A streptococcal carbohydrate. Helper T cells
primed in vivo with anti-idiotype specific for the A5A idiotype and therefore
essentially A5A idiotype positive, cooperate only with the A5A idiotype positive B
cells even when mixtures of idiotype positive and idiotype negative B cells are
present.

Recognition of B cell idiotypes by suppressor T cells has been demonstrated
for the anti-azobenzenearsonate idiotype ™. A/J mice suppressed by injection of
anti-idiotype and hyperimmunized develop suppressor T cells bearing anti-idiotypic
determinants detected by rosette formation with mouse red blood cells coated with
idiotypic Fab fragments. Shared idiotypic determinants have been detected on
antibodies and T cell derived suppressor factor specific for the random terpolymer
L-glutamic acid®-L-alanine®-L-tyrosine (GAT)*. In these experiments, GAT
specific T cell derived suppressor factor obtained from non responder mice was
specifically absorbed by and eluted from immunoadsortbents prepared from a
guinea pig anti-idiotype antiserum recognizing a cross-reactive idiotype found on
most murine anti-GAT antibodies. These data provide suggestive evidence for
sharing of V region structures between antibodies and T cell suppressor factor
specific for an antigen (GAT) under H-2 linked Ir gene control. In addition,
T cell derived suppressor factor specific for azobenzenearsonate was found to
contain antigen-binding specificity, idiotypic determinants and H-2 gene products,
all on the same molecular complex °.

Direct evidence for sharing of idiotypic determinants between antibodies and
suppressor T cells has been obtained in the lysozyme system in which HEL-induced
suppressor T cells are eliminated by treatment with anti-idiotypic serum and
complement ®. All these experiments indicate that in different systems helper
or suppressor T cells may bear idiotypic or anti-idiotypic determinants. Probably
in a functional network both cell types, idiotype and anti-idiotype positive, are
present and the predominant induction and/or detection of one of them may
only reflect the use of different activating signals for the network: injection of
antigen or anti-idiotype.
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Recognition of T cell idiotypes by T cells was first suggested by Binz and
WiczeLL !, Purified T cells from F; mice immunized with parental T cells were
transfetred into irradiated F; recipients which became resistant to GVH reaction
of the relevant parental lymphocytes but not those of the other parent. These
results suggest that anti-idiotype bearing Fiy T cells can suppress the reactivity
of GVH-reactive parental T cells via idiotypic recognition.

Idiotypic recognition within a functional network can result in suppression or
enhancement of the idiotype specific B cell response depending whether clonally
restricted suppressor T cells or helper T cells have been predominantly activated.
Several examples of networtk activation leading to positive or negative effects by
anti-idiotype injection have been reported.

Newborn Balb/c mice, when injected with anti-idiotype to the T15 idiotype,
become cronically suppressed in the anti-phosphorylcholine (PC) response®. After
several months some degree of anti-PC responsiveness is restored but this response
is T15 idiotype negative whereas in control mice almost 100% of the anti-PC
antibody population expresses the T15 idiotype. However, in this experimental
system suppressor T cells have not been demonstrated. Therefore, if suppressor
T cells, which could theoretically suppress T15 positive B cells or T15 specific
helper T cells, are not involved, the most likely explanation for this case of
idiotype suppression is direct blockade of B cell clones by anti-idiotypic antibody.
Thus, we have come to a full circle, this form of suppression could very well be
considered as a more precise definition of antibody feedback and, retrospectively,
it is conceivable that most forms of antibody feedback represent indeed suppression
by anti-idiotype.

In addition, ExcHMANN # demonstrated that adult A/J mice injected with guinea
pig IgG2 fraction of anti-A5A idiotype become specifically suppressed. This sup-
pression has been shown to be caused by suppressor T cells able to induce un-
responsiveness of A5SA positive helper T cells. On the other hand, injection of
IgG1 fraction of the same anti-idiotype induces enhancement of the response,
presumably via direct activation of A5A positive helper T cells %7.

Thus, perturbation of the network by administration of anti-idiotype can alter
mechanisms of immunoregulation in different ways. However, injection of anti-
idiotype does not permit an entirely satisfactory analysis of .the network, because it
can potentially turn on or off multiple cell subsets involved in immunoregulation.
A distinct approach, which could allow more meaningful interpretations, is to inject
antigen and then follow the expression of network components on the sutface of
the different cell types participating in the response.

Following this experimental approach, a model has recently been proposed
relating idiotypic and antigenic specificity of helper T cells, suppressor T cells and
B cells induced by HEL (see also section 2, part III). These studies have permitted
to envisage a minimal network model implicating four different lymphocytes bearing
complementary receptors, as shown in fig. 2. HEL immunization of B10 non
responder mice induces suppressor T cells specific for the N-C region of the molecule.
These suppressor T cells could interact through idiotypic complementarity with
an idiotype specific helper T cell, or through antigen bridge with carrier specific
helper T cells. The latter mechanism has been demonstrated in a T cell proliferative
system '? and the former is implied by the presence of idiotypes on suppressor T
cells and of anti-idiotypic determinants on helper T cells >. Moreover, plate absorp-
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idiotypic - N-C antigen
compiementarity bridging

.

Fig. 2 - Cellular specificities and a possible network of interactions in the response to HEL. The
octagon represents the HEL molecule, operationally divided into hapten (N-C) and carrier (Ly)
specific determinants. Optimal activation of idiotype positive, hapten specific B cells (idB) is
achieved through interaction with idiotype specific helper T cells (aidTh) and carrier specific helper
T cells (CTh). A possible interaction between these two types of helper T cells is suggested by
the broken arrow indicating presentation of idiotypic determinants by carrier specific helper cells
to idiotype specific helper cells. Idiotype positive, hapten specific suppressor T cells (idTs) could
interact via idiotypic complementarity with idiotype specific helper T cells, or via antigen bridge
with carrier specific helper T cells.

tion experiments have demonstrated that idiotype positive, hapten (N-C) reactive
B cells are optimally stimulated by two different signals, one coming from anti-
idiotype positive helper T cells (idiotypic bridge) and the other from carrier (Lu)
reactive helper T cells (antigen bridge) ®. Therefore, carrier specific helper T cells
involved in this network are directed against a different determinant on HEL than
are suppressor T cells or B cells. This could explain the presence of complementary
idiotypic determinants on helper T cell and B cell receptors. In other systems helper
cells can bear idiotypes identical to the dominant B cell idiotype. Interestingly, this
occurs when antigen is multivalent such as streptococcal carbohydrates 7-%# or phos-
phorylcholine °, where helper T cells specific for the repeating epitope can present
the same antigenic determinant to B cells. In the lysozyme system this type of
relationship is obviated because HEL is monovalent for any given epitope. Moreover,
the requirement for different antigenic specificity between helper T cells and B cells
could lead to a functional helper population lacking the dominant B cell idiotype.

In summary, the antibody specificity in the response to HEL is restricted anti-
genically and idiotipically. Likewise, suppressor T cells raised in a non respondet
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mouse strain show a remarkably similar restriction to this same determinant. The
presence of the same antigenic and idiotypic determinants on these two cell popu-
lations ensures communication between suppressor T cells and B cells via helper
T cells with complementary idiotypic and epitopic receptors.

Thus, the two major specific communication systems among lymphocytes engaged
in the antibody response, antigen bridge and idiotypic complementarity have been
integrated and a possible regulatory circuit has been delineated.

CONCLUSIONS

We have so far examined a number of models, for the most part limited to
restricted areas of immunoregulation. While the ultimate model, encompassing
all the aspects of immunoregulation is still elusive, we could perhaps try to imagine
a possible scenario of antigen-triggered events in the antibody response.

1. Before antigen: the system is in equilibrium through a subthreshold level of
mutually inhibitory, idiotypically complementary cell interactions.

2. Antigen enters: after a degree of macrophage processing antigenic epitopes
with helper or suppressive properties are complexed to Ir gene products and
stimulate helper or suppressor T cells. Intracellular communication can then take
place among T cells over a bridge of native antigen or via idiotypic complementarity.
Accordingly, clonally restricted B cells will be stimulated to proliferate and dif-
ferentiate by antigenic- and idiotypic signals. The immunodominance of certain
epitopes, presumably the resultant of macrophage presentation and repertoire avail-
ability, will also influence the relative preponderance of suppressor or helper cells
in the circuits. In this way antigen sets the framework in which the idiotypic
network will operate.

3. Antigen is eliminated: after having conditioned the system into certain options
(suppression or help), the antigen looses its primary, steering, regulatory function.
The long-term overall regulation of the system is then mainly sustained by a self-
contained, self-limited, ‘closed’ idiotypic network.

Obviously, this is not an absolute conclusion, but a provisional one.

SUMMARY

Three major regulatory mechanisms operating in the control of antibody response have been
examined: 1. antibody feedback; 2. T cell regulation (I. regulatory interactions among T cell
subsets, II. H-2 linked Ir gene control of T cell function, III. regulatory role of antigenic epito-
pes in T cell subsets induction); 3. idiotypic network. Analysis of the results obtained in the
lysozyme system together with available data in the literature have permitted the delineation of
a model of antigen-triggered events involved in the regulation of antibody response. The basic
feature of the proposed model is the integration of two major specific communication .systems
among lymphocytes engaged in the antibody response: antigen bridge and idiotypic comple-
mentarity.

ACKNOWLEDGEMENTS

The author’s work described in this communication has been carried out in the course of
a Cancer Research Institute post-doctoral fellowship at the Department of Microbiology, Univer-
sity of California, Los Angeles.

325



STRATEGIES IN IMMUNOREGULATION

REFERENCES

L.

2.

10.
11
12.

13.

14,

15.

16.

17.

18.

19.

21.

22,

326

Aporint L., Erpert E.F., CounErc J.: Immunoadsorbent removal of antibodies produced
during in wvitro culture relieves inhibition of the response - Cell. Immunol. 47, 356, 1979.

Aporint L., HarvEy M. A, MiLLeEr A., Sercarz E.E.: The fine specificity of regulatory
T cells. II. Suppressor and helper T cells are induced by different regions of hen egg-white
lysozyme (HEL) in a genetically non responder mouse strain - J. exp. Med. 150, 293, 1979.

. Aporint L., Harvey M. A., MiLLer A., SErcarz E.E.: The fine specificity of regulatory

T cells. IV. Idiotypic complementarity and antigen-bridging interactions in the anti-lysozyme
response - Europ. J. Immunol. 9, 906, 1979.

. Apormnt L., MirLer A., SErcarz E.E.: The fine specificity of regulatory T cells. I. Hen

egg-white lysozyme-induced suppressor T cells in a genetically non responder mouse strain
do not recognize a closely related immunogenic lysozyme - J. Immunol. 122, 871, 1979.

. AucusTIN A., Cosenza H.: Expression of new idiotypes following neonatal idiotypic sup-

pression of a dominant clone - Europ. J. Immunol. 6, 497, 1976.

. Bacu B. A., Green M. 1., BENACERRAF B., NisoNorFF A.: Mechanisms of regulation of cell-

mediated immunity. IV. Azobenzenearsonate-specific suppressor factor(s) bear cross-reactive
idiotypic determinants the expression of which is linked to the heavy-chain allotype linkage
group of genes - J. exp. Med. 149, 1084, 1979.

. Bacu F.H, Bacu M.L., SonoeL P.M.: Differential function of major histocompatibility

complex antigens in T-lymphocyte activation - Nature (Lond.) 259, 273, 1976.

. BenacerraF B., GERMAIN R.N.: The immune response genes of the major histocompatibil-

ity complex - Immunol. Rev. 38, 70, 1978.

. Berzorsky J. A., ScaecutER A.N., ScHEARER G. M., SacHs, D. H.: Genetic control of the

immune response to staphylococcal nuclease. III. Time-course and correlation between the
response to native nuclease and the response to its polypeptide fragments - J. exp. Med.
145, 111, 1977.

Bevan M.]J.: The major histocompatibility complex determines susceptibility to cytotoxic
T cells directed against minor histocompatibility antigens - J. exp. Med. 142, 1349, 1975.

Bvz H., WrezeLr H.: Antigen-binding, idiotypic T-lymphacyte receptors - Contemp. Top.
Immunobiol. 7, 113, 1977.

BirnBauM G., WEksLEr M. E., Siskinp G. W.: Demonstration of an antibody mediated
tolerance state and its effect on antibody affinity - J. exp. Med. 141, 411, 1975.

Bracxk S.J., HammerLing G. J., Berex C., Rajewsky K., Ercumann K.: Idiotypic analysis
of lymphocytes in vitro. 1. Specificity and heterogeneity of B and T lymphocytes reactive
with anti-idiotypic antibody - J. exp. Med. 143, 846, 1976.

Cantor H., Asorsky R.: Synergy among lymphoid cells mediating the graft-versus-host
response. III. Evidence for interaction between two types of thymus-derived cells - J. exp.
Med. 135, 764, 1972.

Cantor H., Bovse E.A.: Functional subclasses of T lymphocytes bearing different Ly
antigens. I. The generation of functionally distinct T cell subclasses is a differentiative process
independent of antigen - J. exp. Med. 141, 1376, 1975.

Canror H., Bovske E. A.: Regulation of the immune response by T cell subclasses - Contemp.
Top. Immunobiol. 7, 47, 1977.

Canrtor H., HUGENBERGER J., McVay-Boupreau L., Earorey D.D., Kemp J., SuEN F. W,
GersHoN R.K.: Immunoregulatory circuits among T-cell sets. Identification of a sub-
population of T-helper cells that induces feedback inhibition - J. exp. Med. 148, 871, 1978.
Canrtor H., McVay-Boupreau L., HucenBERGER J., Namnerr K., Suen F. W., GersHon R. K.:
Immunoregulatory circuits among T-cell sets. II. Physiologic role of feedback inhibition
in vivo: absence in NZB mice - J. exp. Med. 147, 1116, 1978.

Carra J.D., KeHoE J.M.: Hypervariable regions, idiotypy and antibody combining sites -
Advanc. Immunol. 20, 1, 1975.

. Coun M.: Molecular biology of expectation - In: Prescia J., Brown W. (Eds): Nucleic acids

in immunology. Springer-Verlag, New York, 1968; p. 671.

CoseEnza H., Konrer H.: Specific suppression of the antibody response by antibodies to
receptors - Proc. nat, Acad. Sci. (Wash.) 69, 2701, 1972.

Davip C.S., SurerrLER D.C., FreELINGER J. A.: New lymphocyte antigen system (Lna)
controlled by the Ir region of the mouse H-2 complex - Proc. nat. Acad. Sci. (Wash.) 70,
2509, 1973.



23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

L. ADORINIX

Demant P., Capxova J., Hinzova E., Voracova B.: The role of histocompatibility-2 linked
Ss-Slp region in the control of mouse complement - Proc. nat. Acad. Sci. (Wash.) 70,
863, 1973.

Dorr M. E., DunkaMm E. K, Jounson J. P., BENACERRAF B.: Genetic control of the immune
response: the effect of non H-2 linked genes on antibody production - J. Immunol. 112,
1239, 1974,

Earprey D.D. HuGeNBERGER J., McVav-Boupreau L., Suen F.W. Gerswon R.K,

Cantor H.: Immunoregulatory circuits among T cell sets. I. T helper cells induce other T
cell sets to exert feedback inhibition - J. exp. Med. 147, 1106, 1978. .

Ercumann K.: Idiotype suppression. I. Influence of the dose and the effector function o
anti-idiotypic antibody on the production of an idiotype - Europ. J. Immunol. 4, 296, 1974.

Ercamann K.: Idiotype suppression. II. Amplification of a suppressor T cell with anti-idio-
typic activity - Europ. J. Immunol. 5, 511, 1975.

Ercumann K.: Expression and function of idiotypes on lymphocytes - Advanc. Immunol.
26, 195, 1978.

Ers P., FELomann M.: The role of macrophages in the generation of T helper cells. II. The
genetic control of the macrophage-T cell interaction for helper cell induction with soluble
antigens - J. exp. Med. 142, 460, 1975.

Ers P., FELomann M., Hooe N.: Role of macrophages in the generation of T helper cells.
IV. Nature of genetically related factor derived from macrophages incubated with soluble
antigen - Europ. J. Immunol. 6, 365, 1976.

FeLomanN M., Barrz M., Ers P., Howie S., KonTiaINEN S., Wooby J., ZvarFLEr N.: A
comparison of I region associated factors involved in antibody production - Progr. Immunol.
3, 331, 1977.

FeLpMann M., BeverLey P. C. L., DuNkLEY M., KonT1aiNeN S.: Different Ly antigen pheno-
types of in vitro induced helper and suppressor cells - Nature (Lond.) 258, 614, 1975.

GELFAND M. C, Sacus D. H., LieserMAN R., Paur W. E.: Ontogeny of B lymphocytes. II.
Relative rate of appearance of lymphocytes bearing surface immunoglobulin and complement
receptors - J. exp. Med. 139, 1142, 1974.

GerMAIN R.N.,, Ju S.T., Kieps T.J., BENACERRAF B., Dorr M. E.: Shared idiotypic deter-
minants on antibodies and T-cell derived suppressor factor specific for the random terpoly-
mer L-glutamic acid®-L-alanine®-L-tyrosine® - J. exp. Med. 149, 613, 1979.

GersHOoN R.K.: T cell control of antibody production - Contemp. Top. Immunobiol. 3,
1, 1974.

GersHON R.K.: A disquisition on suppressor T cells - Transplant. Rev. 26, 127, 1975.

GersHon R.K., MokyrR M. B., MitcHeELL M. S.: Activation of suppressor T cells by tumor
cells and specific antibody - Nature (Lond.) 250, 594, 1974.

Harvey M. A., Aporint L., MiLrer A., Sercarz E.E.: Lysozyme induced T suppressor
cells-and antibodies bear a predominant idiotype - Nature (Lond.) 281, 594, 1979.

Hasuim G. A.: Myelin basic protein: structure, function, and antigenic determinants -
Immunol. Rev. 39, 60, 1978.

Herzersercer D., Ercumann K.: Recognition of idiotypes in lymphocyte interactions. I.
Idiotypic selectivity in the cooperation between T and B lymphocytes - Europ. J. Immunol.
8, 846, 1978.

Hicr S.W., Sercarz E.E.: Fine specificity of the H-2 linked immune response gene for
the gallinaceous lysozymes - Europ. J. Immunol. 5, 317, 1975.

Hirst J. A., Dutton R. W.: Cell components in the immune response. I1I. Neonatal thymec-
tomy: restoration in culture - Cell. Immunol. 1, 190, 1970.

Horrman G.W.: A theory of regulation and self non-self discrimination in an immune
network - Europ. J. Immunol. 5, 638, 1975.

Hoprer J.E., NisoNorF A.: Individual antigenic specificity of immunoglobulins - Advanc.
Immunol. 13, 57, 1971.

Howie S., FELDMANN M.: In vitro studies on H-2 linked unresponsiveness to synthetic
polypeptides. III. Production of an antigen specific T helper factor to (T,G)-A--L - Europ.
J. Immunol. 7, 417, 1977.

Janeway C.A., Saxato N., Eisen H.N.: Recognition of immunoglobulin idiotypes by
thymus-derived lymphocytes - Proc. nat. Acad. Sci. (Wash.) 72, 2357, 1975.

327



47.

48.

49.
50.

5L

52.

53.
54.
55.
56.

57.

58.

59.

60.

61.

62.

63.

64.
65.
66.
67.
68.

69.

70.

328

STRATEGIES IN IMMUNOREGULATION

Jerne N.K.: The somatic generation of immune recognition - Europ. J. Immunol. I,
1, 1971.

JERNE N.K.: Towards a network theory of the immune system - Ann. Immunol. (Inst.
Pasteur) 125C, 373, 1974.

Jerne N.K.: The immune system: a web of V domains - Harvey Lect. 70, 93, 1975.

Kapp J. A, Pierce C. W., BENaCERRAF B.: Genetic control of immune responses in vitro.
VI. Experimental conditions for the development of helper T cell activity specific for the
terpolymer L-glutamic -acid®-L-alanine®-L-tyrosine’® (GAT) in non responder mice - J. exp.
Med. 142, 50, 1975.

Kapp J. A, Pierce C.W., BENACERRAF B.: Immunosuppressive factor(s) extracted from
lymphoid cells of non responder mice primed with L-glutamic acid®-L-alanine*-L-tyrosine®
(GAT). II. Cellular soutce and effect on responder and non responder mice - J. exp. Med.
145, 829, 1977.

Kaspe J. A, Pierce C. W, Deracroix F., BENacERRAF B.: Immunosuppressive factpr(sc,)
extracted from lymphoid cells of non responder mice primed with L-glutamic acid®-L-alanine-
L-tyrosine®, 1. Activity and specificity - J. Immunol. 116, 305, 1976.

KappLER J. W., Marrack P.C.: Helper T cells recognize antigen and macrophage surface
components simultaneously - Nature (Lond.) 262, 797, 1976.

Kmprep B., Surerrier D.C.: H-2 dependence of cooperation between T and B cells
in vivo - J. Immunol. 109, 940, 1972,

KLEIN J.: Biology of the mouse histocompatibility-2 complex - Springer-Verlag, New York,
1975.

KiEm J., FLauerTY L., VANDEBERG J. L., SurerrLER D. C.: H-2 haplotypes, genes, regions
and antigens: first listing - Immunogenetics 6, 489, 1978.

Kruskens L., KoHLER H.: Regulation of immune response by autogenous antibody against
receptor - Proc. nat. Acad. Sci. (Wash.) 71, 5083, 1974.

Kontiamnen S.: Blocking antigen-antibody complexes on the T lymphocyte surface identified
with defined protein antigens. II. Lymphocyte activation during the iz wvitro response -
Immunology 28, 535, 1975.

KonTrainen S., FELDMANN M.: Suppressor cell induction iz wvitro. IV. Target of antigen
specific suppressor factor and its genetic relationship - J. exp. Med. 147, 110, 1978.

Krawinker U., Cramer M., Imanisui-Karr T., Jack R.S., Rajewsky K., Makera O.:
Isolated hapten-binding receptors of sensitized lymphocytes. I. Receptors from nylon wool-
enriched mouse T lymphocytes lack serological markers of immunoglobulin constant domains
but express heavy chains variable portions - Europ. J. Immunol. &, 566, 1977.

Kunker H.G., Mannik M., WirLiams R.C.: Individual antigenic specificity of isolated
antibodies - Science 140, 1218, 1963.

Maxkera O., KArjaALAINEN K.: Inherited immunoglobulin idiotypes of the mouse - Immunol.
Rev. 34, 119, 1977.

Marrack P.C., KarpLEr J. W.: The role of H-2 linked genes in helper T cell function.

ITI. Expression of immune response genes for trinitrophenyl conjugates of poly-L(Tyr,Glu)-
poly-D,L-Ala-poly-L-Lys in B cells and macrophages - J. exp. Med. 147, 1596, 1978.

McDevirt H. O, Cuinitz A.: Genetic control of antibody response: relationship between
immune response and histocompatibility (H-2) type - Science 163, 1207, 1969.

MiLLEr A.: A model implicating altered macrophage function in H-2 linked nonresponsive-
ness to hen lysozyme - Advanc. exp. Med. Biol. 93, 131, 1978.

MiLrer J.F. A P, Vapas M. A., Wurterow A., GamsLE J.: H-2 gene complex restricts
transfer of delayed-type hypersensitivity in mice - Proc. nat. Acad. Sci. {Wash.) 72, 5095, 1975.

MuckergeIDE A., PESCE A.J., Micaaer G.J.: Immunosuppressive properties of a peptic
fragment of BSA - J. Immunol. 119, 1340, 1977.

Munro A.J., Taussic M. J.: Two genes in the major histocompatibility complex control
immune response - Nature (Lond.) 256, 103, 1975.

MurpHy D.B., Herzensere L. A., Oxumura K., Herzenserc L.A., McDevirr H.O.:
A new I subregion (I-J) marked by a locus Ia-4 controlling surface determinants on sup-
pressor T lymphocytes - J. exp. Med. 144, 699, 1976.

Oxumura K., Herzeneere L. A., Mureny D.B., McDevirr H.O., Herzenserc L. A
Selective expression of H-2 (I region) loci controlling determinants on helper and suppressor
T lymphocytes - J. exp. Med. 144, 685, 1976.



71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82,

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

L. ADORINI

Oxumura K., Nonaka M., Havaxawa K., Tapa T.: Helper T cells expressing an I-J
subregion gene product - In: ICN-UCLA Symposia Proceedings, 1979. (In press).

OubpiN J.: Sur le comportement particulier de certain anticorps antiallotypes - C.R. Acad.
Sci. (Paris) (Ser. D) 254, 2877, 1963.

Ounin J., Cazenave P. A.: Similar idiotypic specificities in immunoglobulin fractions with
different antibody function or even without detectable antibody function - Proc. nat. Acad.
Sci. (Wash.) 68, 2616, 1971.

Owen F.L, Ju S.T., Nisonorr A.: Presence on idiotype specific suppressor T cells of
receptors that interact with molecules bearing the idiotype - J. exp. Med. 145, 1559, 1977.

Paur W.E., Benacerrar B.: Functional specificity of thymus dependent lymphocytes -
Science 195, 1293, 1977.

Pierce C. W.: Immune responses iz vitro. I1. Suppression of the immune response iz vitro
by specific antibody - J. exp. Med. 130, 365, 1969.
Ricu S.S., Rice R.R.: Regulatory mechanisms in cell-mediated immune responses. III.

I-region control of suppressor cell interaction with responder cells in mixed lymphocyte
reaction - J. exp. Med. 143, 672, 1976.

RicuTer P. H.: A network theoty of the immune system - Europ. J. Immunol. 5; 350, 1975.

RosentHAL A. S, Barcinskr M. A., Brake J.T.: Determinant selection is a macrophage
dependent immune response gene function - Nature (Lond.) 267, 156, 1977.

Rowrey D. A, Frrcu F. W.,, Axerrap M. A., Pierce C. W.: The immune response sup-
pressed by specific antibody - Immunology 16, 549, 1969.

Ryper R.J.W., Scawarrz R.S.: Immunosuppression by antibody. Localization of site of
action - J. Immunol. 103, 970, 1969.
Scuwartz M., WaLteEnsaucH C., DorrF M., Cesra R., SELa M., Benacerrar B.: Deter-

minants of antigenic molecules responsible for genetically controlled regulation of immune
responses - Proc. nat, Acad. Sci. (Wash.) 73, 2862, 1976.

Scawartz R.H., PaurL W.E.: T-lymphocyte-enriched murine peritoneal exudate cells. II.
Genetic control of antigen-induced T-lymphocyte proliferation - J. exp. Med. 143, 529, 1976.
Sercarz E.E., Yowerr R. L., TurkiN D., MrLrLEr A., Araneo B. A., Aporint L.: Different
functional specificity repertoires for suppressor and helper T cells - Immunol. Rev. 39,
108, 1978. _

Suearer G. M., RenN T. G., Garsarmvo C. A.: Cell mediated lympholysis of trinitrophenyl-
modified autologous lymphocytes. Effector cell specificity to modified cell surface compo-
nents controlled by the H-2D and H-2K serological regions of the major histocompatibility
gene products - J. exp. Med. 141, 1348, 1975.

SuevacH E.M., RosentHal A.S.: Function of macrophages in antigen recognition by-
guinea pig T lymphocytes. II. Role of macrophages in the regulation of genetic control of
the immune response - J. exp. Med. 138, 1213, 1973.

SurerrLER D. C., Davip C.S.: The H-2 major histocompatibility complex and the I immune
response region. Genetic variation, function and organization - Advanc. Immunol. 20,
125, 1975.

Sinczarr N.R. StC.: Immunoregulation by antibody and antigen-antibody complexes -
Transplant. Proc. 10, 349, 1978.

SinGer A., Harrcock K. S., Hopes R. J.: Cellular and genetic control of antibody responses.
V. Helper T cell recognition of H-2 determinants on accessory cells but not B cells - J. exp.
Med. 149, 1208, 1979.

SNELL G. D.: T cells, T cell recognition structures, and the major histocompatibility complex -
Immunol. Rev. 38, 1, 1978.

StanTon T.H., Boyse E.A.: A new serologically defined locus, Qa-1, in the Tla region
of the mouse - Immunogenetics 3, 525, 1976.

Stanton T.H., Caikins C.E. Janowskr J., Scuenper D.J., Sturman O., Cantor H.,
Boyse E. A.: The Qa-1 antigenic system. Relation of Qa-1 phenotypes to lymphocyte sets,
mitogen responses, and immune functions - J. exp. Med. 148, 963, 1978.

Tapa T.: Regulation of the antibody response by T cell products determined by different
I subregions - In: Sercarz E.E., Herzenserc L. A., Fox C.F. (Eds): Immune system:
genetics and regulation. Academic Press, New York, 1977; p. 345.

Tapa T, Nonaka M., Oxumura K., Tanteucur M., Tokunisa T.: Ia antigens on suppressor,
amplifier and helper T cells - In: ICN-UCLA Symposia Proceedings, 1979. (In press).

329



STRATEGIES IN IMMUNOREGULATION

95. Taba T., Taxemort T., Oxumura K., Nonaka M., Toxumisa T.: Two distinct types of
helper T cells involved in the secondary antibody response: independent and synergistic
effects of Ia~ and Ia* helper T cells - J. exp. Med. 147, 446, 1978.

96. Tapa T., Tancucar M., Davip C.S.: Properties of the antigen-specific suppressive T-cell
factor in the regulation of antibody response of the mouse. IV. Special subregion assignment
of the gene(s) that codes for the suppressive T-cell factor in the H-2 histocompatibility com-
plex - J. exp. Med. 144, 713, 1976.

97. Tava T., Tancucur M., Takemorr T.: Properties of primed suppressor T cells and their
products - Transplant. Rev. 26, 106, 1975.

98. Takemorr T., Tapa T.: Properties of the antigen specific suppressive T cell factor in the
regulation of antibody response of the mouse. I. In vivo activity and immunochemical
characterizations - J. exp. Med. 142, 1241, 1975.

99. Tancucur M., Tapa T., Toxunisa T.: Properties of the antigen specific suppressive T cell

factor in the regulation of antibody response of the mouse. III. Dual gene control of the
T cell-mediated suppression of the antibody response - J. exp. Med. 144, 20, 1976.

100. Taussic M. J., Munro A. J.: Removal of specific cooperative T cell factor by anti-H-2 but
not by anti-Ig sera - Nature (Lond.) 251, 63, 1974. :

101. Tueze J., WartensaucH C., DorrF M. E., BENACERRAF B.: Immunosuppressive factor(s)
specific for L-glutamic acid®-L-tyrosine® (GT). II. Presence of I-J determinants on the GT-
suppressive factor - J. exp. Med. 146, 287, 1977.

102. Toxunisa T., TanicucHr M., Oxumura K., Tapa T.: An antigen specific I region gene
product that augments the antibody response - J. Immunol. 120, 414, 1978.

103. Trenkner E., RiBreT R.: Induction of antiphosphorylcholine antibody formation by anti-
idiotypic antibodies - J. exp. Med. 142, 1121, 1975.

104. Turxin D, Sercarz E. E.: Key antigenic determinants in regulation of the immune response -
Proc. nat. Acad. Sci. (Wash.) 74, 3984, 1977.

105. Unr J. W., MOLLER G.: Regulatory effect of antibody on the immune response - Advanc.
Immunol. 8, 81, 1968.

106. UrsaN J., CorrioNoN C., Franssen J.D., Mariami B., Leo O., UrpaIN-VaNSANTEN G.,
Van De WarLe P., WikLer M., WuiLmart C.: Idiotypic networks and self recognition in
the immune system - Ann. Immunol. (Inst. Pasteur) 130C, 281, 1979.

107. Vaz N.M,, DE Sousa C.M., Ma1a L.C.S.: Genetic control of immune responsiveness in
mice. Responsiveness to ovalbumin in (C57BL x DBA/2)F1 mice - Int. Arch. Allergy 46,
275, 1974.

108. Virerta E.S., Capra J.D.. The protein products of the murine 17th chromosome:
genetics and structure - Advanc. Immunol. 26, 147, 1978.

109. WartenBaucH C., DEBRE P., THeze J., BeEnAcErRRAF B.: Immunosuppressive factor(s)
_specific for L-glutamic acid®™L-tyrosine® (GT). I. Production, characterization and lack of
H-2 restriction for activity in recipient strain - J. Immunol. 118, 2073, 1977.

110. WEereert M., Por1ER M., Sacus D.H.: Genetics of the immunoglobulin variable region -
Immunogenetics 1, 511, 1975.

111. WoopLanp R., Cantor H.: Idiotype specific helper T cells are required to induce idiotype-
positive B memory cells to secrete antibody - Europ. J. Immunol. 8, 600, 1978.

112. Yowerr R.L., Araneo B.A., Mmrer A, Sercarz E.E.. Amputation of a suppressor
determinant on lysozyme reveals underlying T-cell reactivity to other determinants -
Nature (Lond.) 279, 70, 1979.

113. ZingerNAGEL R.M.: Restriction by the H-2 gene complex of the transfer of cell-mediated
immunity to Listeria monocytogenes - Nature (Lond.) 251, 230, 1974.

114, ZingerNaceL R. M., Douerty P.C.: Restriction of in vitro T cell-mediated cytotoxicity in
lymphocytic choriomeningitis within a syngeneic or semiallogeneic system - Nature (Lond.)
248, 701, 1974.

Reguests for reprints should be addressed to:

Luciano Aporint
Centro di Studi Nucleari della Casaccia
Laboratorio di Radiopatologia
Gruppo CNEN-Euratom di Immunogenetica
S.P. Anguillarese km 1+ 300, 00060 Roma - Italia

330



