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Tumor necrosis factor a (TNF-a) is a cytokine impli-
cated in the pathogenesis of numerous chronic and
acute inflammatory conditions. We have previously
shown that mouse Sertoli cells respond to TNF-a by
increasing interleukin-6 production and intercellular
adhesion molecule-1 (ICAM-1) expression (1). In this cell
type TNF-a activates the mitogen-activated protein ki-
nase (MAPK) pathways p42/p44 MAPK, JNK/SAPK, and
p38, the last of which is responsible for interleukin-6
production (2). To determine which MAPK signaling
pathway is required for TNF-a induction of ICAM-1 ex-
pression, we have utilized the protein kinase inhibitor
dimethylaminopurine, demonstrating that treatment of
Sertoli cells with such compound significantly reduced
ICAM-1 expression and JNK/SAPK activation. More-
over, dimethylaminopurine treatment increased the ex-
pression of MAPK phosphatase-2, providing a possible
mechanism of action of this compound. By using agonist
antibodies to p55 and to p75 TNF-a receptors and both
human and mouse TNF-a, we demonstrate that both
TNF receptors are expressed and that only the p55 re-
ceptor is involved in ICAM-1 expression. The p55 recep-
tor activates all of the three pathways, whereas p75
failed to activate any of the MAPKs. Altogether our re-
sults demonstrate that TNF-a up-regulates ICAM-1 ex-
pression through the activation of the JNK/SAPK trans-
duction pathway mediated by the p55 receptor.

Mammalian cells respond to a broad variety of extracellular
stimuli by activating protein kinase “cascades” that are in-
volved in the amplification of the signal allowing a diverse
array of cellular responses to take place. Tumor necrosis factor
a (TNF-a)1 is a potent multifunctional cytokine produced pre-
dominantly by activated macrophages (3) that induces many
physiological effects on a wide variety of cells. Its involvement
in the induction of an inflammatory state is well established
and includes the induction of the expression of adhesion mole-

cules (4–6). In endothelial cells the induction of ICAM-1,
VCAM-1, and E-selectin has been reported to be regulated at
the level of gene transcription and to require binding of the
nuclear transcription factor kB (NF-kB) to the regulatory re-
gions within the promoters of each of these genes (7–10).

The acquisition of surface adhesive properties by cells is
important for inflammatory processes dependent on cell migra-
tion. Moreover, TNF-a alters the barrier function of endothe-
lium by increasing the permeability of endothelial cells to mac-
romolecules (11, 12).

Much information is known about the TNF-a receptors and
how TNF-a interacts with them (13–15), but there is limited
knowledge about the signal transduction mechanisms in-
volved. The biological activities of TNF-a are mediated by two
structurally related but functional distinct receptors, p55 and
p75, belonging to the TNFR gene family (16–19).

TNF-a initiates its pleiotropic action by binding to either of
two receptors that do not contain an intrinsic protein kinase
activity. The two receptors are coexpressed on the surface of
most cell types. The receptors are activated by the clustering
induced upon binding of their respective oligomeric ligands.
Surface-associated p75 is postulated to enhance p55-dependent
responses by recruiting TNF-a to the cell membrane and pass-
ing the ligand to p55 according to the ligand-passing model
(20). However, it has recently been demonstrated that ligand-
passing is not the only mechanism for the enhancement of
specific p55 responses by p75 but that partially overlapping
intracellular signaling events are also triggered by both p55
and p75 (21).

The lack of an intrinsic kinase activity implies the interac-
tion of TNF-R with accessory proteins that couple the receptor
to signaling pathways. In mammalian cells three distinct and
parallel so called mitogen-activated protein kinase (MAPK)
cascades have been discovered: p42/p44 MAPKs (22, 23), p38
kinase (24–27), and JNK/SAPK (28, 29). So far at least 10
different protein kinases have been identified as members of
such cascades (30). The large number of these enzymes and
their overlapping specificities in vitro has made it extremely
difficult to identify the physiological roles and the substrates of
individual members. This problem is particularly relevant in
the case of MAPKs and JNK/SAPK because they are activated
by the same extracellular agonists and because they all phos-
phorylate serine and threonine residues that are followed by
proline (31–33).

Sertoli cells, also known as “nurse cells” are responsible for
the maintenance of the microenvironment in which postmeiotic
development takes place and are the target for the hormones
regulating spermatogenesis. In the testis TNF-a is known to be
produced by germ cells (round spermatids) (34) and to affect
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Sertoli cell activity (35). We have previously demonstrated that
cultured Sertoli cells treated with TNF-a increase surface ex-
pression of adhesion molecules (ICAM-1 and VCAM-1) and IL-6
production (1).

More recently we have analyzed the intracellular signaling
pathways that bring about these responses. We demonstrated
(2) that in mouse Sertoli cells TNF-a rapidly (within minutes)
induces the phosphorylation and hence the activation of the
p38 kinase and of activating transcription factor-2. Moreover, it
activates the p42/p44 MAPK pathway, as demonstrated by the
increased phosphorylation of its substrate Elk-1 and JNK/
SAPK as revealed by the phosphorylation of c-Jun. These data
indicate that TNF-a activates all of the three parallel MAPK
cascades. By using small cell-permeant compounds SB203580
(24, 30, 36) and PD98059 (30, 37, 38), which are specific inhib-
itors of p38 and p42/p44 MAPKs, respectively, we identified the
biological role of these enzymes. We could in fact ascertain that,
in Sertoli cells, the biological responses to TNF-a are subject to
a dual control; the activation of p38 leads to IL-6 production,
whereas neither p38 nor p42/p44 MAPKs regulate the induc-
tion of ICAM-1 and VCAM-1 (2).

In this study, by using the protein kinase inhibitor dimeth-
ylaminopurine (DMAP) (39, 40), we present evidence that fur-
ther dissects the signal transduction pathway of TNF-a leading
to ICAM-1 induction on Sertoli cells. Recently DMAP was iden-
tified as an useful reagent for the characterization of TNF
signaling in endothelial cells. In these cells, in fact, TNF acti-
vates JNK/SAPK and ceramide-activated protein kinases and
augments Jun-b expression. DMAP abrogates or attenuates
these events without affecting TNF binding, suggesting that its
effects result from action at post receptor sites (41). The ability
of DMAP to affect signaling induced by TNF, but not by hista-
mine, demonstrated that the effects of DMAP on the responses
to TNF are specific (41). Here, we report in mouse Sertoli cells
that DMAP inhibits the TNF-a up-regulation of ICAM-1 and
the activation of JNK/SAPK, thereby providing strong evidence
for the essential role of the JNK/SAPK pathway in the induc-
tion of ICAM-1 by TNF-a in these cells.

The DMAP pretreatment, followed by TNF-a exposure, sig-
nificantly increased the expression of MKP-2, which is a dual
specificity phosphatase that recognizes the homologous tripep-
tide phosphorylation sites required for activation of JNK/SAPK
(42, 43). Finally we demonstrate that the effect of DMAP is
specific because IFN-g up-regulation of ICAM-1 is not affected
by DMAP treatment.

Furthermore, by using agonist antibodies to the p55 and to
the p75 TNF-a receptors, we demonstrate the involvement of
only the p55 receptor in ICAM-1 up-regulation. These results
are in agreement with data previously described, indicating
that p55 is the primary signaling receptor through which the
majority of inflammatory responses classically ascribed to
TNF-a occur (44–46).

EXPERIMENTAL PROCEDURES

Materials—DNase, collagenase, recombinant murine, and human
TNF-a were purchased from Roche Molecular Biochemicals, trypsin
was from DIFCO (Detroit, MI), and DMAP was from Sigma.

Sertoli Cell Cultures—Sertoli cells were prepared from CD1 mice as
described previously (47). Briefly, testes from 15-day-old animals were
sequentially digested for 20 min, first with Hanks’ solution containing
0.25% trypsin 1 10 mg/ml DNase and then with Hanks’ solution sup-
plemented with 0.1% collagenase 1 10 mg/ml DNase to remove inter-
stitial tissue and peritubular cells. Fragments of seminiferous epithe-
lium mainly composed of Sertoli cells were cultured at 32 °C in 95% air
and 5% CO2 in serum free minimum essential medium (Life Technolo-
gies, Inc.). After 3 days, Sertoli cell monolayers were incubated at room
temperature with 20 mM Tris-HCl buffer, pH 7.4, for 2 min to remove
residual germ cells present in the culture (48). Sertoli cell cultures were
routinely checked for possible contamination by macrophages and peri-

tubular myoid cells by indirect immunofluorescence with anti-macroph-
age monoclonal antibody (Mac-1 antigen CD11/b, Roche Molecular Bio-
chemicals) and by histochemical detection of alkaline phosphatase
activity (49).

At the 4th day of culture, Sertoli cell monolayers were treated with
20 ng/ml murine TNF-a or 500 units/ml IFN-g for 18 h with or without
pretreatment of 15 min with different concentrations of DMAP. Parallel
experiments were performed using human TNF-a or agonist mono-
clonal antibodies specific for the two receptors p55 and p75 at 10, 20,
and 40 mg/ml (the antibodies were kindly provided by Dr. W. A. Buur-
man, University of Maastricht) as described in Refs. 50 and 51. At the
indicated time Sertoli cells were analyzed for ICAM-1 expression by
flow cytometric analysis or utilized for measuring JNK/SAPK activity.

Flow Cytometry—Control and treated Sertoli cells were detached
with 0.02% EDTA and washed with cold phosphate-buffered saline 1
1% bovine serum albumin. For detection of ICAM-1 expression on
Sertoli cell surface we used the fluorescein isothiocyanate-conjugated
hamster IgG anti-mouse CD54 (ICAM-1) monoclonal antibody (Pharm-
ingen, San Diego, CA). Specific monoclonal antibody or the appropriate
isotypic control monoclonal antibody was used at 1 mg/106 cells for 30
min on ice. Cells were then washed twice with phosphate-buffered
saline 1 1% bovine serum albumin and analyzed with a FACSTAR flow
cytometer (Becton Dickinson Labware). Cells were gated using forward
versus side scatter to exclude dead cells and debris. Fluorescence of 104

cells/sample was acquired in logarithmic mode for visual inspection of
the distributions and in linear mode for quantitating the expression of
the relevant molecules by calculating the mean fluorescence intensity.

JNK/SAPK Kinase Assay—This assay was performed by using a
JNK/SAPK assay kit purchased from New England Biolabs and follow-
ing the manufacturer’s instructions. The kit employs an N-terminal
c-Jun bound to Sepharose to selectively “pull down” JNK/SAPK from
cell lysate, after which the kinase reaction is carried out in the presence
of cold ATP (28, 29). c-Jun phosphorylation is selectively measured
using phospho-specific c-Jun antibodies.

The cell lysates were prepared from Sertoli cells pretreated for 15
min with 1 mM DMAP before addition of TNF-a. After 25 min the kinase
reaction was terminated by the addition of 33 SDS sample buffer, and
the samples were run in a 12% SDS-polyacrylamide gel electrophoresis
followed by transfer onto nitrocellulose (Hybond C, Amersham Phar-
macia Biotech). The membrane was subsequently incubated with phos-
pho-c-Jun antibodies and then with secondary horseradish peroxidase-
conjugated anti-rabbit antibody, and finally the chemiluminescence
detection was performed with LumiGLO provided with the kit.

Western Immunoblotting—Total Sertoli cells lysates were prepared
by lysing and scraping the cells off the culture plate with 10 mM

Tris-HCl, pH 6.8, 0.4 mM EDTA, 2% SDS, leupeptin, aprotinin, and
antipain (10 mg/ml each); 1 mM phenylmethylsulfonyl fluoride (Sigma),
and the following phosphatase inhibitors: 10 mM sodium fluoride, 0.4
mM sodium orthovanadate, and 10 mM pyrophosphate.

The protein concentration of each sample was determined by using
the micro BCA method (Pierce). Equal amounts of proteins (70 mg) were
subjected to SDS-polyacrylamide gel electrophoresis and then trans-
ferred onto nitrocellulose. The filters were saturated with 5% nonfat dry
milk in Tris-buffered saline. Phospho-specific anti-p38 and phospho-
specific anti-p42/p44 MAPK and phospho-specific anti-JNK/SAPK were
purchased from New England Biolabs. Rabbit polyclonal antibodies
against MKP-2 and p55 TNF- a receptor were from Santa Cruzx, and
the antibody against the p75 TNF-a receptor was from HyCult Biotech-
nology. The secondary antibodies were horseradish peroxidase-conju-
gates (Zymed Laboratories Inc.). After the first and second antibodies,
the membranes were washed three times for 15 min with Tris-buffered
saline containing 0.05% Tween, and the detection was performed by
using the chemiluminescence system (ECL, Amersham Pharmacia
Biotech).

RESULTS

Activation of JNK/SAPK Pathway by TNF-a Leads to
ICAM-1 Expression—Our previous results showed the involve-
ment of p38 in the production of IL-6 by Sertoli cells in response
to TNF-a treatment. Moreover by using specific inhibitors of
p38 and p42/p44 MAPKs, we further demonstrated that nei-
ther p38 nor p42/p44 MAPKs take part in the induction of
ICAM-1 (2). To investigate the mechanisms involved in this
biological response of Sertoli cells to TNF-a, we utilized the
protein kinase inhibitor DMAP to evaluate the possible in-
volvement of JNK/SAPK. By flow cytometric analysis we ob-
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served that DMAP significantly inhibits ICAM-1 induction by
TNF-a (Fig. 1a). A relevant reduction of ICAM-1 expression is
obtained at 0.05 mM DMAP, and 1 mM DMAP completely abol-
ishes the effect of TNF-a. In contrast all the concentrations of
DMAP tested failed to inhibit ICAM-1 up-regulation induced
by IFN-g (Fig. 1b), indicating that the effect of DMAP on the
biological response to TNF-a is specific. Cell viability after
exposure to DMAP was checked by the trypan blue dye exclu-
sion test and was found to be not affected even at 1 mM DMAP.

Parallel experiments were performed to analyze the possible
involvement of the JNK/SAPK cascade. By using an in vitro
kinase assay, we evaluated the activation of JNK/SAPK by
measuring the phosphorylation of c-Jun, which is a substrate
that is phosphorylated by activated JNK/SAPK. Treatment of
Sertoli cells for 25 min with 250 ng/ml of TNF-a significantly
increases the degree of phosphorylation of c-Jun. Pretreatment
for 15 min with 1 mM DMAP completely inhibits the described
effect (Fig. 2a). Densitometric analysis revealed that TNF-a
induces a 4-fold enhancement of the phosphorylation of c-Jun,
whereas DMAP pretreatment reduced c-Jun phosphorylation
down to the control level. DMAP alone reduces the basal phos-
phorylation of control condition (Fig. 2b). Moreover, DMAP (1
and 0.1 mM) completely abolishes the phosphorylation of JNK/
SAPK as demonstrated by Western blot by using antibodies
against the phosphorylated forms of JNK/SAPK (Fig. 3, third
and fourth lanes), thus indicating that DMAP inhibits the
upstream kinase that phosphorylates JNK/SAPK.

To investigate the possible involvement of the dual specific-
ity phosphatases MKP in the modulation of JNK/SAPK activity
by DMAP, we performed Western blotting experiments by us-
ing antibodies against the phosphatase MKP-1 and MKP-2.
The results obtained are reported in Fig. 4, showing that
DMAP significantly increases the expression of the phospha-
tase MKP-2, whereas the MKP-1 levels were not modified (not
shown).

The p55 TNF-a Receptor Is Involved in ICAM-1 Up-regula-
tion—The presence of the p55 TNF-a receptor on Sertoli cells
has been described (34). As shown in Fig. 5 we confirm by
Western blotting the expression of the p55 TNF-a receptor (Fig.
5A), and we demonstrate that Sertoli cells express the p75
TNF-a receptor (Fig. 5B).

In an effort to investigate which receptor is involved for the
stimulation of ICAM-1 expression, we used the known differ-
ential binding characteristics of human and mouse TNF-a to
the mouse TNF receptors. In fact, whereas mouse TNF-a binds
both receptors, human TNF-a only binds to mouse p55 (52).
Mouse Sertoli cells were therefore stimulated with human
TNF-a or with mouse TNF-a, and then ICAM-1 expression was
evaluated by flow cytometric analysis. The results obtained
revealed that the activation of the p55 receptor by human
TNF-a produces ICAM-1 induction to an extent similar to that
obtained by the simultaneous triggering of both receptors by
mouse TNF-a (Fig. 6). Furthermore we confirmed these results
by using agonist antibodies directed respectively to p55 and to
p75 TNF-a receptors. Flow cytometric analysis demonstrated
that the antibody agonist for p55 receptor significantly up-

FIG. 1. Flow cytometric analysis of cell surface expression of
ICAM-1 in mouse Sertoli cells treated with TNF-a or IFN-g after
pretreatment with DMAP. Cells were preincubated for 15 min with
different concentrations of DMAP and then 20 ng/ml TNF-a (a) or 500
units/ml IFN-g (b) was added for 18 h. Immunofluorescence staining
was performed with fluorescein isothiocyanate anti-ICAM-1 antibody.
Control cells (C) are untreated Sertoli cells. Each point represents the
mean of triplicate samples of at least three experiments. The error bars
represent the S.E.

FIG. 2. Activation of JNK/SAPK by TNF-a. JNK/SAPK activity
was evaluated by a specific immunoprecipitation/kinase assay as de-
scribed under “Experimental Procedures.” Phosphorylation of c-Jun
was visualized by Western blot using phospho-c-Jun antibody. Sertoli
cells were pretreated for 15 min with 1 mM DMAP, and TNF-a was
added at 250 ng/ml for 25 min (a). The bar graph indicates the relative
intensities of the signals (b). Lane C, control.

FIG. 3. Effect of DMAP on JNK/SAPK phosphorylation. Sertoli
cells were pretreated for 15 min with 0.1 or 1 mM DMAP, and TNF-a
was then added at 250 ng/ml for 30 min. Sertoli cell whole extracts were
immunoblotted with antibodies specific for the phosphorylated form of
JNK/SAPK. Lane C, control.

FIG. 4. Effect of DMAP on MKP-2 expression. Sertoli cells were
pretreated for 15 min with 0.1 or 1 mM DMAP, and TNF-a was added at
250 ng/ml for the indicated times. Sertoli cell whole extracts were
immunoblotted with antibodies against the phosphatase MKP-2. Lane
C, control.
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regulates ICAM-1 expression, whereas the anti-p75 antibodies
induced a barely detectable response. The combination of both
antibodies did not produce a synergistic effect on ICAM-1 ex-
pression (Fig. 7). The concentration of agonist antibodies has
been derived from previous dose-response experiments (data
not shown). The effective concentrations, at the lower doses,
was 20 mg/ml for p55. For the p75 receptor none of the concen-
trations tested (up to 40 mg/ml) was effective.

Signal Transduction Pathways of p55 and p75 TNF-a Recep-
tors—To analyze the transduction pathways used by either
TNF-a receptor and to establish which pathway is involved in
ICAM-1 up-regulation, we stimulated Sertoli cells with agonist
antibodies against the p55 or the p75 receptor. After treatment,
total cell lysates were blotted with anti-phospho p42/p44
MAPK (Fig. 8a), anti-phospho p38 (Fig. 8b), and anti-phospho
JNK/SAPK (Fig. 8c) antibodies. The results obtained show that
the p55 receptor is able to activate all the MAPK signal trans-
duction pathways, the optimal effect was observed at 20 mg/ml
of agonist antibody. The p75 receptor is not involved in the
activation of the kinase pathways analyzed (up to 40 mg/ml of
agonist antibody). DMAP pretreatment inhibits the phospho-
rylation of p38 and of JNK/SAPK, whereas p42/p44 MAPK
phosphorylation is enhanced. Taken together our data demon-
strate the involvement of the JNK/SAPK pathway, through the
p55 TNF-a receptor, in the induction of ICAM-1 in Sertoli cells
by TNF-a.

DISCUSSION

Delineating the molecular events underlying the signal
transduction pathways that link TNF-a receptors to down
stream gene activation has become a major focus for research

efforts in the biology of TNF-a. Recent studies using molecular
cloning with a yeast two-hybrid system have identified “adapt-
er proteins” that associate with TNF receptors and are directly
or indirectly involved in coupling receptors to different re-
sponses (16, 53–56). Specifically p55 receptor interacts with a
protein called TNF receptor-associated death domain and with
the receptor interacting protein, both receptors interacting
with the TNF receptor-associated factor 1 and 2. The dissection
of the different signal transduction pathways triggered by
TNF-a is crucial to understand the regulation of the pleiotropic
effects induced by this cytokine.

We have previously demonstrated that TNF-a induces IL-6
production and ICAM-1 expression by distinct transduction
pathways. We have in fact shown that brief exposure (10–30
min) of Sertoli cells to TNF-a activates the three MAPK fami-
lies: p42/p44 MAPKs, JNK/SAPK, and p38. Moreover, the bio-
logical responses of Sertoli cells to TNF-a are under a dual
control; the activation of p38 leads to IL-6 production, whereas
neither p38 nor p42/p44 MAPKs regulate the induction of
ICAM-1 and VCAM-1 (2).

In the present study we have further characterized the sig-
naling of TNF-a in Sertoli cells by demonstrating the involve-
ment of the JNK/SAPK cascade in the up-regulation of
ICAM-1. Recently the protein kinase inhibitor DMAP has been
identified as an useful reagent for the characterization of
TNF-a signaling in endothelial cells where it has been demon-

FIG. 5. Expression of p55 and p75 TNF-a receptors on Sertoli
cells. Western analysis was performed by using specific antibodies
against p55 (a) and p75 (b) TNF-a receptors. L929 (58) and germ cells
(GC) (34) were used respectively as positive and negative control cells.

FIG. 6. Flow cytometric analysis of cell surface ICAM-1 expres-
sion following stimulation through one or both TNF-a recep-
tors. Sertoli cells were treated with 50 ng/ml mouse TNF-a (mTNF-a)
or human TNF-a (hTNF-a) for 18 h, and then immunofluorescence
staining was performed with fluorescein isothiocyanate anti-ICAM-1
antibody. Control cells (CTR) are untreated Sertoli cells. The diagram is
representative of four independent experiments.

FIG. 7. Flow cytometric analysis of cell surface ICAM-1 expres-
sion after stimulation with agonist antibody specific for either
p55 and p75 TNF-a receptors. Sertoli cells were treated with either
or both the agonist and selective monoclonal antibodies for the p55 and
p75 TNF receptors (20 mg/ml) for 18 h. Cells were reacted with fluores-
cein isothiocyanate anti-ICAM-1 antibody, and fluorescence intensity
was measured with linear amplification.

FIG. 8. Activation of p42/p44 MAPK, p38, and JNK/SAPK by p55
and p75 TNF-a receptors. Sertoli cells were treated for 25 min with
agonist antibodies against the p55 or p75 TNF-a receptors at the
concentration of 20 mg/ml. Where indicated 1 mM DMAP was added 15
min prior to stimulation. All the antibodies used were against the
phosphorylated form of p42/p44 MAPK (a), p38 (b), and JNK/SAPK (c).
Lane C, control.
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strated that the effects of DMAP on responses to TNF-a are
specific (41). By using DMAP we have significantly reduced
ICAM-1 induction by TNF-a but not ICAM-1 induction by
IFN-g. DMAP pretreatment completely abolished the TNF-a-
induced phosphorylation of JNK/SAPK and of c-Jun, which is
one of the targets of activated JNK/SAPK. DMAP treatment
also negatively affected the phosphorylation of p38. However,
the involvement of p38 in ICAM-1 induction can be ruled out
because our previous results demonstrated that treatment with
the p38-specific inhibitor SB203580 does not affect ICAM-1
expression (2). Moreover, DMAP pretreatment increased the
expression of the dual specificity phosphatase MKP-2. These
data could indicate a mechanism by which DMAP inhibits
TNF-a -induced JNK/SAPK phosphorylation. Because MKP-2
is constitutively expressed in unstimulated Sertoli cells, it
could be hypothesized that DMAP interferes with the degrad-
ing pathway of MKP-2, thereby allowing the accumulation of
the phosphatase that we in fact observe starting from 4 h with
a peak at 24 h from the beginning of the treatment.

TNF-a induces ICAM-1 up-regulation by activation of the
p55 receptor. In fact by using the differential binding charac-
teristics of human and mouse TNF-a to the mouse TNF recep-
tors and by using agonist antibodies to the p55 and to the p75
receptors, we demonstrated the involvement of the p55 recep-
tor in ICAM-1 induction. These data are in agreement with
other groups (10, 52, 57) showing that the majority of TNF-a
effects are mediated by the p55 receptor.

In conclusion we have defined a TNF-a signaling pathway
involving the p55 receptor and JNK/SAPK leading to ICAM-1
induction. This is the first evidence of the involvement of the
JNK/SAPK cascade in the modulation of the adhesion proper-
ties of a cell type under the control of the inflammatory cyto-
kine TNF-a. An understanding of the signal transduction path-
way triggered by inflammatory mediators may provide new
targets for the modulation of the inflammatory process. In fact
new antinflammatory therapies, based on the selective inhibi-
tion of a specific step among the multiple signaling transduc-
tion pathways activated by TNF-a could be designed to target
the function of adhesion molecules in the extravasation
process.
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