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Abstract
Objective

The aim of the present study was to determine the in vivo efficacy of p38 mitogen-activated protein kinase (MAPK) 
inhibitors, namely GW856553X and GSK678361, in murine models of arthritis.

Methods
The effect of p38 MAPK inhibitors was tested in 2 variants of the collagen-induced arthritis model (CIA) in DBA/1 mice,  

acute arthritis induced by heterologous collagen and chronic relapsing arthritis induced by homologous collagen. Animals 
were treated after onset of arthritis. Furthermore, post-onset disease efficacy of GSK678361 was tested in the chronic 
model, so as to determine the effects on established arthritis. In vitro studies were carried out with GW856553X, using 

human umbilical vein endothelial cells, to determine potential effects of GW856553X on the vasculature.

Results
In both acute and chronic arthritis, GW856553X reduced signs and symptoms of disease, and protected joints from 

damage. The effect of GW856553X in chronic CIA was confirmed using an alternative compound, GSK678361. 
Importantly, treatment with GSK678361 from 14 days post-onset of chronic arthritis completely reversed signs of 
established disease and joint destruction. Mechanism of action studies demonstrated that GW856553X inhibited 

endothelial cell migration and angiogenesis in vitro, with reduced pro-inflammatory cytokine production.

Conclusions
Suppression of murine CIA by the p38 MAPK inhibitors GW856553X and GSK678361 suggests that they may have 

therapeutic potential for future use in RA if safe clinical dosing achieves adequate compound exposure.
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Introduction
The host immune system is highly regu-
lated in terms of space and time. Loss 
of this control can lead to a number of 
diseases, including rheumatoid arthri-
tis (RA), chronic inflammatory bowel 
diseases, neurodegenerative disorders 
and septic shock. RA is a chronic and 
systemic disorder, characterised by pro-
gressive destruction of articular cartilage 
and bone, and thought to be triggered by 
a combination of genetic susceptibility 
and exposure to environmental factors.
The p38 mitogen-activated protein ki-
nase (MAPK) pathway is involved in a 
number of cellular processes critical to 
the development of RA, for example, 
activation and infiltration of leukocytes, 
as well as production of inflammatory 
cytokines. Mitogen-activated protein 
kinase p38 is a serine/threonine kinase, 
and four p38 MAPK isoforms have 
been characterised, namely p38α p38β, 
p38γ, and p38δ, which share a 12-ami-
no-acid activation loop containing a 
TGY motif located at amino acid posi-
tions 180-182, which are subsequently 
phosphorylated at the residues Thr180 
and Tyr182 leading to p38 MAPK ac-
tivation. The inactivation process of 
p38 MAPK occurs by tyrosine-specific 
MAPK phosphatases (MKP) such as 
tyrosine and threonine phosphatase 
1 (MKP1) (1). The most extensively 
studied isoform is p38α MAPK, which 
was shown to be involved in the bio-
synthesis of tumour necrosis factor α 
(TNF-α) and interleukin (IL)-1β at the 
transcriptional and translational level. 
More importantly, p38 MAPK is in-
volved in the regulation of pro-inflam-
matory mediators to initiate leukocyte 
recruitment and activation, and cy-
tokine gene expression (2).
Many p38 MAPK inhibitors have dem-
onstrated efficacy in animal models of 
arthritic disease and at least two p38 
inhibitors have been in phase II clini-
cal trials for RA; however many have 
failed due to unacceptable side-effects. 
In the present study, we investigated 
the MAPK inhibitory compounds 
GW856553X and its close structural 
analogue GSK678361 for in vivo effi-
cacy in mouse models of arthritis, and 
in in vitro validation studies, in order 
to determine whether the compounds 

modulate inflammation and/or angio-
genesis. The aims of this study were to 
investigate differences in these struc-
turally similar compounds, by study-
ing the efficacy and dose responses 
and most importantly adverse reac-
tions or side-effects in the animal set-
ting. GW856553X is currently being 
evaluated for the treatment of chronic 
obstructive pulmonary disease in hu-
man phase II clinical trials. We deter-
mined the effect of single daily dosing 
with GW856553X in acute and chronic 
collagen-induced arthritis (CIA). The 
chronic model of arthritis we have used 
closely mimics RA and hence is a poten-
tially good predictor of clinical efficacy 
(3, 4). The inhibition by GW856553X 
of acute CIA was mirrored by disease 
amelioration in chronic CIA, which 
was confirmed using another inhibi-
tor, namely GSK678361. Furthermore, 
when GSK678361 was administered to 
mice 2 weeks after onset of symptoms 
of chronic CIA, this compound was 
able to abolish symptoms and reverse 
joint inflammation. Moreover, mecha-
nism of action studies demonstrated 
that GW856553X inhibited human en-
dothelial cell angiogenesis in vitro, and 
reduced pro-inflammatory cytokine 
production (IL-6, IL-8 and MCP-1). 
These data suggest that p38 MAPK in-
hibitors may have therapeutic potential 
for future use in RA.

Materials and methods
Materials
GW856553X and GSK678361 are 
structurally related inhibitors of p38α 
MAPK, which also inhibit p38β but 
exhibit a high degree of selectivity 
with respect to other protein kinases, 
enzymes and receptors (5). In assays 
measuring the effects of GW856553 
and GSK678361 on LPS-stimulated 
human peripheral blood mononuclear 
cells, the compounds were found to in-
hibit production of the pro-inflamma-
tory cytokines TNF-α (IC50 values of 
31nM and 12nM respectively, data not 
shown). Similar potencies were found 
against IL-1β, IL-6 and IL-8.
Human recombinant vascular endothe-
lial growth factor (VEGF) and human 
recombinant TNF-α were from R&D 
Systems, Abingdon, UK, and human 
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recombinant interleukin IL-1β was 
from Invitrogen Ltd, Paisley, UK.

Induction and monitoring of CIA
Bovine type II collagen was extracted 
from bovine articular cartilage and 
murine type II collagen was purified 
from mouse sternums (6). Collagen was 
dissolved in 0.05M acetic acid and emul-
sified with an equal volume of Freund’s 
complete adjuvant (CFA; Difco Becton 
Dickinson, Cowley, Oxford, UK).
Mice used in this study were male 
DBA/1 (H-2q) purchased from Harlan 
UK Limited (Bicester, Oxon, UK). An-
imals were housed in individual venti-
lated cages over a 12-hour light/dark 
cycle and were fed standard laboratory 
chow and water ad libitum. Animal 
work was conducted under the Home 
Office project licence PPL no: 70/5446 
Pathogenesis and therapy for RA under 
the operatives of the Animals (Scientif-
ic Procedures) Act 1986.
For induction of acute CIA, 10-12 week 
old mice received a single intrader-
mal injection at the base of the tail of 
100μg bovine type II collagen emulsi-
fied in CFA, containing paraffin oil, and 
lyophilised Mycobacterium tuberculo-
sis H37 Ra (Difco Becton Dickinson, 
Cowley, Oxon, UK). The first clini-
cal signs of arthritis were assessed by 
oedema and/or erythema involving any 
of the four paws. Onset of disease was 
observed from 2 weeks after collagen 
administration, as previously described 
(3, 7-14).
For the induction of chronic relapsing 
arthritis, 10-12 week old mice were 
immunised with 100μg of homologous 
type II collagen emulsified in CFA by 
intradermal injection at the base of the 
tail. On day 14 after immunisation the 
mice were boosted with 100μg of ho-
mologous type II collagen. The first 
clinical signs of arthritis were assessed 
as for acute CIA, with onset of disease 
occurring from 2 weeks after murine 
type II collagen boost in incomplete 
Freund’s adjuvant (4 weeks after pri-
mary immunisation), as previously de-
scribed (3, 4, 15).
The mice were randomised into un-
treated, inhibitor-treated (GW856553X 
or GSK678361) and vehicle-treated 
(1% DMSO plus 99% methyl cellulose) 

groups, at the onset of the disease. Treat-
ments were administered intra-perito-
neally (i.p.), from the day of arthritis on-
set. Paw swelling was measured with 0-
10 mm callipers (Kroeplin, Schluchern, 
Germany). In both models, mice were 
monitored daily and each limb was as-
signed a clinical score as follows: 0: 
normal paws and no clinical features of 

inflammation; 1: slight oedema or ery-
thema; 2: pervading oedema/erythema 
involving the entire paw; 3: pronounced 
oedema and erythema leading to inca-
pacitated limb mobility.

Histological analysis
Hind paws were removed post-mor-
tem and fixed in 4%. Fixed specimens 

Fig. 1. GW856553X reduces acute CIA.
Following onset of arthritis, mice were treated with GW856553X (0.8mg/kg, 4mg/kg, 10mg/kg daily 
or 20mg/kg daily), vehicle alone or left untreated (n=5-8 per group). (a) Clinical score was assessed 
over a 10 day period, and data are expressed as mean ± SEM. Statistical analysis was carried out using 
a 2-way ANOVA versus vehicle-treated mice: ***p<0.001. At the end of the study (day 10), animals 
were sacrificed and paws were sectioned for histological evaluation. Representative sections are shown 
as follows: (b) untreated, (c) vehicle-treated, (d) 0.8mg/kg GW856553X, (e) 4mg/kg GW856553X, (f) 
10mg/kg GW856553X, (g) 20mg/kg GW856553X. (h) Haematoxylin and eosin sections were scored 
in a blinded fashion for pannus formation, synovitis, and bone and cartilage erosion. Paws were as-
signed one of three grades: 0=normal; 1=moderate synovitis with some loss of cartilage; 2=extensive 
synovial hyperplasia, destruction of cartilage and some bone erosions. Results are mean (± SEM) 
histological score (metatarsal, tibia-tarsus, proximal interphalangeal and distal interphalangeal joints). 
Statistical analysis was carried out by 1-way ANOVA versus vehicle-treated mice: ***p<0.001.
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were decalcified (Rapid-Cal™, BBC 
Biochemical, Dallas, TX, USA) and 
embedded in paraffin wax. Serial sec-
tions of 5μm thickness were dewaxed 
and stained with haematoxylin and 
eosin. The stained sections were scored 
microscopically for changes to joint ar-
chitecture by an observer blinded to the 
study groups. Arthritic changes in the 
ankle, metatarsophalangeal, proximal 
interphalangeal, and distal interphalan-
geal joints were individually graded as 
follows: 0=normal, 1=moderate (pannus 
formation and erosions limited to the 
cartilage-pannus formation), and 2=se-
vere (more extended bone and cartilage 
erosions, with loss of joint architecture).

Endothelial cell studies
Human umbilical cords were collected 
from Chelsea and Westminster Hospital 

(London, UK) in accordance with the 
guidelines of the Riverside Research 
Ethics Committee (RREC 2948). Hu-
man umbilical vein endothelial cells 
(HUVEC) were isolated by digestion 
of umbilical cord veins in 0.025mg/
ml collagenase A (Roche Diagnostics, 
Mannheim, Germany) (3, 16). Cells 
were maintained in RPMI 1640 (Cam-
brex, Berkshire, UK) containing 10% 
foetal calf serum (FCS; Biowest, Nuail-
lé, France), 10% new born calf serum 
(Gibco, Paisley, UK), 5U/ml heparin 
(CP Pharmaceuticals, Wrexham, UK), 
and 15μg/ml endothelial cell growth 
supplement (Sigma Aldrich, Poole, 
UK). To measure HUVEC viability, a 
modified assay for mitochondrial activ-
ity was used. Wells were treated with 
GW856553X (1-100nM) for 24 hours. 
Following treatment as above, 0.5mg/

ml MTT (3-[4,5-dimethyl-2-yl]-2,5-
diphenyltetrazolium; Sigma Aldrich, 
Poole, UK) was added to the cells over-
night. Cells were lysed using 10% SDS 
containing 0.001M HCl, and absorption 
was measured after 24 hours at 620nm.
In order to analyse the effect of 
GW856553X on angiogenesis, a com-
mercially available angiogenesis kit 
was used (AngioKit; TCS Cell Works, 
Buckingham, UK). Wells were treated 
on day 0 with VEGF, in the absence or 
presence of increasing concentrations 
of GW856553X or 0.01% DMSO as 
vehicle control. Culture medium was 
replenished after 4, 7 and 9 days ac-
cording to manufacturer’s instructions. 
On day 11, the medium was aspirated 
and the cells were fixed at room tem-
perature in ice-cold 70% ethanol. Ex-
pression of CD31 was visualised by 
staining with mouse anti-human CD31 
antibody (TCS Cell Works, UK, Buck-
ingham, UK) for 60 minutes at 37°C, 
followed by goat anti-mouse IgG alka-
line phosphatase conjugate for 10 min-
utes at room temperature. CD31 ELISA 
substrate was prepared by dissolving 
p-nitrophenol phosphate in Tris buffer 
and was added according to manufac-
turer’s instructions. The plate was read 
at 405nm. Subsequently, an insolu-
ble substrate prepared from BCIP (5-
bromo-4-chloro-3-indolyl phosphate)/
NBT (nitro blue tetrazolium; TCS Cell 
Works, UK) was added. Once the sub-
strate was filtered, 0.5ml was added 
per well and incubated at 37°C until 
tubules developed a dark colour (5-15 
minutes). Wells were then washed three 
times with distilled H2O and air dried 
before microscopic capture using a 
BH2 microscope (Olympus Optical, Ja-
pan) linked to a KY-F55BE video cam-
era (Victor Company, Japan).
To assess migration, 2x105 HUVEC in 
RPMI 1% FCS were seeded onto gela-
tin-coated polycarbonate cell culture 
inserts 8μm (Becton Dickinson, Cow-
ley, Oxon, UK) and allowed to migrate 
for 6 hours. GW856553X or 0.01% 
DMSO as vehicle control was added to 
both upper and lower wells. After the 
migration period, non-migrating cells 
were removed from the upper side of 
the membrane, and the insert was trans-
ferred to a clean well containing 300μl 

Fig. 2. GW856553X reduces chronic CIA.
From the day of onset of arthritis, mice were treated with GW856553X (0.8mg/kg, 4mg/kg or 20mg/kg 
daily), vehicle alone or left untreated (n=5-7 per group). (a) Clinical score was assessed over a 4 week 
period, and data are expressed as mean ± SEM. Statistical analysis was carried out using a 2-way 
ANOVA versus vehicle-treated mice: ***p<0.001. (b) Area-under-curve analysis of clinical score data, 
represented as box-and-whiskers plots. Statistical analysis was carried out using a 1-way ANOVA 
versus vehicle-treated mice: ***p<0.001.
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Cell Stain Solution (Cambridge Bio-
science Ltd, Cambridge, UK). Inserts 
were air-dried and migrated cells were 
placed in Extraction Solution (Cam-
bridge Bioscience Ltd, Cambridge, 
UK). The plate was read at 560nm.
The effect of GW856553X on cytokine 
release was determined. HUVEC (8x104 
per 200mm2) were stimulated with 
10ng/ml TNF-α for 24 hours, in the 
absence or presence of GW856553X 
or 0.01% DMSO as vehicle control. 
Release of MCP-1, IL-6 and IL-8 were 
measured by ELISA as previously de-
scribed (3, 16).

Statistical analyses
Two-way ANOVA test was used to 
evaluate the clinical scoring data, as-
sessing the dose and the time of treat-
ment. One-way ANOVA test was used 
to evaluate the histological scoring data 
as a function of the dose. P-values less 
than 0.05 were considered to be statis-
tically significant.

Results
Therapeutic effect of p38 MAPK 
inhibitor in acute and chronic 
relapsing CIA
The acute CIA model was first used 
to establish the dosing regime for 
GW856553X. We observed that dai-
ly intra-peritoneal administration of 
GW856553X ameliorated acute ar-
thritis (Fig. 1a). This effect was seen 
at the higher dosages of 10-20mg/kg 
GW856553X (p<0.001 versus vehicle-
treated animals) while stabilisation was 
also achieved (p<0.001 versus vehi-
cle-treated animals), at lower doses of 
0.8-4mg/kg, significantly reducing the 
scores (p<0.001 in both cases). These 
observations were supported by reduced 
joint inflammation and destruction in 
GW856553X-treated mice, which was 
evident across all joints (proximal and 
distal interphalangeal, first metatarsal 
and tibia-tarsal joint) at all doses of 
GW856553X (Fig. 1b-h).
Having established the dosing regime 
for GW856553X in acute CIA, we 
subsequently assessed the effect of 
GW856553X in a chronic model of 
arthritis. Immunisation of mice with 
murine, rather than bovine, collagen 
leads to disease which more closely 

resembles RA. Animals were treated 
intra-peritoneally from day 1 of arthri-
tis with either vehicle (1% DMSO plus 
99% methyl cellulose) or GW856553X 
at doses of 0.8mg/kg, 4mg/kg or 
20mg/kg once daily, and compared 
to an untreated arthritic group of ani-
mals. GW856553X was found to be 
effective at all doses, in terms of 

ameliorating chronic CIA (Fig. 2). 
For example, on day 29 of arthritis, 
the clinical scores were 0.29±0.18, 
0.33±0.21 and 0.00±0.00 for mice 
treated with 0.8mg/kg, 4mg/kg and 
20mg/kg GW856553X respectively, 
compared with 3.40±0.68 for animals 
treated with vehicle (clinical score for 
untreated animals 2.90±0.64; Fig. 2a). 

Fig. 3. GW856553X reduces joint destruction in chronic CIA.
From the day of onset of arthritis, mice were treated with GW856553X (0.8mg/kg, 4mg/kg or 20mg/
kg daily), vehicle alone or left untreated (n=5-7 per group). At the end of the study (day 29), animals 
were sacrificed and paws were sectioned for histological evaluation. Representative sections are shown 
as follows: (a) untreated, (b) vehicle-treated, (c) 0.8mg/kg GW856553X, (d) 4mg/kg GW856553X, 
(e) 20mg/kg GW856553X. (f) Results are mean (± SEM) histological score (metatarsal, tibia-tarsus, 
proximal interphalangeal and distal interphalangeal joints). Statistical analysis was carried out by 1-way 
ANOVA versus vehicle-treated mice: ***p<0.001.

Table I. GW856553X reduces joint destruction in chronic CIA
From the day of onset of arthritis, mice were treated with GW856553X (0.8mg/kg, 4mg/kg 
or 20mg/kg daily), vehicle alone or left untreated (n=5-7 per group). Haematoxylin and 
eosin sections were scored in a blinded fashion for pannus formation, synovitis, bone and 
cartilage erosion. Paws were assigned one of three grades: 0=normal; 1=moderate synovitis 
with some loss of cartilage; 2=extensive synovial hyperplasia, destruction of cartilage and 
some bone erosions. Data for number of distal interphalangeal joints scored are shown.

Treatment Histological score (number of affected joints)

 Normal (0) Moderate (1) Severe (2)

Untreated 1 9 6
Vehicle 0 8 5
0.8mg/kg GW856553X 8 6 0
4mg/kg GW856553X 6 8 0
20mg/kg GW856553X 6 9 0
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Area-under-curve analysis confirmed a 
significant reduction in disease sever-
ity in GW856553X-treated animals, 
relative to vehicle-treated mice (Fig. 
2b). Such analysis allowed for addi-
tional comparison of disease severity 
in this complex model, in which re-
mission and relapse occurred on dif-
ferent days for individual animals. 
A similar effect was seen when paw 
thickness was measured. On day 29 of 
arthritis, paw thickness measurements 
were 1.91±0.02mm, 1.96±0.03mm, 
and 1.88±0.02mm for mice treated 
with 0.8mg/kg, 4mg/kg and 20mg/kg 
GW856553X respectively, compared 
with 2.18±0.04mm for animals treated 

with vehicle alone (untreated animals 
2.13±0.04mm; data not shown).
Histological analysis provided sup-
porting evidence, showing reduced 
joint inflammation and destruction in 
GW856553X-treated mice, which was 
evident at all doses of GW856553X 
(Fig. 3a-e). The data shown for distal 
interphalangeal joints were mirrored for 
the other joints (proximal interphalan-
geal, first metatarsal joint and tibia-tar-
sal joints) and are summarised in Table 
I and Fig. 3f.
The effectiveness of p38 MAPK inhi-
bition in chronic CIA was confirmed 
using an alternative p38 MAPK                
inhibitor, namely GSK678361, which 

has comparable in vivo efficacy to 
GW856553X in acute CIA (data not 
shown). GSK678361 was administered 
at either 1mg/kg or 10mg/kg daily ei-
ther from day 1 of arthritis, and dose-
dependently reduced arthritis in this 
model (Fig. 4a).

Effect of p38 MAPK inhibitor 
on established chronic CIA
We further assessed the effect on estab-
lished chronic CIA using GSK678361, 
which was administered at either 1mg/
kg or 10mg/kg daily from day 14 of ar-
thritis (with prior treatment using ve-
hicle). Drug-treated animals were com-
pared to untreated arthritic mice, or 
mice receiving vehicle for the full peri-
od of the study (4 weeks). Delaying the 
start of treatment with GSK678361 to 
day 14 of arthritis reduced established 
disease (Fig. 4b). Prior to commenc-
ing GSK678361 treatment (day 13), all 
groups of animals were indistinguish-
able. However, by day 23 of arthritis, 
there was no disease in the groups 
receiving GSK678361 from day 14, 
comparable with animals who had re-
ceived GSK678361 for the entire dura-
tion of the study. In contrast, untreated 
and vehicle-treated mice continued to 
progress with clinical signs. Area-un-
der-curve analysis are shown in Fig. 
4c (data for 1mg/kg GSK678361 treat-
ment groups not shown).
Importantly, it appears that GSK678361 
was able to reverse joint destruction 
associated with chronic CIA. As il-
lustrated in Fig. 5, 4 weeks of chronic 
CIA was associated with synovitis, 
inflammation and bone erosions, as 
evidenced in the typical sections illus-
trated for untreated animals (Fig. 5a) 
and vehicle-treated animals (Fig. 5b). 
Treatment with GSK678361 from day 
1 of arthritis significantly (p<0.001 ver-
sus vehicle-treated mice) reduced joint 
inflammation and destruction (Fig. 5c 
and 5f). Changes in joint pathology 
were evident even after 14 days vehi-
cle treatment (Fig. 5e), with 30% and 
70% joints showing moderate or severe 
changes respectively (data not shown). 
Treatment from day 14 of arthritis until 
the end of the study (day 29) resulted 
in the joints appearing comparable 
to those from animals who received 

Fig. 4. p38 MAPK inhibition reduces established chronic CIA.
To determine the effect on established disease, mice (n=5 per group) were treated with either 1mg/kg 
or 10mg/kg GSK678361 daily from day 1 of arthritis (a), or with vehicle from day 1 followed by 
either 1mg/kg or 10mg/kg GSK678361 daily from day 14 of arthritis (b). Further groups were treated 
with either vehicle alone for the full period of the study or left untreated. Clinical score was assessed 
over a 4 week period, and data are expressed as either mean ± SEM (a, b) or as area-under-curve (c). 
Statistical analyses were carried out versus vehicle-treated mice either (a, b) by 2-way ANOVA or (c) 
by 1-way ANOVA: *p<0.05, ***p<0.001.
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GSK678361 from the very first day of 
disease (Fig. 5d). The percentage of 
joints with severe changes was 8% for 
animals treated from day 1 of arthritis, 
compared with 13% for animals treated 
from day 14. In contrast, untreated or 
vehicle-treated mice showed 75% and 
67% severely affected joints. These 
data are illustrated in Fig. 5f.

Differential effects of GW856553X 
on HUVEC responses
To study the potential mechanism of 
action of GW856553X in vivo, we de-
termined the effect of this inhibitor in a 
panel of in vitro endothelial cell-based 
assays. In order to determine the effects 
of GW856553X on endothelial inflam-
matory responses, HUVEC were stimu-
lated with TNF-α, in the absence or 
presence of 100nM GW856553X. The 
release after 24 hours of cytokines and 
chemokines (namely IL-8, IL-6, and 
MCP-1) was measured. We observed 
modest but consistent (and statistically 
significant) inhibition of cytokine re-
lease (Figs. 6a-c). However, inhibition 
was less than 50% (24% for MCP-1, 
37% for IL-6, 41% for IL-8 in Figs. 6a-
c). Addition of higher concentrations of 
GW856553X did not result in further 
inhibition (data not shown). A compa-
rable modest inhibitory effect was seen 
when IL-1β was used as a stimulus 
(data not shown). Under these condi-
tions, HUVEC viability, assessed using 
MTT, was unaffected (data not shown).
VEGF, a key angiogenic stimulus in 
vivo, was used to promote HUVEC mi-
gration across an 8μm polycarbonate 
membrane in vitro. However, 100nM 
GW856553X did not affect the chemo-
tactic response (Fig. 6d). In contrast, 
tubule formation by AngioKit (see Ma-
terials and Methods), as assessed by 
CD31 expression, was inhibited in a 
concentration-dependent fashion (Fig. 
7).

Discussion
The characterisation of p38 MAPK as 
a key player in inflammation more than 
10 years ago has led to the development 
of several p38 MAPK inhibitors for 
the treatment of inflammatory autoim-
mune diseases. Several synthetic p38 
MAPK inhibitors have demonstrated 

protective anti-inflammatory effects in 
animal models of arthritis, such as CIA 
in mice or adjuvant-induced arthritis in 
Lewis rats (17-22). However, none of 
these molecules has yet successfully 
passed early clinical trials for the treat-
ment of human autoimmune diseases 
such as RA, because of safety concerns 
related to possible cross-reactivities 
with other kinases. These compounds 
can bind to both the active and inactive 
forms of p38, providing an advantage 
over ATP and resulting in a very potent 

inhibitory capacity, regardless of high 
intracellular ATP concentrations (23). 
Two different p38 MAPK inhibitors, 
BIRB-796 and RWJ-67657, have dem-
onstrated clinical efficacy in a human 
endotoxin challenge model in which 
inhibition of p38 MAPK was shown to 
decrease LPS-induced cytokine and C-
reactive protein production in vivo and 
to reduce LPS-induced clinical symp-
toms, for example those of sepsis (such 
as increased heart rate, decreased blood 
pressure, fever, and headache) (24, 25). 

Fig. 5. p38 MAPK inhibition reverses joint destruction in chronic CIA.
To determine the effect on established disease, mice were treated with either GSK678361 10mg/kg 
daily from day 1 of arthritis, or with vehicle from day 1 followed by 10mg/kg daily GSK678361 from 
day 14 of arthritis (n=5-7 per group). At the end of the study (day 29), animals were sacrificed and paws 
were sectioned for histological evaluation. Haematoxylin and eosin sections were scored in a blinded 
fashion for pannus formation, synovitis, bone and cartilage erosion. Representative sections are shown 
as follows: (a) untreated, (b) vehicle-treated, (c) 10mg/kg GSK678361 from day 1 of arthritis (d) 
10mg/kg GSK678361 from day 14 of arthritis. (e) Panel shows a paw section from a vehicle-treated 
animal sacrificed on day 14 of arthritis. (f) Paws were assigned one of three grades: 0=normal; 1=mod-
erate synovitis with some loss of cartilage; 2=extensive synovial hyperplasia, destruction of cartilage 
and some bone erosions. Results are mean (± SEM) histological score (metatarsal, tibia-tarsus, proxi-
mal interphalangeal and distal interphalangeal joints). Statistical analysis was carried out by 1-way 
ANOVA versus vehicle-treated mice: ***p<0.001.
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To date, it remains to be defined which 
stimulus induces TNF expression in 
autoimmune inflammation and wheth-
er p38 MAPK controls TNF production 
induced by this stimulus. 
New p38 MAPK inhibitors that are un-
able to cross the blood-brain barrier are 
now in clinical trials in RA and may de-
lineate more precisely the role of p38 
MAPK in Th1-driven chronic inflam-
matory diseases. These new molecules 
have helped to clarify the role of p38 
MAPK in vitro and to define the mech-
anisms by which p38 MAPK controls, 
for example, LPS-induced cytokine ex-
pression in macrophages (26). The cur-
rent study has an advantage over these 
previous reports in that these inhibitors 
can easily cross the blood-brain   bar-
rier towards the CNS (5). However, in 
view of recent advances underlining 
the essential role of p38 MAPK in IL-
10 expression and in Th2 cell function, 

and of the regulatory capacities of IL-
10 and Th2 cells in Th1-driven inflam-
mation, p38 MAPK inhibitors might 
be associated with some unwanted ef-
fects on the immune system, enhancing 
rather than ameliorating the underlying 
inflammatory response in Th1-driven 
diseases. In contrast to Th1-mediated 
autoimmune disorders, allergic disor-
ders are mediated by Th2 cells through 
the production of IL-4, IL-5, and IL-13. 
Indeed, it has been shown that in the 
ovalbumin-induced airway inflamma-
tion model, eosinophilia was decreased 
by inhibition of p38 MAPK in mice (27) 
and guinea-pigs (28, 29). However, its 
precise function in chronic inflamma-
tory processes, such as those mediating 
autoimmune diseases, including RA, 
remains unclear. The specificity of the 
4 different isoforms of p38 MAPK to 
the substrate, namely transcription fac-
tors and protein kinases (30), is provid-

ed by a docking motif which is usually 
composed of 3 domains: the basic re-
gion, the LXL motif, and the hydropho-
bic region with the latter of particular 
importance for the determination of the 
p38 MAPK substrate specificity (31). 
The development of models to predict 
p38 MAPK docking-domain specifici-
ties may permit the design of inhibitory 
peptides to block the phosphorylation 
of specific subsets of substrates so as 
to block specific pathways mediated by 
p38 MAPK.
In our study in order to assess the effects 
of p38 MAPK inhibition, we exam-
ined the effect of once daily dosing of 
GW856553X and demonstrated that this 
schedule is sufficient to provide efficacy 
in the acute CIA model. Furthermore, 
both GW856553X and the related com-
pound GSK678361 showed good effica-
cy in the chronic model of CIA which is 
considered to more closely reflect RA. 
GW856553X is a novel compound first  
tested in chronic joint inflammation in 
arthritis models, while GSK678361 is a 
newly profiled benchmark compound, 
both exhibit p38 MAPK inhibition with 
higher selectivity to other kinases, pro-
teins or receptors. Importantly, in the 
chronic CIA model, therapeutic dosing 
with GSK678361 14 days after the on-
set of arthritis was adequate to reduce 
clinical signs of arthritis until the end of 
the study. The observation that reduc-
tions in disease achieved in response to 
therapeutic dosing were comparable to 
the levels seen in the group which re-
ceived the treatment at the onset was 
supported by the histopathological find-
ings. Mechanism of action studies dem-
onstrated that GW856553X inhibited 
human endothelial cell angiogenesis 
in vitro, and reduced pro-inflamma-
tory cytokine production (IL-6, IL-8 
and MCP-1). More importantly, in our 
animal studies in both models, acute and 
chronic CIA, mice had well tolerated the 
administration of both  compounds, and 
their efficacy in the selected dosing re-
gime was not compromised by any ob-
served clinical side-effects as the mouse 
weight was unaffected (data not shown). 
Compounds of similar chemical class to 
GW856553X and  GSK678361 have 
been used in human clinical trials with a 
low incidence of side effects or toxicity 

Fig. 6. Differential effects of GW856553X on endothelial inflammatory responses.
To assess release of cytokines and chemokines, HUVEC were stimulated for 24 hours with 10ng/ml 
TNF-α in the absence or presence of 100nM GW856553X (or DMSO as vehicle). Release of (a) MCP-
1, (b) IL-6 and (c) IL-8 was measured by ELISA. Dashed line shows release from unstimulated cells. 
(d) Endothelial migration was assessed using 8.0μm gelatinised polycarbonate membranes. HUVEC 
were allowed to migrate for 6 hours in response to 10ng/ml VEGF (or medium alone as control). 
GW856553X (100nM) was added to the upper and lower chambers 30 minutes prior to addition of 
VEGF (using DMSO as vehicle). All data are means ± SD, from a single experiment, representative 
of 3 similar experiments, and were analysed by 1-way ANOVA versus HUVEC in the presence of 
stimulus alone: **p<0.01, p<0.001.
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(32). The invention of these p38 MAP 
kinase compounds provides methods 
for treating or reducing symptoms in 
human or animals suffering from cy-
tokine-driven inflammatory diseases 
such as rheumatoid arthritis, and many 
other inflammatory or putative p38 
dependent diseases (5). Combination 
therapies are also considered, in order 
to adapt treatment modalities to the    

humans and enhance patient’s ben-
efit but also to reduce adverse effects. 
Lastly and not least the amounts of the 
inhibitors, the timing(s) of administra-
tion, the form of the compound, the 
age and the medical condition under 
treatment should be important factors 
to assess their benefit in the clinic. Po-
tential limitations for the use of these 
non-steroid anti-inflammatory drugs is 

to prevent or treat the aforementioned 
clinical conditions are their inhibition 
activity of Cox enzymes, which can 
lead to unwanted side effects, and their 
limitation in CNS penetration (33). 
Third generation of p38 MAPK inhibi-
tors that are currently in clinical trials 
will eventually permit a better charac-
terisation of the role of p38 MAPK in 
humans by virtue of improved kinase 
selectivity profiles. 
The inhibition of murine chronic re-
lapsing arthritis by p38 MAPK tar-
geted compounds, GW856553X and 
GSK678361, as demonstrated in the 
present study indicates that p38 MAPK 
inhibition as a therapeutic target for 
RA may have therapeutic potential for 
future use in RA if safe clinical dosing 
achieves adequate compound exposure. 
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