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The action of p38 MAP kinase and its inhibitors on endometriosis
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Abstract: Endometriosis, an oestrogen-dependent disorder, is related to inflammation. p38 Mitogen
activated protein kinases (p38 MAPK) can be activated by sex hormone and inflammatory factors, which plays
an important role in many cellular reactions such as apoptosis, proliferation, inflammation and stresses, efc.
Many studies showed that p38 MAPK was participated directly in regulating the pathogenesis of endometriosis.
The special regulatory action of p38 MAPK on sex hormone and inflammation may help us to understand the
intricate endometriosis pathological hypothesis. p38 MAPK inhibitors play a key role in the the study of
endometriosis, and show great promise for the future. Blocking and regulating the expression of p38 MAPK on
the signal transduction pathway level may hope to be a new strategy to prevent and treat endometriosis.
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Table 1 Properties of p38 MAP kinase members

p38 MAPK isoform Other name No. of amino acids Size of mRNA/kb Apparent My/kD Sensitivity to SB203580
p38 p38a, CSBP, RK 360 3.5 38 +
p38p p38-2, p384, 364 25 39 +
p38y ERK6, SAPK3 367 2.0 43 -
p380 SAPK4 366 1.8 40 -

SB203580: A pyridinyl-imidazole molecule, the specific p38 MAPK inhibitor
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ZAb, BRI YRR W0 p38 MAPK A H A
IR (AR E O, L3R 2 Rk 3,

Hr, REKT p38 MAPK AT ST E &
]2, AHE IR IR b AT S UE AT AR AR 2> o AN
PRETHIBE U KA, LR p38 MAPK. #7713
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SB203580 in ATP
binding site

Docking groove

L16 loop co¥

Figure 1 Crystal structure of p38 with SB203580 occupying
the ATP binding site. The Thr'® residue (4), which is important
for binding of pyridinyl imidazole inhibitors, and the 2 residues
within the activation loop that are phosphorylated [Thr'** (2) and
Try'® (1)] are highlighted. Tyr’> (3), which has been implicated
in TCR-mediated activation of p38 is also shown. SB203580 is
shown in green. The activation loop is shown in orange

Table 2 p38 MAPK special inhibitors reported recently in
clinical development

Phase

Compound Key indication achieved Reference
SB-681323 RA, CDPD, athero VI [27]
VX-702 RA, angina 11 [28]
SCIO-469 RA, IBD I [27]
BIRB-796 Psoriasis, RA, Crohn’s disease I b/110 [27]
TAK-715 RA I [29]
RWIJ-67657 Discontinued - [27]

RA: Rheumatoid arthritis; CDPD: Chronic obstructive pulmonary
disease; IBD: Irritable bowel disease

Table 3 Inhibitors of natural product to p38 MAPK

Name Component Inhibitory effect Key indication Source Reference
Tangeretin 5, 6, 7, 8, 4’-Pentamethoxyflavone Inhibit the signaling proteins of Lung carcinoma Citrus fruits [30]
p38 MAPK, JNK and PI3K
Ligustilide 3-Butylidene-4,5-dihydrophthalide Suppress the activities of p38 Cardiovascular diseases ~ Angelica sinensis [31]
MAPK in vitro
Emodin 1, 3, 8-Trihydroxy-6-methylanthraquinone  Inhibit phosphorylation of p38 Diabetes Rheum palmatum [32]

MAPK
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Figure 2 Structures of representative classes of p38 MAPK inhibitors
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AR R Wil p38 MAPK 5, W figss
HARH B
4 HiE

p38 MAPK. A FLAM 7] (R 502 AR Sl AR f, L AH
fEHE1 . p38 MAPK 235 4 E S W R 3 35 R0 1) 144
LR, BN IR A K R R R EEAER, [
Nt 2 L Rk 2 W 1 R LA . p38 MAPK #1117l
FURIBETE s WFFCRIN FH, S YR AR I IX 4% 10 % DL A 4
N A S RO AL AT L

HAr, RERK A p38 MAPK il



JH B4R p38 MAPK. [ HAMTHIFHIAE 15 P R i o (14

+ 553 ¢

FHF 75 WIS S REWF U408, A2 M A BT BF
7% IS HIAEFE R « p38 MAPK. I 3146 HLAA 48
SN IR 9 LA RN e 5 980 2 ) 1R 86 D) OC R AR
[k, p38 MAPK I FILE A SAE 1R Y7 A . F
SHE TR 4 TR PR BEER, A5 Sl
e KSE-BELIT A2 p38 MAPK IR MR L,
B IRTT A SEE IR TR A

References

(1]

[10]

(1]

Johnson GL, Lapadat R. Mitogen-activated protein kinase
pathways mediated by ERK, JNK, and p38 protein kinases [J].
Science, 2002, 298: 1911-1912.

Song JQ, Chen XC, Zhang J, et al. JNK/p38MAPK involves
in ginsenoside Rbl attenuating beta-amyloid peptide (25-35)-
induced tau prote in hyperphosphorylation in embryo rat cortical

Acta Pharm Sin (Z2%%%4R), 2008, 43: 29-34.
Ono K, Han ]J.

neurons [J].
The p38 signal transduction pathway —
activation and function [J].

New L, Han J.

Cell Signal, 2000, 12: 1-13.

The p38 MAP kinase pathway and its biological
Trends Cardiovas Med, 1998, 8: 220-228.
Role of p38 MAP

function [J].
Johns DG, Ao Z, Willette RN, et al.
kinase in postcapillary venule leukocyte adhesion induced by
ischemia/reperfusion injury [J]. Pharmacol Res, 2005, 51:
463-471.

Kaur J, Woodman RC, Kubes P. P38 MAPK: critical molecule
in thrombin-induced NF-xB-dependent leukocyte recruitment
[J]. Am J Physiol Heart Circ Physiol, 2003, 284: H1095—
H1103.

Woo CH, Lim JH, Kim JH. VCAM-1 upregulation via
PKCod-p38 kinase-linked cascade mediates the TNF-a-induced
leukocyte adhesion and emigration in the lung airway epithelium
[J].  Am J Physiol Lung Cell Mol Physiol, 2005, 288: L307—
L316.

Lee YB, Schrader JW, Kim SU. p38 MAP kinase regulates
TNF-a production in human astrocytes and microglia by
multiple mechanisms [J]. Cytokine, 2000, 12: 874—880.

Lee SJ, Park SS, Lee US, et al. Signaling pathway for TNF-a-
induced MMP-9 expression: mediation through p38 MAP kinase,
and inhibition by anti-cancer molecule magnolol in human
urinary bladder cancer 5637 cells [J].
2008, 8: 1821-1826.

Int Immunopharmacol,
Cao W, Cheng L, Behar J, et al. IL-1p signaling in cat lower
esophageal sphincter circular muscle [J]. Am J Physiol
Gastrointest Liver Physiol, 2006, 291: G672—G680.

Studer RK, Gilbertson LG, Georgescu H, et al. p38 MAPK

inhibition modulates rabbit nucleus pulposus cell response to

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

IL-1 [J]. J Orthop Res, 2008, 26: 991-998.
p38 MAPK mediates COX-2

Cell

Sun H, Xu B, Inoue H, et al.
gene expression by corticosterone in cardiomyocytes [J].
Signal, 2008, 20: 1952—1959.

Wu MH, Wang CA, Lin CC, et al. Distinct regulation of
cyclooxygenase-2 by interleukin-1£ in normal and endometriotic

J Clin Endocrinol Metab, 2005, 90: 286—295.
Anette L, Ursula BL, Vibeke R, et al.

stromal cells [J].
Biochemical evaluation
of endometrial function at the time of implantation [J]. Fertil
Steril, 2002, 78: 221-233.

Kelly RW, King AE, Critchley HO. Cytokine control in

human endometrium [J].

Berkkanoglu M, Arici A.

Reproduction, 2001, 121: 3—19.

Immunology and endometriosis [J].
Am J Reprod Immunol, 2003, 50: 48—59.
Seval Y, Cakmak H, Kayisli UA, et al. Estrogen-mediated
regulation of p38 mitogen-activated protein kinase in human

endometrium [J].

2357.

J Clin Endocrinol Metab, 2006, 91: 2349—
Yoshino O, Osuga Y, Hirota Y, et al. Endometrial stromal
cells undergoing decidualization down-regulate their properties
to produce proinflammatory cytokines in response to interleukin-
14 via reduced p38 mitogen-activated protein kinase phos-
phorylation [J].
2241.

J Clin Endocrinol Metab, 2003, 88: 2236—
Yoshino O, Osuga Y, Hirota Y, et al. Possible pathophysi-
ological roles of mitogen-activated protein kinases (MAPKs)
in endometriosis [J].

311.

Am J Reprod Immunol, 2004, 52: 306—
Kayisli UA, Cakmak H, Seval Y, et al. In vivo regulation of
p38 MAPK activation in human endometrium and endometriosis
[J]. Fertil Steril, 2005, 84: S441-S441.
Hirata T, Osuga Y, Hamasaki K, et al. Interleukin (IL)-17A
stimulates IL-8 secretion, cyclooxygenase-2 expression, and
cell proliferation of endometriotic stromal cells [J]. Endo-
crinology, 2008, 149: 1260—1267.
Yang ZO, Hirota Y, Osuga Y, et al. Interleukin-4 stimulates
proliferation of endometriotic stromal cells [J]. Am J Pathol,
2008, 173: 463—469.

Hirota Y, Osugal Y, Hirata T, et al. Activation of protease-
activated receptor 2 stimulates proliferation and interleukin
(IL)-6 and IL-8 secretion of endometriotic stromal cells [J].
Hum Reprod, 2005, 20: 3547-3553.
Clark JE, Sarafraz N, Marber MS. Potential of p38-MAPK
inhibitors in the treatment of ischaemic heart disease [J].
Pharmacol Ther, 2007, 116: 192-206.

Mayer RJ, Callahan JF. p38 MAP kinase inhibitors: a future

therapy for inflammatory diseases [J]. Drug Discov Today,



+ 554 -

Y224 Acta Pharmaceutica Sinica 2010, 45 (5): 548-554

[26]

[27]

(28]

[29]

[30]

2006,3: 49—54.
Malemud CJ. Inhibitors of stress-activated protein/mitogen-
activated protein kinase pathways [J].
2007, 7: 339-343.

Behr TM, Berova M, Doe CP, et al.

Curr Opin Pharmacol,

p38 Mitogen-activated
protein kinase inhibitors for the treatment of chronic cardio-
vascular disease [J]. Curr Opin Investig Drugs, 2003, 4:
1059-1064.

Phd CG, Md RM, Merica E, et al.

(PK) and pharmacodynamics (PD) of VX-702, a novel, oral

The pharmacokinetics

p38MAP kinase inhibitor, in healthy volunteers [J]. Clin
Pharmacol Ther, 2004, 75: P52.
Miwatashi S, Arikawa Y, Kotani E, et al. Novel inhibitor of p38

MAP kinase as an anti-TNF-drug: discovery of N-[4-[2-ethyl-4-
(3-methylphenyl)-1, 3-thiazol-5-yl]-2-pyridyl] benzamide (TAK-
715) as a potent and orally active anti-rheumatoid arthritis
agent [J]. J Med Chem, 2005, 48: 5966—5979.

Chen KH, Weng MS, Lin JK. Tangeretin suppresses 1L-15-

(31]

[32]

[33]

[34]

induced cyclooxygenase (COX)-2 expression through inhibition
of p38 MAPK, INK, and AKT activation in human lung
Biochem Pharmacol, 2007, 73: 215-227.
Lu Q, Qiu TQ, Yang H. Ligustilide inhibits vascular smooth
Eur J Pharmacol, 2006, 542:

carcinoma cells [J].

muscle cells proliferation [J].
136-140.

Wang J, Huang H, Liu P, et al. Inhibition of phosphorylation
of p38 MAPK involved in the protection of nephropathy by
emodin in diabetic rats [J]. Eur J Pharmacol, 2006, 553:
297-303.

Wang LH, Wu GL, Zhang LX, et al. Effects of fluvastatin on
the activation of p38 mitogen-activated protein kinase in
glomerular mesangial cells under high concentration of
Acta Pharm Sin (24§2%%3), 2009, 44: 121-125.

FR 167653, a p38

glucose [J].
Yoshino O, Osuga Y, Koga K, et al.
mitogen-activated protein kinase inhibitor, suppresses the
development of endometriosis in a murine model [J]. J

Reprod Immunol, 2006, 72: 85-93.

(BIFZRY B+ —BRESKRIANREEEZTWEAN

(g dil) it — MR s L AR 22 B0E T 2010 5 7 11 8 H~11 HAELHZ5 R
REFHAT o AR W EENBTOR: MBI (Pissa i) R A7 78 1R 1) R AR DS 5

(22222 q) AEZIE SRR AR & (257224 ) SR AR F5 18 SCII A A5 .
DORE R [ UL % S8 R 25 27 AUt 7 6 R

IO SN

(VAT YU VAL E S

ERWNE, &

M AR o PRI BUBFORAE 5 A K 5%



