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Mechanisms of Mouse T Lymphocyte-Induced
Suppression of the |gG2a~ Allotype and T Lymphocyte
Tolerance to 1gG2a
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Abstract. In mice of the Igh* immunoglobulin allotypic haplotype we found, the presence of T lymphocytes with
an inherent inhibitory activity against the expression of the 19G,,” alotype (1gG,, of the Igh® immunoglobulin
alotypic haplotype). This constitutive anti-IgGZab T lymphocyte activity can be enhanced in vivo by what we
called “sensitization”, which usually consists of one or two intravenous injections of B splenocytes from Igh?
congenic mice. When injected at birth, the resulting anti-IgGZab T splenocytes induce, with 100% success, totd,
specific and chronic (but experimentally reversible) suppression of 19G,,” in Igh®® F; hybrid mice prepared by
mating Igh congenic mice. Even if restricted to 1gG,,” expression, this experimental model, which deals with an
unambiguous case of T cell-mediated down-regulation of immunoglobulin production, provides a clear and
powerful tool to dissect finely the behavior of the partners (T and B lymphocytes) intervening in regulation within
the immune system. For example, we observed that CD4 T lymphocytes were necessary to abtain full recruitment
of anti-1gG,,> CD8 T lymphocytes during the sensitization, that suppression induction in anti-1gG,,” T spleno-
cytes of newborn recipients required cooperation between CD4 and CD8 T lymphocytes, and that CD8 T lym-
phocytes were essential for suppression maintenance. We showed that this suppression was not characterized by
an accumulation of B lymphocytes containing the allotype they could not secrete or Cy2ab MRNA they could not
trandate. The recipient’simmune system was not involved in the suppession maintenance; this was done by donor
T lymphocytes, which ensured the chronicity of 19G,,.” suppression throughout the recipient’s life. We demon-
strated that the mechanism of this suppression implied an MHC-restricted presentation by target B lymphocytes
of CyZab peptides to the T cell receptor (TCR) of anti-IgGZab T lymphocytes. Notwithstanding the requirement
of a CD4-CD8 T lymphocyte cooperation during the induction phase, we functionally determined that the sup-
pression induction implicated an MHC class |-, but not class I1-restricted interaction. We also demonstrated the
existence in vivo of alternative or concomitant use of perforine- and Fas-mediated cytotoxicity pathways in this
T cell-induced IgGZab suppression. Thus this suppression did not imply silencing IgGZab production, but B lym-
phocyte destruction by CD8 T lymphocytes. Always using our suppresson model, we demonstrated that an
agonistic anti-CD40 treatment helps in recruiting CD8 cytotoxic T lymphocytes, involved in immune regul atory
functions and that CD40 expression on Igh® B lymphocytes confronted with CD8 T lymphocyte effectors only
operating via the Fas pathway was involved in the total suppression of IgGZab expression. The selection and
maintenance of such norma T cell activity against the IgGZab alotype in mice of different genetic backgrounds
remain somewhat enigmatic. Indeed, we did not observe any similar activity against other immunoglobulin
alotypes or isotypes. The intestinal flora had no influence on the emergence of this anti-IgGZab T lymphocyte
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activity, as it was untouched in germ-free Igh® mice when compared with normal Igh® mice. More recently, this

model offered an opportunity to study problems pertaining to immune tolerance. For instance, we showed that
the genetic elementsinvolved in the building of anti-1gG,,” TCR were availablein Igh® and Igh® mice of different
genetic backgrounds, but that somatic constraints, namely the perinatal presence of IgGZab, effectively prevented
their acquisition, while its absence led to their spontaneous emergence. Consequently, we were able to induce
anti-IgGZab T lymphocytes into a tolerance state by injecting Igh? mice with soluble IgGZab during the perinatal
period. However, the full T lymphocyte tolerance obtained in this manner was not definitively acquired, asit had
reversed spontaneoudy when investigated 3 to 6 months after the end of tolerogen treatment, even when this
trestment had been prolonged from the perinatal period to 9 months of age. The mechanisms (induction and
reversion) of this tolerance involves the physical elimination or the irreversible inactivation of the natural anti-
-19G,,> T lymphocyte clones and their resurgence, from bone-marrow precursors, as long as the thymus remains
operational, but not the establishment of a reversible, functional unresponsiveness (anergy) or an active, cell-
-mediated inhibition of anti-1gG,, T clones. We attempted to elucidate, in Igh® mice, whether the natural T lym-
phocyte unresponsiveness to 19G,,” involved a central tolerance mechanism and to identify the type of tolerogen
implicated in this tolerogenesis. The experiments principally showed that this natural T lymphocyte tolerance to
19G,,° was mediated by a thymic mechanism; that the capacity to induce it was gradually acquired by Igh®
thymuses and was most probably due to potentially IgGZab-produci ng/presenting cells, progressively colonizing
the developing thymus; and that a significantly decreased postnatal Cy2ab gene transcription correlated with the
emergence of anti-1gG,.” T lymphocytes in Igh®® F,; (postnatally deprived of their B lymphocyte compartment),
which subjected them to autoimmune IgGZab-aIIotype suppression.
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Introduction

A few years after Oupin®*° discovered, using rab-
bit 1g, what he termed the alotypy of proteins (allotypy
reflecting, a the immunogenic level, the alelism of
protein structural genes), Dray!?, also using rabbit Ig,
made the first observation of “allotype suppression”.
The perinatd exposure of heterozygous rabbits to antibodies
directed againg paterndly inherited 1g alotypes could leed
to a chronic aorogation of their expresson. These early ex-
periments paved the way for dl the subsequent manipulaions
of the immune sysem with antibodies.

In mice, the only known allotype suppression was
directed against the 1gG,, of the Igh® allotypic haplo-
type (19G,s). HERZENBERG et al. ** obtained it by inject-
ing anti-1gG,s’ antibodies into newborn Igh?® (BALB/c
x SJL) hybrids, whereas Bosva's team® injected
splenocytes from Igh® (BALB/c) mice immunized
against 1gG,2 into sublethally irradiated Igh®® congenic
(CB17) homozygotes. HERzENBERG' s group™* *2 showed
that the chronicity of the antibody-induced allotype
suppression was exerted by T cells and advanced the
idea that its mechanism was an inhibition of the helper
action of T lymphocytes. This scheme, however, op-
posed the fact that this suppression was transferable to
syngenic nude mice where thymus-independent 1gG,.°

production wasinhibited™. Except for an allotypic vari-
ant of the A, light chain, all mouse Ig allotypic speci-
ficities arelocated on the heavy-chain constant domains
of the different Ig classes and subclasses.

Starting from the work of NisonorFs group®® %,
who successfully obtained idiotype suppression in mice
with T cells “educated” against the given idiotype, we
tried to establish a system leading to allotype suppres-
son by means of T cells with a deliberately induced
anti-allotype activity. Using pairs of Igh congenic mice
(BALB/c (Igh?, H-29/CB20 (Igh?, H-2%) and (BC8
(Igh?, H-2P)/C57BL/6 (Igh®, H-2°) and their Igh® hete-
rozygous offspring, we studied, in the latter, the effects
of the transfer of T splenocytes from a parenta strain
on the expression of the different 1g alotypes inherited
from the other parental strain. Therefore, we attempted,
in histocompatible hybrids, to specificaly train T lym-
phocytes from an Igh? or Igh® parental strain to react
against Ig alotypic determinants genetically trans-
mitted by the Igh® or Igh?® strain, respectively. In the
absence of any preliminary stimulation or immuniza-
tion, we observed that T splenocytes from normal Igh?
mice (referred to as Tnor) with different genetic back-
grounds, i. e. BALB/c (H-2%), BC8 (H-2"), possessed
an inherent inhibitory activity against the expression
of the 1gG, allotypel. This congtitutive anti-1gG,s>
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T lymphocyte activity of normal 1gh* mice can be en-
hanced in vivo by one or two intravenous injections of
B splenocytes from an Igh® congenic strain, 1gG..>-pro-
ducing histocompatible plasmocytoma or hybridoma
cells, or autologous splenocytes covalently coated with
lgG.2 . Such an operation is termed “sensitization” and
the resulting mice and T lymphocytes will be referred
to as sensitized mice, and Tsens or T2sens, according
to the number of sensitizations. Four times fewer Tsens
than Tnor (1 x 107 versus 4 x 107) are sufficient to
induce total, specific and chronic (but experimentally
reversible) suppression of 19G.,.” expression in 100% of
the Igh®® recipients as early as 6 weeks of age versus
around 70% of Igh?® recipients subjected to suppres-
sion a 6 months of age with Tnor?. The suppression
can be transferred into histocompatible 1gh?® newborns
by injection of T splenocytes from mice subjected to
suppression. Unlike Tnor, T2sens are also able to in-
duce 1gG,° suppression in Igh®® congenic mice. Be-
cause the suppression is strictly restricted to the 1gG,
allotype, it can be thought that its mechanism operates
downstream from the allelic exclusion and isotypic
switch leading to 1gG, -producing plasmocytes. It
must be emphasized that anti-allotype antibodies were
never detected in either Igh®*-sensitized mice or in
Igh®® or 1gh®® Tsens recipients.

One of the advantages of our model is that it deals
with an unambiguous case of T cell-mediated down-
-regulation of Ig production. With this in vivo ex-
perimental system, we are thus able to interrupt or pro-
voke, at will, the production of large amounts of 1g.
Consequently, it has enabled us to dissect finely the
behavior of T and B lymphocyte partners intervening
in a negative regulation of the immune system.

More recently it has offered an opportunity to study
problems pertaining to immune tolerance. We de-
veloped two models to try to explore this new aspect
of allotype suppression more thoroughly. As mentioned
above, the first makes use of postnatal transfer of sen-
sitized Igh¥@ T splenocytes into histocompatible 1gh?®
or 1gh®® newborns in which serum alotype production
was sequentially monitored. The second consists of the
cotransfer of histocompatible Igh®® B and/or Igh?®
T cells of wild-type or diverse “knocked-out” origins
into immunodeficient mice “knocked-out” for the rec-
ombination activation gene 2 (RAG-2 gene) in which
circulating alotypes were also studied. This latter
model has the advantage that the implantation of trans-
ferred wild-type or different mutant B or T cells can be
directly verified by FACS analysis of peripheral blood
lymphocytes from RAG-27- hosts, which are totally
devoid of endogenous mature B and T cells.
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Main characteristics at the T cell level

Three phases can be distinguished during this sup-
pression of 1gG," expression: 1) the amplification of
the intrinsic anti-1gG,> activity of T lymphocytes in
Igh® mice, 2) the induction of suppression with these
T cells, and 3) the suppression chronicity in Igh?® or
Igh®™® reci pients. When Igh? mice were deprived, before
and after amplification of their constitutive anti-1gGy.°
T lymphocyte activity, of either CD4 or CD8 T lym-
phocytes, the resulting T splenocyte population did not
have all the anti-1gG,.° capacities of the T lymphocytes
elicited in the presence of both T subpopulations. Par-
ticularly, CD4 T lymphocytes were essential to obtain
full recruitment of anti-1gG,.> CD8 T lymphocytes dur-
ing sensitization®. We also established that suppression
induction in the Tsens newborn recipients required co-
operation between CD4 and CD8 T lymphocytes. The
suppression-induction capacity was drastically dim-
inished when the Tsens preparation was subjected to in
vitro cytotoxic anti-CD4 or anti-CD8 treatment and was
fully restored with a mixture of these two Tsens popu-
lations obtained by such in vitro treatments®.

Wondering whether only one or both of these
T subpopulations were specific to 1G>, we examined
whether afunctional complementarity could exist in the
mixture of Tsens CD4 + Tnor CD8 or Tnor CD4
+ Tsens CD8. The transfer of these preparations into
Igh? newborns showed that the suppression induction
capacities of these cell mixtures were equal to that of
Tnor. Consequently, cooperation between the T popu-
lations during the suppression induction phase required
both CD4 and CD8 T lymphocytes, which had to pos-
sess the anti-1gG,s> specificity?®.

We then succeeded in attempting to abrogate the
chronicity of this suppression. Injections of a cytotoxic
anti-CD8 monoclonal antibody (mAb) into 19G,-sup-
pressed Igh®® homozygotes quickly but transiently
reversed the suppression, while injections of equivalent
amounts of cytotoxic anti-CD4 mAb remained without
effect®. The corollaries of this observation are that:
1) CD8 T lymphocytes are essential for suppression
maintenance, and 2) this suppression does not reflect
aclonal deletion of the B lymphocytes able to produce
1gG.>; consequently, it does not involve the definitive
elimination of the B precursors of 1gG2a producing
lymphocytes which, in contrast, might exhibit a perma-
nent tendency to reappear. This latter situation would
favor the continuous stimulation of the suppression
maintaining CD8 T lymphocytes, which then would
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bypass the helper factors provided by CD4 T lympho-
cytes that are indispensable during the suppression in-
duction phase®.

This suppression could also be transiently abolished
invivo not only by CD8 T lymphocyte depletion but by
the reinforcement of CD4 T lymphocytes, which help
Ig production, as well. Indeed, 1gG..>-suppressed Igh®®
homozygotes presented a temporary abrogation of their
suppression when the hosts were infected with Plasmo-
dium chabaudi or Trypanosoma cruz parasites, which
induce CD4-dependent polyclonal T lymphocyte acti-
vation. When the 1gG,.>-suppressed mice were con-
comitantly subjected to anti-CD4 treatment and parasite
infection, the polyclonal activity was drastically lower
and the suppression remained complete®.

Main characteristics at the B cdl level

The use of an RNAse protection assay, in which
a specific antisense probe was hybridized to the Cy,,"
alele, enabled us to show that the Cy,.-mRNA level
was markedly lower (150 to 400 times) in 1gG,.>-sup-
pressed 1gh®® mice than in age-matched Igh®® controls.
Therefore, the suppression did not represent a complete
inhibition of Cy»."-gene transcription. We also showed
that it is not characterized by an accumulation of
B lymphocytes containing the allotype they could not
secrete or, as we saw before, Cy,.” mMRNA they could
not translate®.

Origin of the CD8 T lymphocytes responsible for this
suppression

To investigate the origin, either donor or host, of the
T lymphocytes responsible for maintaining suppres-
sion, we used, on the C57BL/6 background, mice
doubly congenic, at the Igh and Thy-1 loci. The donor
cellswere Igh?, H-2°, Thy-1.2 while the recipients were
Igh?, H-2° Thy-1.1. FACS analysis indicated that, at
adulthood, the donor-Thy-1.2 T lymphocytes repre-
sented 3 to 5% and 5 to 10%, respectively, of total
splenocytes and lymph node cells in the Thy-1.1 hosts,
whose T lymphocyte compartment was therefore
a “Thy-1.1 + Thy-1.2 chimerd’. Splenocytes from
these 6- or 12-month-old chimeras were subjected to in
vitro anti-Thy-1.1 or anti-Thy-1.2 cytotoxic treatment
before being transferred into histocompatible 1gh?®
newborns for suppression induction assays. We ob-
served that only the donor-Thy-1.2 T lymphocytes
were able to transfer the 1gG,.> suppression and that the
host-Thy-1.1 T lymphocytes were totally devoid of
such capacity. This observation proved that the reci-
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pient’simmune system was not involved in suppression
maintenance and that the donor-Thy-1.2 T lympho-
cytes, by their effective and permanent engraftment into
histocompatible hosts, ensured the chronicity of 19G,s
suppression throughout the recipient’s life?.

Cellular mechanism of this suppression

Combining the algorithm of the peptidic self-mo-
del® 17 18 with the comparison of the protein sequences
of the Cy,:® and Cy:s” regions, where allotopes are lo-
cated, we selected four “rare” peptides (10 to 20 amino
acids long) from the Cy..> chain, suspected to be im-
munogenic for Igh?, H-29 or H-2° T lymphocytes. We
compared the abilities of these peptides to amplify the
anti-1gG,2> T lymphocyte activity of 1gh? mice with that
of the entire 1gG, allotype. These experiments showed
that, in Igh?, H-2¢ (BALB/c) mice, one peptide from the
CH3 domain was as effective as the intact 19G,° alo-
type at sensitizing the anti-1gG,.° T lymphocytes, while
the other Cy,.° peptides had no amplifier effect. In Igh?,
H-2° (BC8) mice, another peptide, this time from the
hinge region, was the only one able to obtain 100%
sengitization efficacy, while the other Cy, peptides
were totally inactive. These data demonstrated that the
mechanism of this suppression involved a major histo-
compatibility complex (MHC)-restricted presentation
of Cy.° peptides by the target B lymphocytes to the
T cell receptor (TCR) of anti-1gG,> T lymphocytes. In
addition, despite the same macroscopic characteristics
of this suppression in H-2¢ and H-2° mice, namely the
T cell-mediated complete inhibition of 19G2> produc-
tion, the fine specificity of the anti-1gG,° TCR varied
as a function of the MHC haplotype of the target
B lymphocytes™.

MHC restriction of anti-1gG..° T cells

To address this problem, we chose to use Igh®
C57BL/6 mice “knocked-out” for MHC class | ([3,-mi-
croglobulin: Bxn™) or class 11 (I-AB7") molecules.
These mice can adoptively receive Tsens from the Igh?,
H-2* BC8 congenic strain for investigations of sup-
pression induction. Since we have shown that the T cell
compartment of 1gh? hosts does not play any active role
in the suppression mechanism, the absence of CD4 or
CD8 T lymphocytes, respectively, in I-AB7~ or Byn ™™
recipients does not influence the suppression exerted on
their 1I9G.>" B lymphocytes. We demonstrated that the
Igh?, H-2° anti-IgG,° T lymphocytes transferred into
Igh®, H-2° [-AB™ mice carried out the suppression pro-
cess normally, whilein Igh?, H-2° B, recipients, their
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suppression induction capacity was significantly in-
hibited (around 70% of 1gG,.>-expressing mice, while
implantation, approximately 12% of both CD4 and
CD8 donor T lymphocytes, was identical in 1gG,.>-sup-
pressed and -unsuppressed recipients) 2°. Consequently,
we showed, based on function evaluation, that the sup-
pression induction implicated an MHC class |-, but not
classll-restricted interaction, despite the requirement of
a CD4-CD8 T lymphocyte cooperation during the in-
duction phase. This MHC class I-restriction was in good
agreement with our previous designation of CD8 T lym-
phocytes as essentid for suppression maintenance®.

In addition to class | and class Il molecules, the
mouse MHC codes for other structures, named class Ib,
which present striking conformational and sequential
homologies with classical MHC class | molecules and
associate with B, Among them, the Qa-1b molecule
possesses a functional pocket for peptide presentation.
The potentia role of Qa-1b was suggested in two ne-
gative immunoregulation models involving, like ours,
CD8 T lymphocytes. The fact that most Ban*~ mice
recipients of Tsens are unsuppressed led us to examine
the possible role of the Qa-1b molecule in the MHC
restriction of the T-B interaction implied in the 1gG,
suppression. Reconstitution of RAG-27~ mice with Igh?
T lymphocytes and Igh® Qa-1a B lymphocytes (while
wild-type mice are Qa-1b) induced total suppression,
thereby showing that Qa-1b was not involved in this
regulation (our unpublished results).

Does the inhibition of 1gG,." expression depend on
suppression or cytotoxicity?

We sought to establish whether the 1gG,. -suppres-
sion effectors, namely MHC class I-restricted CD8
T lymphocytes, cytolysed their 1gG,* targets or only
silenced 1gG,.° production. To do so, we looked at the
two principal mechanisms of cell death for T cell-me-
diated cytotoxicity, i.e., the pore-forming protein (Pfp)-
and Fas-dependent pathways. Because wild-type Igh?
Tsens failed to engraft in Igh® Fas’~ congenic reci-
pients, we used, for this investigation, the system of
RAG-27- mice reconstituted with histocompatible
T lymphocytes from Igh? wild-type mice (Pfp*™*) or from
Pfp-gene “knocked-out” mice (Pfp”~ mice) and B lym-
phocytes from wild-type mice (Fas™*) or from Lpr/Lpr
(Lpr for lymphoproliferation mutation or Fas™) mice.

We first showed that B lymphocytes from Fas™* or
Fas™ Igh® mice were subjected to the full and specific
1gG.s> suppression in the presence of wild-type Pfp**
Igh?® Tsens. Thus, under the conditions of blockage of
only the Fas-dependent cytotoxicity pathway, it was
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quite possible to induce full suppression against 1gG,.>*
B lymphocytes. Second, we observed that T lympho-
cytesfrom Pfp*’* or Pfp™~ Igh® mice were able to induce
total and specific 1gG,> suppression in the presence of
B lymphocytes from wild-type Fas"* Igh® mice. Perti-
nently, we demonstrated that, under simultaneous
blockage of Pfp- and Fas-dependent cytotoxicity path-
ways, namely when Pfp™ Igh® T lymphocytes were
confronted with Fas™ Igh® B lymphocytes, the 1gG,.>-
-suppression induction was totally inhibited.

Taken together, our results show the existence in
vivo of alternative or concomitant use of Pfp- and Fas-
-mediated cytotoxicity pathways in this T cell-induced
1gG.° suppression?, namely, in T cell-mediated down-
-regulation of 1g production. The involvement of both
Pfp- and Fas cell-death factors in this model strongly
suggests that apoptosis constitutes the mechanism of
this T lymphocyte-mediated 19G,> suppression. As
each of these pathways is sufficient to ensure full sup-
pression, this duplication could represent a kind of
safety valve to prevent hypothetical disorders possibly
arising in the absence of such T cell function. Another
obvious consequence is that this 1gG, suppression
does not imply silencing 1gG..> production, but B lym-
phocyte destruction by CD8 T lymphocytes via Pfp-
and/or Fas-dependent cytotoxicity.

The oncoprotein BCL-2 possesses an intracellular
anti-apoptosis regulatory property. In our system we
investigated the possible impact of constitutive BCL-2
overexpression on Fas-mediated B cell death. In RAG-
-2~ mice reconstituted with Igh® B lymphocytes trans-
genic for human BCL-2 (there is no species barrier for
BCL-2) and Pfp™ Igh® T lymphocytes (which can
use only the Fas-mediated death pathway), the BCL-2-
-transgenic B lymphocytes were subjected to total
lgG.2> suppression. Despite high intracellular expres-
sion of functional transgenic BCL-2 and no up-regula-
tion of the main BCL-2 inhibitors (BCL-xs, BAX),
|gG..> suppression continued to be observed under con-
ditions in which the Fas-dependent cytotoxicity path-
way was exclusively exerted. Consequently, in these
mature B lymphocytes, the negative regulation of
|gG,:> production implies a pathway in which the BCL-2
oncoprotein has no protective effect against Fas-medi-
ated cytotoxicity®,

The role of CD40 in the suppression of 1gG,.°
expression

According to the model of “sequential cellular in-
teractions” " 3 37, designed to try to explain the CD4-
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-dependent generation of CD8 cytotoxic T lymphocytes
(CTL), the CD4 T lymphocyte help for CD8 T lympho-
cyte responses is essentially mediated by the interme-
diary of antigen-presenting cells (notably dendritic
cells: DC) carrying both MHC class | and class I com-
ponents able to present antigen-derived peptidesto CD8
and CD4 T lymphocytes, respectively. The engagement
of CD40 on DC with its ligand (CD40L) on activated
CD4 T lymphocytes activate the DC, which, in turn,
acquire the capacity to stimulate CD8 CTL directed
against the same antigenic determinant. For example,
in the absence of CD4 T Iymphocytes, their help can
be restored by the action of agonistic anti-CD40 Ab.
Since the suppression of 1gG,® expression provides
a good example of CD4 T lymphocyte-dependent
generation of CD8 CTL, we wondered whether CD4
T lymphocyte-depleted Igh® mice, subjected to in vivo
agonistic anti-CD40 treatment and, of course, sensitized
against Igh® congenic B lymphocytes, would be able to
recruit regulatory CD8 T lymphocytes with the poten-
tial to inhibit 1gG,.> production in 1gh?® recipients. We
observed that this was indeed the case but, despite their
marked ability to negatively regulate 1gG,> production,
the anti-lgG,°> T lymphocytes recruited by CD40
stimulation in CD4 T lymphocyte-depleted 1gh® mice
failed to induce full suppression in all the Igh? reci-
pients, as if they were less effective than anti-1gGy
CD8 T lymphocytes normally obtained in the presence
of CD4 T lymphocytes. This incomplete replacement
of CD4 T lymphocyte help by in vivo CD40 triggering
could reflect the need for a parallel CD40-independent
DC stimulation or direct CD4-CD8 T lymphocyte com-
munication for the priming of CD8 CTL?%. Neverthe-
less, our data provide evidence that agonistic anti-CD40
treatment helpsrecruit CD8 CTL implicated in immune
regulatory functions.

Alternatively, we also investigated the possible role
of CD40 on the suppression induction phase. Because
Fas is not expressed on the surface of mature B lym-
phocytes, its up-regulation, particularly via CD40
stimulation, would constitute a prerequisite for induc-
tion and maintenance of 1gG,® suppression by means
of the Fas-mediated pathway. Thus, our model also pro-
vides the opportunity to investigate the possible invol-
vement of CD40 expression on Igh® B lymphocytes
when the Igh® CD8 T lymphocyte effectors operate ex-
clusively viathe Fas pathway. By implanting appropri-
atelgh® T and Igh® B lymphocytes into histocompatible
RAG-27~ recipients, we were able to demonstrate that
Pfp™ Igh® T lymphocytes (exclusively operating
through the Fas-mediated cytotoxicity pathway) failed
to establish full suppression against CD407~ Igh®
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B lymphocytes, while they were able to totally induce
it against CD40"* Igh® B lymphocytes. We can easily
imagine the existence of two kinds of 1gG,.>-producing
B lymphocytes: 1) a highly represented population,
readily susceptible to Fas-induced suppression, which
up-regulates Fas through a CD40-independent mechan-
ism, and 2) a weakly represented population, chroni-
cally escaping Fas-induced suppression in the absence
of CD40-mediated Fas up-regulation. Alternatively,
when CD40-dependent Fas up-regulation isimpossible,
Fas-mediated cytolysis of B cells recently committed to
1gG.> production would be somewhat delayed before
they become vulnerable to CD40-independent Fas-me-
diated death. During this latent period, minute amounts
of 1gG,° could be secreted per cell and would lead to
the presence of weak, but detectable, serum 19G,s> Z.

We aso observed that transfer of CD40"* or, even
more so, CD40~~ mature peripheral B lymphocytes into
an RAG-2"~ environment led to enhanced switch rec-
ombination to 1gG,°. For CD40~~ B lymphocytes, the
order of magnitude of frequency and absolute number
of 1gGxP-producing cells were increased around 500
times when transferred into the RAG-27~ environ-
mentZ,

The Restriction of this Suppression
to the 1gG.> Allotype

The reasons for the suppression-induction restric-
tion to the 1gG, alotype, and the selection and the
maintenance of such T lymphocyte function during
mouse evolution, have not been elucidated. We formu-
lated two hypotheses. A possible explanation could be
aregulation remnant existing in Igh* mice from a time
when the two genes, Cy,2 and Cy,s°, were tandemly
organized, as is still observed in feral mice'® % 3L 38,
This means that if the products of these two genes have
a “present” of alotypes in laboratory mice, they have
a “past” of isotypesin feral mice. Another possibility
could be afortuitous cross-reactivity between a still un-
known T lymphocyte function and an Ig allotype, i.e.
IgGZab.

So far, our investigations in these directions have
been unsuccessful. For instance, using the technique of
appropriate allotype, covalently coated autologous
splenocytes or Igh? mice “knocked-out” for cell-surface
IgM (which are totally agammaglobulinemic and,
thereby, possess a T cell compartment not rendered
tolerant to 1g), we were unable to detect, in Igh* and
Igh® mice, a T lymphocyte activity other than the one
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directed against 1gG..>. We did not succeed in ampli-
fying the anti-1gG,° T lymphocyte activity of 1gh® mice
either with the immunodominant peptides of influenza
virus M protein or HBs protein, respectively showing
5/8 and 4/8 amino acid-sequence homologies with the
active core of Cy,’-derived peptides, which are effec-
tive sensitizersin Igh?, H-24 and H-2° mice, respective-
ly. Moreover, despite a 6/8 amino acid-sequence homo-
logy between the core of the Cyx>-derived peptide
active in Igh?, H-2¢ mice and a peptide from the 1A
heavy-chain variable region subgroup (Igh V-IA), we
did not find any difference in the expression (measured
at the mRNA level) of this Igh V-IA in normal or
sengitized Igh? H-2¢ mice, in norma or 19Gx>-sup-
pressed Igh® or Igh?®, H-24 mice, or in normal Igh? or
Igh®, H-2¢ mice. Thus, the absence, the presence or the
amplification of anti-lgG,> T lymphocytes has no
repercussion on the expression of this Igh V subgroup.
Finaly, this anti-1gG,> T lymphocyte activity was un-
touched in germ-free Igh? mice compared with normal
Igh® mice, showing that the intestinal flora had no in-
fluence on the emergence of this anti-IgG,° T lympho-
cyte activity (our unpublished results).

Tolerance

The basis for emergence or tolerization of natural
T lymphocytes specific to 1gG..” during the perinatal
period

The Igh® and Igh® congenic mice we used possess
the same genetic background and, thus, the same poten-
tial TCR repertoire. Igh® mice produce substantial le-
vels of 1gG,°, while their Igh?* congenic counterparts
exhibit a congtitutive T lymphocyte activity against this
Ig alotype. In Igh? strains, an Igh? gene-encoded pep-
tide-mediated positive selection of lymphocytes en-
dowed with this TCR could occur. Alternatively, in IghP
and 1gh?® mice, these lymphocytes could be negatively
selected in order to prevent autoimmunity, by clonal
deletion or anergy, using elements encoded by Igh?
genes. To explore these hypotheses, our experimental
strategy was to deprive Igh?, 1gh®® and Igh® mice of
their B lymphocyte compartment during the perinatal
period, when immune competence is thought to be es-
tablished. At adulthood, after the complete reconstitu-
tion of their B lymphocyte compartment, the anti-1gG,
T lymphocyte activity was investigated. We observed
that Tsens from such treated Igh® mice totally preserved
their anti-lgG,.> T lymphocyte activity, which excluded
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the hypothesis of an Igh®dependent positive selection
of T lymphocytes bearing anti-1gG,° TCR. In contrast,
we found that B lymphocyte-deprived Igh® and Igh®®
mice could be progressively and “spontaneously” sub-
jected to atotal, chronic (but experimentally reversible)
and transferable T lymphocyte-mediated 19G,° sup-
pression®,

As a corollary, we showed that the presence of
1G> during the perinatal period was responsible for
the induction of anti-1gG,? T cell tolerization. Indeed,
perinatal exposure of Igh® mice to soluble 1gG. re-
sulted in the loss of the capacity of their T splenocytes
to induce the suppression in Igh?® recipients. However,
this full T lymphocyte tolerance was not definitively
acquired, asit had reversed spontaneously when inves-
tigated 3 to 6 months after the end of tolerogen treat-
ment, even when this treatment had been prolonged
from the perinatal period to 9 months of age.

Our data demonstrated that the genetic elementsin-
volved in the construction of anti-lgG,> TCR were
available in Igh® and Igh® mice of different genetic
backgrounds (and probably in al mouse strains), but
that somatic constraints, namely the perinatal presence
of 1gG.°, effectively prevented their acquisition. Con-
versely, the absence of 1gG, during the perinatal peri-
od led to the spontaneous emergence of anti-1gG,a>
T lymphocytes. This scheme now reflects our general
understanding of this 1gG,® suppression®.

We established that tolerance was not reversed in
peripheral mature Igh? T lymphocytes, parked in vivo
for up to 20 weeks in histocompatible 1gh? 19G,>-free
nu/nu mice. In addition, the spontaneous breakdown of
this tolerance was effectively prevented when de novo
T lymphocyte maturation was impeded by thymectomy
a the end of tolerogen administration. Therefore, the
mechanisms (induction and reversion) of this tolerance
involve the physical elimination or the irreversible in-
activation of the natural anti-lgG,> T lymphocyte
clones and their resurgence, from bone-marrow precur-
sors, as long as the thymus remains functional, but not
the establishment of a reversible functiona unrespon-
siveness (anergy) or the active cell-mediated inhibition
of anti-1gG,2 T clones®. The high frequency of anti-
-1gG2° T cell resurgence as well as the expression of
the basic anti-1gG,> T lymphocyte activity in normal
Igh® mice could suggest the existence of a high rate of
VaJa/VPBDJB-TCR gene rearrangement for this speci-
ficity. We also observed that it was not easier to lead
anti-1gG,°> T lymphocytes to a tolerance state in adult
Igh® mice thymectomized before tolerogen administra-
tion than in naive adult Igh* mice. It seems that, once
in the periphery, anti-1gG,> T lymphocytes become re-
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sistant to tolerance establishment (our unpublished re-
sults).

The thymic molecular bases of the anti-1gG,,"
natural T lymphocyte tolerance

We attempted to elucidate, in Igh® mice, whether the
natural T lymphocyte unresponsiveness to 1gG.° in-
volved a central tolerance mechanism, and to identify
the type of tolerogen implicated in this tolerogenesis.
We first observed that Cy,.” gene transcription began
in Igh® thymuses by 3 to 4 days after birth and re-
mained easily detectable thereafter. To examine the
functional capacity of Igh® thymuses to induce T lym-
phocyte tolerance to 1gG,., based on the kinetics of
thymic Cy,.>mRNA expression, we transplanted thy-
muses from Igh? or Igh® control donors of diverse ages

L. Magjlessi and G. Bordenave: Mouse T Lymphocyte-Induced Suppression

differentiation through the adult Igh® thymuses (it is
relevant to note that we were unable to detect, in Igh?
nu/nu recipients of adult Igh® thymuses, peripheral ex-
pression of Cy».>-mRNA or 1gG,."; this observation ar-
gues against the existence, in these hosts, of a periphe-
ral mechanism of tolerance induction to 19G.Y);
6) finally, significantly decreased postnatal Cy..>-gene
transcription correl ated with the emergence of anti-1gG,
T lymphocytes in 1gh?® F; (treated during the postnatal
period with anti-mouse IgM Ab and transitorily de-
prived of their B lymphocyte compartment), which
subjected these mice to autoimmune 1gG,L-allotype
suppression.
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into T lymphocyte-deficient, 1gh® Cy..>-free nu/nu re-
cipients. After recongtitution of their T lymphocyte
compartment, their splenocytes were transferred into
histocompatible Igh?® newborns in which donor T lym-

phocyte tolerance was reflected by the incapacity to
induce full, chronic and specific 1gG,.> suppression.

In this experimental context, thymuses still not ex-
pressing 1gG, or already expressing 1gG,° from, re-
spectively, <1-day or 1-week-old Igh® newborns were
unable to induce tolerance to 1gG,>, but allowed the
emergence of nu/nu-derived anti-1gG,° T lymphocytes.
However, thymuses from 16-week-old I1gh® adults ex-
hibited marked capacity to induce full and long-lasting
T lymphocyte tolerance to 19G,.

Taken together, these experiments® demonstrated
that: 1) the natural T lymphocyte tolerance to 1gG,°
was mediated by a thymic mechanism; 2) the presence
of circulating 1gG,.> was not essential for the natural
tolerance induction of 19G,-specific T lymphocytes;
3) the capacity to induce T lymphocyte tolerance to
1gG.> was gradually acquired by Igh? thymuses and
thereby did not congtitute a property of the genetically
Igh® thymic epithelium; and 4) the establishment of this
central T lymphocyte tolerance was most probably due
to potentially 1gG,.>-producing/presenting cells, pro-
gressively colonizing the developing thymus (the fre-
guency and self-renewa potential of these produc-
ing/presenting cells in adult Igh® thymuses were
sufficiently high to support their surviva until trans-
plant vascularization, which was probably not the case
for newborn Igh® thymuses). We further showed that:
5) in the Igh?® nu/nu recipients of adult Igh® thymuses,
33 to 65% of T splenocytes were of Igh? nu/nu-reci-
pient origin, but these peripheral Igh® T lymphocytes
were obviously rendered tolerant to 1gG,.° during their

paper.
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