
P. A. Sherman, P. A. Basta, J. P:Y. Ting, ibid., p. 
4254. 
A. Dorn et al., ibid., p. 6249. 
M. Boothby, H.-C. Liou, L. H.  Glimcher, J. Immrr- 
nol. 142, 1005 (1989). 

5. A. Dorn et al., Cell 50, 863 (1987). 
6. W. Van Ewijk et dl., ibid. 53, 357 (1988). 
7. A. F. Calman and B. M. Peterlin, Proc. Natl. Acad. 

Sci. U.S.A.  85, 8830 (1988). 
8. P. A. Sherman, P. V. Basta, P. M. Moore, A. M. 

Brown, J. P.-Y. Ting, Mol. Cell. Biol. 9, 50 (1989). 
9. W. Koch el al., J .  Exp. Med. 167, 1781 (1988). 

10. J. H.  Sloan and J. M. Boss, Proc. Natl. Acad. Sci. 
U.S.A.  85, 8186 (1988). 

11. P. V. Basta, P. A. Sherman, J. P:Y. Ting, J. 
lmm~mol. 138, 1275 (1987). 

12. E. Stimac, S. Urieli-Shoval, S. Kempin, D. Pious, in 
preparation. 

13. H.  Singh, J. H.  LeBowia, A. S. Baldwin, Jr., P. A. 
Sharp, Cell 52,415 (1988). 

14. H.-C. Liou, unpublished data. 
15. W. Reith et al., Cell 53, 897 (1988). 
16. W. H.  Landschula, P. F. Johnson, S. L. McKnight, 

Science 240, 1759 (1988); M. Schuermann et dl., 
Cell 56, 507 (1989); R. Chiu et al., ibid. 54, 541 

(1988); K. Suuhl, ibid. 50, 841 (1987); Y.-S. Lin 
and M. R. Green, Proc. Natl. Acad. Sci. U.S .A .  85, 
3396 (1988). 

17. Y. Nakabeppu, K. Ryder, D. Nathans, Cell 56,907 
(1988). 

18. H.-C. Liou, M. R. Boothby, L. H .  Glimcher, Science 
242, 69 (1988). 

19. T.  V. Huynh, R. A. Young, R. W. Davis, in D N A  
Cloning, vol. 1 of Practical Approach Series, D. M. 
Glover, Ed. (IRL Press, Oxford, England, 1985). 

20. We thank D. Singer, L. Ivashkiv, J. Strominger, and 
E. Gravallese for careful review of the manuscript; T.  
Tedder for human RNA samples; B. Mach for 
communicating results before publication; and L. 
Blood for expert manuscript preparation. Supported 
by NIH grant GM36864 and a Leukemia Scholar 
award (L.H.G.), by NIH grants CA42771-01 and 
R01-CA48185 and a Jefferson Pilot award (J.P.- 
Y.T.), by grants from the Cancer Research Institute 
(N.N.) and the Pfizer Foundation (P.W.F.), and by 
NIH grants 5T32 CA09156-14 and IF32-CA08857 
(N.J.Z.). 

1 June 1989; accepted 8 January 1990 

T Cell Antigen Receptor-Mediated Activation of 
Phospholipase C Requires Tyrosine Phosphorylation 

Triggering of the antigen-specific T cell receptor-CD3 complex (TCR-CD3) stimu- 
lates a rapid phospholipase C-mediated hydrolysis of inositol phospholipids, resulting 
in the production of second messengers and in T cell activation and proliferation. The 
role of tyrosine phosphorylation in these events was investigated with a tyrosine 
protein kinase (TPK) inhibitor, genistein. At doses that inhibited TPK activity and 
tyrosine phosphorylation of the TCR 5 subunit, but not phospholipase C activity, 
genistein prevented TCR-CD3-mediated phospholipase C activation, interleukin-2 
receptor expression, and T cell proliferation. These findings indicate that tyrosine 
phosphorylation is an early and critical event that most likely precedes, and is a 
prerequisite for, inositol phospholipid breakdown during receptor-mediated T cell 
activation. 

A CTIVATION OF T LYMPHOCYTES BY 

ligands of the TCR-CD3 complex is 
associated with phosphoinositide- 

specific phospholipase C (PI-PLC)-mediat- 
ed breakdown of inositol phospholipids; 
this gives rise to two second messengers, 
namely, inositol phosphates and diacylgly- 
cerol (1). The resulting increase in intracel- 
lular Ca2+ concentration and translocation 
of protein kinase C (PKC) to the plasma 
membrane are thought to initiate the cas- 
cade of biochemical events leading to activa- 
tion of T cell effector functions and clonal 
expansion (2, 3). Triggering of the TCR- 
CD3 complex also induces tyrosine phos- 
phorylation of a number of proteins (4), 
including the 5 subunit of this complex (5). 
This implies a role for a TPK in T cell 
activation. Although this tyrosine phospho- 
rylation appears to be independent of inosi- 
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to1 phospholipid hydrolysis (6, 7) and acti- 
vation of PKC (8) ,  the exact relationship 
between these two pathways and their rela- 
tive contribution to the overall process of T 
cell activation remain unknown. In particu- 
lar, it is not known whether the stimulation 
of PI-PLC and the subsequent production 
of inositol phospholipid-derived second 
messengers require a tyrosine phosphoryl- 
ation event. 

We have studied the role of tyrosine 
phosphorylation in signal transduction 
through the TCR-CD3 complex with the 
use of a TPK inhibitor, genistein. This 
isoflavone compound was found to specifi- 
cally inhibit the epidermal growth factor 
receptor, pp60C-SrC, and ppl  logagfeS TPKs, 
whereas it had marginal effects on several 
serine and threonine kinases (9) .  To deter- 
mine whether genistein inhibits TPKs in T 
lymphocytes, we tested it in three different 
assays. (i) We measured total TPK activity 
of T lymphocyte membranes that had been 

incubated for 10 min with various concen- 
trations of genistein. The drug inhibited the 
kinase activity in a dose-dependent manner, 
with 50% inhibition being achieved at 30 
yglml (Fig. 1A). (ii) The effect of genistein 
on the enzymatic activity of pp56'ck, a T 
cell-specific TPK (lo), was evaluated by 
measuring the ability of pp56"k to phos- 
phorylate a synthetic peptide substrate (Fig. 
1B) or to become autophosphorylated (Fig. 
1C). Autophosphorylation correlates with 
activity toward exogenous substrates (10). 
Both phosphorylation reactions were simi- 
larly inhibited in a dose-dependent manner 
with an inhibition constant ( K i )  of 10 
yglml. (iii) The effects of genistein on tyro- 
sine phosphorylation in intact cells was as- 
sessed by measuring phytohemagglutinin 
(PHA)-induced TCR 5 chain phosphoryl- 
ation (Fig. 2). T cell mitogens, antigen, and 
antibodies to the antigen receptor stimulate 
a TPK that phosphorylates the 5 chain on 
tyrosine residues (5). Tyrosine phosphoryl- 
ation of 5 was readily induced by PHA (Fig. 
2). However, when T cells were incubated 
for 10 min with genistein before PHA addi- 
tion, no phosphorylation of TCR 5 was 
detected (Fig. 2). At a concentration (30 
yglml) that completely blocked mitogen- 
induced TCR 5 phosphorylation (Fig. 2), 
genistein had no effect on phorbol ester- 
induced translocation of PKC to the plasma 
membrane in the same cells and only mini- 
mally inhibited (<25%) the phosphoryl- 
ation of CD3 y or e subunits, or both, on 
serine and threonine residues (1 1). 

As tyrosine phosphorylation has been im- 
plicated in the regulation of cell growth 
(IZ), we examined the effects of genistein on 
mitogen-induced activation of T cells. T 
cells stimulated with PHA or with OKT3, a 
monoclonal antibody to CD3, in the pres- 
ence of genistein failed to undergo the blast 
transformation typical of activated T cells. 
Instead, the cells remained as small, round, 
resting cells (13). Likewise, genistein inhib- 
ited mitogen-stimulated induction of the 
interleukin-2 (IL-2) receptor a subunit 
(p55) and prevented the increase in orni- 
thine decarboxylase activity (Table 1) nor- 
mally seen duiing blast trLsformation (2, 
14). Moreover, genistein inhibited, in a 
dose-dependent manner, the PHA- or 
OKT3-induced proliferation of human T 
cells (Table 1). This inhibitory effect did not 
result from drug toxicity; the viability of the 
cells was not significantly affected by culture 
in the presence of genistein for 3 days. 
Furthermore, when human blood lympho- 
cytes were treated with genistein (up to 30 
~ g l m l )  for 20 hours, washed, and then 
cultured in the presence of OKT3 or PHA, 
no decrease in proliferation was observed 
(13). These results suggest that genistein is 
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nontoxic, but blocks T cell activation at an 
early point in mitogenesis, apparently pre- 
venting transition from the quiescent (Go) 
to the prereplicative (GI) phase of the cell 
cycle. However, we cannot exdude the pos- 
sibility that genistein also inhibits later 
events. Indeed, genistein also inhibited T 
cell proliferation produced by a combina- 
tion of phorbol ester plus ca2+ ionophore 
(13). This effect may reflect the requirement 
for an IL-2 receptor-associated TPK during 
IL-%mediated T cell proliferation (15). 
This possibility is supported by our finding 
that genistein inhibited the response of 
PHA-activated T cell blasts to recombinant 
IL-2 (13). 

Because TCR-CD3-mediated T cell acti- 
vation is associated with PI-PLGmediated 
production of the second messengers, inosi- 
to1 1,4,5-mphosphate and diacylglycerol, 
we ascermined the effect of genistein on this 
signaling pathway. In agreement with inhi- 
bition at a proximal site, we fbund that 
genistein, at doses similar to those that 
b l d e d  TPK activity, also prevented the 
enhanced formation of inositol phosphates 
in T lymphocytes stimulated with PHA 
(Fig. 3A) or antibodies to CD3 (Fig. 3B). 
At genistein concentration of 30 pg/ml, the 
inhibition was essentially complete. This 
was also seen when the production of inosi- 
to1 1,4,5-trisphosphate was measured sepa- 
rately. Radioactive counts recovered in the 
inositol 1,4,5-mphosphate fraction, eluted 
from [3~]inositol-labeled cells with 1.6M 
ammonium formate and 0.1M formic acid, 
were 87 cprn in unstimulated cells, 191 cprn 

Fig. 2. Inhibition of PHA-induced 
tyrosine phosphorylation of the '10- 
TCR 5 subunit in intact human T 84- 

d s  by genistein. (A) No stimulus. 47- 
(6) Cells were stimulated with 33- 
PHA (10 @ml) for 15 min. (C) 24- 
Cells were treated with genistein 
(30 &ml) for 10 min and then 16- 

stimulated with PHA (10 pg/ml) 
for 15 min. T cells (5 x lo7) were 
metabolically labeled with [32P]- 
orthophosphate (0.2 mCiml) for 2 hours, weaced with or without genisrrin and PHA, washed, and 
then lyscd in PBS containing 0.5% Triton X-100,l mM Na3V04, and pmtease inhibitors. The TCR 3 
subunit was immunoprecipitated with a specific rabbit antixrum (No. 390) and the precipitates were 
analyzed by two-dimensional (nonreducing-reducing) SDS-PAGE and autoradiography. The position 
of TCR 2; is indicated. A protein on the diagonal with similar size might represent TCR 2; that was 
reduced during electrophoresis in the 6rst dimension or other phosphorylated subunits of CD3 with a 
similar size, such as 8 or c. Markers are in kilodaltons. 

(120% increase) in mitogen-stimulated 
cells, and 77 cprn in cells stimulated with 
mitogen in the presence of 30 pdml genis- 
tein. In contrast, 1-(5-+uinolinesulfonyl)- 
2-methylpiperazine dihydcochloride (H-7), 
an inhibitor of PKC and cyclic nucleotide- 
dependent protein kinases (16, failed to 
inhibit inositol phosphate formation (and 
TPK activity) at a concentration (30 pg/ml) 
that completely blocked the enzymatic activ- 
ity of PKC (13). 

The observed effect of genistein could 
result from either direct or indirect inhibi- 
tion of PI-PLC. To address this question, 
we added genistein directly to a PLC enzy- 
matic assay and found that the formation of 
[3~]inositol 1,4,5-trisphosphate from label- 
led phosphatidyliositol 4,s-bisphosphate 
was not affected even at a genistein concen- 
tration of 30 pg/ml (Fig. 4). This result was 

apparent with both membrane-bound and 
cytosolic PI-PLC activity (Fig. 4). Thus, 
inhibition of inositol phospholipid nunover 
in mitogen-stimulated T cells is not due to 
direct inhibition of PI-PLC. The most plau- 
sible ex~lanation for our findines is-that 

V 

genistek blocks an early and critical tyrosine 
phosphorylation event required for activa- 
tion of PI-PLC by TCR-CD3 triggering, 
thereby preventing inositol phospholipid 
hydrolysis and consequent cell activation. 
This consistent with the findines that " 
tyrosine phosphorylation can occur in the 
absence of detectable inositol phospholipid 
breakdown (6, 7) and that one of the earliest 
measurable biochemical changes in TCR- 
CD3-mggered T cells is tyrosine phospho- 
rylation of a 135-kD substrate (17). This 

lnositol phosphates, percent increase 

Fig. 1. Dose-dependent inhibition 
- C 

Fig. 3. Inhibition of (A) PHA- and (6) OKT3- 
induced inositol phosphate formation in human T 
cells b enistein. T lymphocytes were incubated 

Y g .  with [ H]mnositol for 4 to 12 hours in inositol- 
free medium and then stimulated for 60 min with 
PHA (5 pg/d)  or OKT3 (1 : 1000 dilution of 
ascites fluid). Total inositol phosphates were mea- 
sured as described (27). The data are given as 
percent increase over unstimulated cells. Unstim- 
dated production of inositol phosphates by 
3.3 x lo7 cells was 1580 cpm (A) and 300 cprn 
(B). Data represent mean and range from a single 
experiment (duplicate determinations). Similar 
results were obtained in two additional experi- 
ments. 

of tyrosine kinase activity by genis- 
tein. (A) Total membrane-bound T 
cell tyrosine b a s e  activity. (B) Ty- , , 
mine kinase activity of pp56ICk. zU 60 

30 MARCH 1990 

w- 

REPORTS 1585 

i :/ (C) Autophosphorylation of $5 
pp56"" in murine thymoma 40 
WRA cell membranes in the pres- 70 

e 

ence of 2% dimethyl sulfoxide 
(DMSO) (lane l), no addition 
(lane 2), or genistein at a concen- 1 0 1  110100 0 0 1  1 

tration of 10 &d (lane 3), 30 Genistein (pglmi! 

p g l d  (lane 4), or 100 pglml (lane 
5). Human mononuclear cells (-80% T cells) were isolated by gradient cenmhgation on Histopaque 
1077 (Sigma) from the blood of healthy volunteers. Total tyrosine kinase activity of lymphocyte 
membranes and the tyrosine kinase activity of ~ ~ 5 6 " ~  immunoprecipitated with OKT4 (a monoclonal 
antibody to CD4), were measured as described (26). The membranes or immunoprecipitates were 
incubated for 10 min at 0°C in different concentrations of genistein dissolved in DMSO [final 
concentration 2% (vlv)], mixed with assay buffer containing saturating concentrations (10 rnM) of a 
tyrosine-containiig synthetic peptide substrate and y-32P-labeled adenosine mphosphate (ATP) (5 to 
10 Ci/mmol), and incubated at 30°C for 2 min. Phosphorylated peptide was separated from radioactive 
ATP on phosphocellulose paper and quantitated by Liquid scintillation counting. The data shown 
represent mean and range from a single experiment (duplicate determinations). S i a r  data were 
obtained in three separate experiments. LSTRA cells, known to overexpress pp56"* (lo), were kept at 
logarithmic growth in RPMI 1640 medium sup lemented with 5% fetal bovine serum and 50 @4 fJ-  
mercaptoethanol. Autophosphorylation of pp56g in LSTRA membranes was carried out as described 
(26). Membrane protein (20 to 40 ~ g )  was Incubated with 0.2 @4 [y-32P]ATP (800 Cimmol) in 50 pl 
of 25 mM Hepes (pH 7.3), 5 mM MgCI,, 10 mM MnC12, 2.5 mM fJ-mercaptoethanol, and 100 
Na3V04 for 30 s at 30°C. The reaction was stopped by addition of SDS sample buffer and analyzed by 
SDS-PAGE (10% gel). Markers are in kilodaltons. 



Fig. 4. Effects of genistein on membrane-bound (A) and cytosolic (B) 
PI-PLC in vitro. The enzymatic activity was measured as described ( I S ) ,  . 
in the presence of no additives (a), 2% DMSO (b), or genistein (30 b 

p,glml) (c). Briefly, membrane or cytosol preparations of human T 
lymphocytes were assayed in a final volume of 25 (LI containing 20 mM 
sodium phosphate (pH 6.8), 40 rnM KCI, 1 mM sodium pyrophosphate, a 

0.65% octylglucoside, 0.4 mM EGTA, 0.8 mM CaCI,, and 0.2 mM b 

[3H]phosphatidylinositol-4,5-bisphosphate (5 Ci/mol). The mixture was 
incubated at 37°C for 15 min and the reaction stopped by adding 100 ( ~ 1  2 4 6 

of 1% bovine serum albumin, followed by 500 pl of 10% trichloroacetic P I - P L C . ~ ~ , V ~ ~ ~  (pmo~ mlnl mg'~ 

acid. The precipitate was removed by centrifugation and the radioactivity 
present in 0.5 ml of the supernatant was determined. The counts from a control incubation with no 
enzyme (buffer only, 200 to 500 cpm) was subtracted from d values. Under the conditions of the assay, 
the reaction rate was linear with time and amount of protein. Data are mean and range from a single 
experiment (duplicate determinations). Similar results were obtained in three independent experiments. 

phosphoq~lation precedes inositol phospho- 
b i d  breakdown and can be detected within 
5 to 10 s of receptor occupation. 

There are precedents for regulation of PI- 
PLC by tyrosine phosphorylation; ligand 
stimulation of some growth factor receptor 
TPKs, as well as transformation by onco- 
genic tyrosine kinases, increases the turn- 
over of inositol phospholipids (18). Platelet- 
derived growth factor and epidermal growth 
factor stimulation of cells expressing the 
corresponding receptors leads to rapid phos- 
phorylation of the 148-kD y isozyme of PI- 
PLC on several tyrosine residues (19, 20). 

T lymphocytes express several TPKs (21) . -  - 
and, as genistein apparently inhibits all tyro- 
sine kinases tested (9) (Figs. 1 and 2), our 
findings do not allow us to determine which 
TPK mediates the critical tyrosine phospho- 
rvlation event leading to PI-PLC activation " 
in T lymphocytes. However, one candidate, 
pp561'k, a TPK found mainly in T cells (lo), 
appears to be more sensitive than total T cell 
membrane TPK (Fig. l), and may be impor- 

tant in TCR-CD3 signaling (21): pp56'ck is 
tightly bound to the cytoplasmic domains of 
the CD4 and CD8 glycoproteins (22), 
which participate in antigen recognition 
(21), and antibody-mediated cross-linking 
of CD4 molecules leads to activation of 
pp561'k and TCR 5 phosphorylation in in- 
tact cells (23). Another canhdate is the 
p5gfLI TPK, the high level expression of 
which correlates with constitutive TCR 5 
phosphorylation in CD4-CD8- T cells 
from mice homozygous for the Ipr mutation 
(24). 

Our data thus show that tyrosine kinase 
activity is needed for TCR-CD3-induced 
activation of PI-PLC and subsequent T cell 
activation. The TCR-CD3 complex resem- 
bles the TPK family of growth factor recep- 
tors in that binding of ligand to the receptor 
complex first stimulates an associated TPK, 
which, in turn, activates PI-PLC and initi- 
ates the cascade of events leading to mito- 
genesis. Although the TCR-CD3 complex 
itself lacks TPK activity, a mechanism that 

Table 1. Inhibition of T cell activation by genistein. Human blood lymphocytes were cultured in 
RPMI 1640 plus 5% fetal bovine serum (1 x 1O61ml) in the absence or presence of the indicated 
mitogens [PHA (1  pglml); OKT3 (1: 1000 dilution of ascites fluid)]. The activity of ornithme 
decarboxylase (ODC) in cytosolic extracts was measured 18 hours after mitogen addition, as described 
(14). Genistein did not directly inhibit the enzymatic activity of ODC at concentrations as high as 100 
pglml (13). We measured expression of the IL-2 receptor a chain (Tac) afcer 48 hours by staining the 
cells with antibody to Tac (1: 2000 dilution of ascites fluid) and fluorescein isothiocyanate-conjugated 
rabbit antibody to mouse immunoglobulin G and by analyzing the cells in a fluorescence-activated cell 
sorter. [3H]thymidine incorporation in triplicate microtiter cultures (2 x lo5 cells per well) was 
measured at 72 hours after a 6-hour terminal pulse with 1 pCi of [3H]thymidine. ND, not determined. 

ODC activ- Tac-pos- Geni- 
[3H]Thymi 

Stim- ity (pmoV itive h e  incor- 
ulus stein hourlmg cells poration 

(kg/&) protein) (%) (cpm x 

None 80 ? 10 13 0.8 2 0.1 
PHA 663 2 56 88 36.0 2 1.9 
PHA 0.3 ND 86 35.7 ? 0.6 
PHA 3 N D  76 22.1 ? 1.1 
PHA 30 0 ? O  30 0.5 2 0.1 

None 
OKT3 
OKT3 0.3 
OKT3 3 
OKT3 30 

enables the receptor complex to mobilize a 
TPK upon antigen presentation appears to 
have evolved in T cells. 

N o t e  added in proof: After submission of 
this manuscript, it has come to our attention 
that similar findings were obtained with a 
different TPK inhibitor, herbimycin (25). 
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Limit of T Cell Tolerance to Self Proteins 
by Peptide Presentation 

Cytotoxic T lymphocytes (CTLs) recognize foreign peptides bound to major histocom- 
patibility complex (MHC) class I molecules. MHC molecules can also bind endoge- 
nous selfpeptides, to which T cells are tolerant. Normal mice contained CTLs specific 
for self peptides that were from proteins of ubiquitous or tissue-restricted expression. 
In vivo, these endogenous selfpeptides are not naturally presented in sdlicient density 
by somatic cells expressing MHC class I molecules. They can, however, be presented if 
added exogenously. Thus, our data imply that CTLs are only tolerant of those 
endogenous self peptide sequences that are presented by MHC class I-positive cells in 
a physiological maker. 

S ELF TOLERANCE IN THE IMMUNE These limitations in peptide presentation 
system is established by elimination of have led to the postulate that T cells need 
self-reactive T lymphocytes during not be tolerant of those autologous peptide 

thymic differentiation (1). The self antigens sequences that are not physiologically pre- 
involved in this negative selection are com- sented by MHC-expressing cells in sufficient 
binations of self MHC molecules and other density if the above hypothesis on establish- 
self molecules, since T cells specific for com- ment of self tolerance is valid (6, 7). Thus, 
binations of self molecules and foreign nonphysiologic combinations of self MHC 
MHC are not negatively selected (2). ~ h e s e  andself pepttdes would not induce negative 
experiments confirmed the hypothesis (3) selection. o u r  data show this postulate to be 
that antigen recognition during establish- correct. 
ment of self tolerance follows the same rules Mouse spleen cells were stimulated with 
as those that apply to the recognition of 
foreign antigen in the mature immune sys- 
tem. CTLs were found to recognize specific 
peptide-defined epitopes of cellular pro- 
teins, for example, of viral origin, in the 
context of MHC class I molecules (4). Not 
all possible peptide sequences from a given 
endogenous cellular protein are actually pre- 
sented in sufficient density (5, 6). Several 
possible reasons have been put forward to 

several so"rces of peptides derived from 
autologous proteins in a manner that yields 
primary CTL responses to peptides (5). 
First, C57BLl6 [B6; ~ - 2 ~ ,  p2Mb (P2-micro- 
globulin allele)] or B10.C-H-3C (H-2', 
P2Ma) spleen cells were stimulated with a 
synthetic peptide representing amino acids 
77 to 89 of p2Mb, which is expressed in 
nearly all somatic cells including those thy- 
mic resident cells inducing self tolerance, 

account for this limitation, including speci- and in T cells themselves. -we consistently 
ficity of intracellular proteases, problems in 
peptide-MHC interaction, or self peptides 
competing for the relevant binding sites. 
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obtained CTL lines with specificity for the 
62Mb peptide regardless of the P2M allele 
expressed by responder cells (Fig. 1). Two 
representative CTL lines, one expressing 
P2Ma, the other p2Mb (Fig. 1, A and B), did 
not recognize p2Mb-expressing EL4 target 
cells, but they both killed EL4 cells incubat- 
ed with the stimulating p2Mb 77-89 pep- 
tide. The reactivity pattern of both lines was 
similar when tested on a panel of P2M- 

derived peptides. The P2Ma 77-89 peptide 
is hardly recognized or not at all. The P~M'  
77-89-specific CTL line 041 188-5 (P~M') 
can be more easily blocked with CD8-specif- 
ic antibody than the P2Mb-specific CTL line 
181B (p2Ma) (Fig. lC) ,  which was generat- 
ed by in vivo immunization (8). This sup- 
ports the suggestion that in vitro-primed, 
peptide-specific CTLs are of lower affinity 
than in vivpprimed CTLs (5). The P815 
targets (H-2d) incubated with P2Mb 77-89 
are not lysed by 041188-5 CTLs (Fig. ID),  
indicating MHC class I-restricted recogni- 
tion, since neither EL4 nor P815 cells ex- 
press MHC class 11. Thus, normal mice 
contained CTLs specific for a peptide de- 
rived from a ubiquitous autologous protein. 
These CTLs did not recognize target cells 
that express that protein. 

A second source of autologous peptide 
was prepared by hydrolysis of hemoglobin, 
as an example of an abundant protein with a 
specific tissue distribution. ~ e i f  tolerance to 
proteins not synthesized in the thymus is 
presumably established by presentation of 
imported protein by thymic antigen-pre- 
senting cells. Spleen cells from a B10.129- 
~ - 1 ~  mouse [ ~ - 2 ~ ,  Hbbd (hemoglobin al- 
lele)] or from a C57BLl10 mouse (H-2b, 
Hbbs) were stimulated with hydrolyzed he- 
moglobin of C57BLl10 (Hbbs). The CTL 
lines that developed did not distinguish 
between heterologous and autologou~ he- 
moglobin fragments, and they recognized 
autologous hemoglobin fragments in an 
antigen-specific and MHC class I-restricted 
fashion (Fig. 2). 

A third source of autologous peptides was 
prepared by tryptic digest of total liver 
proteins. B6.Kl (H-2') spleen cells were 
stimulated with such a pool of self peptides. 
In a parallel culture, B6.Kl spleen cells were 
stimulated against a pool of peptides derived 
by similar treatment of allogeneic 
BALB.HTG (H-2g) liver proteins. CTL 
lines derived from these cultures recognized 
the stimulating peptides in an antigen-spe- 
cific and MHC class I-restricted fashion 
(Fig. 3).  The line against autologous pep- 
tides (709Kl-5) cross-reacts to some extent 
with allogeneic fragments, and vice versa, 
indicating that some of the determinants 
recognized by either CTL line are mono- 
morphic be&een the two mouse strains. 

In conclusion, our data show that normal 
mice contain CTLs reactive with peptide 
sequences or fragments of ubiquitous or 
tissue-specific self proteins prepared in a 
nonphysiologic way, implying that such 
CTLs are spared from thymic negative selec- 
tion (9). The peptides recognized by our 
CTL lines may either be not produced at all 
by normal cells or they may be produced in 
insufficient quantities to be recognized by 
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