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Abstract Background: The participation of signaling pathways involving the mitogen-activated protein kinases
(MAPKS) in regulating the inflammatory response characterized by the release of cytokines is not well established in
the alveolar epithelium. We have previously examined the effect of MAPK"® blockade on the in vitro release of
TNF-o, indicating the likely involvement of other pro-inflammatory cytokines. Methods: This study investigated
the selective inhibition of MAPKP® in modulating the release of interleukin-related inflammatory cytokines,
including IL-1p and IL-6. LPS-mediated release of cytokines is closely associated with the blockade of MAPK by
the compound SB203580, an irreversible and selective inhibitor of MAPK?*, independent of MAPKERK #4204 g
MAPK™ Results: Pre-treatment with ascending concentrations of SB203580 (0.1 — 100 uM) prior to LPS
administration downregulated/attenuated the release of IL-1B, IL-6 and TNF-a in a dose-dependent and dose-
independent manners. Furthermore, unraveling the immune molecular pathways likely involved with MAPKP®-
mediated secretion of cytokines revealed that SB203580 increased lkB-o phosphorylation, where lkB-o is
considered the main cytosolic inhibitor of the transcription factor involved with regulating the processes of cellular
inflammation, NF-xB. This upregulation of the phosphorylation status of IkB-a was accompanied by
downregulating the cytosolic accumulation of the non-phosphorylated form of IkB-a, indicating normal nuclear
translocation of the associated transcription factor. Conclusions: These results show that MAPKP® is required, at
least in part, for the release of inflammatory cytokines induced by LPS, a mechanism that is independent of the
phosphorylation of lB-a. In addition, the MAPK"*®-dependent release of cytokines seemingly does not require the
activation of the NF-xB pathway.
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1. Introduction

The mitogen-activated protein kinases (MAPKSs) are
regulatory enzymes that belong to a family of immune
regulators that modulates myriad cellular functions in
physiological and pathophysiological conditions [1]. Of
those cellular activities governed by MAPKS, perhaps the
regulation of inflammation and ensuing inflammatory
conditions is the most prominent [2].

Furthermore, it is well established that the cellular
inflammatory pathways are strictly regulated by transcription
factors, specifically nuclear factor-xB (NF-«xB). In the
inactive state, NF-«xB is held in the cytosol by inhibitory

molecules, mainly IxB, the phosphorylation of which
liberates the transcription factor ability to undergo nuclear
translocation, DNA binding and activation, following
which the inflammatory mechanism ensues [3]. The
ensuing milieu of inflammatory markers include the
secretion of pro-inflammatory cytokines, such as
interleukins (ILs) and tumor necrosis factor (TNF).
Another regulatory mechanism involved with
inflammation that is intertwined with the NF-kB pathway
is MAPKPS, This mechanism is perhaps a major
regulatory lynchpin that ostensibly connects MAPK
signaling with NF-xB nuclear translocation and activation
[4]. Interestingly, blockade of the MAPK signaling pathway
attenuated, but did not abrogate, the inflammatory reaction
in vitro and in vivo, indicating that there is, at least in part,



American Journal of Medical and Biological Research 134

a crosstalk between the two major pathways governing the
process of inflammation and its ramifications [5].

The inflammatory signaling pathway as regulated by
the NF-kB/MAPK nexus is essentially not well characterized
in alveolar epithelial cells [5,6,7,8]. Moreover, the role of
pro-inflammatory ~ cytokines in  mediating  the
inflammatory signal controlled by NF-xB/MAPK is not
clear either [6]. This study is designed to unravel the
likely involvement of the NF-«xB/MAPK pathway in
regulating the release of inflammatory cytokines
augmented by lipopolysaccharide (LPS; endotoxin).

Importantly, selective inhibition of MAPKP*® attenuated
the release of IL-1B and IL-6, in a manner similar to
reported observations with TNF-o [2], and that this
downregulation is seemingly independent of the
phosphorylation/activation states of IkB-a/NF-kB. These
observations unprecedentedly separate the NF-kB/MAPK
pathways in mediating LPS-induced production of
inflammatory cytokines in vitro.

2. Materials and Methods

2.1. Chemicals and Reagents

In all experiments carried out, and unless otherwise
specifically stated, chemicals, including MAPKP®
inhibitor, of standardized analytical grade were obtained
from Sigma-Aldrich. Technical procedures using live
animals (Sprague-Dawley rats) were strictly followed and
upheld in all experimental setups under the Animals
(Scientific Procedures) Act, 1986 (UK).

2.2. Primary Cultures of Alveolar Epithelial
Cells

For the preparation of cell cultures, fetal alveolar type Il
epithelial cells (FATEII) were isolated from lungs
obtained from the fetuses of pregnant rats at day 19 of
gestation, essentially as described elsewhere [2,6].
Epithelial cells were harvested and then grown (5 x 10°) at
~ 21% O,/5% CO, atmosphere in pre-equilibrated serum-
free PC-1 media for 24h at 37°C. The approximate
adenylate energy charge (AEC), considered a reliable
index of cell viability and competence, was determined at
> 0.7 and transepithelial monolayer resistance was
subsequently monitored constant at > 250-300 Qcm? 2¢),

2.3. Lipopolysaccharide (LPS)-mediated
Activation of Cytosolic 1kB-a Phosphorylation
and Selective Inhibition of MAPKP® by SB203580

The effect of LPS/SB203580 treatments on
threonine/tyrosine  phosphorylation of IxB-a  was
determined by pre-incubating cells for 1h with physiologic
concentrations of SB203580 (0, 0.1, 1, 10, 100 uM)
(Calbiochem, UK), a selective, irreversible inhibitor of
MAPKP®, Following pre-treatment with SB203580, cells
were exposed to LPS (1 ug/ml) for 24h. Cell culture filters
were washed and proteins (=~ 20 pg) were loaded per lanes
and separated by SDS-PAGE (15%), then transferred by
electrophoresis to nitrocellulose membranes, which were
blotted with a specific antibody to plkB-o. Blots were
subsequently stripped/reprobed with phosphorylation-state

independent IkB-a to determine the baseline levels [2].
The constitutive expression of B-actin as evidence of
semi-quantitative loading per lane has also been
determined. Cellular viability has been confirmed [6] and
toxicity due to pre-treatments and/or treatments has been
minimal and relatively insignificant [2].

2.4. Selective Inhibition of MAPKP® and
LPS-induced Release of pro-inflammatory
Cytokines Quantified by Sandwich ELISA

Cells were pre-incubated for 1h with SB203580 (0, 0.1,
1, 10, 100 uM), as indicated above. Following change and
removal of cell culture medium, cells were exposed to
freshly prepared LPS (1 ug/ml) for 24h and cell-free
supernatants were collected for pro-inflammatory cytokine
release analysis for IL-1p and IL-6 by highly specific and
non-cross-reactive sandwich, solid-phase, enzyme-linked
immunosorbent assay (ELISA; R&D Systems), as per
manufacturer’s instructions and as described in detail
elsewhere [2,6].

In brevity, the following experimental setup was
undertaken: The bioactivity of extracellular cytokines was
measured by a two-site, solid-phase, developed sandwich
ELISA. Immunoaffinity purified polyclonal rabbit anti-rat
IL-1B and IL-6 primary antibodies were utilized to coat

microtiter plates with high-binding characteristics
(MaxiSorp, Nunc). Moreover, recombinant rat and
biotinylated immunoaffinity purified sheep anti-rat

cytokine polyclonal antibodies (R&D Systems) were,
respectively, used as standard and recognition antibodies.
The color was then developed by using streptavidin-poly-
horseradish peroxidase (HRP) coupled reaction with the
chromogen 3,3',5,5'-tetramethyl-benzidine dihydrochloride
(TMB), and the optical density (O.D.) was measured at
450 nm. The inter-assay and intra-assay coefficients of
variations (CVs) were determined at < 10%; moreover, the
minimum sensitivity detected for cytokines (IL-1p, IL-6,
and TNF-a) was < 2 pg/ml. The interpolated results
obtained from the linear regression of the standard curve
were expressed as pg/ml, as indicated above [6].

2.5. Statistical Analysis and Data Presentation

The obtained data are the means and the error bars the
SEM. In addition, statistical evaluation of the difference in
mean separation was performed by the established one-
way analysis of variance (ANOVA), which was followed
by the post hoc Tukey’s test. The a priori level of
significance at 95% confidence level was considered at P
< 0.05.

3. Results

3.1. Selective Inhibition of MAPKP® and the
Release of Pro-inflammatory Cytokines in
vitro

To unravel the connection between regulatory pathways
involving MAPK®® and the in vitro secretion of pro-
inflammatory cytokines, cell cultures were pretreated with
SB203580, a selective inhibitor of MAPKP®, followed by
a determined period for LPS treatment. The supernatant
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cell culture levels of IL-1B, quantified by ELISA, are
shown in Figure 1A. LPS upregulated the secretion of IL-
1B almost more than 15 folds, as compared with control
baseline levels.  Furthermore, pre-treatment  with
SB203580 reduced, in a dose-dependent manner, the LPS-
mediated release of IL-1p, almost by 5 — 12 folds (Figure 1A).
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Figure 1. Histogram analysis of the cell culture supernatant levels of
pro-inflammatory cytokines with selective MAPK™® inhibition. (A) The
levels of IL-1p in the presence or absence of LPS/SB203580. (B) The
levels of IL-6 in the presence or absence of LPS/SB203580. (C) The
levels of TNF-a in the presence or absence of LPS/SB203580, shown
here for comparison purposes with interleukins, mainly IL-1f and IL-6
[2]. The number of experimental observations is n = 3 — 5, for separate
and independently prepared cell cultures of alveolar epithelial cells with
or without pre-treatments with LPS/SB203580. * P < 0.05, ** P < 0.01,
*** P < 0.001, as compared with LPS. ¢ P < 0.001 (LPS), as compared
with control baseline

In understanding the role of IL-6, the supernatant cell
culture levels of this cytokine are shown in Figure 1B. As
noted with IL-1 (Figure 1A), LPS upregulated the
secretion of IL-6 almost more than 20 folds, as compared
with control baseline levels. Furthermore, pre-treatment
with SB203580 reduced, in a dose-independent manner,

the LPS-induced release of IL-6, almost by 8 folds (Figure 1B).

The levels of TNF-a are shown here for comparison
purposes. Similarly, the supernatant cell culture levels of
TNF-o are shown in Figure 1C. As noted with IL-1P
(Figure 1A) and IL-6 (Figure 1B), LPS upregulated the
secretion of TNF-a almost 10 folds, as compared with
control baseline levels. Pre-treatment with SB203580
significantly reduced, in a dose-independent manner, the
LPS-induced release of TNF-o, almost by 4 folds
(Figure 1C).

3.2. Selective Inhibition of MAPKP®® and the
Cytosolic Phosphorylation of IkB-a in vitro

Whether the IxB-o/NF-kB pathway is likely involved
with MAPKP®.dependent secretion of inflammatory
cytokines is not well established in alveolar epithelial cells.
This assumption is because the transcription factor NF-xB
is ostensibly a major player in regulating the inflammatory
process, in vitro and in vivo [5]. In brevity, the nuclear
translocation and activation of NF-kB is strictly dependent
on the cytosolic phosphorylation of IkB-o, the major
inhibitor of this transcription factor. Therefore, the degree
of 1kB-a phosphorylation correlates with that of NF-xB
activation.

The levels of IkB-a phosphorylation in vitro with or
without pretreatment with SB203580 in cell cultures
infused with LPS are collectively shown in Figure 2A. As
noted, the phosphorylated level of IkB-a increased, in a
dose-dependent manner, and the cytosolic accumulation of
the non-phosphorylated form of IkB-a decreased in
parallel. This indicates that the inhibition of NF-xB
imposed by IkB-a is no longer in effect, thereby allowing
its nuclear translocation. To ensure semi-quantitative
loading per gel lane, the relative constitutive expression of
B-actin (20 pg) has been used as previously examined, and
essentially as reported elsewhere [2,7]. The histogram
analysis of the relative levels of phosphorylation of 1kB-a
in the presence or absence of SB203580 is shown in
Figure 2B.
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Figure 2. Electrophoretic typical gel analysis for the effect of
LPS/SB203580 on IxB-a cytosolic phosphorylation. (A) Cell cultures
were pretreated with ascending concentrations of SB203580 for 1h,
followed by incubation with LPS for 24h. The phosphorylated (plkB-a)
and non-phosphorylated forms of IkB-a were subsequently determined.
Semi-quantitative loading per lane is verified by the consistent
expression of the constitutive form of B-actin [2,7] (B) Histogram
analysis of the relative levels of plkB-o and IxB-a with selective
MAPKP® inhibition. The number of experimental observations isn = 3 —
5, for separate and independently prepared cell cultures of alveolar
epithelial cells with or without pre-treatments with LPS/SB203580

Hypothetical — putative pathways depicting the
intertwined signaling crosstalk between the MAPK"*® and
NF-xB pathways are shown in Figure 3. The involvement
of upstream and downstream kinases in regulating either
pathway is also shown. In addition, the selective inhibition



American Journal of Medical and Biological Research

of the MAPKP® pathway attenuated the release of
inflammatory cytokines, however, it contributes to
phosphorylation of IkB-a and subsequent NF-kB
activation. These pathways governing the release of
inflammatory cytokines revolve around the activation by
incoming signals of membrane-bound receptors and
cytosolic cofactors. In brevity, LPS/endotoxin ostensibly
activates downstream MEKK/NIK, the primary regulatory
kinases in MAPK and NF-kB activation, respectively.
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This bifurcation leads to two separate pathways: One
involving MAPKs and downstream cofactors, and the
other involves IxB-a phosphorylation and NF-kxB
activation. Either pathways can lead to increase in DNA-
binding activity and subsequent release of inflammatory
cytokines. The selective inhibition of MAPKP® by
SB203580 separated the abovementioned pathways,
independently of IkB-a phosphorylation, indicating
MAPK-dependent regulation of cytokine release (Figure 3).
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Figure 3. Hypothetical putative pathways depicting the intertwined signaling crosstalk between the MAPKP® and NF-xB pathways. The involvement of
upstream and downstream kinases in regulating either pathway is also shown. In addition, the selective inhibition of the MAPK"® pathway attenuated
the release of pro-inflammatory cytokines, however, it contributes to phosphorylation of 1kB-a and subsequent NF-kB activation (see Results section

for further details)

4. Discussion

Immunologically a typical orchestrated event, the
cellular inflammatory process is a complicated network of
events that ostensibly involve a plethora of peptides,
cofactors and transcription factors [3]. Among those
biological response modifiers that are key players during
the onset of inflammation are the released cytokines,
which regulate various mechanisms of injury and tissue
remodeling [8]. Although the inflammatory so-called
‘soup’ is not strictly mediated by just pro-inflammatory
cytokines, the involvement of interleukins in the process is
unparalleled in that they regulate a large magnitude of
cellular events that are integral components of the
inflammatory process [4,9].

On the molecular mechanisms implicated in
inflammation, furthermore, mainly two separate but
interrelated pathways transcriptionally control the events
that mark the inflammatory process: i) NF-«B signaling
and its related inhibitory molecules, such as 1xB, and ii)
MAPK signaling which is essentially regulated by similar
but different phosphorylation mechanisms (refer to Figure
3) [10]. The link that holds the two pathways of NF-
kB/MAPK together via an active crosstalk is not well
identified in the alveolar epithelium in vitro and in vivo.
The observations therein reported point in the direction of
independency in controlling the release of interleukin-

related inflammatory cytokines, but partial involvement of
either pathway cannot be ruled out from this report alone.
Further studies are, therefore, warranted to decipher the
underlying mechanisms involved.

Inhibition of the MAPK signaling pathway using
selective and specific regulators is a key control to
understanding the MAPK dependency in mediating pro-
inflammatory cytokines release [8,11]. The choice of
using the specific inhibitor SB203580 is based on the
assumption that this regulatory molecule at low, yet
effective, concentrations is strictly specific to MAPKP***
and MAPKP® without the eligibility of affecting other
MAPKSs, under the same physiologic conditions, including
MAPKERK and MAPK™X 1 Moreover, this inhibitor
blocks the downstream signaling pathway involving
MAPKs and heat shock protein (HSP)-27, which is
transcriptionally active with the regulatory mechanisms
involving MAPKSs [2]. Therefore, the specificity of this
molecular cannot be undermined. According to Sigma-
Aldrich website, “SB203580 is a compound that belongs
to the pyridinyl imidazole family, known to suppress the
activation of MAPKAP kinase-2 and inhibit the
phosphorylation of HSP-27 in response to cytokines (IL-1),
cellular stresses and bacterial endotoxin in vivo. This
compound is well known not to inhibit MAPK™* or
MAPKP? and therefore, is useful for studying the
physiological roles and targets of MAPK"® and MAPKAP
kinase-2. It has also been shown to induce the activation
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of the serine/threonine kinase Raf-1 and has been
reported to inhibit cytokine production.” In corroboration
with the aforementioned, we have previously reported an
effective attenuating mechanism in SB203580-dependent
downregulation of the phosphorylation of HSP-27, a key
element in the MAPK"® pathway [2,9,11].

Interestingly, using cellular non-toxic concentrations of
SB203580 (0.1 — 100 uM) pre-treatments, prior to LPS
administration effectively attenuated the in vitro secretion
of IL-1p and IL-6, both of which are key players in the
inflammatory process, jibing with other investigations
[12,13]. Of note, however, the attenuation of IL-1p and
IL-6 shown in this study is not as prominent and
inhibitory when compared with that of TNF-o, as
previously indicated [2]. However well known the early
involvement of TNF-a in the inflammatory process prior
to the release of other cytokines [8,14], including IL-1p
and IL-6, the results undoubtedly mark a clear and
definitive involvement of late onset released cytokines,
when compared with early onset released cytokines such
as TNF-a. In brevity, the cytokine milieu whether
involving early or late phases of inflammation is
unprecedentedly controlled, at least in part, by upstream
kinases such as MAPKP® [15].

The probable crosstalk between the MAPKP*® pathway
and the upstream signaling mechanism controlling the
regulation of NF-xB is not well understood [16]. The
choice of using SB203580, the selective inhibitor of
MAPKP® in understanding the role of l«B-a, the major
NF-xB cytosolic inhibitor, has certainly shed light on
deciphering the code of the NF-kB/MAPK crosstalk. To
that end, it is only reasonable to suggest that unraveling
the degree of cytosolic phosphorylation of IkB-a can help
understand the involvement of NF-kB in this bidirectional
crosstalk. Moreover, it is expected that under controlled,
physiologic ~ or  supraphysiologic  conditions  of
inflammation, the inhibition of one pathway (MAPKP®)
would lead to either inhibition or at least attenuation of the
other pathway (NF-kB) [5]. However, the results therein
reported do not jibe well with this theory. On the contrary,
selective  inhibition of MAPKP® induced the
phosphorylation of IxB-a, thereby allowing NF-kB
nuclear translocation and activation [5,7]. Although the
DNA-binding activity of NF-«xB following the
phosphorylation of IkB-o has not been detected in this
study, previous work has shown that that is the case in the
alveolar epithelium [2]. This conundrum is certainly
shedding light on the fact that although cellular signaling
pathways involved with inflammation are intertwined, the
MAPKP® pathway is overshadowing that of NF-xB in
regulating the release of inflammatory cytokines [17].

In brevity, this study has shown for the first time and
beyond any shred of doubt that the supposedly ironclad
crosstalk resembling two intertwined regulatory pathways
(NF-«B/MAPK) can be separated when it comes to
understanding the inflammatory process in vitro, at least
within the perimeter of the experimental setup used in this
work. The importance of this work is prominent at the
following strata of identification: i) Selective inhibition of
MAPKP® attenuated, but did not abrogate, the LPS-
induced release of pro-inflammatory cytokines (IL-1p and
IL-6), as opposed to almost total inhibition of TNF-a; ii)
The selective inhibition of MAPKP® does not preclude

any potential involvement of other MAPKS, including
MAPK™ and MAPKERX; iii) Selective inhibition of
MAPKP® upregulated l«<B-o phosphorylation, thereby
allowing the nuclear translocation and activation of NF-
kB; and iv) The release of pro-inflammatory cytokines in
the alveolar epithelium, and at least within this
experimental setup, is partially involving MAPK?*® and
seemingly independent of NF-kB.

Declaration of Competing Interests

The author declares that there are no competing
interests associated with the bearings of this research work.

Acknowledgments

The author would like to thank Medical Laboratory
managers, Lama Hanbali and Niveen Al Masri, for their
technical contribution towards this work. Certain
components of this work are supported by a domestic
CNRS grant to the principal investigator, Dr. John J.
Haddad (#01-03-12; Beirut, Lebanon). Dr. John J. Haddad
held the distinguished Georges John Livanos fellowship at
Ninewells Hospital and Medical School, University of
Dundee, Scotland, UK (PhD), and the National Institutes
of Health postdoctoral fellowship at the School of
Medicine, University of California, San Francisco, USA
(National Institutes of Health (NIH); UCSF).

Author’s Contributions

This work in its entirety is the conception and
undertaking of Dr. John J. Haddad, with laboratory
technical assistance from the aforementioned laboratory
managers. Solely the author wrote the manuscript and all
illustrations were professionally created using Microsoft
Office 2013.

Author’s Fields of Interest

Dr. John J. Haddad is a research scientist and
investigator in immunology and molecular biology,
specialized in inflammation and the governing signaling
pathways in physiology and pathophysiology.

References

[1] Haddad, JJ., and L.B. Hanbali, 2014. Hypoxia upregulates
MAPKP8/MAPKERK phosphorylation in vitro:
Neuroimmunological differential time-dependent expression of
MAPKS. Protein Pept. Lett., 21: 444-451.

[2] Haddad, J.J., 2011. A redox microenvironment is essential for
MAPK-dependent secretion of pro-inflammatory cytokines:
Modulation by glutathione (GSH/GSSG) biosynthesis and
equilibrium in the alveolar epithelium. Cell. Immunol., 270: 53-61.

[3] Haddad, J.J., 2013. On the cellular and molecular regulatory
transcriptional mechanisms and responsive putative pathways to
inflammatory oxidative stress revisited: Current immunological
breakthroughs and views at a glance. Antiinflamm. Antiallergy
Agents Med. Chem., 12: 141-157.

[4] Fernandez-Bustamante, A., Agazio, A., Wilson, P., Elkins, N.,
Domaleski, L., He, Q., Baer, K.A., Moss, A.F., Wischmeyer, P.E.,



(5]

(6]

(7]

(8]

(9]

(10]

American Journal of Medical and Biological Research

and J.E. Repine, 2015. Brief glutamine pretreatment increases
alveolar macrophage CD163/heme oxygenase-1/p38-MAPK
dephosphorylation pathway and decreases capillary damage but
not neutrophil recruitment in IL-1/LPS-insufflated rats. PLoS One,
10: e0130764.

Haddad, J.J., and N.E. Abdel-Karim, 2011. NF-«B cellular and
molecular regulatory mechanisms and pathways: Therapeutic
pattern or pseudoregulation? Cell. Immunol., 271: 5-14.

Haddad, JJ., and H.L. Harb, 2005. -y-Glutamyl- -cysteinyl-
glycine (glutathione; GSH) and GSH-related enzymes in the
regulation of pro- and anti-inflammatory cytokines: A signaling
transcriptional scenario for redox(y) immunologic sensor(s)? Mol.
Immunol., 42: 987-1014.

Haddad, J.J., 2004. Hypoxia and the regulation of mitogen-
activated protein kinases: gene transcription and the assessment of
potential ~ pharmacologic  therapeutic  interventions.  Int.
Immunopharmacol., 4: 1249-1285.

Haddad, J.J., 2002. Cytokines and related receptor-mediated
signaling pathways. Biochem. Biophys. Res. Commun., 297: 700-
713.

Fehr, S., Unger, A., Schaeffeler, E., Herrmann, S., Laufer, S.,
Schwab, M., and W. Albrecht, 2015. Impact of p38 MAP kinase
inhibitors on LPS-induced release of TNF-a in whole blood and
primary cells from different species. Cell. Physiol. Biochem., 36:
2237-2249.

Lv, H., Zhu, C., Liao, Y., Gao, Y., Lu, G., Zhong, W., Zheng, Y.,
Chen, W., and X. Ci, 2015. Tenuigenin ameliorates acute lung

(11]

(12]

[13]

(14]

[15]

[16]
[17]

138

injury by inhibiting NF-xB and MAPK signalling pathways.
Respir. Physiol. Neurobiol., 216: 43-51.

Khan, S., Shehzad, O., Cheng, M.S,, Li, R.J., and Y.S. Kim, 2015.
Pharmacological ~mechanism underlying  anti-inflammatory
properties of two structurally divergent coumarins through the
inhibition of pro-inflammatory enzymes and cytokines. J. Inflamm.
(Lond.), 12: 47.

Chen, H., Jiang, Y.S., Sun, Y., and Y.C. Xiong, 2015. p38 and
interleukin-1 beta pathway via toll-like receptor 4 contributed to
the skin and muscle incision and retraction-induced allodynia. J.
Surg. Res., 197: 339-347.

Gupta, J., and A.R. Nebreda, 2015. Roles of p38a mitogen-
activated protein kinase in mouse models of inflammatory
diseases and cancer. FEBS J., 282: 1841-1857.

Sabio, G., and R.J. Davis, 2014. TNF and MAP kinase signalling
pathways. Semin. Immunol., 26: 237-245.

Patterson, H., Nibbs, R., Mclnnes, I., and S. Siebert, 2014. Protein
kinase inhibitors in the treatment of inflammatory and
autoimmune diseases. Clin. Exp. Immunol., 176: 1-10.

Peti, W., and R. Page, 2013. Molecular basis of MAP kinase
regulation. Protein Sci., 22: 1698-1710.

Ding, Y., Yang, H., Xiang, W., He, X., Liao, W., and Z. Yi, 2015.
CD200R1 agonist attenuates LPS-induced inflammatory response
in human renal proximal tubular epithelial cells by regulating
TLR4-MyD88-TAK1-mediated NF-«xB and MAPK pathway.
Biochem. Biophys. Res. Commun., 460: 287-294.



