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T regulatory cells play an important role in regulating T-cell responses to self-
antigens and control autoimmunity and autoimmune disease. Anti-ergotypic T
cells are a subset of such regulatory T cells that respond to activation markers,
ergotopes, expressed on other activated T cells. Anti-ergotypic T cells do not
respond to nonactivated T cells. Ergotopes include the a-chain of the IL-2 receptor
(CD25). Anti-ergotypic T cells were found to downregulate experimental diseases
such as experimental autoimmune encephalomyelitis (EAE) and adjuvant
arthritis (AA). Anti-ergotypic T cells are present in humans and are activated after
T-cell vaccination. Here we review anti-ergotypic T cells in animal models and in
humans and contrast anti-ergotypic T cells with other regulatory T-cell subsets.
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INTRODUCTION

The existence of peripheral autoimmune T cells that recognize domi-
nant self-antigens is a property of all healthy immune systems [1,2].
The immunological dominance of self-antigens such as myelin basic
protein (MBP), heat-shock protein 60 (HSP60), and insulin is associated
with cellular networks consisting of the self-reacting T cells together
with a network of regulatory T cells that recognize and respond to
the autoimmune T cells. The regulatory T cells are anti-idiotypic
and anti-ergotypic T cells [3,4]. Our aim here is to review what is
known about the character and functions of anti-ergotypic T cells.
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FIGURE 1 A schematic representation of anti-ergotypic and anti-idiotypic T
cells and their targets.

Anti-ergotypic regulatory T cells are defined as T cells that respond
to activated, syngeneic T cells; anti-ergotypic T cells recognize as anti-
gens the markers of the state of activation, ergotopes, of activated T
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cells (Figure 1). Anti-ergotypic T cells do not appear to respond to their
target T cells in the resting state. The term anti-ergotypic T cells was
first coined in the course of studies of T-cell vaccination (TCV) of Lewis
rats in the model disease experimental autoimmune encephalomyeli-
tis (EAE). Anti-ergotypic T cells were noted to be generated during
the course of TCV immunization in vivo, and the cells were found to
be functional; administration of anti-ergotypic T cells to syngeneic rats
protected them against EAE [5]. These two observations suggested
that anti-ergotypic T cells might fulfill a physiological function in
regulating T-cell responses in the immune system.

HISTORY OF ANTI-ERGOTYPIC T CELLS

Preceding the anti-ergotypic concept, T cells responding to activated
and not to resting T cells had been described in the beginning of the
1980s in studies of the autologous mixed lymphocyte reaction (AMLR)
in humans [6-8]. The AMLR, first defined as the in vitro stimulation of
peripheral blood T lymphocytes by autologous non-T lymphocytes, was
found to depend on major histocompatibility complex (MHC) class II
(HLA-DR) molecules present on the autologous stimulator cells [9]. Later,
human T Iymphocytes were found to express MHC class IT molecules after
activation [10], suggesting that activated T cells also might serve as effec-
tive stimulators in the AMLR. An early hint of the regulatory function of
T cells involved in the classic AMLR was the observation that the AMLR
was unaccountably decreased in many clinical autoimmune diseases [11-15].
T cells responding to activated syngeneic T cells were described in
the context of experimental autoimmune disease only at the end of
the 1980s, associated with the mechanism of protection induced by
TCV. Autoimmune diseases such as EAE [16], adjuvant arthritis
[17], thyroiditis [18], collagen II arthritis [19], and experimental auto-
immune neuritis [20] can be prevented or treated by administering
attenuated but potentially virulent autoimmune T cells specific for
the disease-related self-antigens: a procedure called TCV [21,22].
Resistance to disease induced by TCV was associated with anti-idioty-
pic immunity specific to the autoimmune T-cell receptors [23].
Although the protective effect of TCV was found to be mediated by
anti-idiotypic T cells [24], two observations suggested that immunity
to T-cell antigen receptors might not be the only protective element
induced by TCV. First, TCV was found to work only when the vaccine
included T cells activated by specific antigen or a T-cell mitogen. TCV
using resting autoimmune T cells could not induce protection
[21,22,25]. Second, although a high degree of disease-specific protec-
tion is achieved by TCV, a lesser degree of protection also could be
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induced by vaccination with nonrelated T cells, provided the T cells
had been activated [5]. Lohse and colleagues therefore suggested that
rats vaccinated with activated T-cell clones might develop T-cell
responses to activation markers expressed on the activated T-cells, in
addition to the anti-idiotypic responses targeted to the T-cell receptor
(TCR) molecules expressed on the same T cells. T cells responding to
activation molecules were termed anti-ergotypic T cells (ergon in
Greek = work, action). Anti-ergotypic T cells thus respond to activated
T cells in general, without regard for their idiotypic specificities.

WHAT IS AN ERGOTOPE ?

Anti-ergotypic T cells are able to distinguish between activated and
resting T cells. Hence, knowledge of the target structures recognized
during the anti-ergotypic T-T cell interaction should be important
for understanding the nature of this process and could possibly lead
to the development of new therapeutic alternatives for autoimmune
diseases. What is the nature of the self-antigens, or ergotopes, recog-
nized by anti-ergotypic T cells? Experiments were done to learn
whether anti-ergotypic T cells might be stimulated by secreted factors
(cytokines, for example) or by nonsecreted cell components. Secreted
factors were unlikely, as supernatants of activated T cells could not
induce an anti-ergotypic response [5,26]. The anti-ergotypic response
required lysates [5] or protein extracts of activated T cells [26], favor-
ing non-secreted ergotopes. Lohse and colleagues showed that ergo-
topes appear on activated T cells 12 hours after their activation [26].
Several membranal proteins associated with T-cell activation were
suggested as ergotopes. Brod and colleagues reported that adhesion
molecules mediate interactions between T cells, only after activation
of the stimulator T cells [27]. The high expression levels of LFA-3
and its ligand CD2 upon T-cell activation suggest a potential role of
these cell-surface molecules in this T--T cell interaction [27]. Another
candidate ergotope was suggested by Ware and associates who showed
an increase in MHC class I expression on T cells upon activation [28].
Mor and colleagues implicated the T-cell receptors for IL-2 and TNF-«o
as ergotopes [29]. T-cell lines raised against immunogenic peptides of
TNFR-1 or of the IL-2R o~ and B-chains (CD25 and CD122, respect-
ively) could also proliferate in response to activated (but not resting)
T cells. Indeed, one of the Mor lines could protect rats from EAE
[29]. Thus, a number of protein molecules expressed on the T-cell
surface could be ergotopes. The common feature of these proteins is
their upregulation upon T-cell activation—essential if they are to serve
as ergotopes for the responding anti-ergotypic T cells.
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ANTI-ERGOTYPIC T CELLS IN RATS

The Lewis rat was used for studying TCV in EAE [16,23,24], and, as
we said above, the identification and characterization of anti-ergotypic
T cells were done using this model. Lohse and colleagues showed that
Iymph node cells (LNCs) could be primed in vivo with clones of syn-
geneic activated T cells and that the lymph node anti-ergotypic T cells
were able to proliferate in vitro when incubated with any syngeneic T
cells that had been activated [5]. A similar anti-ergotypic response was
also observed in the LNCs of rats that had been primed with complete
Freund’s adjuvant (CFA) alone. The CFA presumably activated
responding T cells in the lymph node, and these activated T cells, in
turn, induced an anti-ergotypic response. Anti-ergotypic T cells from
such lymph nodes protected Lewis rats from EAE after adoptive trans-
fer [5]. Lohse and associates showed that the anti-ergotypic population
included both CD4* and CD8* T cells; the CD8" anti-ergotypic T
cells, however, did not lyse in vitro the activated T cells that induced
their proliferation [5]. In contrast to the AMLR reaction to activated T
cells, the anti-ergotypic response described by Lohse and colleagues
was not inhibited by antibodies to MHC class I or class II molecules.
Mor and associates reported, however, that rat anti-ergotypic
responses were indeed MHC restricted [29].

Based on the observation that anti-ergotypic T-cell lines raised
against a peptide of the a-chain of the IL-2 receptor (CD25) could pro-
tect rats from EAE [29], we recently undertook to study anti-ergotypic
regulation using DNA vaccination of rats with the CD25 gene [30]. We
found that DNA vaccination with CD25 could indeed protect rats from
adjuvant arthritis (AA). In contrast, DNA vaccination using the
CD132 gene (IL-2Ry) did not protect the rats. CD25 is upregulated
during T-cell activation, but CD132 is constitutively expressed
[31,32]. Hence CD132, although part of the IL-2 receptor complex, is
not an ergotope. We also observed that the LNCs of rats protected from
AA by CD25 DNA vaccination proliferated in response to activated
syngeneic T cells. We found, in contrast, that the LNC of non-
vaccinated control rats undergoing AA did not proliferate in response
to activated T cells; thus, anti-ergotypic proliferation was associated
with CD25 vaccination and protection against AA. With regard to cyto-
kine secretion, the non-proliferating anti-ergotypic T cells taken from
sick rats secreted mainly IFN-y. In contrast, proliferating anti-ergoty-
pic T cells taken from protected rats secreted mainly I1-10 [30]. Thus,
we see that anti-ergotypic T cells may express at least two phenotypes.
Anti-ergotypic T cells in rats suffering from AA respond to activated
T cells by secreting IFN-y but do not themselves proliferate.
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The function of such anti-ergotypic T cells is yet unknown, but it is
conceivable that their secretion of IFN-y could accelerate and amplify
immune responses at their onset.

In contrast to the IFN-y producers, the anti-ergotypic T cells in rats
vaccinated with the ergotope CD25 do proliferate in response to acti-
vated T cells and secrete not IFN-y but IL-10. The CD25-vaccinated
rats are protected from developing AA. It remains to be seen whether
these two diverse types of anti-ergotypic response reflect two different
stages of activation of T cells in a single lineage (naive and primed) or
whether the anti-ergotypic T cells that secrete IFN-y without prolifer-
ating and those that proliferate and secrete IL-10 belong to separate
lineages. In either case, the latter phenotype of anti-ergotypic
response is associated with control of AA [30].

How does effective anti-ergotypic vaccination regulate the pheno-
type of the T cells that mediate the arthritis in AA? AA is induced
by immunization to antigens of Mycobacteria that appear to be
cross-reactive with a joint antigen [33]. The target antigen or antigens
are present in the mixture of mycobacterial molecules composing
purified protein derivative (PPD) [34]. A specific arthritogenic target
antigen has been identified in a peptide of the mycobacterial HSP65
molecule; T cells that recognize this peptide were found to mediate
AA [35]. Hence, it was conceivable that anti-ergotypic T cells might
regulate AA by affecting the behavior of rat T cells responding to these
key mycobacterial molecules. It is worthwhile noting that the anti-
ergotypic T cells in protected rats did not seem to inhibit the prolifer-
ation of the arthritogenic T cells in response to the key mycobacterial
antigens. LNCs from CD25-vaccinated rats proliferated well to the
HSP65 peptide and they responded to PPD to a higher extent than
did LNCs from sham-vaccinated sick rats. The anti-ergotypic vacci-
nation, however, affected the cytokine phenotype of the responding
T cells; the T cells in the sick rats secreted mainly IFN-y and TNF-o
in response to the AA antigens, but the T cells in the CD25-vaccinated
rats secreted IL-10 and not IFN-y [30]. IL-10 secreted by the anti-
ergotypic T cells could account for protection from AA by deviating
arthritogenic T-cell differentiation toward the Th2 class, thereby
suppressing disease [36]. This mechanism of protection, however,
remains to be proved, and as yet other mechanisms could also account
for anti-ergotypic T-cell protection from autoimmune disease.

ANTI-ERGOTYPIC T CELLS IN HUMANS

Since the beginning of the 1990s, clinical trials of TCV, mostly in
patients with multiple sclerosis (MS), have generated data about
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regulatory anti-ergotypic T cells in humans. Contradictory results
have been published by different research groups concerning the
phenotype and markers of anti-ergotypic T cells, their interaction with
stimulator T cells, their cytokine secretion, and their mechanism of
action (Table I). Such contradictions may be due to the different
sources of the T cells, whether from healthy individuals, untreated
sick patients, or patients treated with T-cell vaccination. As we have
seen in rat AA, anti-ergotypic T cells may assume different phenotypes
in a dynamic fashion. Different protocols for isolating and studying
anti-ergotypic T cells could also generate varied results. Here we shall
review the various results and append our comments.

As we mentioned above, human T cells specifically recognizing acti-
vated T cells were described more than two decades ago in the human
AMLR. The AMLR T-T cell interaction was blocked by anti-MHC-II
monoclonal antibody [7,8]. Damle and co-workers showed that AMLR
T cells are of the CD8" phenotype and are able to suppress the pro-
liferation of fresh autologous T cells in vitro [7]. Brod and associates
postulated that the human AMLR was similar in many respects to
the anti-ergotypic response that had been characterized a year earlier
by Lohse and his associates [5]. The Brod group showed that T cells
responding to activated T cells could be of the CD4* or CD8* pheno-
types. They suggested that this T-T cell interaction is contact-
dependent and is mediated by CD2-LFA-3 adhesion molecule signaling
without a need for antigen-presenting cells (APCs). The response was
not blocked by anti-MHC class II monoclonal antibodies. A later study
conducted by Bouchonnet and colleagues further characterized the
anti-ergotypic T cells proliferating to activated T cells [37]. The
responding T cells were found to be of the CD4* and CD8* phenotype
and expressed TCR-o/p or TCR-v/8 receptors. They reported that the
response did not require APC and was not blocked by anti-MHC mono-
clonal antibodies. In contrast to earlier studies, they found that the
response was not dependent on cell-to-cell contact and could occur
across a Transwell membrane. In another experiment, Yuen and
associates characterized immunoregulatory CD8" cells that prolifer-
ated in the presence of antigen-activated CD4* cells in myasthenia
gravis patients and healthy donors [38]. The response was blocked
by anti-MHC-I monoclonal antibodies. In summary, past research
has established the existence of anti-ergotypic T cells in humans and
has characterized their proliferation to activated T cells and described
their phenotype. However, we know little about the mechanism by
which anti-ergotypic T cells regulate their target T cells.

Anti-ergotypic responses in humans have been characterized to a
greater degree in TCV clinical trials [39,40]. TCV has made it possible
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to investigate the induction of regulatory T cells responding to the T-
cell vaccine and to isolate and propagate these cells in vitro. Although
anti-idiotypic T cells responding to the specific T-cell vaccine were the
first to be described [40], anti-ergotypic T cells were also found to be
induced by TCV in humans [41]. Correale and co-workers isolated
from the peripheral blood of MS patients and healthy controls T-cell
clones responding to autologous CD4* clones specific for proteolipid
protein (PLP) [42]. These regulatory T-cell clones were of the
CD821"-TCR-a/p™ or TCR-y/8 (CD4~ CD8") phenotype. Whereas
CD8"~TCR-0/f" T cells were either anti-idiotypic (based on recog-
nition of the specific TCR-Vp of the stimulator clone) or anti-ergotypic
(proliferation to autologous antigen-activated T cells), TCR-y/5" T
clones were found to be anti-ergotypic only.

The biological role of TCR~y/3" cells is poorly understood in general.
These cells have been reported to be associated with human organ-
specific autoimmune diseases and might have a possible role in regulat-
ing TCR-o/B" autoreactive T cells [43]. The two anti-ergotypic T-cell
populations described by Correale and associates differed in their pat-
terns of recognition and in the mechanisms by which they modulate
autoimmune CD4™ T cells: anti-MHC-I monoclonal antibody inhibited
the CD8"-TCR-0/$" anti-ergotypic T cells but not the TCR-y/8* anti-
ergotypic cells [42]. The cytokine profile of the two anti-ergotypic popula-
tions also differed: the CD8"~TCR-a/B™ cells secreted IFN-y, TNF-o/p,
and TGF-B (and not IL-4 and IL-10), while the TCR-y/8" cells secreted
IFN-y and TNF-a/B, but not TGF-B. This study showed that CD8" -
TCR-a/B* anti-ergotypic T cells can mediate regulatory actjvity either
by cytolytic destruction of activated T cells or by the release of specific
cytokines. Indeed, IFN-y secreted by CD8* cells has been shown to
inhibit T-cell responses [44]. Moreover, CD4~ CD8 -TCR-y/5" anti-
ergotypic T cells were found to be able to lyse antigen-activated
autologous T-cell clones but not resting T cells [42].

In a later study, Stinissen and associates isolated TCR-y/5" anti-
ergotypic T cells from peripheral blood of MS patients who had been
treated with TCV or were untreated [45]. They found that TCV upregu-
lated the TCR-y/5" T-cell responses to activated autologous T cells. In
contrast to the TCR-y/8" cells obtained from non-vaccinated MS
patients of Correale et al. [42], the anti-ergotypic TCR-y/8" cells from
the TCV patients of Stinissen et al. could proliferate to autologous T cells
activated by phytohemagglutinin (PHA) and not only to antigen-acti-
vated T cells. The phenotype of the TCR-y/8" T cells obtained from non-
vaccinated MS patients was Vy2* /V62* [42]; but the TCR-y/5" T cells
from the TCV-treated MS patient were predominantly Vy1* /Vs1* [45].
In contrast to the TCR-y/8" T cells obtained from non-vaccinated MS
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patients by Correale et al. [42], the TCR-y/8* T cells from TCV-treated
MS patients did not inhibit in vitro proliferation of the stimulator T cells
(the vaccine T cells) and displayed only low cytolytic activity toward
them [45]. The latter anti-ergotypic T cells, however, produced high
levels of I1-2, TNF-qa, and IL.-10 and low levels of IFN-y and I1-4. It is
likely that these differences in the properties of the TCR-y/5" anti-ergo-
typic T-cell populations may be related to the effects of TCV on the MS
patients: TCV can upregulate TCR-y/8 responses relative to those of
non-vaccinated MS patients or healthy controls. It is also possible that
the differences may have been due to individual variation or to differ-
ences in cell culture protocols. Our work in the rat model of AA, as we
said above, does suggest that anti-ergotypic T cells can change their
behavior subsequent to vaccination in vivo [30].

MS patients treated by TCV were studied by Zhang et al. who iso-
lated 104 regulatory T-cell lines from 12 patients [46]. The lines were
selected by their ability to inhibit the proliferation of the T-cell clones
composing the T-cell vaccine. In this selection, 31% of the isolated lines
were of the CD8* phenotype, and these were found to be anti-idiotypic
cytolytic cell lines. The remaining 69% of the regulatory T-cell lines
were CD4" and were found to be anti-ergotypic regulators: they inhib-
ited the proliferation of PHA-activated T cells irrespective of their TCR
specificity. These CD4™" anti-ergotypic T cells were not cytolytic but
secreted high levels of IL-4 and IL-10. Their reactivity to activated
T cells could be blocked by anti-MHC class II antibody.

The above three studies [42,45,46] contribute much to our under-
standing of the anti-ergotypic T-cell responses in humans. Differences
in the results might be explained by the different populations of
subjects and by the different methods of T-cell selection: The study of
Correale et al. included healthy controls and non-vaccinated MS
patients. They selected only CD8"-TCR-o/B* and TCR-y/3% anti-
ergotypic T cells and did not study CD4*-TCR-a/f" T cells [42].
Stinissen et al. selected only for TCR-y/8% T cells but only from T-cell
vaccinated MS patients [45]. Zang et al. also obtained their T-cell lines
from T-cell vaccinated MS patients but selected only the regulatory
lines, which inhibited the in vitro proliferation of the immunizing T
cells [46]. Clearly, vaccination can modify the differentiation and
behavior of anti-ergotypic T cells; more work is needed to understand
the whole picture of regulatory anti-ergotypic T cells.

ANTI-ERGOTYPIC T CELLS IN NAIVE INDIVIDUALS

Because anti-ergotypic T cells have been assumed to be regulators
of autoimmunity, the significant studies in the field were done in the
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context of autoimmune diseases. TCV was found to induce anti-idioty-
pic and anti-ergotypic T cell networks, so TCV may represent a means
of therapeutic regulation of auto-reactive T cells by taking advantage
of pre-existing regulatory networks [1,3,4,22]. If these networks exist
prior to the development of autoimmunity, they might have a role in
immune regulation in healthy individuals, too. Indeed, anti-ergotypic
T cells have been isolated from healthy donors.

The human AMLR experiments using activated T cells as
stimulators were done using peripheral blood mononuclear cells
(PBMCs) of healthy donors [7,8] and so were the studies of Brod
et al. [27] and Bouchonnet et al. [37]. Correale and associates isolated
CD8* anti-ergotypic T cells from the PBMCs of both MS patients and
healthy controls [42]. There were no differences in the cytotoxic
activity and the cytokine profile between the anti-ergotypic T cells
obtained from MS patients and healthy individuals. Yuen and
co-workers found anti-ergotypic responses in the PBMCs (CD8"
enriched) of healthy donors and myasthenia gravis patients [38].

Healthy humans are not immunologically naive. The immune sys-
tem of any adult has been activated many times during life in response
to different antigens. It is conceivable that naturally activated T cells
in turn activate anti-ergotypic responses in healthy individuals.
Indeed, we have recently detected anti-ergotypic T-cell responses in
naive Lewis rats raised in a specific-pathogen-free animal facility.
We found anti-ergotypic responses in primary proliferation experi-
ments using T cells from lymph nodes, spleens, or thymus glands of
the naive rats. This natural anti-ergotypic response was found to be
blocked by anti-MHC class II monoclonal antibody, suggesting that
the anti-ergotypic reaction is MHC dependent. Depletion of the APCs,
in contrast, did not affect anti-ergotypic proliferation (unpublished
data). Thus, the anti-ergotypic reactivity in naive individuals may
result from direct T-T interactions. The existence of anti-ergotypic T
cells in naive individuals supports the notion that these T cells could
have a physiological role in regulating the immune system and may
also take part in the tight regulation of the autoreactive T cells present
in the immune system.

ANTI-ERGOTYPIC T CELLS COMPARED TO OTHER
REGULATORY T CELLS

The concept of immune regulation by suppressor T cells was advo-
cated by Gershon and Kondo in the beginning of the 1970s [47,48].
However, research in the field reached a dead-end, and the whole
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concept of suppression was discredited due to the inability to isolate,
sequence, or clone the putative suppressor cells and their factors
[49,50]. During the second half of the 1980s, the term suppression
was replaced by immune deviation after the characterization of the
Th1l and Th2 T-cell subsets based on their cytokine secretion profile
[61,52]. At that time, there was a tendency to attribute regulatory
phenomena to the cytokine balance between the Thl/Th2 subsets.
In the mid-1990s, Sakaguchi and co-workers described a population
of regulatory CD4™ T cells in mice that expressed the IL-2 receptor
a-chain (CD25) in the naive state; this seminal discovery triggered a
renewed interest in regulatory T cells generally [53,54]. The Sakaguchi
group found that the naturally occurring CD4* CD25™ suppressor cells
control autoreactive T cells and so protect against autoimmune dis-
eases. The CD4*CD25" regulators were later detected in humans
[65-61].

A variety of regulatory T cells with different phenotypes have been
proposed to control self-tolerance and autoimmunity [62-64]. Regulat- -
ory T-cell clones were isolated after the induction of oral tolerance and
were found to suppress EAE [65]. These clones mediated suppression
by way of the secretion of TGF-B and were termed Th3. Another
method to generate regulatory T-cell clones was to activate T cells in
the presence of IL-10. The cytokine profile of these cells is different
from that of classical Thl or Th2 subsets, and the cells were termed
Type 1 T-regulatory cells (Tr1). Trl cells were found to inhibit organ-
specific autoimmunity [66-68]. Here, we will review the relationship
between anti-ergotypic T cells and the other regulatory T-cell subsets
(Table II). »

CD4*CD25* Suppressors

The CD25 marker, which was traditionally used to identify activated T
cells, was found to be constitutively expressed on 5-10% of peripheral
T cells, and these T cells exhibit immunoregulatory functions in vitro
and in vivo [53]. In contrast to anti-ergotypic T cells, which can be of
the CD4* or CD8" subsets [27,37,38,46], the CD25% suppressor popu-
lation is CD4% only. CD4*CD25"% T cells are naturally occurring sup-
pressors, as they differentiate and develop naturally in the thymus
[69,70].

We have found anti-ergotypic T cells also to be present in the
thymus (manuscript in preparation). The mature fraction of thymic
T cells was found to proliferate in response to activated syngeneic
T cells, whereas the CD4*CD8" immature T-cell fraction did not so
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respond (unpublished data). Because naive rat LNCs and human
PBMCs contain T cells that proliferate to activated T cells (unpub-
lished data; [38]), we suspect that anti-ergotypic T cells are naturally
occurring regulators of immune responses.

CD4*CD25" regulators gain suppressive activity after activation
via their TCR [71]. However, the antigen or antigens recognized by
the CD4*CD25% TCR repertoire are still not well defined [71,72]. In
contrast to the CD47CD25"% suppressors, which are activated but do
not proliferate subsequent to TCR signaling [71], anti-ergotypic T cells
exhibit high proliferative responses after TCR activation. The
CD4+CD25" suppressors do not secrete IL-2 by themselves and seem
to be dependent on exogenous IL-2 for their generation in vivo [69] and
for expansion in vitro [59]. Nevertheless, both CD4*CD25" [71] and
anti-ergotypic regulators [5], after their activation via the TCR,
mediate regulation of autoreactive T cells generally and may inhibit
various autoimmune diseases. In both types of regulators, interaction
between the regulators and stimulators was found to be contact
dependent and APC independent. )

As described above, contradictory results were published concern-
ing the mechanisms by which human anti-ergotypic T cells execute
their regulatory function and their cytokine secretion profile: cyto-
toxic effects, secretion of IFN-y, secretion of IL-10, and secretion of
11-4 and IL-10. In our in vivo studies in rats, we found inhibition
of AA without inhibition of the proliferation of the disease effector
T cells. The rat anti-ergotypic T cells secreted IL-10, and the auto-
reactive T cells switched from the Thl to the Th2 phenotype [30].
In contrast to anti-ergotypic T cells, the CD4"CD25"% regulators
suppress the proliferation of autoreactive CD4*CD25% T cells by
inhibiting IL-2 transcription [73]. However, the mechanism of this
effect is still unknown. CD4*CD25" regulators mediated sup-
pression apparently independent of detectable immunosuppressive
cytokines [72]. Levings et al. [59] showed that human CD4*CD25"
cells secrete I11-10 and TGF-B, but neither of these cytokines seemed
to be required for the suppressive effect. Nakamura et al. [74]
suggested that suppression was mediated via TGF-B bound to the cell
surface of the CD4*CD25" suppressors. However, genetic studies
ruled out any role for TGF-B in the suppressive effect of
CD4*CD25% cells [72].

To investigate whether the CD4*CD25% and anti-ergotypic regu-
latory populations might be related, we depleted CD4*CD25" cells
from naive LNCs and found no loss of anti-ergotypic responses (unpub-
lished data). We conclude that both classes of regulators are inde-
pendent cell types.
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Type 1 T-Regulatory Cells

Both the anti-ergotypic and the CD4*CD25% regulators appear to
arise naturally. Trl regulator cells, in contrast, arise by the activation
of CD4™ T cells to specific antigen in the presence of IL-10 [66,68]. Trl
cells were found to inhibit the induction of inflammatory bowel disease
(IBD) in SCID mice when co-transferred with the pathogenic
CD4* CD45RB™#" T cells [66]. Trl cells are antigen specific and can
be cloned in vitro merely by the activation of their TCR with specific
antigen. Thus, their administration to SCID mice had to be
accompanied by the administration of specific antigen to protect
against IBD [66]. Like anti-ergotypic and CD4*CD25" T cells, Trl
cells must be activated through their TCR in order to gain suppressive
function. Trl cells suppress T-cell proliferation, a suppression
mediated by a unique cytokine profile: high levels of the immunosup-
pressive cytokines IL-10 and TGF-B [68,75,76]. Like anti-ergotypic
and CD47CD25% regulators, Trl cells regulate T-cell responses in
an antigen nonspecific manner after their activation [66,68]. The sup-
pressive effect of the Trl cells is not contact dependent, as it is
mediated by cytokines, in contrast to anti-ergotypic and CD4*CD25"
regulators, which exert their regulatory effect in a contact-dependent
manner. Nevertheless, when Trl cells are in direct contact with their
targets, their suppression effect is maximal [68].

Unlike anti-ergotypic T cells, Trl cells proliferate poorly after acti-
vation [66] and do not expand significantly in standard T-cell culture
conditions. Poor proliferation could be related to the rapid secretion of
IL-10, which might act in an autoerine manner. However, IL-15
restores Trl cell proliferation in vitro [77]. This reminds one of the
in vitro proliferation of CD4*CD25" suppressors, which proliferate
only in the presence of exogenous IL-2.

CONCLUSIONS

Despite the contradictory results published about the different subsets
of regulatory T cells, the concept of immune regulation and sup-
pression mediated by T cells has finally became accepted by most
immunologists. Now that the concept of regulatory cells is no longer
taboo, the field may proceed to study important questions related to
the differentiation, induction, and function of the different regulatory
subsets. Such studies should help us distinguish the regulatory cell
types and unravel the relationships between them. Anti-ergotypic T
cells are certainly worthy of attention; they are detectable in humans,
as well as in experimental animals, they arise in the course of TCV,
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and they regulate disease. We would like to know more about the
identity of target ergotopes; how diverse a group of molecules are they?
Are ergotopes restricted to membranal molecules, or can secreted and
intracellular proteins expressed during T-cell activation also serve as
regulatory targets? Do anti-ergotypic T cells need co-stimulatory sig-
nals; how are they supplied? What are the mechanisms of regulation,
and how are they related in the regulatory cascade? There is no end of
interesting questions.

Because different regulatory T-cell populations can be generated
in vitro and in vivo by different treatments, it is difficult to define
which of them occur naturally, and their relevance to the natural
maintenance of peripheral tolerance to autoreactive T cells is unclear.
An important question concerning regulatory T cells is whether they
differentiate in the thymus into a distinct T-cell lineage with specia-
lized regulatory functions. It is also conceivable that the future regu-
latory T cells emerge from the thymus as naive T cells but differentiate
into regulatory T cells in the periphery upon encounter with antigen.
Because anti-ergotypic and CD4*CD25% regulatory T cells can be
isolated from the peripheral blood of healthy humans and from naive
animal lymph nodes (LNs) and thymuses, these cells might have a role
in maintaining immunological nonreactivity to self in the periphery.
Both regulators may exert their regulatory function separately or they
might cooperate synergistically to keep autoreactive T cells under con-
trol. One might suppose that the CD4"CD25% T cells act to suppress
autoimmune T-cell proliferation, and the anti-ergotypic T cells regu-
late the autoimmune T cells that evade CD4"CD25% suppression.
However, considering the dynamic complexity of inflammation [78],
it is likely that diverse types of regulators must work together. The
immune system, in both its innate and adaptive arms, initiates, med-
iates, and terminates the varied inflammatory responses that keep the
body in shape as well as resistant to infection. Fine-tuning the com-
plexity of inflammation must require the immune system to be com-
plexly regulated within itself [79]. Regulated T-cell autoimmunity
has been shown to mediate neuroprotection in the traumatized central
nervous system [80]. If this is true for other organs, too, then a regu-
lated measure of autoimmunity may be a useful tool for body mainte-
nance [78]. From this point of view, we may see that regulation is not
synonymous with suppression; regulation means proper turning on
and not only proper turning off. Perhaps the IFN-y produced by the
naive (“early”) anti-ergotypic response [30] may be an amplifying
“on” signal. Speculation aside, it is clear that physiological auto-
immunity benefits the body when it is regulated properly; noxious
autoimmune disease would seem to emerge from faulty regulation [3].
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