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Nature Reviews | Immunology

T-cell trafficking in asthma: lipid mediators grease the way
Andrew D. Luster & Andrew M. Tager Nature Reviews Immunology 4, 711-724 (September 2004)
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Schematic depiction of the structural differences between the substrate-binding channels of COX-1
and COX-2 that allowed the design of selective inhibitors
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Brief Reviews

Regulation of Immune Responses by Prostaglandin E,
Pawel Kalinski
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Inhibition of prostaglandin E; EP3 receptors improves stroke injury via
anti-inflammatory and anti-apoptotic mechanisms

Yuri Ikeda-Matsuo **, Hayato Tanji?, Shuh Narumiya®, Yasuharu Sasaki®

* Loboratory of Prarmacslogy, Schoal of Phormeceutical Sclences, Kitesoio University, Tokyo, Japan
b Department of Pharmacology, Kyoto University Faculty of Medicine, Kyoto, Japan
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PGE, differentially regulates monocyte-derived dendritic cell cytokine responses
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Figure 1 | The proposed P2X4 pathway to pain. ATP, released following adjuvant stimulation of
TolHike receptors, opens the P2X4 receptor, in turn causing calcium influx. A cascade of events
ensues, including calcium-dependent translocations of cPLA, and 5-L0 to the nucleus and
endoplasmic reticulum. cPLA, liberates AA, the substrate for COX1, COX2 and 5-10. These
enzymes catalyze the formation of PGH, and LTA,, respectively, which are further metabolized to
terminal prostaglandins and leukotrienes. PGE,, PGl and LTB, evoke pain responses via their
respective receptors. Abbreviations: AA, arachidonic acid; COX, cyclooxygenase; cPLA,, cytosolic
phospholipase A_: 5L0, B-ipoxygenase; LTA,, leukotriene A,; LTB,, leukotriene B, PGE,,
prostaglandin Eﬂ: PGIE, prostacycling PGHE. prostaglandin Hi.
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Papel das PGs- DOR

ABA @ Glutamate?
EP3R @ GABA

PGE, analgesia

. , Spinal
Area preoptica dorsal horn
MnPO: median preoptic nucleus nociceptive
neurons

PGE2 inibe MnPO levando a desinibicao de vias descendentes inibitdorias da MPO (medial
preoptic area ) para o sistema antinociceptivo.

PAG : periaqueductal gray matter RMR: rostral medullary raphe
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Fig. 1. A: mean core body temperature for sham surgery (Sham) and
vagotomized (Vag) subjects injected at time 0 with saline (Sal) or 0.1
pg'kg recombinant human interleukin-1p (rh-IL-1B). B: the differ-
ence between core body temperature after injection with rh-IL-1p
and after Sal for Sham and Vag subjects.
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Intravenous Lipopolysaccharide Induces
Cyclooxygenase 2-Like Immunoreactivity
in Rat Brain Perivascular Microglia
and Meningeal Macrophages
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Ewropean Journal of Neuroscience, Vol. 27, pp. 3132-3150, 2008 doz10.1111/). 1460-9568 2008.06296.%

Dual modulation of synaptic transmission in the nucleus
tractus solitarius by prostaglandin E2 synthesized
downstream of IL-1[3

Vincent Marty, Mickaél El Hachmane and Thierry Amedee
Psychoneuroimmunology, Mutrition and Genetics (PsyNuGen), UMR 5226 CHNRS-UB2/UMR 1286 INRA-UBZ, Université
Bordeaux 2, Institut Frangois Magendie, 146 Rue Lec-Saignat, F-33077 Bordeaux, France

Keywords: brain stem slices, inflammation nucleus tractus solitarius, PGE», synaptic transmission

Abstract

The activation of the innate immune system induces the production of blood-bome proinflammatory cytokines like interleukin-1p
(IL-1B), which in tum triggers brain-mediated adaptative responses referred to as sickness behaviour. These responses involve the
modulation of neural networks in key regions of the brain. The nucleus tractus solitarius (NTS) of the brainstem is a key nucleus for
immune-to-brain signalling. It is the main site of termination of vagal afferents and is adjacent to the area postrema. a
circumventricular organ allowing blood-borne action of circulating IL-1p. Although it is well described that IL-1p activates cerebral
endothelial and glial cells, it is still unknown if and how IL-1 B or downstream-synthesized molecules impact NTS synaptic function. In
this study we report that IL-1p did not modulate NTS synaptic transmission per se, whereas prostaglandin E, (PGE.), which is
produced downstream of IL-1p, produced opposite effects on spontaneocus and evoked release. On the one hand, PGE: facilitated
glutamatergic transmission between local NTS neurons by enhancing the frequency of spontaneous excitatory postsynaptic cumrents
through a presynaptic receptor different from the classical EP1-4 subtypes. On the other hand, PGE: also depressed evoked
excitatory input from vagal afferent terminals through presynaptic EP 3 receptors coupled to G-proteins linked to adenylyl cyclase and
protein kinase A activity. Our data show that IL-1f-induced PGE: can modulate evoked and spontaneocus release in the NTS
differentially through different mechanisms. These data unravel some molecular mechanisms by which innate immune stimuli could
signal to, and be integrated within, the brainstem to produce central adaptative responses.
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Key points

Prostaglandin E, (PGE,) regulates multiple responses to illness and
psychological stress via distinct PGE receptor subtypes (EP1, EP2, EP3
and EP4)

During illness-induced fever, PGE, activates EP3 in neurons in the preoptic
hypothalamus, which promotes two independent effector mechanisms:
heat production in brown adipose tissue and vasoconstriction of the skin

In iliness-induced activation of the hypothalamic—pituitary—adrenal axis, EP1
and EP3 mediate distinct neuronal pathways that converge on neurons in the
paraventricular hypothalamus that contain corticotropin-releasing factor

Under psychological stress, the PGE-EP1 signaling pathway regulates
impulsive behaviors via the midbrain dopaminergic system

PGE, regulates iliness-induced impairment of memeory formation, but under
physiological conditions (without illness), it supports hippocampus-dependent
memaory formation and synaptic plasticity via EP2

PGE, is synthesized by enzymes induced inside and outside the brain in
response to illness and by constitutive enzymes in neurons and/or microglia
in response to psychological stress




Papel das PGs- FEBRE

Agonista EP4: efeito oposto

Glutamate

BMB)
/"GABA

EP3R @nro 5-HT
Glutamate —
o
@) S
@)
)
PGE : : : =
2 Brown adipose tissue thermogenesis 4/"\@ =
Cutaneous (tail artery) vasoconstriction S

PGE2 é produzida por células endoteliais e perivasculares ao longo de vénulas nas extremidades
do cérebro, em especial, na drea pré-optica do hipotalamo (controle da termogénesis).

MnPO: median preoptic nucleus
DMH: dorsomedial nucleus of the hypothalamus

RMR: rostral medullary raphe

Neural circuitry engaged by prostaglandins during the sickness Syndrome. Clifford B Saper, Andrej A Romanovsky & Thomas E
Scammell Nature Neuroscience 15, 1088-1095 (2012).
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NAc: nucleo accubens;

VLPO: ventrolateral preoptic nucleus: inibe sistema que controla o despertar (TMN: the
histaminergic tuberomammillary nucleus, DR: dorsal raphe nucleus (DR), LC: noradrenergic
locus coeruleus) induzindo o sono.



Papel das PGs- ANOREXIA

Cerebral cortex
Arousal for feeding

/_\?Shrelin

Fiaks Grelina — produzida pelo estbmago Gl autonomic

feeding cues

PGE2 produzida células vasculares e perivasculares da eminencia mediana ativa receptores
EP4 em neurdnios ( proopiomelanocortin ,POMC) do nucleo arcuato.

Estas células produzem a-MSH (a-melanocyte stimulating hormone) que, atuando via
recptores MC4 (melanocortin4) iniboem neurénios do DMH, LHA (lateral hypothalamic area) e
PVH (pareventricular nucleus) que promovem a alimentacao.
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Efeitos dos glicocorticdides - Sistema Nervoso

A I A A SR8 0000
B L L L L LA TR H AT e
IL-1B induz produgdo de 2RBBOOO00000FOC0OTOOOCO0BEEEEEEL .
prostanglandinas no sistema R ] Colulr membrane
[ Ghycercphaspholipid '
nervosos central %

(reflexo imunolégico) Arachadoric
gﬁ .' e 35— e
PLAE f
v  Fb . KN
T mz
PGE2 induz a febre e alteracoes ok, F.,Lz
comportamentais ativando o | [P sris |
nucleo predptico medial f l l “’""\-}L l 1
) mwmrq e " B e i it
<\W Q\&’V\/\/ CJ\?\/\/\/ : (;lf‘\;w
PGE, PGD, FGFoa PGl THAz

Nature Reviews | Cancer

Glicocorticoides inibem PLA2 e COX



Table 1. Reported changes of COX-1 and COX-2 in neurodegenerative diseases

Prion diseases

HIV dementia

Stroke

ALS

M5

peri-lesional areas and in the developing core
in patients with TBIL.

Accumulation of COX-1expressing microglia in

areas of severe tissue damage and around vacuoles

in CAD patients.

Twofold increase in COX-T mRMNA expression in

the demented versus non-demented patients.

COX-1 deletion increases vulnerability to focal

cerebral ischemia.

COX-1 inhibition reduced neuronal injury and

oxidative stress in hippocampus during transient

global ischemia.

COX-1, and not COX-2, is the primary source of PGE; in
spinal cords of S0D1%%92 mice. However, deletion of
COX-1does not improve presencation of motor neurons
and sunrdival of transgenic mutant mice.

Mot determined.

Disorder COX-1 CoX-2
AD Small trial with indomethacin (preferential COX-1 Upregulation of COX-2 in early AD, and downregulation in advanced
inhibitor) beneficial in protecting from cognitive decline. AD stages.
Use of aspirin [preferential COX-1 inhibitor) associated Randomized trials with COX-2-selective inhibitors not effective.
with reduced risk of AD.
Increased COX-1-axpressing microglia surrounding
amyloid plagues.
FD COX-1 axpression unchanged by MPTF, but =65% COX-2 expressed within dopaminergic neurons of substantia nigra
of vantral midbrain PGE; originated from COX-1. ir the PD postmortem brain.
Aspirin (preferential COX-1 inhibitor) and mixed COX-2 induced in the MPFTP model of PD during destruction of
COX inhibiters neuroprotective in parkinsonian nigrostriatal pathway.
models. COX-2-selective inhibitors neuroprotective in parkinsonian models.
TEI Accumulation of COX-1 expressing microglia at Conflicting reports on COX-2-selective inhibitors in experimental TBI:

nimesulide reversed motor and cognitive abnormalities; celecoxib
worsened motor but not cognitive performance; and rofecoxib did
not limit neuronal cell death.

Mo difference in lesion volume 3 weeks after TBl and no chamges in
Maorris water maze performance in COX-Z-null versus wild-type mice.
Mot determined.

COX-2 mRMA expression is unchanged.
COX-2 expression upregulated in neurons in early ischemia.

COX-2 inhibition or genetic delketion reduces infarct volume and
neurclogical deficits.

Levels of COX-2 mRMA and PGE; increased in mutant S0D1 mice.
Selective COX-2 inhibitors (celecoxib and rofecoxib) improve motor
performance, extend survival and reduce CSF levels of PGE,.

COX-2 expression increased in motor neurons, interneurons and glial
cells in seven human sporadic ALS patients.

Double-blinded, placebocontrolled clinical trial with celecoxib

(800 mg/day) administered for 12 months in ALS subjects did not
show any beneficial effect.

Mo correlation between PGE; and clinical scores of MS severity or
biomarkers of axonal or astroglial injury.




Inflamagao e Doenca de Alzheimer

Inflammatory components in Alzheimer’s disease
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Disease Modifiers

* Aging
* Type 2 diabetes
* Infection

F-a, IL-1p

Fonte: Glass et al., Cell. 2010 Mar 19;140(6):918-34.






