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Mast cells originate from hematopoietic stem cells and undergo terminal maturation in the extravascular tissues, in
which they are ultimately resident. Mast maturation, phenotype, and function are dictated by the local microenviron-
ment, which has a significant influence on the ability of mast cells to recognize and respond to stimuli. Activation of mast
cells can lead to the release of three distinct classes of mediators, including preformed mediators stored in secretory gran-
ules, newly transcribed cytokines and chemokines, and de novo-synthesized bioactive lipid mediators. It is currently
recognized that bioactive lipids such as arachidonic acid metabolites (prostaglandins and leukotrienes) released from

mast cells modulate innate and adaptive immune responses both directly and indirectly through communication with

other microenvironmental immune cells or stroma cells. Moreover, mast cells express a variety of lipid receptors and, if
activated by bioactive lipids such as arachidonic acid, w3 fatty acids, lysophospholipids, and their metabolites, can alter
the release and production of other mediators including histamine, cytokines, and chemokines, and thereby alter
homeostatic or pathophysiological responses. This review focuses on newly identified functional aspects of bioactive

lipids with regard to their immune regulation and functional outcomes in both homeostasis and allergic disease.

Key words—allergy; mast cell; bioactive lipid

L&

AARITE TR, L2 B D WIS AEDARIH
HICIBINTBD, IS OHFNS ORI & ERK
DOEEMWLDINT > 2D EIZ > ThitbN ORI
MEFRFEN TS, @, BUNRATZE, EEKZ
HARGERZIEMAL S ® D 2 & THRIER IR
MOBREIIED D, ThEEbIZ, ViREFREEE %
FRRRBICEDSEGRERZRBIEL I LITK
0, [FE—50 5 OFEEE I U CERNIHERR IR

NS R AR E AR AR IEE RS T 0 Y o
7k (FT156-8506 3 #fHHA KX EALR 2-1-6), 23
HRERFZFREZRMARBEREMT 2L —
(T113-0033 FFHE SR E A 7-3-1), <HAREREFE
PAFEHEHE (AMED) CREST (T100-0004 HET#HT{CH
XA FHT 1-7-1)

BATE © "R EKFRFRE SRR B A0 ¥
t & — (F113-0033 BHHE TR X AR 7-3-1)
*e-mail: taketomi-ys @igakuken.or.jp

AL, HAEFRE 136 FARL ORI TASR T
RELENEZHRLIGGER LZHDTH 5.

BERT. RASHOERITE D AROE MR
WHNAERT DL, RERNBEETHIET, 7L
IF—REPHCOREREBOREFIENE DD
55,

A ML, A &Y B R SRS O if
EEMEICEZ<EET S 0EHNMTH D, EHT
D E TIE~ X MlifIEHAL I NS EEICL»
BRI NN, 7 LILFE M 2 WITIRMERIEN
DIFREFFNCIZE LW~ 2 Ml 055 S iETEE
BOEND., DX A NIRRT REN
X, ASHIRE A A BRI AR AR & U T o%EIE R
TODOEIED 1 DTH D EMRTED. v A M
eV B o il 2 iR & U, i 2 K% Ak~
Z MR M AE S RN SR — 2 T Uk, Rk
NIUNRIE D B2 21F, T OHICER ORBE %
R YA MIHEEANERNT D, 20D, YA
NIIIN T T7 1 BT oz HmT 5. T X
Mg, AF 7o —EMEINS BYEZERT



504 YAKUGAKU ZASSHI

Vol. 137 No. 5 (2017)

SRR A I E I B EICEATHB0, Mlakmtb
IZ & B f0 P immunoglobulin E (IgE) 2% %% (&
(FceRI) %0 IgG 24k (FeyR) S5 DM 5HIE R
7K, JREAR<> damage-associated molecular pat-
terns (DAMPs) 12X % HARGERZAMAR (Toll
FRZ BRI ATP 28K %), EEYE I
TH=8IKG Y NI EHEAZAA (NKIR ©
MRGPRX2 %) FZ2RH L, k4 SFIEITINET
%, A MHEEE T S ERNEY O
FBIT T B AL, < A Nl o JiAE S pl 2k
RICEDRESEEZ-> TS, HEO~ Z Mg
WIS EHAEEY (connective tissue-type mast cells;
CTMCs) &E¥EREE! (mucosal mast cells; MMCs) @
2HEME, EMTZINSITmA, NS5OSO
Bz DO X Ml E RN FET 5.

PRSP EMPRENSRAT D E, A M
IgE K7 & % WIFIERAARNICTE (L S 4, kL
KX I T7077—1 (F3v—, KU
TEH =X, HNHRFIRTFF—F) Frtds
EEdiz, FORX¥ 7 5T (prostaglandin;
PG), O I hYJ > (leukotriene; LT) ZDJRE
AT T—4—%PEEL, ERlRG T, Mk,
IR TR LT 5 2 & T, BIRRRE 2558
5. IHIZYA M, Y1 A > [TNF-o
interleukin (IL)-4, IL-6 %] 4~ &1 > (CCL2,
CXCL1/CXCL2 %) ZHFFHBALTELET D, &
% WIS 2 2 A U C Sy i <> )= it BR B i e
LIVORA =0T BIET, GEIREEZHRICHE
T5. IS —EHORINE, AT
FEFEIC K D B %m0 N TBRE T 2 720 OB XS
LHERINDM, WEMITIEZ OB KIRICE >
TR 2 W3EGHD T LILF—EIRNHN 5.

A, YA MEOINEEZ < A Ml E &R
FIREN O MBI NIGRATREFICR D 2 EE %
O, ZAUTR D R REDMEE & o PRIz
flcnz &, INSOHFEITIZA—F I RIED

BEAT A T—%—, HTHRERKIEDEERK T &
LTEALBNTERTY 7F R VBRABEMNFRDS Z
EMBHONERS> TE . AFETIE, X Mo
BEAT 1 T—4F—@E, BEATrIT—¥—ICk
S RIS, < X MRS A R IR B I
ERIZT RN T L L TOREAT 1 T—4 —
DOIER%, AMEHREICE DD S KimiIH 2%

KIdEEBIT, REZHEEE U aEiEoe
IDWTEIR L THW,

Phospholipase A, (PLA,) Zik&a & T B3EER
SRR

INETIHBELDIFEAAT 1 T—F —DFEES
NTWBH, EOREAAT 1+ T—F—blEEFDNE
AR 2 R CTREAE S N, MR B R RS
BE2AE (GH N7 BILEM) 24t U CHETEE
BOREZFHET S, AIEERHRIZNEEEDORERL
R ThH70tnY UEE [FAT77F2)Lay
> (phosphatidylcholine; PC), "X 7 7 F )L L
4 J—)I'7 X > (phosphatidylethanolamine; PE),
"X 77 F )t U > (phosphatidylserine; PS)
%] ORI E > THENT 5. U IEEIT—#
WU O —) LB D sn-1 AL BIFIIG G, sn-2
ARG (7 oF ROM, TA IR
I > (eicosapentaenoic acid; EPA), KU AF
H T > (docosahexaenoic acid; DHA) %] %%
ALTWaN, U VEERHBEEO - THDHERA
FUN—t (PL) A lE, ZDsn2iD7 2 IVEHD
IATIVIEGZSRL, R S UV ) CIRE
2ERYT % (Fig. 1). ZhsofER#ME, &
HIEMHIEE S L CEOEEIEMT 20, FEAMLIC
EHORERHERCIOSEEEAT 1 T—4 —
NEZWEND.,

PLA, 7 7 2 U —{3/r%E |, #iflE PLA, (cyto-
solic PLA,; cPLA,) %, Ca?* JE & 77 £ PLA,
(Ca?t-independent PLA,; iPLA,) #, 7234k PLA,
(secreted PLA,; sPLA;) #, Z DOffid PLA, #1Z
KAlEN, BESTHEO 5 EMALEYITIE 30 &
LN ED PLA, 0 THNHFIET 5. cPLA AT
iPLA, BFIZ LN O IEEAAH 24 5 DI L,
sPLA, BHlZ s, Mifusty g (R >
INDE, TV — L, SRR 200 R 5.
cPLA I3~¥ 1 7 OE)VIRE, sPLA XX U BILR
EOD Ca*t Z#BRIEHRBICHKHELT S, & PLA,
&, FEOMPEERRE (U RE O SNE
BAER A S 159 2 5 IRME) , TEPERIE A 71 = X L5
MO TNDD, HED PLA, 7 71N A —Kf
ZERNCHB L TWEELTSH, WL TH<Z&d
BB, JEERITEA OHWEEZH S HEMNLZWN. i
Sk, MEREMREADYEA TWB T < —H D PLA, 4 T
ZPRE, & PLA, 23S R A ABBEE I D W
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Fig. 1. Biosynthesis of Lipid Mediators

PLA, enzymes hydrolyze the sn-2 position of phospholipids to yield free fatty acids and lysophosholipids. In view of signal transduction, polyunsatulated fatty
acids liberated such as arachidonic acids (AA), EPA, and DHA can be metabolized by COXs or LOXs into fatty acid-derived lipid mediators such as eicosanoids,
resolvins and protectins. Lysophosholipids act as another class of lipid mediators by themselves [such as LPC and lysophosphatidylserine (LPS)] or are metabo-
lized to lysophosholipid-derived lipid mediators (such as PAF and LPA) . Non-steroidal anti-inflammatory drugs (NSAIDs) such as aspirin and indomethacin inac-

tivate COX enzymes, and thereby the synthesis of PGs and TXs.

TIRIBEAEHEMIN TN M, TEDOESE
5E OIS I —TI12L D PLA, 5 FEEO ARG
BIfRITIC R 0, &FE PLA, B2 EERIEE/R# &ML
T, BEAT 1 T —DHEHENSIZTFHESD
IR N2 TR AR RE 20 S T EANREBITHS M &
BoTER., ARMTIKEmEORRE, <2 Mifts
RO D EVWNEN PLA, 7 FREOAZID B, %
NN D PLA, 53 FAEDMH S FitaEIC D W T3 o
BENRHRESRINZ N, LD

YA MEROEEEAT 1 T—9 —E4%E

PLA, 7 FH#OD S5, @iFLERD, <X Ml
21X cPLA e MR B EFEB L T 5. cPLAZY
FF B UBAHOPLEERE L THEMT SN TS

0, ZOIEMEHRIESAFEEIZIZTER2ICHHI N
TW5. cPLAa OJEMEHIENCIZMARE D S &2 %

IRADREZESY BRIEHIEA RO, ¥ IF K

SR VIREEEIRICHRL, T IF R
EUVY UIREEERT S, < X Ml oTE LI
tES7 IF R UBMHBSRIEE AT + T—4% — (%)
DPEAIT cPLAx IZK > THbDN, AREEHEXRIEICEK

HFW5T 5. 39 cPLA,o RIB ™7 A TIEh EIR
BN T 22 LMD, ABRKERNICAEL D EE
AT 4 T—% — O FEAII NG S JERE O i 12 i 1%
E|zHES .Y

7 IF RUME, BEBEICREEL TWS> 70
FF 27 F—+ (cyclooxygenase; COX) DIERH %
ZV, PREERBED TH S PGH, N ERHS
N5, COX ITIXHEMER D COX-1 & FHER D
COX2 METET %Ay, — MK IS &%
COX-1, EFIRZITIZ COX-2 iM% 5. PGH, IE
B PG AMBRICKXDETORY /A RANEEH
INs. 2056, YA MiEIZEIC PGD, &
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Fig. 2. cPLA,o-dependent Eicosanoid Biosynthesis in Mast Cells
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Following FceRI crosslinking, cPLA,« translocates from the cytosol to perinuclear membrane in response to STIM1/Orail-mediated store-operated Ca2* entry
and is phosphorylated for optimal activation. The AA released from membrane phospholipids by cPLA,« is then converted to PGD, by the sequential activation of
COX-1 (or COX-2) and H-PGDS, and then converted to LTB; and LTC, through the sequential action of 5-LOX in corporation with FLAP and terminal LTA4H
or LTC4S. LTC, is exported from the cells, and then undergoes extracellular metabolism to LTD, and then to LTE,.

49 %. PGD & pkBE%E (PGDS) 121X, FEITHE
MAZIC R L T % 1 i1 #5 %Y hematopoietic PGDS
(H-PGDS) & RFTBREMMICHEBL TWD YRS
1) > 7l lipocalin-type PGDS (L-PGDS) M&EET
%. YA Mg ® PGD, pEAEL H-PGDS 12X > T
Hbns.

HIMERICBNT, 7IF R BIES-URFT
> —+t (5-LOX) & S-LOX i&EMib s >N &
(FLAP) OW#RfERICE D LTA, 28T, LTA, /K
f@BE % (LTA4H) 12X D LTB,, LTC, & kB #%E
(LTC4S) 1T&X D LTC, NELEMHEIND. LTC, 1
Bk R Z N U CHIE N S S, BERAICIER
LTD,, LTE, N&EAHIND. INHIET AT
oA a R T (cys-LTs) &I 5.

YA NMIMEOBEAT 1 T—% —FEAIZDNT
Fig. 2 IZ/RL /=,

YA MEROGEETDIEEAT 1 I—5—(CLD
R

1. PGD, PGD,!|3 DP1 & CRTH2/DP2 @ 2
RO PGD A RITHEH T 5. E550%AKD
EBHITHEBOREMILICHEBLL TWa 2, 23T
Z, DP1 OFEENIM/IN I AR el o &E b A

fa %% @ R R EMIZIC BEED 51 %, DP1IX Gs ¥
SN BB RIRTH O, LA cAMP 2
LR XE%. —J, CRTH2 X Gi &8 T, #
el Ca2t JE % FIF T cAMP B 2K F X &
%, ZDOEXDIT, PGD, REIIAHT BN 7
FINELZELEDZENS, PGD, 2VHEDIEE &
KD ES SI2@< NiE, 1 DX PGD, E AL D
JARERER T HFE T 2R MIIC £ 5 5 D PGD 2%
EMFEBE L TWDENITEK .

SIS IR E DN IR D DM R g%, 7 b
E— G2, WEESE O K EEEX, H-PGDS %
DP1 O/RIEY ™ A THEL, K&HC CRTH2 K18
RUATHET 2.9 EBEGEILEL, OBHRH
OHUFRELD AR EFREYD > )N Ei N Dz E — QIR
faDF A —7 TN DOFURER & PR RN
JVS— T #ifgy 7+ v & (Thl/Th2/Th17) ~D#4
TEME—OPiF EREIC KD Thfflfazho &35
TEMEOLEE D7 LIIVF—HRIE, O—HDT
Ot ZX#&il%. PGD, [ 38HRMIfED DP1 24 L T
U 2NHiNOWEE S EEREINEEZ G TS &
T, RERICHEINICHRDS.? £, BRI
DP1LIZHIEME T M (T OFEICHEEL,
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IL-10 (K ERYIC B IR & 2 i 9 5.7 — 4,
CRTH2 3% fl R E M O FR BB R AT N DB FE & (2 it
THIEITKD, HEREHEIES.9

~ A Mg, IgE 28K 1gG 241Kk (FcRy
) 2N L UmEEMEIES.9 i O PGD, &
W3 B O EAEE EAHEET 5. PGD, 130 B O ER
FTHUO, DP1 LIXCRTH2 D EHE 5D RIET ™Y
A THBNEENLT 5.9 PGD, Id DP1 2/ L T
SaE bR/ 5 O Th2 flifldiE &7 €51 > (CCL22/
MDC) DA ZFEET D EEDHIZ, Y707 57—
P DRAE I E % 38 U TUFHRER DB R AT\ D H i %
T 2. 10 554, ARMEIREIL, EBEERD
PURRRN THlEY 7y MR LY A b A
A PERENY — 2 ERTHRY 2 NEK (ILC1-3)
WRDFHEND ZENHSNERS>TERZ. 2O
5%, ILC213 Th2 fifig & FAED Th2 B M1 >
(IL-5, IL-13 55) ZpEAL, 2 AHARGEIREDH
HhZHE S, 1 20 2 B EHRGEEIREIL Th2 InE DFE
FCHWBETH D, ILC2IT EFHRD 281 A
- > (IL-25, IL-33, TSLP) IZ X DiEH L N 5 0,
PGD, {2 CRTH2 Z41 L T ILC2 DiEMH b2 & 51
T2 2 & T, FARBGITHES 2 8 H R
B L4 A B S 5 1209 CRTH2 #5973 1341 8 Bk
MEOLERIEICHNTH D T ENKBBEEE KRB T
FFHHEN TN S,

A SRR NE P 5 9 B D S RE TR BT T s ) X
WEHRKIZRODES. BT LILF -2l EER
A N1 2 THD IL33IKERITHEET % IL-9
PEERI ORI 2 MR D, < A MHALE
(mastocytosis) &EEFIEMEMICIDEEDORBR &
TFT4TF—EFET S, A MARERD
PGD, 13 EITRED MR D, H-PGDS KHIZ
K0EWMT LINF—ICLBBRIVEETS. 19 20D
PGD, 1%, BESXA MIOKR—I T RFTHS
CXCL12/SDF-1 R O/ NEBEE = v F OHERFIT %D
XMy 2AYOTOTY —F (MMP-9) 1k
FHIZ BT LILF —I12 & 5~ A MlE 2 #H19
%, 517, YA MO H-PGDS R IZ K->
T, KIBROBIS5T, KIBBAETIVICK DHEE
B D EE S %, 19 H-PGDS R~ A DK A
WAL DPIEBE OB GICK > THMT 5.9 %
7z, DP1 RIEX ™ ZIZHBWNWTH H-PGDS RIET ™
2 ERBRICKIGISAMNIEET S 2 En 5, <A M

fidd 15k PGD,—DP1 #% &I K IGHLEE O 15 5 M D #Hs
CEETHLHHDOEMRIND. —F, BNMES
GEINLBE LEho i En5s ATP L, 14
>F v RV OIS ATP 25844 (P2X;) Z/TL
T X MR OIEMELZFLE T 5. 17 P2X; RIER
<A MHFRIBICE > TRIBRIZSET 5. 17
PGD, 13 IE B F I K it 2 2 1F, 15d-PGJ,
(15-deoxy-A-12,14-PGJ,) N &IN5, 15d-
PG, 13N 51K PPARy D% b x5 K+
NF-«B #%# O Il 238 U THIREEM 2 KT 7.
H-PGDS 3k PGD, 12 & % i i M il 13, Ak
PGD, 23 D B HIHIERICINA T, 1B RAERFIC
1% 15d-PGJ, & 919 2 HLIRIE S O FIEPCRAE FH 23R
boabDEEZGNS. D

2. LTB, LTB,%Z%KIZI1Z BLT1 & BLT2 ®
2REENH SN TWD, WA, ML 2ER
FHEIZI—REIN, &EHIT G HEBATH S0,
LTB, i 2 EMMESLHB MNP RE < Rz 5.
BLT1 i3 LTB, iIZ @& ik, BLT2 I ZEEMETH
%. BLT23 LTB, DIEH 2 5 SRR LRI N
METHDH, ESEHAEONKEEDOERMY > R
12 LTB, Tid/2<, PGH, 5 hO 2 RFY AR
% (TxA2S) DEH 2321 TXA, & HITAET
% 12-hydoxyheptadecatrienoic acid (12-HHT) T
»%. BLTLHIZHMIEKIZIR/ L THEL TWDH—F
BLT2 O #E I & BRI EENICED 50, FiC
&SI ES O R TEN.

it SR D il MR FP I VX R O LTB, 25k
N5, YA MHRERED LTB, 130 B fifirh
LTB, BEDO K52 50 5. 19 LTB 3 5eZ Mg o &
fttEEREIREDOFZEICHRD S, 5-LOX ®
BLTI, &% WiE~< X hlifid LTA4H O RIBIT X
DR ET 5. 1920 LTB,~BLT1 #£8%1%, BHK
<> CD4+ KU CD8* T #ilfE, IFEEERS: Ol
BB NTEMALE R 5. 20

& @ LTB, &Ei%, ATRICHENY 7 ZifiE
5 EITXOEMT 5. BLTI ®RIEXIZ BLTI
EPEOBE5ICL > T, BEAEREDY 1 TITX
59 —B L THERNLET S, 202 i pERIEAIG
HALICBWTHEMEE L DO mMEN BT T 20
(swarming), #FHERICFHILL TW 5 BLTL 1347+
HROWBEKDTYT T A5 — BRI HADRE % H
DD GFRERDMEEITIX, HFHEREENEAT S
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LTB, 7 1+ — R7 47— RWIZHRDS. 51T,
LTB,~BLT1 R IIEHFHERD T 5 X & — B FIIC
YA NDr a7y T)—2YKL, mE
N iR B lE £ (transendothelial migration) 7%
BT % .2 EPA RO RIENEMENREE X 5 «
I—%—THh3LVIILE> El (RVED) 1%, BRI
fd > BLTI #& &2 ME$ 2 2 &ick v, #BHRME
D E & MV F2 6 5 2 JIi 9 %, 22

3. Cys-LTs Cys-LTs I%, CysLT,; @ 3 f#%H
DZHEERENLU TERHZKRITT. EOZEAEKD Gi
X Gq £ TH O, MW Ca2t BHEZTL T
MR %25 Ef 29, LTC, 13 CysLT, IZE Wi
FiEZE L, LTD4IE CysLT, IZEIRAICIER T 5.
LTE, \3 il Z AR ICE T 2 fE 27 n. 5-LOX,
LTC4S, CysLT, ® RI#EX W XA Tl BNk ET
%. % CysLT| I3IRESFEBICRD DM FEHL T
B, BABRK[ESIGEIEFRZH#ET 5. ¥ 2hiE
(B-ZIV712) &, BERMIED CRIL 7 F > 284K
(Dectin-2) Z /L T Th2 [8&2FE T 50, N
12 LTD,~CysLT, A — 27 U > /)NT 7 U U RERAK
HFHTH 5.2 3512, LTD, I3 ILC2 DiE (L %
METHIECE>TH TR JFEDFEIZRD
5.2 723, IL-33 &80, LTDy I ILC2 56D
IL-4 OFEAZEHEAEET DI EMNTES. CysLT,
FEPEEIZ 7 LIILF - B 0% —RIREE U THEKD
HZBTHWSN TS, —F, CysLT, RIEEY T X T
W B AT 5 2D CysLT, 13~ 2 Mg iR
MEEICEFEHL THBO, CysLT, &EANT 045 A
N —Z L T CysLT, @ FEH & HEHE 2 il 9
%.2D CysLT, R$E1Z & > T CysLT, {kFH 75 Dec-
tin-2 OIEME LR I N, T X D EINEIT
WET S, KEICBWT, GFEEERERO LTC, 13,
FRAELFMINE D CysLT, 2/ LT ME—RERERIC
B2 KRG DAL 2 (2T 5. 2 LR A HAL
TR T2 ¥ AL ICEDORYFZAFONRE
I NED, ZONXUFAF NI >T7 Y >
Z U TR S D TSLP FEAEZ %% L, Th2
Ml DIE AL 28T 2 2 & T, 7 hE—MEEER
BB TS 2

T4, cys-LTs 23 £ D Ifil % % & /E F 1% CysLT,/
CysLT, Dl RIBIZE > THETHEZ AN HIZ
BT D 2 &, INETHARS RIGEHERB &%
ABNTERELTE, A cys-LTs DF T big i/ 4

HIEE 2R D Z EEDVHBL, LTE, B4 EL T
CysLT;/GPR99 73 [l & 17z, 303D CysLT; I3 K%
e AGE BRI E B L TB0, Wik
QESIEIE AR ME S BIER 2 KT T E LB,
A B K QR B TR RS i &2 40D 2 & T, Wi S
REIC AR < .32 £ 7/, LTE,~CysLT; #£i&13
PGD, iZ X % Th2 i i D & M 1k % AH 3 AY 12 38 iR
L, TRICXDFFEROEAREZ TESE S,
LTE, IXf#M912 P2Y,, (ADP Z&{K) %L Tl
IMROTEMALZEET 5 Z I K> THKBERIEZE
Higd %, 30

X M EET DIEE AT + T—% — DR
IZDWT Table 1 I2F & o7~.

EE(C &L D~ A MARRSEFE

1. 77FRCBEAHY <X MR TR
55 D A ZE M I 2y S BEAG S 3 S o e HE AE A
(stem cell factor; SCF) 124k > TEE BN
TN, FREICIE 2N A R FTERBEH T L-PGDS
KEMICHELESIND PGD, 2 EET .9 2D
PGD, 1%, <X MR 530S 1% sPLAL-IIL %
EEELTHAESIN, YA MO DP1 2414k %
AU TY A MDA ZE (BT S, <~ A ML
FRMELEM K 7278 CTMCs N DEREIZLEVY, DA
N ICEVERZEAT S, OQRIBEDOEXSY 2
CERED, @QmnFY—tiEtERT, @OLTC, &
D PGD, BALDONRE AT + T—4 — LA %
RY, OAFF AR (G HEERABERE) [Tk
95, FOREEZESTS. ZOTX Mg E R
MESFRIAL DA BAE K FR9IC 4 U % sPLA,-IIT—L-
PGDS— (PGD,) »DP1 N5 R 5 FEIN—TDED
ATFw TEHEEL TS, YA MR EZ 4
C, 77714 7F 2 —nBMENERWT 5.9

TFT 4 F—FEMEELL THSNDNTH
sPLA, (III#) &, NFHEKDD 10%LL L2 5
5. NFRIGITEY, INF 3 sPLA, 2V iy
VU UIREEREICERT S &, FOMIBARRE
MIZXOEBOMBEITI*7 00— A2 L,
IL-33 K FFHYIC ILC2 Z i Rk - M8 %.3 2
AUTHEY, RIESR AT I IS AL ER O R ER VR L,
IL4EAICE > T TR ISENFESIND. £z
INFE sPLA, IS E B 2 NHllAe o [ kL 2 75384
273, ZOXX MIRSE LT 0T 7 —E Ok
KO BHREHCNITHRIRET D 72D D EKBG
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Table 1. The Roles of Lipid Mediators in Immune Regulation
Bioactive Biosynthetic : .
lipids enzymes Receptors Diseases Function References
cPLAx Asthma Anti-allergic Initiation of arachidonic acid metabolism 3
PGD, H-PGDS Anaphylaxis Anti-allergic Inhibition of mast cell activation 5
H-PGDS Dermatitis  Anti-allergic Inhibition of development of Thl or Th17 6
immunity during sensitization phase
H-PGDS in Food allergy Anti-allergic Inhibition of mast cell hyperplasia and subse- 15
mast cells quent anaphylaxis by inhibiting CXCL12 pro-
duction and MMP-9 activity
H-PGDS in Colorectal ~ Anti-tumor Inhibition of prolonged colitis and subsequent 16
mast cells cancer tumor formation by inhibiting TNFa production
DP1 on den- Dermatitis  Anti-allergic Inhibition of migration and maturation of den- 6,7
dritic cells dritic cells
DPI1 on den- Asthma Anti-allergic Promotion of differentiation of Treg cells with 7
dritic cells anti-inflammatory potential
DP1 on Asthma Pro-allergic Increase bronchial expression of the Th2-attract- 9
epithelial cells ing chemokine CCL22
DP1 and Pneumonia Pro-inflam- Amplification of pro-inflammatory responses in 10
CRTH2 on matory macrophages and subsequent neutrophil recruit-
macrophages ment
DP1 Colorectal  Anti-tumor Inhibition of prolonged colitis and subsequent 16
cancer tumor formation
CRTH2 Dermatitis  Pro-allergic Enhancement of immune cell recruitment to 6
inflamed skin
Augmentation of proliferation of ydT cells
producing IL-17
CRTH2 on Pneumonia Pro-allergic Elicitation of ILC2 activation by PGD, and sub- 12, 13
ILC2 sequent pulmonary type 2 inflammation
15d-PGJ, PPARy Peritonitis  Anti-inflam- Inhibition of inflammation mediated by AP-1, 18
matory STAT1 and NF-xB transcriptional factors
LTB, LTA4H in BLTI on Asthma Pro-allergic Exacerbation of Th2-type plumonary inflamma- 19, 20
mast cells CD8* T cells tion by enhancing effector CD8* T cell recruit-
ment
LTA4H in BLT1 on neu- Asthma Pro-allergic Aggravation of neutrophil accumulation in 21
neutrophils trophils inflamed skin
BLT1 on neu- Dermatitis Pro-inflam- Driving swarm-like interstitial neutrophil recruit- 21, 23
trophils matory ment and clustering
Driving neutrophil reverse transendothelial cell 24
migration and subsequent local sterile inflamma-
tion
BLTlon T Asthma Pro-allergic Enhancement of effector T cell recruitment to 20
cells inflamed lung
LTA4H in BLT1 on den- Asthma Pro-allergic Enhancement of dendritic cell migration and 22
dendritic cells dritic cells activation during sensitization phase
LTC, CysLT, on Asthma Anti-allergic Negative regulation of suface expression of 27
mast cells and CysLT;
dendritic cells
LTC4S in CysLT, on Dermatitis  Pro-allergic Driving collagen synthesis and secretion of fac- 28
eosinophils fibroblasts tors that elicit keratinocyte proliferation
LTD, LTC4S in CysLT; on Asthma Pro-allergic Potentiation of development of Th2 immunity in 25
dendritic cells dendritic cells a Dectin-2 dependent mannar
CysLT; on Pneumonia Pro-allergic Elicitation of ILC2 activation and subsequent 26
ILC2 pulmonary type 2 inflammation
LTE, CysLT; on Asthma Pro-allergic Elicitation of vascular leakege and smooth mus- 30, 31
smooth mus- cule contraction by LTE,
cule cells
CysLT; on Asthma Pro-allergic Exacerbation of allergen-induced pulmonary 32
epithelial cells inflammation by eliciting submucosal swelling
CysLT; on Asthma Pro-allergic Potentiation of Th2 activation and subsequent 33
Th2 cells neutrophil migration and survival
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INTH 5.

fififf @ PGE, #13, AH FThToEsmitiah
B0, MR RF CIZEAERICHBI L TS SITHEmd 5.
PGE, I%, 3 fi%® PGE 4 pkEEF%E D 5 5 mPGES-1
IZK D RITEESIN, 45EED PGE &k (EP1-
4) IZIEM$ 5. EP113 Gq, EP2 U EP4 13 Gs,
EP3 13 Gi Ic#:% 3 5. BHEEO~ A MIlTIZL
EP3 WX EP4 MHERRAYICTEBIL T 503, A K
fifL % PGE, THIIE T % &, EP3{KFEMICHEE
EMEAL RS N5 .30 £/-, PGE, & LTD, Ot
FEHICE ST, TOY X MDD EP3 Kk FRY 7
firifERL > CysLT, (KF097s PGD, s, 7 EHA >
F‘iﬁ%ﬁ%ﬁ’) THRIND. D —F, AT O

23T ED PGE, M S0, EROE S MR

WCHEEAAREHZES. YA MillEERD &< FiE
Bho 04BN PGE, EAICIE, YA M
cPLAo 38R E0ICHR D D, < A MR D cPLAx
KEMICEHEINS Y IF ROBKIE, X MilaEs
RRAE 2 M DA EAE IR T2 2 &1
Ko THAEZFMIILICI D A £ N, mPGES-1 K771
IZ PGE, N &2 XN 5. Y mPGES-1 U EP3 R
B ATIE, YA MO IgE-HURE MY 7s i
BRI T F 7 4 TF 2 —IRENEET 5,5 L4
X B aEERBICREDEA T, AR &R
WELREIEATOA REHIRIESE (NSAIDs) Dk
Aicky, EEREEZGIERITIENDHD (T
ZE U UHEE). mPGES-1 R ATIE, 7 A
B Ui BEE LRk, PURBEICK 508 L
M5 D IL-33 QEEEENEE T 5.3 IL-33 Z&/1K
(ST2) IFILC2 &Y X MMICHEFEH L T 5,
IL-33 |3 ILC2 DS X Th2 B N A > DFEA
e 9 EFEKFIC, <A IO HE5E K O cys-LTs B
AR L, Th2 BALORENT > X %FEET 5,
Iz T, mPGES-1 R{E~ ™7 X Tl LTE, {KFHIIC
MR DEMALNEL, ZHICEVWELEINS
TXA, NZERIEZ S HICENIED. 90tk 7
2B ViR, COX R DEWIc k> THE
v T UBEMNED, LOXRIEHEKDIEE
AT A L= —OMREENEINT 272DICELC5HD
EEZOSNTERED, IN6—EHOMEIZLST,
COX RO TR THEAEI NS PGE, NNiHET S Z
& Thti D fEFE MEAELN, u33ét£abfﬁﬁ@
PRERREE S AL S N5 72012 2 BIGRIEINE &K

RIENHEHREIND ZENTAEY ViR ORERE
KD 1DTHD I ENRBI N

<A Mg & ILC2 IXEFEICHEERL TH
0D, BEWOIEH b ZIE#kd 5 2 & THRGLEDHE
WA T 5. Y A MO BRI X o THliziE
INF—FIE, FFTHIERES Nz IL-33 215
PRI 28 M9 5 2 & T ILC2 D L 2 (e 3
5. FnEEHIT, YA MEHERD PGD, KT
cys-LTs 7% ILC2 7z ¥45f - IG b 23509 5. &M
fbx Nz ILC2 1%, IL-13 {KFEMIC~ X M DIE
AL ZHHIT 5.0 —F, IL-33 13~ X Mg
ST2 24t L CIL-2 EAZHET 5.4 20 IL-33 1K
7R < A S OTEE(RIZIE, ST2 & SCF 2%
& c-Kit mﬁﬁﬂaﬂﬂ NNETHD, IL-33 1% SCF 7
cKit IZHEE T 2 Z & THID TRERMIT ST2 2154
4&?5 tfp‘té% B PEEINT IL-21E, T Ml
fid D ¥a%E %38 U T IL-10 {K7FYIC ILC2 DIE AL -
WIHENIRIT S, £z, Te ML, <A MilEE
OX40-OXA40L K fFHICIERAHBEAE T 5 Z & T,
XA M OTEEEZIHIT 5.9 ZokDiT, <
A2 MEDOIEE AT + T—4 —PEALL, EEEOHIN
DHEREZ BT DDA 5T, ILC2 R T, M &
DO HEAEH 28 U CHIEMIC 3 B OIE L OTLE L
WHENLD>TWND,

2. w3 fERhE  EPA <> DHA %0 % ffi&ER
fIFNfENHME (polyunsaturated fatty acids; PUFASs)
WFHAEMICEEICETENDE), LARHE TS
o) LU EERIE L TEAREIND. w3 JEN
BRI AEREED Y EE 7 —)VICEFEMICE A 5N,
DB Y VIEE NS PLA, DERICE > THREME
CEHIEENS. w3 PUFAIZEHEY VIEEZ£<E
OAERBEIIREMEICE A, BEotEomEsi, K
5N BRI EE RIT T ZENEEINT
WDIED, BOBPIRIEEHZET AL VILE R
TOFIF UED w3 ZOREREYNEHE2ED
TWa, EH51E, ZONKMNR 3 BB S
\Z sSPLA, {KfEHY 72 M/t T D IREACE 2R D D,
TIUKFERYIC B R IEIRNE & 5 WIS RIZINE N
flEnsZEazHleMhELE?

oV ) L UBOEARNZWHERCIHE T X1
BRIE5 &, BETIIEPARBEMTH S 17,18-
epoxyeicosatetraenoic acid (EpETE) 2 4 I 11
5.9 ZOEPAHKRDIEEAT 1 T—%—13, B
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Table 2. Modulation of Mast Cell Functions by Bioactive Lipids

Bioactive Biosynthetic

lipids enzymes Receptors Diseases Function References
Bee venom Anaphylaxis Pro-allergic Direct elicitation of mast cell activation 5
sPLA,
PGD, SPLA,-IIT in DPI1 on mast Maturation Fibroblast-mediated mast cell maturation 5
mast cells and cells
L-PGDS in
fibroblasts
PGE, EP3 on mast Anaphylaxis Pro-allergic Induction of IgE-independet mast cell activation 36, 37
cells
cPLAx in Anaphylaxis Anti-allergic Microenvironmal PGE, production 4
mast cells and
mPGES-1 in
fibroblasts
EP3 Anaphylaxis Anti-allergic Inhibition of IgE-mediated mast cell-dependent 4, 5, 38
anaphylaxis
mPGES-1 Asthma Anti-allergic Involvement in lung homeostasis and subsequent 39, 40
protection from aspirin-sensitive asthma
LTD,, CysLT; and Activation  Induction of PGD, production from mast cells in 37
LTE, CysLT; on a PPARy-dependent manner
mast cells
LTE, CysLT; on Pro-allergic Potentiation of PGE,-induced mast cell activa- 37
mast cells tion
w3 PUFA Anti-allergic Inhibition of IgE-mediated mast cell activation 46
by inhibiting shuttling of FceRI to lipid rafts
17,18- Food allergy Anti-allergic Inhibition of mast cell activation and allergic 45
EpETE diarrhea
LPC Bee venom Anaphylaxis Pro-allergic Activation of ILC2 by eliciting necrosis in sting 34
sPLA, sites
PAF Anaphylaxis Pro-allergic Elicitation of IgG-dependent anaphylaxis 50, 51
PAFR on Activation  Elicitation of mast cell activation 52
mast cells
LysoPS Activation  Potentiation of IgE-mediated mast cell activation 53
LPA LPA; on Anaphylaxis Pro-allergic Elicitation of mast cell activation 54
mast cells
LPA; on Atheroscle- Pro-athero- Enhancement of macrophage migration into 55
mast cells rosis genic atherosclerotic plaques
LPA, on Differentia- Acceleration of mast cell proliferation and differ- 56
mast cells tion entiation through a PPARy-dependent pathway
LPA; on Activation  Promotion of CCL4 production
mast cells

W7 LIIVF—IC LB BE < X Mo b & 5%
2GS 5.9 £z, ZOBYT LILF—DWED,
EPA > DHA 28 B X VAMORGITL->TH
WHLN5S, IE-HUFEKFNR< A2 MilaoE L
W, w3 IEIGEE O, & % Wik R sk o s
FEaFI{LEE#E (Fat-1) OBRIFEHRZHELC - 03 5
i AR ORI &L > THIHIZ N 5. 49 Zh 50
YA MIIETIX, FceRI DFE T 7 b NOBITH
Fonsdizd, FceRl 7Y 272 pNhd 574
TEH—=FDU T I— U VEALNEIEL, <X
MfE O ciEM e S s, £, o3 B
¥, PPARy LEEMNICHAFEH TSI LICXDE
T HRBEZHIET 5.4 EPA OFRMICE> TR
NI D COX-2 {7719 PGD, FEEDVE R T 578,

Z31E PPARy OIEMALIZ X D COX-2 FE B A
INEZECERT S HDEEZSND. MAT,
w3 NENG IS RN IE 2744k (GPR40 5> GPR120
%) 2N LU THRBEMEHZKITT.® L EoZ &n
5, w3 fEliikE, OEE S 7 MBI 5 REEM
i DZAE M Uo7 IVIRERE, @PPARy %
U BT RERE, ORBEIENERZAEEZNL
FHRIEER, %200 Tx A Mg oL 2
fldsb0EHERINS.

3. ) BEE UV PClE, UV PCT¥
i B % (LPCAT2) OER %2 Tl /MRS
PR (platelet activating factor; PAF) ~\ & Z5#i
IND. TFI 4 7F 2RI LEZEFEOMEF
i, EEEICHEI L TEWIRE O PAF 2% X
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N5, EERNTURICEEIND &, FIERFED
IgE, IgG ik N EA I NS, IgE-HFRKRENRY
T T4 I5F =TIV A MIEHEEOE XS 2 >0
i 24 5. 9 FURIEH 1eG bk L nBEE SRz
F9 %73, IgG-RyE & AR1E FeyRIL Z 41 L Thf
HHEERFHER, <A Mg 2GR 5,50 £
7z, 1gG-2 338 5 1K13 FcyRY 241 L THFHER 215
HALX 2.5 PAF 12 2 D 1gG K GFERRT -7 «
TFL—DEERBRAT 4 I —F—TdhHYV, PAF %
BIRDRIBOHEIZL > TTF 7 1 TF > —0k#E
9 5.0 PAF |3 ~< X hMlifd D PAF Z &K% L
T, GUKRGFIITIEN L ZFHLE T S, 2

Y PSIEIES KOEHRERBHO X MK
(CTMCs) @ IgE-filsk Y72 iG AL 2 iR 9 %
TENHISNTE D ZOFEBRMIMEEIEMEED
fRIHZ N TWS., U PS ZZARIZIT LPS;; @ 3
FENFEINTNS, VY PSITXD YA Milld
DIEMEALLE, LPS; 3 DWT N DZAEMAKD RIBIC
Ko THHEELZITT, RMDOVUY PS ZHEKEN
50, MOBERENRDSED THS.
FRUVY CIEEE, tED U IR AR IN—
TDTHHA—EIYFOEHEZT, VKX
7 v F 28 (lysophosphatidic acids; LPA) ~\ &
E}IND., £z, "AT77FP U8 (PA) O
PLA; X% PLA, IZ K 5 /K73 R K> T LPA 78
EUCHEEHH D, LPAIL 6 HEEHD LPA 251K
(LPA) 27U TIEMZKIFT. LPALE, LPA,
ZMAU TR MEORER 275325 2 & T,
BB ETTEI 5.5 Z 0 LPA, IKEMNRY R
N OEEEIC X o TEIREE{L B A DT 7 O
77— OEENMEESINDS. P b N A Mg
X LPA; N HEFEB L TH O, Mg Caxt 5
RITFINENLUTTEHA D EAZRET S, Z
DFH, LPAIIE b~ 2 MIE D HEHE MBI R D
D, BROBRZMRT EEDHIT, cKit o1 M
A1 > DI &R T 5. 50

IR HROIFE AT 4 T—F —ICK DT X |
HRE DEFIZ DWT Table 2 ICE & 7=,

&b YIC

BRIZ, BEATF 1 T—4 —DHREZ LT A
MR D AR BT B HENTDONTE X THRZ .
A MHRIZEYOBAISEL, EXY I Ol
BED BN cys-LTs QA 24 L TIEH @M 2 7T

HEE, FEEFOMRFNEZSISRIT. TnE
EHIZ, PGD,, LTB,, cys-LTs OFEAZE U THRE
Mg ol - Wb ERET & & DT, 2 BIEHRLE
NG DFEBITIHRN @< Z & T, BYORREICS
W5, ZOXAMIROIREEL, FTERE S OM
HAERIC K D EH OHEFEANDRREIC X > THHIHS
N, FATEREIHEK PGD, 13 Z O~ A Mg @ st
lEEd 5. XI5, UV PSR LPAEZEDUVY
CHEEE, <A MR E IR RO S, JT
BREEH K PGEy 13,  HLRRTE H 1 D #E R 1 BB A 2%
S EEBIT, A MRS RN A %
T 5. 2HEHRGEINEIIGAICK S T2 BIER
FEIRENEBB L TV, PGD, BRI O
EEPHIT B Z &I & D LG R O FEB) 2 W
L, REEEEEZHERT S, e~ 2 Millzo
IEMEAL B BAE D 70 2 B B ARG I A AR K
WWESTRERTH D20, YA M ILC2 &7
OAb—2TFBHZETHWVWITL—F2NTAEWN,

HARGERDEHEEZMHERFL TS, ZOAFITH%
SRR H® IL-33 Th D, <A Mg IL-33
K HFRYIC PGD,, cys-LTs 4 L, ILC2 @ IL-13
FEEZNT L THEOERLEZLEMET 2. £k, <
2 A K PGD, & % W IL-2 13 Toeg Ml D 1
Bl - IEME LA EEE L, TL-10 KON B0 72 M0 B VE
(0X40) 41 L T~ A MO 2 M5 5.

AR B R w3 I5HiEEI, ~ A NI OIS T K&
D IRFTBRE DR RIE 2 TEi b L, AEREEEOHE
BrcRb s, 2oL, YA MTEED G
M d 5 WX EAERE S AICEHREI L &5 2 & T

SRR T 2 R OEEEZ R L TH 0, 5
BAT 4 L= —NZDM s L TEDN TN S,

e B FE RIS NE B D 4 Ml o ] b o R E 5T
V=) DREIIE > TERITEHRLDDDHS. 5
%, YA MUEDEAT D, HDWVIET R Ml
REZ T 2 FHAE IS HIEE O FRIES, Thick
L UWEMEFEE O, FEOEEMNSZHICE
% FE TORFZEMPNSIEE 7 0 — MR, IFES 7 F
)Vl Z S U7z B2 B3R OB %, SEnilifFIh
5.

MmMER BRI XSRS,
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