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Summary

Crohn’s disease and ulcerative colitis are inflammatory bowel diseases (IBD)
characterized by chronic relapsing mucosal inflammation. Tumour necrosis
factor (TNF)-a, a known agonist of the mitogen-activated protein kinase
(MAPK) pathway, is a key cytokine in this process. We aimed first to deter-
mine whether p38 MAPK is activated in IBD inflamed mucosa, and then
studied the effect of four different p38a inhibitory compounds on MAPK
phosphorylation and secretion of proinflammatory cytokines by IBD lamina
propria mononuclear cells (LPMCs) and organ culture biopsies. In vivo
phospho-p38a and p38a expression was evaluated by immunoblotting on
intestinal biopsies from inflamed areas of patients affected by Crohn’s disease
and ulcerative colitis, and from normal mucosa of sex- and age-matched
control subjects. Both mucosal biopsies and isolated LPMCs were incubated
with four different p38a selective inhibitory drugs. TNF-a, interleukin
(IL)-1b and IL-6 were measured in the organ and cell culture supernatants by
enzyme-linked immunosorbent assay. We found higher levels of phospho-
p38a in the inflamed mucosa of IBD patients in comparison to controls. All
the p38a inhibitory drugs inhibited p38a phosphorylation and secretion of
TNF-a, IL-1b and IL-6 from IBD LPMCs and biopsies. Activated p38a MAPK
is up-regulated in the inflamed mucosa of patients with IBD. Additionally, all
the p38a selective inhibitory drugs significantly down-regulated the activa-
tion of the MAPK pathway and the secretion of proinflammatory cytokines.
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Introduction

Crohn’s disease (CD) and ulcerative colitis (UC) represent
the two main types of inflammatory bowel diseases (IBD).
The aetiology of IBD is unknown, although there is now
rather convincing evidence that changes in the way the host
immune system deals with the normal microbial flora is
involved. It is generally agreed, however, that IBD are char-
acterized by chronic relapsing inflammation of the gas-
trointestinal tract that arises from inappropriate activation
of the mucosal immune system. Both CD and UC are
characterized by an imbalance between pro- and anti-
inflammatory cytokines leading to destruction of normal
tissue integrity [1].

Tumour necrosis factor (TNF)-a plays a central role in the
initiation and amplification of the mucosal inflammation
observed in IBD patients [2], and is also one of the best-

characterized agonists of the mitogen-activated protein
kinase (MAPK) pathway [3,4]. The latter has a role in con-
trolling inflammation, cell differentiation, cell growth, cell
death and malignancy [5,6]. The p38 MAPK is composed of
four related Ser/Thr kinase isoforms that share 60–80% of
amino-acid sequence, but differ in their tissue-specific
expression and sensitivity to chemical inhibitors [6,7]. The
most thoroughly studied isoform is p38a. It is expressed
ubiquitously and has an important role in regulating gene
expression in the gut. This kinase is a point of convergence
for multiple signalling processes activated in inflammation,
and thus it represents an attractive target for the identifica-
tion of new therapeutic strategies in IBD [8]. p38a has also
been reported to be the most important isoform in inflam-
matory cells involved in the mucosa of patients with IBD [9].
However, this is somewhat controversial, as other studies
failed to find any evidence for p38 activation in IBD [10,11].
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p38a inhibitors have been proposed as a new therapeutic
approach to control inflammation in IBD. However, contro-
versial results have been found regarding efficacy in reducing
the inflammatory response and specificity of inhibition both
in animal models of IBD and clinical trials. For example, in
mouse colitis, p38 inhibition increases mucosal damage [12].
Most inhibitors have been dropped out in clinical trials for
different reasons [10,13].

The aim of the present study was, first, to determine the
activation status of p38 in order to establish if this pathway is
activated in IBD. The second goal of the project was to study
the effect of p38a inhibitory drugs on the p38 phosphory-
lation and secretion of proinflammatory cytokines in gut
samples from patients with IBD.

Materials and methods

Patients and tissues

Twenty-five patients with active CD, 34 patients with active
UC and 18 age- and sex-matched control subjects, who
showed normal mucosa at histology, were included in the
study. In IBD patients, perendoscopic mucosal biopsy speci-
mens were taken from macroscopically inflamed colonic
areas. In addition, surgical specimens were collected from
inflamed colon of six CD patients and two UC patients.
Clinical data from patients with CD and UC are, respectively,
shown in Table 1 and Table 2. Colonic samples from four
subjects undergoing surgery for colon carcinoma were
included as control. Some biopsy samples were homogenized
and used for immunoblotting analysis. Some other biopsies
were used for lamina propria mononuclear cell (LPMC)
isolation. Written informed consent was obtained in all cases
and the project was approved by the local Ethics Committee.

Cell isolation

LPMCs were isolated as described previously [14]. Briefly,
surgical colonic specimens were collected in complete
RPMI-1640 medium (Sigma-Aldrich, Poole, UK) supple-
mented with 10% fetal calf serum and antibiotics. After
washing with Hanks’ balanced salt solution (HBSS) Ca and
Mg free (Sigma-Aldrich), the epithelial layer was removed
with 1 mM ethylenediamine tetraacetic acid (EDTA)/HBSS
(Sigma-Aldrich) for two 30-min periods of incubation at
37°C with shaking. After EDTA treatment, mucosal samples
were denuded of epithelial cells, and were cultured subse-
quently at 37°C for 1 h with shaking in a humidified CO2

incubator in complete RPMI-1640 medium with 1 mg/ml
collagenase type IA from Clostridium histolyticum (Sigma-
Aldrich) and 10 U/ml DNase I (Roche Diagnostics, Burgess
Hill, UK). The crude cell suspension was allowed to stand for
60 min for sedimentation of debris. Cells from the superna-
tant were washed twice, resuspended in complete RPMI-
1640 medium containing 10% fetal calf serum, and kept on
ice until used. Cells were not used if viability did not exceed
90%.

Cell culture

LPMCs (1 ¥ 106/ml) were cultured in duplicate with recom-
binant human TNF-a (10 ng/ml; R&D Systems, Abingdon,
UK), or with different concentrations (0·01–10 mM) of the
well-characterized p38 inhibitor SB203580 [15] or three
novel, selective p38a MAPK inhibitor compounds (desig-
nated 1, 2 and 3; GlaxoSmithKline, Stevenage, UK). The
p38a inhibitor profile of these compounds is shown in
Table 3. Compound 1 is a member of the pyrimidin class
[16], and compounds 2 and 3 are nicotinamides [17]. All
compounds act as p38 kinase inhibitors through the compe-
tition with adenosine triphosphate (ATP) for binding, and
have comparable solubility and cell permeability. As drugs
were diluted in dimethylsulphoxide (DMSO), 0·1% DMSO
was used as control condition. After 30 min- (for immuno-

Table 1. Clinical features of patients with Crohn’s disease (n = 31).

Characteristics and parameters n Median (range)

Age (years) 33·4 (17–64)

First attack 4

Intestinal location

Small bowel and colon 24

Colon only 7

Disease behaviour

Fistulizing 4

Stricturing 7

Luminal 20

Duration of disease (months) 69·9 (2–218)

Number of recurrences 2·7 (0–6)

Crohn’s Disease Activity Index [38] 207 (104–415)

Treatment

Mesalazine 13

Mesalazine + topical steroids 4

Mesalazine + antibiotics 8

Mesalazine + AZA/6-MP/MTX 6

AZA: azathioprine; 6-MP: 6-mercaptopurine; MTX: methotrexate.

Table 2. Clinical features of patients with ulcerative colitis (n = 36).

Characteristics and parameters n Median (range)

Age (years) 37·1 (18–54)

First attack 4

Intestinal location

Pancolitis 12

Left-sided colitis 24

Duration of disease (months) 59·1 (3–195)

Number of recurrences 3·2 (0–6)

Clinical Activity Index [39] 7·1 (2–12)

Treatment

Mesalazine 8

Mesalazine + topical steroids 13

Mesalazine + AZA/6-MP 5

AZA: azathioprine; 6-MP: 6-mercaptopurine.
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blotting determination of p38a) or 48 h-culture [for
enzyme-linked immunosorbent assay (ELISA) determina-
tion of cytokines], cells were stored at –70°C.

Organ culture

Biopsy specimens were placed on iron grids in the central
well of an organ culture dish and the dishes placed in a tight
chamber with 95%O2/5%CO2 at 37°C [14]. All the above-
mentioned p38 MAPK inhibitors (0·01–10 mM) or recombi-
nant human TNF-a (10 ng/ml; R&D Systems) were added
to the medium containing RPMI-1640 medium (Sigma-
Aldrich) supplemented with 10% HL-1 (Cambrex Bio
Science, Wokingham, UK), 100 U/ml penicillin and
100 mg/ml streptomycin. After 60 min- (for immunoblotting
determination of p38) or 24 h-culture (for ELISA determi-
nation of cytokine production), biopsies were snap-frozen
and stored at –70°C.

Western blotting

Tissue and cell samples were lysed in 250 ml of ice-cold lysate
buffer (10 mM EDTA, 50 mM pH 7·4 Tris-HCl, 150 mM
sodium chloride, 1% Triton X100, 2 mM phenylmethylsul-
phonyl fluoride, 2 mM sodium orthovanadate, 10 mg/ml
leupeptin and 2 mg/ml aprotinin). The amount of protein
was determined by the Bio-Rad Protein assay (Bio-Rad
Laboratories, Hemel Hempstead, UK). Protein samples were
separated electrophoretically using a discontinuous sodium
dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-
PAGE) system at neutral pH (NUPAGE Bis-Tris Electro-
phoresis System; Invitrogen, Leicestershire, UK). Samples
were boiled for 5 min in sample buffer containing 10%
b-mercaptoethanol and then run under reduced conditions
on 10% pre-cast gels following manufacturer’s instructions.
Total protein load was 40–65 mg per lane. After electrophore-
sis, proteins were electrotransferred immediately onto a
nitrocellulose membrane (Bio-Rad Laboratories) using a
semi-dry blotter (XCell II Blot Module; Invitrogen). Blots
were probed with a rabbit anti-human phospho-p38a
antibody (dilution 1:1000; R&D Systems) followed by the
appropriate horseradish peroxidase-conjugated secondary
antibody. The protein bands were visualized by enhanced
chemiluminescence (ECL Plus; GE Healthcare, Bucks, UK)
according to the manufacturer’s instructions. The bands
were scanned using an LKB Ultrascan XL Laser Densitom-

eter (Kodak Ltd, Hemel Hempstead, UK) and quantified
using the Adobe Photoshop CS software (version 8.0.1).
Blots were stripped and analysed for total p38a as an internal
loading control, using a mouse anti-human p38a antibody
(dilution 1:500; R&D Systems). Normalization between blots
was conducted by comparing the intensity of the band of the
phospho-p38a versus the band intensity of the total p38a.
We used the same exposure times in different blots for the
total p38a or phospho-p38a. We performed single measure-
ments for each patient and based the mean and standard
deviation (s.d.) on this single measurement in a number of
patients. A synthetic blocker phospho-peptide correspond-
ing to residues surrounding Thr180 and Tyr182 (Cell Signal-
ing, Hertfordshire, UK) was used to specifically block the
phospho-p38a Western blot reactivity. Alkaline phosphatase
(CIP; New England BioLabs, Hertfordshire, UK) was used to
release phosphate groups from phosphorylated tyrosine,
serine and threonine residues in proteins to show that the
antibodies identified only phosphorylated proteins.

ELISA

TNF-a or interleukin (IL)-1b were measured by standard
sandwich ELISA: human TNF-a/TNFSF1A DuoSet ELISA
kit and human IL-1b (IL-1F2) DuoSet ELISA kit (both from
R&D Systems). IL-6 was analysed by the electrochemilumi-
nescence multiplex system Sector 2400 imager from Meso
Scale Discovery (Gaithersburg, MD, USA), according to the
manufacturer’s instructions.

Statistical analysis

Data are displayed as means � s.d. Statistical significance
was determined by the non-parametric Mann–Whitney
U-test to compare independent samples using the GraphPad
Prism statistical PC program. A P-value of less than 0·05 was
considered statistically significant. Experiments with each
p38 inhibitor were conducted independently at least three
times per patient.

Results

In vivo activation status of p38 MAPK

First we analysed by immunoblotting the activation of the
p38 MAPK in the inflamed mucosa of CD and UC patients

Table 3. p38 inhibitor profile of the three novel p38 inhibitor compounds used. All values are pIC50s in non-cellular assay systems.

p38 inhibitor p38a p38b p38g/p38d Broader kinase selectivity

1 7·6 7·4 < 5 No issues

2 7·2 6·9 < 5 No issues

3 7·2 6·9 < 5 No issues

SB203580 7·1 7·1 < 5 Some non-selectivity issues (JNK)

JNK: Jun N-terminal kinase.
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(Fig. 1). We used specific antibodies for the total p38a
isoform (a monoclonal antibody against human recombi-
nant p38a) or for the dual-phosphorylated form of this
kinase (a polyclonal antiserum raised against the phospho-
peptide). Mucosal biopsies from inflamed areas of UC and
CD patients showed significantly (P < 0·0005 and P < 0·005,
respectively) higher levels of the phospho-activated p38a
isoform with a mean increase of 5·4- and 4·7-fold compared
to controls, respectively. No significant difference was found
between CD and UC mucosal specimens. Treating the
blotted samples with alkaline phosphatase removed the
immunoreactivity of the anti-phospho p38a antibody and,
similarly, blocking peptide removed immunoreactivity for
p38a (data not shown).

In vitro effect of MAPK inhibitors on p38
MAPK activity

Control LPMCs were cultured with TNF-a and p38a inhibi-
tor compounds (1, 2, 3 and SB203580) for 30 min. As shown
in Fig. 2, the TNF-a-induced phosphorylation of p38a was
neutralized by compounds 2, 3 and SB203580, while com-

pound 1 showed a lower efficacy. Then, we studied the effect
of the p38a inhibitor compounds on unstimulated LPMCs
isolated from inflamed areas of patients with IBD (Fig. 3).
After 30 min culture, there was a dramatic decrease in the
level of p38 phosphorylation, with compound 3 showing the
strongest effect. We also demonstrated inhibition of the
p38a pathway on IBD mucosal biopsies cultured ex vivo by
all the compounds, with the exception of compound 2 that
decreased, but not significantly, the level of phosphorylation
of p38a (Fig. 4).

In vitro and ex vivo effect of p38 inhibitors on
proinflammatory cytokine production

As shown in Fig. 5a, the basal production of TNF-a by IBD
LPMCs (mean 45·8 � 10·7 pg/ml) was reduced significantly
in a dose-dependent manner by compound 1 (at 0·1 mM:
18·9 � 5·9 pg/ml, P < 0·05; at 1 mM: 11·3 � 1·8 pg/ml,
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P < 0·001; at 10 mM: 5·1 � 1·1 pg/ml, P < 0·0005), com-
pound 2 (at 0·1 mM: 18·0 � 5·8 pg/ml, P < 0·05; at 1 mM:
12·2 � 2·0 pg/ml, P < 0·001; at 10 mM: 5·2 � 1·9 pg/ml,
P < 0·0005), SB203580 (at 0·1 mM: 30·1 � 8·8 pg/ml; at
1 mM: 24·8 � 4·9 pg/ml, P < 0·05; at 10 mM: 18·1 � 2·1 pg/
ml, P < 0·001) and compound 3 (at 0·1 mM: 21·2 � 4·9 pg/
ml, P < 0·05; at 1 mM: 13·6 � 4·7 pg/ml, P < 0·001; at 10 mM:
6·4 � 1·5 pg/ml, P < 0·0005). Figure 5b shows that the
basal production of IL-1b (mean 660·2 � 114·1 pg/ml)
was reduced significantly by 10 mM compound 1
(513·9 � 83·4 pg/ml, P < 0·05), 10 mM compound 2
(482·4 � 83·9 pg/ml, P < 0·05), 10 mM SB203580
(549·1 � 92·0 pg/ml, P < 0·05) and 10 mM compound 3
(523·0 � 53·4 pg/ml, P < 0·05). As shown in Fig. 5c, the
basal production of IL-6 (mean 1648·3 � 271·0 pg/ml)
was reduced significantly by 10 mM compound 1
(513·9 � 83·4 pg/ml, P < 0·05), 10 mM compound 2
(1165·7 � 152·9 pg/ml, P < 0·05) and 10 mM compound 3

(1001·4 � 151·5 pg/ml, P < 0·001), but not 10 mM SB203580
(1405·2 � 151·9 pg/ml).

We also assessed the ex vivo effect of the four compounds
in IBD organ culture biopsies (Fig. 6). The basal production
of IL-1b (mean 657 � 244 pg/ml) was reduced significantly
by compound 1 (237 � 89 pg/ml, P < 0·01), compound 2
(221 � 72 pg/ml, P < 0·01), SB203580 (304 � 116 pg/ml,
P < 0·05) and compound 3 (324 � 69 pg/ml, P < 0·05). The
basal production of IL-6 (mean 4836 � 1083 pg/ml) was
reduced significantly by compound 1 (1232 � 361 pg/ml,
P < 0·005), compound 2 (985 � 227 pg/ml, P < 0·005),
SB203580 (2304 � 486 pg/ml, P < 0·05) and compound 3
(1198 � 507 pg/ml, P < 0·005). The basal production of
TNF-a (mean 140·7 � 49·1 pg/ml) was reduced signifi-
cantly by compound 1 (107·3 � 8·4 pg/ml, P < 0·05),
compound 2 (99·4 � 11·5 pg/ml, P < 0·05) and com-
pound 3 (96·4 � 5·6 pg/ml, P < 0·05), but not SB203580
(123·9 � 15·8 pg/ml).
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Discussion

In the present study we show that the p38a MAPK pathway
is activated in IBD. Additionally, we demonstrate that four
different p38a inhibitory compounds are effective in inhib-
iting the p38 pathway and inhibition of proinflammatory
cytokine secretion.

So far, it has been controversial whether chronic gut
inflammation involves the activation of p38 MAPK
pathway. p38 MAPK and Jun N-terminal kinase (JNK)
are both activator and receptor pathway targets of the

proinflammatory cytokine TNF-a. Hommes et al. [10],
using a semi-quantitative immunohistochemical method,
showed that phospho-JNK is up-regulated in CD mucosal
samples. We also found that phospho-JNK is up-regulated
in IBD specimens (data not shown). In vivo and in vitro
modulation using a guanylhydrazone inhibitor, CNI-1493,
reduced the number of lamina propria TNF-a-positive
cells. However, the analysis of p38 MAPK yielded inconsis-
tent results [18]. Malamut et al. [11] found no increase
in p38 and JNK in colonic specimens from patients with
IBD. We have difficulty in explaining these somewhat
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counterintuitive negative results in light of our present
findings.

A myriad cytokines are found at high levels in IBD and
they have different roles in the initiation, regulation and
perpetuation of the intestinal inflammation. Studies in
animal models and patients revealed that IL-12 was
increased in CD, but not UC, suggesting that CD is a T helper
cell type 1 (Th1)-mediated inflammatory disease [18,19].
Conversely, there is considerable evidence that UC involves
an atypical Th2-mediated disease. IL-5 and IL-13 are impli-
cated in inflammation in humans and mouse models of UC
[20–22]. Further cytokines that are up-regulated in IBD and
link innate with adaptive immunity are IL-15, IL-16, IL-17,
IL-18, IL-21, IL-27 and IL-32 [23–27]. Additionally, proin-
flammatory cytokines, such as IL-1, IL-6 and IL-8, are over-
produced and help to sustain the ongoing inflammation
[28,29]. In light of the critical role of Th1 CD4+ lymphocytes
in IBD, the IL-23-dependent Th17 cells are highly patho-
genic and elicit inflammation in inflammatory experimental
models and IBD [30,31]. Accordingly, we found increased
levels of TNF-a, IL-1b and IL-6 in biopsies and LPMCs
isolated from IBD patients.

TNF-a is a key cytokine in inflammatory reactions, and
the use of anti-TNF-based therapy has proved to be effective
in IBD patients [2]. However, targeting the p38a MAPK
pathway is an alternative and potentially more favourable
target, as it is amenable to orally administered small mol-
ecules and is downstream of TNF-a. Thus, the use of p38a
inhibitors might inhibit the effects of TNF-a and other
p38-activating cytokines in a variety of cell types, such as
fibroblasts, to inhibit MMP production; endothelial cells,
to inhibit adhesion molecule expression; and epithelial
cells, to inhibit TNF-a induced apoptosis and increased
permeability. However, despite the evidence supporting the
importance of p38 in inflammation, there is no conclusive
information about the therapeutic potential of MAPK inhi-
bition in IBD. One of the most common p38a inhibitors
used is SB203580, included in our study. It has also been used
in many in vivo studies, including dextran sulphate sodium
(DSS)- and trinitrobenzene sulphonic acid (TNBS)-colitis
[12,32]. Paradoxically, however, in a TNBS-colitis model,
SB203580 treatment increases TNF-a secretion and exacer-
bates gut damage [12]. Badger et al. [33] showed that inflam-
mation could be controlled in mouse colitis by targeting
p38a. Hommes et al. [10] used a JNK/p38 inhibitor, CNI-
1493, in patients with CD in the only effective therapeutic
trial in humans. However, these investigators could not dem-
onstrate either an increase in the level of activated-p38a or a
modulation of the p38 pathway with this drug. Waetzig et al.
[34] studied the role of p38a in the TNF-a signalling
pathway by using the classical p38ab inhibitor SB203580. In
keeping with our data, they first found a marked activation
of p38a in IBD. However, inhibition of p38a in cultured
biopsies only decreased TNF-a secretion in patients with low
or moderate inflammation. Waetzig et al. [35] next investi-

gated the role of p38a in TNF-a signalling in patients
responder and non-responder to infliximab. In all patients, a
peak of p38a activation was detected 24 h after the inflix-
imab infusion, which is consistent with our previous studies
showing that outside–in signalling via infliximab binding to
membrane TNF-a activates p38 [14]. Although apoptosis
was induced by infliximab in all patients, only responder
patients showed increased levels of activated ATF-2, a tran-
scription factor downstream of p38a, inhibitable in vitro by
10 mM SB203580. Surprisingly, apoptosis was not affected by
the inhibitor. This may suggest that infliximab induces apo-
ptosis only in responder patients through activation of
caspase-3 independent of p38 activation.

BIRB796, a selective p38 inhibitor, has also been studied in
human endotoxaemia and IBD [13]. Although a strong inhi-
bition of proinflammatory cytokine production and p38
phosphorylation was achieved, the drug was not useful in
IBD because of liver toxicity side effects and no evidence of
clinical efficacy [36]. Interestingly, it has been shown recently
that p38 is activated in intestinal microvascular endothelial
cells and fibroblasts from IBD patients, thus promoting T cell
adhesion and transmigration. Blockade of p38 phosphory-
lation with SB203580 decreased the expression of adhesion
molecules and secretion of chemokines [37].

In conclusion, we found high levels of phospho-p38a in
both CD and UC mucosal samples. Interfering with the acti-
vation of this MAPK pathway might be effective in IBD
patients. The challenge is to identify selective non-toxic com-
pounds with in vivo efficacy.
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