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Anti-ergotypic T cells in naı̈ve rats
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Abstract

T regulatory cells play an important role in regulating T cell responses. Anti-ergotypic T cells are a subset of regulatory T cells

that proliferate in response to activation markers, ergotopes, expressed on activated, and not on resting syngeneic T cells. Here we
report the presence of anti-ergotypic T cells in lymph nodes, spleens and thymuses of naı̈ve rats. The development of anti-ergotypic
T cells appeared to be independent of antigen priming, as thymocytes from one-day old rats exhibited significant anti-ergotypic

proliferative responses. The anti-ergotypic T cells were found to be of the CD8C phenotype, and included both TCRa/bC and
TCRg/dC T cells. The TCRg/dC anti-ergotypic T cells secreted IFNg and TNFa in response to activated T cells; the TCRa/bC

T cells proliferated but did not secret detectable cytokines. We found that the interaction between the anti-ergotypic T cells and

stimulator T cells required cell-to-cell contact between the T cells. Professional APCs were not needed. The response of the TCRa/
bCCD8C anti-ergotypic T cells was MHC-I restricted and B7-CD28 dependent; the response of the TCRg/dC anti-ergotypic T cells
was B7-CD28 dependent, but was not inhibited by antibodies to classical MHC-I or MHC-II molecules. The existence of anti-
ergotypic T cells in naı̈ve animals suggests that these cells might have a role in the regulation and maintenance of the immune

system.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Over the last decade, evidence has accumulated
regarding different populations of T regulatory (Tr)
cells, mainly in the context of the control of autoimmu-
nity [1e6]. Anti-ergotypic T cells are a subset of
regulatory T cells that respond to activation markers,
ergotopes, expressed on activated, syngeneic T cells.

Abbreviations: Tr, T-regulatory; TCV, T-cell vaccination; EAE,

experimental autoimmune encephalomyelitis; Mt, mycobacterium

tuberculosis; TCGF, T-cell growth factors; ConA, concanavalin A;
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Anti-ergotypic T cells do not respond to non-activated
T cells. Anti-ergotypic T cells were first discovered in
Lewis rats following T-cell vaccination (TCV), and these
T cells could protect rats from experimental autoim-
mune encephalomyelitis (EAE) following adoptive
transfer [7]. Anti-ergotypic T cells could also be isolated
from T-cell vaccinated human individuals [8e11]. Thus,
anti-ergotypic T cells have been proposed as one of the
mechanisms by which TCV induces resistance to
autoimmune diseases [12,13].

In the initial studies, anti-ergotypic T cells were
defined in cell populations from immunized rats, and
relatively little was known about their origin. During
previous experiments, while studying the protective effect
of an ergotypic DNA vaccine on autoimmune diseases,
we noticed the existence of anti-ergotypic T cells also in
naı̈ve rats [14]. In the present work, we characterized the
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anti-ergotypic T cells in naı̈ve rats: whether they develop
in the thymus, their phenotype and cytokine profile, their
interaction with stimulator T cells and their MHC and
accessory-molecule restrictions.

2. Materials and methods

2.1. Rats

Naı̈ve female Lewis rats were raised and maintained
under pathogen-free conditions in the Animal Breeding
Center of the Weizmann Institute. Experiments were
carried out under the supervision and guidelines of the
Animal Welfare Committee. The rats were 8e10 weeks
old unless stated otherwise.

2.2. Stimulator T cell clone

For ergotypic stimulation, we used the Lewis rat A2b
T cell clone, specific for the p180e188 peptide of the 65
kDa heat shock protein of Mycobacterium tuberculosis
(Mt) [15,16]. A2b expresses MHC class-I constitutively,
and MHC class-II upon activation (not shown). A2b
was grown in stimulation medium composed of DMEM
supplemented with 2-ME (5!10�5 M), L-glutamine
(2 mM), sodium pyruvate (1 mM), penicillin (100 U/ml),
streptomycin (100 mg/ml), non-essential amino acids
(1 ml/100 ml) and 1% autologous serum. To activate
A2b, 5e7!106 cells were stimulated with 108 syngeneic
irradiated thymocytes as APCs together with their target
peptide at a concentration of 10 mg/ml in 10 mm plates.
The peptide used to stimulate A2b was synthesized by
a standard F-moc procedure as previously described [17]
and purified by reverse phase HPLC; the sequence is
EESNTFGLQLELTEG. After 3 days of stimulation,
the A2b cells were transferred without added APCs or
specific peptide to rest medium (as above, but containing
10% FCS instead of autologous rat serum and 5%
TCGF: T cell growth factors prepared from the
supernatant of concanavalin A (ConA) activated spleen
cells [18]). Activated A2b cells (A2b-S) were used on day
3 of their stimulation, and resting A2b cells (A2b-R)
were used on day 14e16 of their rest cycle, unless stated
otherwise.

2.3. T-cell proliferation assay

Single-cell suspensions were prepared from lymph
node cells (LNC), spleens or thymuses of naı̈ve Lewis
rats by pressing the organs through a fine wire mesh,
and the cells were cultured in quadruplicates, 2!105/
200 ml, in round-bottom microtiter wells (NUNC,
Roskilde, Denmark). A2b stimulator cells, activated or
resting, were irradiated (5000 R) and added to the test
cultures in 2-fold dilutions, starting from 105 cells per
well. No other APCs were added. Monoclonal anti-
bodies, 10 mg/ml, to MHC class-I, MHC class-II, B7.1,
B7.2 or CD28 (Serotec, Oxford, UK) were added
where indicated. ConA was used at a concentration of
1.25 mg/ml as a positive control for T cell proliferation.
Stimulation medium in the proliferation assays was the
same as that used for A2b stimulation (see above).
Cultures were incubated for 72 hours at 37 �C in
humidified air containing 7% CO2. Each well was pulsed
with 1 mCi of [3H]Thymidine (Amersham, Buckingham-
shire, UK) for the last 16 hours. The cultures were then
harvested and cpm were determined using a beta
counter. The Dcpm was calculated by subtracting the
mean cpm of spontaneous proliferation (wells contain-
ing responder T cells without stimulator T cells) from
the mean cpm of each quadruplicate of T cells
proliferating in response to stimulator T cells.

2.4. Transwell system

Transwell experiments were carried out in 24-well
plates (Corning Costar, Cambridge, MA), in which 106

LNC were placed in the bottom well and 2.5!105

activated and irradiated A2b stimulators in the upper
transwell. Cultures were incubated for 72 hours at 37 �C
in humidified air containing 7% CO2. Each well was
pulsed with 4 mCi of [3H]Thymidine (Amersham,
Buckinghamshire, UK) for the last 16 hours. A volume
of 200 ml of each well was transferred to a 96-well plate
for harvesting as mentioned above. The Dcpm of the
LNC was calculated as mentioned above.

2.5. Cytokine assays

Supernatants from the T cell proliferation experiments
were collected at 72 hours. Rat IFNg, TNFa, IL-10, IL-4
and IL-2 were quantified by ELISA using Pharmingen’s
OPTEIA� kits for each of the cytokines (Pharmingen,
San-Diego, CA), according to the manufacturer’s in-
structions. Rat TGFb was quantified using the TGFb
Emax� ImmunoAssay System (Promega, Madison, WI)
according to the manufacturer’s instructions.

2.6. Separation of thymocytes

For the isolation of double-positive thymic T cells,
single-cell suspensions of naı̈ve rat thymocytes were
subjected to two rounds of 60%e70% Percoll (Phar-
macia) gradient separation. Fractions were analyzed by
FACS for CD4 and CD8 expression (Table 1).

2.7. CD25C cell depletion

CD25C cells were depleted from naı̈ve LNC using
a magnetic bead separation technique. LNC, 108, were
incubated in reaction buffer (PBS without Mg and Ca,



193A. Mimran et al. / Journal of Autoimmunity 24 (2005) 191e201
containing 5% FCS), at 5!107 cells/ml. Biotinylated
anti-rat CD25 (Serotec, Oxford, UK) was added (6 ml
per 106 cells) and incubated for 15 minutes at room
temperature (RT). The cells were centrifuged and
resuspended in reaction buffer with the addition of
10% autologous rat serum (for blocking) for 10 minutes
at RT. Anti-biotin tetrameric antibody complexes were
added (100 ml/ml) for 15 minutes at RT followed by the
addition of 60 ml/ml of magnetic colloid for an
additional 15 minutes at RT. The cells were separated
by loading on a StemSep 0.3’’ column attached to
a magnet. The above were all purchased from StemCell
Technologies, Vancouver, Canada. FACS analysis was
used to measure the reduction of the CD4CCD25C

T-cell population, from 6 to 8% in naı̈ve CD4C

populations, to !0.2% in treated T-cell populations.

2.8. Purification of CD4C, CD8C, TCRg/dC

and TCRa/bC CD8C T cells

CD4C, CD8C and TCRg/dC T cells were purified
from naı̈ve LNC or splenocytes by magnetic separation,
using MACS anti-Rat specific MicroBeads and the
LS type column (Miltenyi Biotec, Bergisch-Gladbach,
Germany), according to the manufacturer’s instructions.
Cells were passed twice on two columns (four purifica-
tion steps) in order to achieve O99% purity, checked by
flow cytometry. Purified TCRa/bC CD8C T cells were
obtained by first purifying the TCRg/dC from whole
splenocytes, followed by the purification of the CD8C

T cells from the TCRg/dC-depleted flow through. In this
way, we obtained purified CD8C T cells containing only
0.08% TCRg/dC T cells, compared with 5e6% TCRg/
dC cells in the CD8C T cells that had been purified from
whole splenocytes, measured by flow cytometry.

2.9. Flow cytometry

Samples containing approximately 3!105 cells were
washed twice in 1 ml of FACS buffer (1% FCS and 0.1%
NaN3), followed by a 40-minute incubation at 4 �C with
the following mouse anti-rat FITC- or PE-conjugated
primary monoclonal antibodies, diluted according to the
manufacturer’s recommendation. After incubation, cells
were washed twice with 1 ml of FACS buffer and
resuspended in 0.5 ml PBS. The FL1 and FL2 channels
were used to detect FITC and PE fluorescence of the
cells, using the FACScan system (Becton Dickinson).

Table 1

Thymocyte separation by 60%/70% Percoll gradient

Responders Percent of cells

CD4CCD8� CD4�CD8C CD4CCD8C CD4�CD8�

Whole Thymus 5.63 6.97 86.04 1.36

Top Ring 18.24 19.68 58.36 3.72

Bottom Ring 0.08 0.88 99.00 0.03
The antibodies used were: W3/25 (anti-CD4:FITC),
OX-8 (anti-CD8:FITC), OX-39 (anti-CD25:FITC),
3H5 (anti-B7.1:PE), 24F (anti-B7.2:PE), R73 (anti-
TCRa/b:PE) and V65 (anti-TCRg/d:PE), all of which
are mouse anti-rat IgG1-isotype monoclonal antibodies,
purchased from Serotec (Oxford, UK).

3. Results

3.1. Naı̈ve T cells proliferate in response to activated
syngeneic T cells

We studied the anti-ergotypic responses in the LNC,
spleens and thymuses obtained from naı̈ve Lewis rats at
the age of 8e10 weeks. LNC were obtained by pooling
the popliteal, inguinal, cervical, mesenterial and axillary
lymph nodes. The A2b T cell clone, activated or resting,
was used as stimulator T cells, after irradiation. We used
various numbers of A2b stimulator T cells to monitor
the response. As can be seen in Fig. 1, unfractionated
LNC (1A) and splenocytes (1B) proliferated strongly to
activated T cells, but not to resting T cells. When the
popliteal, inguinal, cervical, mesenterial or axillary LNC
were studied separately, each population exhibited the
same level and pattern of response as did the pooled
LNC (not shown). Fig. 1C depicts the effect of the stage
of rest on the anti-ergotypic response: A2b cells that had
rested only for 6 days showed greater stimulation than
did cells that had rested for 12 or 20 days.

The anti-ergotypic response was detected also in the
adult thymus, although the thymocyte response was
significantly lower than the response detected in the
peripheral lymphoid organs (Fig. 1D). We further
examined the anti-ergotypic response of thymocytes
separated into two fractions: purified immature
CD4CCD8C double-positive T cells and a fraction
enriched for mature single-positive T cells (Table 1). As
shown in Figs. 1E,F, the purified CD4CCD8C T cells
(bottom ring) did not respond to activated T cells, while
the thymocytes enriched for mature single-positive
T cells (top ring) proliferated in response to activated
T cells to the same extent as did the unfractionated
peripheral lymphoid organs. Thus, anti-ergotypic T cells
were among the mature T cells present in the adult
peripheral lymphoid organs, and to a lesser extent in the
adult thymus.

3.2. Anti-ergotypic T cells in the newborn thymus

We measured the anti-ergotypic responses in the
thymuses and spleens of newborn rats, not older than
16 hours. As shown in Figs. 2A,B, higher anti-ergotypic
responses were measured in the newborn thymus, while
very low responses could be detected in the newborn
spleen. At one week of age, the anti-ergotypic response
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Fig. 1. Naı̈ve lymphocytes proliferate to activated and not to resting T cells. LNC (a), splenocytes (b) and thymocytes (d) from naı̈ve adult rats were

measured for their proliferative responses to activated (A2b-S) or resting (A2b-R) irradiated syngeneic T cells, at different stimulator cell

concentrations. Stimulators at different stages of rest were also assayed (c). Thymocytes were separated by a 60%/70% Percoll gradient to obtain

purified immature CD4CCD8C T cells (e; bottom ring) and a fraction enriched for mature thymocytes (f; top ring). Proliferative responses are

presented as the DcpmGSEM of quadruplicate cultures.
in the thymus decreased, while the response in the spleen
increased (Figs. 2C,D). Table 2 compares the spontane-
ous response and the response to ConA of thymocytes
and splenocytes obtained from 1-day old rats to that of
12-week old rats. The response to ConA was the same in
thymocytes from both age groups, but the splenocytes
from the newborn rats hardly proliferated to ConA. The
low response to ConA could be explained by the
relatively low number of mature T cells in the periphery
of newborns. However, three and four-week old rats
exhibited anti-ergotypic responses equal to those mea-
sured in 12 week old adults. Thymocytes from 12-week
old rats were less responsive to activated T cells than
were newborn thymocytes (Fig. 2F). Thus, anti-ergo-
typic T cells are detectable in the thymus of newborn
rats before they appear in the spleen, suggesting that
anti-ergotypic T cells probably can differentiate and
mature as single-positive T cells in the thymus.

3.3. Anti-ergotypic T cells in naı̈ve rats are
of the CD8C phenotype

To characterize the anti-ergotypic T cells in the naı̈ve
rat, we purified the CD4C or CD8C cells from the whole
LNC population and assayed them for the presence of
anti-ergotypic responses. As shown in Fig. 3B, purified
CD4C T cells did not proliferate in response to activated
T cells. In contrast, purified CD8C T cells proliferated
strongly to activated T cells (3C). Moreover, the
response produced by 2!105 CD8C T cells was twice
as strong as that produced by the same number of
unfractionated LNC (compare Figs. 3A,C).

3.4. Naive TCRg/dC T cells are enriched in
anti-ergotypic T cells

Anti-ergotypic T cells in humans were shown to be
of both the TCRa/bC and the TCRg/dC phenotypes
[9,10]. To characterize the TCR type of the anti-
ergotypic T cells in naı̈ve rats, we purified the TCRg/
dC T cells from naı̈ve splenocytes; TCRa/bCCD8C T
cells were purified from the flow through of the TCRg/
dC purification. Flow cytometry analysis of the purified
TCRg/dC T cells showed that 80e83% were of the
CD8C phenotype (not shown). As can be seen in
Fig. 4B, depletion of the TCRg/dC from the CD8C T
cells resulted in a 2-fold decrease in the response of the
purified TCRa/bCCD8C T cells to activated T cells
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Fig. 2. Anti-ergotypic T cells are present in the newborn thymus. Splenocytes and thymocytes obtained from rats at their first day of life (a, b), one

week old rats (c, d) and 12 week old rats (e, f) were measured for their proliferative responses to activated (A2b-S) or resting (A2b-R) irradiated

syngeneic T cells, at different stimulator cell concentrations. Proliferative responses are presented as the DcpmGSEM of quadruplicate cultures.
(compare 4B to 4A). This lower response, nevertheless,
was still significant. However, the response of purified
TCRg/dC T cells to activated syngeneic T cells was four
times stronger than the response of an equal number
of TCRa/bCCD8C T cells (Fig. 4C). Thus, we can
conclude that the CD8C anti-ergotypic T cells in the
naı̈ve rat can be divided into TCRa/bC and TCRg/dC

T cells, both of which respond to activated T cells.
Nevertheless, the major part of the response can be
related to the TCRg/dC T cells.

Table 2

ConA reactivity at 1 day and 12 weeks: spleen and thymus

Cells Age T-cell proliferation (cpm)

Spontaneous ConA

Spleen 1 day 956G86 1021G243

12 weeks 1483G160 56796G5917

Thymus 1 day 132G28 9875G1116

12 weeks 54G8 9616G1420
3.5. The naı̈ve anti-ergotypic population does not
include CD25C T cells

To learn whether naı̈ve anti-ergotypic T cells express
the CD25 marker, we studied whether depleting the
CD25C cells affected the anti-ergotypic response. We
depleted the CD25C cells from naı̈ve LNC, and
compared the anti-ergotypic response of the CD25-
depleted LNC to non-depleted LNC. As shown in Fig. 5,
depletion of CD25C cells did not affect the naı̈ve anti-
ergotypic response: the CD25-depleted LNC (5B) pro-
liferated to the same extent to activated T cells as did the
whole LNC (5A). Thus, the bulk of the anti-ergotypic T
cells were not among the naı̈ve CD25C population.
Likewise, the anti-ergotypic T-cell response did not seem
to be enhanced by removing the CD25C regulators.

3.6. Cytokine secretion by proliferating
anti-ergotypic T cells

We tested the supernatants of the anti-ergotypic
proliferation reactions for the following secreted
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cytokines: IFNg, TNFa, TGFb, IL-2, IL-4 and IL-10.
None of these cytokines could be detected in the
supernatants of whole LNC, whole splenocytes, purified
CD8C T cells, or purified TCRa/bCCD8C T cells.
However, purified TCRg/dC T cells, which strongly
proliferated to activated T cells, secreted IFNg and
TNFa (Fig. 6). Low levels of IL-2 could also be detected
(not shown), but most of the IL-2 was probably utilized
by the proliferating cells. IL-10, IL-4 and TGFb were
not detectable. No cytokine release was detected in
response to resting T cells (not shown).

3.7. The anti-ergotypic response depends on
cell-to-cell contact, but not on professional APCs

The purification of the CD8C T cells from the naı̈ve
LNC eliminated the professional APCs from the
responder population. As shown in Table 3, purified
CD8C T cells, in contrast to the unfractionated LNC,
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Fig. 3. Anti-ergotypic T cells in naı̈ve rats are of the CD8 subclass.

CD4 (b) and CD8 (c) T cells were purified from whole LNC (a) taken

from naı̈ve adult rats, and measured for their proliferative responses to

activated (A2b-S) or resting (A2b-R) irradiated syngeneic T cells, at
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did not respond to ConA, a response known to be APC
dependent [19,20]. The addition of irradiated thymo-
cytes as APCs restored the response to ConA by the
purified CD8C cells. Nevertheless, the purified CD8C T
cells strongly responded to activated T cells (see Figs. 3
and 4). Thus, we can conclude that the anti-ergotypic
response exhibited by the purified CD8C T cells is
independent of professional APCs. In fact, the addition
of APCs to the proliferation reactions resulted in
a significant (50%) decrease in the response to activated
T cells (not shown).

We tested whether the anti-ergotypic response was
dependent on contact between the stimulators and the
responders, or could be due to cytokines or other
molecules secreted by the stimulator T cells. We used
a transwell system that blocked contact between the
responding LNC and the activated T-cell stimulators.
The transwell apparatus still allowed the transfer of
cytokines and other molecules to the responders. After
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TCRa/bC T cells. TCRa/bCCD8C (b) and TCRg/dC (c) T cells were

purified from whole splenocytes (a) taken from naı̈ve adult rats, and

measured for their proliferative responses to activated (A2b-S) or
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three days of incubation, LNC from the bottom well
were assayed for their thymidine incorporation. As
shown in Fig. 7, contact between the anti-ergotypic
T cell population and activated stimulators triggered
a significant anti-ergotypic proliferation (treatment 5).
In contrast, when the stimulators were separated from
the LNC responders (treatment 4), the response was
equal to the spontaneous proliferation, in which there
were no stimulators in the transwell (treatment 1). Thus,
the anti-ergotypic T-T cell response appeared to be
contact-dependent and professional-APC independent,
which suggests that activated T cells can serve as APCs
in this response.
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3.8. MHC restriction and B7-CD28 dependency

We tested whether the response of anti-ergotypic T
cells is MHC-restricted. We found that the addition of
anti-MHC-I antibody to the anti-ergotypic proliferation
of purified CD8CTCRa/bC T cells inhibited the re-
sponse by 95% (Fig. 8A). In contrast, anti-MHC-II I-A
antibody (the A2b clone is I-A restricted), had only
a slight effect on the proliferation. Anti-MHC-II I-E
antibody did not have any effect on the response. In
contrast, the strong anti-ergotypic proliferation of the
purified TCRg/dC T cells was not affected by either of
the anti-MHC monoclonals (not shown).

To function as ergotypic stimulators, activated T cells
might also need to express costimulatory molecules.
Indeed, human and murine activated T cells have been
reported to express B7 costimulatory molecules [21e25].
Therefore, we assayed our rat T-cell clones for the
expression of the B7 molecules upon activation. Fig. 8B
shows upregulation of the expression of both B7.1 and
B7.2 on the A2b T-cell clone, used as the ergotypic
stimulator in our experiments. The activated A2b

Table 3

Purified CD8C T cells are free of APC

Responders T-cell proliferation (cpm)

Spontaneous ConA ConACAPCa

Whole LNC 633G60 37102G4177 52263G1919

Purified CD8 20G2 58G21 42336G3137

a 106 irradiated thymocytes were used as APCs.
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Fig. 7. The anti-ergotypic T-T cell interaction is contact dependent.

LNC from naı̈ve adult rats were measured for their proliferative

responses to activated A2b T cells in a transwell system. The LNC were

added to the bottom well and irradiated activated T cells to the

transwell (treatment 4), avoiding the contact between them. Activated

T cells were also incubated together with the responding LNC

(treatment 5). Treatment 1 is the spontaneous proliferation of the

LNC alone. In treatment 2, non-irradiated activated T cells were added

to the transwell only to ensure they do not migrate to the bottom well.

Irradiated activated T cells were added alone to the bottom well to

check that they do not proliferate themselves (treatment 3). In

treatment 6, LNC were added to the bottom well and ConA was

added to the transwell as a control for T cell proliferation.

Proliferations were checked after 72 hours in the bottom wells.

Proliferative responses are presented as the cpmGSEM of quadrupli-

cate cultures.



198 A. Mimran et al. / Journal of Autoimmunity 24 (2005) 191e201
B
B7.1 B7.2

CD25 CD4

Antibody effect

0

20

40

60

80

100

no Ab B7.1
0

30
60

90

C
ou

nt
s

12
0

15
0

FL2-H
0

20
40

60

C
ou

nt
s 80

12
0

10
0

FL2-H

100

0
30

60
90

C
ou

nt
s

12
0

15
0

101 102

FL1-H

103 104 100

C
ou

nt
s

0
17

0
34

0
51

0
68

0
85

0

101 102

FL2-H

103 104

100 101 102 103 104 100 101 102 103 104

B7.2 B7.1+
B7.2 

CD28 MHC-I MHC-II  I-
A

MHC-II  I-
E

A
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ability to block the proliferative response of 105 purified CD8CTCRa/bC or TCRg/dC T cells to 2.5!104 activated and irradiated A2b T cells: anti-

B7.1, B7.2, CD28, MHC-I, MHC-II I-A and MHC-II I-E. Results are presented as the percent of proliferation inhibitionGSEM of triplicate

cultures. b. Activated (gray) and resting (white) A2b T cells were analyzed by flow cytometry for B7.1 and B7.2 expression. CD25 expression is shown

as a control for activated T cells, and CD4 as a control for a constitutively expressed cell marker.
stimulator T cells also expressed CD25. A2b T cells
express CD4 constitutively.

To examine the functional involvement of the B7
molecules in the anti-ergotypic T cell interaction, we
tested whether the addition of anti-B7.1 or anti-B7.2
antibodies would block anti-ergotypic proliferation. As
shown in Fig. 8A, 2 mg of each of the antibodies alone
inhibited about 75% of the proliferation of the purified
CD8CTCRa/bC T cells to activated T cells; the addition
of both antibodies together, 1 mg each, inhibited 92% of
the proliferation. Anti-CD28 monoclonal antibody also
blocked 95% of the proliferation (Fig. 8A). The same
pattern of inhibition was detected when we tested the
proliferation of the purified TCRg/dC T cells to
activated T cells. Thus, activated T cells can serve as
APCs in the anti-ergotypic T-cell interaction. Stimula-
tion of the TCRa/bCCD8C anti-ergotypic T cells
was MHC-I restricted and B7-CD28 dependent; the
response of the TCRg/dC anti-ergotypic T cells was not
MHC-I restricted, although it was still B7-CD28
dependent.

4. Discussion

T cells responding to activated and not to resting T
cells were first described in the beginning of the 1980s in
studies of the autologous mixed lymphocyte reaction
(AMLR) in humans [26e28]. Anti-ergotypic T cells
responding to activated syngeneic T cells were described
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in the context of experimental autoimmune disease only
at the end of the 1980s, associated with the mechanism
of protection induced by TCV [12,13]. Anti-ergotypic
T cells were shown to protect rats from EAE [7].

The initial studies of anti-ergotypic T cells were done
in immunized rats. In the present experiments, we
studied anti-ergotypic responses in naı̈ve rats, and
characterized the phenotypes of these cells. We made
the following observations: a. Anti-ergotypic T cells
were detected in naı̈ve LNC, splenocyte and thymocyte
populations; b. Anti-ergotypic T cells could be detected
first in the newborn thymus, and only later in life in the
spleen; c. The responders were of the CD8C subclass,
and the TCRg/dC T cells were relatively stronger
responders than were the TCRa/bC T cells; d. The
TCRg/dC anti-ergotypic T cells secreted IFNg and
TNFa, but the TCRa/bC T cells did not; e. The anti-
ergotypic response was contact-dependent, and inde-
pendent of professional APCs. Hence, activated T cells
can serve as APCs; f. The response of the TCRa/bC

anti-ergotypic T cells was MHC-I restricted, while the
TCRg/dC response was MHC independent.

The development of different regulatory T cell
populations is either dependent or independent of overt
antigen priming: Type 1 regulatory (Tr1) T cells were
described to arise by the activation of CD4C T cells with
specific antigen in the presence of IL-10 [5,29]; Th3
regulatory T cells were isolated following the induction
of oral tolerance to an antigen [30e32]. Thus, these
regulatory populations seem to develop following
antigen activation. In contrast, CD4CCD25C Tr cells,
which exhibit immunoregulatory functions in vitro and
in vivo [33], develop in the thymus and can be isolated
from naı̈ve animals [34e36].

The finding of anti-ergotypic T cells in newborn rats
and in naı̈ve rats grown in a specific pathogen free (SPF)
facility suggests that, like the CD4CCD25C Tr cells,
anti-ergotypic T cells do not need priming by exogenous
antigen for their development. It is conceivable that
anti-ergotypic T cells are primed in the thymus by T cells
that are activated during their differentiation and
express activation markers.

The anti-ergotypic T cells we describe in naı̈ve rats are
much like with these reported in humans: anti-ergotypic
T cell clones, both of the TCRg/dC and TCRa/bCCD8C

phenotypes, were isolated from peripheral bloods of
multiple sclerosis (MS), myasthenia gravis (MG) and
healthy individuals. All these T cell clones proliferated
strongly to activated T cells, irrespective of their antigen
specificity [8e10]. The proliferative responses of TCRg/
dC T-cell clones in humans were not stronger than the
responses of the TCRa/bCCD8C anti-ergotypic clones
[9]. Our findings that the purified population of TCRg/
dC T cells proliferated more strongly than did the
TCRa/bCCD8C population suggests that the TCRg/dC

population may contain a higher concentration of anti-
ergotypic T cells. However, precursor frequency studies
need to be done to establish this point.

As we show here, the anti-ergotypic T cells present in
naı̈ve rats appear only in the CD8C subclass. We could,
however, detect CD4C anti-ergotypic T cells in rats
vaccinated with DNA encoding CD25 [14]. Vaccination
with CD25 appeared to strengthen the effectiveness of
anti-ergotypic T-cell regulation of adjuvant arthritis.
Thus it is conceivable that vaccination can enlist CD4C

T cells into the anti-ergotypic regulatory pool of T cells.
Correale and colleagues isolated from healthy human

individuals anti-ergotypic T cell clones of both TCRg/
dC and TCRa/bCCD8C phenotypes. Similar to our
findings in naı̈ve rats, the human TCRg/dC anti-
ergotypic T cells secreted IFNg and TNFa [9]. However,
the human TCRa/bCCD8C anti-ergotypic T cells
secreted IFNg, TNFa and TGFb; we, in contrast, could
not detect any cytokine secretion by the naı̈ve rat
TCRa/bCCD8C anti-ergotypic T cells. Finally, the
MHC restriction of the human anti-ergotypic T cells
found by Correale and coworkers is similar to the MHC
restriction we characterized in the Lewis rat: anti-MHC
class-I monoclonal antibody blocked the proliferation of
the TCRa/bCCD8C anti-ergotypic T cells and not that
of the TCRg/dC anti-ergotypic T cells. These findings
are consistent with the fact that most TCRg/dC T cells
recognize their antigen in an MHC-independent manner
[37,38].

Although recognition between the TCRg/dC anti-
ergotypic T cells and the stimulator T cells is not MHC
restricted, we found that B7-CD28 costimulatory
signaling is necessary also in the case of TCRg/dC

anti-ergotypic T cells. The mechanism by which TCRg/
dC T cells are activated, and their biological role are
poorly understood generally. TCRg/dC T cells might
have a regulatory function in organ-specific autoim-
mune diseases, possibly by regulating TCRa/bC autor-
eactive T cells [38]: this was shown in murine
experimental models such as NOD and MRL.lpr mice
[39,40]. Further work has to be done to elucidate the
relationship between these regulatory TCRg/dC cells
and the anti-ergotypic T cells we describe here.

It is important to note that in contrast to human anti-
ergotypic T cells, which can be cloned and grown in
vitro [8e10], rat anti-ergotypic T cells could not. We and
others in the past [41] could not propagate such lines
from rats. Anti-ergotypic T cells expand rapidly
following activation in vitro with irradiated activated
T cells, but when T-cell growth-factors are added after
3 days, the cells grow for another 24 hours and then
aggregate and die. Perhaps anti-ergotypic T cells
ultimately suppress themselves as they too become
activated. In any case, our present work had to be done
using primary proliferation experiments.

An interesting question is whether anti-ergotypic
T cells might have a regulatory role in maintaining
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immune homeostasis in naı̈ve animals. The immune
system does express a basal level of activity even without
overt immunization or disease. The TCRg/dC anti-
ergotypic T cells in naı̈ve rats secreted IFNg and TNFa,
which are considered pro-inflammatory and not inhibi-
tory cytokines. However, activated human CD8C T cells
were found to inhibit T cell responses by the secretion of
IFNg [42]. Thus, the mechanism of their possible
regulatory role is not yet clear. CD4CCD25C regulators
isolated from naı̈ve animals were shown to suppress the
proliferation of other T cells [2,6]. Human anti-ergotypic
T cell clones were also shown to inhibit proliferation of
syngeneic T cells in vitro, but these human clones were
obtained from MS patients following TCV [11].

Activated anti-ergotypic T cells have been shown to
inhibit EAE [7] and adjuvant arthritis [14]. Unfortu-
nately, however, the possible regulatory function of the
anti-ergotypic T cells found in naı̈ve subjects is not
readily accessible to study using experimental systems
presently available: since anti-ergotypic T cells are
heterogeneous in TCR markers and target antigens, it
is not presently possible to delete them specifically from
naı̈ve animals. Likewise, since naı̈ve anti-ergotypic
T cells have not been successfully raised as specific
lines, it is not presently possible to adoptively transfer
them. Technically then, we cannot yet add or subtract
naı̈ve anti-ergotypic T cells and see the effects in vivo.
Nevertheless, naı̈ve animals do manifest a basic re-
sistance to both active induction and adoptive transfer
of experimental autoimmune diseases, and this is
compatible with the functional operation of anti-
ergotypic, or other regulatory cells in these animals.
For example, lines and clones of activated EAE effector
T cells usually cause EAE in rats only when injected at
doses of a million or more cells [43]. Lower doses of such
line cells, not sufficient to cause EAE, can still vaccinate
the recipient rats and render them resistant to future
EAE [44]. Thus there is a natural barrier to adoptive
EAE that can be overcome using a high dose of
pathogenic T cells. A natural barrier to autoimmune
disease is also evident in adjuvant arthritis: Adoptive
transfer of adjuvant arthritis to naı̈ve recipients by
otherwise arthritogenic T cells requires that the recipi-
ents be irradiated [15]. The detection of anti-ergotypic
T cells in naı̈ve rats thus invites investigation, method-
ology permitting, of the possible role of these cells in the
natural barrier to activated autoimmune effector T cells.

Acknowledgements

Irun R. Cohen is the incumbent of the Mauerberger
Chair in Immunology, and the Director of the Center
for the Study of Emerging Diseases, Jerusalem. We
thank Ms. Danielle Sabah-Israel for devoted secretarial
assistance.
References

[1] Jiang H, Chess L. The specific regulation of immune responses by

CD8CT cells restricted by the MHC class Ib molecule, Qa-1.

Annu Rev Immunol 2000;18:185e216.

[2] Shevach EM. Regulatory T cells in autoimmunity. Annu Rev

Immunol 2000;18:423e49.

[3] Sakaguchi S. Regulatory T cells: key controllers of immunologic

self-tolerance. Cell 2000;101:455e8.

[4] Roncarolo MG, Levings MK. The role of different subsets of T

regulatory cells in controlling autoimmunity. Curr Opin Immunol

2000;12:676e83.
[5] RoncaroloMG, Bacchetta R, Bordignon C, Narula S, LevingsMK.

Type 1 T regulatory cells. Immunol Rev 2001;182:68e79.

[6] Shevach EM. CD4CCD25Csuppressor T cells: more questions

than answers. Nat Rev Immunol 2002;2:389e400.

[7] Lohse AW, Mor F, Karin N, Cohen IR. Control of experimental

autoimmune encephalomyelitis by T cells responding to activated

T cells. Science 1989;244:820e2.
[8] Yuen MH, Protti MP, Diethelm-Okita B, Moiola L,

Howard Jr JF, Conti-Fine BM. Immunoregulatory CD8Ccells

recognize antigen-activated CD4Ccells in myasthenia gravis

patients and in healthy controls. J Immunol 1995;154:1508e20.
[9] Correale J, Rojany M, Weiner LP. Human CD8CTCR-alpha

beta(C) and TCR-gamma delta(C) cells modulate autologous

autoreactive neuroantigen-specific CD4CT-cells by different

mechanisms. J Neuroimmunol 1997;80:47e64.
[10] Stinissen P, Zhang J, Vandevyver C, Hermans G, Raus J.

Gammadelta T cell responses to activated T cells in multiple

sclerosis patients induced by T cell vaccination. J Neuroimmunol

1998;87:94e104.

[11] Zang YC, Hong J, Tejada-Simon MV, Li S, Rivera VM,

Killian JM, et al. Th2 immune regulation induced by T cell

vaccination in patients with multiple sclerosis. Eur J Immunol

2000;30:908e13.

[12] Cohen IR. Regulation of autoimmune disease physiological and

therapeutic. Immunol Rev 1986;94:5e21.

[13] Cohen IR. T-cell vaccination for autoimmune disease: a pano-

rama. Vaccine 2001;20:706e10.

[14] Mimran A, Mor F, Carmi P, Quintana FJ, Rotter V, Cohen IR.

DNA vaccination with CD25 protects rats from adjuvant arthritis

and induces an antiergotypic response. J Clin Invest 2004;113:

924e32.

[15] Holoshitz J, Matitiau A, Cohen IR. Arthritis induced in rats by

cloned T lymphocytes responsive to mycobacteria but not to

collagen type II. J Clin Invest 1984;73:211e5.

[16] van Eden W, Thole JE, van de Zee R, Noordzij A, van

Embden JD, Hensen EJ, et al. Cloning of the mycobacterial

epitope recognized by T lymphocytes in adjuvant arthritis. Nature

1988;331:171e3.

[17] Elias D, Cohen IR. Peptide therapy for diabetes in NOD mice.

Lancet 1994;343:704e6.

[18] Gillis S, Ferm MM, Ou W, Smith KA. T cell growth factor:

parameters of production and a quantitative microassay for

activity. J Immunol 1978;120:2027e32.

[19] Persson U, Bick PH, Hammarstrome L, Moller E, Smith CI.

Different requirements for T cells responding to various doses of

concanavalin A. Scand J Immunol 1978;8:291e301.

[20] Hoffmann MK, Chun M, Hirst JA. Conditional requirement for

accessory cells in the response of T cells to Con A. Lymphokine

Res 1986;5:1e9.

[21] Azuma M, Yssel H, Phillips JH, Spits H, Lanier LL. Functional

expression of B7/BB1 on activated T lymphocytes. J Exp Med

1993;177:845e50.
[22] Wyss-Coray T, Mauri-Hellweg D, Baumann K, Bettens F,

Grunow R, Pichler WJ. The B7 adhesion molecule is expressed



201A. Mimran et al. / Journal of Autoimmunity 24 (2005) 191e201
on activated human T cells: functional involvement in T-T cell

interactions. Eur J Immunol 1993;23:2175e80.

[23] Sansom DM, Hall ND. B7/BB1, the ligand for CD28, is expressed

on repeatedly activated human T cells in vitro. Eur J Immunol

1993;23:295e8.
[24] Prabhu Das MR, Zamvil SS, Borriello F, Weiner HL, Sharpe AH,

Kuchroo VK. Reciprocal expression of co-stimulatory molecules,

B7-1 and B7-2, on murine T cells following activation. Eur J

Immunol 1995;25:207e11.

[25] Hakamada-Taguchi R, Kato T, Ushijima H, Murakami M,

Uede T, Nariuchi H. Expression and co-stimulatory function of

B7-2 on murine CD4CT cells. Eur J Immunol 1998;28:865e73.
[26] Indiveri F, Wilson BS, Russo C, Quaranta V, Pellegrino MA,

Ferrone S. Ia-like antigens on human T lymphocytes: relationship

to other surface markers, role in mixed lymphocyte reactions, and

structural profile. J Immunol 1980;125:2673e8.
[27] Russo C, Indiveri F, Quaranta V, Molinaro GA, Pellegrino MA,

Ferrone S. Stimulation of human T lymphocytes by PHA-

activated autologous T lymphocytes: analysis of the role of Ia-like

antigens with monoclonal antibodies. Immunogenetics 1981;12:

267e74.

[28] Damle NK, Gupta S. Autologous mixed lymphocyte reaction in

man. V. Functionally and phenotypically distinct human T-cell

subpopulations respond to non-T and activated T cells in AMLR.

Scand J Immunol 1982;16:59e68.

[29] Groux H, O’Garra A, Bigler M, Rouleau M, Antonenko S, de

Vries JE, et al. A CD4CT-cell subset inhibits antigen-specific

T-cell responses and prevents colitis. Nature 1997;389:737e42.

[30] Chen Y, Kuchroo VK, Inobe J, Hafler DA, Weiner HL.

Regulatory T cell clones induced by oral tolerance: suppression

of autoimmune encephalomyelitis. Science 1994;265:1237e40.

[31] Weiner HL, Friedman A, Miller A, Khoury SJ, al-Sabbagh A,

Santos L, et al. Oral tolerance: immunologic mechanisms and

treatment of animal and human organ-specific autoimmune

diseases by oral administration of autoantigens. Annu Rev

Immunol 1994;12:809e37.

[32] Weiner HL. Induction and mechanism of action of transforming

growth factor-beta-secreting Th3 regulatory cells. Immunol Rev

2001;182:207e14.

[33] Sakaguchi S, Sakaguchi N, Asano M, Itoh M, Toda M.

Immunologic self-tolerance maintained by activated T cells

expressing IL-2 receptor alpha-chains (CD25). Breakdown of
a single mechanism of self-tolerance causes various autoimmune

diseases. J Immunol 1995;155:1151e64.

[34] Papiernik M, de Moraes ML, Pontoux C, Vasseur F, Penit C.

Regulatory CD4 T cells: expression of IL-2R alpha chain,

resistance to clonal deletion and IL-2 dependency. Int Immunol

1998;10:371e8.

[35] Itoh M, Takahashi T, Sakaguchi N, Kuniyasu Y, Shimizu J,

Otsuka F, et al. Thymus and autoimmunity: production of

CD25CCD4Cnaturally anergic and suppressive T cells as a key

function of the thymus in maintaining immunologic self-

tolerance. J Immunol 1999;162:5317e26.

[36] Jordan MS, Boesteanu A, Reed AJ, Petrone AL, Holenbeck AE,

Lerman MA, et al. Thymic selection of CD4CCD25Cregulatory

T cells induced by an agonist self-peptide. Nat Immunol 2001;2:

301e6.

[37] Kaufmann SH. Gamma/delta and other unconventional T

lymphocytes: what do they see and what do they do? Proc Natl

Acad Sci U S A 1996;93:2272e9.

[38] Hayday AC. [gamma][delta] cells: a right time and a right place

for a conserved third way of protection. Annu Rev Immunol

2000;18:975e1026.

[39] Harrison LC, Dempsey-Collier M, Kramer DR, Takahashi K.

Aerosol insulin induces regulatory CD8 gamma delta T cells that

prevent murine insulin-dependent diabetes. J Exp Med 1996;184:

2167e74.

[40] Peng SL, Madaio MP, Hayday AC, Craft J. Propagation and

regulation of systemic autoimmunity by gammadelta T cells. J

Immunol 1996;157:5689e98.

[41] Lohse AW, Spahn TW, Wolfel T, Herkel J, Cohen IR, Meyer zum

Buschenfelde KH. Induction of the anti-ergotypic response. Int

Immunol 1993;5:533e9.

[42] Balashov KE, Khoury SJ, Hafler DA, Weiner HL. Inhibition of

T cell responses by activated human CD8CT cells is mediated

by interferon-gamma and is defective in chronic progressive

multiple sclerosis. J Clin Invest 1995;95:2711e9.

[43] Ben-Nun A, Wekerle H, Cohen IR. Vaccination against

autoimmune encephalomyelitis with T-lymphocyte line cells

reactive against myelin basic protein. Nature 1981;292:60e1.
[44] Lider O, Reshef T, Beraud E, Ben-Nun A, Cohen IR. Anti-

idiotypic network induced by T cell vaccination against

experimental autoimmune encephalomyelitis. Science 1988;

239:181e3.


	Anti-ergotypic T cells in naive rats
	Introduction
	Materials and methods
	Rats
	Stimulator T cell clone
	T-cell proliferation assay
	Transwell system
	Cytokine assays
	Separation of thymocytes
	CD25+ cell depletion
	Purification of CD4+, CD8+, TCR gamma/delta+ and TCR alpha/beta + CD8+ T cells
	Flow cytometry

	Results
	Naive T cells proliferate in response to activated syngeneic T cells
	Anti-ergotypic T cells in the newborn thymus
	Anti-ergotypic T cells in naive rats are  of the CD8+ phenotype
	Naive TCR gamma / delta + T cells are enriched in  anti-ergotypic T cells
	The naive anti-ergotypic population does not include CD25+ T cells
	Cytokine secretion by proliferating �anti-ergotypic T cells
	The anti-ergotypic response depends on �cell-to-cell contact, but not on professional APCs
	MHC restriction and B7-CD28 dependency

	Discussion
	Acknowledgements
	References


