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Role of p38 MAPK in Kidney Disease Progression
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Properties of the p38 MAPK signaling pathway

The mitogen- activated protein kinase (MAPK), including p38 MAPK, extracellular signal- reqgulated kinase (ERK)
and c- Jun N- teminal kinase (JNK) are the major intracellular signal transduction molecules that control cellular
responses to cytokines and stress”. Of these MAP kinases, this lecture focuses on p38 MAPK which has been
implicated in the pathogenesis of kidney disease by many recent investigations. p38 MAPK was first isolated as
a 38 kDa protein which was rapidly tyrosine phosphorylated in response to lipopolysaccharides (LPS) simulation®.
So far, four isoforms of p38 MAP kinase, alpha, beta, gamma and delta, have been cloned in mammals® 9. Al
the p38 MAPKs have the Thr- Gly- Tyr (TGY) dual phosphorylation motif and, like the other MAP kinases, MAPK
kinases (MAPKK) such as MKK3 and MKK6 activate p38 MAPK through phosphorylation at Thrl80 and Ty11825).
The MAPKKs are activated by MKK kinases (MAPKKK, MAP3K) and several MAPKKKs such as MTK1, MLK3,
DLK, ASK1 and TAK1 have been reporteds). Different MAPKKKs may mediate different upstream signals, and such
diversity may explain why the p38 pathway can be activated by various stimuli including osmotic shock, inflam-
matory cytokines, LPS, UV light and growth factors”. MTK1, one of the MAPKKKs, is bound to and activated by
the stress- inducible Growth Amrest and DNA Damage 45 family of proteins (GADD 45- alpha/beta/gamma)a). The
binding of GADD45 family of proteins to the N- temminal domain of MTKI1 induces MTK1 N- C dissociation,
dimerization, and autophosphorylation at Thr- 1493, which leads to the activation of the kinase catalytic domain”.
MTK1 activation may lead to activation of JNK and p38 MAPK depending on the cell types or stimulation
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. Specifically in renal tubular cells, GADD45- gamma appears to activate p38 MAPK but not JNK
or ERK'®. Activated p38 MAPK has various biological functions which include activation of transcriptions factors
such as MAPK- activated protein kinase 2 (MAPKAPK2), activating transcription factor- 2 (ATF- 2), and myocyte

enhance factor 2 (MEF2) as well as production of proinflammatory cytokines, and induction of apoptosis7’ 1D,

Implication of the p38 MAPK pathway in the pathogenesis of kidney disease

There is growing evidence that p38 MAPK may contribute to the damage of kidney cells in vitro. In cultured renal
tubular cells, exposure to glucose activates p38 MAPK, and inhibition of this activation abrogates both glucose
induced TGF- betal transcriptional activation and TGF- betal synthesisls). Other investigators observed that p38
MAPK mediates TNF- alpha production in cultured renal tubular cells after ischemic stress'®, and that p38 MAPK
mediates IL- 6 production by TNF- alpha in cultured mesangial and proximal tubular cells®. In addition, phama-
cological inhibition of p38 in cultured renal tubular cells significantly reduces TGF- betal- induced gene expres-
sion for procollagen- Ialphal®’. In cultured mesangial cells, it has been found that p38 MAPK mediates throm-
bospondin- 1 production and subsequent latent TGF- betal activation by angiotensin I*®, as well as osteopontin
production and mesangial cell proliferation by hypoxiazs). Comparatively less number of investigations is available
in animal models and far fewer in human renal diseases. Enhanced phosphop38 MAPK was found at podocytes
of rodent kidneys with nephrotic syndrome24). Inhibition of P38 phosphorylation reduces renal chemokine expres-
sion, crescentic formation, and glomerular sclerosis and/or interstitial fibrosis, resulting in preserved renal function
in a rat model of crescentic glomemlonephﬁtiszs). It has been found that p38 MAPK inhibitor effectively downre-
gulates monocyte chemoattractant protein- 1, intercellular adhesion molecule- 1 and glomerular macrophage
infiltration in nephrotoxic nephritis rats®. Accordingly, phammacological inhibition of p38 in mice with autoimmune

27)

injury reduces macrophage and T cell infiltration into the kidneys™'. For humans, enhanced phosphorylation of
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p38 MAPK was detected at podocytes and parietal epithelial cells in the biopsy specimens from the patients with
glomenﬂonephliti524). Moreover, it has been demonstrated that p38 activation comelates with the renal injury in

. . 28, 29
various human glomerular diseases ),

Summary

p38 MAPK is activated by various stresses and stimuli and then it targets various proteins for transcription and
translation. p38 signaling pathway is not a simple chain reaction: it responds to varous stimuli and each
component of the pathway transmits signals while interacting with other cellular components at the same time.
Since p38 signaling pathway functions in a cell specific and in a stimulus specific manner, the consequences of
signaling become even more complex. We have increasing number of in vitro and in vivo data on the p38 MAPK
pathway but our knowledge in its specific function especially in the renal system is far from satisfactory. Progress
is expected in understanding the structure and function of the p38 MAPK to target this signaling pathway in
human kidney diseases.
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