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+ ACD : allergic contact dermatitis

+ AhR : aryl hydrocarbon receptor

+ APC : allophycocyanin

* BSA : bovine serum albumin

* ChemR23 : chemokine-like receptor 1

* CHS : contact hypersensitivity

+ COX : cyclooxygenase

* CXCL : C-X-C motif chemokine ligand

* CYP : cytochrome P450

* DAPI : 4',6-diamidino-2-phenylindole

* DC : dendritic cell

* DHA : docosahexaenoic acid

+ diHETE : dihydroxyeicosatetraenoic acid

* dLNs : draining lymph nodes

* DNFB : 2,4-dinitrofluorobenzene

* DPA : docosapentaenoic acid

* EET : epoxyeicosatrienoic acids



* EPA : eicosapentaenoic acid

* EpETE : epoxyeicosatetraenoic acid

* FBS : fetal bovine serum

* FCeRI : high affinity immunoglobulin E receptor

* FITC : fluorescein isothiocyanate

* fMLP : N-formyl-methionylleucyl-phenylalanine

* GPCR : G-protein coupled receptor

* HE : hematoxylin and eosin

* HDPA : hydroxydocosapentaenoic acid

* HEPE : hydroxyeicosapentaenoic acid

* HETE : hydroxyeicosatetraenoic acid

* HPLC : high performance liquid chromatography

* I[FN-y : interferon-y

* IgE © immunoglobulin E

+ IL * interleukin

* i.p. ¢ intraperitoneally

* iISALT : inducible skin-associated lymphoid tissue

* LC-MS/MS : liquid chromatography-tandem mass spectrometry

* LOX : lipoxygenase



* LTB; : leukotriene By

* LXR : liver X receptor

* NCS : newborn calf serum

* NF-xB : nuclear factor-xB

* NSAIDs : non-steroidal anti-inflammatory drugs

* TNF-a : tumor necrosis factor-o

* PE : phycoerythrin

* PPAR : peroxisome proliferator-activated receptor

* qPCR : quantitative real-time PCR

* RvE ! resolvin E

* RvD ! resolvin D

* RXR : retinoid X receptor



HEEIIRHE - 2 v 7B I R Z KRR EBRO—ETH Y Foi D EmifER: - BIRIGH)
WKRPERVIZANVF = TH L, —J7C, [FREHOZANF—llIIFEC 2 v 2HE
HART2HEUAETH 2 L h o, I6HE OERFEIA - =G IMAE Z 5] 2 2 L, wiE)
MR ATEEERO Y 2 710725 Z LM S T & 72 12, fio T, iR DREAW
B o, EFRED 720 I IIIEEBI 2] 2FIRL 2RFOBNAEETH % L
BIhTE 7,

B (BFMIEE) 1327) o — BRI 3 DDMEIEA ALV 2 2 ) F
EERSE LT3 AT 2 EMEPIE TROE R EICX Y &R
OREFIIREC RS, flzE, FFEAE LRy n 2 EWEERHD 9 5,
HH PRI FE R X A F LRI 82 € 3 BHORFBICII L T EEA LT
DA AN IREWHED o V /L v & E A MERURNINE & 3% DI LT RSl HE S
ZAFAEERED» OB AT 6 HHOREBICIILD CEHES R 24 27 6 [BHED
) — AR ERBEENIEE L %, v F 2ETWHILEIR. BB O A X773 (0, 2
76 A “HAEAZEAT 2 A ALEER Z R r 2o A XT3 HEHIE L A 2 7 6
TR IR CTHET 2 2 e B TE RV, $2, BRFELOEMLL o) /L Vg,
HEMiE R R LA AL EEZ N L T f a4y 2T Vg (eicosapentaenoic acid;

EPA) ® Fa ¥ ~<=v xx Vg (docosapentaenoic acid; DPA), F a2 ¥ ~F ¥ = Vg



(docosahexaenoic acid; DHA) ~&fR#E N2 —FH T, A H 6 BHiED Y 7 — L i

37 7% F VIR~ RS, A A7 3NENIIR & A X 77 6 NEWITR % (R A CHHZLA s

LB TERVS, o T, A AN 3NENEEL A 277 6 JEIiMRIZBEH L L TR

SHEINT 2 DD 2 AN L L CREEI N TH D, 2 DERNIFERIZRF O

Bremd RT3 ¥, Z0LENMEOMEOE G ZNEIEO = 4 L ¥ —Jie L Tokk

REICIXIZ L A LE R 5 20\ —J7C. A AN 3RENIIE L & A 77 6 aIAE & Tl AR

ICE 2 28R RELERZZEBHAIONT WS, ZOHE L L, BHilED GREG

i1}

ZERT & L Cof & BENMEOEEIC X > TRASZ b T ond, IEHiED

FIRICEEIN T & L COKREIR, IRERIHZZ 2 25 5 2 THEEAZERTH Y, Hlz

. 77 F FVEEIZY 7 vt F 27 —+% (cyclooxygenase; COX) VY KF o7 F—

+ (lipoxygenase; LOX) 2MEf 3267 7 % F VA R 7 — F LN 2B E A L T,

TuAx 7T v vEYSa A, a b ) VL EORIERICE EE X B 2 ARRGERCE

M~ @I Nnzd o, BRBIERIGICEDS2 Z e E oI TR 4

EB T I7F N VvBA AT — F < COX DFHEFNZIEA T v 4 FZIREEH] (non-

steroidal anti-inflammatory drugs; NSAIDs) & L CHAF &, —fHEIEN & L CHTE

< HebnTn3 S,

—J7. A AT 3IEMER I RIENGEIEE 2R o 2 LI O T w5, A A4 3 EHIE

BEIC X A VIRIEFERAFICEHI NS X9 Ik o 72D %, 1970 FR%FIiThbNn

i1}

V)=V Iy FICHEETRERBEA XAy POANLEZWNRE LI2ErlEDR



Ko TH2, CORWETIE. A XAy POANL LT v~—0 DA% HFECEENE

BRFOICLEbLT. AP TF IV AR FRLL TV XAy POALET V=

— 27 DANAZICHATEBREE CORTCEIME N 2RI NTE Y ERRIC, 4 X4

v PO ANA DI, Al T 7 UlicE {E&ET NS EPA BREEICET LTV

T Lo A AT 3 ENIRO B EENKED FIIICHIETH 5 2 LRI N,

COER Z o FIC, TS K &5 EPA % DHA 230 B P Ihah . (i Ee

HERNFICBE S R EFIC R S, EF L BRENABEB, = 72X 7 v PR EE

BREMW 2 7S BOMFEIC X 0. A A7 3 GRS OIIERESC T vy~ 4 = —JA,

SOREPEIRIE, BRI Y v~ WEL T b U AR, BT LA — 7 A T A

A TOBEEDO T, RIEMHICE THE I EBREINTEL 88, oF b, HET 3

THEEEED (B8] sitic 8| 28T 222 T -0EFNICEECTH B L23%y

o T,

—Jis A AT 3ENIROEEUC X Y MMRIEMR B[ OoN S A =L L LT, T

TOWFRIC BT, A A 77 3 fENIIRDS A A 77 6 RENiHE ik D 2 e AR B AR D

PEAEICH L CHIVIIER 2 R 3720 TH 3 L FE 26N Tz, L LAR6, HEOH

BOWERHeESEAR 7 v~ b 7°F 7 4 — (high performance liquid chromatography; HPLC)

EHOLE LTy AT LOFREICE Y ARWICHEBRME L 2TFE L ot X 4 3 felGfE

A OB -CHREMRIT S FIRE L 72 0 L FLT L AF — PIRIEIGEZ R34 2 747 3 (BN

Wk DY A EE SN T & 72, HlziX. EPA ¥ DHA % COX ®° LOX, ¥ b7 v L



P450 (cytochrome P450; CYP) 23U L CEU 24 2 4 3 lglilg#mE LT, v

N E v El (resolvinEl;RVEl). RVE2, RVE3 72 £'® RvEs ¥, L VLt ¥ DI (resolvin

DI;RvD1). RvD2, RvD3 2 &¥D RvDs, 707 27 F v DI, ~L > Vi Ehidh 417,

Z ORIz GO A I =X LBHL LI > TETWE, TRHHIA

DERG LB L, A X 77 3 NETIRICHY) D BERETE AU 2E AL IC B 3 B P98 IC KR &

RIEHDPERET Y IEEIRIZH L CRRZEZ Tw 2 418, X 51T, A A0 3 ez

R#EPNIL K DIFFRITHB T nM L _ L i TRIEBE cABEERZo b S C

EDH, TLAFX— BZIEWEBICNT 2872 RAEE Y — XL LTGEHINLTHWS

21

TLAF—EERED - ThHd7LAF—PEEMKE% (Allergic contact

dermatitis; ACD) ¥, €7 L A¥ - T L AF—%2RFEL TS X LIE

N2 R EEED 1 oTh b, —BRAODHK 20%25 ACD ICHEERL T3 &

SbitTwns 23 ACD ORI & 7r 29 KTUR 1T 77 v XN % 53 F& 1000 Da

UToESFTHY, AT T v 2nBERICIEEILEE WS, KO TETHDL Z &

P ORGITNG N T il L CHEKER E TRA L ENOE T X Vo8 7 H LR

BT 2L THEEEZESRST 2 ¥ T T Vv IIRECHYIEG Oft. FRMC(URE S,

TRARE G, A PIIRAL. RIEM G e &2 23 TGS 2 5 2 CHERIHRS o s

MICOEEINDZ T Lo, HICTOHORIVSIHEREEERETH DL, —RICT LIV

F—MEERDOIRFEICIIAT oA FRIZHAV O S 25, 27 v 4 FAHANL RS ZHE



JERC AT 1A FFHFFEMELE R, FU, BMlMETIRR, HRERYEZ & RE 1< B T 5 BIfE

Moo i XY FHIEDIRK & 72 2 KF25E 5 T & X 2 RFNR O A28

LigoThh 236 FUAF—HEEERICHT 20k L REEDE . BT,

BREDORAENEEN TS,

ACD D TR 1ZRVEAE & BRI R X ., WD T T 7 v LT 2 BEMH T,

B & #EAEBPRAIIE (dendriticcel; DC) & LTHIGN S 7 v 7 v ZHIfISLE L DC 23

PURZIIE S 2 ¥, PURZHIEL 72 DC I3, FT/@ Y v ~¥fi (draining lymph nodes; dLNs)

~EWEL, FA -7 TR R 21T 28T, 27 =27 2—-TiHlllg~Dn{L%

FHEL, ZOME. BYERZHL X3 Y, DC OFF)E Y v Hi~DiiEEIR, ~ T T VIC

X 0 IEMEAL & 7z A LI 2, & BEAE & L 5 IESIESE R F--a (tumor necrosis factor-a; TNEF-

a) % interleukin (IL) -1. 70 RX 77V VE REICL>TREZINS 27,

NTT VB HEREICRANT 5 ERM T, PURIFRRR P 72 RAE & PURRR R 7 SE

2351 EHE 2 & 4, YU IRRF BAY 70 SR (< 13 A AU L4y rh R BRI 23 £ ICBE S5 %,

NTT XY AU L S B &L TL-1 ® TNF-a 72 KO RAEMES 4 b A4 v

U Ik % #5513 5 C-X-C motif chemokine ligand (CXCL) 1 % CXCL2. T g% %51

33 CXCLY % CXCLI10 2 & D7 TN A VOPEENFEEING T8, T F VI ITEHE

R E CERET 5720, RFICHAET 2 IlMie 2 EEE L L, e X% 32 TNF-a 72

EDORIEMEA T 4 2= 2 — D ZRT Y, SNORIEMAT A T2 =T ENA[ v

DS IMEEETE D TTE P IE W B O FEYEAL, 4Bk T Mg RAEA L~ DR %



fle 3 2 & ¢, PURSFRI RN R RIESICFE I N D ¥, —T7, PURRFRI R RAEIC T
7z 2-THIEPEET 3, ~ 77 vick 3% =Z T CAaltiliar ot h
72 IL-la (3. BEEMEFBO~27 07 7 —IC X % CXCL2 EEAEZFET 5 2 LT,
DC ZMERFH~EED, ~27u 77— L DC OERPHEZRT X, 2 Tk, DC
X377 2-THilR~OHER T THON, =7 =7 2 —THlilldsEElLs
2, ZNICEY, =727 Z—THIKED S D IFN-y 72 EDRIEWY 4 + h 4 v DFEE
DHED, PURFFERN R RIES I ZR TIN5 X, DC & T2 5 7 2 IR X,
HER R SRS Y~ oHH# (inducible skin-associated lymphoid tissue; iSALT) & B34,
RIEHERHC D LRD LN HFHETH 5 0, T D X 5 IS Bk sefetiia e Mg 23
16 A 72— D RIESNEDFERE, 028 2P H % £ ) ALBECIE N, B, K7 & DK
JERAER B R T 5,

RIFFECIFTHIRIEE Y — X & LA A7 3 IEIREEIICEH L. ACD Icx3 %
MR L ZDIER A B =X L DM % ACD DEIYE 7 AEBRAR CTH 2 HEMEBUE
(contact hypersensitivity; CHS) E7 L~V A% WD 7z, H-ETld, FEHF DT
BT A2MEETEERCE INZPT L X — - PLRIEIEIRERH#Y 17,18- =K %
v A4 a¥ 5 b7 g (epoxyeicosatetracnoic acid; EpETE) O it i MAHBE o fig i &
KD D FEE T DWESL % AT - 720 Hi B FE TR, IBERIC X o TH A 4 3 Halfg(
HAERE S Z LICEH L REICE W TRBIICEL I N2 4 A 7 3 IEIRRAEY ©

[FE & Z DPRIEA 7 = X L DfFIAZ{T 5 7=,

10



F—E

TULAF - ERICNT 3 17,18-EpETE DR iE A ES o fiZEH

AL
\

EH ORI ECIE 2k i, BERREMENRIIRAHYI Ol L 7x 2 BREMEIEE O

NEMFFEHHA DIEVCICEH L 22 {ToTEThB Y., =7 2Dk —xiIciia I n

DA XN 6 JEHED V) 7 —NEE K 50% & L REZMmofRb vic, 27 3 5l TH

5 a0V VLVBER 60%E G M ZA S L2 FREE 2GR L 72~ v 2 & F .,

T L F = SEMREICN S 2 R MNEE O IENIRI K OB 2 P T E 2 Bl 2L

A7V 7 I vEPRET 2B T LAY -T2~y RITHEHHAT % &, KEuzik

L 72~ ATIEL DY RATT LAF =D THIDERD b7k LT, R

HMERELZ~~Y A TERTULAF DO THORIEXRIMET T2 L 2#HLICTLT

w3, X ORIz FES 5 HIYC, BEE R IC 510 2 EIIR O MFEMT 217 - 72

i, RKEMZMRE L 7z~ v 2~ THR izl L e~ v ZDBE TR a Y /L

VIEERREYI D EPA L & b2 D CYP R#EMITH 5 17,18-EpETE 2358 EEAE I N Z &

RV L7z, BB, KEMZIRE L 72~ I 17,18-EpETE # %542 L 7L A ¥

— D THRIDFIELR WA L 722 &5 5. 17,18-EpETE 288 7 L v ¥ — iGN % 7

DT EEWE LY, IHIC, 1T18-EpETE A~V AL RIC A= 7 4 FAITBNWTT

LAX—MWREREZINHIT 2L 2HOICL, 2D AH =K E LT 17,18-EpETE 2%
11



IEhERICE RIS 5 G &2 v o3 7 BIHEAIZ M (G protein-coupled receptor; GPCR) T
& % GPR40 %/t L CHFHERDIRRIZK % FHE L. SIEEROL~ D IFhER Dz E % #1id]
T 2AEH. CHS OFIEZ IS 2 2 L AL T2 2,

FiRo X 5T L ¥ — - JIRIENEME % 5D 17,18-EpETE (T 13 = R ¥ > B IETT
P B B SLARREE DEIT X D | 17(S),18(R)-EpETE & 17(R),18(S)-EpETE O 2 fE%H
DEARBIERDEFIES 2, BHUREMEARDBFE T 2PWHOER ML L COENEE 2 5
BRICid, SREFHREMEAROEMEE ICHERERIL ) BERH V| Fric, i A REERD
FoRE L Vg Bl L, 5% Rdift 3 3 72010, H—OFHREEERZ
7 EHE A FEM ORISR T TV S, fLERICAR T Nz TIRD 17,18-EpETE %
17(S),18(R)-EpETE & 17(R),18(S)-EpETE DZFHEEIRAYI TH % 7 & I {K(+)17,18-EpETE
THo7-2 55, 17,18-EpETE ICBHd % 2 ¥ TOWFFE TII(+)17,18-EpETE % v
Tz, fE-> T, 17(5),18(R)-EpETE & 17(R),18(S)-EpETE @ &% & D SR BR324
LM 2H Y OO Tl oz, L L7255, 17,18-EpETE (ZHHEILT LA F
— - PIRAERORIEE Y — X & L CoFER2AfFE NS Z &2 5, 17,18-EpETE O &
H O OFUR BRI EHIEEZH S O ZHOPICT 2R ELR D B LEZ T,

RN OIS C 2R SUG IR, R o il IC R S HREE Lo R OB 2 T, B
ZAE EEY O ERE O SR E AV 3 & R T OBREMER D B A AGER
ICEA TN S, EPA DR X L2 MBS 2 CYP ICIZe P TIE 58T, =7 ATl
108 & LE DV 7 2 A TRFEE L, &1 CYP 13 EPA @ 17,18-EpETE ~ D Z G 14E

12



CEB D SER Y T & BERIEVER B 2 S L AW I TV B B, 51T CYP IR
WFLEZZ T Tl AT FE L, AT X o> THR7% % 1000 L ED CYP
BHRGWZEEN T2 ¥, T Bacillus megaterium D CYP TdH % BM-3 1x. EPA
% VLAARGEIRBVIC 17(S),18(R)-EpETE ~ L 2541372 & L A3 STz 3597, R % H
Wz A ARG E . m L AER M, EERE R R S e e, Hil - EEToR
PO RBRBESEM T CRICHED 72 D IRBR A AR A NV F—a X P TH DL LW
ST MEADH Y B EEMLFEIEO AR ETLEO DT CHRBFICHHEINATN S
DT s, WAV Z G L ENTEEAHY) O FE BN 2 /7 L. 4G
05T EHRTEIUL, BREMNENRRARHY O KEAESREIC R 5 L& 2 72,

ZF TR TR, 24-Y = Frr 7t rxy¥ Y (24-dinitrofluorobenzene; DNFB)
FHEE CHS EF A~ 2% T, 17,18-EpETE SR FRIEARD 9 b &5 & D Bk
PRIEEEEHE > o2 ZHL 21T L, 512, MIRIEEHA%ZE T2 17,18-EpETE HifR %

VAR D STAREEIRIY 72 PEAR R DL 24T 2 72,

13



Vike S

€33 1L7)
6~8 Al D> C5TBL/6 DMff~T A% HA SLC X VA L, EBctd 2 £ ¢ 1 EH
WA PR - R - SRERRFIE TN O B HERL CRIH BB L 72, GPR40 RiE~ v R 1%
P.Steneberg & AEHL L 72 % D 0 % L, BEHILA - (HHE - KERFICITN O BhERR

BB L 72,

A
s

fASIREIZ A Y 70 T v R O COREE., BHEAZ 32 2 L T~ 20E | E /)
FRIC L CLRIIE X B 7=, BV DfE K OEEIT 4T, ENIHFIERRE A ESR L - @
B - KRB ATEIY R ICHE U, AR AR 725 HEICHE > TfT o 72 (DS27-47R9,

DS27-48R10),

[CHS DF5E]

Yx—N—FHWT~7 Z2DMEHDEE M > 72, 0.5% (vol/vol) DNFB (Nacalai
Tesque) /7 & b A U —7F 4 v (4:1 [vol/vol], Nacalai Tesque) & & HZ3F1C 25 pL ¥
L. BfEx1To7 (Day0), & 5 H% (Day5). 0.2% (vol/vol) DNFB/7 & b+ v : 7
Y —7F A (4:1[volvol]) IBiRAZ~7 ZADMEDFREICK 10 uL AT 2 2 & THIEZ
ZiT\wv, 2 H% (Day7) iIc<=4 78 2 —%— (MDC-25MJ293-230, IV +3) ZHWT

ENoBEX%HMEL 7 (Figure 1-1),

14



S SR D A AATE & L C . (£)17,18-EpETE (Cayman (+)17,18-EpETE; Cayman Chemical)
LA T & K L 72 (£)17,18-EpETE  (Synthesized (+)17,18-EpETE) . {L A IC &K L 7=
(£)17,18-EpETE 7 & 43 HL L 7= 17(S),18(R)-EpETE (>99% ee) % U* 17(R),18(S)-EpETE (>99%
ee) . AV BM-3 C EPA % &1 L 72 17(S),18(R)-EpETE (BM-3 17(S),18(R)-EpETE)
%. DNFB %3 % 30 7rafic IERENT S (intraperitoneally; i.p.; —[E&H 72V 10 ng.

100ng, 1pg) L7z, 2¥ bo— ¥ LT 05%(volivol) =%/ —/PBS %7z,

Day 0 Day 5 Day 7
(Abdomen) (Ear) (Ear)
Sensitization Elicitation  Analysis
S _Y I
Fatty acid Fatty acid
CS7BLUG  or vehicle or vehicle
mice
130 min 130 min
0.5% DNFB 0.2% DNFB

or vehicle

Figure 1-1. Experimental protocol for induction of CHS by DNFB and treatment with

fatty acids

GHliEEED
<7 A0 oY) Wo 7B k2 NIl & SMIlIcHE vy P2 TIREZREL
720 2mg/mL (wt/vol) 277 F—+ (Wako) % il Z 7z 2% (vol/vol) {17 ~IMiE (newborn
calf serum; NCS; Fquitech-Bio) /RPMI 1640 5 (Sigma Aldrich) W, #i2> < XA 72|
AL 20364 v F2ax—1 (9047, 37°C) §°5 Z & CHIfkZ B ¢ 7z, 7HL

T AR E € v A P L A F— (100 um) T A, 2 FhEKE L Tl (400xg, 5 57

15



4°C) L. B L 7=/ %572, 15722 1% 2% (vol/vol) NCS/PBS IC&E L., 70—

A FAFY) —ZRWEFEIT L 72,

[7v—%4F 2+ )—f#]

FOGHUR & O FERF A 70 )G % B < 72 % 12 TruStain FeX  (anti-mouse CD16/32)
antibody (1:100; BioLegend) THlfid% 7 v v ¥ v 7 L. EMIEIZ 7-Aminoactinomycin
D (7-AAD; 1:100; BioLegend) TH:ta 32 Z & CTENT 2> S FRAL L 72, % D%, fluorescein
isothiocyanate (FITC) -anti-Ly6G mAb ( 1:100; BioLegend, 127606, clone 1AS8) .
allophycocyanin (APC) —Cy7-anti-CD11b mAb (1:100; BioLegend, 101226, clone M1/70) .
BV421-anti-CD45 mAb (1:100; BioLegend, 103133, clone 30-F11) THIfE% Yt L 7=,

B v TN DT IZ MACSQuant (Miltenyi Biotec) % F > THT s, 7 — Z fi##T 13 Flowlo

9.9 vV 7+ (TreeStar) ZHWTIT-o 7=,

Gk =iy
~ v 2] Y Lo 72 H % PBS TULE L 72, Tissue-Tek OCT Compound (Sakura
Finetek) % VT L, MAER CHES L 72, BURHBHEY R (6um) X7 74
A 22 v b (Model CM3050 S, —20°C) ZMWTEM 7wy 75 ofFRL 72,
~<bFFv Vv xHY Y (hematoxylinand eosin; HE) HetaTid, UKL
F % —30°C T L 72 95% (vol/vol) T &/ — AIKIRHRICEE (30 47, 4°C) L 7214,

7 b VICEE (149). FoKToE (1047) L. ~~ b F2 ) vyigmicizE (10 9)
16



T2 L TOERELEZ, 20k, FkTlE B304 L, =4V v Y KiRE (14)
T5 2L CHMIIEE 2B L 72, WK THE L 7Z%. 70% (vol/vol), 80% (vol/vol). 90%
(vol/vol) L& /7 —WIKIEHIZZNZ N 10, 151, 20 WEiRIET 5 2 & Tk L. *
YL VIiRE B ) T5C & TEME. R LM% Permount (Falma) THAL
726

SRR Tl EYTRRERE TR % —30°C T L 72 95% (vol/vol) =X/ — )L
KB ICIRE (30 43, 4°C) 2. 7+ b viciEhE (143). PBS T¥eds (10 4)) L7,
2%NCS/PBS TA v F 2x—1F (3047, i) #. 2% NCS/PBS IC#fi# L 7= FITC-anti-
Ly6G mAb (1:100) & KIS X 872 (—Mi, 4°C), 0.1% (vol/vol) Tween-20/PBS & PBS T
% 5 rvEE %, 4,6-diamidino-2-phenylindole (DAPI; 1 pumol/L; AAT Bioquest) & St

(10 43, EiR) 22 CERB LA, et L7/ IZ Fluoromount (Diagnostic
BioSystems) TH AL 7z,

HE i O filfikgeta L 7= 9 v 7 v i, S BEMEE (Model BZ-9000, Keyence) %

FWTBIERL 72,

[~ 7 X BB ER D HEE)
Y vY (271G, TE) ZHWT 2%NCS/RPMI 1640 5 CHEEZ 7 7 v > 23 5
LT, KEEELE»SEMEZRVE L2, Btz L2 L A4 F— (100

um) THiEL 2%, - > 7 7 — (NH4C10.14 mol/L, Tris-dyhroxymethel aminomethan

17



17 mmol/L, pH7.2) %MWM (14, Zik) L. 2% NCS/RPMI 1640 5 % il x
% Z L TIRIMRIG % 1B 72 35 02 115 72 e % 2% NCS/PBS I &3 L . 62% (vol/vol)
Parcoll (GE Healthcare) -2% NCS/RPMI 1640 ¥5#li % A7z F = — 7 I MR % &
T A, =0 (990xg, 30 43, 20°C., 77/ : SLOW, 7L —=% :SLOW) T 3%
T LT L M & BN L 72, 2% NCS/RPMI 1640 K5l &% U 2% NCS/PBS T4 1 [f]

s a2 ik b, = v REHEMIE S rhER ORI 80% LA L) 2 0L 72,

(4 e BRI R T R D FFiffi]]

0.2% (wt/vol) 7 U IlliE 7 v 7 X v (bovine serum albumin; BSA; Sigma Aldrich) % &
ts HBSS (Nacalai Tesque) (CH&# L 725 8idkirhik%z, 74 7exrFvika—7
4V 7 LIz hN=777 A (Newvitro) EICHAL. 37°C, 5% COx 4 ¥ F a =2 —P
T 15574 v ¥ 2<_X—F L7, 1 umol/L, 100 nmol/L. 10 nmol/L. 1 nmol/L @ Cayman
(£)17,18-EpETE, BM-3 17(S),18(R)-EpETE, 18-t Fm ¥ T f a¥h v X T Vg

(hydroxyeicosapentaenoic acid; HEPE; Cayman Chemical), RvE1 (Cayman Chemical) %
Iz, K (15 43, 37°C. 5% CO,) 4. 1 umol/L N-formyl-methionylleucyl-phenylalanine
(fMLP ; Sigma Aldrich) % 7213 100 nmol/L © 4 = } V) =¥ B, (leukotriene Bs; LTBy;
Cayman Chemical) THIB (2 4. 37°C. 5% CO,) L7z, 2 v Fua—nIit, 0.03%
(vol/vol) = & /7 —/PBS %7z, RIGHEDIHERE 4% ST FV LT AT e ¥

(Nacalai Tesque) CHHE L 72#. 0.5% (vol/vol) Triton X-100 (Nacalai Tesque) /PBS %
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L CESUEZIT > 72, F-7 2 F ¥ % 100 nmol/L Acti-stain 488—phalloidin

(Cytoskeleton) THetr (30 7r. Eift) 2. &% DAPI THME (30 B, =iR) L7V

NI

[¥iEE & 28 PCR]

FhEE N

NN AN

PEMEE TCS SP8 (Leica Microsystems) 1 X D %L 7=,

FJE2 6 D RNA OFFHRIZ A —A—D 7 v b+ a3 vIicfEvs, Relia Prep RNA Tissue

Miniprep System (Promega) % F\»>CT{T- 7,

A—=H—D7 v b anichev, fFE%O RNA v 7L % DNase I (Invitrogen) & A

V¥ aR—}FFTBHILETIRALTWSY J LDNA ZFRZEL., & 51T Super Script VILO

cDNA Synthesis kit (Invitrogen) % Fi\>T ¢cDNA ISR E L 7z, WlRE L 72 cDNA ¥ v

7"V 1% FastStart Essential DNA Probes Master (Roche) % F\»7-%E & PCR (quantitative real-

time PCR; qPCR) Zf#f L. LightCycler48011 (Roche) TH#TL 7z, fEHL 72774 ~

— 2%l % Table 1 IZ/x L 77,

Table 1. Primers used for qPCR analysis

Species | Gene Forward (5'-3") Reverse (5'-3")
Mouse | Cxcll gactccagccacactccaac tgacagcgcagctcattg
Mouse | Cxcl2 aaaatcatccaaaagatactgaacaa ctttggttcttccgttgagg
Mouse | Cxcl9 cttttcctcttgggcatcat gcatcgtgcattccttatca
Mouse | Cxcl10 gctgccegtcattttctge tctcactggceccgtcate
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Mouse | Ifng atctggaggaactggcaaaa ttcaagacttcaaagagtctgaggta

Mouse | 1I-17 cagggagagcttcatctgtgt gctgagctttgagggatgat

Mouse | Actb aaggccaaccgtgaaaagat gtggtacgaccagaggcatac

[17(5),18(R)-EpETE & 17(R),18(S)-EpETE D 4H]

17(S),18(R)-EpETE X T* 17(R),18(S)-EpETE %#HU{S 3 % 72@®IC, EPA #FEH & L T
()17,18-EpETE Z & L 72 4, EPA # h A K= P4 I 28 = dicy 7 mw 2 %
VT L A2 LG (3 KR, EiE) 8. MCHRORAREKEDZ T L
WL KBIRAIICIA S Z & T EPA 22K b L7z, =X X ALERYEZ YT
F o — T CHi &, KPE L I % BrZ: L 721%. Cosmosil Cholester 77 7 2 (5 um,
250 x 10 mm, Nacalai Tesque) % F\>7= HPLC (F#8htH : 7+ + = b VY )1:0.1% [vol/vol]
FEEIAWE [60:40, vol/vol]. FiiK : 5 mL/min. 71 7 LR 1 30°C. BHIKEE 205 nm)
I XY (#)17,18-EpETE Z A58 L 7z, {L#& R 17,18-EpETE 2% 17,18-EpETE DL
WExFFD Z L IX NMR I X 2 f#HTIC X 0 iR L 72 % 72 CHIRALCEL OJ-RH packed
column % F\>72 HPLC Z3#7ic X v | fLE& R 17,18-EpETE 23 7 v Ik CTH B T &
R L 72,

LA K L 72 (£)17,18-EpETE %> & D 17(S),18(R)-EpETE J X 17(R),18(S)-EpETE D 47
HYi%. CHIRALCEL OJ-RH packed column (5 um, 150 x 4.6 mm, Daicel) % Fi\>7z HPLC

(FEENHH @ A % 7 —)1:0.1% [vol/vol] FEEANL [75:25, vol/vol], ¥iti# : 1.2 mL/min, %
20



Z LR 1 30°C, BHPER £ 205nm) IC X Y 7o 7z, CHIRALCEL OJ-RH packed column

Z M7z HPLC SiTic X b, 4L L THF7= 17(S),18(R)-EpETE KX U* 17(R),18(S)-EpETE

T EH O DAL 9% ETH B Z &L 72,

]

[BM-3 #E 7 J 2 I FOREE L KIGHE O Gin#k]

]

BM-3 58177 2 I N OREEE & RN O JEE st 13w KAV AR ITRIE L
726

pET-24d (+) (Merck) U pFusionF87V* % Ncol (New England Biolabs) & XhoI (New
England Biolabs) T % L% {LillREERMLIE L 721% . ECOS Competent E. coli DHSalpha

(Nippon Gene) (T A L CIPEERIRZ 1T 5 & & C. Kanamycin ifif£ D pFusionF87V-Km
77 AIFNEMEL L, XKIT, pFusionF87V-Km % §# % & L T Primer 1, 5-
TTTACAAGCTGGACGCATGA-3’ X UX Primer 2, 5’-TAACCCGTCTCCTGCAAAATCAC-3’

M7z 4 v N—Z PCR %{T\>, T4 Polynucleotide Kinase (Takara Bio) IC X % 5 Al

DY VL% 1T 5 72%%. ECOS Competent E. coli DHS5alpha IC3E A L CIREERIAZ (TS

R3
i

LT, % JCICER L 72 pFusionBM-3-WT 77 A I R &ML L 72, BEEL /7723 F

% ECOS Competent E. coli BL21 (DE3) (Nippon Gene) ICfEEERIAT % & & CHlR 2 K

(pFusionBM-3-WT/BL21 (DE3)) %137z,

[BM-3 17(5),18(R)-EpETE D 4= & E851]
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EPA @ 17(S),18(R)-EpETE ~ D %44 & BM-3 17(S),18(R)-EpETE D AEHLIT i H KAML
PR St ikE L 72,

pFusionBM-3-WT/BL21 (DE3) % t % LB #4551 (Select soytone 10 g/L. Yeast extract
5 g/L. NaCl 10 g/L. Kanamycin sulfate 25 mg/L) TR & 5558 (22 KffEl. 25°C. 120
pm) 1%, & 2xYT K5l (Select soytone 16 g/L. Yeast extract 10 g/L. NaCl 5 g/L.
Kanamycin sulfate 25 mg/L.. 5-Aminolevulinic acid 80 mg/L. Fe(NH4)2(SO4)> 28.4 mg/L.
isopropyl p-p-thiogalactopyranoside 250 pmol/L) CTHHE L 72 2% & L KRG £ (47 Wfi], 20°C,
HW5E 75L/min, pH7.0+£0.1, DO1.5+0.5ppm) %171 o7, % Dk, HEEMICHE L
L T EPA (Carbosynth) Z¥sHNL TG X ¥ 72 (71.5 FEfE, 20°C, @5 & 20 L/min,
pH7.0+0.1. DO1.5+0.5ppm) #&, T&X/ —AZFMLTA v Fa—F (46 FFRH,
20°C, @& 20 L/min, pH 7.0+ 0.1, DO 1.5+ 0.5ppm) 3 Z & CRILZFIEE ¥
Too WD IR T 8T, OGHR &2 S48 LB FERFTHIICHRRE L 72 FRIC 2 0 = — 23K
IR L T L 72,

EPA JZJGiE 5> & Diaion HP20 (=384 2 A 4) % T 17,18-EpETE % [HIf%,
— TP A T 28 InertsilODS-3 # 7 4 (Sum, 250 mm x 50mm) % T, AL
IR —VICEBL 72, AT 0.05% (volivol) HEREEH 70% (vol/vol) T & J — )L
KIBIR (& 45 mL/min), 0.05% (vol/vol) BEFEEH 55% (vol/vol) T & J — VIKIEW

(## 10mL/min). T X/ —/b (Fiig 15mL/min) D 3 BRI T TIT o 72, TRHEH
IR —=NCEBI Y Y T %k BM-3 17(5),18(R)-EpETE & L CTHEERICH W72,

22



CHIRALCEL OJ-RH packed column % Fi\>7z HPLC Z3#7iC £ Y . BM-3 17(S),18(R)-EpETE

DI 96.6%. JEEMEE 99%LL FTH B 2 & ZHEAL 72,

Citat#EhT]

FERHAMTIX Prism 3.03 software (GraphPad Software) % F\»CTiT\>, ZHER o LI

one-way ANOVA I X > TfTo 7z, HENKHEIXP<0.05& L7,
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R

1. 17(5),18(R)-EpETE X U* 17(R),18(S)-EpETE @ HPLC 4347

17,18-EpETE DR EMEARIZTHIR I LT wARwnwZ & 25, 17(S),18(R)-EpETE &
17(R),18(S)-EpETE DU RIEREE % L3 % HIY T, (+)17,18-EpETE %* & 17(S),18(R)-
EpETE & 17(R),18(S)-EpETE D Hifff % 574 7= 17(S),18(R)-EpETE X U* 17(R),18(S)-
EpETE % (+)17,18-EpETE 2> 5 70 M3 % 72 ®I1C 3% HE D (+)17,18-EpETE 23 ETH %
ZEMH, TTWDIC, EPA ZHE & L T(+)17,18-EpETE Z L2 MIC B L 72, 5%
BHEERONHEESEL T E2F I 00 7 L% J 7 HPLC ZH v, {L¥EEKL 7%
(£)17,18-EpETE & fAF¢IRFEIMERRFH O & L T Cayman (+)17,18-EpETE % 73#7 L, 1%
b —2 IR L7z L 2 A AL A L 72(£)17,18-EpETE T3, Cayman (£)17,18-
EpETE TR b7z 2 Kov —7 LRFREAEL W 2 Kov—27 3@ o

(Figure 1-2), 2D Z & 2> b ALFE L 72(£)17,18-EpETE 28 17(S),18(R)-EpETE KX ¥
17(R),18(S)-EpETE DiEEY) & L THMTE 72 L HWT L 7=,

RIT, (£)17,18-EpETE Z W L ZBRICE o N b 2 KO =7 DREZ T 72, T
¥ TIC. B. megaterium HD CYP T®H % BM-3 % 97%DE 3K T EPA % 17(S),18(R)-
EpETE ICZ5443 2 & & B3RS T T /z 3597, KREiIC B\ T Capdevila Hld, 9
BM-3 T EPA %#Zffs L CTAERM L7z 17,18-EpETE O TR ¥ L ERiGE 28+ 2 & & {1t

“FIIC 3,4-epoxy-hexane-1-yl-benzoate ~ & Z#a L, RICHEM & L T MAEIRIICL
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& B Al BE 7x (3R,4S)-epoxy-hexane-1-yl-benzoate B L < 1% (3S,4R)-epoxy-hexane-1-yl-
benzoate %A L. T4 5% HPLC 77 L 7z FR O (RFFIREE % [k 3% © & T, 17,18-
EpETE O HHRBNEARDFIE %17 > Tz ¥, 2 T T, BM-3 ZH\» T EPA % RA# L
Tl % 17(S),18(R)-EpETE DR FFIFEIERH DM & L TH W7z, Z DR, BM-3
17(S),18(R)-EpETE % 73 L 72 BRI 15 & L7z ¥ — 27 D LR FEIRFE 13 (2)17,18-EpETE % 4t
L72BRIc i b - R R 2B W T o v — 27 & —E( L 72 (Figure 1-2) , 2D T & 2 b,

1 AH DY — 2 % 17(R),18(S)-EpETE.2 A H ® &' — 7 % 17(S),18(R)-EpETE & [FIJE L 7=,

Commercially available Cayman (+)17,18-EpETE

5000 r47(R),18(S)-EpETE
o
7]
§ 2500
=4
17(S),18(R)-EpETE
0
15 20 25 30

. 17(R),18(S)-EpETE
Synthesized (+)17,18-EpETE

p— p— COOH
15000
2 10000 “o*
0
g
£ 5000 17(S),18(R)-EpETE
p— p— COOH
0 .
15 20 25 30

BM-3 17(S),18(R)-EpETE
15000

10000

Intensity

5000

0

15 20 25 30

Retention time (min)

Figure 1-2. Identification of the peak of 17,18-EpETE enantiomers, 17(S5),18(R)-EpETE
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and 17(R),18(S)-EpETE

Commercially available Cayman (+)17,18-EpETE was used as the standard. The synthesized
(£)17,18-EpETE showed the same two peaks as commercially available Cayman (+)17,18-
EpETE, while the BM-3 17(S),18(R)-EpETE, which was used as a standard for identification of
17(S),18(R)-EpETE, showed one peak. Therefore, we decided the second peak is 17(S),18(R)-

EpETE, whereas the first peak is 17(R),18(S)-EpETE.

2. (H)17,18-EpETE SFRE M D CHS MHTEM:

i, AL¥EH L 72(£)17,18-EpETE 2» b 77 HL L TH37z 17(S),18(R)-EpETE 72 & TNC
17(R),18(S)-EpETE % CHS €7 A~ v A5 L, PIRIEEMEZ i L 72, DART#HRE
INTWfER & [FERIC 2, DNFB CHEE L CRIEXFET 2 2 L THMLZHEAD
JEAL25(+)17,18-EpETE % 8N 5-4 2 & & CHlifl E 7= (Figure 1-3A), & b T,
LA L 72(£)17,18-EpETE 2° & 43HL L T1572 17(S),18(R)-EpETE (2 H /D fE % ]I
il L 7223, 17(R),18(S)-EpETE IC 35> T MHS = IHIRN R © 5 03380 & 7z, MR
IR AT DAESL, (£)17,18-EpETE X UY 17(S),18(R)-EpETE % JEEAN 5 L 7254121t
17(R),18(S)-EpETE % f@ENFt 53 2 X 0 d s REOIFE MG & L5 & & 2353
D, MM T, (£)17,18-EpETE - 17(S),18(R)-EpETE %53 % 2 & T, HE~LRH
L 7z A8 3 2 038l S 7z (Figure 1-3B)s 2D Z &6, 17(S),18(R)-

EpETE 2% 17(R),18(S)-EpETE X 0 b WHIRIEGEZ AT 5 Z L DL 22T 78 o 7=,
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(A) ___P=02578

150

£ o .
=
2 100} ..' e 'o: ®
g T % O *
3 L4 =2
2 50 o0 ° ..0 K
2 ° . ¥ I
@ e
I
Sensitizaton + + + + +
Elicitation — + 4+ 4 4+
(x)17,18EpETE — — + — —
17(S),18(R)-EpPETE — — — 4+ =
17(R),18(S)-EPETE — — — - +
®) Sensitization (+)
Elicitation (-)
Vehicle
59
Sensitization (+)
Elicitation (+)

AVehi(.:Ie (+)17,18-EpETE 17(S),18(R!-Ep‘E1E 17(R),18(§)—EpETE

il oy

g 7 el

(‘./

Figure 1-3. 17(S),18(R)-EpETE had strong CHS amelioration effect compared with

17(R),18(S)-EpETE

(A-B) Mice were i.p. injected either 100 ng/administration of commercially available Cayman
(£)17,18-EpETE, 17(S),18(R)-EpETE, 17(R),18(S)-EpETE, or vehicle only on days 0 and 5 at 30
min before DNFB trreatment. (A) On day 7, ear thickness was measured. Each point represents
data from an individual mouse, and horizontal lines indicate medians. Statistical significance
between groups was calculated by using one-way ANOVA: *, P <0.05. (B) Ear tissue samples
were prepared on day 7, and stained with HE. Representative images from three independent

experiments are shown. Bars, 100 pm.
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3. WAEYEREHWCELL K 17(5),18(R)-EpETE @ CHS MHIiEH:

{L2EE R L 72(£)17,18-EpETE % & 1572 17(S),18(R)-EpETE 23S HT R AEVEF % FiH L 72
Zehn, RICWAEYIHFK CYP @ BM-3 % H W COLAGSEIRIICEELE L 72 17(S),18(R)-
EpETE %% CHS %3 2 DD TH~7, Z DfHE. BM-3 17(S),18(R)-EpETE
bEZENOMENEZIGIL, MIBIEEHZRT Z L2392 o7 (Figure 1-4A), X5
I, FHERSA T DFE L, BM-3 17(S),18(R)-EpETE % G545 2 & T, BENH oD

JE L S N BB~ D MR 23 ] & 4 2 Bk 23815 & L7z (Figure 1-4B),

(A) _ 2001
£
3 150} o
£ o0 v
= r 0® *J¢
[ )
] o
2 50 go°
K o (1]
0;
Sensitization + + +
Elicitation — + +
BM-317(S),18(R)-EpETE — — +
(B)  sensitization (+) Sensitization (+)
Elicitation (-) Elicitation (+)

Vehicle Vehicle BM-3 17(S),18(R)-EpETE

v g'
e ’> {

ij—

Figure 1-4. CHS was ameliorated by BM-3 17(S),18(R)-EpETE

(A-B) Mice were injected i.p. with either 100 ng/administration of BM-3 17(S),18(R)-EpETE or
vehicle only on days 0 and 5 at 30 min before DNFB treatment. (A) Ear thickness was measured
on day 7. Each point represents data from an individual mouse, and horizontal lines indicate
medians. Statistical significance between groups was calculated by using one-way ANOVA; ****,

P <0.0001. (B) Ear tissue samples were obtained on day 7. The frozen section was stained with
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HE, and histologically analyzed. Data are representative of three independent experiments. Bars,

100 pm.

4. PRAEYIEESR BM-3 Z B\ CEA L 72 17(5),18(R)-EpETE D7 hBRiEEIMNHE 1

(+)17,18-EpETE (4 ER DR BT % M3~ 2 & & THFHhER D RE Rl ~ D E %
MK L, CHS Z#M 3 2 S L AWE I N T2 28, 22T, 7u—HF A F X+ U —fiF
FrCX VMG ICE T 20 ERECEHIE L7z & 25, (#)17,18-EpETE & [FIBRIC, BM-3
17(S),18(R)-EpETE % JEEN 53 2 & & TRIGICE T 24P EREDSIBA 5 2 L 235y
2> 7z (Figure 1-5A) . & O AR 72 AT DF5H. BM-3 17(S),18(R)-EpETE % ¢ 5-3
52 LT, EETEDONS Ly6G B iR % C & 239 % - 72 (Figure
1-5B),

RIT,CHS T~ v RIZET 5 BM-3 17(S),18(R)-EpETE D¢ 5 &K1 % Fi~ 7=,
Z DGR, —blH72Y 1 ug 7213 100 ng ZIEPENE G5 2 L EA O K O KREICE
F 2 AR E BT L7223, 10 ng 2 JERENTZ S L CTH MF R ERED 13580
b o7z (Figure 1-5C, D), T D Z & 225, BM-3 17(5),18(R)-EpETE 13 /& E 7 & O
ICEROBIC—REIH 72D 100 ng LA LD REREENIE G352 2 & T, GBS EIHIfE

M %S L7 CHS MHIZNR 2 T 2 2 L B30 o 7z,
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Elicitation — + + +

(£)17,18EpETE — — 4+ —

BM-317(S),18(R)-EpETE — — — +
(B) sensitization (+) Sensitization (+)
Elicitation (-) Elicitation (+)
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£ s 2 § I ® . &

EIRT YT I Y
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Figure 1-5. BM-3 17(S),18(R)-EpETE reduced the number of neutrophils in inflamed
skin

(A-B) Mice were injected i.p. with either 100 ng/administration of commercially available
Cayman (+)17,18-EpETE, BM-3 17(S),18(R)-EpETE, or vehicle only on days 0 and 5 at 30 min
before DNFB treatment. (A) On day 7, the number of Ly6G" CD11b" neutrophils was measured
by using flow cytometry. (B) Frozen ear sections obtained on day 7 were stained with FITC-
labeled Ly6G mAb and DAPI for immunohistologic analysis. Data are representative of two

independent experiments. Bars, 100 um. (C-D) Mice were injected i.p. with either 1
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ug/administration, 100 ng/administration or 10 ng/administration of BM-3 17(S),18(R)-EpETE,
or vehicle only on days 0 and 5 at 30 min before DNFB treatment. (C) On day 7, ear thickness
was measured. (D) On day 7, flow cytometry was used to count the cell number of Ly6G" CD11b"
neutrophils. Each point represents data from an individual mouse, and horizontal lines indicate
medians. Statistical significance was calculated by using one-way ANOVA; ** P <0.01, *** pP

<0.001, N.S., not significant.

5.  BM-317(S),18(R)-EpETE D BR{R ST B i i

HFHRBEREMMERTCTH 5 IMLP IC X 2§l % Z T, #FhERD 8N 3 2 BRI fid 3 koe
DB % (+)17,18-EpETE X GPR40 {K{FMICHNG] 4 2 C L AME I h Tz 2, 22T
KT, HFhERDOBEIERIC 3% BM-3 17(S),18(R)-EpETE D25 % B ifid> & 43t L 7-
TR ER %2 TR 7z,

fMLP fill# % Z I 7 4F BRI ES T 7 F v 2 b /e 3 28faiig () 2T 2 2 &
o, BAT 7 F V& A Phalloidin IC X > TR L, BEMBEICBIE L 2B, &
BT 7 F VB —TTHICREL T REZRESEEK I Tw 2 LR L 72, RRTEK
DHIEZBHE L 7-FE 5. BM-3 17(S),18(R)-EpETE % #hN$ % Z & T MLP &M it rh
ROBETE MG X 305 & & 239322 - 7= (Figure 1-6), — /7. GPR40 K~ ZDHF
Bl ST Bk & F W 72T T iE. BM-3 17(S),18(R)-EpETE % ¥l L T b iF R D 2 2
BOUINE & e o7z, TDZ & A5, Cayman (£)17,18-EpETE % F\ > CTAT 4 4172 LAHT
DMERER L —FL T 32, BM-3 17(5),18(R)-EpETE ¥ GPR40 (K71 & ER DR E

BLAR TGS % 2 & BB IR 5 7z,
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fMLP (34RO —JGELER T & L CHIS NS DICH LT, RIERFAT~ &=L
TEMFPERA S EE L. X 5% 2P ERORM%Z 2T LTBs 1 “IGELER T &
LCHIbGNS, £ T, LTBs FHEMEDIETEHICH L TdH Ak OB 21T o7, 2D
fER, BrAR~ v RO ArhERE V72 BRIC i, BM-3 17(S),18(R)-EpETE 2° LTB.
FEEDO BT Z I L 72z D1k L €. GPR40 R~ v AR DAFHER T I3 2
TR 2 3 L 722> - 72 (Figure 1-6), T D Z & 25, BM-3 17(S),18(R)-EpETE 14t
BRD—R 7% & NI “IGEALTERT-IC X 2RISR LT, GPR40 ARAFRICHF R ER DA
RIEHZEST 2 2 EBHL IR o 72,

RIT, CHS BIEICBbZr A A v LT, IhEREFEIIT 275 Eh 4 v ThH D
CXCL1, CXCL2 MU THifa % #5132 7 €EH 4 v TH % CXCLI, CXCL10 D#EIRT
FEHLCTH3 % BM-317(S),18(R)-EpETE DR % Ji -~ 7=, % OfGF. RAEEREE D HIC
BT 5 Cxcll. Cxcl2, Cxcl9. Cxcll0BIZTFERICHF 5 BM-3 17(S),18(R)-EpETE %
o830 b7z o 7z (Figure 1-7), I HIC, CHSHEDOZ 727 X —L LT
MoND IFNwyZ 2 — F ¥ 28T Ifng DEHICE T 28R FREBEZFALL A,
BM-3 17(S),18(R)-EpETE |3 Ifng BInT-FHHEICHE 2 5 2 /b > 7 (Figure 1-7), Z
DT &5, BM-3 17(S),18(R)-EpETE 13 CHS RJEICRED 2 KIGD 7 EH 4 ViBIGT
FIRINe T MRS o BIFIER 3R & 3, P EGEIRICER T 2 © L 29

I,
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fMLP (-) fMLP (+)

BM-3
(+)17,18-EpETE  17(S),18(R)-EPETE

Vehicle Vehicle
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GPRA40-
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LTB4 () LTB, (+)
BM-3
Vehicle Vehicle 17(S),18(R)-EpETE
WT
GPR40-
deficient

Phalloidin / 3

Figure 1-6. BM-3 17(S),18(R)-EpETE inhibited fMLP- and LTBs-induced neutrophil

pseudopod formation through GPR40

Neutrophils were isolated from the bone marrow of wild type and GPR40-deficient mice and
stained with Acti-stain 488—phalloidin and DAPI for evaluation of pseudopod formation.
Neutrophils were incubated with commercially available Cayman (+)17,18-EpETE, BM-3
17(S),18(R)-EpETE, or vehicle only for 15 min before stimulation with fMLP or LTB4 for 2 min.
Data are representative of two to four independent experiments. Arrowheads indicate pseudopods.

Bars, 5 um.
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Figure 1-7. BM-3 17(S),18(R)-EpETE did not affect gene expressions of chemokines and
cytokine

Mice were i.p. injected 100 ng/administration of BM-3 17(S),18(R)-EpETE, or vehicle only on
days 0 and 5 at 30 min before DNFB application. On day 7, ear tissues were homogenized for
isolation of mRNA, and qPCR analysis was performed to measure Cxcll, Cxcl2, Cxcl9, Cxcli0,

and Ifng expression, which was normalized to the expression of Actb. Each point represents data
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from an individual mouse, and horizontal lines indicate medians. The statistical significance was

calculated by using one-way ANOVA; N.S., not significant.

6. BM-317(5),18(R)-EpETE & U} 18-HEPE, RvE1 DZSIE B I iFhERIR 2
RIS

CYP IZH¥ 7 £ 4 7T X o THE T 2 SIS0 8 v | il 21X EPA @ 17,18-EpETE ~®
ZHC B D B TR X LAUBIG DAt AKEBCEIG R B T v F AU RS 72 &% IR b 72 % T
LG % fil# 3~ % , #iE> T, CYP I% EPA % FEE & L 72B%IC 17,18-EpETE DA % 5
7207 <. RvEl DHIEMATH V. ZHHE b LIED RIECHHEA 2 T 5 2 1/ %
FiD 18-HEPE OAEICH b 2 “45, X 51T, 18-HEPE & RvEl OFRED—D & L THF
HERDEEE Z IS 5 2 L R E I N T2 2 &5 “4 18-HEPE K UFRvE] & BM-
3 17(S),18(R)-EpETE D4 HER D J& 2 il i 14 % tei L 7=

~ v A EHEH Rk E IMLP CHIFELT % & . BM-3 17(S),18(R)-EpETE. 18-HEPE,
RVEl ®AT2% 1 pmol/L, 100 nmol/L TIRETEH % #Ifil] 3% & 2393525 7= (Figure 1-
8A, B), —7i. BM-3 17(S),18(R)-EpETE % 10 nmol/L T} RS % Ml L 7223, 18-
HEPE 7z & ONZ RvEL (ZRE K & ] L 72 2> > 72, BM-3 17(S),18(R)-EpETE D12
FAMHTE M 1 1 nmol/L TIHAK L 72,

T 5T, Bk E LTBy THIBL L 723541213, BM-3 17(S),18(R)-EpETE, 18-HEPE, RvE]
DATH 1 umol/L. 100 nmol/L THRBTEH % Ml 32 Z & 2357 > - 7z (Figure 1-9A, B)

—75. fMLP THIBLL 72356 & 13872 0. BM-3 17(S),18(R)-EpETE (% 10 nmol/L T &

35



TER 2 B L 722> > 7225, 18-HEPE & RvE1 I3{RJETERE Z 1] L. 18-HEPE & RvEI

(ZH0 1 nmol/L T FEBHIHIEVE 2 WK L 72,

(A) fMLP (-) fMLP (+)
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1 pmol/L
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10 nmol/L
1 nmol/L
®

£100 r —e— Positive
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Figure 1-8. The inhibitory effects of BM-3 17(5),18(R)-EpETE, RvE1, and 18-HEPE on
fMLP-induced neutrophil pseudopod formation
(A-B) Neutrophils were isolated from the bone marrow of wild type mice and stained with Acti-

stain 488—phalloidin and DAPI for analysis of pseudopod formation. Neutrophils were incubated
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with BM-3 17(S),18(R)-EpETE, RvEl, or 18-HEPE (1 umol/L, 100 nmol/L, 10 nmol/L, 1
nmol/L), or vehicle only (0.03% ethanol solution) for 15 min before stimulation with fMLP for 2
min. Representative images from two independent experiments are shown. Arrowheads indicate
pseudopods. Bars, 10 um. (B) The ratios of pseudopod formation of neutrophils were calculated

from two independent experiments (mean £ SEM).

(A) LB, (-) LTB, (+)
Vehicle Vehicle
BM-3
17(S),18(R)-EpETE 18-HEPE
1 pmol/L
100 nmol/L
10 nmol/L
1 nmol/L
®
% 100 —ae— Positive
§ 80 2 —o0— Negative
2 ‘.'\ —u— BM-3 17(S),18(R)-EpETE
c %
o oo Te e RVE1
% w0 \ - \"
g \ . — 18-HEPE
'g 20 .,
LS S
e 0 1 2 3 4
log, (nM)

37



Figure 1-9. The inhibitory effects of BM-3 17(S),18(R)-EpETE, RvE1, and 18-HEPE on
LTB4-induced neutrophil pseudopod formation

Neutrophils were isolated from the bone marrow of wild type mice and stained with Acti-stain
488—phalloidin and DAPI for analysis of pseudopod formation. Neutrophils were incubated with
BM-3 17(S),18(R)-EpETE, RvE1, or 18-HEPE (1 umol/L, 100 nmol/L, 10 nmol/L, 1 nmol/L), or
vehicle only (0.03% ethanol solution) for 15 min before stimulation with LTB4 for 2 min.
Representative images from two independent experiments are shown. Arrowheads indicate
pseudopods. Bars, 10 um. (B) The ratios of pseudopod formation of neutrophils were calculated

from two independent experiments (mean + SEM).
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—RENCAF B LD LR EZTOTIALAY DA EZIT ) & SIKE RIFDSH
GEHRIC D 2ILAMPERT ORI 572 T & IEMPERI NS, 2 BEOEGRIERD
PIEC AR R B XIS & A ETRI U CTH 2 03, ARBETEA K & { Bir 2 FHIAFEST 2
Eho M RITOaMREEE R T 3 RGERERO A2 GG L2 EEML 2 EET 2 L
T, IR OHIELEIEH ORI, Zatbom b IRHEOA & U3 iffcE 2, i/
DEREERB AR G Z R T 77T, b 5 R T D RMEERDIGTERIEN & 7 b B %
RIFL7=H % mEHE LT, 1950 ERBFICIEIRE-CHEFEE e L3I F
~A F0EFLNE, Y F~A4 PRI NZLSWIEF ) F~4 FDo S ke R FED
2 DDFREMARE ST 2 2 EAHL 2 DO BRMEEMBER T o 7 IREETIRGE S L7z,
YU P4 Fid RGBT - HEIRIEAZFo 010t LT, S IRICIZHRTEMAER 225 -
o B9, 2D eh b, RIBOFFOIHERLELIEETH o 72Dt LT, S (RoiGHA
RIVEF & LT, KM ZREENLC 572 89, ZoFfFEx % > iFic, FFICEY
HZ DI B W CHBREMEAROEBIEE ICEE A bN S Lo ick Y BfETIR, A
T DBRMEROFRFOLFE L 7\ i % Bl L | SEOIRIRNR % {3 2 720 I Hi— o
BEERER T ERGL ORISR I N T S

AW D & (£)17,18-EpETE D 2 DO HFUREMEER D 5 B 17(S),18(R)-EpETE 2358 > 7

L — R AR R 2 & 0I5 I A5 228, KIS 17(R),18(S)-EpETE
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b F 72, 17(R),18(S)-EpETE T D AEFFEREZ /R 3~ Z & 3G T A Twr 5 3051 i 2 13,
FAR T v bUBHIIEE 728G 2 50 17(R),18(S)-EpETE (X7 v+ A3EHAL A Y
VLT ANEEWAT S 2 T OB R S & 2 ADERHER 2R 77T,
17(S),18(R)-EpETE 1358 % 5 2 a\ PG I N T 5 0, SRR o L (3.0
~DER & L Ci O fER %2R 325, BRI O~ B EZ 3 2 & T Ol
g7 b NIC DA R BFRT 5 720, ADERHEM % 2 EH MO AR DRI
LT3 02 fE 5T, 17(R),18(S)-EpETE 13- DLAE DRI D [REW 23D 5,
X 5T, 17(R),18(S)-EpETE X 7 v b KIMEMRINE FaBfiidic 310 2 Ao v L3
ML) 7 LF v 2 %S 2 2 & C, MMELRZ{EET 2 —75 T, 17(5),18(R)-
EpETE IC Z DG IO N W I L BMEIN TS S, ZhbD e h b,
17(R),18(S)-EpETE (X A1V & v LGEMEAL A Y 7 L F % A % 17(S),18(R)-EpETE 1%
GPR40 %L C, ZNZ 7 2 LHEEREZ IS 2 2 L 2RI N7z, Eo T,
17(R),18(S)-EpETE & 17(S),18(R)-EpETE 13 7 & I{Ak & LT TId7R <, H—oHiREM:
e LCEEMFERICHWONE RETH Y | FFIC 17,18-EpETE OHIRKIEMEH % T &
L7zESS 2R T 2B, 17(5),18(R)-EpETE Hi—THW 23 Z & T, 17(R),18(S)-
EpETE D Ff2 MELIRIEAICKER 3 2 MFE O 28K T2, 7R ok & oRIEH O
VR 7 ERERTE B LHARFT 5,

HrRERIZEAT 7 F v BRI L EREERTER S % C & <, fildof%8% nHgic

LTw3 3, ki, Mg > 7" F VsER T CH % Rac DIETE(LIZ. M E) i< ) <
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TR DIER & (et s 2 70, MligleE B Ic s W CHEER 7u 2 2 CTH 5 *5, F

FHOFTET 25EE TlE T E TIT, (2)17,18-EpETE %% GPR40 {RTFHYIC & hER D tMLP

FHENED Rac WEIELZHIHI T2 2 & CIREERZHE ST 2 2 2 MEL T2 2, 35

WCARIZE D> . BM-3 17(S),18(R)-EpETE %* GPR40 {K{7-HY1C fMLP & LTBy D i /5 D Hll3L

IR T 2 IR BB Z 3 2 2 L S b 2212 78 o 7o #FHRERD Rac W& PEAL X MLP 72

JTRLIByICE o THEIERI I NE T L5 56, BM-317(S),18(R)-EpETE 1% fMLP

BN LTB RIS & 0 558 & % Rac i ALz #IHI S 2 & & ChFhEk o ek 2 L&

BT EDPRBEINT, —F., RVELIZ LTBsZABAEDBLTI 07 v 2=+ & LTIE

Fi3 % th, chemokine-like receptor I (ChemR23) 7 =& + & L CHIEHAT 2 Z L ®

WEINTWE T, Z2DZ &5 RVEL I3, BLT1 7Tv &2 I=xFr e LTOEH%ZNL

T LTBsiZ &I ZMHIL - E 26N 5, ¥ 512, ChemR23 L 7-v 7 F

N DIEVEEDS MLP GHEMED U ERDEMEZ IS5 5 C L E I N TwB 2 L

5 % ChemR23 7 2= b & L COERHZ/ L T fMLP FEM:DIREAK % 1] L

7-&E 255, 18-HEPE (3 4FHER2SFHILT 5 5-LOX /L T RVEl ~& A g

T &D 5 ¥, 18-HEPE H & 23 ER DR TE A &2 I L 7z afgEME D fth. RvE1 ~D

Z9r L TR ER D TR 2 B L 22 IR E 2 b b, ThodDZ & h b, RyE]

& 7 OHIERAD 18-HEPE (X GPR40 JERIEAIIC IMLP & LTBs D ili /5 D HlENCHE K 3 2

I ERDBUE IR 2 I L 72 & & 2 5 4L, GPRA0 KAFIY I A rhER o (R R K % #1176 L
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72 17(S),18(R)-EpETE & (3% 7 2 EF A 7 = X 2 Tl hEREEIHITEE 2R3 2 & 28

Mg XN,

#FhER I3 ACD DfillflIc BV THERIENMIEE 22 2 LMo TE Y (P21,

Pt Ly6G Fifkic X 0 iR 2 FR I ICBRE T %5 L CHS O BN OEN G T 5 2 &

DG TN TV O WEFPERIRMPZIEER L Tw 5205, RIS A M4 w27

EAA VORI EZ T TRIERAT~ &= L 22 LRz, 7o 77 -2 o

SR DI S VETE R R L RAETEY A 1A v, LTBs R EDORFEEA T 4 = — &

—DREAEN LT, RIEHEEE HBEE L2 R T 20 X5 %, ko

ZIr L7z IEDIEET ACD 7210 T/ K| FZEECIEIER., 7 7 v — AEEIIREE(L 72 &

Lk RAEERETHREDOON D Z b 4 IFhERORE 2 EEIH 3 2

17(S),18(R)-EpETE 134 HER Y D 28 i 152 8 D FEFEHN R - s i L Cl/A < i T

x ZAREMED D B, E7-. 17,18-EpETE D2 AMK & L CT[HEIE X 1172 GPR40 13, DC %

T #iE, =27v 77—y, BisMiclTihiRkcamdRElTs 2 L2 2

17(S),18(R)-EpETE (% CHS #5E 1cBb 5 T Ml OiEHEAL L N RIEMEY A F A A4 v 7

ENA VOELEICRFEERE 2T EH B, 17(S),18(R)-EpETE 1Z{th @ feyZiifd o

M2 AEYNCHIES 2 2 e Thl 2R SN AITEH 2R3 iR R w & F 2 5

ns,

INFETIC, a V) /L VvBREEICEDHEMRCMAERTS L, KNTal) /L v

MY TH 5 EPA ®° DHA L 2o 0RO ESEMT 2 LA HEINTE
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D, ¥FIC 17,18-EpETE 25 CRPEE E % EPA REMWITH 2 2 L 2303 o Tz 3,
fit> T, BB 5 CYP i LOX ® COX 7z & Db D IEEEIEER & bR TEw
AIREED S %, & T CYP (IFHE-CHG, BB, M. K 7e &% O fth DRfdEs I b RS
2200, KN A i, C 17,18-EpETE 2SEAE I N D LEZ LN D 5O, L L
m3H, b FTIE S8, =7 AT 108 B D CYP A3F7E L 34707 &ff CYP D EH
FrE L B O ISEIRE S R 5720 &b O O BYEARIER SN2 O 1 KE%E
g% CYP OFEFICIKIET 5, il 21X, EPA % 17,18-EpETE ~ & A fan[E 7~ 7 X
DIENICTFIES % CYP D TH, CYPIA2 IZ EPA % 17(R),18(S)-EpETE ~ & 37.{A54R
MIC AT % — 75 T, CYP4F18 (X 17(S),18(R)-EpETE ~ & Z5#1 L . CYP2C50 % CYP4A12A.
CYP4AI12B (34 D AGEIRYEDME < 17(R),18(S)-EpETE & 17(S),18(R)-EpETE Dk
EYEELET S 3, e PO CYP D&, CYPIAL © CYPIA2, CYP2C9. CYP2CI9,
CYP2EL, CYP2]2, CYP3A4 IZE\> 17(R),18(S)-EpETE Z#ait Pt % /R 3—75 T, CYP2C8
< CYP2D6 x>y 17(S),18(R)-EpETE Z8HaiG i % /3~ 7, Mz C. CYP T3 % k&
BFLEIMPEE L BRTEMOMELZ T CHRIGEIED S Z L BHILh TS C
&5 AT 17(S),18(R)-EpETE DIAMNEARICIHEAANZEZLH S5 E 2 b, /2. CYP
BILrRAR KA RRTFIcX VRGN TEB Y., Hl2E, 17(R),18(S)-EpETE % 37k
BIRWICEE T 5 Cypla2 BRTFEBUL T B IER KR Z AR (aryl hydrocarbon receptor;
AhR) VAV FOEERZT, 7ava ) —xFx XY, A )7 77— UL R
HICEFICEEINTHEIA Y F—AL3-AAE ) — AR ERRICHEET S AR VAV F
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X o TiEMfbE 2 2 MBI N T WD 2707, %72 CYP4A12 % & CYP4A10
© CYP4A14 72 £ D CYP4A 7 7 3 ) — DB FFBUL, S A4 F & V' — ZTEAIGE
2B (peroxisome proliferator-activated receptor; PPAR) o D iEPE(LIC X - CTHIIFHI X
N3Z &b, PPARa D17 ) v F& LTE< EPA ¥ DHA % & D EH#HLA
BURINENG 2 RY 72/ =N, haT /) 4 VEOMELZIT 2T EIRBEIND 88,
INHLDZ E&h b, EPA DRFHZEIEOE V| (ANICE T % 17(S),18(R)-EpETE FEE &2
FHE LA B4 A7 3 HERHEEIB R 72 0 C < L BE & i ITiBIS 2 BEMDIC X
LELRTLLEZOND, IHIC, BAMEZIZC® & T 2BEY D F ik
RENCBID 2 2 & 026 485 RNICHTES 2 IBNHIEE . B. megaterium 75 & Bacillus |&
WA % &L A2 O 7 EREFER T SR OTUEY 23 17(S),18(R)-EpETE LRI
BhEE 2 0[EERDH 5, 2D X 51T, 17(S),18(R)-EpETE FEAMEME 134 7 A 112 X
LWERRZTLLEZONDE O IR T LA F—FHACEE LW
ABEME RS S 220 0Cid, HilARL 25 o )/ L VSR EPA BT 5 X0 b, £
BNETE A 3 5 HI D NENRLCHY &2 EHAEI L 2277 M NE 7 B R R R %
BrenTEDLLEZ D,

AT I I\ THESZ L 7= WIS % TV 72 17(S),18(R)-EpETE & Rl5 i % i &
28T, KEBREAM, KAV F—a R bLvole A AL R % EDL 72
17(S),18(R)-EpETE O KEMEIGAAIHEIC 7 5 L& 2. 17(S),18(R)-EpETE O [ 3 5 o fid
FEEMEM L L CoRMALSEEIC R 2 LT 5, X 51T, EPA 25 17(5),18(R)-
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EpETE ~DOZHNE 1 E > CYP 2R FFT 2 B O H 2 MEM O R 2 D 5 & & T,
TaNAFT A AL LTORMOAIGETH S LER D, T4 FT 4 7 ZAHEL
THAEVHEO B RREIRR AL F T 4 2 2 LW, Fiz & e L GRE
FHZED TS Z L5, 17(5),18(R)-EpETE O FEM & L CoJGHERIC 2 T, f3K
ICIdZ OEARER FFOMAEM R IEA L 2 (@R e L CoICHER D AEETH 5 &

Wi s %,
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INFE

AWFFIC X Y| 17,18-EpETE @ 2 FHFH DR EMARD 5 5 17(R),18(S)-EpETE X b
b 17(S),18(R)-EpETE IR WPLRAETE D H % & L 28 S 221272 - 7= (Figure 1-10),
X BT, B. megaterium H2K CYP @ BM-3 %\ CEEA L 72 BM-3 17(S),18(R)-EpETE
b ¥ 72 CHS MIHEEZ G L, 2D A H =X 4k LT GPR40 %4 L THFHERDRE D
e ZHE L. BRI~ DI hEROZE 26§ 2 2 L 2SI Lz, ThHD
T eh b, WEEIRESR & TG U 7o BEREMERR R IR () 0 SLIREINI e 0 ©
5T BT,

St RUTFERER 2 HAE & U<, BUEMEESR & 7 BRI IR ) © 2R
RPN > DLE L 7z KEAE & R A3 RTREIC 72 D . 17(S),18(R)-EpETE 23 [E3HE iR

MR RmBEM a8 LTRACHM IS 2 L 2ifFs 5,
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Figure 1-10. Graphical summary*
17(S),18(R)-EpETE has strong anti-inflammatory activity compared with 17(R),18(S)-EpETE. In
addition, 17(S),18(R)-EpETE, which is converted stereoselectively from EPA by CYP BM-3
derived from B. megaterium, inhibited the CHS development by inhibiting neutrophil pseudopod
formation in a GPR40-dependent manner. Our findings revealed that bacterial enzymatic

conversion of fatty acid is a promising strategy for mass production of functional lipid metabolites.
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R TR A A 77 3 IEMBRAHBRE 2 A L TEE I NS
FeRABR AR D RIE & 7 Lo X — 1 57 1 4 I o fZHH

AL
\

RAENCRIER - FURIEMF 2 R0 4 2 77 3 BB oA X, 7 7 F F Vg

27— Kol b cdH % COX. LOX. CYP IC X o THFICfilliEx N3 16, Hijz

THIENTW 2 K5I, T oMERICIISCRFRIE LA E R S 7 SRS VR 23 5 7

LRIV T XA THFIE L IR OWEE L DRFED e 2 720 T L B

B RBGHEE D Ra s 2 e BMoN TS, HlziE. COX ITIIMERTGTEDLZ

NEFNELZ COX-1 & COX-2 D 2 FHIEANTELE L, BT COX-2 13 AW R ik %

32 LIRS 5 %, %7, COX-1 [ZIEH YLk IC B\ TEFICH

BT+ 2—7. COX-2 FRIEEIA P A VRRIEMEAT 4 T — X =12 X o THREN

FHEINLFERERTH 2 ¢, COX 2R L L PRAEANT RS & L <

LIS HLNTED, fHlz1F. NSAIDs D—fETH 3BT A Y ViZ COX-1 & COX-

2 ZAEHAL L. COX-1 MU COX2 IC X WX Nd T I F F VLSO T AR T

SV VHHRIEAD Tu R &2 75 vV Gy ~DERETHE T 2 2 L offEh. SR

e wo2PREERZRT Y, LaL, TAEY) VAL X 72 COX-2 DEE{LiEN:

FERICHAE T, LOX BEER R L7zE £ e A2 hb, TAY Y VALBE
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N7 COX2 W37 7F FviBa 7 uxx oYy G EI3ELR IR 5-e FeFs

IA YT F T VBB T L o 2R E D 68, 2o COX-2 DFiE%EFIA

L 72 X 0 L EPA 2> 5 RvEs Hilll{ATH % 18-HEPE # FEATZ 3 2 L ARG INT

1()5 44O

LOX 113 % NZ RIS % B8 DALE ) O A ) O SRR TE DS 52 7 2 SR 25 v

7ZINTED O, HlzI1XEPA Z#EE & L7-5E1CE, 15-LOX & 15-LOX-2 DfEAIC &

D 15(S)-HEPE 2%, 12-LOX OEFIC X Y 12(S)-HEPE 725, 12R-LOX OfERIC X 0 12(R)-

HEPE 78, 5-LOX OEFIC X Y 5(S)-HEPE A EICELE SIS ¥, 72, w7 RICHKEHT

% LOX ik b e RTEBRYOREEIME L. Bl 21X, AloxISh iICa—FInd 15-

LOX-2 1 15-LOX & L CoiEH7Z T T { . AEIFIAGHIE D 8 MLICEREZ RIS % 8-

LOX BRiEith & Fio %, (ANIC B 1T 2 £4E LOX DA Tl OfifHIC X o TR D |

LOX-2 % 12-LOX. 12R-LOX lF F i ZJF < FEHIIE, /MRS W THRRBZ B 5N S

— T, 15-LOX KO 5-LOX X HIMMEKICHEL CTRHET 2 EE5bN T3 ¥, 7=,

EPA fR##¥I<TH VMW PLRIETEME % 78T RvEs (3. 18-HEPE Z 3B RE & L 72 LOX

R & CEEA T L RVEL & RvE2 [33LICAF R ERICREFEI 9™ % 5-LOX 1T & o T 10450,

RVE3 (ZHFEEER ICEHILT 5 15-LOX IC X > TEAE I NS 9,

CYP I, FE. B, fifi. M7 13 L A X ST OlRERIC B W TRHALED

NEZBRTHY, ZROI 724 THREEI N TS, %4l CYP 3% 02 nAUHTR) =

PCHRIEEICEVWDREH 0D, —MRICHEEREE KW &2 s Tw3 2, CYP
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ZNLCEEINDENBAHY L LB, 77F FvBeRE L LEGAIC
VEIMAE T A S U BRAR A 75 & & H o A FIREE < & 0 | RIS & o BiiAs
BRI hTws 1L,12-2FKF > a4 b Y TV (epoxyeicosatrienoic acids; EET)
£ 14,15-EET?, EPA #FE & L 25 AICIIPIT7T LA ¥ —, JIRIEMER 25> 17,18-
EpETE 2% H % 3, ¥ 72, EET % 17,18-EpETE & \» o 7z TR ¥ VRS % o
MEWGER X, AN CHREET R F & Mk R ofzic k h 2 oicf@ T, e
FexvzfayrVzviEeyeitexvofays o v
(dihydroxyeicosatetraenoic acid; diHETE) 23EAE X415 Z & 3H1 H LT B 329394,
EHOMET AMRECIRINTTIC. A AN IEMBO 1 Echbsal) /L VE
REE AT A ERL 2~ 20BETIE o VL Ve 2 oREWD
EPA 2588013 2 DicffEvs, EPA 28 CYP I X » T & T4 U % 17,18-EpETE 235
A X N A S HRR M 2 B L 2RI b3 BT LA X —FEHO T
FOMEINEZHI LT LA & LTHEET 2 2 L Z L ic L7z 3, —,
HRR Il 2 B L 72~ v 2RO RFFLHIC X, EPA fREI O DPA 28X 512 12-LOX IZ X
ST EN 4-e FeFs Fayrty i v (hydroxydocosapentaenoic acid;
HDPA) 2SEMEEGENE L 2HE L TH Y, EE, ARCH W TRD b FiY
) 7 RERARE BRI % /- L € 14-HDPA EEEDBERLICfThIL Tz %, X 61T, 14-
HDPA 13572 A L T = 7 R ICBT L T E M ARISHA TG i F6 8 3 2 Mt 7+
DRI ZFET L LT, ff~7ZAD CHS 2fil42 2 &L ZS I LTz %,
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INLDZ Ehb, BFL LTEIL A AN 3IENREIANICIIN S -k, 87k

PURAE - RAEPCRIE R % i3 2 (UHYIC KRR T 5 25, FEAE S 02 el Y o &

CHEIBGEICL > TRRZ EEX DN, DFE V. A AN 3 ENEEOSIEERFTE O

(A SEEARHERETC LA oTET NS,

A A 77 3 NEWERACH X SAE SO D SSENCRINC THREE 2SN L . Ry i< %

FEDURICBAD 2 RAFMKRMNTE A 7 4 = — 2 — L LTRWEI N &b, RIEFE

AERTE D NN & 2 FUE L 72 BRIC IREEDSIENNT % o 2 77 3 RGO [ E

AR ERHIT 2 S N E TIER TN T E 72, Bl 2. = v RAMEIERER © RAE)R T

Tld. RIEFHEZRDOICRIAIC RVE1 7' 1 7 7 5 ¥ DI 7z & OHLRAEWE M % F0 Na i

&V OELEBSHIML . Z DRI RIEDOPOR & & HITIP LT 2 @G Ih

T\ 722, —77 C B R R 72 4 2 77 3 IR OIS £V EDL o THE LT,

FricERTcs T 2@ N THHINT I b ok, TOXIBHERNPL, K

WS D A A 77 3 BEISTRIRAE A L CREEE & 15 A A 77 3 BEIFRRREMI A TE L, 2

D23 B T D RIEICE 2 HIH 35 & & THRIEGE 2 RS 2 alaetEniH % &

FZT7. X TTOARMZE TR, WA ZEBIL 72~ 7 ROKE BT 54 2 7 3 EHHEE

(RAM & RN L BB IC 35 CRAINICEEAE S 03 o A7 3 IRISTER A 0 152 &

7o T DIAT, RIE L 724 A 77 3 JEHIRICEY) © ACD & DRl L MER A 1 = X

L DA% LT 5 77,
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Vike S

€33 1L7)

HAZL 73 LLIEHASLC XY AL 72 6~8 kD C57BL/6 KX U BALB/c @ Jiff
~ v A& EBICH Iz, FREEEIRL (Table2) & LT, 4% (wtywt) KEHEFHE (F
Vv ZVEERE) F 72103 4% (wewt) BRFR{HEBERL (X ) = v 2 VERE) &,
2 1 A~ v R KRB L 7= B 1C FEERIC W 72,

IR XA Y 70 T v & FC CRREE ., BIMEI 2 372 2 & T~ v 2RO & /)
FRIC L CTREIL T &7z, I DT MO FEER T4 T, ENZWFSERAFEE N EIR LA -
FE - KRB FTEY R ICHE L KA LS GBI - TIT o 72 (DS27-47R9,

DS27-48R10),

Table 2. Composition of diets

Concentration (% wt/wt)
Ingredient

Soybean oil diet Linseed oil diet
Casein 14.0 14.0
L-Cysteine 0.18 0.18
Corn starch 46.5692 46.5692
Pregelatinized corn starch 155 155
Sucrose 10.0 10.0
Soybean oil 4.0 -
Linseed oil - 4.0
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Cellulose powder 5.0 5.0

AIN-93M mineral mix 3.5 35

AIN-93M vitamin mix 1.0 1.0

Choline bitartrate 0.25 0.25

t-Butylhydroquinone 0.0008 0.0008

Total 100 100
[CHS DF%#E])

F—FERLH D ST, CHS OFFE 1T - 7=,
AT R O RENiE & L C. (+)12-HEPE (12-HEPE; Cayman Chemical). 12(S)-HEPE
(Cayman Chemical). 12(R)-HEPE (Cayman Chemical). (+)15-HEPE (15-HEPE; Cayman
Chemical) %. DNFB % ¥4i 9" 2 30 7 HICHEREAN G £ 72 13 H I (—RlH72 9 100
ng ¥k 1pg) L, avbu—ne LT, BENESDEEIX 0.5% (volivol) T X
J —V[PBS % . B OHE T 50% (volivol) =X /7 —v/PBS ZfER L 7z,
LF /4 F XZHEM (retinoid X receptor; RXR) pan-antagonist T % HX 531 (Cayman
Chemical, 40 nmol/administration) (%, 12-HEPE Z A4 % 60 0HTICEA L7z, 2~ b

o—n & LT 25% (vollvol) ¥ AF VALK F L K/PBS Z{HH L 7=,

[FITC &M DCHEET v £ 1]
V= N—TEEH o7z~ ADIEEIC, 1% (wt/vol) FITC (Sigma-Aldrich) /7 % b
V7 ZNBEY 7 F v (1:1 [volivol]) % 200 pL ¥4 L7z, 12-HEPE (—[0l&» 729 1 pg)
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b LLIka v ba—i (50%[volivol] =%/ —/PBS) %, FITC %43 % 30 47l
SO 24 IR ISR IC 3B A0 L, FITC %340 L 72 24 FREfE% & O 48 eI i U v 3

Fii &\ L 7=,

GliEsE|

BB DO TE T, v AH MM o DI 21T o 72,

Y v o~ b ofifaEic s » T, X AEHAWTY Yol iRl L A, 05
mg/mL 2 77 F—¥ %N Z 7z 2% NCS/RPMI 1640 ¥5iN TR A B L e H 4 v
Fa—1F (154, 37°C) L. Mif@E#KZ L2 L4 F— (100um) TAET 3
Bz 2 Bl IR C & o, MRS A7z, &0 (400xg, 557, 4°C) 1. Tk
L7z z2 g iy 7 7 —ic X DI (149, i) L. 2% NCS/RPMI 1640 K5l %
MU TG % 1RO 7z, 330 (400xg, 557, 4°C) HOMAL% 2% NCS/PBS I
WL, VATV BTz, 1372#I081F 2% NCS/PBS IC&# L, 7 v —H 4 + X b

U — 7Tt L 7,

[Z7e—%4 XY —fET])

Bl HET, 77— A4 P X M) —fBEITo 72,

TREOHEAREY A (1:100) CTHlllE % J4fa L 7z, FITC-anti-Ly6G mAb, APC-Cy7-
anti-CD11b mAb, FITC-anti-CD8a. mAb (BioLegend, 100706, clone 53-6.7). APC-anti-

TCRP mAb (BioLegend, 109212, clone H57-597). Phycoerythrin (PE) —anti-CD31 mAb
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(BD Biosciences, 553373, clone MEC 13.3). APC-anti-CD49f mAb (BioLegend, 313616,
clone GoH3). APC-anti-CD34 mAb (BD Biosciences, 553733, clone RAM34), BV421-
anti-CD45 mADb. Alexa Fluor 647—anti—I-A® mAb (BioLegend, 116412, clone AF6-120.1),

MREN Y4 b A4 viR@ERix, 2 77 F—EULUEDFRIC Brefeldin A (BioLegend) %
Iz <R (6043, 37°C) L. fMifZFHEL 7=, SEMlifEIX Zombie-NIR Fixable Viability
Kit (1:100; BioLegend) TH:faL 7z, MifdREH~—H—Z2REL2H, A—h—D 7' nH

k2 VICHEVS, Cytofix/Cytoperm Fixation/Permeabilization Kit (BD Biosciences) % > C

<

AL D EE - iEBE 2T > 72, ¥4 F 5 A4 v PE-anti-IFN-ymAb (1:100; BioLegend,

~

505808, clone XMG1.2) Z MW CTHE L 72,
F v TN DT I MACSQuant ¥ 7z 13 FACSAria (BD Biosciences) % W CfT\>, 7

— Z RN X FlowJo 9.9 V 7 b ZHWT{T»> 77,

R HEAT )
FH—FRCH D Tk T MRREIIRT 2 1T o 7
SRR I, 1 XPUR & L T purified anti-mouse I-A/I-E mAb (1:100; BioLegend,
107602, clone M5/114.15.2) . purified anti-mouse CD3e mAb (1:100; BioLegend, 100302, clone
145-2C11) %, 2 X¥ik & L T Alexa Fluor 488—anti-rat IgG (1:100; Thermo Fisher Scientific,
A-11006). Cy3-anti-Armenian hamster IgG (1:100; Jackson ImmunoResearch Laboratories,

127-165-160) % > 72, Ly6G P o i kgLt O B FITC-anti-Ly6G mAb % F > 7z,
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[¥iEE & 28 PCR]

FEE LTHAZMEMAL, e LTRRGZRIE, ey F2LETE L

THEMEFONEY 2Rl Z i L7z, ik 5D RNA OfFRIZ, A —H—D

7'\ k2 WICfiEyy, Relia Prep RNA Tissue Miniprep System % F\»CT{T o 7z, FACSaria

Z W TR 72#ifE2 5 @ RNA it iz 2 XV — v (FH 74T R27) ZHWTIT

W, Pellet Paint (Novagen) IC X DX~ 1 v b Z AL L T RNA Ol Ol

VEZ#1T o 77,

H—ERLE D TTIE T, WG & qPCR Z{To 72, L7277 4 ~—FA4iZ Table

3T L7,

Table 3. Primers used for qPCR analysis

Species | Gene

Forward (5'-3")

Reverse (5'-3")

Mouse | Alox12 gatcactgaagtggggctgt cacacatggtgaggaaatgg
Mouse | Alox12b ctttggtcctgatggcaac gacaatcaggcccaggagt
Mouse | Cyp2c44 | ccaaccctcgggattacat cagatttcaggttgtgtttctcc
Mouse | Cyp4fl6 aggattgttgaccctgcatt ggcttcaggaagcgtaaaaa
Mouse | Cxcll gactccagccacactccaac tgacagcgcagctcattg
Mouse | Cxcl2 aaaatcatccaaaagatactgaacaa ctttggttcttcegttgagg
Mouse | Cxcl9 cttttcctcttgggcatcat gcatcgtgcattccttatca
Mouse | Cxcl10 gctgecgtcattttetge tctcactggeccgtcatc
Mouse | Gpr40 ggggtotgtgtgtggctat ggaagtctccaagccaagg
Mouse | Gprl20 ttgotgttgagcgtegtg ccagcagtgagacgacaaag
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Mouse | Lxra caggaagagatgtccttgtgg tcttccacaactccgttge
Mouse | Lxrb tgccagggttcttgcagt agcgtctggcetgtttctage
Mouse | Ppara cacgcatgtgaaggctgtaa gctccgatcacacttgteg
Mouse | Pparb gctcacaggcagagttgcta tggtacaagtgagtgggagaga
Mouse | Pparg gaaagacaacggacaaatcacc gggggtgatatgtttgaacttg
Mouse | Rxra acatgcagatggacaagacg gggtttgagagccccttaga
Mouse | Rxrb gccactggcatgaaaagg atctccatccccgtctttgt
Mouse | Rxrg cagaagtgcctggtcatgg ccteactctetgetegetct
Mouse | Tnf ctgtagcccacgtcgtage ttgagatccatgccegttg
Mouse | Gapdh ccttgagatcaacacgtaccag cgcctgtacactccaccac
Human | CXCL1 tcctgeatcecccatagtta cttcaggaacagccaccagt
Human | CXCL2 cccatggttaagaaaatcatcg cttcaggaacagccaccaat
Human | GPR40 gtgtcacctgggtctggtct ccagggaggtgttgcetgt
Human | GPR120 | gctcatctggggctattcg gcaaatcgaaatttcctggt
Human | LXRA gttataaccgggaagactttgc aaactcggcatcattgagttg
Human | LXRB ccgagcctgtagacctatcg tcaccccttctggaagactc
Human | PPARA gcactggaactggatgacag tttagaaggccaggacgatct
Human | PPARB gggaaaagttttggcagga tgcccaaaacactgtacaaca
Human | PPARG gacaggaaagacaacagacaaatc ggggtgatgtgtttgaacttg
Human | RXRA acatgcagatggacaagacg tcgagagccccttggagt
Human | RXRB aggtgggtgtttgggaaag ccccaagttagacaggaagagata
Human | RXRG cctgcgagccattgtactct aagggtggcataaaccttctc
Human | GAPDH gagtccactggcgtcttcac gttcacacccatgacgaaca
[~ v 2 BBt IR O HAE]

FHFELEDSTE T, = 7 REBEH R ER 2 L 72,
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[ HrBR{R R TR D i)

FER L 7249 BRI% 0.2% BSA/HBSS IR, 74 7wt Fvia—T4 v 7L
Te o= F A RICHML, 37°C, 5%CO, 4 vV F a2 X=X —NT 157504 v F a2
— F L7z, GFHFER% 12-HEPE (1 pmol/L) X TX 0.3% (vol/vol) =X ./ —A/PBS (= v
Fa—n) &G (154, 37°C. 5% CO) X727, 1 umol/L fMLP THIFEL (2 47,
37°C, 5% C0,) L7z, 2 b B —ITld, 0.03% (vol/vol) T &/ —1/PBS % 7=,
FIG#HDIFHERE 4% 7 F L L7 T b FCREE L 72%. 0.5% Triton X-100/PBS %
i L CEEUIR % 1T > 72, F-7 7 F % 100 nmol/L Acti-stain 488—phalloidin TH:{l

(30 43, Ei) . % DAPI THt 0 M, Fih) ¥ CHBLEZY Y T

% e S PEEE TCS SP8 Z# W THI%K L 7=,

(% 28 1 o> FFEAi ]

1% (wt/vol) T3 R 7)) — (Nacalai Tesque) /PBS /& % ~ 7 A EIRES L. 1 K
[t i B & B L 7z, EfA&% 3 NKOH (Nacalai Tesque) 1 mL HC—Hf v ¥
22—} (37°C) 3% 2 & THRME S 7otk MR EIRIC 1.24 mol/L HsPO4 1 mL %
ABHTETHMIL, 51T, T v 3mL 22 TR #EH%, =0 (1280xg, 15
48, 20°C) L. EiRT 30 R & L7218, EEOWOEE (R 620nm) % HIE
L 7z (SmartSpec Plus; Bio-Rad Laboratories), T-¥¥ A 7L — DR Ix 0~10 pg/mL O

MCcHEREZFIC 2 ETHEHEL -,
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[V v ¥Ry 7S]

KL LCHMZMERL, ik LT RE2EE, vty PaiLYCr e T
BELZONEY Z R 7=k 2R L 72, Pra=7 v —X (3.0 9; Tomy) 5 R (5.0
¢; Tomy) 1 K% ANz F = — 71k e A %2 7 — GRIBE RS : 25mg/mL. B : 100
mg/mL) ZHx. ©— XM (Precellys24 ERdiffifaikte & 2 7 Z.; Bertin Technologies.
6500 rpm. 15 #x2) %47 o 72, —80°C T—HiEHE T 5 2 & T, FHiko & NENIEE % fh
U 7zo BEWAEE I R %0 (1600xg, 10 77, 4°C) L 7=1%icf3 72 BiFic, 7 7 2 pEH
MR 2 E T 2 72 © O EAKERIEFRNEEELE  (15-hydroxyeicosatetraenoic acid-d8) %
ML, A=H—D7 v b aricht-> T, Mono Spin 4 A V71 7 4 Cii-AX (GL

Science) Z W72V v F I 7 R Y v 7V ORI 1T - 7=,

[V v F 7 =]

Wik v~ bt 2727 4 —EE5HE (Liquid chromatography-tandem mass spectrometry;
LC-MS/MS) ZH\W7- U ¥ F I 7 Zfi##H1iciE. Acquity UPLC BEH C18 column (Waters;
1.7 pm, 1.0 x 150 mm) % fi} \J 7= @ik 2 v <= b 25 7 4+ — (UPLC ¥ 2 7 & ACQUITY;
Waters) & QTRAP 5500 (AB Sciex) X U* Orbitrap ELITE (Thermo Fisher Scientific) %
W, T — ZENTIC 1 Xcalibur software (Thermo Fisher Scientific) % V72, % 72, Kinetex
C8 column (Shimdzu; 2.6 pm. 2.1 x 150 mm) % fi \J 7= =H# U EAGAVE & 047 5 LCMS-

8050 (Shimdzu) ¥ A7 L% >, LC-MS/MS method package Ver. 3 for lipid mediators
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(Shimadzu) % WP ICEE L Tl 21T 272, 7 — X f#HTI1C 1% Shimadzu Lab
solution LCMS software (Shimadzu) % Fv>7z,
Cayman Chemical #:#{® 5-HEPE. 12-HEPE. 15-HEPE. 18-HEPE. 17,18-EpETE,

17,18-diHETE % M\ T, JEMIRINEHVIER D72 OEmR 2 (FR L 7,

[HaCaT #ifE D55E]

CLS Cell Lines Service (Eppelheim) 72> & HaCaT #ifid * %8 A L. 10% (vol/vol) 7
CHBWRIME (fetal bovine serum; FBS), 100 U/mL ~=*=3 U ¥, 100 pg/mL A b L 7}
~ 4 ¥ v % & Dulbecco's modified Eagle's medium with high glucose (DMEM; Sigma
Aldrich) THi#E (37°C. 5% CO,) L7z,

HaCaT #lifid % 96 well plate ICfEFE L (3 x 10* cells/well), 24 FFfijE5#E L 72, FBS
% &% 7\ DMEM (IS5 % 288 L, 12-HEPE (300nmol/L) % /1A TA v ¥ 2 ~x—F

(30 7. 37°C . 5%C0O,) . Recombinant Human TNF-a (Pepro Tech; 100 ng/mL) T
Hll# (90 47, 37°C. 5% C0,) L7z, 12-HEPE f¥iID 2 v b u— & LT, KB 0.2%
(vollvol) & 723 X oicm &z /) — A ZEHPICHML 72,

RXR pan-antagonist HX 531 (2 pmol/L) (¥ 12-HEPE % #8519 % 60 43Rl & 7=,

avita—nE LT, KIEE02% (volivol) 72 X H I AFNRANFF Y Rl

A ICHIm L 72,

[siRNA Z i\ 72 RXRa / v 7 X% ]
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HaCaT #ifE % 24 KR4, Lipofectamine 2000 # W C 7 v A7 =7 ¥ 2 vV &1T
STee A—=H =071 b+ aITfEV RXRosiRNA (Hs RXRA 3 FlexiTube siRNA; Qiagen)
— Lipofectamine 2000 1A D L < I3 Silencer negative Control siRNA (AllStars Negative
Control siRNA; Qiagen) — Lipofectamine 2000 i & % . HiHIZ<Hat% @ HaCaT MfiEsE &
T4 v Y2 llfINL 72 (R siRNA #&RE 33 nmol/L), CO, 4 ¥ ¥ 2 X — % — (37°C)
NC 48 FEfIREE L7288, M@z Lvwr 4 v o 2 KB L, HEE, Lipofectamine 2000

&K siRNA (R 33mmol/L) #FWVWTC 7 v R 727 v avafrol, 2 EHD

NS VAT 27y a v, 48 BERNEEE L MR A EERICE W -,

[YzxxvTuys 4]

BRI % AT L 72 PBS TUE% 4. RIPA Lysis Buffer (Merck Millipore) Z#lIL. +
WAZ L—oN—=% O CHlifldz oK ECRA L 7=, M@z B L, K 1T 30 /0#iE L 7
%, &0 (13,000xg, 4°C, 1547) 22 & °E7- LR MRRMRR L L7z,

HHRIASAR D & v % 7 IR IE 1 Pierce BCA Protein Assay Kit (Thermo Fisher Scientific)
%\ CHll%E L 72, NuPAGE antioxidant (Invitrogen) %' NuPAGE LDS Sample Buffer

(Invitrogen) % i\ CHINLARIR OETC, ZPEHE (10 53, 70°C) Z1T - 724, NuPAGE
4-12% Bis-Tris Gels (Invitrogen) D% 7 = WV ICHIFEARRR (10 pgprotein) %7 77 4 L,
FESWKED (200V, 60mA. 60 73) %1T - 7z, BAUKENIED 7 v LD ¥ Fid Immobilon-

P transfer membran (Merck Millipore) ICHEE L7z (30 V. 240 mA. 40 53),
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AV TV V% 5% (wtivol) A F L IV27/0.5% (vol/vol) Tween-20-PBS T7' 1 v F v/
7t (1 B[], %), CanGet Signal solution-1 (TOYOBO) T#HH L 7z 1 KYLIK anti-
rabbit RXRamAb (1:1000; Cell Signaling Technology, 30858S, clone D6H10) 3 L < I anti-
mouse B-actinmAb (1:1000; BioLegend, 643802, clone 2F1-1) & K& & #72 (1 KfE, =
i) o 0.5% Tween-20-PBS T X v 7L v % Ji#f%. Can Get Signal solution-2 (TOYOBO)
THN LR =R T T 4 v ¥ a0t F o X —EEGE 2 XYL donkey anti-rabbit 1gG
antibody (1:5000; BioLegend, 406401) % L < I3 goat anti-mouse IgG antibody (1:5000;
SouthernBiotech, 1030-05) & St X #7- (1 B, EiE). 0.5% Tween-20-PBS JZ U,
PBS Ty L. L7 3 Chemi-Lumi One L (Nacalai Tesque) & G &4, v

N % LAS-4000 mini-luminescent image analyzer (GE Healthcare) % F\»CTHiH L 72,

[#E5T#ENT)
FLatf#dT 1% Prism 3.03 software % F\ > CTfTV>, —HEM @ HEIE Mann—Whitney U test
I X o T, ZEER @ H#R 1T Kruskal-Wallis test 1IZ X - TiT o 72, HEK#EILZ P<0.05 &

L7,
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R

1. A A4 3 IEREREER I K I B\ W OELEE S L5 EPA REVIOFRIE

oV /L VEEER 60%E T BRI & BLE U 72 Rk Rl 2 80 L 72 BALB/c v 7 A D
5% ©. EPA fRE#YI D 17,18-EpETE AEAEFEIND Z BRI NE TICHLPIT I N T
Zepn 3 FIVIOIC, WM CIME B L 72 BLAB/c vV AD K (H) 2ol
Bldar & LCmic s 24 A7 3 el 2 ~7-, £ 2 CHFR(HD L <IZZ D
avita—nl LT, al) /LVYBEN I%E A AN GO Y 7 —VEEZE K 50%E
B REHERA L 2Rk %2 BLAB/c ~ v 2RI 2 »AMIREEL. KL Bick T3
EPA RE#it¥I% LC-MSMS IC X V3T L7z, Z DfEHR. KEMAZMGE L7z~ T R &
THUR I Z R L 72~ v 2D E i3, EPA A% (5-HEPE. 12-HEPE. 15-HEPE,
18-HEPE, 17,18-EpETE, 17,18-diHETE : Figure 2-1A) ®H1"C% 12-HEPE & 15-HEPE @

BEEIC% D> 7z (Figure 2-1B), Fric, B A B L 7z~v 2D L FTIE, 12-

il

HEPE 2 EHAR#M L LCELEINSE Z 300 o7, —Ji. LRTO#HE & —EL <
S H R A AGE L 72~ v A OIS TR S A #GEE L 72~ v X & I~ T EPA fREi @
T 17,18-EpETE D&% 5 - 7= (Figure 2-1B), EBRIC, K & B 1) 5 12-HEPE
Brlt~2L, KFICHIT2 12-HEPE 2135 X 0 % < (Figure2-1C). KL Ee ©

(A AN 3 NENIRRAH I R 5 2 LB ah o T,
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Kic, KELIBcB T 2 &RHEEL - VI 2 8B TORHEBEZH L A5,
EPA @ 12-HEPE ~O G 215 12-LOX % 2 — F 3 2B T (4lox12 KT Alox12b) D
FIEIT G XD D EFICE W TE D - 72 (Figure 2-1D) . KA IC, 17,18-EpETE D FEA:
ZiH9 CYP % 2 — N3 285 T (Cypledd I Cypdfi6) OFIFEIZ, FE LY DI
EWTE L (Figure 2-1D), LB T ORI & — v i3 LC-MS/MS I X % )
PEARORERZ KL Tl TR REEEREZ 2 — VI 285 T ORI Y2 — VT,
BLAB/c = 7 A721FT7 { C5TBL/6 = 7 RITH T b [k DM 25589 5 7= (Figure
2-1E), % T, WM iMEAETL 72 C57TBL/6 ~ vV ADKJ§ICEH T 5 EPA i) %
LC-MS/MS IZ X > THHT L7z & &5, BALB/c ¥ 7 A& & [Afk, C57TBL/6 =7 AITHE >
T 12-HEPE 23 IC BT 2 FE @M L L CEEI NS Z L399 h - 7= (Figure
2-1F), ¥ 5IiC, CHS #FE L /-~ 7Y RIcHWTH, 12-HEPE AEEARFW L LT
FEAE I 7z (Figure 2-1G)s 2D T A6, KIFICIE 12-LOX R MEN 2 FiE O A
A7 3 MBI R 2 TFEE L. FRICKS CTI3 12-HEPE 28 b % S FEE I NS T &8

Do T,
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~ N L
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|_, AN ( NP Soluble e$3(|de hydrolase
R//\[/\;/\;/\ N <
o ‘om 17,18-diIHETE

X1

HO aH

65



BALB/c

(B)

Gut

Skin

o D_OD %«@
e %
o o | o ° ¥,
g % %.
L] Q 4\
» <
%%
é -
| @ %,
o o &P
* 9 /MMMWV.\
o o _ oo 6 wv
L) M
¢ %
S8l @ "o
Of\vv £
&g = o b
(anssn Bw poL/Bu)
Sa)joqe}aW PIALISP-YdE
o _ ,,“Nv
%
FE| 2 T
.Av« Z -
% =
_,v ®
0/0 < -
0 %, <
x| °© o +% 2 > Wv
{ % <
M_ % o o0oo0oo0o _ OVA\W_
* . o-o, 0/0 <
onu#%u /vw\“\mlv
o..\wv <
£T s 8 e %

(anssny bw pgL/Bu)
S3lljogejal paAlIRp-Yd3

| ® Soybean O Linseed |

(©)

S o o© o
<+ ® N -
(anssn Bw goL/Bu)

3Ad3H-Z1

(=]

Gut

Skin

BALB/c

(D)

Alox12b

Alox12

Gut
Cyp4f16

-
L]
Skin

o

(3] -
(zoLx)ypdes
0] aAljejal :o_mmm._nxm

Gut
Cyp2c44

_0.’_
Skin

n o 7] o
M~ wn (3]
(¢0Lx)ypdes

o} aAne|asuoissaldxy

KEk%

=
L1 L Aw
]
S
£
-
7]
| I I I
«@ (3] - o
(r0Lx) ypdes
0} aAne|aluoIssaldxg
-
L] ~ L . nw
=
X
w

st M N = O

(roLx)ypdes
0] aAlle|al :o_mmm._n_xm

66



(E) C57BL/6

Alox12 Alox12b
*kkk
o 175 o 2 R
gﬁ_ dkkk g&__ E.'
S2 50 e 82
[:1] - [:1]
== == 1
S8 25 o
e3 3
g o g o
Skin Gut Skin Gut
Cyp2c44 Cyp4f16
*E 5 Fkdk ‘E 5 E
25 Z5
5o 4 e =5 4 *
£% BT :
= =
28 2 : 28 2
W@ g o
g9 1 50 1
I3 7 —Hegeet—
w 0 w 0
Skin Gut Skin Gut
(F) C57BL/6 (G) C57BL/6
Skin Skin
*
g 750 - g 1000 -
ST ° ST _
5 750 F
; g — E 2 500 o
>9 S 2o 0 —
22 250} = -
32 o . $ 9 250F o L ° .
< = . . LT = — — .
& - ‘%!.-:- 2 & . * @ & o * Dl o
0 0l - .
R A A AR o o
) NV \‘J‘ N '\%—%’ '\%.6 o NG \‘3' \‘b’ A \'b'b
A A A

® Soybean O Linseed

Figure 2-1. Identification of 12-HEPE as the dominant metabolite in the murine skin

(A) ®3 EPA metabolites, which we detected by LC-MS/MS, were shown. (B-G) Mice were

maintained with feed containing @3 fatty acid-rich linseed oil or control soybean oil. (B) EPA-

derived metabolites in the ear skin and the gut of BALB/c mice were measured by LC-MS/MS.

(C) 12-HEPE in the ear skin and the gut of BALB/c mice were measured by LC-MS/MS. (D, E)

mRNA was isolated from samples of the ear skin and the gut of BALB/c mice (D) and C57BL/6

mice (E), and qPCR analyses were performed to measure the expression levels of Alox12, Alox12b,

Cyp2c44 and Cyp4f16, which were normalized to that of Gapdh. (F) EPA-derived metabolites in
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the ear skin of C57BL/6 mice were measured by LC-MS/MS. (G) Mice were induced skin
inflammation by DNFB treatment. On day 7, 12-HEPE in the ear skin of C57BL/6 mice were
measured by LC-MS/MS. Each point represents data from an individual mouse, and horizontal
lines indicate medians. *, P < 0.05, ** P < 0.01; *** P <0.001; **** P <0.0001 (Kruskal—

Wallis test followed by Dunn’s multiple comparison test or Mann—Whitney U test).

2. EPA 8% (12-HEPE X U* 15-HEPE) OHiKEEME

REMEERL 72~ 7 2R CTHR{CHmZ2ERL 72~ 7 2D KE ¢k, 12-HEPE

& 15-HEPE 231 L TWw/=Z & 226, 12-HEPE & 15-HEPE DPLRIEEIEIC D WT

DNFB &M CHS €7 v~ v A% W CTHRET L 72, Day 0 DIEEKX U Day 5 DEKD

BRI DNFB % ¥4 3 % 30 47#iic 12-HEPE 7z & (N 15-HEPE % EVEHN S L, Day7

THAOENZHIE L2 A, DNFB TERTZZ L CHREINLZHENDEND

12-HEPE % f@WEN#5 3% & & T L7z (Figure2-2), —J/ . 15-HEPE % fEEH %

HLTOHNOENIIHI S N ad oz, COZ 2L, KFICBWTHRD % EE

X 417z 12-HEPE 25 CHS I BT 2 VIRIEEE 2B T2 2 L BHL 2 IR o 77,

ZE T, NEMIRE Y O LA E S EBEE 2 UE T 2 HE R ER L kb T L

EFRWZELTEY, Hl2IERiE TR LZX ST, 17,18-EpETE @ 2 FHSH O {5 F ik

D9 B, 17(R),18(S)-EpETE X 0 b 17(S),18(R)-EpETE 23 WHIRAETE A RT C & %

HWELTW3B 2, 22T, 122HEPE Ot Fu ¥ o Hickd 3 2 M0 BiEAE (12(5)-

HEPE X O* 12(R)-HEPE) & H L THIRIEIEE A ~7- & & A, 12(S)-HEPE & 12(R)-
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HEPE Z[FRIFREOENDENOIIHIZIREZ R L2, 2D &5, 12-HEPE 13 {1

kAP 3. PURIEMEH 2R3 2 & 23505 5 72 (Figure 2-2),

Vehicle [[
_ Vehicle — T = |q9
L 2| 12(5)HEPE H T :|>
E,% 12(R)-HEPE H__H N.S.
g% 12HEPE —_|H
» 15-HEPE ] | -
0 50 100 150 200

Ear swelling (Apm)

Figure 2-2. Ear swelling was decreased by 12-HEPE but not 15-HEPE

Mice were i.p. administered 12(S)- or 12(R)-HEPE, 12-HEPE, 15-HEPE (100 ng/administration)
or vehicle on days 0 and 5 at 30 min before application of DNFB. Ear thickness was measured on
day 7. The vertical line in each box plot indicates the median value (n = 10 to 28). *, P < 0.05;
** P <0.01; N.S., not significant (Kruskal-Wallis test followed by Dunn’s multiple comparison

test).

3. 12-HEPE O#:5&FEKIc X 3 CHS MFEE &

RIT. 12-HEPE D57 EDE N X 3 PIRIEGTEZ KL 72, % DffSH. 12-HEPE
IEMENIE G L 2 58 IR TR L2728 X 0 38 < B ol 2 Wil 3 2 M 28 5
5 LS AT o7 (Figure 2-3A), FFiC, EIF L EROMED 12-HEPE £ 5-82° 1
ng DHZEITHVTIE, 12-HEPE ZEENIRG L 723858 1~ T, KFICEA L 72856
DI BENDENZIHIL 72 (Figure 2-3A), HE Jfic X 2 MR AR 2R BT 20 & b |

DNFB TRIEZFHE S 2 T & TR LN RK DKL CER~DOMII DR, 12-
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HEPE % JEENIE G- 721385 2 & CTHMHI S NG 2 & 30027205, ZDEIRI

HEENBES- X 0 b B~ DA DO 2358 RT3 8158 X v7z (Figure 2-3B),

T/, HERBICX > CHERTcHlEEENS 12-HEPE BlZ KE S RAR5 2 &0

5020 Tze BlZIE. 1 pg © 12-HEPE ZIEMENE G- L 72 30 2RO KEICET 5 12-

HEPE =3 HRA (2nglear) AT TH - 72Dkt LT, & L 25 EICIIBHED

#) 80% M3 X 7z (Figure 2-3C). 12-HEPE (3345 IC X o THRWHIRIEERH 2R L

722l ¥ BETHCETEY% D 12-HEPE 2K E T

FoObN-Z b,

12-HEPE (It 2 fEER 3 2 il 2 8RR & 32 X 0 & BFRATICHEE S 5 Ml 2 B

ELTHEHT 5 C &R I Tz,
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Figure 2-3. Topical application of 12-HEPE ameliorated inflammation more than did i.p.
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administration

(A) Mice were administered 12-HEPE i.p. or topically (skin) with 100 ng/administration or 1
pg/administration, or vehicle topically, on days 0 and 5 at 30 min before DNFB treatment. Ear
thickness was measured on day 7. Each point represents data from an individual mouse, and
horizontal lines indicate medians. **, P < 0.01 (Kruskal-Wallis test followed by Dunn’s multiple
comparison test). (B) Mice were administered 12-HEPE i.p. or topically with 1 pg/administration,
or vehicle, on days 0 and 5 at 30 min before DNFB treatment. Ear tissue samples were prepared
on day 7, and stained with HE. Representative images from two independent experiments are
shown. Bars, 100 um. (C) Mice were i.p. or topically administered 12-HEPE at 1 pg on 30 min
before ear collection. The amount of 12-HEPE in the ear skin was measured by LC-MS/MS. The

weight of both ears is about 50 mg. N.D.; below the detection limit (below 2 ng/ear [50 mg]).

4.  RMEMHICB T 3 RFIGE TN T 3 12-HEPE D&

12-HEPE (C X % CHS #IfiliEME D FHBEFF 2 BH © 2213 5 72T, 12-HEPE (Z & D
PRI B2 52 2 D02 WG L7z, £330 77 VICERINCERL L 72 BRI 2 2 %
VEBOLEBFEIC B W CTEHE R4 XY F TH % DC D dLNs ~DilEEICEH L 72,

FITC &1 DC ##ET v & 4 Tid, FITC Ui & L CHEIFICEAT 5 2 & T FITC
ZAPE L 72 DC @ dLNs ~DiliiER G| 2 15 729, DC DiliEEE A% dLNs N
FITC (510 DC #{CRHii ¢ & 5, 2 2T, FITCFEEDCHEET vt A 2{To7/z b &
4. 12-HEPE ®¥4i T DC O IZFZ® b ind - 7 (Figure 2-4A,B), 2D Z &
5. 12-HEPE {3 DC @ dLNs ~DlE I 2 52 R\ L3 hoTz, T HIC, 12-
HEPE % & (Day5) ORI L ChBENDERSIH S =2 &5 (Figure
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2-4C). 12-HEPE ZE/EMHTOA Ry b Z2lfll+ 2 0 Tldnal, EEHTDODI RV |

ZHlHS 5 Z L REI NI,
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Figure 2-4. 12-HEPE did not affect the response in the sensitization phase

(A-B) Mice were topically administered 12-HEPE (1 pg/administration) or vehicle at 30 min
before and 24 h after FITC application. Axillary lymph nodes were collected 24 h (A), and 48 h
(B) after FITC application, and the number of FITC* MHC classII* DC was determined on the
basis of total cell numbers and flow cytometric data. (C) Mice were topically administered 12-
HEPE (1 pg/administration) or vehicle on days 0 and 5, or on day 5 only, at 30 min before DNFB
treatment. On day 7, ear thickness was measured. Each point represents data from an individual
mouse, and horizontal lines indicate medians. *, P < 0.05; **, P < 0.01; N.S., not significance

(Kruskal-Wallis test followed by Dunn’s multiple comparison test).
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5. EEMIcET 3 REIGEICNT 5 12-HEPE D&

Kic, BRMICET 2 0EIECEH Lzt 2oz, BT, ~7 7 vl
I X 0 IEMEL S i B S TE AR 2 b EEE X N B v X 2 3 VI kY IEEE YD
JUET % fth, FRFIC R AL & Wz MALMIIE S EEAE 3 2 RIEME D 4 b4 v reh A v
I XY BIERFT~ Dbk THIfEOREAME I s, 2. AlilgsEEST 2 IL-
la ik b, KEoMIEE~2 07 7 —UREMbans e ©, 27227 2 —THIK
DIEMALICEE 7 iISALT TS FE S h 5,

% ZC. 12-HEPE D REi#iAe o BRI 0 3 2 e A TR 5 72010, RIFEEER D K
Jic B 5 MAEEE N2 7l L 72, £ OfEH. 12-HEPE % B4f L C b MAEE@EE 13D
L7z %»o 7z (Figure 2-5A), T D Z &2, HEMHIAL O BRI X - CEE X L 2 ME
I PE D TTEICHT L C 12-HEPE 13 2 52 0\ T & B30 h o 72,

Ric, ©7 =27 2 —TilildDiEMALICER % iISALT 2% MHC Class 151 D DC &
O CD3e 51D THlld 2 9t d 2 2 & CHRARAIICEIZE L7z & 2 5, 12-HEPE % %EAii L
T DC & THIlEOEI & L CBIZ T3 iSALT JERIZHIH & 722> - 7= (Figure 2-
5B)e TDZ kA5, 12-HEPE 1 iSALT T O FFE % #H 5 ke~ m 7 7 — 2105
BrE 2N LRI 572, & HIT, CHS OPUFFF R 72 KAESIGIC 1> THLIY 7%
P 2 B3 THIRICN S 2 &2 T2 7-01C, IFN-y ZFE4 3% CD8al5M:d T Al
fax7a—4 A4 F XA MY =T X WHEIEL 72, ZDFEHE, 12-HEPE 2% LT KEIC
B1F % IFN-y % £ T 5 CD8alZE D T MiflEEIc £ it 7 2> 5 7= (Figure 2-5C), Z D
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Be—HLT, THIlEEES T 27EH4 v THS CXCLY & CXCLI0 Z2—FT 3
IR D DNFB ERZDHICH ) 2 FBI&E (X, 12-HEPE 2% L THWAD L kb o
7= (Figure 2-5D), T HDZ & H 6, 12-HEPE (3E#IES~ 27 v 77—, DC,
T MR DIEEAL ISR 5.2 70 2 L 2393 h o 7z,

Z 2T, RIEFBIC XY BRAG TR 20 R ERE R TR B 7201, KI§IC BT B4
HEREZ 7 —F A4 P A PY —ICXDHEELZE Z A, DNFB TER T % 2 & THN
L7251 2 0P EkE2s, 12-HEPE %28 fid 5 2 & TMAD T2 2 e 0390572
(Figure 2-5E,F) o & O ICHHAR A 70 AT DAG IR . BLEICIRIE L 72 Ly6G 51 o fF i ER
23, 12-HEPE % ¥4 3 % Z L THA T 28723815 S L7z (Figure 2-5G), 2D T &

2> 5 . 12-HEPE (3 RAEFRALIC 51T A7 ERO I Z 3] 35 2 & 238 5 2T 7 o 7z,
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Figure 2-5. 12-HEPE reduced neutrophil recruitment into the inflamed skin

(A-G) Mice were topically administered 12-HEPE (1 pg/administration) or vehicle on days 0 and
5 at 30 min before DNFB treatment. (A) On day 7, Evans blue solution was injected intravenously.
The amount of Evans blue was measured at ODs2o. Each point represents data from an individual
mouse, and horizontal lines indicate medians. N.S.; not significant (Kruskal-Wallis test followed
by Dunn’s multiple comparison test). (B) Ear samples were obtained on day 7 and examined by
immunohistologic analysis. Sections were stained with anti-I-A/I-E mAb, anti-CD3e mAb, and
DAPI. Bars, 100 um. (C) On day 6, the number of IFN-y producing CD8a." T cells was measured
by using flow cytometry. Each point represents data from an individual mouse, and horizontal

lines indicate medians. N.S.; not significant (Kruskal-Wallis test followed by Dunn’s multiple
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comparison test). (D) On day 7, ear tissues were homogenized for isolation of mRNA, and gPCR
analysis was performed to measure the expression levels of Cxc/9 and Cxcli0, which were
normalized to that of Gapdh. Mice treated with 12-HEPE are shown with open circles and a
dashed line, whereas vehicle treated mice are shown as closed circles with a solid line. The
indicated genes do not change after DNFB challenge by 12-HEPE treatment (mean + SEM values,
n =7 to 13). There was not significant difference at each time point (Mann—Whitney U test). (E)
On day 7, the number of Ly6G* CD11b" neutrophils was measured by using flow cytometry. Each
point represents data from an individual mouse, and horizontal lines indicate medians. *, P < 0.5
(Kruskal-Wallis test followed by Dunn’s multiple comparison test). (F) Representative flow
cytometry profiles from four independent experiments showing neutrophils in ear samples on day
7. The numbers indicate the percentage of Ly6G" CD11b" neutrophils. (G) Frozen ear sections
obtained on day 7 were stained with FITC-labeled Ly6G and DAPI for immunohistologic analysis.

Representative images from two independent experiments are shown. Bars, 100 pm.

6. 12-HEPE OIFHhERICII 2 EEED L  IFEHEH R 1EH

F— TN L7z 17,18-EpETE & [FIERIC, 12-HEPE 1381 31 2 iR ERE o B n %

MEI L7z & 225, 12-HEPE DUFHIR~DERZEH ZET L 72, % 2 C. fMLP &M%

DIFHERDR IR ZFHEi L 72 & 2 A, MLP THIET 5 2 & TR b 7R BT

12-HEPE Z#5I L T H il S 72> o 7= (Figure 2-6A), D Z L 2> 5, 12-HEPE I3 4F

IR DliEE % EFANH T 2 O Tid7e < FEEIICTER 35 & & CRIEFERF O K GIC B

J 2P RO 2 W35 2 L AR I N7z,

Z 0, W ERDE 2 R ICHIE S 2 K- & L <, iFhERZ2FE5 136 7= A v

TH5 CXCLlI LU CXCL2 ITE/H L7z, CXCL1. CXCL2 X CHS DRIEFHEIC BT
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B E Z#H->TH Y, CXCLI KU CXCL2 DZFEATH 5 CXCR2 KiE~ 7 & (T
CHSET NMZWM S 2 L HADENI TS 2 2 & 2 .CHSE T L= 7 RICHLCXCLI
PUA K UYL CXCL2 ik % IEENI% S 3 2 © L THADENSIH S 5 & & 238
INTW3B 7, 2T, DNFBEHEBRDHICE T 5 Cxcll. Cxcl2 BinTFBIE %k
RERICHIE L7z & & A, 12-HEPE 21 9" 5 & CEER 6 RO s BT % Cxell,
Cxcl2 BIGTRIBEDED T 5 2 L2397 > 7= (Figure 2-6B).,

CXCL1 & CXCL2 oEfnf-Fe8id AmLiihe - Ciiia 25~ 7° 7 v Rz 52 0 C
495 TNF-alC K VEFEI N Z &b 100100 Kic | DNFB EERBEDOHFD BT 5 Tnf
R T RBR 2P T, 2 DR, TnfBin T FBE I ERRE 0 R & I~ CEikk
6 Bl CHBEICHM L 72—75 . 12-HEPE I3 Tnf B TRHBICHEEL G2 hh o7z

(Figure 2-6C), T D Z & 25, 12-HEPE I3 TNF-ofllIIC XV 55E & L % T iikkik %

3% 2 & T, Cxcll. Cxc2 B TRHEBZMHIL-EZ 2 b7z,
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Figure 2-6. 12-HEPE downregulated gene expressions of CXCLI and CXCL2
(A) Neutrophils were isolated from mouse bone marrow and treated with either 12-HEPE (1
pmol/L) or vehicle for 15 min before stimulation with fMLP for 2 min. The panel shows

representative images from two independent experiments. Arrowheads indicate actin
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polymerization. Bars, 5 um. (B) Mice were topically administered 12-HEPE (1 pg/administration,
open circles and dashed line) or vehicle (closed circles and solid line) on days 0 and 5 at 30 min
before DNFB treatment. After DNFB challenge on day 5, ear skin, which was taken at the
indicated time points, was homogenized for isolation of mRNA, and gPCR analysis was
performed to measure the expression levels of Cxcll and Cxcl2, which were normalized to that
of Gapdh. (Mean = SEM values, n = 7 to 13). Each point represents data from an individual mouse
at 6 h after DNFB challenge, and horizontal lines indicate medians. *, P < 0.05; **, P < 0.01
(Mann-Whitney U test). (C) Indicated hours after DNFB challenge on day 5, ear skin taken and
homogenized for isolation of mRNA, and qPCR analysis was performed to measure the
expression level of Tnf, which was normalized to that of Gapdh. Each point represents data from
an individual mouse, and horizontal lines indicate medians (n = 5 or 10). *, P < 0.05; **, P <

0.01; N.S., not significant (Kruskal-Wallis test followed by Dunn’s multiple comparison test).
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7. 12-HEPE @t + ERZA{CHIIRRIC 351 3 CXCLI. CXCL2 BEF-RIMEEY

CHS FEL@fRICE T 5 FHEareh 4 viEEfil e L caftiilarmonsd 2 &

b, Xice b REACHIKECTH 5 HaCaT MifE % H W 7285 21T - 72, £ T T, HaCaT

HIE %2 TNF-a CHRIE L 728D CXCLI, CXCL2 &I FRIRE#HE L 72 L T 5. 12-HEPE

ZISINT % Z & ¢ HaCaT fifldic 31 3 CXCLI. CXCL2 Bl THHENE VT2 L n

9375 7= (Figure2-7), ZDZ & 25, 12-HEPE (34 hEkzHE51+2 74 v TH 3

CXCL1, CXCL2 o f{tiifgic 51 2 Bin 7RI ZIMHEI T2 2 & T, MENICEHERD

2 IHS 5 2 L 230h o Tz,

cxcL1 CXCL2
5 4
S S —|_
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Figure 2-7. 12-HEPE downregulated gene expressions of CXCLI and CXCL2

HaCaT cells were treated with 12-HEPE (300 nmol/L) or vehicle for 30 min before stimulation
with TNF-a.. The mRNA was isolated from HaCaT cells and qPCR analysis was performed to
measure the expression levels of CXCL1 and CXCL2, which were normalized to the expression
of GAPDH. The horizontal line in each box plot indicates the median value (n =5 or 10). *, P <

0.05; **, P < 0.01 (Kruskal-Wallis test followed by Dunn’s multiple comparison test).
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8. Aftiifagic 1) 2 REMENEZAERIE R

12-HEPE 2% & DX EERZ N L TR 2 RE T 2 002500 § 5 7201 K
BHIERIE D Z AR & LTty ST v 2 %A1k (GPR40. GPR120. PPARa. PPARS,
PPARy. ATl X %244 [liver X receptor; LXR] o LXRB. RXRa. RXRB. RXRy) D ff
LRI 3513 2 B8RP & 514l L 72 101195, Z OfER, HaCaT MR '~ 7 2225
il L 7 A{LAIfE (CD45 CD31° CD34™ CD49f" cells) (Z4LiC RXRa % 2 — N3 %8
BrERdE IR L Tz (Figure 2-8A,B), D Z &6, 12-HEPE (3 ALl
ICEFEHT 5 RXRa 2/ L TEHT % & & 2 72,

(A) (B)
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Figure 2-8. Receptor gene expressions in keratinocytes

(A-B) mRNA was isolated from HaCaT cells (A), or CD45~ CD31~ CD34~ CD49f" keratinocytes
from ear skin of naive mouse (B), and qPCR analysis was performed to measure the expression
levels of the indicated genes, which were normalized to that of GAPDH or Gapdh, respectively.

The horizontal line in each box plot indicates the median value (n =4 or 8).
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9. RXR %4 L 7= 12-HEPE DI A FETE M

12-HEPE 7% RXRs %/ L CHIRIEER Z7"3 D 2% in vitro 72 & WNIT in vivo CHS &

7V CHfED ® % 72 ® 12 \RXR pan-antagonist T % HX 531 % i\ 72 #i5] % 1T - 72 ,HaCaT

HMIREIC 12-HEPE Z @S 2 HiC HX 531 ZdsiN L 722D TNF-aisE M CXCLI, CXCL2

B rREEZHEL/-E A, HX 531 ZIN$ % Z & T 12-HEPE I X % CXCLI,

CXCL2 i&n T FINHITE 251 2 L 72 (Figure 2-9A), £ D Z & %> & 12-HEPE (%, HaCaT

MNZICFI 4 3 RXRs /0 LC CXCLI. CXCL2 BRI EEEZRT 2 L 2300

277,

RIT, HX 531 % CHS &7~ 7 R L 722 12-HEPE I X 2 LR ER 2350

EINDLZDOPITOWTHRET2{To72 & T A, 12-HEPE %43 2 H{IC HX531 &M 3

% & 12-HEPE i X 2 B0 ENINHIEM 234K L 72 (Figure 2-9B), HE e aic X 2

TR IR 2T o728 T ALV12-HEPE # 8 Ai 5 2 L TRH LN/ RE OFHE & B

~ DR O PNHIENE D £ 72, HX 531 284 L 728556113380 b 117 5> - 72 (Figure

2-9C), ¥ HlT, HX531 2¥Ai$ 5 Z & T, 12-HEPE T X 3 i EREEINHIE A b 12

L 7= (Figure 2-9D, E), T#LHL DT & 25, 12-HEPE X RXRs #/1~L C CHS Ic B %

PIRIEMEM 2R3 2 L 239320 7z,
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Figure 2-9. Inhibitory effects of 12-HEPE were canceled by RXR pan-antagonist

treatment

(A) HaCaT cells were treated with the RXR pan-antagonist HX 531 (2 umol/L) or vehicle, and
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12-HEPE (300 nmol/L) or vehicle at 90 min and 30 min before stimulation with TNF-a.,
respectively. mRNA was isolated from the HaCaT cells and qPCR analysis was performed to
measure the expression levels of CXCLI and CXCL2, which were normalized to that of GAPDH.
The horizontal line in each box plot indicates the median value (n =7 or 9). *, P <0.05; **, P <
0.01; N.S., not significant (Kruskal-Wallis test followed by Dunn’s multiple comparison test).
(B-E) Mice were topically administered RXR pan-antagonist HX 531 with 40 nmol or vehicle at
60 min before 12-HEPE (1 pg/administration) or vehicle treatment on days 0 and 5 at 30 min
before DNFB treatment. (B) On day 7, ear thickness was measured. Each point represents data
from an individual mouse, and horizontal lines indicate medians. *, P <0.05; N.S., not significant
(Kruskal-Wallis test followed by Dunn’s multiple comparison test). (C) Ear tissue samples were
prepared on day 7, stained with HE, and analyzed histologically. Representative images from two
independent experiments are shown. Bars, 100 um. (D) On day 7, the number of Ly6G* CD11b*
neutrophils was measured by using flow cytometry. Each point represents data from an individual
mouse, and horizontal lines indicate medians. *, P < 0.05; N.S., not significant (Kruskal-Wallis
test followed by Dunn’s multiple comparison test). (E) Frozen ear sections obtained on day 7 were
stained with FITC-labeled Ly6G and DAPI for immunohistologic analysis. Representative images

from two independent experiments are shown. Bars, 100 um.

10. RXRa %/ v 7 XY v L7z HaCaT Mif@ic &1} 3 12-HEPE ® CXCL1. CXCL2

Bin T ABHEE

HX 531 I3 RXRa. RXRB. RXRy i 27 v 2= bTHE I LHh 5, RiZ, RXR

DO 3EHEOY 724 705 bALHMIEICEW TR D BEFRRENE 257 RXRa %

4~ L T 12-HEPE 2MEHI$ 2 D22 % . RXRa FFEM 7R siRNA ICX Y RXRa &2/ v 7 XV

v L 7= HaCaT #llfd % FH v CTHRET L 72,
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Control siRNA % & A L 7z HaCaT Ml lt~ T, RXRasiRNA % & A L 72 HaCaT #f
fgCTlZ RXRa & v 8 7 EFRIREWA T 25 & %R L 72t (Figure 2-10A). RXRa
%/ v 7 X7 L7z HaCaT MfE % F v C TNF-ai5 8% CXCLI, CXCL2 Ein T FHINE
ZHE L7z, ZDfEHR, Control siRNA % E A L 72 HaCaT #MifEIC 12-HEPE Z N3 %
¢ CXCLI, CXCL2 BrvHHEMA L7z icx LT, RXRo siRNA ZEA L 7z
HaCaT #iftlTiZ 12-HEPE IC & 5 CXCLI. CXCL2 LT FEHMNHIEE 25280 & v in b
> 7z (Figure 2-10B), & @ Z & %5, 12-HEPE i3 A LMIAZIC FIR T 2 RXRa 2/ L T
CXCLI, CXCL2 BT MH T2 L2 0h o7, & 51T, 12-HEPE 2341k
X LCHEEER LA e wS o cicB =4 (Figure2-6A) & —3L T, fift

FHAE & L~ CEBEHSRATF IR Cl Rora Ein THIREHMEA - 72 (Figure 2-10C),
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Figure 2-10. 12-HEPE reduced CXCLI and CXCL?2 gene expression through RXRa

(A) Analysis of the RXRa expression level in HaCaT cells treated with specific RXRa siRNA or
with unspecific Control siRNA by western blotting using a specific anti-RXRa mAb. The B-actin
levels were shown as a control for equal protein loading. (B) RXRa siRNA transfected HaCaT
cells or unspecific Control siRNA transfected HaCaT cells were treated with 12-HEPE (300
nmol/L) or vehicle for 30 min before stimulation with TNF-o.. The mRNA was isolated from
HaCaT cells and qPCR analysis was performed to measure the expression levels of CXCLI and

CXCL2, which were normalized to the expression of GAPDH. The horizontal line in each box
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plot indicates the median value (n =5 or 10). *, P < 0.05; N.S., not significant (Kruskal-Wallis
test followed by Dunn’s multiple comparison test). (C) Ly6G™ CD11b" neutrophils and CD45
CD31  CD34  CD49f" keratinocytes were isolated from bone marrow and ear skin of naive mice,
respectively. qPCR analysis was performed to measure the expression level of Rxra, which was
normalized to that of Gapdh. The horizontal line in each box plot indicates the median value (n =

4 or 8). ** P <0.01 (Mann—Whitney U test).
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T, b MEZEHRA IR CIE AL IC LR T 12-HEPE &23% \» T &2 10, SRALRIREE
IC &Y e b BJEKIERH D 12-HEPE B89 5 & &3 ST 1, RifFgEIC
BWThH, CHS ZiFE L WRHIC KT CHS #7583 2 &, K§ICH1F 5 12-HEPE &
D39 2 5N 2 © L AR & 7z (12-HEPE & F39{H — CHS K5, 350.3 ng/100 mg
tissue, —CHS #5&; 768.0 ng/100 mg tissue), < D X 5 T, KIEERAL Tl 12-HETE 72 & O
IC 12-HEPE & \» 57z 12-LOX fREPIEINT 5 2 & 26, RIEFEITH W RIERRALIC
BT 25 12-LOX IWEMED EA 32 2 & 05RB I L7z, 12-LOX & 2 — N3 % Alox]2 13 T Ml
faelfhERIcB W TORBALSEDON S Z L iciz2 T, HMERTHEABZD LN 5
Alox15 253 — F§ % 15-LOX (& 12-LOX & TE D IR 97 5 7 0 212180 12.LOX W&t % Ff
OISR & ST 2 M A RAEFFE I RIERATIC IR L 726558, 12-LOX R 4

HOAMML 7= &# 2 55, 12-HEPE D4AHERE oWz g cic, e e 5
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Wi~ 7NV a— 2O Y AL EIEET 2 & & CTHERMEET 2ERA MG S
TWw7z28 ™, 12-HEPE DRZICERIEWEH ZR W IhTukd o7z, RiFFIC X
Y. 12-HEPE 2K ICH W THRIEEEZ RT3z icHo ich o722 & D
5. 12-LOX fRE#FBV T ICH T 2 RAEMHICHE W TEHETH L 2 L3y holz, &
LT, 12-LOX ZEEANY TR T2 7017 I FOSRICLEABETH Y,
Alox12b ¥7-1% Alox12 RIB~= 7 A TIZKFEDON) THRRENBZR DN S 2 L A X
NT 3 95106 G T RGO 72012t 12-LOX i ZHEST 2 2 & XY
b, AR ELONRERE 7 7% N vEETld 7 EPA 2EEARREICL, 12-
HEPE FEAEZ{R T C L DHETH 5 T L ARBRI NI,
EHEOFET AMRE I T CIc, CHS MFlEME%E2E T % 17,18-EpETE % R
WAL THEY, 17,18-EpETE 122\ T® 12-HEPE & [ARRICHEAA T3 2 & Te 7 RIC
BT 2 CHS M2 2 L #E LT 32, LA L&A 5, 17,18-EpETE 1= 7 2
IC 1 pg/administration T3 % X 0 b 100 ng/administration THEFENE G L 72 BRI 78
WHIRIEIGE AR L7z 2, — . 12-HEPE I3EENIEG 32 X 0 D R§ICEM 5 C
LT XY ERWPIRAETE M %# /R L 72, 17,18-EpETE (XML A ICTFLE§ 2 4 hBR A A5 & 4
%—77C, 12-HEPE i3 A{LMIE 2R & 32 C LA b 55 X 2 PIRAEE D
X, TR OER S OEWICER T2 2 Ex b b, £z, 5B
©C 12-HEPE D ECOHFERITER Y . JEHENKS TRzt A LR T ks o
7o 77T, WA TIIBAROK 80% K E» b S iz, 2D Z &5, 12-HEPE
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FER&E 5% IR fE R 7 E OB R OMEHEIC D HFEH LCT\W\wWb Z L5 5, 12-HEPE

7 Lo F — PR G RICIR S 72 WIRIA W R B OSEE IO AR TH 5 LI

ERE
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T CZ, 77 v 3 AR S RIS IC X 2 INF-a B 2358 L, 234t — T
274 vERIZNT 2 T4 VITAERT % 2 &, AL O NF-«B (nuclear factor-«B)
> 7 FIMRERRIE O EEAL % A L 72 CXCL1 % CXCL2, CXCLY9, CXCLI10 72 & D 7 £ 4
AV OEEDPFEI NS Y8, 2 E TIC, TNF-a—NF-«B IZ X 3 CXCL9 X U* CXCL10
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DBEETRIICITIZ & A LFEL KITE T, TNF-ak IFN-y I X 2 HHFEEE RN F D 52
DONRNT ERHMEINT WS 125127 2 Z &5 12-HEPE 13, TNF-oo—NF-xB &
7P NMAGER G I35 Z & T, CXCL1 KU CXCL2 D#EIRFFH 2SI L 72 & &
ZHB )7 RAETRALIC BT T MM 3 2 IFN-y 2 f{Liifa 2 fli s+ 2 c & ©
Fl & Z &% TNF-o& IFN-y DTN EIC L D CXCLY KX CXCL10 D 4L A3 5
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BIID Lo/ EZ B,

AFFEClE, 12-HEPE 28 LMIAEIC 7833 %5 RXRa %4 L C CXCLI. CXCL2 &I5¥
FEMEER 2R3 2 & 25202 L7z, RXRP ® RXRy RiE~ 7 2 TldshREICIZIE
R E BT N5 —)7C B2 MLHildiIc B 1T 2 RXRa RIB~ 7 X Tl AL
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AfZED 5, BT CYP 4 L 72 EPA @ 17,18-EpETE ~D{UEH MBI TH 5 D icxf
LT, BBl 12-LOX 4L 72 12-HEPE ~ORGH BB TH 2 Z 3 0h 0, A+ 2
7 3 REE O R KRG & % ot ofifiEs () TlERAZ 2 EBHL IR o7, T
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B A P L 72855, CHS 24l L7 & & 2 b7z (Figure 2-11),

A LMile Ot RE 2 EEHIEH 5 2 EPA B CnE it e T oz 2
26, ARWFZEIC X Y w72 L7z 12-HEPE 3. ALl &2l & L 72 SE RS o filfHlic
a7 BEANEHRARHEY & 725, & oo, AL BE5 3 2 B EEEIIES S FE
352 L5, 12-HEPE (3 ACD ICfR 53, 7 b & — 1R &K uzfiE 7 & JE 1< ALl
R DIEHEALA TG T 2 BTN D HEITH 5 L FE X, 5. ZofhoREET v %
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Figure 2-11. Graphical summary'*¢

12-HEPE, which is a 12-LOX metabolite of EPA, was the prominent metabolite accumulated in
the skin when mice were fed 3 fatty acid-rich linseed oil. Consistently, the gene expression
levels of Alox12 and Alox12b were much higher in the skin compared with in the other tissues
(e.g., gut). We found that topical application of 12-HEPE inhibited the inflammation associated
with CHS by inhibiting neutrophil infiltration into the skin. Indeed, 12-HEPE inhibited the
expression of two neutrophil chemoattractant-encoding genes, CXCLI and CXCL2, in human

keratinocytes via RXRa..
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