T Regulatory Cells 1 Inhibit a Th2-Specific Response In Vivo
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We recently described a new population of CD# regulatory T cells (Trl) that inhibits proliferative responses of bystander T cells
and prevents colitis induction in vivo through the secretion of IL-10. IL-10, which had been primarily described as a Th2-specific
cytokine inhibiting Thl responses, has displayed in several models a more general immune suppression on both types of effector
T cell responses. Using an immediate hypersensitivity model in which BALB/c mice immunized with OVA (alum) normally
generate Th2-dominated responses, we examined the ability of OVA-specific Trl T cell clones to inhibit OVA-specific cytokines
and Ab responses. In contrast to Th2 or Thl T cell clones, transfer of Trl T cell clones coincident with OVA immunization
inhibited Ag-specific serum IgE responses, whereas IgG1 and IgG2a synthesis were not affected. This specific inhibition was
mediated in part through IL-10 secretion as anti-IL-10 receptor Abs treatment reverted the inhibitory effect of Tr1 T cell clones.
Although specifically targeted to IgE responses, Trl clones’ inhibitory effects were more profound as they affected Ag-specific Th2
cell priming both in term of proliferative responses and cytokine secretion. These results suggest that regulatory T cells may play
a fundamental role in maintaining the balance of the immune system to prevent allergic disorders.The Journal of Immunology,
2000, 165: 4848-4853.

in developed nations. Its incidence and that of closely relatedtifically decreases IgE production by IL-4-stimulated PBMC in
conditions, such as asthma, has risen dramatically in recentitro (16).
decades, so that20-25% of the population is affected. It repre-  We have recently shown that both human and mouse™CD4
sents one of the most common examples of in vivo activation ofcells repeatedly stimulated in the presence of IL-10 differentiate
inappropriate pattern of Th2-type cytokines synthesis (1). into a new subset of CD4T cells different from the classical Thl
Th2 responses are mediated by CDB cells that secrete cyto- and Th2 T cell clones (17). These cells, termed T regulatory 1
kines, such as IL-4, IL-5, and IL-13, which are known to play a (Tr1)3 have a poor proliferative response and secrete no IL-2 or
central role in allergic responses (2—4). In contrast to healthy subH_-4, but produce high levels of IL-10 and inhibit the proliferative
jects, allergic patients develop specific IgE directed against sensresponse of bystander cells both in vitro and in vivo (17). Using
tizing allergens that play a key role in the physiopathology of OVA-immunized BALB/c mice in the presence of alum that gen-
allergic diseases (5). Induction of IgE switching requires two pri-erate a Th2-type response characterized by substantial IL-4 and
mary signals. The first one, given by IL-4 or IL-13, induces the IL-5 production, we examined the impact of Trl cells in the reg-
expression of the sterile transcript (6—8). The second one, pro- ulation of IgE and CD4 T cells responses to OVA. These exper-
vided by the triggering of CD40 ligand, induces the expression ofiments could also give evidence of potential helper function of Trl1
the maturee transcript encoding for IgE (9, 10). Several cytokines cells on B cell activation and differentiation.
modulate IL-4-dependent IgE production. IRN4FN-y, TGF-3,
and IL-12 have inhibitory effects, whereas IL-2, IL-5, IL-6, and Materials and Methods
TNF-a enhance IL-4-induced IgE synthesis. Animals
IL-10 is a cytokine produced by numerous cell types, includingg| g/canN mice were obtained from CERJ (Le Genest Saint Isle,

activated T cells, mast cells, and macrophages. By blocking Agfrance), and homozygous DO11-10 mice were a generous gift from Dr. A.
presenting capacities of monocytes/macrophages, IL-10 plays @Garra (DNAX Research Institute, Palo Alto, CA). All mice were raised

major role in suppressing immune and inflammatory responsegee of common mouse pathogen conditions in our animal facility._They
(11). IL-10 also acts on human B cells activated by anti-cD4o"ere all female mice, 6- to 8-wk-old at the beginning of each experiment.
mADb by enhancing the switching to IgA, 1gG1, and IgG3 isotypesCytokine ELISA

(12, 13), the short-term proliferation (14), and the differentiation OfSandwich ELISAs were used to measure IL-4, IL-5, IL-10, and Hbis

previously described (18). In brief, ELISA plates were coated with the
appropriate anti-cytokine Abs (11B11, TRFK4, 2A5, and XGM1.2 for
*Institut National de la Santet de la Recherche Micale Unife343 Hopital de IL-4, IL-5, IL-10, and IFN-y, respectively) and incubated at 4°C overnight.
I'Archet, Nice, France; andDNAX Research Institute, Palo Alto, CA 94304 After incubation, plates were blocked for 30 min at room temperature by

) o o adding 150ul of 20% FCS/PBS containing 0.04% Tween 20 to each well.
Received for publication December 16, 1999. Accepted for publication Augustgypernatants from in vitro-stimulated purified splenocytes were diluted in
1, 2000. 5% FCS Yssel's medium and added at a volume ofiB@ell. Plates were
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with 18 U.S.C. Section 1734 solely to indicate this fact. was added at 5l/well. Plates were incubatedifd h atroom temperature
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Cancer, the Fondation pour la Recherche Medicale, La Ligue Nationale contre lgemained at room temperature for 1 h, after which they were washed and
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I mmediate hypersensitivity is a major chronic health problemB-cells into Ig-secreting plasma cells (15). However, IL-10 spe-

Copyright © 2000 by The American Association of Immunologists 0022-1767/00/$02.00



The Journal of Immunology 4849

and 0.05 M citric acid was added. After the substrate was developed, agimmunization and adoptive transfer of OVA-specific CD#
plying 50 ul of 0.2 M citric acid solution to each well stopped the reaction. ce|| clones

The plates were read on an ELISA reader (Labsystems iEMS reader, Hel-

sinki, Finland). Abs for ELISAs were purified from serum-free hybridoma Mice were immunized with 1Qug/mouse of OVA with alum (both from

supernatants as previously described (18). Sigma) injected i.p. at day 0 and day 21. OVA-specific T cell clone§ (10
cells/mouse) were injected i.2 h before OVA injection at day 0 and
day 21.

Analysis of OVA-specific serum IgE Flow cytometry
gmgj‘;ﬁf&i%ﬂggﬁggimzz ggtggzg:ﬁidu(sllg? 'I?h;\,\::%-:ttiig igw;\gc;%r analysis, splenocytes were stained with FITC- or PE-conjugated mAbs
monoclonal anti-IgE Ab called EM95. The second step was a digoxigenin-(PharMingen)' Flow cytometry analysis was performed on a FACScan flow
coupled OVA that was prepared according to the manufacturer’s instrucSytometer (Becton Dickinson) and analyzed with the CellQuest software.
tions (Boehringer Mannheim GmbH, Mannheim, Germany). In brief,

plates were coated with 2g/ml of EM95 and incubated overnight at 4°C. Results

The serum samples were added and, subsequently, the digoxigenin-coupl§pecific inhibition of IgE secretion in mice treated with Trl

OVA was added to the wells. Antidigoxigenin-Fab coupled to peroxidasedones

(Boehringer Mannheim) were added. As described above, Afteof in-

cubation, 0.1 ml of substrate was added to each well. To evaluate the capacity of Ag-specific Trl clones to either pro-
mote B cell help or inhibit a Th2 response, OVA-specific T cell
clones were transferred into BALB/c ne&i@ h before OVA (alum)
immunization. In contrast to the situation where Thl and Th2 T
ELISA plates were coated overnight at 4°C with 2g/ml OVA in PBS. cell clones were transferred, no helper activity on Ig secretion was
The detecting Ab for IgG1 that was used at .g/ml was a biotinylated  detected after injection of Trl T cell clones. Instead, the OVA-

rabbit anti IgG1. The detecting Ab for the IgG2a was a rabbit anti-lgG2a P’ i 0
coupled with the nitroiodophenyl hapten. After incubation and Washing,Sp(-:‘cn‘IC IgE response was inhibited by 90% by the transferred Trl

peroxidase-conjugated streptavidin was added to the wells of the IgG£10nes, whereas OVA-specific IgG1 and 19G2a responses were not
ELISA. The nitroiodophenyl-labeled anti-lgG2a was revealed with a HRPinhibited (Fig. 1). This specific effect of Trl clones on IgE pro-
conjugate of a rat monoclonal anti-nitroiodophenyl Ab. Finally, plates wereduction was completely reversed after injection of blocking anti-
developed as described above. Standards for OVA-specific IgG1 werg _1oR Abs, confirming the importance of this cytokine in the

pooled from sera from hyperimmunized BALB/c mice. The concentration
of OVA-specific IgG1 was estimated by comparison to an 1gG1 standard’egl'll‘rjltory effect of Trl clones (17). In contrast to Trl clones, no

run in parallel on anti-lgG1-coated plates. This method was also used fofodificationin IgE, IgG1, and IgG2a responses was observed after
the quantification of OVA-specific IgE and 1gG2a in the ELISA. the transfer of an OVA-specific Thl clone, and a slight enhance-

ment of the specific IgE response was observed after transfer of an
OVA-specific Th2-specific clone (Fig. 1).

Analysis of OVA-specific IgG1 and IgG2a

Cell lines, culture, and reagents

All assays were conducted in Yssel's medium (20) supplemented with 1094 1 clones inhibit activation of OVA-specific T cells in vivo

Zt(i:vse' i‘gf‘; t;:i":in‘g’e;ﬁﬂp;gggde‘:';githgs f”gﬁg g%dsesag‘;”&igf g%’ ;?I;SWe analyzed the effect of Trl clones on the activation of Ag-
(PharMingen, San Diego, CA) and sheép anti-rat-coated Dynabeadgpecific T cells in vivo by testing the _recall in vitro proliferat_ive
(Dynal, Oslo, Norway). In brief, cells were incubated with the different Abs response to OVA of CDA4 T cells previously depleted of the-in

(10 ug/ml) for 30 min at 4°C; after washing, 5Q4 of beads for 5x 10 jected clones by using the anti-clonotype Ab KJ1-26. Injection of
cells were added for 30 min at 4°C. Cells were negatively purified uponTr1 cells resulted in a decreased recall proliferative response to

application of a magnetic field. The T cell clones were obtained from + ; ;

DO11-10 mice after in vitro differentiation as previously described (21). OVA of CD4 . T cells isolated from mes.e.ntenc lymph nogles,
Naive (MEL-14"9" CD4*, KJ1-26" cells were stimulated repeatedly for whereas |nJect_|on of a Thl— or a_Th2-speC|f|c clqpe resulte_d in an
3 wk with OVA peptide 323-339 in the presence of IL-4 and anti-IL-12, €nhancement in the in vivo priming for Ag-specific cells (Fig. 2).
IL-12 and anti-IL-4, or IL-10 for Th2, Thi, or Trl cells, respectively. Again, addition of IL-10R blocking Abs reverted the effect of Trl
The populations obtained were cloned at 1 cell/well by cytofluorometrycg|is on the priming of OVA-specific T cells in vivo (Fig. 2).

(FACSvantage SE; Becton Dickinson, Mountain View, CA) and stimulated T L .
with irradiated splenocytes (4500 rad) and OVA peptide. Clones were then The Inh,lbltlon of the activation of CDAT cellslwas confirmed
expanded and analyzed for cytokine secretion after activation with APC®Y analyzing the percentage and the accumulation of CDR3I1-

and OVA peptide. Selected clones were then cultured with stimulation with26~ T cells in draining lymph nodes 2 days after the second im
irradiated splenocytes and OVA peptide every 2 wk and further expandegnunization. Eight percent of activated CDZ cells were detected

with 10 ng/ml IL-2 (R&D Systems, Minneapolis, MN). T cell clones were by cytometry analysis in the draining lymph nodes (Fig. 3). Ad-
used at least 10 days after the last stimulation. Several T cell clones We(:g.t. faTrl cl inhibited th b f activated (CD4
used. A-10-9 and A-10-11 were previously described (17), Nice-1 an iion ot a frl clone innhibite e number of activated (

Nice-2 were cloned after in vitro differentiation of KJ1-2&ells in the ~ CD25", KJ1-267) T cells present in mesenteric lymph nodes,
presence of IL-10 and selected based on proliferation and cytokine secravhereas addition of Thl or Th2 OVA-specific clones slightly en-
tion. D4-6, D4-15, and D4-19 were Th2 T cell clones isolated after dif- hgnced the number of activated T cells.

ferentiation of KJ1-26 cells in the presence of IL-4 and anti-IL-12. A-7

and A-21 were Thl T cell clones isolated after differentiation of KJ1-26 Cvtoki : ; atian
) ) - okine profiles of CD# T cells after immunization in the
cells in the presence of IL-12 and anti-IL-4 as described (17). Y P

Anti-IL-10 receptor-blocking mAbs (1B1.2) were kindly provided by K. presence of different types of T cell clones
Moore (DNAX Research Institute, Palo Alto, CA). Abs were injected i.p. Tg determine the cytokine profile of OVA-specific host CD#

zr?wtg?%uose(l mg/mouse), and injection was repeated every week at 0.3q|is jngyced by immunization of mice receiving different types of

To measure cytokines released by CDRcells contained in mesenteric  Ag-specific T cell clones, lymph nodes were taken 7 days after the
lymph nodes, purified cells were stimulated in 1-ml cultures. The culturesecond immunization with alum and OVA. Draining lymph nodes’
medium consisted of Yssel's medium with 10% heat-inactivated FCST cells were depleted of KJ1-26T cells, restimulated in vitro, and
(Roche, Meylan, France), 0.05 mM 2-ME (Sigma), and penicillin/strepto-theijr supernatants were assayed for cytokines. Mice immunized

mycin (Life Technologies, Gaithersburg, MD). Purified CD# cells were - . o
stimulated at 2x 1° cells/ml in culture medium containing 0.25 mg/ml with OVA in alum mounted a strong Th2 response as indicated by

OVA and irradiated splenocytes (8 10P cells/ml). The supernatant was the significant levels of IL-4, IL-5, and IL-10, and undetectable
harvested at 48 h. levels of IFN-<y (Table I). The presence of Trl clones at the time
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FIGURE 1. Kinetics of IgE, IgG1, and IgG2a synthesis of BALB/c mice transferred with different T cell clones before OVA/alum immunization. Effect

of anti-IL-10 receptor treatment. Twice at 1-wk intervals, BALB/c mice were transferred with different T cell clones (as indicateddf@lloveger with
immunization (as described above) and then bled at days 12, 21, and 28 after the beginning of the treatment. One group of mice transferred vgth Trl clone
was also treated with anti-IL-10R Abs. OVA-specific Abs were estimated by ELISA on pooled serum samples for five mice per group and expressed as
mean of triplicatex SD. Statistical analysis was performed with a Studeast. One representative experiment of four is shown. Experiments performed

with different Trl clones (A-10-9, A-10-11), Trl cell lines, and several different Thl and Th2 clones and cell lines gave similar results

of immunization dramatically inhibited the differentiation of IL-4- cific Th1 or Th2 clones had no suppressive effects, but rather en-
secreting cells and promoted the differentiation of a Trl cell typehanced OVA-induced proliferation of naive CDA cells.

population secreting no IL-4, high IL-10, and some IL-5 (Table I).  More importantly, Trl cells were shown to be immune suppres-
The presence of a Th2 clone at the time of immunization enhancedive in vivo in a typical Thil-mediated inflammation. Indeed, a
the priming of naive CD4 T cells toward a Th2-type response withcolitis induced inscid mice by transfer of CD45REP"CD4" T
increased levels of secreted IL-4 and IL-5. Finally, the presence ofells was prevented by cotransfer of murine OVA-specific Trl
a Thl clone reduced the amounts of Th2-type cytokines (IL-4clones. Immune suppression was dependent on Ag-induced acti-
IL-5, and IL-10) secreted by primed CD4T cells, but enhanced yation of Trl cells in vivo as these cells only inhibited colitis in
the differentiation of IFNy-secreting Ag-specific T cells. recipients that received OVA in their drinking water. Similar to in
Discussion vitro experiments, we recently observed that in vivo suppression
We have recently characterized a new subset of Cidcells ~ Mediated by Trl clones was completely abrogated when mice were
different from the classical Th1 and Th2 T cell clones. These cellstreated with anti-IL-10 receptor Abs (F. Cottrez and H. Groux,
termed Trl cells secrete no IL-2 or IL-4, but do produce high manuscript in preparation), confirming in this different model, the
levels of IL-10 (17). Both human and mouse Trl clones wereimportance of IL-10 in the function of Trl clones.

shown to suppress immune responses in vitro. Ag-induced prolif- In this study, the role of Ag-specific Tr1 cells in modulating Th2
eration of naive CDZ T cells was dramatically reduced following responses in vivo was compared with Th1 and Th2 clones express-
coculture with activated Trl clones, which were separated from théng the same specificity. Preliminary experiments using Th1l and
responding T cells by @ranswell insert. Suppression was re- Th2 clones have shown that injection of the T cell clones 2 h
versed by addition of anti-TGB-and IL-10 mAbs, implicating before immunization allows the analysis of both stimulatory and
these cytokines in the mechanism of immune suppression. Suprhibitory effects of the T cells on Ig secretion. Intraperitoneal
pression was a characteristic specific for Trl clones, as OVA-spenjection of OVA in alum induced OVA-specific IgE in naive
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FIGURE 2. OVA-specific proliferative response
of CD4™ T cells isolated from draining lymph nodes
of BALB/c mice immunized with OVA/alum and 201
transferred with different types of OVA-specific T
cell clones. One week after the second immunization
in the presence of a Thl (A-7), Th2 (D4-6), or Trl,_,
(Nice-1) (as indicated), CD4T cells isolated from "2 15]
mesenteric lymph nodes were purified by negative;
purification using specific mAbs and magnetic beads &
and further depleted of KJ1-26T cells. Cells were 101
stimulated with 10Qug/ml OVA (&) or culture me-
dium alone [(J) in the presence of irradiated spleno-
cytes. One group of mice transferred with the Trl
clone was treated with anti-IL-10 receptor Abs (1 57
mg/mouse at 1-wk intervals starting at day &) (
Results shown are mean SD cpm of triplicate cul-
tures from the pooled cells of five mice. o

Control Th2 Thi Tr1

BALB/c mice, but not in mice previously transferred with OVA- cells and in human ThO and Th2 clones (25, 26). The inhibitory
specific Trl clones. The same clones did not suppress OVA-spe&ction of IL-10 on IL-5 synthesis was confirmed in a murine model
cific IgG1 and IgG2a responses. No inhibition of IgE synthesis waf allergic eosinophilic peritonitis and airway eosinophilia in
observed in mice transferred with a Thl clone, whereas a slighivhich IL-10 administration suppressed both IL-5 production and
enhancement in IgE levels was observed in mice treated with aposinophil recruitment (24, 25). Finally, in mice, IL-10 adminis-
OVA-specific Th2 clone, as expected. The inhibition of IgE syn- tration before allergen treatment induces Ag-specific tolerance
thesis induced by Trl clones was mediated by their capacity t§27). We confirm in this report the direct effect of IL-10 in spe-
secrete high levels of IL-10 as treatment of mice with anti-IL-10 cifically inhibiting IgE synthesis in vivo. It has been previously
receptor Abs completely reverted the amounts of IgE detected imeported that IL-10 decreasegranscript expression and IgE pro-
the serum of immunized mice. duction by IL-4- or IL-13-stimulated PBMC (16, 28). However,
IL-10 was originally described as a mouse Th2 cell factor, in-the inhibitory effect of Tr1 clones seems to be more profound than
hibiting cytokine synthesis by Th1l cells (22). However, increasinga specific inhibition at the B cell level.
evidence suggest that IL-10 also acts as an inhibitor of Th2 cell Indeed, direct examination of the OVA-specific T cell recall
responses both in vitro and in vivo (23-25). In particular, IL-10 response in vitro revealed that Trl-treated mice did not develop
was found to down-regulate IL-5 production by human resting Tsignificant CD4 T cell responses, suggesting that specific loss of

CONTROL , Trl

FIGURE 3. Analysis of the percentage of acti-
vated T cells in the draining lymph nodes. Two days
CD25 after the second immunization, mesenteric lymph
nodes were isolated and the cells analyzed by im-
munofluorescence using CD4-PE and CD25-FITC
Thi Th2 mAbs. KJ1-26 T cells were gated out using a-bi

)
5517 2'2 otinylated Ab revealed by streptavidin-tricolor. Per-
371 i centage in each quadrant is indicated.
T T I TT TN TTINN — LILILLLL LILALLLL LELIRLLL ]
10w 1 1 W 16 10" 16 1 1 10’
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Table I. Cytokine production after in vitro restimulation with OVA of CDZ cells from BALB/c mice transferred with different OVA-specific T cell

clones
Injected Cell§ IL-4 (pg/ml) IL-5 (ng/ml) IL-10 (U/ml) IFN-y (ng/ml)
None 320+ 87 8.8+ 2.3 17.8+ 3.5 ND
Trl (Nice 1) ND 0.5+ 0.01 341t 5.4 ND
Th2 (D4-6) 774+ 102 11.5+ 3.8 21.3+ 3.2 ND
Thl (A7) 25+ 1.8 2.8+ 0.8 12.3+ 2.8 51+1.2

2Trl, Thi, or Th2 OVA-specific T cell clones were injected into BALB/c enzh prior to i.p. immunization with OVA in alum. Cell transfer and immunization were repeated
twice at 1-wk intervals. Two days after the second immunization, draining lymph nodes were collected. Purified @BMs isolated from mesenteric lymph nodes were
depleted of KJ1-26 cells using magnetic beads and stimulated in vitro with £80ml OVA in the presence of irradiated splenocytes. After 2 days, supernatants were collected
and cytokine levels were analyzed by ELISA. Results represent me8D of triplicate culture of one representative experiment of five.

IgE responses in Trl-treated mice reflects a more fundamental in- In summary, the data presented above demonstrate that Trl
hibition in the activation of OVA-specific T cells by the regulatory clones actively modulate a Th2-type response in vitro through the
T cells. Similar specific inhibition of IgE responses in vivo and secretion of IL-10, thus strengthening the role of IL-10 as a general
induction of anergy in CD% T cells has been reported in different immunomodulator of immune responses. Improved knowledge of
human (29) and mouse (19, 30) models of tolerance induction. Ithe differentiation mechanisms and effector function of Trl cells

humans, specific immunotherapy is an efficient treatment for alshould provide a crucial insight into their role in the allergic re-

lergic diseases and is used most effectively in allergic reactions teponse in vivo and help us to better understand the disregulation of

insect venom and allergic rhinitis (31). It has recently been showrthe immune response resulting in allergic disorders.

that administration of high allergen doses, as applied in immuno-

therapy, enhances endogenous production of IL-10 in specific ACKnowledgments
cells similar to Trl clones (29). Similarly, we recently demon- We thank Mike Bigler for his help.

strated that exposure to inhaled OVA induced a state of unrespon-

siveness of CD% T cells that results in a prolonged loss of IgE and References

eosinophil responses to subsequent challenges (19). Whether this ¥
cell unresponsiveness reflects the action of a regulatory populatior.
has not yet been determined by us; however, previous experiments
with this model in both rats and mice suggest that an active sup-5
pression is involved (32, 33).

In a similar model, it has been suggested that the FGR-T
cells are the principal mediators of IgE suppression (33). Adoptive 4
transfer of TCRy/8" T cells from aerosol OVA-primed mice sup
pressed OVA-specific IgE secretion in mice immunized with OVA
(alum). However, our recent results showing that mice deficient in s,
TCR-y/8" T cells have the same degree of IgE-specific unrespon
siveness after aerosol priming and immunization with OVA argue
against a unique role of these cells in establishing IgE unrespon-7.
siveness (19). The same group (34) and others (35) have also
shown that CD8 T cells, through the secretion of IFj-were 8.
also important in suppressing IgE response. However, injection of
Th1l T cell clones secreting IFN-did not result in inhibition of
IgE secretion (Fig. 1). Moreover, we have recently shown in the
model described above using aerosol-primed mice depleted of
CD8* T cells with specific Abs or mice deficient for th,-mi-
croglobulin molecule that CD8T cells do not have a major role
in aerosol-induced IgE unresponsiveness to soluble protein Agl.l
Our experiments do not rule out the possibility that CDBcells 12
could transfer an IgE-specific suppression, but simply show that
CD8" T cells are not required to suppress IgE synthesis as-previ,,
ously described (36).

Similar analysis has been done to study the unresponsiveness
that occurs after oral Ag ingestion. Investigators have shown that,
the feeding of mice transgenic for OVA-specific TCR with high
doses of OVA can inhibit airway eosinophilic inflammation in-
duced by intratracheally administered OVA. This inhibitory effect 5
was adoptively transferred by splenic CD% cells, demonstrating
that it is an active mechanism (37). Overall, there are clear simi-

10.

larities between the results obtained when tolerance is induced by
multiple Ag challenges or when mice are treated with Trl clones,
suggesting that tolerance induction in these models operatels'
through the differentiation of Trl-type response.
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