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T-Cell Receptor Signaling Pathway Exerts a Negative Control
on Thrombin-Mediated Increase in [Ca?*]; and p38 MAPK Activation
in Jurkat T Cells: Implication of the Tyrosine Kinase p56Lck

By Laurence Maulon, Sandrine Guérin, Jean-Ehrland Ricci, Dariush FarahiFar,
Jean-Philippe Breittmayer, and Patrick Auberger

Activation of the mitogen-activated protein kinase (Erk) and
c-Jun terminal kinase is a well-documented mechanism for
the seven transmembrane spanning receptors. We have
previously shown that thrombin stimulation of the T-
leukemic cell line Jurkat induced a transient increase in
[Ca2+]; and tyrosine phosphorylation of several cellular pro-
teins. Here, we have analyzed p42-44 MAPK, JNK and p38
MAPK activation using Jurkat T-cell lines deficient in either
the tyrosine kinase p56Lck (JCaM1) or the tyrosine phospha-
tase CD45 (J45.01). Our results demonstrate that p56Lck and
CD45 exert a negative control on thrombin-induced p38
MAPK activation and [Ca?*]; release in Jurkat cells. Thrombin
receptor expression was identical on the different cell lines
as assessed by FACS analysis. Tyrosine phosphorylation of
P38 MAPK was drastically increased after thrombin stimula-
tion of JCaM1 or J45.01 cells, as compared with parental
cells (JE6.1). P42-44 MAPK and JNK activity also enhanced

after thrombin treatment of JE6.1 and JCaM1 cell lines,
whereas basal kinase activity was higher in J45.01 cells and
was not further stimulated by thrombin. Thrombin and
thrombin receptor agonist peptide-induced [Ca2*]; mobiliza-
tion paralleled p38 MAPK activation in JCaM1 and J45.01
cells. Moreover, reconstitution of J45.01 and JCaML1 cell lines
with either CD45 or Lck is accompanied by restoration of a
normal thrombin-induced [Ca?*]; response and p38MAPK
phosphorylation. These data show that a component of the
T-cell receptor signaling pathway exerts a negative control
on thrombin-induced responses in Jurkat T cells. Accord-
ingly, we found that thrombin enhanced tyrosine phosphory-
lation of p56Lck and decreased p56Lck kinase activity in
J45.01 cells. Our results are consistent with a negative role
for p56Lck on thrombin-induced [Ca?*]; release and p38
MAPK activation in Jurkat T-cell lines.

© 1998 by The American Society of Hematology.

HE THROMBIN RECEPTOR is a member of the seven The MAP kinases refer to a family of apparented serine/
transmembrane receptor family that can transduce mitothreonine kinases, including p42-44 MAPK encoded by the

genic stimulation by coupling to heterotrimeric G proteins, Gi Erk2 and Erk1 gene that are activated by tyrosine and threonine
and/or Gt leading to activation of adenylate cyclase and phosphorylation in response to mitogenic stirkflf and the
phospholipase C respectively. Receptor activation occurs throughNK and p38 MAPK, which are also activated by tyrosine and
proteolysis by thrombin at a specific site in the N-terminal threonine phosphorylation after stress or triggering of heterotri-
portion of the receptor unmasking a sequence that functions asmeric G-protein—coupled seven-transmembrane—spanning recep-
ligand for the receptdr® Synthetic peptides corresponding to tors1®19These latters included both receptors that couple;to G
this sequence mimic the action of thromBifiT-leukemic cell  or to G, or both. In this line, it has been proposed that
lines stimulated with thrombin or the thrombin receptor agonistGga-mediated MAPK activation is PKC dependent and 'p21
peptide show increased cytoplasmic free calcium, phospholiindependent? whereas the Scoupled pathway is &y medi-
pase C stimulation, protein kinase C activation and as ated, p2®s dependent, and PKC-independé&hi? In addition,
consequence NEB activation!1® We have previously shown thrombin has been found to increase tyrosine kinase activity of
that thrombin and thrombin receptor agonist peptide-stimulatedsrc kinases in human platelets and hamster CCL39 fibro-
tyrosine phosphorylation of several cellular proteins and moreblasts?324 1t is also well established that Src family members
particularly proteins with molecular mass of 38, 42, 56, and 70are involved in the activation of the Ras signaling pathway
kD in Jurkat T cells.- Owing to the well-established effect of through adaptors molecules such as®kc p36 in T cells®
thrombin on p42-44 MAPK in different cell linéd;14it is likely Furthermore, it was recently proposed that thrombin induced a
that the two former proteins corresponded to members of thearansient rise in both p38 MAPK tyrosine phosphorylation and
MAP kinase family. activity in platelets, suggesting a role for this MAPK in
thrombin-mediated signaling events in platekéts.

This study took advantage of the availability of different
Jurkat cell lines deficient in either the tyrosine kinase p56Lck or
the tyrosine phosphatase CD45 to investigate the role of
components of the T-cell receptor (TCR) signaling pathway on
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described. Biotin-conjugated (4G10) antiphosphotyrosine antibody violet/blue ratio of 3,000 cells was determined every 15 seconds after
was purchased from UBI (Upstate Biotechnology, Lake Placid, NY), the addition of effectors.
phospho-p38 MAPK (Tyr 182) or (Thr 180, Tyr 182), and phospho-  Tyrosine protein phosphorylation and immunoblotting analysidu-
p44/42 MAPK (Tyr 204) antibodies from New England Biolabs rkat cells (3 10° cells/condition) were stimulated without or with
(Beverly, MA), anti-p56Lck from Santa Cruz Biotechnology (Santa either 100 nmol/L thrombin or 2.5 pmol/L thrombin receptor agonist
Cruz, CA). Peroxidase-conjugated secondary antibody was purchasqeeptide for the indicated times at 37°C. Stimulation was terminated by
from DAKO. P38 MAPK and JNK antibodies were kind gifts of Benoit chilling rapidly the cells in liquid nitrogen. Cells were solubilized in
Derijeard (Centre de Biochimie CNRS-INSERM, Nice, France). ATAP2 lysis buffer containing 50 mmol HEPES, pH 7.4, 150 mmol/L NaCl, 20
MoAb was a generous gift from Lawrence F. Brass (University of mmol/L EDTA, 10 mmol/L sodium orthovanadate, 100 mmol/L NaF,
Pennsylvania, Philadelphia). Bovine thrombin was obtained from1% Nonidet P-40 (NP-40), and a cocktail of protease inhibitors (5
Sigma and the highly potent thrombin receptor agonist peptide Ala-ug/mL aprotinin, 1 mmol/L phenylmethylsulfonyl fluoride, 1 pmol/L
pfluoro-Phe-Arg-Cha-homo-Arg-Tyr-NfP was purchased from Neo- pepstatin) for 30 minutes on ice and then centrifuged at 4°C for 15
system (Strasbourg, France). minutes at 13,000 rpm. Supernatants were analyzed on sodium dodecyl
Flow cytometry. Cells were first incubated with the antithrombin sulfate (SDS)-polyacrylamide gels and transferred to Immobilon mem-
receptor MoAb ATAP2 (1/200, 30 minutes, 4°C) followed by a brane (Millipore, Bedford, MA). Membranes were then blocked for 2
biotin-conjugated goat anti-mouse IgG secondary antibody (1/500, 3thours at room temperature with 3% (wt/vol) BSA and probed overnight
minutes, 4°C) and by streptavidin-phycoerythrin (1/500, 30 minuteswith biotin-conjugated (4G10) antiphosphotyrosine antibody or phospho-
4°C). Analyses were performed by flow cytometry on a FACScan flow specific p38 MAPK antibody or phospho-specific p44/42 MAPK
cytometer (Becton Dickinson, Mountain View, CA). antibodies. Blots were further incubated with horseradish peroxidase
Cytosolic-free C&" measurements. Cytoplasmic free calcium lev-  (HRP)-conjugated secondary antibody and immunoreactivity was de-
els were determined using the fluorescent dye indo-1 and an ATC 300€cted by enhanced chemiluminescence.
cytofluorograph, as previously descril®d? Briefly, cells were incu- P38 MAPK, p42-44 MAPK, JNK, and p56Lck activity assaySell
bated for 1 hour with 4 pumol/L indo-1 in a buffer containing 140 lysates were prepared as described earlier. After centrifugation, superna-
mmol/L NaCl, 5 mmol/L KCI, 0.7 mmol/L MgGJ, 0.7 mmol/L CaC}, tants were incubated at 4°C for 18 hours with anti-p38 MAPK,
20 mmol/L HEPES, 10 mmol/L glucose, and 0.1% bovine serumanti-JNK, anti-p42/44 MAPK, or anti-p56Lck antibodies preadsorbed
albumin (BSA) (pH 7.4) (calcium buffer) at a final concentration of 5  to protein A-Sepharose. Immune complexes were washed four times
1P cells/mL. After a fivefold dilution in the same medium, the mean with lysis buffer and once with kinase buffer A (20 mmol/L HEPES, pH
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97 kDa —

66 kDa — Fig 2. Induction of tyrosine phosphorylation of
cellular proteins by thrombin and thrombin receptor
agonist peptide in different Jurkat cell clones. Cells
were stimulated for the indicated times with 100

46 kDa — nmol/L thrombin (A) or 2.5 pmol/L thrombin recep-
tor agonist peptide (B). Proteins from cell lysates
were separated by SDS-PAGE and transferred to
Immobilon membranes for Western blotting with
biotin-conjugated 4G10 antibody. Blots were further
incubated with horseradish peroxidase-conjugated

30kDa — secondary antibody and immunoreactivity was de-

tected by enhanced chemiluminescence.

7.4, 10 mmol/L MgC}, 1 mmol/L dithiothreitol, 10 mmol/L p- Reactions were initiated by addition of ATP. After incubation at 30°C
nitrophenyl phosphate). Beads were finally resuspended in 40 pL kinastor 30 minutes, assays were terminated by the addition of 4 uL &f 10
buffer containing 5 pg of recombinant ATF2 (p38 MAPK and JNK) or 5 Laemmli sample buffer. The samples were heated at 95°C for 5 minutes
pg of MBP (p42-44 MAPK) and -32P]JATP (50 pumol/L, 5 uCi). and analysed by SDS/12% polyacrylamide gel electropheresis (PAGE).
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Fig 3. Effect of thrombin and thrombin receptor =p44 MAPK
agonist peptide on p42-44 MAPK tyrosine phosphor- - : — —p42 MAPK
ylation in different Jurkat clones. Cells were stimu- 30 kDa

lated for the times indicated with 100 nmol/L throm-
bin (A) or 2.5 pmol/L thrombin receptor agonist
peptide (B). Proteins from cell lysates were sepa- B 46 kDa
rated by SDS-PAGE and transferred to Immobilon
membranes for Western blotting with phospho- _—— - 3 —pa4 MAPK
specific p42-44 MAPK antibody. Development was =p42 MAPK
performed as described in Fig 1. 30 kDa —
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The gels were dried and subjected to autoradiography. P56Lck immunowere incubated for different times at 37°C with either 100
precipitates were performed as described earlier, except that thgmol/L thrombin or 2.5 pmol/L of the highly potent thrombin
incubation was performed in buffer B. (50 mmol/L HEPES, pH 6.8, 5 receptor agonist peptide Ala-pFluoro-Phe-Arg-Cha-homo-Arg-
mmol/l- MnCl, 5 mmol/L. MgC#) containing 10 g of enolase. Tyr-NH,.28 Cell lysates were immediately prepared and ana-
RESULTS lysed by immunoblotting with the antiphosphotyrosine anti-
Cell-surface thrombin receptor expressiorExpression of b_OdY ,4610_' Figure Z.A shows th‘,"lt thrombin induged arapid qnd
the thrombin receptor on different Jurkat cell lines was assesse%l',gmf'cant increase in the tyr.osme phosphorylation of protglns
by flow cytometry, using the monoclonal antibody (MoAb) with apparen_t molecular welght§ of 38 and 36 kD. T_yrc_;sme
ATAP2. Thrombin receptor was observed on the surface of thd?nosphorylation of these proteins was observed within 15
different Jurkat cell lines JE6.1 (parental) and variant clonesSeconds and was maintained for at least 1 minute. Significant
JCaM1, JCaM1/Lck, J45.01, and J45.01/CD45 with a similardifferences in the level of tyrosine phosphorylation of these
level of expression (Fig 1). proteins as well as other (more particularly in the 60-kD region)
Thrombin and thrombin receptor agonist peptide induced awere, however, observed in the three cell lines. Indeed, stimula-
rapid increase in cellular protein tyrosine phosphorylation in tion of p38 phosphorylation was only observed in JCaM1 and
different Jurkat cell lines. Parental cell line JE6.1, p56Lck- J45.01 cell lines, whereas phosphorylation of a p42/44-kD
deficient cell line JCaM1, and CD45-deficient cell line J45.01 protein was observed to various extent in the three cell lines.
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Fig 4. Effect of thrombin and
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using phospho-specific p38 15
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ric scanning of the p38 phos- .
phorylated band present in (A) P38 MAPK phosphorylation P38 MAPK phosphorylation
(thrombin-stimulated ~ Jurkat (arbitrary  units) (arbitrary  units)

clones) and (B) (thrombin recep-
tor agonist peptide stimulated
Jurkat clones) are shown. Re- £a JCaM1

sults are representative of three B J45.01
experiments. O JE6.1
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Moreover, the phosphorylation of a 36-kD protein increasedusing highly specific antiphosphotyrosine p38 MAPK antibody.
drastically in both deficient clones as compared with JE6.1. Therhrombin (Fig 4A) and thrombin receptor agonist peptide (Fig
same results were obtained when these different cell lines weréB) induced a significant increase in p38 MAPK tyrosine
stimulated by the thrombin receptor agonist peptide (Fig 2B). phosphorylation in both JCaM1 and J45.01 cells after a
Characterization of the low-molecular-weight thrombin- 1-minute incubation. As expected from the results of Fig 2, p38
stimulated tyrosine-phosphorylated protein§Several thrombin-  MAPK tyrosine phosphorylation was barely detectable in JE6.1
stimulated tyrosine-phosphorylated proteins have been identiafter thrombin or thrombin receptor agonist peptide stimulation.
fied in different studies, including p42-44 MAPKand p38 Increase in the phosphorylation of p38 MAPK cannot be
MAPK in human plateletd? To identify the proteins with accounted for by differences in the level of p38 MAPK, as
apparent molecular weight of 38 and 42 to 44 kD, we usedapproximatively the same amounts of p38 MAPK were detected
specific antiphosphotyrosine antibodies, that specifically recogby Western blot in each condition (Fig 4C). Densitometric
nized tyrosine phosphorylated p42-44 MAPK and p38 MAPK. scanning of the p38 phosphorylated band in the different Jurkat
Figure 3 shows tyrosine phosphorylation of p42-44 MAPK clones is shown in Fig 4D. There was a significant increase in
after thrombin and thrombin receptor agonist peptide stimulap38MAPK phosphorylation in thrombin and agonist peptide
tion. Thrombin (100 nmol/L) and thrombin receptor agonist induced JCaM1 and J45.01 clones, as compared with JE6.1
peptide (2.5 pumol/L) poorly stimulated tyrosine phosphoryla- cells, even though basal p38MAPK phosphorylation was higher
tion of p42—-44 MAPK in JE6.1. By contrast, thrombin induced in agonist peptide-treated cells. Thrombin induced a rapid
a significant increase in p42—-44 MAPK tyrosine phosphoryla-activation of p42-44 MAPK, P38 MAPK, and JNK in Jurkat
tion in J45.01 and in JCaM1 (Fig 3A). P42-44 MAPK was cell lines.
phosphorylated on tyrosine residues within 15 seconds. Identi- Thrombin induced a rapid increase in p42-44 MAPK activity
cal results were obtained with thrombin receptor agonist peptidén JCaM1 and JE6.1 within 15 seconds of stimulation. In
(Fig 3B), even though the ratio of p44 versus p42 phosphorylaJ45.01, basal level of p42-44 MAPK activity was elevated, and
tion was different in thrombin receptor agonist peptide- thrombin failed to stimulate Erk1/Erk2 further (Fig 5A).
stimulated cells versus thrombin-treated cells. Surprisingly, although p42-44 tyrosine phosphorylation was
Tyrosine phosphorylation of p38 MAPK after thrombin or poorly detected upon thrombin treatment of JE6.1 cells (Fig 3),
thrombin receptor agonist peptide treatment was also assess&thase activity was significantly increased (Fig 5A). However,

JCaM1 J45.01 JEG6.1
I 11 1T 1
Time : Sec 0 15 60 0 15 60 O 15 60
A 46 kDa — _
.." — MBP
30 kDa —
46 kDa — MAPK
— TEPER > | —p42 MAPK
30 kDa —
Fig 5. Effect of thrombin on
B 46 kDa — p42/44, p38 MAPK, and Jun ki-
nase activities in different Jurkat
-~ - . . clones. Cells were stimulated
—ATF2-GST with 100 nmol/L thrombin for
30 kDa — the times indicated. Cell .Iysatt.es
were prepared as described in
46 kDa — Materials and Methods and incu-
bated overnight with anti-p42/44
MAPK (A) , anti-p38 MAPK (B), or
-, w,/
—p38 MAPK anti-JNK antibodies (C) pread-
30 kDa —. sorbed to protein A-Sepharose.
Immune complexes were washed
and kinase activities were deter-
mined using myelin basic pro-
tein for p42-44 MAPK and ATF2-
C 46 kDa — GST for p38 MAPK and JNK.

£ Equal amounts of p42/44 MAPK
— ATF2-GST and p38 MAPK were immunopre-
- ‘“‘ - - cipitated in each condition (A

30 kDa — and B, bottom).
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this increase in MAP kinase activity could reflect phosphoryla- P56Lck exerts a negative control on thrombin-induced p38
tion on Thr of p42-44 MAPK, as the antibody used in the MAPK activation in Jurkat cells. As p56Lck is critical for
experiment presented in Fig 3 recognized specifically thesignaling via the TcR and TcR triggering induced a total loss
tyrosine-phosphorylated form of p42-44 MAPK. In JCaM1, of thrombin responsg,we sought to analyze the effect of
p42-44 MAPK tyrosine phosphorylation correlated with the thrombin on p56Lck phosphorylation and activity. The level of
kinase activity. However, we did not find a strict correlation p56Lck phosphorylation was visualized after a 1-minute throm-
between p42-44 MAPK phosphorylation and activity in both bin stimulation after immunoprecipitation, followed by Western
J45.01 and JE6.1 clones. Here again, phosphorylation oblotting with a rabbit polyclonal anti-p56Lck antibody. Throm-
threonine residues might explain some discrepancies observdan stimulated p56Lck tyrosine phosphorylation in J45.01 cells
between tyrosine phosphorylation of p42-44 MAPK and kinasewithin 15 seconds, whereas level of p56Lck phosphorylation
activity, but the simplest explanation for these differences isremained unchanged in JE6.1 (Fig 6A). As expected, p56Lck
likely to come from the different features of the antibodies usedphosphorylation was undectectable in JCaM1 cells (Fig 6A).
in each type of experiment. Nevertheless, variations in kinas@asal p56Lck phosphorylation was approximatively twofold
activity were not caused by differences in the amount oflesser in J45.01 cells as compared with JE6.1 cells. Further-
proteins loaded on the gels (Fig 5A, bottom). more, thrombin-induced phosphorylation of p56Lck was accom-
We then looked for p38 MAPK activity in thrombin- panied by a significant decrease in p56Lck autophosphorylation
stimulated Jurkat cells. Basal p38 MAPK activity was higher in (50% to 80%) and kinase activity (40% to 50%) in J45.01 cells,
J45.01 cells than in JE6.1 or JCaML1 cells (Fig 5B). This higheras judged by the phosphorylation of enolase (Fig 6B). Again
basal activity could perfectly be explained by the higher level ofinhibition of p56Lck kinase activity in J45.01 cells did not
phosphorylated p38 MAPK in J45. 01 cells (Fig 4A). Thrombin reflect differences in the amount of immunoprecipitated p56Lck
failed to induce P38 MAPK activity in JE6.1 according to the (Fig 6C).
fact that p38 MAPK was not phosphorylated in these cells (Figs Thrombin-induced [C&']; release is increased in J45.01 and
2 and 4). Conversely, thrombin induced a significant increase illCaM1 cells. Figure 7 depicts a time course of [C4 release
p38 MAPK activity in both deficient cell lines. after thrombin and thrombin receptor agonist peptide stimula-
Because p38 MAPK is known to be activated by proinflam- tion. Thrombin induced a transient increase in{Qa with a
matory cytokines and environmental stréssye also deter- peak at 45 seconds, in the three cell lines. This rapid increase in
mined JNK activity after thrombin treatment of Jurkat cell [Ca&*]; after thrombin stimulation has been ascribed solely to
variants. As shown in Fig 5C, thrombin was found to increasethe release from internal stofésand is mediated by the

JNK activity significantly, whatever the clones used. heterotrimeric pertussis toxin insensitive Gq proteffowever,
JCaM1 J45.01 JEG6.1
Time : sec : " H !
) 0 15 60 0 15 60 0O 15 60
A 67 kDa —
Fig 6. p56Lck tyrosine phos- - ) a» o e @ | —p56 Lck
phorylation and activity in dif-
ferent Jurkat cell clones. Cells 46 kDa —
were stimulated with 100 nmol/L .
thrombin for the times indicated. P56Lck PhOSPhQFY'at’OW 1 > > 1 1 1
(A) Cell lysates were immunopre- Fold increase

cipitated with 4G10 antibody
preadsorbed on protein A-Sepha-
rose. Immunoprecipitated proteins
were subjected to SDS-PAGE and B 67 kDa —
transferred to Immobilon mem-
branes for Western blotting with
anti-p56Lck antibody. Devel- 46 kDa —
opment was performed as de-

scribed above. (B) Cell lysates  pgglck autophosphorylation:
were immunoprecipitated with Fold increase 10,2 0,5 2 1,7 2

anti-pséLck  antibody pread- Enolase phosphorylation:
sorbed to protein A-Sepharose. R
Fold increase

After extensive washing, p56Lck
activity was determined with
enolase as exogenous substrate.

(C) Equal amounts of p56Lck c 67 kDa —
were immunoprecipitated in JE6.1 “ 4

and J45.01 cells. Note the lack of . .“ —Pp56 Lck
p56Lck and p56Lck activity in 46 kDa —
JCaM1.

—p56 Lck
--Enolase

10,6 0,51,61,31,5
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thrombin receptor agonist pep-

tide on [Ca?*]; in Jurkat clones

deficient in either the tyrosine

D kinase p56Lck or tyrosine phos-
phatase CD45. The cell lines used
were the leukemic cell line Jur-
kat (clone JE6.1, [-]) and two vari-
ants lacking p56Lck (JCaM1, A)
or the CD45 molecule (J45.01,
[X)). Cells were loaded with indo-1
as described in Materials and
Methods. Thrombin 100 nmol/L
or thrombin receptor agonist
peptide (2.5 pmol/L) was added
at 0 time and fluorescence moni-
tored as a function of time. (A
and C) Time course of thrombin
and thrombin receptor agonist
peptide effects. (B and D) Dose-
response curves for thrombin (2
| to 100 nmol/L) and thrombin re-

ceptor agonist peptide (0.1 to 2

0 S0 100 150 prmol/L) effects. Results are rep-
Time (sec) [Thrombin agoniste peptide], yM resentative of three different ex-

periments.
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400

the peak and amount of [€4; released were drastically induced [C&']; response and p38 MAPK phosphorylation.
increased (twofold to threefold) in J45.01 and JCaML1 cells adndeed, reconstitution of J45.01 and JCaM1-deficient cell lines
compared with parental cell lines JE6.1 (Fig 7A). Maximal with either CD45 or p56Lck was accompanied by loss of
stimulation was observed for 20 nmol/L thrombin, whatever thethrombin-mediated p38MAPK phosphorylation (Fig 8B and C).
cell lines (Fig 7B). The kinetics and dose-response curves for
thrombin receptor agonist peptide-induced {C# release in DISCUSSION
the three cell types were identical to those observed in the Thrombin effects on platelets, fibroblasts, and vascular
presence of thrombin (Fig 7C and D). However, {da  smooth muscle cells have been well documentethrombin
increase was always significantly higher in J45.01 cells, aplays a central role on platelets, causing aggregation and
compared with JCaM1 cells (Fig 7A through D). secretion of granules and on fibroblasts, eliciting mitogenic
Reconstitution of JCaM1 and J45.01 cells3/Ne then looked  responses. On vascular smooth muscle cells, thrombin enhances
for thrombin-induced [C&]; response and p38 MAPK phos- endothelial permeability and induces the production of both
phorylation after retransfection of CD45 and Lck-deficient inflammatory factor® and growth factors? Although thrombin
Jurkat cell lines. Consistent with the results depicted in Fig 7,also causes chemotaxis and adhesion of monocytes and neutro-
J45.01 and JCaML1 cell lines exhibited a huge increase irphiles3® its action on components of the immune system has
thrombin-induced [C&]; response, as compared with JE6.1 remained poorly documented. The recent characterization of the
cells (Fig 8A). This response was lost in cells stably retrans-thrombin receptor on T lymphocytes or T-leukemic cell lines
fected with CD45 and Lck. underscores the potential role of thrombin at sites of hemostatic
Moreover, there was a good correlation between thrombin-stress and inflammatioi?.10.39
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of p38 MAPK were detected in ? ” y _ -
each condition (not shown).
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We have examined signaling events after thrombin stimuladated by the CD45 tyrosine phosphatase may exert a negative
tion of Jurkat cell lines either deficient in the p56Lck tyrosine control on thrombin responses in Jurkat cells, a good candidate
kinase or the CD45 tyrosine phosphatase. We report here thdior this type of effect being p59Fyn. Finally, we also found that
thrombin activated the three MAPK pathways in Jurkat cells.a first treatment of JE6.1 cells with an anti-CD3 MoAb (OKT3)
P42-44 MAPK activation is a well-characterized mechanism fortotally impaired further stimulation by thrombin or the thrombin
G-protein—coupled recept&t941 Accordingly, we show that receptor agonist pepti@lgnot shown), whereas after a prior
thrombin induced tyrosine phosphorylation and activation of stimulation with OKT3, JCaM1, and J45.01 cells were still able
p42-44 MAPK in Jurkat T-cell lines. As previously reported in to respond fully to thrombin and thrombin receptor agonist
plateletst! thrombin responses are rapid and transient, maximapeptide (not shown). Taken together, these findings suggest a
within 15 seconds after stimulation with the protease or thecross-talk between signaling components of the TcR and those
thrombin receptor agonist peptide. P42-44 MAPK and JNK of the thrombin receptor, controling at least fChrelease and
activation were observed to various extent both in p56Lck andb38 MAPK activation. Interestingly, reconstitution of JCaM1
CD45-deficient cell lines and in parental cell lines, suggestingand J45.01 cells with either p56Lck or CD45 was sufficient to
that thrombin-induced p42-44 MAPK and JNK activity might restore normal thrombin responses (ie, identical to those
be largely independent on p56Lck or CD45 expression. observed in JE6.1 cells).

Conversely, phosphorylation and activation of p38 MAPK  Activation of the p38 MAP kinase cascade by seven-
was drastically higher in p56Lck and CD45-deficient cell lines, transmembrane receptors is a recently described mechanism of
suggesting that one or more components of the TcR signalingntracellular signaling by this family of receptots*2 On the
pathway exert a negative control on thrombin-induced p38basis of our findings on an enhanced response to thrombin in
MAPK activation in Jurkat cells. Furthemore, thrombin stimula- deficient cell lines, we hypothesized that the increase in
tion of Jurkat cells resulted in an increase in {Qarelease, thrombin-induced p38 MAPK activation and [€3 release
which was drastically enhanced in cell lines deficient in eithercould be due to the lack of p56Lck expression and to a decrease
the p56Lck or the CD45 molecule. In addition, thrombin and of p56Lck activity in JCaM1 and J45.01, respectively. Accord-
thrombin receptor agonist peptide-induced{Qarelease was ingly, we found that thrombin stimulated tyrosine phosphoryla-
significantly higher in J45.01 cells than in JCaM1 cells. Thetion of p56Lck in J45.01, but not in JE6.1 cells. This increase in
reasons for which J45.01 cells exibited higher levels offGa  p56Lck tyrosine phosphorylation was accompanied by a signifi-
than JCaML1 cells in response to thrombin or thrombin receptorcant decrease in kinase activity. Weiss and LittfAaacently
agonist peptide is unknown. This effect cannot be accounted foproposed that the basal state of activation of the TcR signaling
by differences in thrombin receptor expression in JE6.1, JCaMl1pathway is an equilibrium between positive and negative
JCaM1/Lck, J45.01, or J45.01/CD45 clones. However, one mayegulatory signals. Thus it appears that inhibition of p56Lck
supposed that besides p56Lck other signaling molecules regkinase activity could be the mechanism by which thrombin
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