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Tissue-resident mast cells are derived from circulating committed progenitors, which are originated from pluri-
potential hematopoietic stem cells in bone marrow. These progenitors migrate into extravascular tissues, where they un-
dergo differentiation and maturation into tissue-specific mature phenotypes. When activated by IgE/antigen, stem cell
factor, neuropeptides, or other stimuli, mature mast cells release three classes of biologically active products, including
pre-formed mediators stored in secretory granules, newly transcribed cytokines and chemokines, and de novo synthe-
sized lipid mediators. Therefore, these cells have been implicated as major effector cells in acute and chronic inflammato-
ry diseases. In recent years, it has become clear that lipid mediators including arachidonic acid metabolites (prostaglan-
dins and leukotrienes) and lysophospholipid-derived products play crucial roles in mast cell-associated pathology. In
this article, we will provide an overview of the roles of various lipid mediators in allergic diseases fueled by studies of
their biosynthetic enzymes or receptors. In the latter part, we will make a particular focus on phospholipase A, enzymes,
which are placed at the bottleneck (rate-limiting) step of the lipid mediator-biosynthetic pathways.
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Fig. 1. Biological Roles of Mast Cell-derived PGD,

PGD, is a major lipid mediator synthesized from arachidonic acid via
the sequential action of COX-1 or COX-2 and H-PGDS in mast cells. PGD,
appears to exert a dual function during the asthmatic response, acting either
as a pro-inflammatory mediator or as an anti-inflammatory mediator of air-
way inflammation in the context of physiological or pathological conditions.
These biological roles for PGD, are regulated through the two plasma mem-
brane G protein-coupled receptors, DP1 and CRTH2, on target cells. For de-
tails, please see the text.
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Fig. 2. Functional Properties of Mast Cell-derived LTs

LTs, a family of pro-inflammatory lipid mediators, play important roles
in the pathogenesis of allergic inflammation such as asthma, and are divided
into two classes: LTB, and cys-LTs. These molecules are generated from
arachidonic acid through the sequential action of 5-LO and terminal LTAH
or LTC,S in mast cells and other innate immune cells. LTB, serves as a po-
tent chemoattractant through binding to its high affinity receptor BLT1 on
target cells. Mast cell activation results in the biosynthesis and export of
LTC,, which then undergoes extracellular metabolism to LTD, and then to
LTE,. These cys-LTs exert diverse effects through their cognate G protein-
coupled receptors CysLT1, CysLT2, and unknown CysLTg on target cells.
For details, please see the text.
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NDMENETH 57, PLA, Xid PLA, DIEAIC
KERAT 7 F P UBOETY 2IMEITK D EASI N
LREHEEINT NS, FEEINZ LPA XD

CEHBINETIKAIESINT NS 6 D LPA %
& (LPA1s) ZNH L THEHATS. LPABFEFTE
R sk~ 2 Mg E SRS E TS5 &, ML
1T =MoL, )T —-ERO
Kit B#EH O FRENA SN, 4 LPA 8~ A Mg D 4>
fEHIEICHRD D ZEREMINTNDS., £k,
LPA 2R A ETHE, BRI EHEGL
A ERREORE (NEEEMEDTTE) 258D
5N5.4% ZNEYA NIRRT IANAT 1 Z—
5 —EEENHIER T N F T o TR SR, HOEH
R PTX ICEZETHS. Lan>T, LPAIX
T A MHICHET 50T N O LPA ZHREKEN
UTCERZBEL, Bk 2N L CImE SR 25T
EXEDZHDEHRIND.

3. TULLF¥F—(CfhhHS PLA,

BEAT 1 T—4% — LD FEER Z HlfH T 2
PLA IZAEAKEZ U 0) VgED 2 MO T AT )V
fEe & KLU TR & U Y) U IEE Z AT
LBMBAHORMTHD. HELKRD VIEED 24
DT IVHIZT TF ROBPREEN25EG, EEE
i E LTy 2F RN AERI NS, PLA, IZIZ
INETRERDHGTRENFEESN TSN, K
TR LVIILF—HEREDRDDICDWTEICHRE
D& ML R PLA, (cPLA,) £ &t itk
PLA, (sPLA,) BEICDWTHRNR%, cPLA, HEDH
TH cPLA 137 7 F R A & &b BT E
LZPLA, i FREE S A%, cPLAIZIZEAET
NTOMMPENTHERRANTFHEBLL, kR & 78 BRI
PENESRNITERIEEI N, B EEMNS Y IF R
SR EEIRICTAERT 5. ABERIEIY A Y OBV
O Cat JBEDEFITBRLTC2 RAL > (A
U LREG R AA ) ARGFRVITHIRE 0 S B R
HANEBITT S, cPLAx OBEFEIEMEITZ MAP F
F—Fick D505 FBHDOY >0 CEfbInb &
BECLEATS, A T7FI)NA /2 =)V
2UCEEEETIIR1LY DBIZZTNTN cPLA, D
JENDREGZ @D 5, BIERIZIEZY T7F 8 O HmAH
ROTWMICAET 2 -HOBEHEE (COX, 5-LO,
FLAP72&) 2IREELTHO, FhERNICEERERB O
BOZITEL N7 5. cPLA NI A Y /A
ROBEARITBEARRRIZEE ZHD I &1 cPLA
RIEIT ZDBFTEIVBHAS N ER >, cPLAa R
YU X TIRBIEOHFEEE - REICK2MHEET
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W, 49 T LA A T A FERARAEE £ )LD TNT
SPEIEIL g HE R (ARDS) E5 )L X 5 fififE
BERFERT T A LIAREFRITEMT S, InNs0
itk c B2 o> RFH 2 A, (TXA,), LTB,,
cys-LTs IR EDT 7 F R U BARBMP OEAITRIEY
U A TIRFEETERITHELET 5.4 £72, cPLAa K
BYIZAMSHEEL -~x o 07 y—T% A23187 &
H0NFVRRUY Y T4 RTHFAL 2O PGE,,
cys-LTs, PAF B /E %, 40 cPLA,a X #§ BMMC %
Fce RI ZEAEHII L 7= D PGD,, LTC,, PAF 4950
BIZEEAERD NN, ZDXDIT, cPLAx
DRIEIIRE 2 BMILIC BT 2IEEAT + T—% —JE
e —FERICHERT 5 2 & TREREEREIE S
bOEEAZONS., BRI I N7z cPLA Z IR
HEXLT Y 7527 & WAY-196025 13 A b #ll
fad LTC, EEAZMHIL, T ADOHEHRET IV
EY P OEETIVEZERITERMI LI ENS,
BRARISHHIREN TWS,

MRa st o3 itk sSPLA, I3HEL B TIX 11 O 7 A
VHA LADEEESNTND, W H Mg ko
DT FINEINERES, SFHNZIVT 1 REEG
ICEH, L<REINZ Cat (a3 & His-Asp
ZIETEL & T S At aEE 2 D, TEMEFEBLICIE
JEINRED Ca2T 20 EBETHIENG, HEAW
WKIE—ErINTHOHEET S EEZEZ5NTNS,
SPLA,IZ 7 A VT A LAICK > TIREREND D H
DD, cPLAx DK D IS Ix B MR Z IR M
72<, Bea RN Z YD Y. sPLA, B3,
BRIZ AT 5 cPLAx SIFRABVET AV T A A
DYRF I TR LRSS B SO MIfe N RTE &2 R L, FEBI
MCHADOY VIFEMRH 2 U THRL REMIGEIC
5322 ENHENERDDDH S,

sPLA, "< A Mg D& L 7o A S D DD
DEVERDI LT, EESE2FDEVDINDT
NW—TICXKORINTER., Ty MEES X Ml
D AR 1213 sSPLA,-TIA 2854 £4, FceRI 245
RO X0 ER E & E BTN 502 <
Z BMMC 1213 sSPLA,-IIA 1241 % T sPLA,-V D ¥
HHMRINTHBD, sPLANIA DRI E X
N30T LT, sPLA-VIZT L AR E Bk
&S < /MEEKREL BT IIVIERAE) Comd
%50 FlE, %#H 513 sPLAIL 'k b RN ™7 R
DT Z MO WERICFE L, Bk & &

HIZpWINBZEz2RWHLE (R¥%EX). b
DM HF~ 2 M IRIZ1E sPLAL-IID 2%, Jiti<
Z MAIREICIZIEEAED SPLA, 714 VT A1 A
(IIA, 1ID, IIE, IIF, III, V, X, XIIA, XIIB) 7%
LTHD, X2 MIBEIEHERED T LIVF —IF
BEIC BT sPLA, DHFGTHED 1 D &> TWba]
REMEDD 5. M~ A MHIALIZ sPLA,-IIA Z 3N
T B,5550 & 5 WL sSPLA-IIA, -V, -X 2 < A M
FARR I B EIFEI S &2 &, 57759 HllK 7 1) 7 it Sk
DLt & PGD, MU LTC, FEADHEMMMN A 5N 5.,
K7z, Ty MERES X MY kO e bl A Sl
fes9 12 sPLA, BHERIZHRNT 5 &, BER &S
BAF 1 L= —FEENHESNS. £oT, Y&

R HERIZ B T sPLA, 130 BRI /FE L, 16
IR RER & & B I/ NEmwEn, i
FIROIEE AT + T—4 —EAZHEET 260 &
EIND, LnLENS, ElRofERIIVnINs K
i B DB R 2 IR ST R X g, H5
W RE R DBEBR 72 BRI E A 2 W= @i v %
<, TOZYMHIZTONWTIL sPLA, EORIBET T X
EHWERGENRBEEN TN,

WAE SPLA, 7 A VYA LADOBLETFHRET T AN
BaEEHEINDELDITRD, &7 1V FA1 L0
I sEminENHonEINDDHD. 2T
&, 7UIIF—RREEOEENHS NS> TER
SPLA,-V, sPLA,-X, ilfi TNZ sPLA,-IIL {2 D W T fiilt
N5, sPLA, B TRAEXY T ZADFHMIT DOV TIX
B HT D Review 2 S HTA X 7210, O fif3k, sPLA, ©
% SE1E £ 7Y ARDS 72 & O 2P ili 5 £ 0 & S R
75 & DB fii 5 D e B RS O BALF H THRAIC
<FBDHOENBZENMENT W, lificHNT
SPLA,-V & U sPLA-X I3 EICKGE 17 R O fifa~
707y —=VIZHEBRLTEY, SGERIEICHENFER
LRI ERT B, 6690 v 2D EETILICB N
T, sSPLAy)VUI2EF NI NV EHDOEEIT
KU KGE BB TUEIZIEET 50, sPLAXV OB
FRIEHER T ERAEKOE G TIIHEIA SN N, @
I 51T, sPLA-V R T X TIREMEETIVIZEK
2 121 S8 JIE K OV B TTHE S B AR A < R
EHNREBERT S, £z, sPLA-V RIEY T AT
ARDS EFI)VIC K BB MEMEEIIB W THSEEN
HAHND. N5 DOHE TIX sPLA-V O EH
FFIZDOWTIR I E RSN Tuing, EE5513
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SPLA,-V 22 HFICBFHEBH L NS AP 12y
IRITAZBNVWTIZDANZALEY T BHLD
BREHMZEBNHLTWS, T7/2bb5, sPLA-V
NI DAY=y 7y NI AL S 7o < N0 A
ZERILUTHELET D2, Ok Cldty—>7»
7% (ileziET 2D S REDOE) OEE
SIRISEL TWS,. O i —7 5774 > kO
ARDS O EHOFRK LD I L2Fx1 D L,
SPLA,-V RIEY ™7 21T BV B 5 E O o 13 ke
WSS —T 7 7% > MO ENRIHIE NS Z &
MEERTH D a[REMENH D, —F, sPLA-V R
{2 BMMC @ FceRI $ll3# 2 ££ 5 PGD,, LTC, @ JE
L XIVIZEAR BMMC ERETH D T ENGE
RINTHO,® RET T ADGEEDREICITY
A2 MIEOIEE AT 1 T—4 —FEAIEE LN
DO EHERINS., — T, sPLA,-V O /RiE BMMC
T3 Toll k&Z &K TLR2 IS PGD, FEA AN
HARNCHIFI TN D ZEMn5, 0 2 MMiIZBW
T sPLA-V IR FKZ AL THARE # g
AT ASNDOBERN D 50D LN,
—7, SPLAX ORET T XA TIIHAERT T X
E AT EETIVIC X 1B HESGE RIE DREMFEOR
T U DY, GFEREREE O A, 1gE PEE
DLF, Th2 41 Mo > (IL-4, IL-5, IL-13) p#
ADWES, T U TBALF FOIEE AT 1 T—4 —
(PGD,, LTBy, cys-LTs 72 &) DO AR TNA 5N
5.9 ZNSDOREAT 1 T—4 =13 S REE
e S B 5 G < DT, sPLA-X RIEX Y
A BIT DB OEMD 1 DOERIIIEE AT «
I—-5—EADKTICLSEEZENS. LK
M5, FElRD cPLA RIEBY T AICBNWTHIEE A
TAL—Y—DEABPRESEKFL TVWE L%
EZZ2BHE, 2O D PLA, (cPLAya & sPLA,-
X) MEDEIITHAL TKEDIFE AT 1 T—
5 —ZHIET DM DONT, HHNKRETHS.
Ao <, MR EITHBLL Th % sPLA-X [0
BIREEDR MRy 7 B ATy TICEELTH
D, ZORRRET DY X TIIREOHETIEN, —
RN GG HLAE 2R T D cPLAo K IF 7RIS E A 5
A L= —FEENKESEKTFTEZIDOTHAD. —K
T, X707 7 —VRENITHEER sPLA-X %%
HIEENI AP 2oy UL, E%O3HE
MTELWIHOBREICEKVELT 2 I EnmsIn

T3, L=A> T, sPLAX R ZITHBIT
% Wi ) DFEFRIZ B SPLA-V RIEY T A & A kR IZ it
B =T 5705 2 N RO IR L TS ATRENE
MEZSNS.

NFOFMGIZE DT LVIVF—3EE 2 HER
(T7FT7147F>—) ZRILTEVERTHELET
%, 1 [EHORIGTIREO~ A ilasiE e L
THLUWREZE A, 2EHEOHIE T IGE 2
MU EHEPRRKISC L D 25D 2 MG
LT ay ZEREZSESEIT. NFEHEORDIE
RELTIVHE, ROGFXRTF R, BREO3 DI
SEEINEN, ZOHIZSPLA, NAKBICEENT
W5, BRI REE 2D\ F 3 sPLA, 13 T BT
SHEINDM, E N AR EOSNL D
FERET B, ® Z00 sSPLA,-III TH 5. sPLA,-III
¥ N K& CREGREBRICEAD RAA > 2H5,
P G VE D FE BT FE TS sSPLA, R A A 2134 oD i
LB sPLA, XU H/\F 5 sPLA, & & WAHHFEMED
HU, D sPLA, CIFRKRE<SEE->TWS, i
K, NFHEPLAWRTYF 74 57F—2EETSHZ
&R, YA Mtz BEEEELIES 2 ENHISN
Tz, 8 38 513 sPLAL-II SN ERIE D N F 2,
TROEY LILF—ISEOMER T & L THEET S
DTERBWDNERHENLT, TNERIEL 7= BT
%), BRI D1T, sPLA-IIEY A ML D 5>
WHERLIZE £, YA MHEOTEEIZEN WS
N5, YXUADENITSPLA-III YO ESF > MY
DNVEERERERGTSE, BENAMETS X5
IZ, SPLAIII ORI\ T ATREEZGY F 71
TFI—KUOEE T 7 1 FF P —ICXDENRE
MEAERIT T Z EHRELSEWT S, £/, KB
<X A Hk O BMMC % FceRI 26 HII S % &, B
AR & bl U CRBERING N T a8 A RpE
AEMBEEITWEST B, —H T, sPLA-III Ot F %
HWhNI AV I Zy IRIATIIREZETY 71
THFR—EEL, AT TZAHEKD BMMC T
1% FceRI 2GR £ S PGD,, LTC, P L 7385 2
TG & b RBEEICTTET 5. A A3 ok
WEHHORIEZHRBIET 20, KEIIB T
JEBITY PE— R EROREGEELL THD,
RIEVZF A T2 PGE, OPEATTESLIIEMY 1 M+~
> (IL-1B8, 1L-6, TNF-o) OFEHIE T, K7 hE—
PR & RICHEA 7S Th2 B+ N > OFEB R
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(m4)%ﬂ¢%-77m77~ywﬁﬁﬁa6m
5.7 25 0O—EOMITIT X SPLA,-III |E <
A MHlEO T 7 & —HH %nLéﬁé LTy
T4 IF—ETETEIHDOEEDNS.

< A N ARV B R ke 0 BB R AN LR L E S L
TR ORREAN & RS 508, IBE AT «
T—4—QEEKRTIRALZHBEICLD RE R
72%. KRG T AR RS SR T, SCF T & 2 il
H 2221 TR L 7= A5 SR ~ 2 Ml (CTMC -
FICEECZED T LIVF =R EIBRDS) EFEIC
PGD, Z AT 5. JHILE R OREES < 2 i e
(MMC : EIZHLE 72 EANDEF A G il 72 &
IZf%4 %) 13 SCFIZA T IL-3 O &R < 21T
TEICLTC, 2EET S, EHESITRRAKR
BMMC % SCF 7#1£ F, 3T3 & 2F g & % 0 Rt
BETDHZEIZED CTMC NO 4Lk S 2 H
L, BMMC O b HGEEIC B W TIEE AT «
T—%—HRABEOHKBOBERKRNEZSZ L%
HWHLTWS, §7kbs, BMMC O ERREIC
PV, cPLAya, COX-2, H-PGDS 72 & @ PGD, &
FLRBEE DFEB N —FERICFHEE I N, KT cys-
LTs & hR R BE R D FE B DK T <> LTB, 73 i F D 5
BOWEMEE LT &N TN HmANE
7 895, BRZEWZ &2, sPLAIIL O RIEIZ~Y
A MHIEOIEMALZZ T TR <, ¥ A Mgk
ZTOHbDIZbEEEEZD (KRER). Tkbb,
SPLA,-III R T ADE T A Mg Ke 2%
S UERRMETOIRMEREZSAEL, FIFICHL
TAREMZRT. £, KR BMMC % in
vitro TR R~ 2 N i 58 Bl D AL~ & R #& k34
IR BRITAH SN D TR DO F Rkid sPLA,-IIT K8
faCidZ U<, IBEAT 1 T—% —GRARHREDIE
HoHEmBRBEFICEISRW., LEZNo T,
SPLA,-IIT |3~ A b HHBERE Z 0L s #A L L T
HTBZENHESMERS 2. sPLA I N ED K
DIEANZ A LTI A M Dbk Z Hl# 3 %
MTOWTIZBIEMITF TH S, PLA, DIEHIZD
W Fig. 3 1T7R7.

4. HHYIC

Pk, BEEAT 1 T—F—OEENSZTOERIC
BLETORELREIICDONT, <A M2 Ul
IR Uz, < A MRS IgE & Hi)s7a & D FIF
WK ORI N>, TR EALE

@7 ) @
b /
o[ofz ~iste)

Fig. 3. PLA, Network in the Pathologenesis of Allergic In-
flammation

Mast cell activation induces intracellular signals that lead to the release
of preformed mediators (histamine and proteases) as well as SPLA,s and to
the generation of de novo synthesized eicosanoids (PGD,, LTB,, and LTC,)
via cPLAa. Once released, sPLA,s may participate in the pathogenesis of al-
lergic diseases such as asthma and anaphylaxis through the exocytotic
degranulation and the eicosanoid generation by autocrine or paracrine
fashion. Furthermore, SPLA,-III can contribute to mast cell maturation.
sPLA,-V and -X are also expressed in bronchial epithelial cells and alveolar
macrophages and may participate in surfactant degradation as well as in lipid
mediator generation.

HIZ, BEAT A T—Y—OEAZBLCTRFOY
VIVF—MREZHIET S —HT, X MileE &
(F—=1r271U 22 XiZoEmE 0N )
MEREI N INS DIREMNES T OER %221 T

SICHREZTLE S ® 5. Y X MMM D RIE -
RN ST RRD, LB LFT,
FMBHOBENICI > THESDRBRAM A2 (L&
B, HMEEAEFDHDICHIEE AT 1 T—4 —1Z
BET%. 20k, YA MK MEERD S
EMHALETIEE R Yy b —2Z 2L 0 IHIcHE S h
THD, IhsofilEEEzMHT 52 &E< A b
MR AEmE, OWTIE Y LIVFE —EERED ) T
ANZALERHATZ L THEBETHDHLDITES.
RIEINE BT DIEE v T — 2 Ol %
fRBAS % L THRIZHIIE OB R R EBII KRB
BRFEEIRS. DFOREMETIE, FITEEAT
1 I—5—DORE#ER ZEROZHHEREBT Y X
DRBAIZS LITZDIEANEH SN TE 20, %
BRICES>TT LI F—DO%EELWMEOHKT 5%
BiERNEONEr—2b LIALIEA LN, HxD
AT A4 L—4—OHEREZ EMICIR A 5 T ENKEET
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Hote. FEFEMNLZLDIZ, DP1 RERYT X,
LTAH RIE~X ™7 X, 9 BLT1 R{ET T X, 1819 Cys-
LT1 RIES T A OFMTICHBNTIE, <A Mg

T AL, BRRMIR R E OB Z @ U CHEE A
FA L= —NEOHIBICRRT 228 EKZNM LT
EDXIBIERZELET 20ERFEICHHL TS
0D, ZOXDBEHNRBRT N TORERE, ZHME
DREI T ATITON D XD I, SigEts
FRNDEZTEEAIN, EOXATYTTEDLD
RO DM OFD I 25 ITE NN, Ll
BMG, FERERMILIC B DRI IEE AT
L= —OMEAEHEEEDZO TIERICHET 572
DIZIE, BHEEERZ T TRATSTHD, Miaks
Bylea s aFIV /) w7 R ADEN
MEFENDZEEEDETHRN., SEOMHTICH
L7z,
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