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ABSTRACT

The mitogen-activated protein kinase (MAPK)
family of enzymes regulates a wide range of
cellular behaviours in response to environmental
stimuli. p38 MAPKSs are key signalling molecules
that regulate pro-inflammatory cytokines and
cellular responses to environmental stresses. It
makes sense that p38 might be effective for treating
a range of ailments, including cancer,
immunological conditions, and inflammation, given
that p38 regulates so many distinct processes. In
addition, increasing evidence points to the p38
MAPK signalling cascade's involvement in
biological processes other than inflammation, such
as cell proliferation, differentiation, apoptosis, and
invasion, suggesting that the p38 MAPK could be
used as a potential therapeutic target for the
management of both inflammatory diseases and
cancer.
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l. INTRODUCTION/BACKGROUND
The mitogen-activated protein  kinase
(MAPK) p38 is sometimes referred to as the stress-
activated MAPK due to its sensitivity to cytokines
and cellular stress. However, P38 also serves other
physiological functions. The terminal kinase in
numerous signalling cascades is P38, a MAPK that
is triggered by two phosphorylation’s. Effective
stress management is essential for cell and
organism survival because, despite the fact that
most cells experience different types of stress
throughout their lifetime, in both pathological and
homeostatic settings, stress may be harmful. The
signalling networks that cell use to react to stress
depend on P38 kinases. Many signalling networks
are essential to cells. All eukaryotes have proline-
directed serine/threonine  kinases, commonly
known as p38 kinases, which belong to the yeast-
like mitogen-activated protein kinase (MAPK)

family and share structural and regulatory
similarities with yeast. Many studies have now
shown a link between p38 kinase and cellular
responses to most stimuli, including wounds from
both internal and external sources, healthy
activities, and diseases including infections and
cancer. Yet causing stress from such cell
differentiation (1-6) The extracellular environment
is always changing, and MAPK serves as a marker
of these changes. This causes cellular responses
that enable cells to adapt to these changing normal
and pathological situations. The target genes of
transcription factors, cytokines, and their surface
receptors are activated by p38 MAPKS, acting as a
"kill switch” to enable a complete cellular response.
Hence, these proteins are seen as potential
therapeutic targets to fight the ineffective
inflammatory response.

Family members of the p38 kinase

The first mammalian p38 protein is a 38
Kdaprotein that is induced by lipopolysaccharide
(LPS) (7) to become tyrosine phosphorylated,
according to four independent experiments.
CSBP2, a protein kinase that is triggered by arsenic
acid, heat shock, or osmotic stress, and RK (8), an
anti-inflammatory drug with properties similar to
those of SB203580's pyridinylimidazole. Remarks
on (9), and saccharomyces cerevisiae. A MAPK
called HOG1 has been shown to imitate the
proteins p38, RK, p40, and CSBP2 and help in the
defence against osmotic stress. The designations
p38B, p38y, and p38d were later given to other
proteins that had a lot of similarities with the
protein  known as p38a. CSPB1 (10),
EXIP12,MXI2 (11-12) and p38 are examples of
spliced variations of p38a that have been proven to
function and contribute to cellular pathology.
Mammalian P38 kinases are 60% homologous in
amino acid sequences and p38ais 75% similar to
p38pB and p38y being 75% similar to p383. While
the p38kinases are structurally identical, their
downstream targets and susceptibilities to
pharmacological inhibitors like the frequently used
SB203580 differ (13-14). A biological enzyme
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having several roles in tissue growth and
homeostasis is p38 kinase. There are clear
functional differences among family members. Due
to its critical role in placental morphogenesis, P38a
is the only p38 kinase required for mouse
embryonic development (15-17). Yet, when p38a is
present, p38p overlaps significantly (18-19). This
can be because p38a is expressed more often in
most cell types, but it might also be because of the
specific roles that p38a might perform. This
restores the mice's lack of p38f participation Yet,
studies utilizing cell culture have identified certain
tasks that p38p may excel at. Generally speaking,
p38a and p38p work in concert to develop the heart

(20-21), establish sex (22), prevent mitotic entrance
(23), and activate regulatory T cells (24). While
neither p38y nor p383 has been genetically shown
to perform p38a function . p38y and p38s often
play comparable functions, such as in tissue
regeneration and immune responses (25). It's
noteworthy to note that decreasing p38a might
increase p38y activation or p38d activation(26-28).
The upstream regulatory mechanisms vary from
other family members. More understanding of the
individual behaviours and functional relationships
of the four p38 kinases is required in order to
completely appreciate the biological function of
this signalling pathway.
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cytokines etc,
Upstream activators
MAPKKK
QPhosphatases l
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Figure:1 Schematic representation of the p38 mitogen-activated protein kinase signalling pathway.

P38 kinase-mediated signalling

The activity of p38 kinases may be
controlled by feedback loops, activated by specific
kinases that integrate many inputs, inactivated by
various phosphatases, and impacted by a variety of
translational routes that affect various signalling
pathway components.

Activation of the p38 MAPK signalling pathway
and its operation

A lot of research has accumulated on the
activation of p38 MAPK in inflammatory responses
since the discovery of mammalian p38 MAPK
during inflammation. Proinflammatory cytokines
that activate p38 MAPK include interleukin and
TNF- [29-30]. G-protein-coupled receptors
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(GPCRS), cytokine receptors, toll-like receptors,
growth factor receptors, and receptors connected to
environmental stress, such as heat shock. Radiation
and UV light are reportedly additional signalling
events that activate the p38 MAPK pathway
[31,32,33]. It should be emphasized that the level
of p38 MAPK activation depends on the type of
cell [34,35]. There is evidence that some p38
MAPK isoforms are selectively activated by
upstream kinases [36-39]. The upstream MAPK
kinase (MKK) is involved in the activation of p38
MAPK [40, 41]. Whereas MKK3, which is 80%
homologous to MKKG, activates all four of her p38
isoforms, MKK3 promotes p38a, p38y, and p383.
According to various studies [41-45], MKKG6 is the
main activator of p38a MAPK. MKK4 also
phosphorylates p38a and p385 in certain cells in
response to particular stimuli [36]. There are
several signalling channels that link the MKK/p38
network. In human 293T kidney cells, MKK7
activates p385 [37]. It has been discovered that
RAC and Cdc42 may act as regulators of the p38
MAPK signalling pathway. IL-1 does not increase
p38 MAPK activity when RAC and Cdc42 are
dominant-negative constructs, but p38 MAPK is
activated when these two proteins are co expressed.
[46-47]. Our laboratory's studies have shown that
mutant H-Ras essentially activates p38 MAPK in
human mammary epithelial cells [48]. The
p38mapk signalling pathway involves both small
and giant G proteins, including GPCRSand
regulatory G protein signalling proteins (RGS) [49—
50]. The MAPKAP kinases MK2, MK3, and p38
regulatory/activated kinase (PRAK), which it
preferentially phosphorylates, are downstream
substrates of p38-MAPK. Comparatively to MK3-
and PRAK-deficient animals, MK2-deficient mice
produced much fewer cytokines, such as TNF-a
and IL-6, and they were less resistant to endotoxic
shock [51-52]. P38 MAPK and MK2 were shown
to be pre-assembled in cell nuclei [53]. When p38
is phosphorylated, MAPK MK-2's nuclear export
signal is moved to the carboxyl-terminal domain,
allowing it to travel between the cytoplasm and
nucleus [54]. The fact that MK2 has to be
phosphorylated in order for p38 MAPK and MK2
to exit the nucleus is proof that this step is
necessary for the translocation mechanism [53].
MKS3, a protein kinase that interacts with p38a, has
also been shown to be a substrate for p38a [55].
P38o and p38B may activate the stress-induced
protein PRAK [56].

Activation mechanism

The simultaneous phosphorylation of
MAP2K, followed by the phosphorylation of
MAP3K, activates P38 kinase. The activation of
p38 kinase has been demonstrated to include up to
10 MAP3Ks, even if some of them may also
activate other MAPKS, most notably JNK. The
diversity of the upstream components of the p38
kinase cascade allows the signalling pathway to
adapt to a range of stimuli and provide flexibility in
response. Several signals are used to activate a
number of MAP3Ks. MKK3 and MKKG6 of
MAP2K, which share 80% of their amino acid
sequence and are highly selective for p38 kinase, or
MKK4, which typically activates INK but may also
activate p38a, are phosphorylated by MAP3K.
Oxidized (17). Depending on the cell type and
external stimuli, MAP2K is involved in p38 kinase
activation in a variety of ways. For the kinase to
work properly, MAP2K must phosphorylate the Thr
and Tyr residues (Thr180 and Tyr182) in the p38a
activation loop. The common phosphorylation
cascade that occurs in the majority of MAPKSIs a
typical activation mechanism for them. Together
with the phosphorylation cascade based on
MAP2K, there are two other pathways that might
activate p38. One is in charge of attaching to
transforming growth factor-activated kinase 1,
while the other is in charge of interacting with
TAB1, which results in p38a autophosphorylation.
(56). This mechanism in cardiomyocytes during
myocardial ischemia has been well studied (57-59).
Moreover, dermatitis (60), endothelial
inflammation brought on by G protein-coupled
receptor agonist (GPCR), white adipose tissue
darkening produced by triiodothyronine (61), T cell
aging (62), and is also connected. The usual
technique may be used by TAB1 to bind MAP3K
TAK1 and activate p38. The only T cells in her that
seem to engage her third non-canonical pathway of
p38a activation are those that have been activated
by the T cell receptor. This has ZAP70, which
phosphorylates Tyr323 to produce p38c and p38p3
autophosphorylation (64). Tyr323-induced
autophosphorylation of p38a occurs just at Thr180
as opposed to the conventional method in which
p38a is dual phosphorylated by MAP2K and this
monophosphorylated p38 o alters substrate
selectivity in vitro. (65). Different activation
methods provide more control over pathway-
modifying activity, improved selectivity in locating
relevant targets, and more control over responses in
a variety of cell types and environments.
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Signal termination

As over activating p38 often has
detrimental effects on the cell, signal termination
systems are essential for maintaining homeostasis.
The p38 activation loop may be phosphorylated by
a variety of phosphatases, including as
serine/threonine phosphatases, tyrosine
phosphatases, and dual-specificity DUSP/MKP
family phosphatases. The possibility that p38
signalling may activate DUSP1, resulting in a
negative feedback loop that might produce
asynchronous  oscillations  and  cell-to-cell
variability in p38 activity, is fascinating to note. It
has been shown that both stress-induced cell death
and the production of pro-inflammatory genes rely
on this. (66-68). The restriction of MKK6 (69),
phosphorylation of TAB1 (which may affect both
non-canonical and TAK1-mediated canonical
activation (70), and phosphorylation of ZAP70
(which may affect the Association of ZAP70 with
shortens the TCR and reduces p38a activation in T
cells) (71) are additional negative regulatory loops
that p38a may activate. The strength of the p38a
signal may also be affected by negative feedback
loops. The p38 activation loop must be
dephosphorylated in order to downregulate the
coupling pathway.

P38 in various diseases

Increasing evidence points to the p38
MAPK signalling pathway as a cause of cancer and
inflammatory diseases. To investigate the role of
p38 MAPKSIn a variety of illnesses and to take
their inhibitors into account as potential treatment
strategies. Monocytes, synovial cells, and cultured
alveolar macrophages from guinea pigs all express
proinflammatory cytokines such TNF-, IL-1, IL-2,
IL-6, IL-7, and IL-8. The proliferation and
differentiation of immune system cells are also
controlled by the p38mapk signalling pathway. It
operates, displays, and contains endothelial cells.
GM-CSF, CSF, EPO, and CDA40-stimulated cell
proliferation and/or differentiation are mediated by
the p38 MAPK. MMP-2, MMP-9, and MMP-13 are
only a few MMPSlinked to inflammation whose
expression is regulated by the p38 MAPK pathway
[72,75]. Moreover, p38-MAPK regulates the
production of RANKL to prevent the development
of osteoclasts and prevent bone resorption. (76)
Enhanced p38 signalling may not always be the
underlying cause of a given sickness, even while
elevated p38 phosphorylation is often detected in
disease conditions. P38 activation in this case could
not even be a consequence, but rather a

pathogenesis-related outcome. Yet, when a disease
worsens, p38 may take on new functions that
encourage pathogenesis while lowering pathway
activity. Can. Yet, aberrant p38 activation often has
unknown reasons.

The role of p38 in asthma

Wheezing, chest tightness, dyspnoea, and
prolonged coughing are some of the signs of
asthma [77]. Asthma is an allergic reaction that
causes airway inflammation and irritation. Type 2
(Th2) mast cells, B cells, eosinophils, and helper T
cells all contribute to the development and
maintenance of allergy-related asthma. Th2 cells
emit pleiotropic cytokines including IL-4, IL-5, and
IL-13 when they become activated, which regulates
B cell proliferation, IGE production, airway
eosinophilia, mucus secretion, and ultimately
results in airway hyperresponsiveness (AHR) (78).
The p38-MAPK signalling pathway, which is
involved in the generation of inflammatory
cytokines and environmental stress, may be related
to autoimmune diseases, asthma, and both [79]. A
variety of in vitro and in vivo models of
inflammation, as well as their use in the treatment
or management of illnesses like asthma, have
shown the efficacy of p38 MAPK inhibitors. It has
been shown that SB203580 reduces TNF-a and IL-
1b production in rat bronchoalveolar lavage (BAL)
fluid [80,81]. Another p38 MAPK inhibitor,
SB239063, reduced the levels of IL-8, IL-6, MMP-
9, and neutrophil infiltration in the rat BAL fluid
after endotoxin inhalation. (82)

Role of p38 in COPD

Chronic obstructive pulmonary disease
(COPD) is characterized by a growing obstruction
of airways and an abnormal inflammatory response
of the lungs to potentially harmful substances or
gases. Current therapies are unable to stop the
progression of COPD or the inflammation of the
small airways and lung tissue. Nowadays, clinical
research is being undertaken on a variety of
cutting-edge anti-inflammatory drugs. One of the
several complex enzymatic cascades that contribute
to COPD inflammation is the p38-MAPK pathway.
It is triggered by cellular stress and regulates the
release of pro-inflammatory cytokines including
IL-8, TNF-, and MMPS. Patients with COPD have
selectively higher levels of certain p38 isoforms in
their alveolar macrophages. This implies that with
the onset of COPD, the p38 MAPK signalling
pathway is active. The pharmaceutical target p38
MAPK for the treatment of COPD is a promising
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one, according to these data. A multitude of COPD
symptoms, including mucus overproduction and
secretion, inflammation, cytokine expression,
apoptosis, T-cell activation, matrix
metalloproteinase production, and fibrosis, have
been associated to COPD activation, constitutive,
according to recent research by Connecting. Small-
molecule p38 MAPK inhibitors were used to
further validate these results [84]. A few examples
of small molecule p38 MAPK inhibitors with anti-
inflammatory properties include SB-203580, SB-
239063, and RWJ-67657.

Role of p38 in kidney diseases

Immunostaining of human  biopsy
specimens showed considerably more p-p38+ cells
in the glomeruli and tubules as well as interstitial p-
p38+ cells in proliferative glomerulonephritis. (85).
Myofibroblasts that were positive for muscle actin
(SMA+), invader neutrophils and macrophages,
and kidney-specific cells all had p38 activation.
Rice field. The number of p-p38+ glomerular cells
correlate with crescent development, segmental
proliferative and necrotic lesions, and macrophage
accumulation. The level of interstitial inflammation
is also correlated with interstitial p38 activation
(86-87). Moreover, the quantity of p-p38+
podocytes, tubules, and interstitial cells as well as
the number of p-p38+ glomeruli, tubules, and
interstitial cells were associated with proteinuria
and renal failure. With respect to the severity of
tubulointerstitial lesions, the frequency of p-p38+
tubulointerstitial cells correlates, and diabetic
nephropathy in both humans and animals is
associated with a significant rise in p-p38
activation. (88). These studies suggest that p38
activation may be a substantial pathogenic factor in
human renal disease. Research has also been done
on the connection between JNK signalling activity
and human kidney illness. Many types of
glomerulonephritis, hypertension, and diabetic
nephropathy show drastically enhanced JNK
activity  based on  immunostaining  of
phosphorylated-c-Jun, a distinct hallmark of JNK
signalling.  (89). Glomerular structures JNK
signalling has been connected to the
pathophysiology of humerous types of human renal
disease, and p-c-Jun  staining in  the
tubulointerstitium  correlates  with  interstitial
fibrosis and renal failure. In actuality, the degree of
glomerulosclerosis is correlated with the number of
glomerular p-c-Jun+ cells.

P38 and cardiovascular conditions

The modulation of cardiomyocyte
fibrosis, hypertrophy, and death by p38a may have
an effect on heart failure (90). The fact that heart
diseases like atherosclerosis and myocardial
ischemia (90-91) often coincide with activation of
this system supports the therapeutic use of p38a
inhibitors. P38 inhibitors were ineffective in
reducing the incidence of major ischemic
cardiovascular events, while being well tolerated in
phase IIl clinical trials and reducing certain
inflammatory components (92-93). A different plan
of action, B, has been suggested. Targeting of
TAB1-induced p38a activation coupled to MK2
inhibition (94) or cardiomyocyte death during
ischemia-reperfusion (95). Yet, given the many
preclinical studies highlighting the benefits of
reducing p38 signalling, p38 signalling inhibition is
supported by the associated advantages.

Role of p38 in rheumatoid arthritis

A persistent  systemic  inflammatory
condition called rheumatoid arthritis may cause
damage to many tissues and organs. The result is
swelling in the internal organs and/or the lining of
the joints [96]. In preclinical studies, small-
molecule inhibitors of the RA-related p38 MAPK
signalling pathway have shown therapeutic
potential [97, 98]. SB203580 and SB220025 were
successful in treating arthritis brought on by
collagen in mouse models. These components
slowed the spread of the sickness [99,100]. When
used as an adjuvant, the pyridinylimidazole
SB242235 reduces TNF- and has anti-arthritic
properties [101]. R-130823 prevented mice from
developing arthritis caused on by collagen by
reducing hind paw oedema [102].

P38 in inflammatory bowel syndrome

Many inflammatory disorders that affect
the colon and small intestine together go under the
umbrella term "inflammatory bowel disease.”" In
inflammatory bowel disease, P38. It has been
shown that IL-23 is overexpressed in tissues from
animal models of inflammatory bowel disease
[103]. In terms of cellular and pro-inflammatory
cytokine production, intestinal inflammation was
significantly reduced by IL-23 knockdown [103].
Inflammatory bowel illness may start because of
the NF-kb and MAPK cascade pathways, it has
been shown. A recent study found that SB203580
reduced proinflammatory cytokine mRNAlevels
and improved histological changes in animals with
ulcerative colitis caused by dextran sodium
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sulphate (DSS) [104]. The Rip-like caspase-
interacting apoptosis-regulating protein kinase
(RICK), which is highly activated by the
experimental onset of colitis, is an essential part of
the signalling cascade that promotes NF-kb.
Treatment with SB203580 significantly lowers this
activation [104].

P38 in Neuronal regulation and roles in
neurodegenerative diseases

Understanding neuronal excitability (105),
synaptic plasticity (106), or myelination (107-
109)processes specific to certain neurons or glial
cellsis essential for comprehending brain
physiology (110). P38a is related to neuropathy as
well. Examples include the stimulation of
microglial p38 and the generation of pro-
inflammatory cytokines, both of which are
associated with neuropathic pain and result in
neuronal hyperactivity and pain hypersensitivity.
The therapeutic potential of blocking p38a in the
transmission of pain is being investigated in
clinical studies (111). Nevertheless, no drugs have
yet been approved, thus interest seems to be
waning. Nonetheless, the therapeutic usage of p38a
inhibitors may be used to treat neurodegenerative
diseases. One of the early signs of Alzheimer's
disease is the presence of phosphorylated p38a
(112-114). The DUSP1 phosphatase is often
downregulated in Alzheimer's patients' brains, and
overexpressing the enzyme in mouse models
promotes cognitive decline (115). As growing
neuroinflammation,  amyloid  plaques and
hyperphosphorylated tau protein accumulate in the
complex disease of Alzheimer's dementia. P38a. is
one of these processes. Moreover, p38a
suppression reduced neuroinflammation in a mouse
model of Alzheimer's disease (116), which was
associated with improved spatial memory.
Preclinical studies in several animal models have
raised the possibility that p38c is a potential
therapeutic target for Alzheimer's disease (117-
118), ecological culture His MK2-deficient rats
treated  with neurotoxins  had reduced
neuroinflammation and less dopaminergic neuron
loss, which provided more evidence for the
potential benefit of inhibiting p38 signalling in
Parkinson's disease. (119-120). Amyotrophic
Lateral Sclerosis (ALS), which is brought on by
motor neuron degeneration that eventually leads in
cell death, manifests later than Alzheimer's disease
and Parkinson's disease (121). In ALS mouse
models and human patients, her p38a protein has
been shown to activate both motor neurons and

microglia (122). Inhibition of P38a in mice or
retrograde axonal cultures of human motor neurons
improves ALS-related abnormalities, including loss
of survival (123-125) Moreover, p38a inhibition
normalizes behavioural and physiological deficits
in mouse models of autism spectrum disorders,
indicating that this medication is efficient in
treating this condition. The therapeutic potential of
p38a, like that of ALS and Parkinson's disease, has
not yet been determined.

P38 in Cancer

While p38 MAPK has been extensively
studied for its role in inflammation, a growing body
of research indicates that p38 MAPK also has a
role in a variety of cellular responses related to
cancer. Results that have been incongruent in many
systems and circumstances have hampered our
understanding of how p38 MAPK functions in
cancer. Depending on the cellular environment and
level of activation, the majority of p38 MAPK
responses either protect cells from stress and
stimulation or damage them. It has been shown that
p38a is effective in stopping oncogene-induced
malignant cell transformation in normal epithelial
cells. This transformation may be brought on by a
reduction in cell proliferation, an increase in cell
death, or an increase in cell differentiation (126-
127). It was initially identified as a way to slow the
development of Subsequent studies in animal
models of skin, liver, lung, and colon cancer (128-
129) revealed that p38a is genetically
downregulated, which promotes the growth of
tumours (130). These results suggest that p38a. may
prevent tumour growth both in vivo and in vitro.
Findings from several experimental scenarios
suggest that malignant cells often choose this path
to promote tumour formation. Because of this,
studies in murine models of colon, breast, and lung
cancer reveal that the p38a protein may activate a
variety of pathways in cancer cells to promote the
development of primary tumours in vivo. These
techniques include altering DNA repair, creating
extracellular chemicals that promote the growth of
cancer cells, and altering internal signalling
pathways that regulate cell survival and
proliferation (131-132). Moreover, p38 may
promote the development of breast, ovarian, and
melanoma cells by concentrating on many proteins
that regulate cell motility, extravasation, and
epithelial-mesenchymal junctions. (133-137). It has
been shown to restrict the early spread of HER2-
positive (also known as ERBB2) breast cancer cells
and colon cancer cells' potential to fill the lungs of
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liver metastases, indicating that its effect on cancer
cell dissemination is context-dependent (138).
Depends. Subordination (139). (139). The p38-
MSK1 axis also regulates the diffuse ER+ breast
cancer cells latency (140). The environment that
cancer cells encounter during the first stages of
tumour formation and metastasis may have an
impact on p38's regulatory role. Recently, there has
been more focus on the function of p38a in
interactions between cancer and non-cancer cells in
the tumour stroma. Many ways of her P38a
signalling in fibroblasts have the potential to
promote the growth of tumours. Cancer cell
metabolism can be induced by cytokines that
mobilize glycogen inside cancer cells and release
glucose (141), extracellular matrix remodelling by
producing hyaluronic acid to create the tumour
niche (142), cytokines that encourage neutrophil
infiltration into the lung by chemokine expression
(143), or any combination of these. In addition,
immune cells including macrophages and dendritic
cells have been shown to promote inflammation
and the p38a pathway (144), which have both been
associated to the emergence of colon cancer in
mouse models (145). Additionally, non-canonical
p38a activation in T cells promotes inflammation
that supports pancreatic ductal cancer (146).
Cancer cells also produce cytokines and
chemokines that attract myeloid cells with tumour-
promoting characteristics to the tumour niche in
dependence on p38229, and it has been shown that
the p38-MK2 axis is responsible for the
overexpression of the T-cell inhibitory protein
PDL1 in cancer cells (147), which favours
immunosuppressive signalling. According to the
chemotherapy medication and tumour model, p38
activity has been connected to the response to
chemotherapy and has been implicated in the
development and metastasis of malignancies.
Oxaliplatin (148) or the nucleoside analogues
gemcitabine and cytarabine, as well as other
chemotherapy agents like cisplatin or 5-fluorouracil
(149), often result in reduced cell death when p38a
is inhibited. In vivo models are being utilized to
better anticipate how patients will react to p38a
inhibitors due to the diversity in p38a activity
reported in  known cancer cell lines, the
significance of p38a in tumour stroma, and the
involvement of stromal cells to response to crucial
treatment. Studies using p38a inhibitors and in vivo
chemotherapy in this region have shown
encouraging outcomes. Pharmacological inhibition
of p38o lowers resistance to the multikinase
inhibitor sorafenib (150) in a liver cancer model

and increases the cytotoxic effects of taxanes in
mouse and human breast cancer models when
combined with cisplatin (151). Moreover, the
effectiveness of these targeted medications is
increased by checkpoint kinase 1 (CHK1)
inhibitors in KRAS or BRAF mutant tumours, or
by Smac mimetics in leukaemia (152) or Smac
inhibitors in leukaemia (153). Stimulates interest in
alternatives to the present pairings. Cancer
treatment in example, blocking the p38-MK2
signalling pathway may shield mice from the bone
loss brought on by chemotherapy(154).

P38as a novel therapeutic

Chronic illnesses including autoimmune
and neurological disorders demand long-term
therapy since p38a signalling may govern a range
of activities, which might have negative side effects
or indicate the need for blocking or become
ineffective. As a consequence, when administered
immediately in conjunction with other medications,
p38a inhibitors may be more successful in treating
certain disorders, such as cancer (155-156). New
tactics are being developed to block p38a
signalling. Agents that target p38a depletion (157)
or have the potential to target p38a to tissues (158)
should be researched in order to maximize
effectiveness and reduce negative effects of
systemic delivery. Moreover, it has been shown in a
mouse model that lowering inflammation prevents
p38a nuclear translocation, which exclusively
influences testicular p38a activity. It would also be
intriguing to investigate the potential for creating
medications that replicate the effects of p38a
phosphorylation on  substrates of  tumour
suppressors (159-160).

I1.  CONCLUSION:

Key cellular pathways connected to
inflammation and cancer involve the p38 MAPK in
a significant way. The p38 MAPK pathway's
characteristics with regard to activation and
function are outlined in this review. We go through
the special qualities of p38 MAPK and emphasise
its role in inflammatory conditions and cancer.

REFERENCES:

[1]. Cuenda, A. & Rousseau, S. p38 MAP-
kinases pathway regulation, function and
role in human diseases. Biochim. Biophys.
Acta 1773, 1358-1375 (2007).

[2]. Wagner, E. F. & Nebreda, A. R. Signal
integration by JNK and p38 MAPK

DOI: 10.35629/7781-080122462260 | Impact Factor value 7.429 | 1ISO 9001: 2008 Certified Journal Page 2252



UJPRA Jour

nal

International Journal of Pharmaceutical Research and Applications
Volume 8, Issue 1 Jan-Feb 2023, pp: 2246-2260 www.ijprajournal.com

3.

[4].

[5].

[6].

[7]1.

[8].

[9].

[10].

[11].

[12].

pathways in cancer development. Nat.
Rev. Cancer 9, 537-549 (2009).

Cuadrado, A. & Nebreda, A. R.
Mechanisms and functions of p38 MAPK
signalling. Biochem. J. 429, 403-417
(2010).

Kyriakis, J. M. & Avruch, J. Mammalian
MAPK signal transduction pathways
activated by stress and inflammation: a
10-year update. Physiol. Rev. 92, 689-737
(2012).

Hotamisligil, G. S. & Davis, R. J. Cell
signaling and stress responses. Cold
Spring Harb. Perspect. Biol. 8, a006072
(2016).

Han, J., Wu, J. & Silke, J. An overview of
mammalian p38 mitogen-activated protein
kinases, central regulators of cell stress
and receptor signaling. F1000Res. 9, 653
(2020)

Han, J., Lee, J. D., Bibbs, L. & Ulevitch,
R. J. A MAP kinase targeted by endotoxin
and hyperosmolarity in mammalian cells.
Science 265, 808-811 (1994).

Rouse, J. etal. A novel kinase cascade
triggered by stress and heat shock that
stimulates MAPKAP  kinase-2 and
phosphorylation of the small heat shock
proteins. Cell 78, 1027-1037 (1994).
Freshney, N. W. etal. Interleukin-1
activates a novel protein kinase cascade
that results in the phosphorylation of
Hsp27. Cell 78, 1039-1049 (1994)

Lee, J. C. etal. A protein kinase involved
in the regulation of inflammatory cytokine
biosynthesis. Nature 372, 739746 (1994).
Together with Han etal. (1994), Rouse
etal. (1994) and Freshney etal. (1994),
this paper reports the identification of the
first mammalian p38 kinase using

different experimental systems and
approaches.
Sudo, T., Yagasaki, Y., Hama, H.

Watanabe, N. & Osada, H. Exip, a new
alternative splicing variant of p38a, can
induce an earlier onset of apoptosis in
HelLa cells. Biochem. Biophys. Res.
Commun. 291, 838-843 (2002).

Sanz, V., Arozarena, |. & Crespo, P.
Distinct carboxytermini confer divergent
characteristics to the mitogen-activated
protein kinase p38a and its splice isoform
Mxi2. FEBS Lett. 474, 169-174 (2000).

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

Eyers, P. A., Craxton, M., Morrice, N.,
Cohen, P. & Goedert, M. Conversion of
SB 203580-insensitive MAP kinase family
members to drug-sensitive forms by a
single amino-acid substitution. Chem.
Biol. 5, 321-328 (1998).

Gum, R. J. et al. Acquisition of sensitivity
of stress-activated protein kinases to the
p38 inhibitor, SB 203580, by alteration of
one or more amino acids within the ATP
binding pocket. J. Biol. Chem. 273,
15605-15610 (1998).

Adams, R. H. et al. Essential role of p38a
MAP kinase in placental but not
embryonic cardiovascular development.
Mol. Cell 6, 109-116 (2000).

Mudgett, J. S. et al. Essential role for p38a.
mitogen-activated  protein  kinase in
placental angiogenesis. Proc. Natl Acad.
Sci. USA 97, 10454-10459 (2000).
Together with Adams et al. (2000), this
paper provides invivo evidence for a
critical role of p38a in the regulation of a
process unrelated to the acute stress
response.

Brancho, D. et al. Mechanism of p38 MAP
kinase activation in vivo. Genes Dev. 17,
1969-1978 (2003).

Beardmore, V. A. etal. Generation and
characterization of p38p (MAPKI11) gene-
targeted mice. Mol. Cell Biol. 25, 10454—
104645 (2005).

Greenblatt, M. B. etal. The p38 MAPK
pathway is essential for skeletogenesis and
bone homeostasis in mice. J. Clin. Invest.
120, 2457-2473 (2010)

del Barco Barrantes, I., Coya, J. M,
Maina, F., Arthur, J. S. & Nebreda, A. R.
Genetic analysis of specific and redundant
roles for p38a and p38p MAPKs during
mouse development. Proc. Natl Acad. Sci.
USA 108, 12764-12769 (2011).

Arriazu, E. etal. A new regulatory
mechanism of protein phosphatase 2A
activity via SET in acute myeloid
leukemia. Blood Cancer J. 10, 3 (2020).
Warr, N. etal. Gadd45y and Map3k4
interactions  regulate mouse  testis
determination via p38 MAPK-mediated
control of Sry expression. Dev. Cell 23,
1020-1031 (2012).

Llopis, A. etal. The stress-activated
protein kinases p38a/f and JNKI1/2
cooperate with Chk1 to inhibit mitotic

DOI: 10.35629/7781-080122462260 | Impact Factor value 7.429 | 1ISO 9001: 2008 Certified Journal Page 2253



JPRA Journal

International Journal of Pharmaceutical Research and Applications
Volume 8, Issue 1 Jan-Feb 2023, pp: 2246-2260 www.ijprajournal.com

[24].

[25].

[26].

[27].

[28].

[29].

[30].

[31].

[32].

[33].

[34].

entry upon DNA replication arrest. Cell
Cycle 11, 3627-3637 (2012).

Hayakawa, M. etal. Loss of functionally
redundant p38 isoforms in T cells
enhances regulatory T cell induction. J.
Biol. Chem. 292, 1762-1772 (2017).
Escos, A., Risco, A., Alsina-Beauchamp,
D. & Cuenda, A. p38y and p385 mitogen
activated protein kinases (MAPKS), new
stars in the MAPK galaxy. Front. Cell
Dev. Biol. 4, 31 (2016).

Matesanz, N. etal. p38a blocks brown
adipose tissue thermogenesis through p386

inhibition. PLoS Biol. 16, e2004455
(2018).

Qi, X. etal. p38a antagonizes p38y
activity through c-Jun-dependent

ubiquitin—proteasome pathways in
regulating Ras transformation and stress
response. J. Biol. Chem. 282, 31398-
31408 (2007).

Alonso, G., Ambrosino, C., Jones, M. &
Nebreda, A. R. Differential activation of
p38 mitogen-activated protein Kkinase
isoforms depending on signal strength. J.
Biol. Chem. 275, 40641-40648 (2000).
Perregaux DG, Dean D, Cronan M, et al.
Inhibition of interleukin-1 beta production
by SKF86002: evidence of two sites of in
vitro activity and of a time and system
dependence. Mol Pharmacol 1995;48:433-
42

Kyriakis JM, Avruch J. Mammalian
mitogen-activated protein kinase signal
transduction pathways activated by stress
and inflammation. Physiol Rev
2001;81:807-69

Schindler JF, Monahan JB, Smith WG.
p38 pathway kinases as anti-inflammatory
drug targets. J Dent Res 2007;86:800-11
Raingeaud J, Gupta S, Rogers JS, et al.
Pro-inflammatory cytokines and
environmental stress cause p38 mitogen-
activated protein kinase activation by dual
phosphorylation on tyrosine and threonine.
J Biol Chem 1995;270:7420-26

Sugden PH, Clerk A. Stress-responsive
mitogen-activated protein kinases (c-Jun
N-terminal kinases and p38 mitogen-
activated  protein  kinases) in the
myocardium. Circ Res 1998;83:345-52
Sweeney G, Somwar R, Ramlal T, et al.
An inhibitor of p38 mitogen-activated
protein kinase prevents insulin-stimulated

[35].

[36].

[37].

[38].

[39].

[40].

[41].

[42].

[43].

[44].

glucose transport but not glucose
transporter  translocation in  3T3-L1
adipocytes and L6 myotubes. J Biol Chem
1999;274:10071-8

Heidenreich KA, Kummer JL. Inhibition
of p38 mitogen-activated protein kinase by
insulin in cultured fetal neurons. J Biol
Chem 1996;271:9891-4

Jiang Y, Gram H, Zhao M, et al
Characterization of the structure and
function of the fourth member of p38
group mitogen-activated protein kinases,
p38delta. J Biol Chem 1997;272:30122-8
Hu MC, Wang YP, Mikhail A. Murine
p38-delta  mitogen-activated  protein
kinase, a developmentally regulated
protein kinase that is activated by stress
and proinflammatory cytokines. J Biol
Chem 1999;274:7095-102

Cuenda A, Cohen P, Buee-Scherrer V,
Goedert M. Activation of stress-activated
protein kinase-3 (SAPK3) by cytokines
and cellular stresses is mediated via
SAPKK3 (MKK®6); comparison of the
specificities of SAPK3 and SAPK2
(RK/p38). EMBO J 1997;16:295-305
Enslen H, Raingeaud J, Davis RJ.
Selective activation of p38 mitogen-
activated protein (MAP) kinase isoforms
by the MAP kinase kinases MKK3 and
MKKS6. J Biol Chem 1998;273:1741-8
Pearson G, Robinson F, Beers Gibson T, et
al. Mitogen-activated protein (MAP)
kinase  pathways: regulation  and
physiological functions. Endocr Rev
2001;22:153-83

Han J, Lee JD, lJiang Y, et al
Characterization of the structure and
function of a novel MAP kinase kinase
(MKKS®). J Biol Chem 1996;271:2886-91
Stein B, Brady H, Yang MX; et al. Cloning
and characterization of MEKS6, a novel
member of the mitogen-activated protein
kinase kinase cascade. J Biol Chem 1996;
271:11427-33

Moriguchi T, Kuroyanagi N, Yamaguchi
K, et al. A novel kinase cascade mediated
by mitogen-activated protein kinase kinase
6 and MKK3. J Biol Chem
1996;271:13675-9

Moriguchi T, Toyoshima F, Gotoh Y, et al.
Purification and identification of a major
activator for p38 from osmotically
shocked cells. Activation of mitogen-

DOI: 10.35629/7781-080122462260 | Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 2254



JPRA Journal

International Journal of Pharmaceutical Research and Applications
Volume 8, Issue 1 Jan-Feb 2023, pp: 2246-2260 www.ijprajournal.com

[45].

[46].

[47].

[48].

[49].

[50].

[51].

[52].

[53].

[54].

[55].

activated protein kinase Kinase 6 by
osmotic shock, tumor necrosis factor-?
and H202 J Biol Chem 1996;271:26981-8
Yamauchi J, Tsujimoto G, Kaziro Y, Itoh
H. Parallel regulation of mitogen-activated
protein kinase kinase 3 (MKK3) and
MKK®6 in Gg-signaling cascade. J Biol
Chem 2001;276:23362-72

Bagrodia S, De’rijard B, Davis RJ,
Cerione RA. Cdc42 and PAK-mediated
signaling leads to Jun kinase and p38
mitogen-activated protein kinase
activation. J Biol Chem 1995;270:27995-8
Zhang S, Han J, Sells MA, et al. Rho
family GTPases regulate p38 mitogen-
activated protein kinase through the
downstream mediator Pakl. J Biol Chem
1995;270:23934-6

Kim MS, Lee EJ, Kim HR, Moon A. p38
kinase is a key signaling molecule for H-
Ras-induced cell motility and invasive
phenotype in human breast epithelial cells.
Cancer Res 2003;63:5454-61

Nick JA, Avdi NJ, Young SK, et al
Common and distinct intracellular
signaling pathways in human neutrophils
utilized by platelet activating factor and
FMLP. J Clin Invest 1997;99:975-86
Zhang Y, Neo SY, Han J, et al. RGS16
attenuates galphag-dependent p38
mitogen-activated protein kinase
activation by platelet-activating factor. J
Biol Chem 1999;274:2851-7

Kotlyarov A, Neininger A, Schubert C, et
al. MAPKAP kinase 2 is essential for
LPS-induced TNFalpha biosynthesis. Nat
Cell Biol 1999;1:94-7

Hegen M, Gaestel M, Nickerson-Nutter
CL, et al. MAPKAP kinase 2-deficient
mice are resistant to collagen-induced
arthritis. J Immunol 2006;177:1913-17
Ben-Levy R, Hooper S, Wilson R, et al.
Nuclear export of the stress-activated
protein kinase p38 mediated by its
substrate MAPKAP kinase-2. Curr Biol
1998;8:1049-57

Engel K, Kotlyarov A, Gaestel M.
Leptomycin B-sensitive nuclear export of
MAPKAP kinase 2 is regulated by
phosphorylation. EMBO J 1998;17:3363-
71

McLaughlin MM, Kumar S, McDonnell
PC, et al. Identification of mitogen-
activated protein (MAP) kinase-activated

[56].

[57].

[58].

[59].

[60].

[61].

[62].

[63].

[64].

protein Kkinase-3, a novel substrate of
CSBP p38 MAP kinase. J Biol Chem
1996;271:8488-92

Ge, B. etal. MAPKK-independent
activation of p38a mediated by TABI-
dependent autophosphorylation of p38a.
Science 295, 1291-1294 (2002). This
paper presents evidence for a non-
canonical mechanism of p38a activation
based on TAB1- induced
autophosphorylation.

Tanno, M. etal. Diverse mechanisms of
myocardial p38 mitogen-activated protein
kinase activation: evidence for MKK-
independent activation by a TABI-
associated mechanism contributing to
injury during myocardial ischemia. Circ.
Res. 93, 254-261 (2003).

DeNicola, G. F. etal. Mechanism and
consequence of the autoactivation of p38a
mitogen-activated protein kinase promoted
by TAB1. Nat. Struct. Mol. Biol. 20,
1182-1190 (2013). This paper provides
important structural information on the
mechanism by which TAB1 binding
triggers p38a autophosphorylation.

De Nicola, G. F. etal. The TAB1-p38a
complex aggravates myocardial injury and
can be targeted by small molecules. JCI
Insight 3, e121144 (2018).

Lanna, A., Henson, S. M., Escors, D. &
Akbar, A. N. The kinase p38 activated by
the metabolic regulator AMPK and
scaffold TAB1 drives the senescence of
human T cells. Nat. Immunol. 15, 965-
972 (2014).

Theivanthiran, B. etal. The E3 ubiquitin
ligase Itch inhibits p38a signaling and skin
inflammation through the ubiquitylation of
Tabl. Sci. Signal. 8, ra22 (2015).
Matesanz, N. etal. MKK®6 controls T3-
mediated browning of white adipose
tissue. Nat. Commun. 8, 856 (2017).
Grimsey, N. J. etal. G protein-coupled
receptors activate p38 MAPK via a non-
canonical TAB1-TAB2- and TABI1-
TAB3-dependent pathway in endothelial
cells. J. Biol. Chem. 294, 5867-5878
(2019).

Salvador, J. M. etal. Alternative p38
activation pathway mediated by T cell
receptor-proximal tyrosine kinases. Nat.
Immunol. 6, 390-395 (2005). This paper
describes an alternative mechanism of

DOI: 10.35629/7781-080122462260 | Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 2255



JPRA Journal

International Journal of Pharmaceutical Research and Applications
Volume 8, Issue 1 Jan-Feb 2023, pp: 2246-2260 www.ijprajournal.com

[65].

[66].

[67].

[68].

[69].

[70].

[71].

[72].

[73].

[74].

p38a activation that involves tyrosine
phosphorylation and is specific to T cells.
Mittelstadt, P. R., Yamaguchi, H., Appella,
E. & Ashwell, J. D. Tcell receptor-
mediated activation of p38a by mono-
phosphorylation of the activation loop
results in altered substrate specificity. J.
Biol. Chem. 284, 15469-15474 (2009).
Tomida, T., Takekawa, M. & Saito, H.
Oscillation of p38 activity controls
efficient pro-inflammatory gene
expression. Nat. Commun. 6, 8350 (2015).
Staples, C. J., Owens, D. M., Maier, J. V.,
Cato, A. C. & Keyse, S. M. Cross-talk
between the p38a and JNK MAPK
pathways mediated by MAP Kkinase
phosphatase-1 determines cellular
sensitivity to UV radiation. J. Biol. Chem.
285, 25928-25940 (2010).

Miura, H., Kondo, Y., Matsuda, M. &
Aoki, K. Cell-to-cell heterogeneity in p38-
mediated cross-inhibition of JNK causes
stochastic cell death. Cell Rep. 24, 2658
2668 (2018).

Ambrosino, C. etal. Negative feedback
regulation of MKK6 mRNA stability by
p38a mitogen-activated protein kinase.
Mol. Cell Biol. 23, 370-381 (2003).
Cheung, P. C., Campbell, D. G., Nebreda,
A. R. & Cohen, P. Feedback control of the
protein kinase TAK1 by SAPK2a/p38a.
EMBO J. 22, 5793-5805 (2003).

Giardino Torchia, M. L. etal. Intensity
and duration of TCR signalling is limited
by p38 phosphorylation of ZAP-70T293
and destabilization of the signalosome.
Proc. Natl Acad. Sci. USA 115, 2174-
2179 (2018).

Underwood DC, Osborn RR, Bochnowicz
S, et al. SB 239063, a p38 MAPK
inhibitor, reduces neutrophilia,
inflammatory cytokines, MMP-9, and
fibrosis in lung. Am J Physiol Lung Cell
Mol Physiol 2000;279:L895-902
Pietersma A, Tilly BC, Gaestel M, et al.
p38 mitogen activated protein kinase
regulates endothelial VCAM-1 expression
at the post-transcriptional level. Biochem
Biophys Res Commun 1997;230:44-8
Craxton A, Shu G, Graves JD, et al. p38
MAPK is required for CD40-induced gene
expression and proliferation in B
lymphocytes. J Immunol 1998;161:3225-
36

[75].

[76].

[77].

[78].

[79].

[80].

[81].

[82].

[83].

[84].

[85].

[86].

Ridley SH, Sarsfield SJ, Lee JC, et al.
Actions of IL-1 are selectively controlled
by p38 mitogenactivated protein kinase:
regulation of prostaglandin H synthase-2,
metalloproteinases, and I1L-6 at different
levels. J Immunol 1997;158:3165-73
Mbalaviele G, Anderson G, Jones A, et al.
Inhibition of p38 mitogen-activated
protein kinase prevents inflammatory bone
destruction. J Pharmacol Exp Ther
2006;317:1044-53

Elias JA, Lee CG, Zheng T, et al. New
insights into the pathogenesis of asthma. J
Clin Invest 2003 ; 111 : 291 -7

Herrick CA, Bottomly K. To respond or
not to respond: t cells in allergic asthma.
Nat Rev Immunol 2003 ; 3 : 405 -12
Barnes PJ. Novel signal transduction
modulators for the treatment of airway
diseases. Pharmacol Ther 2006;109:238-
45

Haddad EB, Birrell M, McCluskie K, et al.
Role of p38 MAP kinase in LPS-induced
airway inflammation in the rat. Br J
Pharmacol 2001;132:1715-24

Escott KJ, Belvisi MG, Birrell MA, et al.
Effect of the p38 kinase inhibitor, SB
203580, on allergic airway

Underwood DC, Osborn RR, Bochnowicz
S, et al. SB 239063, a p38 MAPK
inhibitor, reduces neutrophilia,
inflammatory cytokines, MMP-9, and
fibrosis in lung. Am J Physiol Lung Cell
Mol Physiol 2000;279:L.895-902

Johnson GL, Lapadat R. Mitogen-
activated  protein  kinase  pathways
mediated by ERK, JNK, and p38 protein
kinases. Science 2002 ; 298 : 1911 -2
Renda T, Baraldo S, Pelaia G, et al.
Increased activation of p38 MAPK in
COPD. Eur Respir J 2008 ; 31:62 -9
Stambe C, Nikolic-Paterson DJ, Hill PA,
Dowling J, Atkins RC. p38 Mitogen-
activated protein kinase activation and cell
localization in human glomerulonephritis:
correlation with renal injury. J Am Soc
Nephrol 2004; 15: 326-336.

Sakai N, Wada T, Furuichi K, Iwata Y,
Yoshimoto K, Kitagawa K, et al. p38
MAPK phosphorylation and NF-kappa B
activation in human crescentic
glomerulonephritis. Nephrol Dial
Transplant 2002; 17: 998-1004.

DOI: 10.35629/7781-080122462260 | Impact Factor value 7.429 | 1ISO 9001: 2008 Certified Journal Page 2256



JPRA Journal

International Journal of Pharmaceutical Research and Applications
Volume 8, Issue 1 Jan-Feb 2023, pp: 2246-2260 www.ijprajournal.com

[87].

[88].

[89].

[90].

[91].

[92].

[93].

[94].

[95].

[96].

[97].

[98].

Adhikary L, Chow F, Nikolic-Paterson DJ,
Stambe C, Dowling J, Atkins RC, et al.
Abnormal p38 mitogen-activated protein
kinase  signalling in  human and
experimental diabetic nephropathy.
Diabetologia 2004; 47: 1210-1222

Sakai N, Wada T, Furuichi K, Iwata Y,
Yoshimoto K, Kitagawa K, et al.
Involvement of extracellular signal-
regulated kinase and p38 in human
diabetic nephropathy. Am J Kidney Dis
2005; 45: 54-65.

De Borst MH, Prakash J, Melenhorst WB,
van den Heuvel MC, Kok RJ, Navis G, et
al. Glomerular and tubular induction of the
transcription factor c-Jun in human renal
disease. J Pathol 2007; 213: 219-228
Arabacilar, P. & Marber, M. The case for
inhibiting p38 mitogen-activated protein
kinase in heart failure. Front. Pharmacol.
6, 102 (2015)

Front. Pharmacol. 6, 102 (2015). 198.
Martin, E. D., Bassi, R. & Marber, M. S.
p38 MAPK in cardioprotection—are we
there yet? Br. J. Pharmacol. 172, 2101-
2113 (2015).

Newby, L. K. et al. Losmapimod, a novel
p38 mitogen-activated protein kinase
inhibitor, in non-ST-segment elevation
myocardial infarction: a randomised phase
2 trial. Lancet 384, 1187-1195 (2014).
O’Donoghue, M. L. etal. Effect of
losmapimod on cardiovascular outcomes

in patients hospitalized with acute
myocardial infarction: a randomized
clinical trial. JAMA 315, 1591-1599
(2016).

Meng, Q. et al. MMI-0100 inhibits cardiac
fibrosis in a mouse model overexpressing
cardiac myosin binding protein C. J. Am.
Heart Assoc. 6, 006590 (2017).

Wang, Q. et al. Disruption of TAB1/p38a
interaction using a cell-permeable peptide
limits myocardial ischemia/reperfusion
injury. Mol. Ther. 21, 1668-1677 (2013).
Fujita M, lgarashi T, Kurai T, et al
Correlation  between dry eye and
rheumatoid arthritis activity. Am ]
Ophthalmol 2005;140:808-13

Sweeney SE, Firestein GS. Signal
transduction in rheumatoid arthritis. Curr
Opin Rheumatol 2001;16:231-7

Kumar S, Blake SM, Emery JG.
Intracellular signaling pathways as a target

[99].

[100].

[101].

[102].

[103].

[104].

[105].

[106].

[107].

[108].

for the treatment of rheumatoid arthritis.
Curr Opin Pharmacol 2001;1:307-13
Badger AM, Bradbeer JN, \otta B, et al.
Pharmacological profile of SB 203580, a
selective inhibitor of cytokine suppressive
binding protein/p38 kinase, in animal
models of arthritis, bone
resorption,endotoxin shock, and immune
function. J Pharmacol Exp  Ther
1996;279:1453-61

Jackson JR, Bolognese B, Hillegass L, et
al. Pharmacological effects of SB 220025,
a selective inhibitor of P38 mitogen-
activated protein kinase, in angiogenesis
and chronic inflammatory disease models.
J Pharmacol Exp Ther 1998;284:687-92
Badger AM, Griswold DE, Kapadia R, et
al. Disease-modifying activity of SB
242235, a selective inhibitor of p38
mitogen-activated protein kinase, in rat
adjuvant-induced arthritis. Arthritis
Rheum 2000;43:175-83

Wada Y, Nakajima-Yamada T, Yamada K,
et al. R-130823, a novel inhibitor of p38
MAPK, ameliorates hyperalgesia and
swelling in arthritis models

Summers RW, Elliott DE, Qadir K, et al.
Trichuris suis seems to be safe and
possibly effective in the treatment of
inflammatory bowel disease. Am J
Gastroenterol 2003;98:2034-41
Hollenbach E, Neumann M, Vieth M, et
al. Inhibition of p38 MAP kinase- and
RICK/NF-kappaB-signaling  suppresses
inflammatory bowel disease. FASEB J
2004;18:1550-2

Hu, J. H. etal. Activity-dependent
isomerization of Kv4.2 by Pinl regulates
cognitive flexibility. Nat. Commun. 11,
1567 (2020).

Liu, K. et al. P131 is an adaptor protein for
proteasome transport in axons and
required for synaptic development. Dev.
Cell 50, 509-524.e10 (2019)

Chung, S. H. etal. The p38a mitogen-
activated protein kinase is a key regulator
of myelination and remyelination in the
CNS. Cell Death Dis. 6, e1748 (2015).
Haines, J. D., Fragoso, G., Hossain, S.,
Mushynski, W. E. & Almazan, G. p38
mitogen-activated protein kinase regulates
myelination. J. Mol. Neurosci. 35, 23-33
(2008).

DOI: 10.35629/7781-080122462260 | Impact Factor value 7.429 | 1ISO 9001: 2008 Certified Journal Page 2257



JPRA Journal

International Journal of Pharmaceutical Research and Applications
Volume 8, Issue 1 Jan-Feb 2023, pp: 2246-2260 www.ijprajournal.com

[109].

[110].

[111].

[112].

[113].

[114].

[115].

[116].

[117].

[118].

[119].

[120].

[121].

Liu, X. etal. BMP7 retards peripheral
myelination by activating p38 MAPK in
Schwann cells. Sci. Rep. 6, 31049 (2016).
Lin, X., Wang, M., Zhang, J. & Xu, R. p38
MAPK: a potential target of chronic pain.
Curr. Med. Chem. 21, 4405-4418 (2014).
Scheltens, P. et al. An exploratory clinical
study of p38a kinase inhibition in
Alzheimer’s disease. Ann. Clin. Transl.
Neurol. 5, 464-473 (2018).

Hensley, K. etal. p38 kinase is activated
in the Alzheimer’s disease brain. J.
Neurochem. 72, 20532058 (1999).

Zhu, X. etal. Activation of MKK®6, an
upstream activator of p38, in Alzheimer’s
disease. J. Neurochem. 79, 311-318
(2001).

Sun, A., Liu, M., Nguyen, X. V. & Bing,
G. P38 MAP kinase is activated at early
stages in Alzheimer’s disease brain. Exp.
Neurol. 183, 394-405 (2003)

Du, Y. et al. MKP-1 reduces AP generation
and alleviates cognitive impairments in
Alzheimer’s disease models. Signal.
Transduct. Target. Ther. 4, 58 (2019).
Kheiri, G., Dolatshahi, M., Rahmani, F. &
Rezaei, N. Role of p38/MAPKs in
Alzheimer’s disease: implications for
amyloid B toxicity targeted therapy. Rev.
Neurosci. 30, 9-30 (2018).

Lee, J. K. & Kim, N. J. Recent advances
in the inhibition of p38 MAPK as a
potential strategy for the treatment of
Alzheimer’s disease. Molecules 22, 1287
(2017).

Colie, S. etal. Neuronal p38a mediates
synaptic and cognitive dysfunction in an
Alzheimer’s mouse model by controlling
B-amyloid production. Sci. Rep. 7, 45306
(2017).

Chen, J. et al. Phosphorylation of Parkin at
serine 131 by p38 MAPK promotes
mitochondrial dysfunction and neuronal
death in mutant AS3T a-synuclein model
of Parkinson’s disease. Cell Death Dis. 9,
700 (2018).

Thomas, T. etal. MAPKAP kinase 2-
deficiency prevents neurons from cell
death by reducing neuroinflammation—
relevance in a mouse model of Parkinson’s
disease. J. Neurochem. 105, 2039-2052
(2008)

Dewil, M., dela Cruz, V. F, Van Den
Bosch, L. & Robberecht, W. Inhibition of

[122].

[123].

[124].

[125].

[126].

[127].

[128].

[129].

[130].

[131].

p38 mitogen activated protein kinase
activation and mutant SOD1(G93A)-
induced motor neuron death. Neurobiol.
Dis. 26, 332-341 (2007).

Bendotti, C. et al. Activated p38MAPK is
a novel component of the intracellular
inclusions found in human amyotrophic
lateral sclerosis and mutant SOD1
transgenic mice. J. Neuropathol. Exp.
Neurol. 63, 113-119 (2004).

Gibbs, K. L. et al. Inhibiting p38 MAPKa
rescues axonal retrograde transport defects
in @ mouse model of ALS. Cell Death Dis.
9, 596 (2018).

Bhinge, A., Namboori, S. C., Zhang, X.,
VanDongen, A. M. J. & Stanton, L. W.
Genetic correction of SOD1 mutant iPSCs
reveals ERK and JNK activated AP1 as a
driver of neurodegeneration in
amyotrophic lateral sclerosis. Stem Cell
Rep. 8, 856-869 (2017).

Robson, M. J. et al. p38a MAPK signaling
drives pharmacologically reversible brain
and gastrointestinal phenotypes in the
SERT Ala56 mouse. Proc. Natl Acad. Sci.
USA 115, E10245-E10254 (2018)
Bulavin, D. V. & Fornace, A. J. Jr. p38
MAP kinase’s emerging role as a tumor
suppressor. Adv. Cancer Res. 92, 95-118
(2004).

Loesch, M. & Chen, G. The p38 MAPK
stress pathway as a tumor suppressor or
more? Front. Biosci. 13, 3581-3593
(2008).

Hui, L. et al. p38a suppresses normal and
cancer cell proliferation by antagonizing
the JNK—c-Jun pathway. Nat. Genet. 39,
741-749 (2007).

Gupta, J. etal. Dual function of p38a
MAPK in colon cancer: suppression of
colitis-associated tumor initiation but
requirement for cancer cell survival.
Cancer Cell 25, 484-500 (2014). This
study describes pro-tumorigenic and anti-
tumorigenic functions of p38a in the same
mouse model of cancer depending on the
tumorigenesis stage.

Igea, A. & Nebreda, A. R. The stress
kinase p38a as a target for cancer therapy.
Cancer Res. 75, 3997-4002 (2015). This
paper presents an overview of the cell
autonomous roles of p38a in cancer cells.
Vitos-Faleato, J. etal. Requirement for
epithelial p38c in KRAS-driven lung

DOI: 10.35629/7781-080122462260 | Impact Factor value 7.429 | 1ISO 9001: 2008 Certified Journal Page 2258



JPRA Journal

International Journal of Pharmaceutical Research and Applications
Volume 8, Issue 1 Jan-Feb 2023, pp: 2246-2260 www.ijprajournal.com

[132].

[133].

[134].

[135].

[136].

[137].

[138].

[139].

[140].

[141].

[142].

tumor progression. Proc. Natl Acad. Sci.
USA 117, 2588-2596 (2020).

Saad, M. I. etal. ADAM17 selectively
activates the IL-6 trans-signaling/ERK

MAPK axis in KRAS-addicted lung
cancer. EMBO Mol. Med. 11, e9976
(2019).

Wu, X. etal. Ubiquitin-conjugating

enzyme Ubcl3 controls breast cancer
metastasis through a TAK1-p38 MAP
kinase cascade. Proc. Natl Acad. Sci. USA
111, 13870-13875 (2014).

Tichet, M. et al. Tumour-derived SPARC
drives  vascular  permeability  and
extravasation through endothelial VCAM1
signalling to promote metastasis. Nat.
Commun. 6, 6993 (2015).

Anwar, T. etal. p38-mediated
phosphorylation at T367 induces EZH2
cytoplasmic localization to promote breast
cancer metastasis. Nat. Commun. 9, 2801
(2018).

Ryu, K. J. etal. p38 stabilizes Snail by
suppressing DYRK2-mediated
phosphorylation that is required for
GSK3B-BTrCP-induced Snail degradation.
Cancer Res. 79, 4135-4148 (2019).

Naffa, R. etal. p38 MAPK promotes
migration and metastatic activity of BRAF
mutant melanoma cells by inducing
degradation of PMCA4b. Cells 9, 1209
(2020).

Harper, K. L. etal. Mechanism of early
dissemination and metastasis in Her2+
mammary cancer. Nature 540, 588-592
(2016).

Urosevic, J. etal. Colon cancer cells
colonize the lung from established liver
metastases through p38 MAPK signalling
and PTHLH. Nat. Cell Biol. 16, 685-694
(2014).

Gawrzak, S. et al. MSK1 regulates luminal
cell ~ differentiation and  metastatic
dormancy in ER+ breast cancer. Nat. Cell
Biol. 20, 211-221 (2018)

Alspach, E. etal. p38MAPK plays a
crucial role  in  stromal-mediated
tumorigenesis. Cancer Discov. 4, 716-729
(2014).

Brichkina, A. etal. p38MAPK builds a
hyaluronan cancer niche to drive lung
tumorigenesis. Genes Dev. 30, 2623-2636
(2016).

[143].

[144].

[145].

[146].

[147].

[148].

[149].

[150].

[151].

[152].

[153].

Curtis, M. etal. Fibroblasts mobilize
tumor cell glycogen to promote
proliferation and metastasis. Cell Metab.
29, 141-155.€9 (2019).

Gui, J. etal. Activation of p38a stress-
activated protein kinase drives the
formation of the pre-metastatic niche in
the lungs. Nat. Cancer 1, 603-619 (2020)
Suarez-Lopez, L. et al. MK2 contributes to
tumor progression by promoting M2
macrophage polarization and tumor
angiogenesis. Proc. Natl Acad. Sci. USA
115, E4236-E4244 (2018).

Alam, M. S. etal. Selective inhibition of
the p38 alternative activation pathway in
infiltrating T cells inhibits pancreatic
cancer progression. Nat. Med. 21, 1337—
1343 (2015)

Zhang, Y. etal. PP2AC level determines
differential programming of p38-TSC—
MTOR signaling and therapeutic response
to p38-targeted therapy in colorectal
cancer. EBioMedicine 2, 1944-1956
(2015).

Santoro, V. et al. Role of reactive oxygen
species in the abrogation of oxaliplatin
activity by cetuximab in colorectal cancer.
J. Natl Cancer Inst. 108, djv394 (2016).
Garcia-Cano, J. etal. p38MAPK and
chemotherapy: we always need to hear
both sides of the story. Front. Cell Dev.
Biol. 4, 69 (2016)

Rudalska, R. et al. In vivo RNAI screening
identifies a mechanism of sorafenib
resistance in liver cancer. Nat. Med. 20,
1138-1146 (2014).

Canovas, B. etal. Targeting p38a
increases DNA damage, chromosome
instability, and the anti-tumoral response
to taxanes in breast cancer cells. Cancer
Cell 33, 1094-1110.e8 (2018).

Dietlein, F. et al. A synergistic interaction
between Chkl- and MK2 inhibitors in
KRAS-mutant cancer. Cell 162, 146-159
(2015).

Lalaoui, N. etal. Targeting p38 or MK2
enhances the anti-leukemic activity of
smac-mimetics. Cancer Cell 29, 145-158
(2016). This article shows an interesting
cooperation between the inhibitors of p38
or MK2 and Smac-mimetic drugs in
leukaemia cells, and paves the way for the
discovery of an important link between

DOI: 10.35629/7781-080122462260 | Impact Factor value 7.429 | 1ISO 9001: 2008 Certified Journal Page 2259



International Journal of Pharmaceutical Research and Applications
J Volume 8, Issue 1 Jan-Feb 2023, pp: 2246-2260 www.ijprajournal.com

JPRA Journal

.

p38/MK2 and RIPK in the inflammatory
response.

[154]. Murali, B. etal. Inhibition of the stromal
p38MAPK/ MK2 pathway limits breast
cancer metastases and chemotherapy-
induced bone loss. Cancer Res. 78, 5618—
5630 (2018).

[155]. Patnaik, A. et al. A first-in-human phase |
study of the oral p38 MAPK inhibitor,
ralimetinib (LY?2228820 dimesylate), in
patients with advanced cancer. Clin.
Cancer Res. 22, 1095-1102 (2016).

[156]. Vergote, I. etal. A randomized, double-
blind, placebo-controlled phase 1b/2 study
of ralimetinib, a p38 MAPK inhibitor, plus
gemcitabine and carboplatin  versus
gemcitabine and carboplatin for women
with recurrent platinum-sensitive ovarian
cancer. Gynecol. Oncol. 156, 23-31
(2020).

[157]. Donoghue, C. et al. Optimal linker length
for small molecule PROTACs that
selectively target p38a and p38B for
degradation. Eur. J. Med. Chem. 201,
112451 (2020).

[158]. Casadome-Perales, A. etal. Inhibition of
p38 MAPK in the brain through nasal
administration of p38 inhibitor loaded in
chitosan nanocapsules. Nanomedicine 14,
2409-2422 (2019).

[159]. Maik-Rachline, G., Zehorai, E., Hanoch,
T., Blenis, J. & Seger, R. The nuclear
translocation of the kinases p38 and JNK
promotes inflammation-induced cancer.
Sci. Signal. 11, eaa03428 (2018).

[160]. Martinez-Limon, A., Joaquin, M.,
Caballero, M., Posas, F. & de Nadal, E.
The p38 pathway: from biology to cancer
therapy. Int. J. Mol. Sci. 21, 1913 (2020)

DOI: 10.35629/7781-080122462260 | Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 2260



