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Abstract: Among the various members of the mitogen-activated protein kinase (MAPK) 
family, p38 MAPK subgroup is the most involved in airway and lung inflammation under
lying asthma and chronic obstructive pulmonary disease (COPD). In particular, several 
environmental agents including aeroallergens, cigarette smoke, airborne pollutants, viral 
and bacterial pathogens activate the p38α isoform which in turn up-regulates the expression 
of multiple proinflammatory cytokines and chemokines, as well as the production of some 
fibrogenic factors. Therefore, p38 MAPK-induced bronchial inflammation and remodelling 
significantly contribute to the development, persistence and amplification of airflow limita
tion, which is the hallmark of asthma and COPD. Such advances in our understanding of p38 
role in the pathobiology of the above widespread, chronic obstructive respiratory diseases, 
have led to consider p38 MAPK as a suitable molecular target for novel treatment strategies. 
Indeed, many studies have been carried out in both animal and clinical settings, with the aim 
of evaluating the potential therapeutic effects of p38 MAPK inhibitors in both asthma and 
COPD. 
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Introduction
Asthma and COPD are widespread, chronic obstructive respiratory diseases, char
acterized by inflammatory and structural changes causing airflow limitation.1–4 In 
particular, asthma and COPD are heterogeneous disorders, consisting of different 
phenotypes originating by the overexpression of proinflammatory and fibrogenic 
mediators including several cytokines, chemokines, and growth factors.5,6 Within 
such a pathobiologic framework, the main triggers of asthma and COPD are 
aeroallergens, cigarette smoke, airborne pollutants, and viral/bacterial infections. 
Inside the respiratory tract, all these environmental agents are able to activate the 
p38 subfamily of mitogen-activated protein kinases (MAPK).7,8

The cellular responses promoted by a large variety of extracellular stimuli, 
capable of inducing airway/lung inflammation and remodelling, are coordinated 
and amplified by the p38 subgroup of MAPKs, a highly evolutionarily conserved 
enzymatic system which is also a suitable target for experimental therapies of 
asthma and COPD.9 The p38 MAPK subfamily includes four isoforms, named 
p38α, p38β, p38γ, and p38δ, respectively.10 Similarly to all the other members of 
MAPK superfamily, p38 activation is mediated by a chain of sequential protein 
phosphorylations initiated by upstream MAPK kinase kinases (MAPKKK), 
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including dual leucine zipper kinase (DLK), transforming 
growth factor-β-activated kinase 1 (TAK1), and apoptosis 
signal-regulating kinase 1 (ASK1).10 These MAPKKKs, 
in turn, phosphorylate and activate the MAPK kinases 
(MAPKK) MKK3/MKK6, which finally catalyse the 
phosphorylation-dependent stimulation of p38 MAPK 
(Figure 1).11 Full activation of p38 MAPK requires dual 
phosphorylation at the level of its threonine-180 (Thr-180) 
and tyrosine-182 (Tyr-182) amino acid residues.10 Once 
activated, p38 MAPK phosphorylates numerous substrates 

including downstream kinases, transcription factors, and 
transcriptional regulators. Moreover, p38 MAPK also 
affects gene expression at the post-transcriptional level. 
Indeed, p38 stimulates MAP kinase-activated protein 
kinase 2 (MAPKAPK2/MK2), which in turn inactivates 
tristetraprolin by phosphorylating its serine residues Ser- 
52 and Ser-178.12 Tristetraprolin is an important regula
tory protein responsible for the destabilisation of various 
mRNAs transcribed from genes encoding multiple proin
flammatory factors.12 Thus, activation of the p38 MAPK 

Figure 1 Activation of p38 MAPK signalling module. p38 MAPK is activated through a kinase cascade triggered by extracellular inflammatory stimuli. This sequential 
phosphorylation pathway includes MAPK kinase kinases (MAPKKK) TAK1, ASK1 and DLK, whose targets are MAPK kinases (MAPKK) MKK3 and MKK6, which 
phosphorylate and activate the α, β, γ, and δ isoforms of p38 MAPK. The latter in turn phosphorylates downstream kinases and transcription factors involved in cellular 
responses underlying airway inflammation and remodelling. This original figure was created by the authors using BioRender.com.
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signalling machinery stabilises these mRNAs and inhibits 
their degradation, thereby enhancing the biosynthesis of 
many cytokines and chemokines involved in the patho
physiology of asthma and COPD.7,8 p38 MAPK activation 
is abolished by the dual-specificity phosphatase MKP-1 
(MAPK phosphatase-1), which dephosphorylates both 
Thr-180 and Tyr-182.13

With regard to the above considerations, in this concise 
review article, we will focus our attention on the patho
genic role played by p38 MAPK in asthma and COPD, as 
well as on potential perspective therapies of such diseases, 
based on experimental p38 inhibition.

Role of p38 MAPK in Asthma 
Pathophysiology
Type-2 (T2-high) and non-type-2 (T2-low) asthmatic pheno
types are mainly characterized by airway eosinophilia and 
neutrophilia, respectively.14 Eosinophilic asthma originates 
from both allergic and non-allergic mechanisms, driven by 
T helper 2 (Th2) lymphocytes and group 2 innate lymphoid 
cells (ILC2).15,16 Th2 and ILC2 cells secrete large amounts of 
interleukins 4 (IL-4), 5 (IL-5), and 13 (IL-13), which are 
responsible for immunoglobulin E (IgE) production, eosino
philic inflammation, and bronchial hyperresponsiveness, 
respectively.5,17 Th2 lymphocytes are activated by IL-4, 
whereas ILC2 are stimulated by the innate cytokines thymic 
stromal lymphopoietin (TSLP), interleukin-25 (IL-25), and 
interleukin-33 (IL-33), also known as alarmins.16,18 p38 
MAPK induces the differentiation and activation of Th2 
cells, thus promoting the release of Th2 cytokines (IL-4, IL- 
5, IL-13).7 These effects are due, at least in part, to the bioac
tivity of the transcription factor GATA-3, which is enabled by 
p38-catalysed phosphorylation to translocate into the cell 
nucleus, where GATA-3 activates its target genes coding for 
Th2 cytokines.19 p38 MAPK-dependent phosphorylation of 
GATA-3 also stimulates ILC2 to produce IL-5 and IL-13.20 

Moreover, it has been recently shown in murine experimental 
models that p38α/β MAPK plays a pivotal role in mediating 
ILC2 stimulation induced by IL-33.21 In particular, p38- 
operated activation of downstream kinases MK2/3 is required 
for the biosynthesis of IL-6 and IL-13, released by ILC2 upon 
IL-33-mediated stimulation.21 Furthermore, p38 MAPK exerts 
many pro-eosinophilic functions, including inhibition of eosi
nophil apoptosis, as well as induction of eosinophil differentia
tion, chemotaxis, and secretory activity.7

In addition to being remarkably involved in type-2 eosino
philic asthma, p38 MAPK also significantly contributes to the 

pathobiology of T2-low neutrophilic inflammation of airways, 
often associated with the most severe asthmatic phenotypes.22 

Indeed, analysis of sputum transcriptomics has recently identi
fied, in subjects with severe asthma, the overexpression of gene 
networks belonging to the p38 MAPK signalling pathway, 
associated with neutrophilic bronchial inflammation.23 p38 up- 
regulates the expression of intercellular adhesion molecule-1 
(ICAM-1) on lung vascular endothelial cells, and enhances the 
release of tumor necrosis factor-α (TNF-α) from neutrophils, 
thus promoting the accumulation of these cells into the 
airways.24,25 Activated p38 MAPK is also essential for IL-33- 
induced potentiation of TNF-α secretion from natural killer 
(NK) cells stimulated by IL-12.26 In asthmatic patients, inhibi
tion of neutrophil apoptosis is at least in part dependent on 
bronchial production of survival factors for neutrophils such as 
IL-6, IL-8, and monocyte chemoattractant protein-1 (MCP-1), 
whose secretion can be elicited by regulatory proteins S100A8 
and S100A9 via activation of p38 MAPK.27 In regard to the 
role of p38 MAPK in mixed (eosinophilic/neutrophilic) asth
matic phenotypes, it is interesting to mention the findings of 
a recent study, built on a murine experimental model of airway 
inflammation associated with high fat diet-induced obesity,28 

a frequent comorbidity of severe asthma. In particular, it was 
shown in obese mice, sensitized to house dust mite, that the 
expansion of dendritic cell-restricted progenitors occurred con
comitantly with both p38 MAPK activation and inflammatory 
changes consisting of increased counts of eosinophils, neutro
phils, and lymphocytes in bronchoalveolar lavage fluid 
(BALF).28 In another experimental setting, based on the expo
sure to ozone of mice already challenged with ovalbumin, 
enhanced BALF numbers of eosinophils and neutrophils 
were found, associated with p38 MAPK activation and 
increased levels of interleukin-17A (IL-17A) in lung tissue.29 

The biological activities of IL-17A and IL-17F are closely 
linked to neutrophilic inflammation.14

Besides immune/inflammatory cells, airway resident cells 
can also be targeted by extracellular stimuli acting through 
phosphorylation-dependent activation of p38 MAPK. In fact, 
phospho-p38 expression has been shown to be up-regulated in 
bronchial epithelial cells taken from atopic asthmatic patients 
exposed to allergen challenge.30 Via activation of p38 MAPK, 
transforming growth factor-β (TGF-β) can induce the apopto
sis of human airway epithelial cells.31 Indeed, in asthmatic 
subjects, these cells seem to be highly susceptible to 
apoptosis.32–35 Moreover, p38 MAPK appears to be implicated 
in structural changes underlying bronchial remodelling in 
asthma, such as the thickening of sub-epithelial basement 
membrane.7 In particular, as a consequence of intercellular 
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contacts with mast cells, lung fibroblasts proliferate and secrete 
large quantities of collagen through p38 MAPK-mediated 
release of IL-6.36,37

Role of p38 MAPK in COPD 
Pathophysiology
Animal models of experimental emphysema have been very 
useful to demonstrate that cigarette smoke can induce the 
activation of p38 MAPK and the consequent biosynthesis of 
pro-inflammatory cytokines and chemokines, leading to neu
trophilic lung inflammation.38 Such findings are in agreement 
with the results of some human studies, which have shown in 
COPD patients the up-regulation of phospho-p38 MAPK 
expression.39 For instance, the phosphorylated active form of 
p38α MAPK resulted to be overexpressed, in comparison to 
health subjects, in alveolar macrophages obtained from lung 
surgical samples taken from patients with COPD.40 In addition 
to alveolar macrophages, increased levels of phospho-p38α 
MAPK were also detected in CD8+ T cells located within the 
alveolar walls of COPD patients.40 Therefore, such observa
tions indicate that p38 MAPK contributes to COPD pathophy
siology by coordinating intercellular cross-talks between CD8+ 

T lymphocytes and alveolar macrophages. In COPD patients, 
the pathogenic role of p38 MAPK activation was found to be 
extended to structural cellular elements such as small airway 
epithelial cells.41 Indeed, these cells are involved in COPD 
pathobiology because they release many proinflammatory 
cytokines and chemokines when are exposed to cigarette 
smoke, as well as to other environmental agents that trigger 
p38 MAPK activation.8 In this regard, it is noteworthy that 
high sputum levels of phospho-p38 MAPK can be detected in 
COPD patients.42 Furthermore, such an enhanced activity of 
p38 MAPK was closely associated with several biological and 
lung functional parameters, including high concentrations of 
sputum neutrophils and IL-8, as well as low values of forced 
expiratory volume in one second (FEV1).42 Taken together, the 
above findings suggest that in COPD p38 MAPK activation is 
markedly correlated with both pulmonary inflammation and 
the progressive deterioration of respiratory function.

COPD exacerbations are characterized by further incre
ments of lung inflammation and p38 MAPK activity. With 
regard to these aspects, it is interesting to point out that frequent 
causative agents of COPD exacerbations like bacterial patho
gens can cooperate with proinflammatory cytokines such as 
TNF-α, thereby intensifying the signal transduction function of 
p38 MAPK.43 Hence, exposure of primary cultures of human 
bronchial epithelial cells to the joint actions of TNF-α and non- 

typeable Haemophilus influenzae, significantly enhanced p38 
MAPK activation and the consequent IL-8 production.44 

Airway inflammation can thus be worsened by the increased 
neutrophil influx promoted by IL-8.45 Acting together on bron
chial epithelial cells, TNF-α and Haemophilus influenzae also 
triggered cellular apoptosis via p38-MAPK-mediated stimula
tion of caspase-3 activity.44 The apoptotic death of human 
bronchial epithelial cells was also caused through p38- 
MAPK signalling by hydrogen peroxide,46 commonly used 
as an experimental inducer of oxidative stress. As 
a consequence of the noxious effects exerted by cytokines, 
bacterial pathogens, and oxidative stress, the p38 MAPK 
transduction module is thus remarkably involved in the induc
tion of harmful injuries to airway resident cells. By persistently 
amplifying deleterious pathogenic circuits, p38 MAPK acts as 
a converging signalling synapsis for several triggers of COPD 
exacerbations, which damage the bronchial epithelium and 
impair its barrier function. The resulting enhanced epithelial 
permeability makes the airways more susceptible to bacterial 
infections such as those caused by Haemophilus influenzae and 
Streptococcus pneumoniae, which synergistically stimulate 
mucus overproduction via p38α MAPK-dependent activation 
of MUC5AC mucin gene transcription.47 In addition to bac
teria, respiratory viruses can also trigger COPD 
exacerbations.48 In this regard, it is noteworthy that human 
rhinovirus (HRV) and IL-17A were able to synergistically 
induce p38 MAPK activation in bronchial epithelial cells.49 

Moreover, in these same cell types, HRV-bacterial coinfections 
elicited a synergistic stimulation of p38 MAPK activity, thus 
leading to an increased production of IL-17C and to the con
sequent enhancement of neutrophil recruitment,50 which repre
sents a common inflammatory feature of COPD 
exacerbations.51

p38 MAPK also plays a central role in cellular 
mechanisms underpinning the accelerated rate of lung 
senescence associated with COPD.52 In particular, at the 
level of small airways and lung parenchyma of patients 
with COPD, activated p38 MAPK up-regulates the 
microRNA miR-570, which inhibits the expression of the 
anti-aging protein sirtuin-1.52

p38 MAPK Inhibition: A Potential 
Therapeutic Strategy for Treatment 
of Asthma and COPD
In experimental murine models of ovalbumin-induced 
asthma, the pyridinyl imidazole p38 inhibitor SB239063 
significantly lowered airway levels of IgE, eosinophils, 
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and Th2 cytokines.53 In asthmatic transgenic mice, pul
monary inflammation nourished by T cells and eosinophils 
was attenuated by the specific p38α MAPK inhibitor SD- 
282.54 In other animal models of asthma, p38α MAPK 
functions can be blocked by inhibition of gene expression; 
in this regard, a p38α MAPK-targeted antisense oligonu
cleotide, delivered by inhalation, significantly reduced 
BALF levels of total cells, eosinophils, and Th2 
cytokines.55 Inhibition of p38 MAPK activation also 
allows to suppress the release of proinflammatory media
tors from alveolar macrophages.8 Consistently with these 
findings, it is noteworthy that the p38 inhibitor doramapi
mod (BIRB-796) decreased the secretion of TNF-α and 
IL-6 from alveolar macrophages isolated from COPD 
patients, and this anti-inflammatory action resulted to be 
more effective than that one induced by the corticosteroid 
budesonide.56 Therefore, p38 inhibitors can potentially 
attenuate chronic airway inflammation.

The majority of p38 MAPK inhibitors under current 
experimental evaluation, deliverable via oral or inhaled 
route, have been utilized in COPD patients.9,57

Dilmapimod (SB-681323) is an oral p38 inhibitor 
which was tested in a Phase 1 trial, showing that at both 
dosages of 7.5 and 25 mg this drug was able to decrease 
blood concentrations of TNF-α in patients with COPD.58 

Furthermore, when used at the dose of 7.5 mg for 28 days, 
dilmapimod reduced by 9.4% sputum neutrophils and 
increased forced vital capacity (FVC) by 210 mL; how
ever, these changes did not reach the threshold of statis
tical significance.59 Administered to COPD patients at 
a single dose of 25 mg, dilmapimod was able to inhibit 
IL-1β gene expression in blood and sputum cells.60 

A Phase 2 study evaluated in patients with COPD the 
oral p38α/β MAPK inhibitor losmapimod (GW856553), 
which induced a slight increase in pre-bronchodilator 

FEV1, though not statistically significant when compared 
to placebo, but did not ameliorate exercise performance 
investigated through 6 min walking test.61 However, a post 
hoc analysis of this trial documented that losmapimod 
lowered the number of COPD exacerbations in subjects 
with blood eosinophil levels not higher than 2%, only 
when this drug was used at the dosage of 15 mg.62 

Another phase 2 study was designed with the aim of 
comparatively assessing, in COPD patients, the therapeutic 
effects of salmeterol/fluticasone propionate (50 µg/500 µg 
twice a day), losmapimod (7.5 mg twice a day), and 
placebo.63 None of the above treatments changed the 
number of blood neutrophils, but losmapimod decreased 
by 11% plasma fibrinogen levels, and also slightly reduced 
lung hyperinflation.63 A further phase 2 trial demonstrated 
that the oral p38α MAPK inhibitor PH-797804 signifi
cantly incremented trough FEV1 and improved transition 
dyspnoea index (TDI), as well as lowered blood levels of 
C-reactive protein (CRP).64 Acumapimod (BCT197) is 
another orally active p38 inhibitor, evaluated in 
a preliminary phase 2 trial which showed that, when 
used at repeated single doses of 75 mg, after 8 days of 
treatment this compound elicited a significant FEV1 

improvement in comparison to placebo.65 Moreover, acu
mapimod was capable of reducing the number of hospita
lizations caused by COPD exacerbations.66 A very recent 
pharmacokinetic study, focused on drug–drug interactions, 
showed that acumapimod can be safely co-administered 
with azithromycin,67 a therapeutic agent frequently used 
for the treatment of COPD and COPD exacerbations.68

Some studies have tested the safety of inhaled p38 
MAPK inhibitors, as well as their potential efficacy for 
COPD treatment (Table 1). These drugs are generally safer 
than oral compounds, which can be characterized by an 
increased risk of eventual systemic unwanted effects. 

Table 1 Summary of the Main Studies Evaluating P38 MAPK Inhibitors for Potential Treatment of COPD and Asthma

Drug Duration No. Patients Main Results

Dilmapimod58 24 hours 17 (COPD) Decrease of blood TNFa levels

Dilmapimod60 6 hours 17 (COPD) Inhibition of IL-1b gene expression.
Losmapimod61 24 weeks 602 (COPD) Slight and not significant FEV1 increase.

Losmapimod63 12 weeks 302 (COPD) Reduction of plasma fibrinogen levels.

PH-79780464 6 weeks 230 (COPD) Significant improvements in TDI and trough FEV1.
Acumapimod65 8 days 169 (COPD) Significant FEV1 improvement.

AZD762469 12 weeks 213 (COPD) No preventive effect on COPD exacerbations.

RV-56871 14 days 30 (COPD) Significant increase of pre-bronchodilator FEV1.
Doramapimod78 1 hour 42 (smokers) Potentiation of dexamethasone effects on cytokine production.

Doramapimod77 4 hours 23 (asthma) Potentiation of dexamethasone effects on cytokine production.
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AZD7624 is a powerful p38α/β MAPK inhibitor, that was 
able to suppress lipopolysaccharide (LPS)-induced pro
duction of IL-6 and TNF-α from alveolar macrophages 
of patients with COPD.69 Moreover, AZD7624 appeared 
to be more potent than the inhaled corticosteroid budeso
nide in inhibiting IL-6 release from bronchial epithelial 
cells obtained from COPD patients experiencing or not 
recurrent exacerbations.70 Anyway, AZD7624 did not 
decrease the number of COPD exacerbations.70 RV-568, 
another inhaled p38 inhibitor, induced remarkable anti- 
inflammatory effects in monocytes/macrophages and bron
chial epithelial cells, as well as in mice exposed to LPS 
and cigarette smoke, but elicited only a slight increase of 
pre-bronchodilator FEV1 in patients with COPD.71 

CHF6297 is a potent p38 inhibitor, available as a dry 
powder preparation, which is undergoing clinical evalua
tion for inhaled therapy of COPD.8 Another p38 MAPK 
inhibitor that has been developed as a dry powder inhaler 

is PF-03715455,72 currently under investigation for treat
ment of patients with moderate or severe COPD.8

The most common adverse events observed in the 
above clinical trials were nasopharyngitis, headache, diar
rhoea, nausea, and arthralgia.

In both COPD and severe asthma, p38 MAPK inhi
bitors can be experimentally used to revert corticosteroid 
resistance.73 Basically, the reciprocal relationships 
between p38 MAPK and corticosteroids are quite com
plex. Corticosteroids inhibit p38 activation via depho
sphorylation mediated by induction of MKP-1 gene 
expression (Figure 2).74 However, MKP-1 can be down- 
regulated in alveolar macrophages collected from 
patients with severe asthma.75 On the other hand, in 
subjects with either COPD or severe asthma p38 
MAPK can impair the therapeutic activity of corticoster
oids through phosphorylation of a serine amino acid 
residue (Ser-226) of glucocorticoid receptors (GR), 

Figure 2 Cross-talk between corticosteroids and p38 MAPK. Acting at level of the glucocorticoid response elements (GRE) of target genes, corticosteroids induce the 
expression of MAP kinase phosphatase-1 (MKP-1), which dephosphorylates and inactivates p38 MAPK. In its active phosphorylated form, p38 in turn phosphorylates the 
glucocorticoid receptor (GR), thus impeding its nuclear translocation and the consequent biological and pharmacological actions of corticosteroids. In addition to inhibiting 
the anti-inflammatory effects of corticosteroids, p38 MAPK also plays a key proinflammatory role via phosphorylation-dependent activation of the downstream kinase 
MAPKAPK-2 (MAP kinase-activated protein kinase 2), which stabilizes several mRNAs encoding multiple cytokines and chemokines. This original figure was created by the 
authors using BioRender.com.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                   

Drug Design, Development and Therapy 2021:15 1280

Pelaia et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


which prevents their nuclear translocation and DNA 
binding (Figure 2), thereby impeding the biological 
actions of the respective hormone ligands.76 In compar
ison to healthy subjects, phosphorylation levels of p38 
MAPK and GR Ser-226 were found to be significantly 
increased in bronchial epithelial cells cultured from 
severe asthmatics.77 When these cells were exposed to 
both dexamethasone and the p38 inhibitor doramapimod 
(BIRB-796), an additive inhibitory effect on IL-6 release 
was observed.77 Furthermore, doramapimod re- 
established corticosteroid responsiveness in alveolar 
macrophages taken from COPD patients and infected by 
non-typeable Haemophilus influenzae, which stimulated 
p38 MAPK activation and the consequent phosphoryla
tion of GR Ser-226.78 A similar additive inhibitory 
action, exerted by dexamethasone and doramapimod, 
was also detected with regard to the release of IL-6 and 
IL-8 from human lung fibroblasts.79 In peripheral blood 
monocytes obtained from patients with COPD, losmapi
mod restored corticosteroid sensitiveness;80,81 this effect 
was due to abrogation of p38 MAPK-mediated phosphor
ylation of GR Ser-211.81

Conclusions
The key role played by p38 MAPK activation in the patho
biology of asthma and COPD makes this signalling pathway 
a suitable potential target for future treatments of such wide
spread chronic respiratory diseases. However, though precli
nical studies have yielded interesting and promising results, 
so far clinical trials have been quite disappointing. Better 
outcomes could perhaps be achieved by very selective inhi
bitors of the p38α isoform, which is the p38 MAPK subtype 
mostly involved in inflammatory processes, given its predo
minant expression at level of innate inflammatory cells such 
as alveolar macrophages.40 Nevertheless, even a very selec
tive p38α inhibition might be counterbalanced by neutraliz
ing mechanisms sustained by a natural redundancy of the 
MAPK system, possibly leading to a compensative hyperac
tivation of c-Jun N-terminal kinase (JNK) and extracellular 
signal-regulated kinase (ERK) MAPK subfamilies.82,83

Moreover, within a perspective therapeutic context 
referring to the treatment of COPD and severe asthma, 
the overall potential advantages provided by p38 MAPK 
inhibition might be weakened by objective limitations. 
Indeed, p38 MAPK is physiologically implicated in the 
regulation of relevant processes such as innate immunity 
and anti-bacterial protection, as well as organ differentia
tion and homeostasis.84 Therefore, the use of p38 MAPK 

inhibitors could be possibly linked to an increased risk of 
developing infections and injuries at level of nervous, 
cardiovascular, and gastrointestinal systems. Obviously, 
these risks might be remarkably prevented by utilization 
of the inhaled administration route, even if the latter lacks 
a significant impact on systemic inflammation, which is 
especially involved in COPD pathobiology. Hence, though 
partially clouded by some shadows, pharmacological inhi
bition of p38 activation might shed a promising light in 
regard to future therapeutic approaches aimed to improve 
the management of COPD and severe asthma.
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