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Summary

Peripheral blood CD4" CD45RO™ T cells activated in vitro are able to
induce expression of tumour necrosis factor-a (TNF-a) in monocytes via
a contact-dependent mechanism. Activation is achieved either with inter-
leukin-2 (IL-2)/IL-6/TNF-a over an 8-day period or cross-linking CD3
using anti-CD3 antibody for 48 hr. In this paper, we show that the p38
mitogen-activated protein kinase (MAPK) signalling pathway played dif-
ferent roles in the generation of effector function in these two types of
activated T cells. In anti-CD3 activated T cells, p38 MAPK is a negative
regulator for anti-CD3 induced cell proliferation and has no significant
effect on the acquisition of either the effector function (induction of
monocyte-derived TNF-a) or production of T-cell cytokines. In contrast,
the p38 MAPK signalling pathway is required for the acquisition of
cytokine-induced effector function and promotes cell proliferation and
cytokine production.
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T cells

Introduction

Contact between activated T cells and monocytes/macro-
phages induces pro-inflammatory cytokines such as
tumour necrosis factor-o (TNF-o), interleukin-1 (IL-1)
and IL-6."7 We previously demonstrated that T cells are
required to maintain the spontaneous TNF-o production
in rheumatoid synovial tissues via a contact-dependent
mechanism.> Evidence suggests that T cells in a chronic
inflammatory milieu may favour a T-cell receptor (TCR)
-independent mechanism®™ because of lower expression
of CD3¢” and TCR-(,*° combined with impaired cou-
pling to downstream signalling pathways.'® Furthermore,
we proposed that both the activated phenotype of rheu-
matoid synovial T cells'' and their effector function
(induction of monocyte-derived TNF-a)'? are both
induced and maintained by cytokines in the local milieu,
in a TCR-independent manner. The T lymphocytes stim-
ulated in this manner perpetuate inflammation via the
induction of pro-inflammatory cytokines from macro-

phages and other cell types present in the synovial mem-
brane, creating a vicious cycle of chronicity.

The CD4 memory cells isolated in peripheral blood
from healthy individuals can differentiate to resemble
rheumatoid T cells phenotypically, when stimulated with
TNF-o, IL-2 and IL-6 in vitro for 8 days."" These cyto-
kine-activated T cells (Tck cells) also acquire the ability
to activate monocytes/macrophages that produce cyto-
kines/chemokines in a contact-dependent mechanism
(Tck effector function). We have demonstrated that both
Tck and rheumatoid T cells use nuclear factor-xB (NF-
kB) signalling pathway in the monocytes/macrophages to
induce cytokines/chemokines. This induction was nega-
tively regulated by the phosphoinositide 3-kinase path-
way.>'? Although, T cells activated through their TCR
(Ttcr cells) were also able to activate monocytes/ to pro-
duce TNF-o, the induction was not NF-xB dependent
and was positively regulated by the phosphoinositide
3-kinase pathway.>'? Therefore, Tck cells have been used
as a surrogate in vitro model for rheumatoid T cells.

Abbreviations: FWB, FACS wash buffer; M ratio, T cell to monocyte ratio; Tck, cytokine-activated T cells; Ttcr, anti-CD3

activated T cells.
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Many signalling cascades can lead to the activation of
NF-xB, which includes the p38 mitogen-activated protein
kinase (MAPK) pathway. The involvement of p38 in the
inflammatory processes of macrophages was first reported
by Lee et al. in 1994." Since then, the development of
specific p38 inhibitors as therapeutic agents has been pur-
sued by many pharmaceutical companies. Despite encour-
aging pre-clinical and in vitro studies, small molecule p38
inhibitors have never progressed beyond phase II clinical
trials (reviewed in refs 14,15). The failure in clinical trials
was not only the result of a lack of efficacy [small
improvement on American College of Rheumatology 20
(ACR20)'°], but also adverse side effects including liver
injury and skin disorders both pertained to drug-related
effects in different cell types and potential ‘off-target’
effects.

We have previously documented differential signalling
pathways induced in monocytes/macrophages following
activation by Tck, TCR-activated (Ttcr) or rheumatoid T
cells. We have not yet explored the pathways involved in
the acquisition of effector function in these distinct sub-
sets. As p38 MAPK activation in response to IL-12/IL-18
stimulation has been reported in both natural killer cells'”
and mouse CD4 cells,'"® we explored the involvement of
p38 MAPK in Tck-activated and Ttcr-activated T cells.
We were able to demonstrate a contrasting role for this
kinase in the acquisition of effector function.

Materials and methods

Reagents

The following three reagents were generously donated
towards our research, human recombinant IL-6 by Novar-
tis (Basel, Switzerland), hrIL-2 by NIH AIDS Research
program (Bethesda, MD, USA) and hrTNF-o by Boeringer
Ingelheim (Biberach an der Riss, Germany).
Carboxyfluorescein succinimidyl ester (CFSE; Molecular
Probes, Breda, the Netherlands) was used to detect cell
proliferation, propidium iodide (PI) (Sigma, Dorset, UK)
was used for cell cycle analysis. Purified anti-CD8, anti-
CD56, anti-CD45RA, anti-CD19 and anti-CD235a (ery-
throcytes) antibodies used for the negative isolation of
CD4" CD45RO" (memory cells) were purchased from BD
Pharmingen (Oxford, UK). Antibodies for cell phenotype
analysis including anti-CD25, anti-CD69, anti-CD62
ligand (CD62L) and anti-CD49d conjugated with FITC,
Phycoerythrin (PE), PEcy5, Allophycocyanin (APC), or
Pacific-Blue were purchased from BD Pharmingen. Early
and late apoptosis was detected by Annexin/PI staining fol-
lowing the manufacturer’s protocol and the apoptosis
detection kit was purchased from Alexis Biochemicals, UK.
Rabbit polyclonal antibody SAK7 was a kind gift by Profes-
sor Saklatvala, Imperial College London. MAPK-activated
protein kinase 2 (MAPKAPK2), the substrate of p38, was

purchased from Millipore (Watford, UK). S$B202190
was purchased from CalBiochem (Nottingham, UK).
All reagents and media used were shown to contain
< 0-1 units/ml of endotoxin, tested by the Limulus amoe-
bocyte lysate assay (BioWhittaker, Walkersville, MD).

Human CD4" CD45RO™ cell isolation

Human peripheral blood lymphocytes and monocytes
were enriched from single-donor platelet-depleted blood
packs purchased from the North London Blood Fusion
Service (Colindale, UK) by centrifugal elutriation as
described previously.” Untouched CD4" CD45RO" cells
were negatively isolated by depleting CD8', CD19",
CD56" and CD45RA™ cells using either Miltenyi MACS®
isolation protocol as described elsewhere'' or LodeStars
beads (Varian Ltd, Oxford, UK). Routinely, CD4"
CD45RO" cells obtained using these protocols were more
than 95% pure. Natural killer and CD8 contaminating
cells were negligible (< 0-2%)).

Cell stimulation and monocyte co-culture

The Tck cells were generated from purified CD4"
CD45RO" cells as previously described.” The Ttcr cells
were generated by stimulation with 10 pg/ml plate-bound
anti-CD3 antibody (clone UCHT1; BD Pharmingen) for
48 hr. To inhibit p38 MAPK activity, 1 pm SB202190 or
an equivalent volume of DMSO (vehicle control) was
added to culture 60 min before cytokine stimulation.
Supernatants were harvest after day 8 (for Tck) or
48 hr (for Ttcr). Concentrations of interferon-y (IFN-y),
granulocyte—macrophage colony-stimulating factor
(GM-CSF), lymphotoxin-o (LT-o) and IL-10 were mea-
sured by sandwich ELISA as described previously.” The
Tck and Tter cells were then co-cultured with monocytes
at a ratio of 3:1 for 18 hr as described previously.?
Levels of TNF-a in the supernatants were determined by
ELISA.

Cell phenotype by FACS

Resting CD4" CD45RO™ cells and Tck and Ttcr cells were
stained with different combinations of surface molecule
antibodies and analysed using an LSR I flow cytometer
(BD Pharmingen) as described elsewhere.'!

Cell proliferation by FACS

Freshly isolated CD4" CD45RO" cells were labelled with
2-5 uM CFSE as described previously.” Cells were then
analysed by FACScan to ensure uniformed uptake of
CFSE before stimulation as described above. On the indi-
cated days, cells were collected and counter-stained with
different combinations of antibodies or with 5 pg/ml PI
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(added 5 min before acquisition) and analysed using LSR
I. Routinely, 100 000 events were acquired for analysis
using Frow]Jo.

Cell cycle analysis

Cells were collected on the days indicated and washed
twice with PBS before being fixed in ice-cold 70% etha-
nol. Then, 50 pg/ml PI and 100 pg/ml RNase were added
into the cell suspension before acquisition on the FACSC-
anto. The cell cycle phases were analysed on a gated
single-cell population.

p38 kinase assay

Cells were lysed at the times indicated in 800 pl kinase
lysis buffer (20 mm HEPES pH 7-4, 50 mm sodium
p-glycerol phosphate, 2 mm EGTA, 1% Triton X-100,
10% glycerol, 150 mm NaCl, 10 mm NaF, 1 mM sodium
orthovanadate, 2 mm dithiothreitol and 1 mm protease
inhibitor cocktail). Protein concentration was determined
by bicinchoninic acid assay and the kinase assay was per-
formed as described elsewhere,' using the in-house SAK7
antibody for p38 immunoprecipitation and 1 pg recombi-
nant MAPKAPK-2 as substrate.

Statistical analysis

Statistical analysis was performed using Prism 4.03 soft-
ware. The Kolmogorov—Smirnov normality test was car-
ried out to determine whether values from a dataset came
from a Gaussian distribution. Significance was determined
using paired, two-tailed Student’s t-test (when data were
normally distributed) and Wilcoxon’s rank test (when
data did not come from a normal distribution). P < 0-05
is considered significant.

Results

Differential kinetics of p38 activation in CD4 memory
cells activated either by IL-2/IL-6/TNF-a or by TCR
ligation

An in vitro kinase assay was used to measure the activity
of p38 in CD4 memory cells after stimulation of IL-2/IL-
6/TNF-o. or CD3 cross-linking. Consistent with published
data, the peak activation of p38 in anti-CD3 activated
CD4 memory cells occurred within 30 min, as measured
by the ability of p38 MAPK to phosphorylate its sub-
strate MAPKAPK-2 (Fig. 1). In comparison, the activity
of p38 was bi-phasic in CD4 memory cells stimulated
with IL-2/IL-6/TNF-a. A strong peak of p38 activity
occurred 5 min after cytokine stimulation, followed by a
weaker but distinct second increase in activity at 60 min
(Fig. 1).
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Figure 1. Kinetics of p38 activation in cytokine-activated T (Tck)
and anti-CD3 activated T (Ttcr) cells. CD4" CD45RO™ T cells were
stimulated with interleukin-2 (IL-2)/IL-6/tumour necrosis factor-o
(TNF-a) or plate-bound anti-CD3. Cell lysates were collected at the
indicated time. Activity of p38 was determined by phosphorylatation
of its substrate mitogen-activated protein kinase-activated protein
kinase 2 (MAPKAPK2) in the kinase assay described (upper panel)
and was measured by densitometer analysis and plotted as percent-
age of maximum response (lower panel). One representative experi-
ment of three independent experiments is shown.

Activation of p38 MAPK is crucial for the acquisition
of Tck, but not Ttcr, effector function

To investigate whether early bi-phasic p38 activity played
a significant role in the process of Tck effector function
acquisition, resting CD4 memory cells were pre-treated
with the p38 inhibitor SB202190 for 1 hr before IL-2/IL-
6/TNF-o stimulation. Eight days following cytokine stim-
ulation the ability of these cells to activate monocytes, as
measured by TNF-o production, was determined. This
time-point was chosen based upon our previous observa-
tions that cytokine-activated T cells are maximally stimu-
lated at day 8. SB202190 treatment significantly reduced
the ability of Tck cells to induce monocyte TNF-a pro-
duction when compared with Tck cells generated in the
presence of DMSO (control) (P < 0-005, Student’s ¢-test,
Fig. 2a). Hence, Tck cells generated in the presence of
DMSO (control) activated monocytes to produce an aver-
age of 884 + 1224 pg/ml TNF-o (range 87-3300 pg/ml)
whereas, SB202190 pre-treated Tck cells only activated
monocytes to produce an average of 248 * 358 pg/ml
TNF-o (range 11-1344 pg/ml). In four out of 13 experi-
ments, inhibition of early p38 activation resulted in 80%
reduction of Tck effector function. This suggests that the
early bi-phasic activation of p38 in Tck cells is critical for
the acquisition of the effector function.

In contrast, the ability of Ttcr cells to activate mono-
cytes to produce TNF-o was not significantly modulated
by pre-treatment with the p38 inhibitor (Fig. 2a). The
Tter cells generated in the presence of DMSO, activated
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Figure 2. Early p38 activity regulated the effector function of cytokine-activated T (Tck) cells but not anti-CD3 activated T (Ttcr) cells.
CD4" CD45RO" T cells were stimulated with interleukin-2 (IL-2)/IL-6/tumour necrosis factor-o. (TNF-o) for 8 days or with plate-bound anti-
CD3 for 48 hr. Each symbol represents an individual donor. All results are presented as a percentage change of those generated without
S$B202190. (a) The ability of Tck + SB202190 and Ttcr + SB20219 to activate monocytes was determined by TNF-a produced after co-culture
with autologous monocytes for 18 hr. Tck versus Tck + SB202190: n = 13, P < 0-005; Ttcr versus Tter + SB202190: n = 5, not significant.
(b) Change of CD69, CD25, CD62L and CD49d expression on Tck £ SB202190. n = 23. p38 inhibition significantly down-regulated mean fluo-
rescence intensity of CD69 (P < 0-0001) and CD25 (P < 0-0005). (c) Expression of CD69 (n = 6), CD25 (n = 6), CD49d (n = 4) and CD62L

(n = 4) were not significantly modulated by SB202190 in Ttcr cells.

monocytes to produce 533 + 461 pg/ml TNF-o (range
86-1260 pg/ml) compared with 650 + 507 pg/ml TNEF-a
(range 242-1384 pg/ml) induced by SB202190 pre-treated
Tter cells.

Expression of CD69 and CD25 on CD4" CD45RO™
Tck cells is modulated by p38 inhibition

We previously determined that Tck activation causes the
up-regulation of several T-cell activation markers includ-
ing CD25, CD69, CD62L and CD29/CD49d (VLA-4).
CD69 and CD49d has previously been implicated in the
activation of monocytes by T cells by us'' and others.’
Pre-treatment with SB202190 did not alter the expression
levels of CD62L or CD49d on Tck cells (Fig. 2d) or Ttcr
cells (Fig. 2e). CD69 was up-regulated on both Tck and
Tter cells and its expression was significantly attenuated
on Tck cells pre-treated with SB202190 (Fig. 2d) but not
on the Tter cells (Fig. 2e). This suggests that the up-regu-
lation of CD69 was p38 dependent when CD4 memory
cells were activated through cytokine receptors but not
following TCR ligation.

© 2010 The Authors. Immunology © 2010 Blackwell Publishing Ltd, /Immunology, 132, 104-110

The p38 inhibition was also found to significantly
down-regulate CD25 in Tck cells (Fig. 2d) but not Ttcr
cells (Fig. 2e). T regulatory cells (Treg cells) are character-
ized by their high expression of CD25%° Pre-incubation
with SB202190 did not alter the percentage of Treg cells
following cytokine-activation (data not shown). This sug-
gested that p38-dependent acquisition of Tck effector
function was not carried out through manipulation of
Treg cells in culture.

Cytokine secretion by Tck cells is decreased by p38
inhibition

Given the role of p38 in the stabilization of pro-inflam-
matory cytokines including TNF-o and IFN-y (reviewed
in ref. 21), we investigated the effect of p38 inhibition on
the cytokines produced by Ttcr and Tck cells. In agree-
ment with published papers, IFN-y, LT-o and GM-CSF
production by Tck cells after 8 days of culture were
reduced significantly by p38 inhibition. Pre-treating CD4
memory cells with SB202190 before IL-2/IL-6/TNF-a
stimulation reduced the concentration of IFN-y from
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10658 + 28115 to 1443 + 2897 pg/ml (P < 0-006, Stu-
dent’s t-test); LT-o from 1241 + 2181 to 851 + 1776 pg/
ml (P < 0-005, Wilcoxon rank test); GM-CSF from
3579 + 2299 to 586 + 1394 pg/ml (P < 0-0001, Student’s
t-test); and IL-10 from 11 + 16 to 2 + 3 pg/ml

In contrast, p38 MAPK activation showed no signifi-
cant modulation of the cytokine production of Ttcr cells
(Wilcoxon paired rank test). Production of IFN-y was
8306 = 5708 pg/ml by Tter cells compared with
37751 £ 33533 pg/ml by Ttcr generated in the presence of
SB202190; LT-o production was 8192 + 17949 pg/ml
compared with 15048 + 32677 pg/ml; GM-CSF was
9247 + 8965 pg/ml compared with 12439 + 12497 pg/ml
and IL-10 was 948-6 £ 1250 pg/ml compared with
1086 + 930-4 pg/ml.

SB202190 inhibits proliferation of CD4" CD45RO™
Tck cells but promotes proliferation of Ttcr cells

The proliferation of CD4 memory cells upon IL-2/IL-6/
TNF-o stimulation was p38 dependent (Fig. 3a,b). Tck
cells started to divide 3 days after cytokine stimulation
and at least six cell divisions were detected by CFSE dilu-
tion by day 8 and pre-treatment with SB202190 resulted
in a 50% reduction in the proportion of Tck cells that
underwent proliferation. Annexin V analysis showed that
there was no pronounced difference in the percentage of
apoptotic cells between SB202190-treated and DMSO-
treated Tck cells (Fig. 3¢). The actual cell numbers at day
8 were comparable between Tck cells generated in the
presence or absence of SB202190 (Fig. 3e), this implies
that Tck cells generated in the presence of SB202190 were
non-proliferative but viable. This was reflected by the fact
that fewer cells entered into S and G, phases of the cell
cycle when Tck cells were pre-treated with SB202190
(Fig. 3d) (at day 6, a reduction from 5% to 3% was seen
following S$B202190 treatment in Tck cells) suggesting
that more cells were arrested in Go/G; phase. The reduc-
tion of Tck cells entering into the cell cycle following
SB202190 treatment was reproduced in at least four
individual donors.

In contrast, inhibition of p38 MAPK activity resulted
in an increased proliferation of CD4 memory cells stimu-
lated with anti-CD3 antibody (Fig. 4a,b). The Ttcr cells
started to divide 3 days after anti-CD3 stimulation and
35% of cells had undergone cell division measured by
CFSE dilution at day 8. CD4 memory cells pre-treated
with SB202190 were hyperproliferative with nearly twice
as many Tter cells (> 70%) undergoing cell division. This
increase in cell proliferation was reflected in more Ttcr
cells passing through Go/G; to S phase transitional check
points when p38 activity was inhibited (at day 5
SB202190 pre-treatment increased the proportion of Ttcr
cells in S/G, phases from 10% to 30%) (Fig. 4d). Analysis
of Annexin V showed that SB202190 suppressed apoptosis
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Figure 3. p38 activation promoted cytokine-activated T (Tck) cell
proliferation. CFSE-labelled Tck cells were differentiated in the pres-
ence or absence of SB202190. (a) Proliferation of CFSE-labelled
Tck + SB202190 after 8 days. A representative of seven experiments
is shown. (b) and (c) Proliferation and apoptosis of Tck £ SB202190
over 8 days. (d) The proportion of Tck + SB202190 in S and G,
phases of cell cycle at indicated days (a representative of four experi-
ments). (e) Cell number in Tck £ SB202190 cultures at day 8.

of Tter cells (Fig. 4c). This resulted in more than twice
the number of cells (Fig. 4e). This finding was reproduced
in four individual donors.

Discussion

p38 MAPK as a therapeutic target for inflammatory dis-
eases was first proposed when Lee et al. discovered its role
in the regulation of TNF-« p1roduc:tion.13 However, clini-
cal trials of its inhibitors have been largely disappointing
because of adverse side effects. In this study, we have
demonstrated distinct roles of p38 MAPK in the acquisi-
tion of effector function and cell cycle regulation of T
cells activated by cytokines or TCR ligation. We were also
able to demonstrate that p38 positively regulates the effec-
tor function of Tck cells (an in vitro model for rheuma-
toid T cells) but played a minimal role in TCR-activated
T cells (Tter cells).

In this paper, we showed that the up-regulation of
CD69 was p38-dependent in Tck cells but not in TCR-
stimulated T cells. We reported previously that blockade
of CD69 interaction with its unknown ligand(s)
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Figure 4. p38 activation suppressed anti-CD3 activated T (Ttcr) cell
proliferation. CFSE-labelled Ttcr cells were differentiated in the pres-
ence or absence of SB202190. (a) Proliferation of CFSE-labelled
Tter £ SB202190 after 8-day culture. A representative of four experi-
ments is shown. (b, ¢) Proliferation and apoptosis of Ttcr
+ SB202190 over 8 days. (d) Proportion of Ttcr cells entered into S
and G, phases of cell cycle at indicated days. (e) The day 8 cell num-
ber in Tter + SB202190 cultures.

significantly inhibited the Tck contact-dependent activa-
tion of monocytes and spontaneous TNF-o production in
rheumatoid synovial membrane ex vivo cultures.'’ It was
also reported by others that, induction of IL-1 in mono-
cytes/THP-1 by anti-CD3-activated T-cell lines were also
partially CD69 dependent.”*** In addition, activation of
macrophages by IL-15-stimulated T cells and rheumatoid
T cells were also CD69 dependent.”* Taking this into
account, p38-dependent acquisition of Tck effector func-
tion may be partly to the result of regulation of CD69 by
p38 MAPK.

Tck cells require cell division to acquire effector func-
tion (Nicola MG Smith, paper in preparation) and we
have shown that p38 activation promoted the transition
from Gy, phase to S phase, leading to cell division. The
observation that p38 MAPK is a negative regulator of cell
proliferation and suppressed Gy, to S phase transition in
Tter cells was not expected. These findings contradict
published data by Geginat et al.>> showing that p38 did
not have an inhibitory effect on cell proliferation in
human primary CD4" cells activated by anti-CD3 liga-
tion. The expression of p275P! (a cell cycle inhibitor) was

decreased in both Tck and Tter cells; however, p38-medi-
ated cell cycle control in Tck cells was not p275P' depen-
dent (data not shown). Exreacellular-regulated kinase 1
(Erkl) and Erk2 have been shown to be the main regula-
tors of the mammalian cell cycle (reviewed in refs 26 and
27) and the involvement of p38 MAPK signalling is not
clearly defined as yet. In fibroblast cell lines, p38 activa-
tion led to cell cycle arrest by blocking G; to S phase
transition®® by inhibition of activator protein 1 and ETS1
dependent synthesis of cyclin D.** A similar function of
p38 has not been reported in CD4" T cells. Indirect evi-
dence suggests that activity of p38 MAPK is elevated in
anergic mouse T cells’®’! and that p38 negatively regu-
lated the Erk-dependent IL-2 transcription in human T
cells by ‘weak’ anti-CD3/anti-CD28 stimulation (at sub-
optimal concentrations).*

Our data clearly demonstrate that p38 MAPK acted as
a suppressor of cell division in Ttcr cells, supporting the
T-cell anergy model whereby activation of p38 MAPK is
important to maintain the non-proliferative status of T
cells when stimulated through TCR cross-linking without
co-stimulation. Notably, with regard to p38 MAPK as a
therapeutic target for inflammatory diseases, these data
indicate that p38 MAPK inhibition may lead to adverse
effects such as the reversal of T-cell clonal anergy.

The p38-dependent up-regulation of CD69, cell cycle
arrest and reduction of effector function appears to be
exclusively related to cytokine-activated Tck cells. As
rheumatoid T cells are functionally mimicked by Tck
cells,>'" these data suggest that p38 inhibition in rheuma-
toid T cells may be of therapeutic value. We previously
showed that delivery of p38 dominant-negative virus to
rheumatoid synovial cultures significantly inhibited spon-
taneous TNF-o production.” It is intriguing to speculate
that this inhibition was both through p38 inhibition in
macrophages (blocking TNF-o production) and through
blockade of Tck-like activity in rheumatoid arthritis
synovial membrane.

In conclusion, this study demonstrates for the first time
that p38 MAPK differentially regulates effector function
of TCR-dependent and TCR-independent activation of T
cells. Distinct temporal and spatial p38 phosphorylation
patterns in Tck and Ttcr cells may reflect the two activa-
tion pathways (MAPK kinase-dependent and -indepen-
dent pathways) reported by Salvador et al.’* and Yang
et al.'® These studies describe that, in addition to the
Gadd45p/Gadd45y/MEKK4 signal axis described in cyto-
kine-activated T cells,'®>° an alternative TCR/Lck/ZAP70/
pTyr232p38 signal pathway’* was found in T cells acti-
vated by anti-CD3/CD28. Both pathways ultimately lead
to Thr180/Tyr182 phosphorylation of p38 but, with dif-
ferent phenotypic outcomes. This suggests that the identi-
fication of the downstream events of p38 MAPK
activation may lead to more specific therapeutic targets
for the treatment of chronic inflammatory diseases.
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