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SUMMARY

CD4" and CD8 T cells from healthy donors, acute rheumatic fever (ARF) and chronic rheumatic heart
disease (CRHD) patients responded variably to a superantigen 8weptococcus pyogenes
Streptococcal pyrogenic erythrogenic toxin A (SPE-I).vitro culture of CD4™ T cells from ARF
patients (CD4-ARF) with SPE-A exhibited a Th1l type of response as they produced high levels of IL-2,
while CD4" T cells from CRHD patients (CD4-RHD) secreted IL-4 and IL-10 in large amounts, i.e. Th2
type of cytokine profile. The skewing of human CD# cells (in response to SPE-A stimulation) to Th1

or Th2 type reflects the role of the two subsets in a disorder with differing intensities at the two extremes
of the spectrum. Moreover, the anergy induction experiments revealed that CD8-ARF and CD8-RHD
undergo anergy (to different extents), whereas €O4cells do not, in response to re-stimulation by
SPE-A. These results initially demonstrate that both C@Ad CD8 T cells respond differentially to
SPE-A, and hence it is an important observation with respect to the pathogenesis of ARF/CRHD.
Anergy in CD8" T cells in the presence of SPEAA vitro goes a step further to show the clinical
relevance of these cells and their possible role in suppression of the disease.
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INTRODUCTION providing protection and CD8T cells work in co-ordination to
bring about the required effect [9]. CD4ymphocytes have Thl

Streptococcus pyogenes group A streptococcus, is a common . . . )
. : : and Th2, the subsets which secrete a signature lymphokine profile,
athogen of the pharynx and skin. This at times can lead to late, )
P 9 pharynx I ! I e.e. Th1 secrete IL-2 and interferon-gamma (IFN-Th2 secrete

romsuppuabie sequcee such o Meuac fover, IemeTIOn, 1L and 11010} Cb T cole e rave ubacs
' . ' hich exhibit Thil-like (Tcl) and Th2-like (Tc2) profile [11].

superantigens have been implicated in the pathogenesis of infe M g ) .
tious diseases [3,4]. These superantigens are found as pathogenic Since the role c_)f SPE-A n the path_ogene5|s of acute rheumatic

. - ; . > _fever (ARF)/chronic rheumatic heart disease (CRHD) has not been
bacterial exotoxins. Streptococcal exotoxins (erythrogenic toxins

are potent stimulators of T cells [5]. The toxin under study is ery well defined, we undertook a study of the responses of T cells

Streptococcal pyrogenic erythrogenic toxin A (SPE-A), and itfrom normal donors, ARF patients and C.RHD patients. For this
study, we performed two types of experiments. In the first, we

stimulates T cells in the presence of antigen-presenting cell. . L : :
(APC) whose MHC is necessary for binding [6]. SPE-A sharesd'rl(le Ct#’ (renx%?;flnreittha;w vnrobstl{Eulatlon rOani:DZtn gr;_)dEiDgng their
its biological activities with other members of the pyrogenic toxin cells o erent groups by the superantige A a €

family. These activities include pyrogenicity, enhancement Ofdlﬁgrentlatlon basgd on _the cytokine profile. In the segond, we
lethal endotoxin shock and superantigenicity [7]. The gene forcarrled out anergy induction by SPE-A to detect responsiveness or

SPE-A has been identified in 32—80% of the streptococcal isolateSL!nresponsweness in T cell subsets.
suggesting a potential role of this exotoxin in pathogenesis [8]. T

cells play an important role in most of the infectious diseases where

CD4" T cells regulate the acquired cellular immune response PATIENTS AND METHODS
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(Chandigarh, India) were enrolled, based on the clinical findingsharvester, and the filter discs were dried and added to scintillation
anti-streptolysin O (ASO) and C-reactive protein (CRP) status andials containing 5 ml non-agqueous scintillation fluid. The amount
absence of any other infections. The diagnosis of ARF was basedf DNA synthesized was measured by the levePiafthymidine

on updated Jones’ criteria [12]. CRHD was assumed when théncorporation. Specific activity of°H-thymidine used was
patient had manifestation of involvement of the mitral valve on 18 000 mCi/mmol.

two-dimensional echocardiography, with or without a previous

history of rheumatic fever [13]. A total of 12 patients with ARF and Cvioki

10 with CRHD were included in the study. The mean age of the YIOKIN€ assays . .
ARF patient was 23-4 6 years (range 13—35years), whereas theThe. supernatant of a 24-h culture in the same conditions as for
mean age of the CRHD patients was 88 years (range 22— proll_feratlon_ was c_:ollected and used for ELISA. AII_assays were
54 years). The normal donors enrolled in the study totalled 14, ageaamed out in triplicates. The standards used permitted the deter-

S mination in the supernatant of a minimum concentration of 150 pg/
19-36 years. After obtaining informed consent, 15—-20 ml of whole
blood containing 10 U/ml heparin were obtained, diluted in anmI of IL-4, 110 pg/ml of IL-2 and 195pg/ml of IL-10 (Genzyme,

equal volume of PBS and centrifuged over FicoII—Hypaquecambridge’ MA). The antiquies useq were goat anti-human ”"2.’
density gradient (Sigma Chemical Co., St Louis, MO) for 20 min IL-4 and IL-10 and horseradish peroxidase (.H.RP)-conJugated anti-
at 150g at 20°C. The cells from the interface were washed and thengoat (Dako, Glos_trup, Denmark). HRP activity was revea_led by
cultured in RPMI 1640 (Difco Labs, Detroit, MI) supplemented OPD substrate (Sigma). Plateg were read at 490 nm on a microplate
with antibiotics (70mg penicillin and 110 mg streptomycin per ELISA reader (Molegular Devpes, S}Jnnyvale, CA. IRNevels

litre medium), 2w L-glutamine, 2 sodium pyruvate, 10 m were measured using detection kit (Endogen, Woburn, MA)
HEPES 5<1’0_5M 2-mercaptoéthano| and 10% ABlserum according to the manufacturer’s instructions. It could detect

(complete culture medium). <2pg/mi of human IFNy.

Isolation of CD4 and CD8" T cells Induction of T cell anergy

The T cells positive for surface expression of CDet CD8" were T cells (1§ cells/ml) from all three groups under study were
purified on a nylon wool column [14]. The non-adherent cell incubated for 16 h with 0-pg/ml SPE-A . Controls such as (i) T
population (mainly T cells) was collected and washed. To avoidcells in medium only, (ii) T cells with SPE-A and anti-SPE-A, (iii)
B cell contamination, the cells were incubated in plates coated witlT cells with immobilized anti-CD3 antibody (12—2@/ml) and T
goat anti-human immunoglobulin (10 mg/ml). The negatively cells with recombinant human IL-2 (Genzyme) were performed in
selected cells were incubated with anti-CD4OKT4) and parallel, i.e. incubated for 16 h. At the end of incubation, the
panned a second time on culture flasks coated with anti“CD8 cells were collected on Ficoll by density gradient centrifugation,
(OKT8). Both the antibodies were purified from culture super-washed with RPMI1640 and rested for 5days. These washed
natant on a protein-A column and were used at 10mg/micells were then incubated with SPE-A and (i) autologous mito-
for coating. These separations were monitored by staining withmycin C-treated APC, (ii) autologous mitomycin C-treated APC
fluoresceinated antibodies on FACScan (Becton Dickinson, Mounand recombinant IL-2.

tain View, CA). This protocol yielded>98% pure T cells with

CD4" or CD8" markers. All cells were re-suspended in complete

culture medium at a final concentration ok 10° cells/ml. Statistical analysis

All measurements are expressed as meand. Unpaired-test
APC was used to assess the results. Comparison between various results

The adherent population was eluted out from the 78-cuiture obtained during the course of experimentation were made, i.e. ARF

flasks with 0-0m EDTA/PBS and treated with mitomycin C [14]. a_nd _C_RHD were compared with normals #het 0-05 was taken as
Briefly, cells at a concentration of 1~6L07 cells/ml were treated ~ Si9Nificant.
with 25pg of mitomycin C (Sigma) per ml of cell suspension at
37°C for 20min in the dark. The cells were washed extensively RESULTS
with culture medium containing 5% fetal calf serum (FCS).

Dose-response curve
T cell proliferation Human CD4 T cells or CD8 T cells enriched from PBMC of
CD4" or CD8" T cells (2x 10* cells/well) were co-cultured with  healthy donors, ARF and CRHD patients were stimulated with
mitomycin C-treated adherent cell populationx(80° cells/well) SPE-A in the presence of mitomycin C-treated adherent cell
in a 96-well flat-bottomed plate (Nunc, Roskilde, Denmark) in apopulation. SPE-A was titrated on CD4nd CD8 T cells to
humidified incubator in an atmosphere of 5% £& 37C. As obtain a dose—response curve. A suboptimal response was found at
positive control, anti-CD3 (20 ng/ml) was added to the cultures.50 ng/ml for CD4 and CD& T cells (Fig. 1). As shown in Fig. 1,
The SPE-A, supplied by Dr W. Kohler (Institutrf@&Experimentelle  the CD4" population was a better responder to SPE-A than €D8
Mikrobiologie, Jena, Germany), was tested for the presence of cells. Anti-CD3 was the most potent stimulus, augmenting
endotoxin by the limulus amoebocyte lysate assay [15]. Also, as aroliferation several-fold.
precautionary measure the SPE-A preparation was passed through In order to rule out the role of any contaminating agents in
a polymyxin B resin before use. All solutions used for the stimulation of T cells by SPE-A, we used a specific polyclonal
experiments and the SPE-A preparation itself were demonstrateantibody against SPE-A (raised in rabbit) atgml and a control
to be lipopolysaccharide (LPS)-free @-0025 ng/ml) before use. normal rabbit serum at 1:500 dilution. The antiserum to SPE-A
During the last 16 h of this 72-h culture, uCi/well tritiated completely neutralized the response to 10 ng/ml SPE-Augt@l.
thymidine was added. The cells were later harvested by a PHOThe response to anti-CD3 was not affected by this serum.
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Fig. 1. Dose—response curve. Proliferative response of Card CDg Fig. 2. Effect of repeated dose of Streptococcal pyrogenic erythrogenic

ceII_s uponin vitro stimulation with Streptococcal pyrogenic erythrogenic i,vin A (SPE-A) on CD4 T cells. CD4" T cells (1§ cells/ml) from all the
toxin A (SPE-A). CD4 or CD8" T cells (2x 10%) and 16 adherent,  ynree groups under study were incubated initially with 50 ng/ml SPE-A for
mitomycin C-treated autologous population from healthy donors, were co;6_p01 in the absence of any antigen presenting cells (APC) in a 24-well
cultured with varying amounts of SPE-A8(CD4; W, CD8), anti-CD3  {jse culture plate. The cells were collected on Ficoll, washed and rested
(20ng/ml) alone (ct/min 86 462 5710), anti-CD3 (20ng/ml) with anti- o 5gays. After rest, the cells were restimulated with SPE-A in the
SPE-A (80926~ 6515), anti SPE-A (gg/ml) raised in rabbit®), normal  yresence of autologous mitomycin C-treated APC and cell proliferation
!'ab-bl_t.serum (1:500 dilution). Normal rabbit serum was unable tq Caus§yas measured HH-thymidine uptake (abscissa). Recombinant IL-2 along
inhibition of SPE-A (data not shown). The cultures were pulsed a'f'th with APC and SPE-A was added to check for reversal of anergy. Controls:
thymidine aﬁer 48h, for 16 h and datg are presented as mean ct/sh, T cells alone (ct/min 43% 64), T cells + SPE-A (542+72), T cells
where experiments were conducted in triplicates. incubated with SPE-A and anti-SPE-A followed by addition of T cells
+ SPE-A+APC (ct/min 26542+ 2472) and normal cellst anti-CD3
(74 829+ 3641), acute rheumatic fever (ARF)-CD4 T cellsanti-CD3
Responsiveness/non-responsiveness (92 461+ 5212), chronic rheumatic heart disease (CRHD)-CD8 T cells
Finally we investigated the role of SPE-A in induction of anergy in anti-CD3 (93 298~ 4718) were included. Addition of anti-SPE-A to these
cD4t'cDst T cells from normal, ARF and CRHD individuals. anti-CD3 control wells did not bring any significant change in proliferation
The cells were initially incubated with SPE-A for 16—20h in the data. All the controls were treated in parallel to the test samples under
absence of APC to check for induction of unresponsiveness, so thé_{milaf conditions_. Results are depicted as (ordinat_e): open blocks, stimula-
they were unable to proliferate in response to an immunogenié‘on_w'th S_PE-A in the presence 01_‘ APC_as.done in Fig. 1; black blocks,
challenge with SPE-A in the presence of APC. We then c:Ompz_lreéestlmulat|on as done for anergy |n(_1uct|on, hatched blocks, response to
. . . exogenous IL-2. P<0-05, response in presence and absence of IL-2 in
anergy induction upon exposure to SPE-A in the three abovc.?]Olrmal CD4 T celis.
mentioned groups. The state of anergy was reversed on addition
of exogenous IL-2. CD4 T cells from all three groups exhibited
very mild unresponsiveness, if any, upon re-stimulation with theanergy induction of CRHD-CDS8T cells in presence or absence of
antigen (Fig. 2). They proliferated, although to a lesser extent, irexogenous IL-2 indicated a very conspicuous difference
response to the superantigenic challenge after a 5-day rest in t{€ <0-005). In all these experiments, T cells alone or T cells
absence of any exogenous cytokine. with SPE-A as controls did not proliferate, indicating absence of
CD4" T cells from normal donors had a better proliferative APC as contaminants in T cell preparation.
response to SPE-A in the presence of AR (Q-05) than their
ARF or CRHD counterparts. The restimulation done for anergyCytokine production by SPE-A-induced T cells
induction was slightly different in ARF and CRHD compared with The SPE-A-induced CD2 cells produced variable amounts
the normals, but not significantly. of cytokines and this helped in determining the subtype predomi-
Results from anergy experiments conducted with €D&ells ~ nantly existing in ARF and CRHD compared with healthy
were different. Although CD8 T cells from normal individuals ~ control cells. As shown in Table 1, activation of CD4-ARF with
did not undergo unresponsiveness, those from ARF and CRHISPE-A caused an increased IL-2 and Ifffproduction, although
showed marked unresponsiveneBs0-01). CD8 T cells from  their IL-4 and IL-10 production was markedly decreased compared
the ARF and CRHD patients were different, as there was a weakvith CD4-CRHD. The lowered IL-2 and IFN-production and the
response to the agonist on re-stimulation in the presence of AP@ugmented IL-4 and IL-10 production were observed in the CD4-
(Fig. 3). The unresponsiveness of CD®¥ cells to SPE-A in the CRHD cells. Normal CD4 T cells produced large amounts of IL-2
presence of APC was not due to cell death as the cells were viabignd IFN< and much lower quantities of IL-4 and IL-10. The basal
(>85% cells viable). They showed reasonable proliferation onlevels of all samples, i.e. CD4or CD8" T cells without SPE-A,
addition of exogenous IL-2R(< 0-05), although to variable levels were low. Anti-CD3 was able to bring about regular interleukin
in ARF and CRHD (Fig. 3), suggesting that the unresponsivenessecretion, emphasizing that the variations observed in the presence
observed was the result of anergy induced in cells. Comparison off SPE-A are specific to it. It appears that CD4-ARF are endowed
the post-anergy ARF-CD8T cell induction in presence and Wwith Thl-type function. whereas CD4-CRHD cells exhibit a Th2-
absence of exogenous IL-2 showed a significant differencdike cytokine pattern. This kind of Th1-Th2 dichotomy remains an
(P<0-01) between the two conditions. At the same time, postimportant functional division in the immune system.
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12 - » interleukin secretion. This was obvious when restimulation of cells
. pretreated with SPE-A resulted in decreased levels of IL-2 and
S 10 : ex IFN-y in CD8-ARF and IL-4 as well as IL-10 levels in CD8-
© - CRHD. This is an indication of anergy induction in CD8 T cells
5 .
gg sl . L . from patients.
g x
o E 6 DISCUSSION
-E E 4 A lot of interest has recently been generated in research on
B bacterial superantigens, focusing on their mechanism of T cell
e ) activation and their pathogenic role in infection or autoimmune
@ B disease [4]. The bacterial superantigens are basically exotoxins
which might have implications in the pathogenesis of infections

0 N together with related diseases, which at times may manifest acute or
ormal ARF CRHD . .

chronic clinical symptoms [16]. The present study was conducted

to discover clues regarding pathogenesis in the non-suppurative
Fig. 3. Induction of anergy in CD8 T cells. CD8" T cells (10 cells/m))  sequelae of Streptococcal infection, i.e. ARF and CRHD. The
from all three groups were cultured with Streptococcal pyrogenic erythro¢ytokine levels of SPE-A-activated CDAT cells showed increas-
genic toxin A (SPE-A; 50 ng/ml) in the absence of antigen-presenting ceIIs1ng levels of IL-2 from CD4 T cells as CRHD< normal< ARF.
(APC) for 16—20 h. These cells were collected on Ficoll, washed and resteﬂ__4 and IL-10 secretion by CD4T cells revealed low levels in
for 5days. Restimulation with SPE-A autologous mitomycin C-treated . .
APC was measured by the amount ¥i-thymidine incorporated by normal_donors, mod_erate levels in ARF cases apd reasonably high
proliferating cells (abscissa). Reversal of anergy was brought about b)I/aveIs n CR_HD patients. Our study clearly 'r!d'cates that under
addition of APC, SPE-A and exogenous IL-2. T cells alone (ct/min acute conditions, CDBT cells have a strong bias towards a Tcl
368=52]: T cells + SPE-A (625+48); T cells incubated with SPE-A  subtype, while a Tc2-like cytokine profile is seen in CRHD. This
and anti-SPE-A followed by ¥ SPE-A+APC (ct/min 204 22+ 4214) kind of distinct division of signature cytokines in ARF and CRHD
and normal T cellst anti-CD3 (80325 3552); acute rheumatic fever suggests that a Th1-Th2 decision is being taken at some point,
(ARF)-CD8 T cells+ anti-CD3 (84 293- 4881); chronic rheumatic heart hence a Thil-type of pattern in ARF and a Th2 kind of profile in
disease (CRHD)-CD8 T cells- anti-CD3 (82968 5238). Addition of  RHD CD4' T cells was observed upon superantigenic stimulation.
anti-SPE-A to the anti-CD3 control wells did not bring about any change inAIso, subsets of CD8T cells have been identified in humans, as

the pr_o"fe_rat'o_n data. Open bIOd_(S: St'mUIat'on with SPE-A Ipo APC aS 01 a5 in mice during infections [11,17], where Tcl cells produce
done in Fig. 1; black blocks, restimulation as done for anergy induction;

hatched blocks, response to exogenous ILR<®-05, restimulation in IL-2 and IFN-y whereas a Tc2-like pattern is IL-4, IL-5 and IL-10.

ARF and CRHD compared with normal; P<0-01, response to exogenous A role of (i) antigen dose and (ii) Cytokine§ [18] can .not be
IL-2 in normal and ARF; ***P<0-01, comparison of response in absence _excluded. As reported by Hoske_m_al. [19]'_ antigen dose is an
and presence of IL-2 in ARF; **P<0.005, comparison of response in important factor in Th1-Th2 decision. Weigle [20] is of the view

absence and presence of IL-2 in CRHD. that the amount of antigen presented to T cells has an important
bearing on both tolerance and immunity. It is possible that high
concentrations of the antigen lead to repeated T cell stimulation,
Variations in CD8 T cells thus increasing IL-4 production and Th2 development, or induce a
The CD8' T cells obtained from the different patients and healthy state of immunological tolerance, which often preferentially shuts
donors were also co-cultured with SPE-A and APC for induction.off Thl cells [21,22]. Too little antigen can selectively shift the
The cytokines so generated were detected by ELISA (Table 1). Wealance to a Thl-type response [23]. Cytokines themselves can be
show that CD8-ARF released high levels of IL-2 and IffNwhile strong stimuli for influencing cytokine patterns, as quantitative
CD8-RHD secreted minimal levels of these cytokines. Interestdifferences in cytokine expression may lead to stimulation of
ingly, CD8-RHD produced IL-4 in moderate amounts, while nonevariable conditions. For example, IL-2 is known to enhance
of it was detected in CD8-ARF. IL-10 was detectable in CD8-ARF synthesis of IFNy [18]. Also, IL-4, a Th2 promoting regulator,
but not to the extent seen in CD8-CRHD, i.e. approx.20-foldwould increase the frequency of cells producing at least one Th2
higher. Levels of interleukins in the presence of anti-CD3 showedytokine. In earlier studies, Schmigt al. [24] have shown that T
that stimulation could induce certain levels which were differentcells themselves produce small amounts of IL-4 from their initial
from the basal levels (activated cellular state). These resultactivation and the amount of IL-4 that accumulates at the site of T
demonstrate that dichotomy in CDST cells also existed in cell response increases with increasing lymphocyte activation. The
ARF/CRHD. A subset of CD8 T cells in ARF secreted Thl- Th2-inducing effect of IL-4 dominates over the other cytokines
like cytokine profile, Tcl, while the subsetin CD8-RHD resembled [25], so that if IL-4 levels reach a necessary threshold, Th2
the Th2 pattern, i.e. Tc2. differentiation is initiated and IL-4 production increases progres-
The cytokines released by CD4nd CD8 cells under anergic ~ sively. This explains increasingly pronounced Th2 responses with
conditions also demonstrated the activity of the cells. The CD4 repeated T cell stimulation. The role of IL-4-induced CD8h2
cells secreted IL-2, IFN4 IL-4 and IL-10 nearly in the same cells, i.e. Tc2, is also known to have great relevance to immune
pattern as they did during regular stimulation without pretreatmentesponses against infectious agents. IL-4 rapidly induces Tcl
with antigen alone (Table 2). This and the proliferation dataclones to lose their ability to synthesize cytokines, particularly
suggest that CD4 T cells are basically unaffected by antigenic IL-2 [26].
pretreatment and hence do not undergo anergy. The'OD&lIs The cytokine signals induced by the pathogen can induce
from the ARF and CRHD group exhibited decreased levels ofappropriate types of T cells and effector functions. Keeping
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Table 1. Cytokine levels in Streptococcal pyrogenic erythrogenic toxin A (SPE-A)-stimulated@bd CD8 T cell cultures* (ng/ml)

Normal t ARFt RHDt
CDh4 CD8 CD4 CD8 CD4 CD8
IL-2 275+ 4.9 142+ 3.5 495+ 28% 348+ 268 48+ 14-38 «10)8
(85= 6-4) (86+ 2:4) (78+10) (75+ 2-3) (18+0-5) «10)
[182= 4.2]* [132 + 3-1] [195+ 18] [106+ 4-4] [62+ 14-2] [88+6-2]
IFN-y 204+6-1 195+ 6-4 584+ 161 525+ 20% <108 <108
(92 4.9) (95+ 5-2) (110+ 8-4) (102+ 10-3) €10) «10)
[126+ 16] [174= 12] [188=+ 12] [197+ 11-4] [26= 2-9] [43=6-7]
IL-4 54+7-4 <10 36+ 19% <10 1216+ 38t 778+ 931t
(<10) «10) «10) «10) (90+ 6-1) (84+ 5.9)
[36 = 3-5] [41+ 8] [32 6] [27 = 3] [162+ 14] [149+ 11]
IL-10 <10 15+ 3 25+ 4.2% 22+ 6 1437+ 54171 432+ 561t
(<10) «10) «10) «10) (75 2-4) (88=6-7)
[20+ 3] [20+ 4] [23+ 6] [23+ 4] [261+ 22] [202=+ 18]

*CD4% or CD8" cells were cultured (8 10* cells/200ul per well) in the presence of 50 ng/ml SPE-A and antigen-presenting cells
(APC). The supernatant was harvested after 24 h and assessed for IL-2, IEM-and IL-10 levels by ELISA.

T All values represent the means.d. of triplicate experiments with all donors of that particular group.

¥ Statistically significant differencé? 0-05) compared with normal donors.

§ Statistically significant differencé’ 0-005) compared with normal donors.

€ Cytokine levels in absence of the stimulus (basal values) are given within parentheses.

** Cytokine levels in presence of the stimulus (anti-CD3) are given within square parentheses.

T1P<0-0005 compared with normal donors.

these in mind, it can be hypothesized that in ARF, the Th1l polarityRHD group exhibited decreased levels of interleukin secretion.
can be attributed to their stimulation by moderate levels ofThis was obvious when restimulation of cells pretreated with SPE-
antigens. CRHD, being a valvular sequelae, is a case of chronié resulted in decreased levels of IL-2 and IFNr CD8-ARF and
set up with ongoing immune reactions. We observed a Th2-type ofL-4 as well as IL-10 levels in CD8-RHD.
response in this case, which could suggest that the sensitized The anergy experiment shows that exposure to SPE-A leads
lymphocytes of these patients were responding to a wider rang® reduced activation, which could be a strategy of balancing
of antigenic challenge. immunity and tolerance by turning down the activation of these
The cytokines released by CH4nd CD8 cells under anergic  superantigens and self-reactive cells. Thus, the T cells (in the
conditions also speak for the cells. The CD#® cells secreted the present study CD8 cells) have become tolerant and are not easily
IL-2, IFN-v, IL-4 and IL-10 nearly in the same pattern as they did activated into clonal expression after presentation of superantigen
during regular stimulation without a pretreatment with antigen[27].
alone (Table 2). This and the proliferation data suggest that'CD4  Probably the division of Thl (Tcl) phenotype in ARF and a
T cells are basically unaffected by antigenic pretreatment angbrotective Th2 (Tc2) phenotype suggest a mechanism for induction
hence do not undergo anergy. The CDBcells from the ARF and  of peripheral self tolerance/anergy in the T cell population. In the

Table 2. Cytokines released by CD4or CD8" cells upon anergy* (ng/ml)

Normalt ARFT RHDT
CD4" cDs*" CcD4" cps* CD4" cps*
IL-2 184+ 26 134+ 4-1 326+ 18-2t 42+ 6-9 50+ 2-71 <10%
IFN-y 142+ 4.9 112+1.7 425+ 126 59+ 6-3 75+ 3.9 15+ 2.5
IL-4 49+ 1.7 ND 28+ 4-1% ND 1184+ 32% 49+ 3-4%
IL-10 <10 <10 30+ 1-5% 25+ 4-61 1046+ 84+ 92+ 2.7%

*Cytokines released after anergy induction: CDdr CD8" T cells (2x10* cells/well) from healthy controls, acute
rheumatic fever (ARF) and chronic rheumatic heart disease (CRHD) patients were pre treated with the Streptococcal pyrogenic
erythrogenic toxin A (SPE-A; 50 ng/ml) and after washing and resting for 5 days were restimulated with antigen (SPE-A) in
presence of autologous antigen-presenting cells (APC). At the end of 24 h of culture, IL-2, IL-4, IL-10 andvileke
examined in the supernatants by ELISA. All values represent the mesad. of triplicate experiments with all donors of that
particular group.

T Statistically significant differencd? 0-005) compared with normal donors.

$P<0-0005.
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absence of APC initially, SPE-A, which otherwise brought about
immense proliferation, made the CDg cells unresponsive to a

subsequent antigenic challenge in the presence of APC. Thig
resembled the unresponsiveness of T cells induced by free antigen

in peptidic form [28] or that presented by chemically modified
accessory cells [29]. ARF and CRHD being post-streptococcal

sequelae are a case of molecular mimicry [30], and to our surprise

CD4" T cells did not exhibit unresponsiveness as did ¢DB
cells. Anergy in CD4 T cells has been reported previously [31],
but lack of anergy in CD4 T cells only reflects a conditional state.
This implies a condition where TCR-SPE-A-MHC complex is
bound stably (high affinity) and activation is triggered. Also,
restimulation of post-anergy CD4T cells in absence and presence
of IL-2 is not very different in ARF and CRHD. CDST cells have
been reported by Yaetal [32] to be anergic in response to
bacterial superantigens in immune cases. €O8cells in our
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