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Tissue-resident mast cells are derived from circulating committed progenitors, which are originated from pluripo-
tent hematopoietic stem cells in bone marrow. These progenitors migrate into extravascular tissues, where they undergo
differentiation and maturation into tissue-specific mast cell phenotypes. When activated by antigen or microenvironmen-
tal factors, mast cells release various biologically active products, including pre-formed mediators stored in secretory
granules, de novo synthesized lipid mediators, and newly transcribed cytokines and chemokines, thereby promoting
anaphylactic inflammation as well as other acute and chronic inflammatory diseases. Here, I will highlight the newest un-
derstanding of the phospholipase A, (PLA,) -driven lipid networks in the maturation and effector functions of mast cells
and attendant allergic responses. Group III secreted PLA,, the sole mammalian homolog of the potent extrinsic
anaphylaxis inducer bee venom PLA,, regulates mast cell maturation through the paracrine prostaglandin D, (PGD,)
circuit. While cytosolic PLA,« is essential for the generation of PGD, and leukotriene C, by mast cells, it is also func-
tionally coupled, through the arachidonic acid transfer mechanism, with PGE, synthase in stromal fibroblasts to provide
anti-anaphylactic PGE,. In addition, the roles of two particular mast cell maturation-responsible genes, NDRG1 and

NLRP3, in mast cells will be discussed.
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Fig. 1. Group III sPLA,, a Regulator of Mast Cell Maturation

Antigen (+)
.4‘.:'._ % : --a.xg'y,, ",‘w e v;,(

+/+ —/—

Antigen (+)

ntigen (+)
= T f
e

A, Immunohistochemistry of sSPLA,-III in the mouse skin before and after stimulation with antigen. SPLA,-III is stored in and released from toluidine blue™
mast cells. Arrows indicate mast cells. B, Mast cell-associated IgE-mediated passive cutaneous anaphylactic responses in Pla2g3*/+ and Pla2g3~/~ mice. A
representative photo of dye leakage (arrows) is shown. C, Transmission electron microscopy of ear mast cells in Pla2g3*/* and Pla2g3~/~ mice before and after

stimulation with antigen. (Modified from Ref. 8)
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TF T4 5F B EIHEMITALFAETHS
ZEMNRINTEBD, YA MMIED sPLA-V, X i
<A R O BIRE B 72 3E PRI R D B 7Ry, 820
SPLA,-V I3~ Z b ® SCF+IL-18+1L-10 12 K&
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9 % &R DERNA SN D0, s DRIE
RIZADTYF T4 7F T —RBIIEHETH B, 82
ZDEXDIT, sPLA TSI N TEMEOEY > iF
BIZNZ 7Y > (IsnaLA—K~2Y ) BIZERL
TR Z a0 & Uz MilatéRE 2 iS85, H5
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FREAZHIHT 2 Z L2 WD THEIELE. D
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Fig. 2. Defective Fibroblast-driven Mast Cell Maturation by sPLA,-1II, L-PGDS or DP1 Deficiency

A, IL-3-driven BMMCs were co-cultured with or without Swiss 3T3 fibroblasts in the presence of SCF to allow maturation to CTMC-like cells. B, Expression of
Hdc (histamine synthase) relative to Gapdh in BMMCs before and after co-culture. SPLA,-III-null or DP1-null mast cells, or mast cells co-cultured with L-PGDS-
ablated fibroblasts exhibited impaired Hdc induction in mast cells. ** p<{0.01. (Modified from Ref. 8)
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Fig. 3. sPLA,-III Promotes Mast Cell Maturation and Thereby Allergy through Driving a Paracrine PGD, Loop

Interaction between mast cells and fibroblasts are essential for proper mast cell maturation in tissues. SPLA,-III, an ‘‘anaphylactic SPLA,”’ that is released from
immature mast cells, is coupled with fibroblastic L-PGDS to promote sustained production of microenvironmental PGD,, which in turn acts on DP1 on mast cells to
facilitate mast cell maturation. Mature mast cells have more histamine granules and surface FceRI and express higher levels of cPLA,a and H-PGDS. Crosslinking
of FceRI with multivalent antigen elicits explosive activation of mature mast cells, which leads to pro-allergic histamine release and thereby allergic reactions. On the
other hand, cPLA,a/H-PGDS-driven immediate production of PGD, (via COX-1 and 2, which are omitted in the figure) by mature mast cells is anti-allergic.
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<A ME A2 B D & < #RMEFEM, DP1IZY A b
MBETH D, sPLA,II 2L & L7z PGD, H—F
v NMINTZU II—TE2EET2HDEEZ LN
2. XUZAKRUE bO< A AR o
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TERT % Z & DALER T DML, T2 EL < OHHA
ZE s, NRE R ORE O R OB ERIC Eik T 5

cEBIE, TLILF—HEOH LM EEL T
Nat. Immunol. EDERK ENA T4 MBI N
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n7e & LTs Q&2 IS T 5 i 7 b g
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TZADENVIZHD., LEN>T, WD, EOHifEn
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HNERET S Z E1F, PGD, 1T &5 AKIRE D
R 2 fRIAT 28 & 72 %, ZHITIMA T, PGD,
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cPLAa Z RIS D ERBITWHPT DI EM5,

N A ML D cPLA ITKEFTH > 7=, PGE, &
#1218 cPGES, microsomal prostaglandin E
synthase-1 (mPGES-1), mPGES-2 @ 3 #3415
NTWBAH, X MR- AL DL RE 210k
> THRAHELFHINEIZ B3V T mPGES-1 O FE 5 3538 73
5Nz BRIV SN SFROBERDAE
Vv A Mz s kg EgdT 2L, 20
7 I F B RRIIMRMEEEF AN S T L, ERITHEY
U T PGE, MFEA I Nz, Kit"s/W-sh <7 Z DL
' PGE, 3B A< X MillnZ B FRMEk T 5 2 &
WX 0EEIMU =D, cPLAa RIE~ A SR D Bt
Tl ENNAHENRMo ., LEEN>T, YA b
HIfED cPLAa IRIFMICEYID S N=T FF R U
AR TIC R D FBRARMESFRIIICH D A £,

A 2F #H i © mPGES-1 12 & > T PGE, 1T 48 #1 X
N, EEINDZENHLMN > (Fig. 4).

Z D RFTUNREEDPEE T D PGEL 137 LILF —IT
HEHIRICE W TPH D, mPGES-1 & PGE, Z &1k
(E prostanoid receptor; EP1-EP4) ™55 EP3 O/K
B ZATIRY A M EEY F7 1 TF 2 —Ih
ENHEEL /2. 839 Z0I1Eh, EP3 R T ATIX
7 LIF -l SR RBEOFRZRZICL > TAEL S
Bt EERREDHEETLIZENRINTN
%)_ 36,37)

RO XL D12, YA MIOIEEAT + T—4% —
PEAIT cPLA ITXK > THHbN S, < X Mk
DT F 7 1 FF 2 —InEIL LTC 1T K 2 %R
HEDOTNETHINITIKET S ENE,® 20
LTC, DARICHETH B cPLA,a DRI AT
3774 5F B RBT D ENTHE
INBM, ZHNITKL cPLA e RIEXTADY F 7
1 ITF P —INBERHERI TR EFAETH 7.9
~ A IO H-PGDS Hisk PGD, i ONMZ /P /N
B85 D mPGES-1 i3 PGE, I3 & HITHI T F 7+ 5
F—1EHERDIELEEZBEZ D E, cPLA KB
XUATIET F 71 7F 2 — 1B B O HIIC
TER T B AT 4 T—4 — OREANFRICHEE
L, IERHZIBHELEoEDTF 710 7F 20—
BRIAE LS bDEERINS, EATOA R
MEPIRGER (non-steroidal anti-inflammatory drugs;
NSAIDs) ORAICE D 7 A Y ATE (FE
TavwrikE) BREITIENDD. T OFEIEHENE
& LT, NASAIDs 735D COX {EEDHEIC XD
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Fig. 4. Mast Cell PLA,a-dependent Biosynthesis of Anti-anaphylactic PGE, in Vivo
During mast cell maturation, PGE,, which exerts an anti-allergic effect via the PGE, receptor EP3, is produced by fibroblasts in a manner dependent upon
cPLA,« in mast cells, where cPLA,a-driven arachidonic acid is transferred to adjacent fibroblasts through the transcellular route and then metabolized to PGE, by

mPGES-1.

7 IF B UMBARHIT LOX BIEDOHANEHEE v
T4 IR, TF 7 F T —RiENED
LTC, (3= D) OpFEAMBREIC/RSZ &
MHEEINTERD, EFESEZTDRZN DN
FRER AR E 2, RITTIE COX 8% D Fif THERE
THHTVIF—HIBEAT T —%—, K
PGE, OEAMNME T T2 2 EH 7 A Y ATEZ
HCBFEKRD1IDTHDHEZEZALGNDLDITES
7z. B mPGES-1% EP3 ORIEXY A TIZT L
IVF =i SV 5, 3639 —F, PGD, &[RFRIC
PGE, & £/-1EH T 2B KR DHESLIRIAIZE > T
137 LIVF—MERIEITR U THRERIC@ <. #lRI,
PGE,~EP4 iz > )NEiTD T helper 1 (Thl),
Th17 M O ¥EGEZ (B L TH O, AREEHE 2 HE W3
% & Thl JnE FR OB & %% Thl7 In& &K
DEBRIH CARBEMENERRILET 2 2 ENHS
NTN5, 40 <2 M2 EP Z28/KD 5 5 EP3
NEBEFRHELTWEN, YA MBS
PGE,-EP3 #ifild IgE JEK AR 75~ A Hil i o i B
KT U CTEERYIC {8 <. 4D

6. VX MEROKAICH > TRAFEINDE
LFREDRBRMT

FEHIIT A AR -FRAE A D L EE R IT B W

T, YA MEADORBIENREFE SN SELET
B2 —HCRE LR 2025, HERANTDH
> 7= N-myc downstream regulated gene-1 (NDRG1)
\fi N2 NACHT, LRR and PYD domain-containing
protein 3 (NLRP3) IZDW T A MHfaRIZHBIT S
HEEZBHONE L. 49

6-1. RN ERERF & L T D NDRGI
NDRG1 (Cap43/Drgl/Ndrl/RTP) 13H 5D
A B L ARRIRE, DAMEZEMEAEIE S &5
BAMIND D TEL TV DNDOHES I —TIC
LV REE I N, 92 EFII 2 ML O AR
W< REBAEIN LB T & LT NDRGI Z[AE
L, ART 2~ 2 M REFRE S8 5 &k
MITETHZEZRNWHLZ.Y 2512, YA MM
- ME2F A D L B3 12 B W T, K72 BMMCs
DIL7T 7% —k4REIX NDRG1 D RIED ZE %%
Frsino =08, RLE% D BMMCs Tl NDRG1 @
RIBIIIEE AT 1 T—% —EEDY A1 MhA VL
WHBEHEZD LR BEAOAZEKFIE
2.9 TNEEH LT, Ndrgl RIE~ 7 A TIIHRE
< A MO LR O A EERE LT T 1
TFIINENEEL. 9725, NDRGI IEHL
A A M RA QBRI 2 Y —Z e S &
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Histamine synthase (HDC)
Proteases (mMMCPs)
cPLA,0, H-PGDS

Inducible genes | o torines (IL-1p, IL-4, IL-6, etc)

Immature
Immature
granules
#
Mature
granules

Mast cell phenotypes

Histamine Medium
Proteases = Chymase
(mMCP1, 2)

Lipid mediator LTC,

Fig. 5. Regulation of Mast Cell Function by NDRG1 or NLRP3

Mature

High
Chymase (MMCP4, 5)

Tryptase (mMMCP86, 7) .
Carboxypeptidase A3 (CPA3

PGD,

Chemokines (Ccl2, 3, 4, etc)
Unknown (NDRG1, NLRP3, etc)

generation

The profile of histamine content, protease expression, and lipid mediator generation has been used to define subsets of mast cells. Maturation immature mast
cells into CTMCs is accompanied by increased expression of genes related to degranulation, lipid mediator biosynthesis, cytokines and chemokines, or unknown
function. Of these, NDRGI plays a pivotal role in the exocytotic degranulation of mast cells. NLRP3, a central component of the inflammasome that regulates IL-

18 processing, counter-regulates COX-2-dependent sustained production of PGD,.

L2 EMMPSMhETso e (Fig. 5). NDRGI (311
AN FIA RFEETOTA > FF—F
(serum/glucocorticoid regulated kinase 1; SGK1) iz
25U CBRILOHIEHZEZZ T ENTMENTNVWD
M3, filt SGK1 13~ A M DRI BT 2T
JF BB OBMBREZRET S I EN®RESN
7. 8B4 SGK1 RIEX A M TIZ Z DT 7 F 28
K OBERERNE TR = DI BRRI 58T 5. &
FEOT BB XL, REE D Ndrgl R
A MITIEY 7 F 2B ORI R D % 55 i
DFBNE L <DL TWBZ EMS, Ndrgl RiE
A R BV B RS 11 SGKI K 7 HY
277 F 2 EkDOERERNEEG S S Al REENEE S
ns.

6-2. IL-18 E4A R UVEH) PGD, EEREEF
& LT®ONLRP3  NLRP3 [J 25 B K B T
HBH7)FEY BEHEEMEEEEE (cryopyrin-as-
sociated periodic syndrome; CAPS) DJFEK&ELR T &
L CHE X172, 4 NLRP3 137 MHALIZfE 0 PYD R
A A > %4 LU T FifRk» T apoptosis-associated
speck-like protein containing a CARD (ASC) %

procaspase-1 & &EHITA > T IV —L LTINS
YNNI EGKRERRT 5.9 12> T7F5Y—ALT
13 caspase-1 2WEMEL I, FHITL > TIL-18 1%
RIEKARAN SIE RN CAH I N, HEns. E£H
51, NLRP3 R ASCREDA > T IIYV—LD
MR FIE~ A MlIICHE L THD, ZDIL-18
DEEITHRDVES Z &, 5 RT NF-xB OE M
fEEZNUTHED COX-2 K7 FERY PGD, A&
WHIHIICIER T2 2 & EZ2 RV L (Fig.
5).9 0%, YA MO NLRP3 1> 7 5%
Y — MEFERNCEA I NS IL-18 kL & V3 R
TRICF & R O IS 5 i 1 D TUiE & i Bk 280 2
EiELT D2 &%, CAPS D& Tl Nirp3 Bz T4
BT X o THERFEMEL IL-18 DA I N, TN
LRSI VEMEOFEMB ITERT 2 2 ENmE S
N7z 49 HEFEORLTIX, REITHEET DR #E
A MMAEICHBIT S INF-a DEEZN L T
NLRP3 A > 75V —L&EHIETH I EHRSE
NTnag. »®

1. &HYIC

DLk, AHBETHo =Y A MDA > F
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J—, Z LU CTRFAMUNREE TORBUTED < 2 M
fl DFEREERS & 2 ORI ICRE T 2EFHO INE
TOMEMREE LD, BREICHTEDERIIDN
Tk &7z, OsPLAII RIEY U A & L-
PGDS - DP1 RIEX T ADOEBAZBET D E, 7
FI45FI—IRE, A MIBOEZAYIUH
&, BETHEHETO7 7100100 TH sPLA,IIT
RIEDOFTNEINIZY A MIRA 2229 5.9 20
Z E1F SPLACIIL O Rt CHERET DIFE AT + T—
% —13 PGD, DISMICHHFIET B lREMEZ R L TH
D, ZOFEAT 1+ T—F—DEKEZHSMNE L
W, @% A MIIIZIZ W R - HEED R IARE /S PLA,
TAVTA LADERFEHL THBD, Zhs0 PLA,
DX X MR BT HHEREZ MR L 721, QsPLA,
-~ A N LAS Y D G 2 i i <o = BR B il i 1
BIRFZERHIIICHII T 2R 2B TN S, KRN
Z R LA D S M il D BERERR BT I WA TR D S
DOMITDNWTHRIEL TH7ZWY, @sPLAILIZY X
N HIBAR EE D EIREEL Y L)L — DS IS R E
RO DEBRBICHBRODIDEASN?  Fiz, <
Z SR B AREE(L - BRI 7R & DIEERERE M
7s EORBERR, AR EDBMERAEMER BRI
HRDH DT ENH BN TN DA, 4950 sPLA,-III 1
IN5H YA MIfaR RO 055 MoOREDHIHT
DEADM . KWZEZE~< 2 MIlaHEN S 2 i
REBHIEANERBEI G, BRIICE, KEEE
faE UIREREE 2 I H L - RIS ER 2 Higd

K12, SPLAL-II 1ZAthd sPLA, 71 VYA A &I R
51— IskiEERL, BEFO sPLA, fHEA
TEIH N2, Udo T, sPLA,IIL Z2# R
N FHE T 2 AT S naud, ~ 2 MlliEss
DOREE GO Z IRBRBOH L WEEE L5
ENHIREEND,

SE AR E AR ST IR B A
syl b - MNE BWEEDOTHREDT, EEN
KREFEBEAEDEL DM LA L EBHICUHEKEL TR
AT TEMAEOERKLTH S, 2 IThDTH
AL SEHOBEERL 2.
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