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p38 MAP kinase regulates
RANTES production by
TNEF-a-stimulated human
pulmonary vascular
endothelial cells
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Background: RANTES plays an important role in the production
of allergic inflammation of the airway through its chemotactic
activity for eosinophils. However, the intracellular signal reg-
ulating RANTES expression in human pulmonary vascular
endothelial cells has not been determined. In the present
study, therefore, we examined the role of p38 mitogen-
activated protein (MAP) kinase in RANTES production by
tumor necrosis factor (TNF)-a-stimulated pulmonary vascular
endothelial cells in order to clarify the signal transduction
pathway regulating RANTES production by pulmonary vascular
endothelial cells.

Methods: We examined p38 MAP kinase activation, and the
effect of SB 203580, as the specific inhibitor for p38 MAP kinase,
on p38 MAP kinase activity and RANTES production by TNF-o-
stimulated human pulmonary vascular endothelial cells.
Results: The results showed that TNF-a induced RANTES
production and p38 MAP kinase activity in human pulmonary
vascular endothelial cells. Abrogation of p38 MAP kinase activity
by SB 203580 repressed TNF-o-induced p38 MAP kinase activity
and RANTES production.

Conclusions: These results indicate that p38 MAP kinase plays an
important role in the TNF-a-activated signaling pathway which
regulates RANTES production by human pulmonary vascular

endothelial cells.

Bronchial asthma is characterized by an episode of reversible
airway obstruction, airway hyperresponsiveness to exogen-
ous and endogenous stimuli, and eosinophilic inflammation
in the airway (1). Various cells and their products may
contribute to the feature of allergic inflammation (2, 3). Of

these cells, eosinophils and their products have been



demonstrated to play an important role in the production of
allergic inflammation (4). In the allergic inflammatory
responses in the lung, circulating eosinophils accumulate
in the pulmonary capillaries and migrate through the
vascular endothelium to the submucosa of the asthmatic
airway. RANTES, which displays chemotactic activity for
eosinophils, participates in this process through the recruit-
ment of eosinophils (5-7). Therefore, it has been suggested
that RANTES produced by vascular endothelial cells, as well
as other types of cells such as airway epithelial cells and
T cells, plays a role in facilitating eosinophil migration from
the circulation. Vascular endothelial cells are well known to
express a variety of cytokines (8-10). Recently, RANTES has
been shown to be expressed in vascular endothelial cells (8-
10). Therefore, it is important to clarify the mechanism of
the production of RANTES by vascular endothelial cells.

P38 mitogen-activated protein (MAP) kinase, which
belongs to the MAP kinase superfamily, is activated in
various cells by proinflammatory cytokines, environmental
stresses, DNA-damaging agents, and hematopoietic growth
factor (11—21); however, little is known about the role of p38
MAP kinase in RANTES production by human pulmonary
vascular endothelial cells.

In the present study, we examined the role of p38 MAP
kinase in the induction of RANTES production by human
pulmonary vascular endothelial cells in order to clarify the
signal transduction pathway in RANTES production by
these cells.

Material and methods
Reagents

Human recombinant TNF-o was kindly provided by
Dainippon Pharmaceutical Co. Ltd (Osaka, Japan). The
pyridinyl imidazole SB 203580, the specific inhibitor for p38
MAP kinase activity (22) (kindly provided by SmithKline

Beecham), was dissolved in dimethyl sulfoxide.
Cell culture

Normal human pulmonary artery endothelial cells (HPAEC)
were obtained from Clonetics (San Diego, CA, USA). The
cells (1X10* cells/ml) were placed onto 24-well, flat-bottom,
tissue-culture plates (Corning, Corning, NY, USA) for
determination of cytokine production and tissue-culture
dishes (Falcon 1007, Oxnard, CA) for Western blot analysis
(EGM-2;

with vascular endothelial growth medium
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Clonetics) containing 0.2% fetal bovine serum (FBS),
gentamycin-amphotericin B, epidermal growth factor
(EGF), insulin-like growth factor (IGF), fibroblast growth
factor (FGF), vascular endothelial growth factor (VEGE),
ascorbic acid, heparin, and hydrocortisone. The cells were
grown until they were subconfluent, and the medium was
changed. In order to examine TNF-a-induced RANTES
production and the effect of SB 203580 on it, the cells that
had been preincubated with EGM-2 medium without FBS,
EGF, FGF, IGF, VEGF, ascorbic acid, and hydrocortisone
(growth-factor-free medium) for 16 h were preincubated
with growth-factor-free medium containing or not SB
203580 for 1 h. Thereafter, the cells were stimulated with
TNF-o and cultured in growth-factor-free medium for the
desired times at 37°C in humidified 5% CO, atmosphere. At
the end of culture periods, the culture supernatants were
harvested and centrifuged, and the supernatants were
collected, passed through a Millipore filter and stored at
—-80°C until assay. For examination of p38 MAP kinase
activity and the effect of SB 203580 on p38 MAP kinase
activity in TNF-a-stimulated cells, the cells that had been
preincubated with growth-factor-free medium for 16 h were
preincubated with growth-factor-free medium containing or
not SB 203580 for 1 h. Thereafter, the cells were stimulated
with TNF-a and cultured in growth-factor-free medium for

10 min.

Measurement of RANTES

The concentration of RANTES in the culture supernatants
from HPAEC was measured by commercially available
ELISA kits (Amersham International, Aylesbury, UK).
ELISA was performed according to the manufacturer’s
instructions. All samples were assayed in duplicate.

p38 MAP kinase assay

The activity of p38 MAP kinase was analyzed by commer-
cially available kits (p38 MAP Kinase Assay Kit, New
England Biolabs, Inc.) The kit employs two different
antibodies, anti-p38 MAP kinase antibody, which is specific
for p38 MAP kinase and does not cross-react with ERK1/2 or
JNK, and anti-phospho-specific ATF-2 antibody to detect
p38 MAP kinase-induced phosphorylation of ATF-2. p38
MAP kinase activity was analyzed according to the
manufacturer’s instructions, as described previously (18).
Briefly, the cell lysate containing 200 pg of protein was
incubated with anti-p38 MAP kinase antibody to immuno-
precipitate selectively p38 MAP kinase from the cell lysates,
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and the immunoprecipitates were incubated with ATF-2
fusion protein in the presence of ATP, a process which
allowed immunoprecipitated active p38 MAP kinase to
phosphorylate its subtrate, ATF-2. The samples were
separated by a 15% SDS gel, transferred to membranes,

and blotted with anti-phospho-specific ATF-2 antibody.

Statistical analysis

Statistical significance was analyzed by analysis of variance
(ANOVA). A P value less than o.05 was considered
significant.

Results
TNF-o. induces RANTES production

Firstly, we examined a dose- and time-dependent induction
of RANTES production by HPAEC. The concentrations of
RANTES in the culture supernatants from TNF-a-stimu-
lated culture increased in a dose- and time-dependent

manner (Figs. 1 and 2).

1.5 —
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medium 1 10 100
TNF-a (ng/ml)

Figure 1. Dose-dependent production of RANTES by TNF-a-stimulated
human pulmonary vascular endothelial cells. HPAEC were cultured
with either medium or various concentrations of TNF-a. Concentrations
of RANTES in culture supernatants were determined at 48 h after
cultivation, as described in Material and methods. Results are expressed
as mean+SD in five different experiments. *P<o0.01 compared with
RANTES concentrations in HPAEC cultured with medium only.
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TNF-o activates p38 MAP kinase, and SB 203580 inhibits p38 MAP

kinase activity

TNF-a induced p38 MAP kinase activity, as demonstrated
by the increased phosphorylation of its substrate, ATF-2.
Pretreatment of the cells with SB 203580 inhibited the
phosphorylation of ATF-2 in TNF-a-stimulated cells (Fig. 3).

SB 203580 inhibits TNF-c-induced RANTES production

TNF-o induced RANTES production and p38 MAP kinase
activity, and SB 203580 inhibited p38 MAP kinase activity
in TNF-a-stimulated cells. To test the possible involvement
of p38 MAP kinase in TNF-a-induced RANTES production,
we examined the effect of SB 203580 on TNF-a-induced
RANTES production. As shown in Fig. 4, the concentrations
of RANTES in the culture supernatants from the cells
cultured with TNF-« in the presence of SB 203580 (5 and 10
uM) were significantly lower than those from the cells
cultured with TNF-a in the absence of SB 203580, indicating
that SB 203580 inhibited TNF-a-induced RANTES produc-
tion. The total number of cells and cell viability at the end of
the culture period of each experiment, as determined by
trypan blue exclusion assay, did not differ with culture
conditions. Figs. 1, 2, and 4 suggest that TNF-a-induced
RANTES production, and the inhibition by SB 203580 of
RANTES production did not result from cell cytotoxicity.

Discussion

In the present study, we examined the signal transduction
pathway in TNF-a-induced RANTES production by human
pulmonary vascular endothelial cells. The results showed
that TNF-o0 induced RANTES production and p38 MAP
kinase activity in human pulmonary vascular endothelial
cells. Abrogation of p38 MAP kinase activity by SB 203580
repressed RANTES production and p38 MAP kinase activity
in TNF-a-stimulated human pulmonary vascular endothe-
lial cells. These results indicate that p38 MAP kinase plays
an important role in the TNF-a-activated signaling pathway
which regulates RANTES production by human pulmonary
vascular endothelial cells.

In the present study, TNF-o was used as the inducer of
RANTES production by

endothelial cells, since TNF-o. has been shown to be

human pulmonary vascular

involved in the production of allergic inflammation and
can stimulate vascular endothelial cells to induce cytokine

expression (8-10, 23-27).
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Figure 2. Time-dependent production of RANTES by TNF-a-stimulated
human pulmonary vascular endothelial cells. HPAEC were cultured
with either medium (M) or 100 ng/ml of TNF-o (@). Concentrations of
RANTES in culture supernatants were determined at 24, 48, and 72 h
after cultivation, as described in Material and methods. Results are
expressed as mean 4+ SD in five different experiments. *P<o.01 compared
with RANTES concentrations in HPAEC cultured with medium only.

Bronchial asthma is regarded as eosinophilic inflamma-
tion of the airway (1—4). Eosinophils and their products have
been shown to play an important role in the production of
allergic inflammation. The mechanism in the recruitment
of eosinophils into the sites of allergic inflammation has
been investigated, and various cytokines and chemical
mediators that display chemotactic activity for eosinophils
have been shown to participate in the recruitment of

eosinophils into the sites of allergic inflammation (5-7).
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Figure 3. TNF-o activated p38 MAP kinase and SB 203580 inhibited p38
MAP kinase activity. HPAEC that had been preincubated with or
without SB 203580 (10 M) for 1 h were stimulated with TNF-a (100 ng/
ml) and cultured for 10 min. p38 MAP kinase activity was analyzed
as described in Material and methods. Cells were cultured with medium
(lane 1), SB 203580 (lane 2), TNF-a (lane 3), and TNF-o and SB 203580
(lane 4). Three identical experiments independently performed gave
similar results. SB 203580 was dissolved in dimethyl sulfoxide.
Amount of 10 pM of SB 203580 contained 0.01% of dimethyl
sulfoxide; 0.01% of dimethyl sulfoxide had no effect on p38 MAP kinase
activity in TNF-a-stimulated cells.
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Figure 4. SB 203580 inhibited TNF-o-induced RANTES production by
human pulmonary vascular endothelial cells. HPAEC that had been
preincubated with or without various concentrations of SB 203580 for
1 h were cultured with either medium or 100 ng/ml of TNF-a, and
concentrations of RANTES in culture supernatants were determined at
48 h after cultivation, as described in Material and methods. SB 203580
was dissolved in dimethyl sulfoxide; 1, 5, and 10 pM of SB 203580
contained 0.001%, 0.005%, and 0.01% of dimethyl sulfoxide,
respectively. These concentrations of dimethyl sulfoxide had no effect
on TNF-o-induced RANTES production. Results are expressed as
mean +SD in five different experiments. *P<o0.01 compared with
RANTES concentrations in HPAEC cultured without SB 203580.

The traffic of eosinophils to the sites of allergic inflamma-
tion is presumed to be regulated at the several steps. A
primary step in the infiltration of eosinophils into the
submucosa of the asthmatic airway is the adherence of
eosinophils to vascular endothelial cells (23). At this step,
therefore, cytokines produced by pulmonary vascular
endothelial cells, as well as the interaction of adhesion
molecules on eosinophils and their counterreceptors on
pulmonary vascular endothelial cells, are thought to play an
important role in tethering eosinophils to vascular endothe-
lial cells. Recently, RANTES has been shown to play an
important role in the production of allergic inflammation
through chemotactic activity for eosinophils (5—7). From
this evidence, we attempted to clarify the mechanism of the
production of RANTES by pulmonary vascular endothelial
cells. Our results showed that pulmonary vascular endothe-
lial cells produced RANTES and that abrogation of p38 MAP
kinase activity by SB 203580, as the specific inhibitor for
p38 MAP kinase activity, repressed RANTES production,
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indicating that p38 MAP kinase plays an important role in
RANTES production.

SB 203580, the specific inhibitor of p38 MAP kinase
activity, was originally discovered as an inhibitor of LPS-
induced production of IL-1 and TNF-o in human monocytic
cell lines, THP-1 (21). The specific inhibitor for p38 MAP
kinase has been shown to be useful in the treatment of
inflammatory diseases (28, 29). In the present study, we
showed that SB 203580 inhibited RANTES production by
human pulmonary vascular endothelial cells. Therefore, the

References

specific inhibitor for p38 MAP kinase activity, SB 203580,
may have a potential effect on controlling the allergic
inflammation of bronchial asthma through inhibiting
RANTES production.

From the data presented here, we conclude that TNF-o
induces RANTES production by human pulmonary vascular
endothelial cells through the p38 MAP kinase-dependent
pathway. However, the precise role of p38 MAP kinase in
the production of airway inflammation of bronchial asthma
remains to be clarified.

1. American Thoracic Society. Standards for the 13. Rouse J, Cohen P, Trigon S, et al. A novel 21. Gon Y, Hashimoto S, Matsumoto K,

diagnosis and care of patients with chronic
obstructive pulmonary disease (COPD) and
asthma. Am Rev Respir Dis 1987;136:225—

244. proteins. Cell 1994;78:1027-1034.
2. Djukanovic R, Roche W, Wilson JW, et al. 14. Raingeaud J, Gupta S, Rogers JS, et al. Pro-

Mucosal inflammation in asthma. Am Rev
Respir Dis 1990;142:434-457.

3. Corrigan CJ, Kay AB. T cells and eosinophils
in the pathogenesis of asthma. Immunol
Today 1992;12:501-507.

Clin Immunol 1991;87:893-910.

5. Rot A, Krieger M, Brunner T, et al. RANTES
and macrophage inflammatory protein 1
alpha induce the migration and activation of

Med 1992;176:1489-1495.
6. Humbert M. Pro-eosinophilic cytokines in
asthma. Clin Exp Allergy 1996;26:123-127.

7. Baggiolini M, Dahinden CA. CC chemokines 23779.

in allergic inflammation. Immunol Today 17. Moriguchi T, Toyoshima F, Gotoh Y, et al.

1994;15:127-133.

8. Mantovani A, Dejana E. Cytokines as
communication signals between leukocytes
and endothelial cells. Immunol Today
1989;10:370-375.

9. Mantovani A, Bussolino F, Introna M.

kinase cascade triggered by stress and heat
shock that stimulates MAPKAP kinase-2 and
phosphorylation of the small heat shock

stress cause p38 mitogen-activated protein
kinase activation by dual phosphorylation on
tyrosine and threonine. | Biol Chem
1995;270:7420-7426.

4. Kay AB. Asthma and inflammation. | Allergy 15. Beyaert R, Cuenda A, Berghe WV, et al. The
p38/JNK mitogen-activated protein kinase
pathway regulates interleukin-6 synthesis in
response to tumor necrosis factor. EMBO |
1996;15:1914-1923.

normal human eosinophil granulocytes. ] Exp 16. Pandey P, Raingeaud ], Kaneki M, et al.

Activation of p38 mitogen-activated protein
mechanism. | Biol Chem 1996;271:23775~
Purification and identification of a major
activator for p38 from osmotically shocked
cells. Activation of mitogen-activated protein

kinase kinase 6 by osmotic shock, tumor

1996;272:26981-26988.

Nakayama T, Takeshita I, Horie T. Cooling
and rewarming-induced IL-8 expression in
human bronchial epithelial cells through p38
MAP kinase-dependent pathway. Biochem
Biophys Res Commun 1998;249:156-160.

inflammatory cytokines and environmental 22. Lee JC, Laydon JT, McDonnell PC, et al. A

protein kinase involved in the regulation of
inflammatory cytokine biosynthesis. Nature
1994;372:739-746.

23. Koizumi A, Hashimoto S, Koabayashi T, Imai
K, Yachi A, Horie T. Elevation of serum
soluble vascular cell adhesion molecule
levels in bronchial asthma. Clin Exp
Immunol 1995;101:468-473.

24. Shah A, Church MK, Holgate ST. Tumor
necrosis factor alpha: a potential mediator of

asthma. Clin Exp Allergy 1995;25:1038-1044.

kinase by c-abl-dependent and -independent 25. Watson ML, Smith D, Bourne AD, et al.

Cytokines contribute to airway dysfunction
in antigen-challenged guinea pigs: inhibition
of airway hyperreactivity, pulmonary
eosinophil accumulation, and tumor necrosis
factor generation by pretreatment with an
interleukin-1 receptor antagonist. Am J Respir
Cell Mol Biol 1993;8:365-369.

necrosis factor-a, and H,O,. | Biol Chem 26. Borish L, Joseph BZ. Inflammation and the

allergic response. Clin Allergy 1992;76:765—

Cytokine regulation of endothelial cell 18. Hashimoto S, Gon Y, Matsumoto K, et al. 787.

function: from molecular level to the bedside.
Immunol Today 1997;18:231-240.
10. Marfaing-Kola A, Devergne O, Gorgone G,

et al. Regulation of the production of the 1999;159:634-640.

RANTES chemokine by endothelial cells, 19. Foltz IN, Lee JC, Young PR, Schrader JW.

synergistic induction by IFN-y plus TNF-«
and inhibition by IL-4 and IL-13. ] Immunol
1995;154:1870-1878.

11. Davis RJ. MAPKs: new JNK expand the group.

Trends Biochem Sci 1994;19:470-473. 20. Matsumoto K, Hashimoto S, Gon Y, et al.

12. Han J, Lee JD, Bibbs L, Ulevitch R]. A MAP
kinase targeted by endotoxin and
hyperosmolarity in mammalian cells.
Science 1994;265:808-811.

Immunol 1998;101:825-831.

1172 | Allergy 54, | 1168-1172

human bronchial epithelial cells through p38
MAP kinase. Am ] Respir Crit Care Med

Hemopoietic growth factors with the
exception of interleukin-4 activate the p38
mitogen-activated protein kinase pathway.
] Biol Chem 1997;272:3296-3301.

Proinflammatory cytokine- and chemical

Hyperosmolarity-induced IL-8 expression in 27. Arm JP, Lee TK. The pathobiology of

bronchial asthma. Adv Immunol
1992;§1:323-382.

28. Badger AM, Bradbeer JN, Votta B, Lee JC,
Adams JL, Griswold DE. Pharmacological
profile of SB 203580, a selective inhibitor of
cytokine suppressive binding protein/p38
MAP kinase, in animal models of arthritis,
bone resorption, endotoxin shock and
immune function. | Pharmacol Exp Ther

1996;279:1453-1461.

mediator-induced IL-8 expression in human 29. Jackson JR, Bolognese B, Hillegass L, et al.
bronchial epithelial cells through p38 MAP
kinase-dependent pathway. | Allergy Clin

Pharmacological effects of SB 220025, a
selective inhibitor of p38 mitogen-activated
protein kinase, in angiogenesis and chronic
inflammatory disease models. | Pharmacol
Exp Ther 1998;284:687-692.



