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The pro-inflammatory cytokines tumor necrosis factor-α 

(TNFα) and interleukin (IL)-1β are crucial mediators in-
volved in chronic inflammatory diseases. Inflammatory signal 
pathways regulate inflammatory cytokine expression-medi-
ated by p38 mitogen activated protein kinase (p38MAPK). 
Therefore, considerable attention has been given to p38MAPK 
as a target molecule for the development of a novel anti-in-
flammatory therapeutics. BIRB 796, one of p38MAPK in-
hibitor, is a candidate of therapeutic drug for chronic in-
flammatory diseases. In this study, we investigated the ef-
fect of BIRB 796 on inflammatory cytokine productions by 
lipopolysaccharide (LPS) in different immune cell types. 
BIRB 796 reduced LPS-mediated IL-8 production in THP-1 
cells but not in Raw 264.7 cells. Further analysis of signal 
molecules by western blot revealed that BIRB 796 sufficiently 
suppressed LPS-mediated phosphorylation of p38MAPK in 
both cell types whereas it failed to block inhibitor of kappa B 
(I-κB) degradation in Raw 264.7 cells. Taken together, these 
results suggest that the anti-inflammatory function of BIRB 
796 depends on cell types.
[Immune Network 2013;13(6):283-288]
 

INTRODUCTION

The pro-inflammatory cytokines including tumor necrosis fac-

tor-α (TNFα) and interleukin-1β (IL-1β) mediate the in-

flammatory responses-associated with the immunological rec-

ognition of antigens. Abnormal levels of pro-inflammatory cy-

tokines are related to several diseases of autoimmunity, such 

as toxic shock syndrome, rheumatoid arthritis, diabetes, and 

inflammatory bowel disease (1). A key for potential drug in-

tervention in these diseases is the reduction of pro-in-

flammatory cytokines. For example, clinical efficacy has been 

demonstrated with a monoclonal antibody directed against 

TNFα and IL-1α/β for the treatment of rheumatoid arthritis 

(2-4).

  The p38 Ser/Thr mitogen activated protein kinase (MAPK) 

is a serine/threonine kinase originally identified as an enzyme 

in monocytes that is phosphorylated and activated by lip-

opolysaccharide (LPS) (5). The p38MAPK pathway transmits 

extracellular signals resulted in phosphorylation of tran-

scription factors leading to alterations in inflammatory gene 

expression (6). The p38MAPK is practically associated with 
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Table I. Specific primers for cytokines RT-PCR

Gene Primers

Mouse TNFα F  5’-GTTCTGTCCCTTTCACTCACTG
R  5’-GGTAGAGAATGGATGAACAC

Mouse MIP-1β F  5’-ATGAAGCTCTGCGTGTCTGC
R  5’-TGAGGAGCAAGGACGCTTCT

Mouse MIP-2 F  5’-ACACTTCAGCCTAGCGCCAT
R  5’-CAGGTCAGTTAGCCTTGCCT

Mouse IL-1β F  5’-CTGTCCTGATGAGAGCATCC
R  5’-TGTCCATTGAGGTGGAGAGC

Human TNFα F  5’-TTCTGCCTGCTGCACTTTGG
R  5’-TGATGGCAGAGAGGAGGTTG

Human IL-8 F  5’-AAACTGGGTGCAGAGGGTTG
R  5’-AAGGACTTGTGGATCCTGGC

Human IL-1β F  5’-ATCTCCGACCACCACTACAG
R  5’-TGGGATCTACACTCTCCAGC

β-actin F  5’-ACCAACTGGGACGACATGGA
R  5’-GTGATGACCTGGCCGTCAGG

enhanced cell survival and activated by cytokine, growth fac-

tors, and a various cell stresses (7). One of representative 

compound SK&F 86002 (6-(4-Fluorophenyl)-5-(4-pyridyl)-2,3- 

dihydroimidazo[2,1-b]-thiazole) has no significant effect on 

DNA/RNA or protein synthesis whereas its specific inhibitory 

activity on IL-1 production in target cells (8). The SK&F 

86002, an inhibitor of p38MAPK, was intensively searched by 

the pharmaceutical companies to identify potent and efficient 

p38MAPK inhibitors. These investigations expanded not only 

in chemical structures but also how the compounds interact 

with the target molecule. Subsequently, several compounds 

have progressed to clinical trials however have dropped out 

for various reasons such as efficacy and toxicity.

  A new class of p38MAPK inhibitor BIRB 796 is one of the 

most potent compound of this series and it binds to p38MAPK 

with high affinity (9). BIRB796 inhibits p38MAPK by a novel 

mechanism: it indirectly competes with the binding of ATP. 

Previous study demonstrated that BIRB 796 suppresses endo-

toxin (LPS)-mediated TNFα production and prevent mouse 

model of collagen-induced arthritis (9). BIRB 796 also dis-

played anti-inflammatory effects on a trial of human endotox-

emia and it has been in phase IIb/III clinical trials for treat-

ment of rheumatoid arthritis (9-12).

  The activation of p38MAPK occurs through inflammatory 

stimuli via receptors of Toll-like and IL-1 receptor family in-

cluding TNF receptor family. However, the pathways are 

ubiquitous and also activated by growth factors, G-protein 

coupled receptors, immune receptors, and other stimuli 

(13,14). Thus it is uncertain that p38MAPK would be appro-

priate target to inhibit inflammatory cytokines. Though nu-

merous studies have shown anti-inflammatory activities of 

BIRB 796, its role in inflammatory cytokine production in dif-

ferent cell types is still unclear. Therefore, we investigated 

the direct effect of BIRB 796 on mouse Raw 264.7 macro-

phages and human THP-1 monocytes to elucidate a possible 

distinctive effect of BRIB 796 signal pathways involved in in-

flammatory cytokine productions.

MATERIALS AND METHODS

Protein kinase inhibitors
The compound 1-5-tert-butyl-2-p-tolyl-2H-pyrazol-3-yl)-3-[4-(2- 

morpholin-4-yl-ethoxy)naphthalen-1-yl]urea (BIRB 796, Milli-

pore Corporation, Billerica, MA) and mono[4-[[1-[[3,5-bis(1,1- 

dimethylethyl)-4-hydroxyphenyl]thio]-1-methylethyl]thio]-2,6-bis 

(1,1-dimethylethyl)phenyl] ester (AGI 1067, Sigma-Aldrich, St. 

Louis, MO) were purchased. The compounds were diluted in 

dimethyl sulphoxide (DMSO; 1 mM of stock solution) and 

kept at 20oC until use for cell assays.

Cell culture and LPS-induced cytokine assays
Raw 264.7 and THP-1 cells were cultured in RPIM 1640 me-

dium at 37
o
C, supplemented with 10% fetal calf serum, 50 

units of penicillin/ml, 50μg/ml streptomycin (Invitrogen, 

Carlsbad, CA) in a humidified atmosphere containing 5% CO2 

at 37
o
C. Raw 264.7 and THP-1 cells were pretreated with the 

compounds prior to stimulation of LPS at a final concentration 

of 10 ng/ml for Raw 264.7 or 1μg/ml for THP-1 cells then 

the cells were further incubated for 16 hrs at 37
o
C in a hu-

midified incubator containing 5% CO2. After stimulation, lev-

els of inflammatory cytokines in the culture supernatant were 

assessed by using specific sandwich enzyme-linked im-

munosorbent assay (ELISA) kit (R&D systems, Minneapolis, 

MN). Color reaction was developed with 3, 3', 5, 5'-Tetra-

methyl-benzidine (TMB) Liquid substrate (Sigma-Aldrich), and 

stopped with 0.1 molar of H2SO4. The absorbance at 450 nm 

was measured using an ELISA plate reader (Molecular De-

vices, Orleans, CA).

RT-PCR
For RT-PCR, Raw 264.7 and THP-1 cells (1×10

6
 cells) in 6 

well-plates were pretreated with the compounds (10μM) for 

1 h at 37oC and then the cells were stimulated with Escher-
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Figure 1. Inhibitory effect of BIRB 796 and AGI 1067 on cytokine 
production in Raw 264.7 and THP-1 cells. Raw 264.7 and THP-1 cells 
were pre-incubated with BIRB 796 and AGI 1067 (10μM) for 1 h 
prior to stimulation of LPS (10 ng/ml) for Raw 264.7 and LPS (1μg/ 
ml) for THP-1 cells. Levels of mouse TNFα (A), mouse IL-1β (B) and 
human IL-8 (C) were determined by ELISA kits from R&D Systems. 
Mean±SEM of cytokine levels were measured (**p＜0.01; ***p
＜0.001). Representative data from 1 of 3 independent experiments 
performed in duplicate are shown.

Figure 2. Inhibitory effect of BIRB 796 and AGI 1067 on cytokine 
transcripts in Raw 264.7 and THP-1 cells. Raw 264.7 and THP-1 cells 
were pre-incubated with BIRB 796 and AGI 1067 (10μM) for 1 h 
and then stimulated with LPS (10 ng/ml) for Raw 264.7 and LPS (1μg/
ml) for THP-1 cells for 4 hrs. The transcript of cytokines in Raw 264.7 
(A) and THP-1 (B) were detected by RT-PCR. Representative data from 
1 of 3 independent experiments are shown.

ichia coli O55:B5 LPS (Sigma-Aldrich) at a final concentration 

as described above. Total RNA was isolated with Tri-Reagent 

(Sigma-Aldrich) from the cells after for 4 hrs stimulation. 

MMLV-RT (Beams Bio, Korea) was used for converting 2μg 

of total RNA to first strand cDNA, and then PCR reaction was 

performed at 94
o
C for 45 s, 70

o
C for 2 min, and 59

o
C for 1 

min for 30 cycles. The different pair of primers for several 

cytokines and chemokines for human and mouse was de-

signed on the basis of published gene sequences as reported 

in Table I and beta-actin. PCR products were electrophoresed 

and exposed to UV imager for photograph.

Western blot
For detecting the phosphorylation of p38MAPK in THP-1 and 

Raw 264.7 cells, the cells were stimulated with LPS and the 

compounds as described above for 30 minutes. Cells were 

lysed with kinase lysis buffer (Cell Signaling Technology, 

Beverly, MA) then subjected to 10% SDS-PAGE. The samples 

were transferred to nitrocellulose membranes. The mem-

branes were blocked in 3% BSA/TBST (Santa Cruz Biotech-

nology, Santa Cruz, CA) then probed first with rabbit an-

ti-phospho-p38MAPK (Cell Signaling Technology). The mem-

branes were reprobed with rabbit anti-I-κB (Santa Cruz 

Biotechnology). For normalization of each protein, the mem-

branes were probed finally with goat anti-actin (Santa Cruz 

Biotechnology).

RESULTS

BIRB 796 inhibited LPS-induced cytokine secretion in 
THP-1 cells but not in Raw 264.7 cells
We investigated the effect of BIRB 796 and AGI 1067 on the 

production of inflammatory cytokine induced by LPS in differ-

ent cell lines using quantitative cytokine assay. We first exam-

ined the levels of LPS-induced cytokines in Raw 264.7 and 

THP-1 cells pre-treated with BIRB 796 and AGI 1067. AGI 

1067 is a metabolically stable derivative of the antioxidant 

drug. It is a member of a novel class of orally active, anti-

oxidant, anti-inflammatory compounds termed vascular pro-

tectants and exhibits anti-atherosclerotic properties in multiple 

animal models and in humans (15). The level of cytokines 

in culture supernatants were assessed by sandwich ELISA kits. 

As shown in Fig. 1, AGI 1067 sufficiently blocked the secre-

tion of mouse TNFα and MIP-1β as well as human IL-8 in 

the cultured medium. The inhibitory effect of BIRB 796 was 

observed only in THP-1 cells (Fig. 1C). Unlike the sup-

pression of IL-8 production in THP-1 cells (Fig. 1C), there 

were no inhibition of MIP-1β and TNFα in BIRB 796-pre-

treated Raw 264.7 cells compared to that of LPS-treated con-

trols (Fig. 1A and B). BIRB 796 slightly enhanced cytokine 

productions in mouse Raw 264.7 cells.

BIRB 796 inhibited LPS-induced cytokine transcripts in 
THP-1 cells but not in Raw 264.7 cells
To analyze the effects of two compounds on cytokine gene 

expression, we examined cytokine mRNA expression in 

THP-1 and Raw 264.7 cells by RT-PCR. The transcripts of 
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Figure 3. Effect of BIRB 796 and AGI 1067 on the activation of 
p38MAPK and degradation of I-κB in Raw 264.7 and THP-1 cells. 
(A) Raw 264.7 and (B) THP-1 cells were pre-incubated with BIRB 796 
and AGI 1067 (10μM) for 1 h and then stimulated with LPS (10 
ng/ml) for Raw 264.7 and LPS (1μg/ml) for THP-1 cells for 30 min. 
The cells were lyzed and total cell lysates of 20μg per lane were 
electrophoresed in 10% SDS-PAGE. The phosphorylation of p38MAPK
and degradation of I-κB were detected using western blot with 
specific antibodies. Representative data from 1 of 3 independent ex-
periments are shown.

LPS-mediated mouse TNFα, IL-1β, MIP-1β and MIP-2 was 

not suppressed by BIRB 796, although LPS significantly in-

creased the levels of cytokines mRNA (Fig. 2A). Unlike other 

transcripts, mouse TNFα mRNA level was enhanced by BIRB 

796. The LPS treatment specifically increased mRNA level of 

human TNFα, IL-8 and IL-1β in THP-1 cells (Fig. 2B). The 

transcript of LPS-mediated human TNFα, IL-8 and IL-1β 

were sufficiently reduced by both BIRB 796 and AGI 1067 

in THP-1 cells.

BIRB 796 and AGI 1067 inhibited phosphorylation of 
p38MAPK but failed to inhibit I-κB degradation in 
Raw 264.7 and THP-1 cells
The previous results showed that BIRB 796 and AGI 1067 in-

hibit LPS-induced cytokines release depending on cell type. 

To identify mechanism of the difference, we examined the 

phosphorylation of p38MAPK and degradation of I-κB using 

western blot analysis. The phosphorylation of p38MAPK is 

prerequisite for induction of p38MAPK catalytic activity. BIRB 

796 and AGI 1067 are known well as inhibitors of p38MAPK 

previously (16,17). We also obtained similar results in Raw 

264.7 (Fig. 3A) and THP-1 cells (Fig. 3B). LPS phosphory-

lated p38MAPK in THP-1 cell was more significant than that 

of Raw 264.7 cells. BIRB 796 inhibited LPS-induced phos-

phorylation of p38MAPK completely in both cell types where-

as AGI 1067 slightly suppressed LPS-induced phosphorylation 

of p38MAPK in THP-1 cells but not in Raw 264.7 cells (Fig. 

3A and B, lane 4 in upper panel).

  It is well known that LPS induces cytokine expression via 

NF-κB activation in monocytes and macrophage cells. The 

activation of NF-κB involves the inducible phosphorylation 

and subsequent degradation of I-κB. We confirmed LPS- 

mediated degradation of I-κB by western blot (Fig. 3A and 

B, in middle panel). As depicted in Fig. 3, BIRB 796 and AGI 

1067 had no effects on I-κB degradation in Raw 264.7 and 

THP-1 cells.

DISCUSSION

The successful therapies of anti-cytokine agents, such as 

Enbrel (TNF receptor-p75 Fc fusion protein), Infliximab (chi-

meric anti-human TNFα monoclonal antibody), Adalimumab 

(human anti-human TNFα monoclonal antibody), and Ana-

kinra (human IL-1 receptor antagonist) has ushered in a new 

era in the treatment of chronic inflammatory diseases such 

as rheumatoid arthritis, inflammatory bowel disease, and 

psoriasis (18). The success of these novel treatments has 

demonstrated the clinical benefits that can be gained from 

therapeutic intervention in inflammatory cytokines activities, 

underscoring the crucial role of inflammatory cytokines, IL-1β 

and TNFα, in autoimmune diseases (18). However, all of the 

anti-cytokine drugs available to date are proteins, and suffer 

to a varying degree from the general disadvantages associated 

with protein drugs: stability, cellular penetration, oral absorp-

tion and mandatory subcutaneous or intravenous admin-

istration, and high costs of manufacturing. Therefore, small 

molecular, orally active anti-cytokine agents, which target 

specific signaling and/or biosynthetic pathways of in-

flammatory cytokines, could provide an alternative drugs to 

treat inflammatory autoimmune diseases.

  A number of molecular targets have been identified for the 

development of such small molecular anti-cytokine agents. 

Previous studies have been focused on inhibitors of in-

flammatory cytokines via targeting either p38MAPK, TNFα 

converting enzyme (TACE), or IL-1β converting enzyme. The 

p38MAPK occupies a central role in the signaling network re-

sponsible for the induction of inflammatory cytokines such as 

IL-1β and TNFα, and also regulates the biosynthesis of in-

flammatory cytokines at both the transcriptional and transla-

tional level (19). Drug selectivity is important for the in-

hibition of protein kinase as a means of therapeutic inter-

vention. Protein kinases have high homology across the en-

tire group, especially in the catalytic core (20). However the 

selectivity of BIRB 796 for inhibition of p38MAPK is specific. 

Another protein kinases such as extracellular signal-regulated 
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kinase, protein kinase A and I kappa-B kinase are not af-

fected by BIRB 796 (9). 

  The isoforms of p38MAPK comprise p38MAPKα, p38MAPKβ, 

p38MAPKγ, and p38MAPKδ. Each p38MAPK isoform may 

possess different biological function and distinctive physio-

logical substrate; but they phosphorylate substrates containing 

the minimal consensus sequence Ser/Thr-Pro. Although BIRB 

796 inhibits all isoforms of p38MAPK other signaling mole-

cules, it has more specifically effect on p38MAPKα and 

p38MAPKβ rather than SAPK3/p38MAPKγ and SAPK4/ 

p38MAPKδ isoform including other members of the MAPK 

family (16).

  In present study, the degree of cytokine inhibition was dis-

tinct albeit BIRB 796 inhibits phosphorylation of p38MAPK in 

both Raw 264.7 and THP-1 cells. Although Raw 264.7 and 

THP-1 cells are all immune cells originated from monocytes 

they probably are not identical in cellular properties due to 

a distinctive differentiation stage. Several studies have demon-

strated that differentiation stage-specific activation of p38MAPK 

isoforms exist in immune cells (21,22). The difference of cyto-

kine release is inhibited by BIRB 796 between Raw 264.7 and 

THP-1 cells could be because of cell-type specific isoforms 

of p38MAPK. The difference of BIRB 796 and AGI 1067 in 

cytokine suppression is probably due to that AGI 1067 is ini-

tially developed as anti-oxidant agent and its anti-inflammatory 

function is characterized as a redox signal modulation (23).

  The present study demonstrates that the inhibitory efficacy 

of p38MAPK by BIRB 796 depends on cell types though addi-

tional studies are necessary for characterization of the precise 

role of BIRB 796 in cytokine productions. This result suggests 

the importance of using various cell types to determine an-

ti-inflammatory effects, which depends on target molecules in 

each cell type.
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