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Anergic T Cells as Suppressor Cells in Vitro 

Giovanna Lombardi, Sid Sidhu, Richard Batchelor, 
Robert Lechler* 

T cell-mediated suppression is an established phenomenon, but its underlying mecha- 
nisms are obscure. An in vitro system was used to test the possibility that anergic T cells 
can act as specific suppressor cells. Anergic human T cells caused inhibition of antigen- 
specific and allospecific T cell proliferation. In order for the inhibition to occur, the anergic 
T cells had to be specific for the same antigen-presenting cells (APCs) as the T cells that 
were suppressed. The mechanism of this suppression appears to be competition for the 
APC surface and for locally produced interleukin-2. 

Evidence for T cell-mediated suppression 
has been derived from adoptive transfer sys- 
tems in which T cells from an immunologi- 
cally tolerant animal transfer tolerance to a 
naive recipient animal if the T cells are 
.injected together with specific antigen (1). 
Various models have been ~ r o ~ o s e d  to ex- 
plain the mechanism of this ? $11-mediated 
suppression. Suggestions that suppressor T 
cells represent a separate lineage and exert 
their effects through cascades of soluble fac- 
tors have been discredited. Two current 
models exist. One model suggests that the 
effects are due to the suppressive effects of T 
cell-derived cytokines, such as interleukin-4 
(IL-4), IL- 10, or transforming growth fac- 
tor+ (TGF-P), which inhibit the activa- 
tion of IL-2-producing T cells (2-4). The 
other model proposes that antigen-specific T 
cells that have been rendered nonresponsive 
suppress other T cells that have the same 
specificity in a passive manner through com- 
petition for ligand and for cytokines such as 
IL-2 (5). We here provide in vitro evidence 
in support of the latter model. 

Secretion of IL-2 by a subset of helper T 
lymphocytes (T,1 cells) can be switched off 
as a result of partial signaling. This partial 
signaling can result from specific ligand rec- 
ognition in the absence of costimulation (6), 
from receipt of full activation signals in the 
absence of IL-2-driven cell division (7), or 
from recognition of an altered ligand for 
which the T cell receptor has a lower affinity 
(8). T,1 cells that have been turned off by 
these means are refractorv to subseauent 
stimulation and are referred to as anergic. 

The induction of T cell anergy has been 
demonstrated in vitro (6, 7, 9) and in vivo 
(10). We test here whether or not anergic T 
cells have immunoregulatory effects on other 
T cells. 

IL-2-secreting human T cell clones, spe- 
cific for influenza hemagglutinin (HA) pep- 
tides [residues 100 through 115 (HC3) or 
306 through 324 (HC6)] and restricted by 
HLA-DR1, were rendered anergic, by ei- 
ther incubation with soluble peptide in the 
absence of any added antigen-presenting 
cells (APCs) [as described (9)] or by incu- 
bation with immobilized antibody to CD3 
(1 1). In response to the optimal stimulatory 
peptide concentration, these treatments led 
to ~ 8 0 %  inhibition of T cell proliferation. 
The anergic T cells were added to cultures 
containing potentially reactive T cells, 
APCs, and antigen. Anergic T cells with 
the same specificity as the responsive T cells 
led to titratable inhibtion of proliferation 
(Fig. 1, A and B) . This effect was specific 
because addition of an anergic clone with a 
different specificity (a third-party cell) 
caused less inhibition. No difference was 
seen in the degree of inhibition caused by T 
cells that had been rendered anergic by 
peptide or by antibody to CD3 (Fig. 1C). 

Four possible mechanisms could contrib- 
ute to this. T cell-mediated suppression. 
First, it is possible that the anergic T cells, 
although unable to secrete IL-2, could be 
more lytic of the APC, thus depriving the 
responsive T cells of the opportunity to 
interact with ligand (12). Comparison of the 
lytic activity of the anergic and responsive T 
cells in a Cr release assav revealed that 
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and caused no lysis of antigen-pulsed T cells. 
A second possibility is that IL-2 was 

consumed because T cell anergy is accompa- 
nied by increased levels of IL-2 receptor 
expression (13) and of responsiveness to 
added IL-2 (9). In support of this possibility, 
inhibition by anergic cells could be reversed 
by addition of exogenous IL-2 (Fig. ID). 
Furthermore, consumption of IL-2 could ac- 
count for the weaker inhibition seen in the 
presence of third-party anergic T cells. 

A third possible mechanism to account for 
the suppression of T cell reactivity is that the 
anergic T cells, although unable to secrete 
IL-2, do secrete a cytokine or cytokines that 
inhibit the potentially reactive T cells. Three 
candidate cytokines for such an effect are 
IL-4, IL-10 (2, 3), and TGF-P (4). The 
weaker inhibition observed when a third- 
party anergic T cell was added suggested that 
this did not account for the phenomenon. 
However, this possibility was tested by the 
addition of recombinant IL-4 and IL-10 to 
cultures containing the responsive T cells 
(1 4). The responses of clones HC3 and HC6 
were not inhibited by either cytokine when B 
cell lines were used as APCs; in fact, addition 
of IL-4 caused an increase in the proliferative 
response of clone HC3 (Fig. 2A). This APC- 
dependent difference in the effects of IL-10 
has been attributed to the inhibition by IL-10 
of the induction of the costimulatory mole- 
cule B7 in monocytes, but not in B cells (3). 
Because B cell lines were used as APCs in all 
the experiments shown here, these findings 
suggest that the secretion of IL-10 did not 
account for the observed inhibition. The ad- 
dition of antibody to IL-10 into the cultures 
containing anergic T cells did not reverse the 
inhibition (Fig. 2, B and C) . 

We examined whether or not the suppres- 
sion could be caused by TGF-P by adding 
monoclonal antibody to TGF-P to cultures 
containing anergic T cells. The monoclonal 
antibody did not reverse the inhibition caused 
hy the presence of the specific anergic clone 
(Fig. 2, D and E). The partial inhibition of 
the response of clone HC3 that resulted from 
the addition of anergic HC6 was reversed in 
the presence of the antibody, suggesting that 
some of the effects of third-party anergic 
clones may be mediated by soluble factors 
such as TGF-P (Fig. 2D). The possibility that 
release of TGF-P by third-party anergic T 
cells could be increased in the presence of 
specific ligand was tested by coculture of clone 
HC3 with anergic HC6 in the presence of two 
populations of B cell APCs pulsed separately 
with the peptides for which clones HC3 and 
HC6 are specific. Under these circumstances, 
anergic HC6 cells caused -30% inhibition of 
proliferation by HC3 cells (Fig. 2F). This 
inhibition was completely reversed by the 
addition of antibody to TGF-P. Again, no 
reversal of the specific inhibition caused by 
the HC6 clone was seen. 

Fig. 1. Anergic T cells cause specific 
inhibition of proliferation by antigen- 
specific responder T cells. Wells con- 
tained (A) HC3 or (B) HC6 responder 

antigen-pulsed APCs (3 x lo4 cells 

,;/I -L 
T cells (5 x lo3 cells per well) and 20 

per well) alone (open bars) or togeth- 2 l o  
er with added peptide-induced aner- .' 0 0:1 
gic cells with the same specificity 5 1:l 3:l 0:l 1:l 3:l 

Anergic:responder cells Anergic:responder cells 
(filled bars) or with a different speci- .c 
ficity (shaded bars) from the respon- 18 
siveT cell clone at two ratios (16). (C) 
Wells contained: 1 ,  HC3 responder T = 12 
cells alone with antigen-pulsed 
APCs; 2, HC3 T cells rendered aner- 
gic with specific peptide; 3, HC3 T 10 

cells rendered anergic with antibody 

to anergic CD3; with 4, specific HC6 T peptide; cells rendered and 5, l l E  0 0.6 6 60 
Well number rlL-2 (units Iml) 

HC6 T cells rendered anergic with 
antibody to CD3. Wells 2 through 5 have a ratio of anergic to responder cells of 3:l. (D) The effects of 
culturing clone HC6 with antigen-pulsed APCs and increasing concentrations of recombinant 11-2 in the 
presence (closed circles) or absence (open circles) of three times as many anergic HC6 cells is shown. 
The single open square represents the response of HC6 to recombinant IL-2 (rlL-2) (10 Ulml) in the 
absence of antigen. The results are expressed as the mean (-1- SEM) of triplicate cultures minus 
background counts from wells with stimulator cells alone (<2000 cpm). SEMS were routinely <lo%. All 
cytokine concentrations are plotted on a logarithmic scale. 

The fourth possible mechanism is that 
anergic T cells exert their suppressive effects 
in a passive manner by competing with re- 
sponsive cells for access to the APC mem- 
brane. To test this possibility, we added an- 
ergic T cells with specificity for one HA 
peptide to a proliferation assay containing a 
second T cell clone specific for a different 
peptide of the same antigen. The two peptides 

were displayed either on the same or on 
separate APC populations. The most inhibi- 
tion was seen when the ligand for which the 
anergic T cells were specific was expressed on 
the same APC membrane as that for which 
the responsive T cells were specific (Fig. 3). A 
prediction that arises from this explanation is 
that increasing the number of APCs should 
overcome the inhibitory effect of the anergic 

Fig. 2. The inhibitory effect of anergic T cells 
cannot be explained by the release of IL-4, 
IL-1 0, or TGF-p. Recombinant IL-10 or recom- 
binant IL-4 (Genentech, Kent, United Kingdom) 
were titrated into cultures containing HC6 or 
HC3 cells (5 x lo3 cells per well) and peptide- 10 

pulsed (1 0 pglml) DR1 -expressing B-LCL cells 
(3 x lo4 cells per well irradiated with 120 Gy of llE '0 1 3 10 30 
x-rays). Proliferation is shown in the absence of Antibody to TGF-$ @g/ml) 
added cytokines (open bars) and in the pres- 
ence either of IL-10 (filled bars) or of IL-4 
(hatched bars) (each 100 Ulml). (A) The addi- .! ::/---+ g ; . 
tion of purified monoclonal antibody to IL-10 did - 12 
not reverse the inhibition caused by anergic T 
cells induced by antibody to CD3 for either HC6 15 

(B) or HC3 (C). The ratio of anergic to respond- = 
er cells was 3:l .  The control responses of the ' O 0.1 0.3. 1 0 1 3 10 30 
two clones in the absence of added anergic Antibody to IL-10 (W/ml) Antibody to TGF-P @g/mI) 

cells are shown as open triangles. Monoclonal 
antibody to TGF-(3 (Genzyme) was added to 

20 C 

cultures containing HC3 (D) or HC6 (E) re- 
sponder T cells (5 x lo3 cells per well) stimu- 
lated with peptide-pulsed (10 pglml) DRI-B- 
LCLs (3 x lo4 cells per well) in the presence of 
anergic cells with the,same specificity (filled 

lolE; ;b 
circles) or different specificity (filled squares) 0 0.1 0.3 1 0 .  1 3 10 30 
as the responsive T cell clone. The responses Antibody to 11-10 ( w m l )  Ant~body to TGF-p(pg/ml) 
of T cells to B-LCLs in the absence of anergic 
cells are shown as a single, open circle. (F) Two populations of B-LCLs were pulsed separately with 
peptide HA100-115 and HA306324 and then added together to the culture wells. The experiment 
was performed as in (D). Results are expressed as the mean of triplicate cultures. SEMs were 
< 10%. All cytokine concentrations are plotted on a logarithmic scale. 
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Fig. 3. Compet~t~on for the APC surface 
accounts for the ~nh~b~tory effects of unre- 
sponslve T cells T cells rendered anerglc 
w~th anti-CD3 w~th the same spec~f~c~ty 
(f~lled bars) or w~th a d~fferent spec~f~c~ty - 6 
(shaded bars) as the responsive T cell 
clone were added to responder T cells (5 '$- x lo3 cells per well) at a ratlo of 3 1 The 
controls (open bars) had no added aner- :I 60 
g ~ c  cells Two pept~des were used (PI IS o 

HA306-324, P2 IS HA1 00-1 15) lnd~v~dual 
populat~ons of B-LCLs were pulsed w~th 
e~ther pept~de separately (BPI or BP2), 
w~th both pept~des s~multaneously (BPI + 
P2), or w~th both pept~des separately and 
then m~xed (BPI + BP2) (A) Responder T O 30,000 100,000 
cell clone HC6 (B) NF4 (C) HC3 (D) The APC number 
effect of titrating the number of APCs Into 
cultures containing NF4 T cells (5 x lo3 cells per well) w~th anerglc NF4 (f~lled bars) or anerglc HC3 
(shaded bars) cells (1 5 x lo4 cells per well) IS shown Results are expressed as the mean of 
tr~pl~cate cultures 2 SEM 

cells; the data support this prediction (Fig. 
3D). The mechanism that best fits these 
results is competition by the anergic T 
cells for the APC surface, coupled with 

Added anergic T cells 

Fig. 4. Anergic alloreactive T cell clones, spe- 
cific for D R I ,  inhibit the proliferation of DR1- 
specific T cells. Three DR1 -specific T cell 
clones and a polyclonal T cell line specific for 
HA306-324 peptide and restricted by DRI 
(HCB) were rendered anergic by overnight 
culture on immobilized antibody to CD3. The T 
cells were washed, irradiated (120 Gy), and 
then added, at a 3:l ratio, as indicated, to 
responder alloreactive T cells (5 x lo3) specific 
for DRl in the presence of irradiated DRI-B- 
LCLs (3 x 1 O4 cells per well) restricted for DR1.  
Results are expressed as the mean of triplicate 
cultures. SEMs were routinely < 10%. 

competition for locally produced IL-2. 
The combination of these two forms of - - 

competition accounts for the degree of 
specificity of the observed suppression. 

Therefore, a cohort of clonally expanded 
T cells that are rendered anergic should be 
able to exert suppressive effects on cells with 
different specificities, provided that the li- 
gands are presented on the same APC. This 
mechanism could inhibit unwanted immune 
resDonses to self-antigens in the context of - 
autoimmunity and to alloantigens in the con- 
text of transplantation. We examined the 
latter hypothesis by testing the suppressive 
effects of alloreactive T cells that had been 
rendered anergic. An allogenic major histo- 
compatibility complex (MHC) molecule 
stimulates a large number of alloreactive T 
cells because it displays a wide array of pep- 
tides derived from cellular and serum proteins 
(15). Three anergic, anti-DR1, alloreactive T 
cell clones caused inhibition (Fig. 4), not only 
of responsive members of the same clone, but 
also of other anti-DR1 clones that are predict- 
ed to be specific for a different DR1 peptide 
complex on the surface of the allostimulator 
cells. 

Suppression mediated by T cells has been 
described in exoerimental models of trans- 
plantation. T cells from a tolerant animal are 
able to transfer tolerance to a nayve animal 
when injected together with alloantigen ( I ) ,  
but the mechanism of this suppression has 
remained unclear. The results described here 
raise the possibility that anergic T cells, pres- 
ent in the tolerant host, may not be totally 
neutral but may be capable of exerting immu- 
noregulatory effects. Such effects may not 
only be usable in the field of transplantation 
but may also play a physiological role in 
regulating self-immunity. If self-reactive T 
cells that escape the thymus become anergic 
by peripheral mechanisms, they may contrib- 
ute to the maintenance of self-tolerance 
through competitive inhibitory effects. 
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