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ATCC; American type culture collection
DAPI; 4’-6-diamidino-2-phenylindole, dihydrochloride
DHA; docosahexaenoic acid

DMEM; Dulbecco’s modified Eagle’s medium
DSS; dextran sulfate sodium

DTT; dithiothreitol

EPA; eicosapentaenoic acid

ERK; extracellular signal-regulated kinase
FITC; fluorescein isothiocyanate

GALT; gut-associated lymphoid tissue
GPCRs; G protein-coupled receptors
HBSS; Hank's balanced salt solution
HDAC; histone deacetylase

HYA; 10-hydroxy-cis-12-octadecenoic acid
HYB; 10-hydroxy octadecanoic acid

IECs; intestinal epithelial cells

IkB; inhibitor kB

IFN; interferon

IL; interleukin

JNK; c-jun N-terminal kinase

KetoA; 10-oxo-cis-12-octadecenoic acid
KetoB; 10-oxo-octadecanoic acid

KetoC; 10-oxo-trans-11-octadecenoic acid

MAPK; mitogen-activated protein kinase



MEK; MAPK kinase

MLCK; myosin light chain kinase
NF-«B; nuclear factor-kappa B

PBS; phosphate buffered saline
PPAR; peroxisome proliferator-activated receptor
PUFAs; polyunsaturated fatty acids
SFB; segmented filamentous bacteria
TER; transepithelial electric resistance
Th17 cells; T helper 17 cells

TJ; tight junction

TNF; tumor necrosis factor

TNFRs; TNF receptors

Treg cells; regulatory T cells

Z0; zonula occludens



1 JBRMIEE &8 EEREE

AR, A X 7 ARITEAR OFRIC K - T, BN OBIR T & 2 DR PEY D HEFEH
FENT AN FIRE & 72 0 (BE ISR T DIBENMEEO R & £ ORI LN o TE T,
ZOFER, BHPAHEE 8 OLL)3FE 2 OFRBOFIE - B (RAEVEZRE (Huttenhower et al.,
2014), R sE B (Sonnenburg & Bickhed, 2016; Winer et al., 2016)<° H C. 607 7% &
(Zhernakova et al., 2013.)72 &) (2% G535 Z EBRHALNICR D Do 5, Thbb,
PURIER 2318 FE O « RERRICER R &R A R L TRV, EY - AWFEICB TR
HEEARFEIRE LGRS UG TV D,

1.1 & RE L BN =

I 1L, R L= OMEL - RIE T 588 Th 5 L RIS, BPHURCB N E
RED THRY) | \CHICEBSNDEE CTh o120, IE T2 60%3 %
L. AR RO A7 5 & UTHEBRIE Y o/ A% (gut-associated lymphoid tissue,
GALT)Z A L Cu 5 (Pearson et al.,2012) (Figure 1-1), GALT (%734 = /LA INNT
U rUNEiZR EDY BN A e LR Y 2 SERROREIEE AR U Bk E D
R R RS TR S TV D, 2 OMERCIL. BPURCIBPI NS & 3851 5
BRI~ 7 0 7 7 — P Lo o BRIl & L T Mg B e 4 & T 155
YA EEN D, DX D, RO T8y & Tl NEFET 50
BlZRNT, ZOMEFE MRS ERMRAEE 2 H 2 7o LT\ D, IBE LR
Bavk, BB EN O 5y L S Mz I C 2B N Y 7 L LTHRE L . B DR AED
WTW5D, £72, BEMIIT LT o RRE T F R EAT D728 Apry ) 7 & L
THHEEL TWD, S OITTFEOMETIL, FEMIIZ A YA N A &5
W, &2 WVIFHANE S T2 RBLT 5 2 & T REMRORTE, EHEicHFET228 b
WhESNLTWD,



—J5. Fex ORFEIZIE, 1000 L L, 100 JKE & ORFNHMIEAFE L, ThEhns
NT U AEREDLRBLHF L TN D, I, ZOBNMIE D/ ST 2 ZADMI 52O FIRK T
WAET 5 & HEOEFEMEICEEZKFETZ NG & 7257 (Verdu et al., 2015), 7
bbb, Fx OEFEHAZMERTT 72012, IBRMEONT o 2 2 kD 2 L DERFICEE
Th D, Fio, BEEDOEEMERERHC W T IFPE D IS E RIS o A T L OHIEIC
FHETHZ L, ZOHTFAI=AXLBHLNIRY 2085, FlxIX, BANMEO—
MThHHEZ A Ml (segmented filamentous bacteria; SFB) XA IC B 545 A
v —aA x0T EAMEASV ST Mld (T helper 17 cells; Th17 cells)D 53t - 535 IZE
542 Z L% (Ivanov et al., 2009; Atarashi ef al., 2015), 7 1 A ~ U w7 & HANERE DN
I T HEfE (regulatory T cells; Treg cells) D53t « BFEICTH LT 5 Z LRGN L ol
(Atarashi ef al., 2011; Atarashi ef al., 2013; Smith & Garrett, 2011) (Figure 1-2),

1.2 M & RETED

AR, EEHCPE B (RRHE) (I O BB R EH E L CRIH S, £
RBIEY & U TR S ESIRIIEEDS . 18 Lo - RESRICEE R 71 L
LTHEENZRIZT ZEBHALNIRY D0h 5, B2, E#EENIEEDO—>Th 5 kR
I, JRIEPERRG T 0157 DG Z TB 32 2 &0 E Y THREA 1 L& 5 2 &
LT > TEY (Fukuda e al, 2011.), FBBRIZI=E Y =7 ¢ > 7 (histone
deacetylase inhibition; HDAC inhibition)|\Z{EF] L, Treg Mt D#Z G [KF Td % FoxP3 DFE
BAEHRETL2Z L TRBEREZNET S Z & bME SN TS (Furusawa ef al., 2013;
Zeng & Chi. 2015) (Figure 1-3), Z Ozt #laE LD G % o7 BIEMZ RIK (G
protein-coupled receptors; GPCRs) T & 5 SRR Z AR 20 LTAER e £ bl S
TW3,

S 5T, BNHIE R A PR 22 KR LS 2 L CL BFHSROREFEEE ) HIK

feAv eI, 4= Y eI, I5AENIEE I X O O fafn S L7 9F A F ARG NIE %
FEAET 2 T R S, v U ADMRRICIH N T, AL RN O FEN S

T2 > TN % (Kishino et al., 2013) (Figure 1-4), Z D KL 5 7e R fafnfigHHEE B Sk D RGN



FIEECGPED R L. PRE T (Goto et al., 2015), AEMAEAA K (Nanthirudjanar et al.,
2015)&% B\ X, SeiEHIE (Bergamo efal., 2014)72 & DREREMICHHE 45 Z E N A S
TH Y. B O R EFAEIRAENTRAE LT IBE NIRRT 2R > 7 v
7 & LT, T RO S N OEEE KT L TV D AMREEZ R LT 5,
2 BEANVT
2.1 Tight junction
A5 ERCHII, RBRER ORI G T 5 L FRIRHC, RO 72 & OFLR O
BRI AT B - (L FACHIEE T2 3 THREZ S Z LR bnTn D, £D 5
Ho &OEEZRLONYEA Y 7 BID tight junction (TI)Z X 2 W& i@ MEOHIE T
02, T 2 ERIAE LIX, TIICL > CTHRENCREA L TR, KEHR, A4, K
TOFmBEF L, S HITMAEN R EDEY DR NZBWTUW S (Turner, 2009; Turner
etal.,2014), TJ 1% 50 FEEELL LD & >R 7 E D BAERL S 4L, occludin X° claudin 7 7 X Y
— 72 EOFEEEY /37 E 8 zonula occludens-1 (ZO-1) 72 EDQEFTH & X7 B w5y
TT 7 F U AMER L fA LT\ (Fanning ef al., 1998; Itoh et al., 1999) (Figure 1-5),
THEOMRIZ LY | IBEEENOREFHICRET 2 2 026, &k (Miyauchi et al.,
2012; Azuma et al., 2013; Ren et al., 2014; Hung & Suzuki, 2016), MPNAE %z & D -4
(Ulluwishewa et al., 2011; Berkes et al., 2003), ¥ s A > (Al-Sadi et al., 2009)72 &'
2 OREFD T ORI EL 525 2 E PP LNIR-oTETND, ZOLIHIT,
Z R o WE GBS 2 DR T OB L TS 25 2 80, T #EZIER
RO Z &N, BEEEMHMERICBWTEETHL EEXDND,
2.2 Tight junction OFEFE & R A
N5 R ) T HSRE D BH 2 X A B G o UL, KIEMEE AR (Salim & Soderholm
2011)CIBBUEABIEWERE (Piche et al., 2009), & 21X, &% 7 L /L X — (Perrier & Corthesy,
2011), 7 F B —PEREZ (Wesemann & Nagler, 2016)72 &, & 5 BB BE K
TCBWTHER STV D, FrZES, RIEMEGZREIZET 2083 A I T T
BY ., ETNEDEANTAFTEZR ST R0 E Y T HERE D B AN RIENE N R O



RDO—>THD I ENRINTWD (Khoretal., 2011) (Figure 1-6), EES, RAEMENGE B
BEOEIZIBNT, TIMEN S /X7 B ORBL - B NZHEEE S (Chenetal., 2015,
Vivinus-Nébot ez al., 2014; Poritz et al., 2011; Weber et al., 2008), & 512, WEFBMEDH
L. REEVERREOTEEE LMHBI L. RIEFFOKEEE LTRSS (Mankertz &
Schulzke, 2007), RIEMENGEE EBE CRIEMIGE BT T VEW OIGE 2BV T, tumor
necrosis factor (TNF)-a, interferon (IFN)-y, interleukin (IL)-6 33 X OVIL-17 72 & ORAEMEH A
kA DB FE LN HAE X3 TE Y (Sandborn et al., 2007; Jarry et al., 2015; Powell et al.,
2015; Miyauchi et al., 2013), ZiL 6 ORIEMEY A NI A 3 5E ERHIIIER L. TJ
R 2 X B OF B - JRERYE 29 5 (Juuti-Uusitalo ef al., 2011; Al-Sadi et al.,
2011; Suzuki et al., 2011), - T, THDHDRIEMET A ST A N2 KD THEBEDOIK
TEMHIT 2 2 Lix, RIEMEGRBIIET - BRICENTHD LB X HILD,
3 GHUNRIERBAZIRE

GPCRs &, A/VEOMBRIREME D X 5 223 7 F IRES 2 BT 272012/
BPHICEHERE Y VR B TH Y | bRx e BRBICHT D105 - AlEY — 7y N e 7o
TV % (Venkatakrishnan ez al., 2013), AHPAHEEAETPEY) O FLEHAENR2IE, GPR41, GPR43,
GPR109a X° Olfr78 72 EZxf T DU H o FE L TRIESNTE Y, FEOEFMEHERIC
HERKRHNZRI-T RGN E RS TS, BlAIEX, GPRA1 (F= /L —ifi|f#
(Kimura ef al., 2011)° 552 HI18 (Trompette er al., 2014)73 85 S TR Y, GPR43 b [FkE
2, REER (Kimura er al., 2013)R°05 %% . (Maslowski et al., 2009)72 S1ZBA 595 2
ERBIBMNE o TWD, £7-. GPRI109a (60)EHIfH (Macia et al., 2015)%, OIfr78 I%
M EFAET (Pluznick et al., 2013)% ZLEHHH S Z LG INTWD, ZOXHIC, 15
FEOREPR L LTHIRZ DA TW oA MBSROFSHIENEE, GPCRs /M35 Z & TV
TFNFE UTER L, B EOEEEMER ICEERZE Z R L THWD Z ERH LN
2TV 5% (Figure 1-7),

—7 . RSIEVIEBZ AR TH S GPRA0 X° GPR120 (2 bk~ ZeBREME 23 Hds S v Ty
%o BIAIE. GPRI20 (RIS MISIZEAEIR T2 Z ERHLNISNTEY |



AFMEEHOFRNEIZ DO —>THDHZ & (Ichimura et al., 2012), ~7 07 7 —IIE
D RIEMEINE S 7V EGHE S D Z & (Oh et al., 2010)<CH5E R VE 3 UANT K DR
HUEEM (Hirasawa eral., 2005)72 E3 & STV D, S HIZ, GPR40 |3k B Mila o
AR W EREST S Z L (Itoh ef al., 2003)X°. B RILVE M EST D
(Edfalk et al., 2008) = E M BT STV D, FERERIZ, 2 BUBERIFIREIE TAK-875 O
GPR40 %A L7=A AU U UWMEHEIER & MoBFK N YRR 2 8155 U7 R sR SR & Rt
ERTW5 (Buranteral.,,2012), Z DX 92, fix D GPCRs 1Z%#EME 9 —L LT,
R R AR & LTefg EOEFEEMERHICEE 2R L LTER LTS Z &R
&N E 2> TS (Figure 1-7),

4 FHFREO BB L OERIRITOER

ERITR L7z K912, T, BN - PEY 15 £ (GPCRs)H B A3 A& (A TE M
FHCHERICHETH L Z LR EIN TS, LnLARNS, T OMERAMREIXZICIE
D, RS A= ALETIEHA LIS TR,

Z T AR I, IBPHIEGPEMIC K D IBE E MR 2 T S 2T D
7o, KFEME P —L LTD GPCRs 241 LT2E N TIRERA I = X L% 5 )
252 & HBYE LT,

52 BmCIE, BN EETPEDREOE N ) TIREERICOWT A7 U —= 0 73l
Ze 3 LT, 5 3 B CIL NI E A EEMRE D 5 B & b 7R MEMEZ 7R L 72 10-hydroxy-
cis-12-octadecenoic acid (HYA)7Y GPR40 OF#LY T2 K& 720 MEK-ERK #R#& % L
“C Tumor necrosis factor receptor (TNFR) 2 J8BLZ {925 = & T, BE /U TIREEHIC
FEHETLHZEEHOMNI LT, F4FETIE HYA DT XA N7 UHiEgT N U w2 (DSS)
FHEMEGRET N~ U AxET AEM L. TNFR2 RBUHIEZ A L2 U 7 R#ME
MZERGELT, & L TREIC, 5 5 ETARMIEEZRIE L, 2B, RFFEONEIL.
Journal of Biological Chemistry (Vol. 290, No. 5, pp. 2902-2918, 2015)|Z48# S 7= = & &+

LY Do
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Figure 1-1. Gut lymphoid microenvironment in health and disease (cited from Pearson
et al., Trends Immunol. 2012).

Lymphoid tissue of the small intestine and colon. CPs are small structures consisting mainly
of ILCs and DCs. These can mature into ILFs that contain B cell zones and germinal centres.
PPs are aggregated lymphoid follicles with organised T and B cell areas. During inflammation,
tertiary lymphoid structures can also form that resemble ILFs. GALT-associated epithelium
lacks goblet cells and has reduced mucus layer thickness. The epithelial layer contains
specialised ‘microfold’ (M) cells as well as intraepithelial and interdigitating transepithelial
DCs. Both M cells as well as DCs can sample luminal content and present it to tissue-
resident GALT lymphocytes, or, in the case of DCs, possibly migrate the mLNs to present
antigen there.
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Figure 1-2. Immunomodulatory members of the gut microbiota that regulate lamina
propria CD4 T cell subsets (cited from ref. Smith and Garrett, Front. Microbiol. 2011).
Bacteroides fragilis, segmented filamentous bacteria, and Clostridium spp. (from Clostridium
Clusters Ill, 1V, and XIVa) are depicted along with the mechanisms by which they influence
lamina propria CD4 T cell subsets.

SFB; segmented filamentous bacteria, PSA: polysaccharide A, SAA: serum amyloid A
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Figure 1-3. Commensal microbial metabolism gut homeostasis in the colon (cited from
Zeng and Chi, Trends Immunol. 2015). Short-chain fatty acids (SCFAs), metabolites
produced through bacteria fermentation of dietary fiber, promote Treg expansion and de novo
generation. SCFAs also induce IgA, promote epithelial barrier integrity, and prevent pathogen
colonization.
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Figure 1-4. Detection and quantitative analyses of polyunsaturated fatty acid-
saturation metabolism intermediates in mice (cited from Kishino et al., Proc
Natl Acad Sci USA. 2013). Lipids extracted from colon (100 mg), intestine (100
mg), or plasma (100 uL) of SPF or germ-free (GF) mice were analyzed by LC-
MS/MS-based lipidomics as described in Materials and Methods. Data are
presented as means &= SEM (n = 8).
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Figure 1-5. Structure of intestinal barrier, tight junction.
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Figure 1-6. Dysfunction of tight junction and immune diseases.
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Figure 1-7. Physiological functions of free fatty acid receptors.
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BB RBED DOEE NV 7 OREVER OfEdT

1 FFim

BHEBEETICZEICEEND Y /) — ik (0-6 [BIE) 1%, Tox N EmEiErid 27
DOIZIEECT 5 BN & 5 ZENRIIEE TH 528, T OBEBUES BRI/ D & RIESLT L
X —IGEHETDZ BB TS (Kunisawa eral., 2015), T4ETlE, HEEOR
FRE~OBELCLEED, HRCIHD -V ) LUBRAMO Ra o g
(docosahexaenoic acid; DHA), T Zt# 2 ¥ T F# (eicosapentaenoic acid; EPA)72 & ?
o-3 NENIRE OFSREME RS HIFE STV D  (Zhang et al., 2016; Oh & Olefsky, 2012; Yan et al.,
2013), —J. BHEEET DY 7 — VBB BAHEIC L > TR#TESND Z LRGN E
RO EEICE S THELRZBRIZRY J —VEBER#TH 28T, 20k 2 RIBN
B PER D3 4 7o AR BRIEME 273 2 E B IfF ST D (Kishino e al., 2013), % Z
T, BAIIEAME DY 7 — VEEGIIETEY T 5 HYA OABIBEREAZ I & 22T 5
eIz, BBEANY T ~ORBEERGE LT,

ARETIL, BENY 7T OREELE LT ERZESXIKT (transepithelial electric resistance;
TER), FITC-dextran i L OV IL-8 EAELZHIET 25 Z LI12X 0, BNHIEHE
WREDGE S U TARHEIER % in vitro R CTHB LTz, F72, 44 P x 7 v a B
R T ORBECEMRITT 5 2 L2 LD HYA OENY TIR#E A I =X L0 %
AT,

2 MEB X UHE
2.1 BRMEREES

ARRFZECHEA L7V / — VBB LY 7 — U EE BRI PN G E Y O & %
Figure 2-1 [Z/R L7z, ZHubid, BEBKY: IS MM FERIE FE0 A B % O -0
FIZBWTHK « 5 34172 (Kishino et al., 2013),

2.2 Caco-2 M E
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bt MHEEE R AR Td % Caco-2 Ml (ATCC HTB-37, American Type Culture
Collection; ATCC) % FV 7o, ARz s is/ & LT, 10% 7 AR IMmiE (ICN Biochemicals,
Osaka, Japan), 1% 3E&ZET X /£ (Wako Pure Chemical Industries, Osaka, Japan)33 & UMt
EW)E (100 units/mL penicillin - 100 mg/mL streptomycin 3 2 U 50 mg/mL gentamycin (Life
Technologies, Foster City, CA, USA) % & H T 5 X /X a i A — 2 /L (Dulbecco’s
modified Eagle’s medium; DMEM, Life Technologies) 1512 v 7z, Caco-2 #lifldid 75 cm?
kR 7 7 A3 T80 % 7V NE THEL 129X T > X7 =)L (Transwell,
Corning Coster, Cambridge, MA, USA)  (IE£E 12 mm, FL£5 0.4 um) (Z 2x10° cells/cm? D
IREETHER L, 5%CO, 37°C T 14 HRFE L., V2 V&7 T2 —T L—h L
IZE%TE L. basal ff] (1.5mL)& apical il (0.5 mL){Z DMEM £33 % i 7= L7z, Caco-2 Fliid
132 BERICHTIREZ RS I AR #a U CTHERR LTz,

23 JBEANY TREEAOFHE

14 A OEEE%, Caco-2 Mz U /7 — Vg L ORI EEEDEE (HYA, HYB,
KetoA, KetoB and KetoC; 50 pmol/L) T apical {fil7)» & 24 W¢f], LB L 72, WIZ, IFN-y (50
ng/mL)% basal lICHAN L, Caco-2 flifid% 24 Fffi] A »F =2 _X— K L7, ZDF%, basal
BRI D A% FRr7 L. TNF-a (50 ng/mL)% basal fillZIRAN L, Caco-2 #lifid % 6 R
WM LT=,

A TI 23U THEREIL, #EFFRY7e TER OZ kI LT apical i1~ 5 basal ]~ FITC-
dextran (471 4000, Sigma Aldrich) D75 & O E I L - TEFEAM L 72, TER fif 13 Millicell-
ERS system (Millipore, Billerica, MA, USA)IZ & - T, TNF-a #SHIRT & W4 1 K[
ME L7z, FITC-dextran (100 umol/L)I% TNF-o #sA1 & [RIFRFIZ apical IICHSIN L, 6 FREfEIT4
O basal -~ % &% [ E L7, basal ll> FITC-dextran J& 3L R 492 nm & 5
FP & 535 nm TR L7 (ARVOx4; Perkin-Elmer, Waltham, MA, USA),

TNF-o I3 6 REf 1% | basal | O£5# _EiEH O IL-8 {2 % ELISA (DuoSet, R&D Systems,
Abingdon, UK)IZ X » THIE L7z, 77005, fitEHUA (mouse anti-human IL-8,4.0 pug/ml)

% PBS (ZIEfiE L. 96well 7 L — MZ 100 uL T°2iI L, =R T BeEpE L7-, Bk
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&%, 0.05% Tween 20 &4 PBS %4 well (2 400 pL 3" >R LYEE3 2822, 3 (Al
VIR L7=, Ve, 1%BSA &4 PBS &4 well (2 300 uL ™2 L, =i T 1 BiEF
& L7, | R ER ., R a 3 EHE VIR Lo, Weidtt, BN L7853 BIE A4 well 12
100 uL I L7z, F7/=, AH¥ Z— F (recombinant human IL-8, 1000, 500, 250, 125, 62.5,

31.4,15.6,0 pg/ml)iZ. 45 well (2 100 uL DM L7, RN, RIET 2 FEE&E L7,
1 % BSA &4 PBS I[Z¥fF L 7o fHHPTIK (biotinylated goat anti-human IL-8, 20 ng/ml) % 4%
well |2 100 uL T oA L, IR T 2 RFHFHE L7z, 2 RFFEER ., YeifZ 3 B0 iR
Too VBV, 1% BSA &4 PBS (ZIEf# L 7= streptavidin-HRP % 4% well (2 100 pL §° %S
AL =R T 20 S AIHfE L7z, 20 srflEdER ., Tufa 3 B0k Lo, Jedtk, 02M
7Ry 77— GHEERE/KESEA, pH8.1) |2 41 mmol/L tetramethylbenzidine (TMB)
W ZIRAG L, 4 well (2 100 ul 32U L, kL ¢, =IE T, 15 ofEFE Lz, 15

SrTERE . 2 mol/L il 2 4% well |12 50 uL 2% L7z, g, v~/ 771 —h
Y — 4 — (Model 680, Bio-Rad Laboratories, Hercules, CA, USA)(Z & ¥ 450 nm O W GAE %
HE LT,
2.4 Real-time RT-PCR

Caco-2 #lifid 7> 5 @ total RNA fliH11Z 1% TRIzol (Life Technologies) % f# ff} L 7=, Total
RNA % High Capacity cDNA Reverse Transcription Kit (Life Technologies) O¥ff 7' = k=
—/WIZHE> T, cDNAIZER L7z, BhL7Z cDNA Z ]V T, KAPA SYBR FAST
gPCR Kit (Kapa Biosystems, Woburn, MA, USA)D¥sff 7' 1 b 2 —/L{ZHEV, real-time
PCR #1772, Crossing Point /EIZ X V15565 Ct fHA D AACt iE% VTR T3
BURIT 24T o7z, 7236, AETHM L7277 A ~—HElF% Table 2-1 (2777,
2.5 Immunoblotting

TNF-o #5006 Reff#2 . MA@ % ¥ PBS (- )T 3 [EIPEH L. 1 % protease inhibitor & 1 %
phosphatase inhibitor % % ¢» RIPA Lysis buffer (77 k—, Tokyo, Japan) C[E[IX L7z, Hildix
4°C,30 57.14,000g Ti LB L, Ei D% > /X7 B i€ % BCA protein assay kit (Thermo

scientific, Rockford, USA)% HWCHIE L7z, Z£D%, Eif & Laemmli sample buffer (3x
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concentrated; 4 % SDS, 10 % glycerol, 10 % B-mercaptoethanol 33 & TF 0.04 % bromophenol
blue Z ¢ 125 mmol/L Tris-HCl, pH 6.8) % {&A L. 95°C T 10 43[Rt S, SDS-PAGE
(ZHt L7=, SDS-PAGE (%, VKEIHFEMEH (192 mmol/L 7'V 3B LT 1 % SDS & & T
25 mmol/L Tris-HCI) H1T 10 %7 7 U /L7 I K7 /1T 20 mA DOFEZ 23T T 90 53 H &
SIKEVE T T2, TKENEZ, A Fo & N7 % PVDF i (Immobilon-P, Millipore) |2 #iz
G Lz, Bib, Blne, 7u v o A 4K, PVDF B, 7v, 7o v7 «
YT HAKKAKODIEIZER T, 0.2 % SDS % & Tris-HCI (pH 8.3)IZiZ L, Z/Licxt L
T 0.75 mA/em® D Z 2T T 3BT > 72, 85, 5% AFLIL7 THE, 1HF
WTIRE Y LRSS T 0 yF o 7 a7, 4°C, A—/3—F A K T—KHUAK (rabbit anti-
Occludin, mouse anti-MLCK (myosin light chain kinase), rabbit anti-ZO-1, and mouse anti-f-
actin) & SOt & ¥ 72, 0.1% Tween-20/TBS © 5 47, 3 [m¥EyE L, —kHUA (HRP-conjugated
anti-mouse & % V3 anti-rabbit immunoglobulin antibodies, DAKO, Glostrup, Denmark) % H
WCL SRR T BRI BOG Lz, FFON PEif % 3 [TV, 23> K% ECL 3 (Perkin-Elmer)

XA L, B L7, E&IX Image J software (NIH, Bethesda, MD, USA) % FUNTAT
272,
2.6 #LEHLER

fo R TR THAE + RHERRETR Uiz, FAMED LA | one-way ANOVA (2 X V1T
VY, post-hoc test (213 Tukey-Kramer 5% H\ =, p fE2Y 0.05 KimiDOGE . HatMICA &

L7,

3 BRBLUEE
3.1 BNHERBEDEOBRE N 7REBIEH O LB

W b ReAk Caco-2 Al & IFN-y C 24 RpfJALBE L, Z D%, TNF-a T 6 Kifffli%9 %
Z LT, HEZ TER OBV ZFHE LT, TNF-o O L7z TER OZIZxT 2 5Nl
FINHEEMREDOIER 2 it L7z & 2 A HYA I TER O E Rk E#ER 27~ L7- (Figure
2-2), —77 . ML NP A PEMREIC TER O RIER TR b /e - 7= (Figure 2-2),
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VRO FEBRTIZ, HYA O LR 5 EZHONIT L2 AL L, g &
LT, #EEMIZELI L7 HYB Z W TRt 217 - 72 (Figure 2-1),

TER DAL FITHIBRREIBR O A A @t o i % K LT\ 5 (Giinzel et al., 2012),
LR o T, RIEPEY A B A 12K D TER OIRTFIE, Caco-2 M DME N 7 HikE
DIXF L IEFPET % L EZ b5, HYA OVEMIEIELTHET 272012, BiBATH S
U =g e OIGENY 7T RGEERICK T 28 2 Bt Lic, ZORHR, U/ —Ligd
I N TURGEIER 278 L720s, £ OVERIT HYA $599< , HYB & [AIFEE CT-o 7= (Figure
2-3A), £72 HYA ® TER OBEAERITREKRFN TH D Z & birS 7z (Figure 2-3B),
INZC, MR PR DO FERE & 72 D FITC-dextran il & S 72, RIEMEY A A >
DRI L > THEIM L TEH Y, Caco-2 MALZIIT DIHE XU 7 HEBEDOIKN T 03 R S 4
2o —J7. HYA Z ¥R L7854 FITC-dextran i & O BN AT B CHIH S, £ Ok
PR KA CTh 572 (Figure 2-3C), S 512, U/ — /g2 %, FITC-dextran 51 &
DN Z4MH 4 D VEH 2 HEZR S iz (Figure 2-3C), HYB 1%, KIEMEY A M h A ic &
% FITC-dextran 251 & OGN 2 %2 KIF X 722> 72 (Figure 2-3C),

Flo, RIEVEYA M A L ORIMZ LY | Caco-2 M IL-8 FEA B IXBHZE IZHIN L
7o (Figure 2-3D), IL-8 |Z4fHERk7e A A~FHET D275 ENA U Th O | IL-8 IREN E
HAF2HZ 2k, #ERA~OHFFERORENMEE SN D (Struyf et al., 2005), FHHE~R
U7 h ek, BEROTEMERE R 2 PEAE . 32, 2072 BRI 724 h ER ORI
Mk ELY 52, BEAN) THRBIK T 2585 B2 5115, HYA [ZRIEMED A
M A AT XKD IL-8 EEAER I ZAEICIH L, Y/ —/LEES° HYB (26 IL-8 pEAHN]
R %~ Lz (Figure 2-3D),

3.2 HYA ® TJ BERT DO FEHHH

HYA [Z X DMGE AN TR A T = X L2 ff 272012, T B 0 8L A4 iR
L7ze RIEMES A BB A > THIBE L72 Caco-2 MM TIE, TJ BH#EK T Claudin-1, 3,
Occludin, MLCK 35 J. T} ZO-1, 2 {12 mRNA L~ TOIH R 13 Bl22 S 7= (Figure 2-

4), TER D& T=° FITC-dextran 1251 & O % 3% L 7= HYA 13, Claudin-1. Occludin,
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MLCK 5 X OV ZO-1 OB B4 2k L= (Figure2-4), —J5. HYBIX, 2150 TI B
R T ORI 2 E L) o T, & BIZ HYA D3NS I B E 2 83 L 7= Occludin,
MLCK 5 LT ZO-1 (B8 L C. immunoblotting & & % & > 737 B3 IUEMNT & #E LT,
Z DOFEHR . mRNA FEHL & [FRRIS . RIAEVEY A b U A > ORIFHIZ X - T\ Occludin, MLCK
BLOZO-1 I THERBEHERT NBEINTZN HYA T TN S 24 E 2k L7z (Figure
2-5), —77. mRNA JEHAHT & FIRE, HYB 213 TI BER DR B R 2t 5 7EH
SN oTz, TRLOFEEN D, HYA OIS 7GRN o#H A 5 =
ALE LT, D7 &b —21%, Occludin, MLCK 35 X T ZO-1 OFBLHIEHAEE 5 L T
W5 ZEDURESVTZ, occludin 7g EDIREE X LR BIT ZO-1 I LCT 7 F A
FaB ks LEAE L TR Y, ZAUC R Y EEESY XV EIXTIICRET 2 2 LN TE 5,
INHDOZ END, ZO-1 OFRBUSANL, o TI KRR 1O REEL, SHIKEFAY T
MK T ICEET ST B2 605, 70, RIEMEY A MU A ORHIZ LY MLCK
FEELDHEIN L7z, MLCK I3MIfBH CTHLT 7 F IS A7 4 T A M EIGES®
LEEFETH Y, MLCK OiEMELIc kv T @EiatEn i3 % (Jin & Blikslager, 2016;
Suzuki et al.,2014), > T, MLCK ZIELONMIL, RIEMEY A A U HlEKIZ L % TER
RFCE#ESTST LB N,

4 EHY

% AR Caco-2 Mz FAWVZREHC ko T, BNHIEN#EDRO S B, ) ) —
VRO EY TH 5 HYA IZIRWVIBE AN Y 7 IREER 2 R Lc, £72, £OfE
MZY 7=l HEEE T, T) BERF ORI LHIHE T 52 & T, BEAY 76
DR T ZHBEL TWD Z LRI N,
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Table 2-1. SE2ETHEH LT 74 ~—E5I

Gene Sequence
Forward 5’-CCCTATGACCCCAGTCAAATG-3’
claudin-1
Reverse 5’-AAGGCAGAGAGAAGCAGCAG-3’
Forward 5’-AAGGTGTACGACTCGCTGCT-3’
claudin-3
Reverse 5’-GAAGTCCCGGATAATGGTGTT-3’
Forward 5’-TATGGATGAACTGCGTGGTG-3’
claudin-4
Reverse 5’-CCACGATGATGCTGATGATG-3’
Forward 5’-AAGAGTTGACAGTCCCATGGCATAC-3’
occludin
Reverse 5’-ATCCACAGGCGAAGTTAATGGAAG-3’
Forward 5’-AACGAGATCAACATCATGAACCA-3’
MLCK
Reverse 5’-CAGCTGTGCTTGCTCTCGAA-3’
Forward 5’-TCCGTGTTGTGGATACCTTG-3’
Z0-1
Reverse 5’-GGATGATGCCTCGTTCTACC-3’
Forward 5’-AAAGCAGAGCGAACGAAGAG-3’
Z0-2
Reverse 5’-TTTAGTTGCCAGACCCGTTC-3’
Forward 5’-TTTTAGGATGGCAAGGGACTT-3’
p-actin
Reverse 5’-GATGAGTTGGCATGGCTTTA-3’
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Figure 2-1. Structure of fatty acids used in this study.

1) linoleic acid, 2) 10-hydroxy-cis-12-octadecenoic acid (HYA), 3) 10-hydroxy octadecanoic
acid (HYB), 4) 10-oxo-cis-12-octadecenoic acid (KetoA), 5) 10-oxo-octadecanoic acid (KetoB)
and 6) 10-oxo-trans-11-octadecenoic acid (KetoC). These fatty acids were synthesized by
previous method (Kishino et al., Proc Natl Acad Sci U S A. 2013).
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Figure 2-2. Effects of gut microbial metabolites of linoleic acid on IFN-y + TNF-a-
induced barrier impairment in Caco-2 cells.

Caco-2 cells were treated with the fatty acids (60 umol/L each) for 24 h, and then stimulated
with IFN-y + TNF-a. Time-course changes in TER were monitored (n = 3). @, None; O, IFN-
y + TNF-a (-); H, IFN-y + TNF-a + HYA; OO, IFN-y + TNF-a + HYB; @, IFN-y + TNF-a +
KetoA; <, IFN-y + TNF-a + KetoB; A, IFN-y + TNF-a + KetoC.
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Figure 2-3. Effects of HYA and HYB on IFN-y + TNF-a-induced barrier impairment in
Caco-2 cells.

(A) Caco-2 cells were treated with the fatty acids (50 umol/L each) for 24 h, and then
stimulated with IFN-y + TNF-a. Time-course changes in TER were monitored (n = 4). @,
None; O, IFN-y + TNF-a ( - ); B, IFN-y + TNF-a + HYA; [, IFN-y + TNF-a + HYB. (B) Caco-
2 cells were treated with HYA for 24 h, and then stimulated with IFN-y + TNF-a. Time-course
changes in TER were monitored (n = 4). @, None; O, IFN-y + TNF-a (- ); H, IFN-y + TNF-a
+ 50 ymol/L HYA; O, IFN-y + TNF-a + 5 ymol/L HYA; A, IFN-y + TNF-a + 0.5 pmol/L HYA.
(C) FITC-dextran permeability into the basal wells was assessed for 6 h (n = 4). (D) , After
TER measurement at 6 h, the basal medium was collected and the IL-8 concentration
determined (n =4, *, p < 0.05, and **, p < 0.01, compared with None; ##, p < 0.01, compared
with IFN-y + TNF-a; $, p < 0.05, and $$, p < 0.01, compared with HYA (Tukey-Kramer).
Results are expressed as means = S.E.
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Figure 2-4. Effects of HYA and HYB on IFN-y + TNF-a-induced the dysfunction of TJ-
related molecules in Caco-2 cells.

Total RNA was extracted from Caco-2 cells at 6 h, and mRNA expression was examined by
real time RT-PCR. Data are presented as the fold change in gene expression from the control
(None), after normalization to the B-actin gene (n = 3). *, p < 0.05, and **, p < 0.01, compared
with None; ##, p < 0.01, compared with IFN-y + TNF-a; $, p < 0.05, and $$, p < 0.01,
compared with HYA (Tukey-Kramer). Results are expressed as means *= S.E.
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Figure 2-5. Effects of HYA and HYB on IFN-y + TNF-a-induced the dysfunction of TJ-

related molecules in Caco-2 cells.

Protein was extracted from Caco-2 cells at 6 h, and protein expression was examined by
immunoblotting. Data are presented as the fold change in gene expression from the control
(None), after normalization to the B-actin (n = 3). *, p < 0.05, and **, p < 0.01, compared with
None; ##, p < 0.01, compared with IFN-y + TNF-a; $, p < 0.05, and $$, p < 0.01, compared
with HYA (Tukey-Kramer). Results are expressed as means = S.E.
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®3E
HYA OFENY 7THREERICEIT 5 ¥ 7 F Vg

1 FFim

%52 B Cld. Caco-2 MR % AV in vitro FHATISR THEWMIEE ERPEEM DNGE N U T £
N R AR LTz, Rl HYA OIFE N 7 ORGEMEH OTEMEILY 7 — i L0 s 2 &3
HOENERY  ZDORFAN=ALERHLNITHZENEETH D, £ TAETIL,
AR B PEC L DI E N Y TIREIE O+ A 0 =X L O % Hi & Lz,
2 BB LOUGE
2.1 BNHERHED

552 BCHEN L7 A S PEY & L7z (Figure 2-1),
2.2 Caco-2 fifaks=

2 O HEICHE L T, Caco2 MO R 21T 7,
2.3 BBENY TIREVER O

55 2 BOFIEICHE L T, Caco-2 MMIZ MM L7-, 7ed5, TNF Z&fK (TNFRs)JEH iR
Hr D FEBRR TIE, IFN-y Hl 24 REEIZ ISR A [EIN U7z, £/, BEAIER TIX. BN
A G EE IR 30 Z3ETIC Caco-2 AMAZIZYRAN L (GPR40 antagonist; GW1100, MEK
inhibitor; U0126), % 2 & & [AAEORIEIT 1 TRES 21T > 72,
2.4 Real-time RT-PCR

B2 EOFIEICHE LT T, real-time RT-PCR #1757, 7B, AETHA LT T4~
—Pd%1 % Table 3-1 127”7,
2.5 Immunoblotting

% 2 BEOHFIEIZHET T, Immunoblotting Z1T-72, 728, AFETHWZ—RHULIT,
mouse anti-IkBo, mouse anti-phospho-IkBa, rabbit anti-NF-kB p63, rabbit anti-GPR40, rabbit
anti-ERK, rabbit anti-phospho-ERK, rabbit anti-p38, rabbit anti-phospho-p38, rabbit anti-JNK

(c-jun N-terminal kinase), rabbit anti-phospho-JNK, rabbit anti-TNFR2, and mouse anti-f-actin
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To b,
2.6 SEEHOEGE

Transwell | THi# L7z Caco-2 Mifidz. PBS T3 EIMEfR, 4% /NTHRNLLT LT E

KT 10 MEE L. 2D, 0.2 % Triton X-100 T 5 53 M OF@ILILZIT > 7=, Caco-2

A 4 % A LIV (Wako pure chemical industries) T30 37 2y ¥ 7 L, —Ik
HLAD rabbit anti-GPR40 % 4 °C, A —/3—F A FTA »Fa~— b L7, WEFHR, K
UKD goat FITC-conjugated anti-rabbit IgG T 1 KEfA > F =X— K L, [FKFIZ, 4°-6-
diamidino-2-phenylindole, dihydrochloride (DAPI) & Rhodamine-phalloidin Z ¥/l L 7=, 1 ¥
Atk Ve 21T\, Caco2 fifdZ AT A N7 T AIHHE, 50% 77U u—/LTHEHAL
Too W T L LTc—IRPUAZ | SO BEE (LSM700, Carl Zeiss Microscopy, Jena,
Germany)(Z X > TR L 7=,
2.7 GPRA40 functional activity assay

t I GPR40 % 7819 %5 HEK293 fifid & % L 72, Lipofectamine (Invitrogen)|Z & > T,
Flp-In T-REx HEK293 #fifid~~ 7 2 ® FLAG-GPR40 cDNA / pcDNAS/FRT/TO & pOG44
DIREME, N T AT 27 ar Lz, 48 Kiltlth ., ZEFRBHIIN OB % | 200 pg/mL
hygromycin B % & {85 HIC AZHL U 7o, MtPEHERRERAS L, 1 pg/mL doxycycline |2 & - T,
Flp-In 75 @ GPR40 &5l % 48 FEHFEE L 7=, GPR40 OFBlIX, FLAG-tag % fV T,
RT-PCR & 7 u—H# A K A kU — (BD Biosciences)iZ L > TR L7z,

GPR40 RBIMifluZ 2T — > a—F 1 7 L7296 /X7 L— MZ 2 x 10° cells/well T
FEFEL, 37 °C T 21 KA > F =2 ~X— | L7z, &IZ, Calcium Assay Kit Component A
(Molecular Devices, Sunnyvale, CA, USA)% & {ph5H (Hank's balanced salt solution; HBSS)
i, IR T 1R v F 2 X— b L7z, HYA,(HYB B LV 7 — vl (xHR) 2 1% =
% ) —/EETe HBSS THMEL. Bl 96 N7 L— MIH¥f LIz, ZO7L— %
Functional Drug Screening System (FDSS; {Efadk h=27 ) kicky L, U T RE/EH
SHDH L TCi OB 25 S 2 L (kiR 485 nm/ BIER K 5250m), 7 —

K EMNTIZIL, Igor Pro (WaveMetrics, Lake Oswego, OR, USA) % fV 7=,
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2.8 #EFHAE

it Rl XA TR AR AERR A TR L7, IME D Lk A | one-way ANOVA 1T K D ATV,
post-hoc test (213 Tukey-Kramer {£% FHVN72, p fEAS 0.05 K DOGAE . falficARE E L
7o
3 BRBIUEBE
3.1 HYA O NF-«B RRE&H I #H#E

HYA OFE Y TUREA B = X D E W 52T 572 DI RIAE(RENE > 7 /L 0 NF-
kB BB ICHE H L7z, NF-kB (ZHEISEOMIL DO AELF 72 Ekk & 2 AmBIRIZ G- LT
HZENMLATEY, NERETIE kBa 72 EORE X 37 B LG L CHELC
JIELTW5D, LnL72R23 5, TNF-o 72 EORIEIC K-> T kBa 23V VERfb S, 7'
TT =KL DN EREIND & NFxB OBEBITIC L > Ty 7 F AN EEIT
%o ABFFETIE, IkBa D U UL L ~UL & | NF-kBp65 OFEHIEN L~V 2R+ 5 2
& T, NFkB ¥ 7TV OEME L~V 23Rl LTz, £ OfiHR, TNF-a ORIFET, AER
IkBo @ U il & NF-xB p65 DOIEBIHENN 2 fei8 L7 (Figure 3-1A), —J7. HYA |Z NF-
KB BRI OIEMAL &2 A B ICHHE] L7=25, HYB [ ZHEREE & [RIFRE CTH > 7= (Figure 3-1A),
E 51T, TNF-a OFE L7 NF«B O LA MatT 272912, INF ZHFEO—>T
&% TNFR2 ([ZEH L TR 21T > 72, 1EHFEAIIZIHEEBLT 5 TNFR] (2% L, TNFR2 I3,
FIEIRREZR EOR O NTZBREE T ICB W TRADPFEIND 2 =— 7 RZHIR T, FEERIZ,
IBIB BT RE S D RIEM G R B EBE OFE MM TIL, TNFR2 2A@E3BLT 52 &7
WA STV D (Mizoguchi et al., 2002), IFN-y #li# L 7= Caco-2 #lifidix TNFR2 % i@ FliZ
KHETHLENMONTEY (Wangeral.,2006). FEERIZ, ARBRR TH I[FN-y iHEMED
TNFRs J8HL23JCHE L7 (Figure 3-1B), —77. HYA (X TNFR2 OJEHL A4 IEH L ~LIZE T
o L7c (Figure 3-1B) (TNFR1 B A) ,
3.2 GPR40 x93 % HYA OH AT

HYA OSFERERRT 572512, Caco-2 MMEIZ IS 2 NENEES: BAR DR BL A fithr L
7z (Figure 3-2A ; RHNENIEEAZ 2K, 3-2B 5 MBI AR, 3-2C ; MEIEEEE X
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OB RIR) . ZOfEE, HYA X ESHBIRS RIKTH D GPRAO OIREBLIZHEL 5.

lﬂh

R D REMEDS R S, ZEDOEMNEIZ 7 H L~L TR S/ (Figure 3-2D), &
1T, Caco-2 AAIIZ I 1T % GPRA0 D JFTEZ et L 7o #E 5. apical Ml CEFEMD) 1258 < 7§
BLLTWD Z &R S L7 (Figure 3-2E, F),

HYA 7% GPR40 (ZfEAT DS BMCT 572D, GPRA0 U B> KT vt A %47
572, GPRA0 IZ, ~T a3 BAEDOG X LRI ED oV T 2=y F & LTGqIZHa L,
RN A1 Vo 7 A[Ca?' i ZIRAT D Z &ENHE STV 5 (Itoh & Yurimoto, 2003),
Caco-2 fIEIZ I 1T DN L 7 A[Ca¥']i DI AZMER L& Z A, HYA Th b
FIZEm <, U 2 —VBBIZ S [Ca?' i DA ZRET D EH D3RR S v 7e (Figure 3-3A), IR
IZ. & I GPR40 % Jifi| 78l S ¥7- HEK293 Mz T, FEROMRFZ21To72, &P
fEk. HYA RV / — VIRIE[Ca® i DA A B ITEE L7225, GPR40 antagonist Td %
GW1100 77E T TIEEOIER NN L7z (Figure 3-3B), & 512, [AREOMINLZ FIVWT,
RFEARAFH 22 BN B REEY 0O GPRA0 I35 2 BFMEA Mt Lo, ZOfE%. HYA
IR BIREMIZ[Ca i DA ZMRE LT, S 5IT, TOFRMEEFARMET =& hd—>
ThdrlU /=LY bEWZ ER RS (EC50; U/ —/ V2 11.3 £ 0.6 umol/L,
HYA6.0+2.8 umol/L). —F, HYB IZ&EHEL RSN Z LB 5 & 72 572 (Figure
3-30). Thbb, BNMENGEY TH S HYA i3 GPR40 OFH 7 T=A b & L TfE
9 % ATREMEDS R S 7,

3.3 GPR40 antagonist 7£7E T COBE N Y 7IREIEH

GPR40 > 7 F/LH HYA DIGENY TIREERNC T 5T 2 B0 Bt 572012
GPR40 antagonist (GW1100)% N THrF L7z, Caco-2 HHfEIZ)Id 5 GW1100 O Bl
X, TER, FITC-dextran i &, 1L-8 PEAE &35 K OV IFN-y #5340 TNFR2 %8I
%% 7p7no 7= (Figure 3-4), 85 2 3 & [AARIC  RIEMES A R A 12X % TER DIKTF,
FITC-dextran i1 & OHMFS L O IL-8 FEA B ORISR Sz 23, HYA 132 b %
AEICKE L, —FH. GWII00 F7E FTiX, HYA OIFE Y TER#EER AL

(Figure 3-4A-C), & 512, GW1100 f71E F C IFN-y #EME > TNFR2 F& 50 #iil 5 A3 8
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55 L7-Z LD (Figure 3-4D), HYA 3072 < & 85I GPR40 7 U &4 L
T TINFR2 B2l L, BHE A 7REERICH T2 2 LR S v,
3.4 HYA ® MAPK &8V > BR{LEH

GPR40 DFE N TICHT 5 & 5705 AW =X L EFiird 572512, MEK-ERK %
IZHEH LTz, Gq % > 7378 L 4:4% L 7= GPCRs 1%, [Ca®]i D AIZ & 5 MEK-ERK %1%
DOIEMALAE LTS (Goldsmith & Dhanasekaran, 2007), F2E3IZ, GPR40 OFHLT =
=A NTHD HYA % Caco-2 #MiZd ERK OV LAt L TH Y., TOERIX
GW1100 f77E F T3 L= Z &6, HYA 1% GPR40 2/ L C ERK OV Vb &1
HELTWDZ ERRSNTe (Figure 3-5A), —J7. p38 X INK OfRBICITFEE A KT S
7273 1= (Figure 3-5B, C),
3.5 MEK inhibitor 7£7E T COEE NV 7 {REIEA

HYA O3 SV 7 RFEIE 23 MEK-ERK #REE DT L TV D BN E RS 2 72912,
MEK inhibitor C& % U0126 {71£ T T HYA OIFE Y 7 R#EVER 2 M5t L7z, Caco-2
ARz %35 U0126 O EAMERANIL, TER, FITC-dextran i &, 1L-8 PE4E &35 & OV IFN-
y FHEMED TNFR2 BEHUC B A 5.2 72/ 7= (Figure 3-6), 5 2 3 L [FRRIC, SIEMEY
A "AA XD TER DX, FITC-dextran 251t & DO HIMNFS KOV IL-8 PEAE B DM A
MRS HL, HYA ZTN 6 2 HEICE L7223, U0126 17(E FCid, HYA OE AU 7
TRFEVEFR DN HIIC 42k L= (Figure 3-6A-F), & 512, HYA 1% U0126 777/E F C IFN=y
M TNFR2 B OIMHIEMA 2855 L= Z &5 (Figure 3-6G, H), IBENHIEIC X 5
U 7 — VR OYIRGHIEY) T % HYA 13, RBVENIEZ 514K GPR40 %41 L T, MEK-
ERK #2151V L, A5 LA TNFR2 %5812 Hil#19- 5 = & THRE N Y 7 1R#1E
HERTZ PRI,
4 B

5 bRk Caco-2 MR Z FAWVEREHT X - T, IBNMIEEIEY TH 5 HYA 1ZI5E
ERzHE D TNFR2 38 BL 4 HI1HI9- % Z & T NF-«B B OIEMAL 2406145 Z & THHE
U T REEHZRET 5 Z RSN T, £/, HYA IE GPR40 (253 2 BN A
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PEVH L RTHDY /=L @2 ERB 522720 . GPR40 antagonist 77-7E
THHE AN TIREEHSEA LTz, £72. MEK-ERK ## & iEMEL L TH Y . MEK
inhibitor fF1E FIZHR VTS HYA OIE Y 7 REFERBICIHEE LT, T7bb,
HYA /% GPR40 Z41 L T, MEK-ERK #J& ZEMAL9 5 2 & T, B LR D TNFR2

FEEHE L, BEANY TREERICHEGT L2 RN LRI,
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Table 3-1. EIETHEH LT 74 ~—E5FI

Gene Sequence

Forward 5’-CTGCCAGGAGAAACAGAACAC-3’
TNFRI

Reverse 5’-AGGGATAAAAGGCAAAGACCA-3’

Forward 5’-TTCCAGAAAACCCCAGCA-3’
TNFR2

Reverse 5’-TGGCCTGAGGTGATGCTT-3’

Forward 5’-GCCCACTTCTTCCCACTCT-3’
GPR40

Reverse 5’-ACCAGACCCAGGTGACACA-3’

Forward 5’-TCTCGTGGGATGTCTCTTTTG-3’
GPRI120

Reverse 5’-CTTACCGTGAGCCTCTTCCTT-3’

Forward 5’-ATGGAGCCCAAGTTTGAGTTT-3’
PPARy

Reverse 5’-TGTCTGAGGTCCGTCATTTTC-3’

Forward 5’-TTTCAGTGCCAAGGGGATAG-3’
GPR84

Reverse 5’-GAAGATGCCAACACTGCTGA-3’

Forward 5’-CTTCATCCTCTGCCCACTCTC-3’
GPR41

Reverse 5’-CGCAGATATAGCCCACGACAT-3’

Forward 5’-ACGCAGAGGCAAAGACACA-3’
GPR43

Reverse 5’-TCTGTCGCTAGGCTGGAGT-3’

Forward 5’-GTGGCTGCGGACAGGTATT-3’
GPRS1

Reverse 5’-TGAGTGTCCTGGCTGCTTG-3’

Forward 5’-TTTTAGGATGGCAAGGGACTT-3’
p-actin

Reverse

5’-GATGAGTTGGCATGGCTTTA-3’
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Figure 3-1. Effects of HYA and HYB on TNFRs — NF-kB signaling.

Caco-2 cells were treated with the fatty acids (50 uM each) for 24 h, and then
stimulated with IFN-y + TNF-a. (A) After stimulation with TNF-a for 6 h, Protein
was extracted from Caco-2 cells and protein expression of phospho-IkBa / IkBa
and NF-kB p65 were examined by immunoblotting (n = 3). (B) After stimulation
with IFN-y for 24 h, total RNA was extracted from Caco-2 cells and the mRNA
expression of TNFRs examined by real-time RT-PCR (n = 3). Results are
expressed as means = SE. * p <0.05 and ** p < 0.01, compared with Untreated;
# p < 0.05, compared with IFN-y + TNF-a (A), IFN-y (B) (- ); $$ p < 0.01,
compared with HYA (Tukey—Kramer). Each data (A, B) is representative of three
independent similar experiments.
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Figure 3-2. Effects of HYA and HYB on the expression of free fatty acid
receptors.

After stimulation with TNF-a for 6 h, total RNA was extracted from Caco-2 cells
and the mRNA expression of fatty acid receptors for (A) GPR40, GPR120 and
PPARYy, (B) GPR84, (C) GPR41, GPR43 and GPR81 was examined by real-time
RT-PCR (n = 3). (D) Protein was extracted from Caco-2 cells (n = 3), and
expression of GPR40 was examined by immunoblotting. Results are expressed as
means = SE. * p <0.05 and ** p < 0.01, compared with Untreated; # p < 0.05 and
## p < 0.01, compared with IFN-y + TNF-a (- ); $ p < 0.05 and $$ p < 0.01,
compared with HYA (Tukey—Kramer). Each result (A, B) is representative of three
independent similar experiments. (E, F) After stimulation with IFN-y + TNF-q,
Caco-2 cells were labeled for GPR40 (green) and DAPI (blue) (E), or GPR40
(green) and Rhodamine-Phalloidin (red) (F). The x-z as well as x-y fluorescence
images of HYA-treated cells were obtained (E). Scale bars represent 20 um. Each
image (E, F) is representative of two independent similar experiments.
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Figure 3-3. Induction of [CaZ*]i rise by HYA in Caco-2 cells and HEK293 cells
expressing human GPR40.

(A) The mobilization of [CaZ*]i induced by HYA, HYB and linoleic acid (100 uM
each) was monitored in Caco-2 cells, and data are presented as relative Ca?*
intensity (n = 3). LA, linoleic acid. ** p < 0.01 and * p < 0.05 vs. Untreated. $$ p <
0.01 vs. HYA (Tukey—Kramer). (B) The mobilization of [Ca2*]i induced by HYA,
HYB and LA (10 uM each) was monitored in GPR40-expressing HEK293 cells.
The cells were pretreated with or without the GPR40 antagonist GW1100 for 15
min prior to the addition of the fatty acids. HEK293 cells not expressing GPR40
were used as negative controls (Dox ( -)) (n=3). ** p <0.01and * p <0.05 vs.
Untreated. ## p < 0.01 vs. GW1100 ( + ). NS; not significant (Tukey—Kramer). C,
Representative dose-response curve of HYA-induced [Ca?*]i rise in HEK293-
hGPR40 cells (n = 3). @, LA; l, HYA; ¥, HYB. Inactive, no response at 1,000 uM.
EC50 indicates the concentration of a sample that produces 50% of the maximal
response, and was calculated from dose-response curves. Results are expressed
as means = SE. Each result (A—C) is representative of three similar experiments.
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Figure 3-4. The inhibitory effects of a GPR40 antagonist on the barrier-
recovering and TNFR2- suppressive activity of HYA.

Caco-2 cells were pretreated with the GPR40 antagonist, GW1100, for 30 min, and
then the barrier-recovering effects of HYA were evaluated. (A) Time course of
changes in TER. Open symbols are values from cells without GW1100 treatment,
and closed symbols are with GW1100 treatment (left). O and @, untreated; [ and
M, IFN-y + TNF-a; A and A, IFN-y + TNF-a + HYA. The dataon TER at6 h is
shown (right). (B-C), Evaluation of FITC-dextran permeability and IL-8
concentration. (D) The effects of HYA on TNFR2 expression were evaluated by
immunoblotting. * p < 0.05 and ** p < 0.01, compared with Untreated; # p < 0.05
and ## p < 0.01, compared with IFN-y + TNF-a (- ) or IFN-y (- ); $ p < 0.05 and
$$ p < 0.01, compared with HYA (Tukey—Kramer). ND, not detected. NS, not
significant. Data represent the means = SE. Each result (A-D) is representative of
three independent similar experiments.
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Figure 3-5. The effect of HYA on the phosphorylation of MAPK.

Caco-2 cells were treated with HYA (50 pM) for 0-30 min (p38 and JNK) or 20 min
(ERK). Also, some cells were pretreated with the GPR40 antagonist GW1100 or
the MEK inhibitor U0126 for 30 min (ERK). Protein was extracted from Caco-2
cells and phosphorylated and total protein expression of ERK, p38 and JNK were
examined by immunoblotting (n = 3). * p < 0.05 and ** p < 0.01, compared with
Untreated (Tukey—Kramer). Each result is representative of two similar

experiments.
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Figure 3-6. The inhibitory effects of a MEK inhibitor on the barrier-recovering
activity of HYA. Caco-2 cells were pretreated with the MEK inhibitor U0126 for 30
min, then the barrier-recovering effects of HYA and TNFR2 expression were
evaluated. (A-B) Time course of changes in TER. Open symbols are values from
cells without U0126 treatment, and closed symbols are with U0126 treatment. O
and @, None; [0 and B, IFN-y + TNF-a; A and A, IFN-y + TNF-a + HYA or HYB.
(C-H), Evaluation of FITC-dextran permeability, IL-8 concentration, and TNFR2
expression (n = 3). ** p < 0.01, compared with Untreated; # p < 0.05 and ## p <
0.01, compared with IFN-y + TNF-a with or without U0126 (- ); $ p < 0.05 and $$ p
< 0.01, compared with HYA (or HYB) without U0126 (Tukey—Kramer). ND, not
detected. NS, not significant. Results are expressed as means = SE. Each result
(A—C) is representative of two similar experiments.
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FA4E
HYA DIERSEER
1 FFim

B2 BB LU 3 ET, BNMENRHED TH 5 HYA DMFE ) TIREFERICH S
THZ L, ZOHTAN=ALO Mz NI Uls, IBREREGE N T Ok
TERICBR L TR BEANY T 2T 5 2 L0 — D DIBHRIEI R V1G5 2 L
FFXN TV D (Khoret al., 2011),

% 2T, ARFE T, Caco-2 M TOFHMFR Tl b IGE /N U 7 IREMEH 2 8 L 72 HYA
Z.TXARNT T U UL (DSS)FEMEMRET L~ U RRAKEGTHEZD Z
& T, HYA OIBRUEEIER 2 /5t Lz,

2 MEB I UHE
2.1 BWER

BALB/c ¥ A (A A, 6 i) 1% Charles River Japan (Kanagawa, Japan)7> 5 HEA L,
2T OFEBREHILA B R F B EREHANIE > TTT o 72 (No. C10-17), 2MEREZRIE
3.5 % (w/v) DSS (%31 36000-50000; MP Biomedicals, Aurora, OH, USA)% 5 HFE]. HH
KRS EDZ LT L VFEE L (Wirtz ef al., 2007.), HYA 3 X TOVHYB O KB4 %
R ZFHET 272012, ~ 7 A2 HYA % E HYB (100 nmol / mouse / day) D ¥#1Z
100 uL OG- L=, Z 051X DSS #5515 HIM & B 5-FH4% 5 HE D410 H
[, fERAT o 7o, KIBROIEIRFHEIL, RERD . #EORRES XOILM 25 0o Hific
X > THEHFHE L 7= (Miyauchi etal.,2013), 5 HE] DSS 5%, B&H L. KiFE 2 H
E LTz, £z, KRIBHEBEOEAEGIA (7 um)Z {ERK L. Hematoxylin-Eosin (H&E)4L A2 &
- T, MBI FRIRHE 21T - 72,

2.2 Real-time RT-PCR

~ 7 ARG AR S O RNA HliH (213 RNeasy Mini Kit (Qiagen, Maryland, MD, USA) %

U7z, DARRIE, 35 0 HIEICHE LT, FEli L7z, 73, L7277 A ~—I3 Table

4-1 |27,
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2.3 SEBOLELE

~ 7 AD KL% OCT compound (Sakura Finetek, Tokyo, Japan)(Z e L, 7 U 4 &
Xy NTEHFEGR (Tum)ZERR L, AT A4 R T X RIZHER L=, GIF & 3% /3T 7
VAT VT e RTC10 40 EEE L PBS T3 EIESE L2, Bl & 5% 1E% Y X1iE (Wako
pure chemical industries) T 30 37 1 v %7 L, —IK$FLIK (rabbit anti-occludin, rabbit anti-
Z0O-1, mouse anti-MLCK, rabbit anti-TNFR2, rabbit anti-NF-xB p65, and phycoerythrin-
conjugated anti-CD326)% 4 °C, A —/3—F A N TA FaX— L7z, £O%, kit
ROT 1 A > F 2X— kL, [FFFIZ, 4-6-diamidino-2-phenylindole, dihydrochloride
(DAPI; Dojindo Laboratories, Kumamoto, JAPAN)Z 50 L7z, 1 Refi#2, Y1 % 50 % 7
Uter—TEALL, @7~V LT —REUEE . SOLBEMEE (Leica FW4000, Leica
Microsystems, Wetzlar, Germany)(Z & > CTHiHi L 72,
24 < U REGE LA (IECs)DHEE

~ 7 AD KGR A @ PBS (- )T L. 1 mmol/L dithiothreitol (DTT, Wako pure
chemical industries) % & #¢ PBS H1°C 10 75[f. =i THRE L7, RIZ, #H#k4% 30 mmol/L
ethylenediamine-N, N, N’, N’-tetraacetic acid (EDTA)% & ¢» PBS H°C 10 /5[], 37 °C TA
YFaX—hLiz, 1 BEORNVT v 7 2%, F@E L7 IECs % 2 mg/ml dispase (Life
Technologies) & 50 mg/ml DNase I (Roche Applied Science, Mannheim, Germany) % & ¢ PBS
(ZIRE L. 1 BF[E], 37 °C TA rFax—F L, ZOR, 5 pBXZHALT v 7 AL
72, #3572 IECs % 20 % Percoll (GE Healthcare, Little Chalfont, UK)(Z FFi&# L. 40 %
Percoll FICEEH% ., 600g T 15 7rffiE 0Bt L7z, 20 % & 40 % Percoll DS HING | K
HL7- IECs Z BT L 7=,
25 Zu—% A AR —

IECs % 30 47ft]. 4°C T PE-anti-TNFR2 (BioLegend, San Diego, CA, USA)JiiK & 1 > 3%
a_— kL7, BRI R R~— 0 —Ch DY A I F o REDEEITIE, IECs
% Cytofix/Cytoperm solution (BD Biosciences, California, USA) % F\ N Tzl s L OV E D

MR %2~ = =2 7 Vil U 12TV, 30 53], 4 °C T anti-pancytokeratin-FITC (Sigma Aldrich)
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kL 4 o ax— L7, £/, BHUED isotype-matched antibodies % VT =2 K
m—/Lea U7, MilaEIA % Guava Easycyte flow cytometry system (Millipore)(Z & — “CiHl]
E L, FIRFIZ, IECs DA TS LOWIE & 22 nHIE Lz, 723, IECs OFEIE (pan-
cytokeratin positive cells)i£ 80 %LL =, F 72, IECs @ 9 HOEMEEI ST 70 %LL
(ViaCount (Millipore)lZ & %) Td > 7= (data not shown),
2.6 #wLEHLER

it Rl XA TR AR AERR A TR L7, A D Lk A | one-way ANOVA 1T K VATV,
post-hoc test {Z1d Tukey-Kramer %4 VN2, p fEZ 0.05 Rii DA, St AE S L

77

3 BRBIVEE
3.1 HYA OBk E Ll

DSS FHFEMBRET L~ T A, HBIAHNWLN TV D RIEMGEEOTYET
IND—DThHD (Wirtz et al., 2007.), DSS BIGREZFET HANN=ALE LT, BARR
FERDRE « ~ 707 7y —YOEMAL (You et al,, 2016.). & BIEMEDOTLHE (Azuma et
al.,2013.). WHPHIE # D2l (Nakanishi ef al., 2015.)72 ENE 2 HH TN 5D

DSS #5412 L 0 | DSS & GHETIE, BERIBRIER (RERD, KGR OZEE, #HE
Z a7 LG HNBIE ST (Figure 4-1), 25 OFEIRIE, DSS iFEMES & &
L~ T AT HARENLRIBREIEEORIE L L THH I TWD (Wirtz ef al., 2007.),

HYA OfffGERI 72 5 5103, 2 S AGRIER OB 2 4 E 2 L7z (Figure 4-1), 12
FER 2T ROKRBEOSENRD Hivlz, —J, HYB BGHTIE, BRIERZ S5
HVERIFBIZE S 2o Tz (Figure 4-1), 783, HYA X° HYB Hlif& 5.8 (DSS $¢5-7¢2
L) i, 20X RIBRIERITBIZ INRho72Z Lvh, HYA 52X 25BRK
FERIIBROBIECE A LHE L bDLEEZ HNLD,
3.2 TJ BEERF ORETHIH

Caco-2 MlEIZ IV T, HYA IZRIEMED A b A » OFFF L7z T BN+ DI B 5
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Y LTz, £ 2T, DSS FHEMGRET L~ U RIZEIT 5 HYA DGRUEEER O 2
=R RERHLZT B0, T BIE#KE O3B - B2 it Lz,

DSS FHENEAGFR T T L~ 7 ATBW T, TI B# K 1T 5 occludin, ZO-1, -2, Claudin-
1,-3,-4 3 L O'MLCK ® mRNA Z8LZfif T L7z (Figure 4-2A), < DOfEHR, occludin, ZO-
1,-2, claudin-1, -3 3 X ¥ claudin-4 |24 72 FEHLILH 238142 < A7z (MLCK (T IETm) .
DSS #FHEMEMRET L~ U AZBIT DG RIEIROEIT DR L b Zhvn T BER
T OB DG LT\ D 2 EAURR S T, IBSIER & i L7z HYA #5-8E T,
occludin, claudin-1 3 X T MLCK |2 A B RSB EH RO b vz (Figure 4-2A), F7-.
Z0-1, -2 B LV claudin-3 ([ZBW T, UEEHANBIZR TE /22 Lvb, HYA DOGRIE
RUEEEA 072 < &b —EC, TI BIER 1 ORBMHi 2T LT\ D Z L3RI En
7o —J. HYB &GHECIE, T BRERE 7 ORBZFH T2 & 5 2AEMITBIE sz
-7 (Figure 4-2A),

DSS FHEMFRET L~ 7 AIZBWV T, MLCK O mRNA FEEEFBNHRSNZZ &
B, T BER O RIENET 5 Z & B2 B4 (Clayburgh er al., 2004.), JRTED
ZBleb o, BRERBEGREICHFE T 1D, EEE Y /X7 B O occludin &
BB Z NI ETHD Z20-1 DJRTEE R LIz, f#H~ 7 2128 T occludin X° ZO-
113 Rzl TEIZE S 7= 23, DSS BB E M €7 /L~ 7 A Tl occludin D JR{ER R
WHChoiz, —J7. HYA B ERETIE, DT MRIEDE L% 3 L= (Figure 4-2B, C),
BRI L1, HYA B 58 ClE, occludin X° ZO-1 DR BN E BRI, £
72 MLCK (ZBE L T H[ABRIC, i~ T A TlE & A R S e )y 72 MLCK 23, DSS
MG RET NV~ U AT LRI B SRR S 7oAy, HYA BERETIEZ O
HI2NH &7z (Figure4-2D), § 725, HYA @ DSS #FEMGRET L~ 7 ZDEIR
SEEAIE, occludin 38 KON MLCK D38 - R[ITEHIEHAEEE LT D Z E AR I
7
3.3 B LRI TNFR RBLHE#

HYA @ TJ BER 1 ORBHIEH A 71 = X L2 60T D701, ]

So
il
B
o
™
o
NS
N
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TNFRs (2 H L TR 21T o 72, IEMMIZIIT 5 TNFRs @ mRNA FEHLL, TNFRI
5 JLOVTNFR2 302 DSS & 58 THIEE TN L7z (Figure 4-3A), 72, RAEIRRE THBL
DMENN9 % TNFR2 /&, TNFR1 XV $5R< FEH L7, TNFRI OFEEH#EIL. HYA B X
UVHYB O#% 512 X » TEIZ I 3723, HYA 13 TNFR2 2880 & BEEE 2P0 L 7= (Figure 4-
3A), TNFR2 [ T HifR, BAIfL, w27 v 77— BRI & Bk it 7 & v
MZFBLLTWAD Z & HH 5L TV 5 (Chong et al., 2014; Venkatesh et al., 2013; Atreya et
al., 2011), % Z T, BEITIT D TNFR2 FEELD EOMAIZTR < FEBL L TV D & fet
T D720, HEF YA T TNFR2 Of 23k 7x 7, &%~ 7 AX° HYA - HYB Bl
$e 5~ 7 A TIX TNFR2 BEHEMARIXIE & A EBIZE S L7e > 7 (Figure 4-3B), —J7, DSS
BHRETIE, TNFR2 BBPEMIIL N HERR S 4L, FrIC B LRGN & L8 B3 2 e 23 il
EN7, HYA B5- TN LD Uiz, £72, HYB £ 58 TlE DSS £ 5.1 & [FIFEE
Td o7 (Figure 4-3B), DSS IR ET /L~ U ZADOEMMIZI 1T 5 TNFR2 @ mRNA ¥
BUBINE, I LRI CH D 2 L AVRIB S 7o 72D s ML 2 B L. TNFR2
BEPERGE ER RO A 7 m—H A R X N U —THRF Lz, TORE, EE~T 20
HYA - HYB Bl G~ 7 A Cld, FIFEEE O TNFR2 B HERGE RIS i S dviz, —
75 . DSS 58Tl A E 72 TNFR2 Btk BRI AN S 7223 HYA #5012 K- T
ZDENE A B L= (Figure 4-3C), DSS #FEMAFR T T L~ 7 A% 5 HYA O
A AAEIRARE FNVE FHIC . TNFR2 S EL &2 HilfH L T D 2 & AR X 7= 72, TNF-0-TNFR2
IO T TH D NFxB #RE~OE G 25 L7-, NF«B p65 THEMHkZ Y
L7, i~ 7 20 HYA B G~ 7 2 Tl ol S -3, DSS diEik
IERET IV~ T ATIEZORMEIE R LTz, 72, HYA 58 TlX, NF-«Bp65 5
PEIEOEIE MR ~ v 2 LRBEE Tl Sz Z L6, HYA OR5I2X - T,
NF-«B #& I OTEMAL M S 372 2 & D3RR S 7= (Figure 4-3D), — 7. HYB B £
H.ClX NF«B p65 1dfds~ 7 A L[EFRE TH 7203, DSS FEMGRET L~ 7 A~
® HYB #%5- T3z OESICEITBER SN2 > 7= (Figure 4-3D),

4 B
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DSS #FHEMNGRET L~ 7 A% N in vivo B RIZ L - T, HYA OG- BIGRIE
WEWET D Z EIRBENTZ, £7-. Caco-2 Ml % FV = in vitro 3HAfiR & RIERIZ,
T BHER 7 ORBEZFIEHT 2 Z E R LN E -T2, 512, BE ERG#IO TNFR2
FEBAGE L, £ O T NF-xB #E OEMAL 2 392 2 & T, TI BER 7058

FEC, BRIEROEFNZEHE L TCWD Z LAV S v,

-57-



Tabled4-1. FHEAETHERH LT 74 ~—E5F

Gene Sequence
Forward 5’-GATGTGGATGGCTGTCATTG-3’
claudin-1
Reverse 5’-CCTGGCCAAATTCATACCTG-3’
Forward 5’-ACCTGCGTACAAGACGAGACG-3’
claudin-3
Reverse 5’-ATCCTGATGATGGTGTTGG-3’
Forward 5’-CTGGAGTGGATGTCCTCATGT-3’
claudin-4
Reverse 5’-GAGTAGCGCTGGAGTAACGTG-3’
Forward 5’-CACACTTGCTTGGGACAGAG-3’
occludin
Reverse 5’-TAGCCATAGCCTCCATAGCC-3’
Forward 5’-GCGTGATCAGCCTGTTCTTTCTAA-3’
MLCK
Reverse 5’-GCCCCATCTGCCCTTCTTTGACC-3’
Forward 5’-CTTCTCTTGCTGGCCCTAAAC-3’
Z0-1
Reverse 5’-TGGCTTCACTTGAGGTTTCTG-3’
Forward 5’-AACGGATGCTCGGAAGTTAAT-3’
Z0-2
Reverse 5-TGTGCTTGCTGTCTCTCAACA-3’
Forward 5’-AAAGGTCTCTAAGGGGGAAGG-3’
TNFR1
Reverse 5’-CAAGTGGGCACCAGATACATT-3’
Forward 5’-GCCATCCCAAGGACACTCTA-3’
TNFR2
Reverse 5’-AGGGCTTCTTTTTCCTCTGC-3’
Forward 5’-TCAAGAAGGTGGTGAAGCAG-3’
GAPDH
Reverse 5’-AAGGTGGAAGAGTGGGAGTTG-3’
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Body weight change (%)

Body weight loss (g)
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Continued (1/3)
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Stool score

Colon length (cm)

O DSS
A DSS + HYB

Time (days) after DSS treatment

10

None
HYA
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HYB
DSS
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DSS+HYA
DSS+HYB
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Figure 4-1. Anti-inflammatory effects of HYA in DSS-induced colitis mice.
(A-C) Mice were monitored daily for weight (A) and stool score (C). The data from
the last 5 days of the experimental period are shown. @, Untreated; ll, HYA
administration; A HYB administration O, DSS-treated mice; [1, DSS-treated mice
with HYA administration and A, DSS-treated mice with HYB administration (n = 6).
Weight loss was calculated (B) and the colon length was measured on day 10.
Scale bars represent 1 cm (D). (E, F) Colonic tissue sections were stained with
hematoxylin and eosin for histological examination. Scale bars represent 100 um.
Histological examination was performed by assigning a score for epithelial damage
and leukocyte infiltration on microscopic cross-sections of the colon in each mice. *
p <0.05and ** p < 0.01, compared with Untreated; # p < 0.05 and ## p < 0.01,
compared with DSS-treated mice without HYA and HYB administration (- ); $ p <
0.05, compared with DSS+HYA (Tukey—Kramer). Each result (A-E) is
representative of two independent similar experiments.
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MLCK
None HYA HYB

DSS (-)

Figure 4-2. The recovering effects of HYA on DSS-induced TJ impairment.
(A) Total RNA was extracted from colonic tissue of DSS-induced colitis mice and
the mRNA expression of TJ-related molecules examined by real-time RT-PCR.
Data are presented as the fold change in gene expression from the control (None),
after normalization to the GAPDH gene (n = 6). (B-D) Cryosections of colonic
tissue were immunolabeled for occludin (green) (B), ZO-1 (green) (C) or MLCK
(yellow) (D), and DAPI (blue). Scale bars represent 50 um (B-C) or 100 um (D).
Results are expressed as means = SE. * p < 0.05 and ** p < 0.01, compared with
Untreated; # p < 0.05 and ## p < 0.01, compared with DSS-treated mice without
HYA and HYB administration ( - ) (Tukey—Kramer). Each result (A—C) is
representative of two independent similar experiments.
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NF-kB p65
None HYA HYB
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*k **, $

0.2
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NoneHYAHYB (-) HYAHYB
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Figure 4-3. Effects of HYA on the TNFRs expression in DSS-induced colitis mice.
(A) Total RNA was extracted from colonic tissue of DSS-induced colitis mice and the
MRNA expression of TNFRs examined by real-time RT-PCR (n = 6). (B)

Cryosections of colonic tissue were immunolabeled for TNFR2 (green), DAPI (blue)
and CD326 (red). Scale bars represent 100 um. (C) Intestinal epithelial cells (IECs)
were stained for pancytokeratin and TNFR2, and analyzed by flow cytometry. The
representative histogram analysis and the percentage of TNFR2 positive IECs are
shown. (D) Cryosections of colonic tissue were immunolabeled for NF-kB p65 (green)
and DAPI (blue). Scale bars represent 50 um. The number of NF-kB p65-positive
cells were counted. * p < 0.05 and ** p < 0.01, compared with Untreated; # p < 0.05
and ## p < 0.01, compared with DSS-treated mice without HYA and HYB
administration ( - ) (Tukey—Kramer). Each result (A-D) is representative of two
independent similar experiments.
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BSE
WG

ABETIL, BFEIRE RO BNHERHPED D RENRNIFEZF K TH D GPRAO D
UHy KE72Y | MEK-ERK &N 25 2 & C, B ERHILO TNFR2 FEH% il
L. IBEANY THREERICHES T2 E2HLMNT LT, LLTIZ, AR TR LA
25T 5,

1 BAMENRKHEDOBE Y THREER (B2%8)

BFIFEICRT 2 AERIIEZ < HRE SN TEY .. o3 BIHBOEE Y ) — R
I E RN ROPIRIE - PURIER R EOERZ R Z LG STV D (Li et dl,
2008; Bergamo et al., 2011; Martinasso et al., 2010; Reifen et al., 2015), Z D X 9 /e BHEE
Ik UL BRI MR D 2 & CREEA SN ONMBED OIFENH O e o
e, fEEICT D AEBNEEIIRT RN/ £ TH D (Kishino et al., 2013), & Z T,
ABFFETIE, U 7 — VIR RO RGBT E D DS B 1B EHERF IS 53 D i hn e |
IR 7, TICHER L TRR LT,

b MyE LRI Caco-2 MIIAIZ I D RIEMEY A MU A o) THEZHE
THI20IT, RIEVEME B & O R BE CREFREHEAS A ST\ 5 TNF-o %4
L7= (Ye et al., 2006; Amasheh ef al., 2010), TNF-o |Z IL-8 D L 9 72 RIEMEEME YA N
AV OBPIPEA 2 7583 5 MAPK #%#% & NF-«kB #R18 2 7E M L L (Weber et al., 2008).
RIEIGE A 5| & 24 (Fischer et al., 2013; Piche ef al., 2009), & 512, TNF-o [ ZHHf5k
7 FVIE T — B OIEMEILIZ L > T, MLCK OFEBUENR p38 M bIZ L % ZO-1
FEHURAD D X5 7% TI B R - ORBE A 7583 % (Petecchia et al., 2012; Heller et al.,
2005; Blair et al., 2006; Dai et al., 2012), FEERIZAMIE T, IHBNMEEEDRE (Figure 2-
DORGE N TIREERIZOWT, RIEVEY A M A K DEANY THREET LT

P L. U — A BROFIIRETES T H D HYA (2 b mWIBE N U 7 IR 2 AL
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L 7= (Figure 2-2), & 512, TJBS#[K 1 occludin, ZO-1 35 X O MLCK O BE(L &
BlCWE Lo (Figure 2-4), “HNUHOERIE, UV /—Afio b, U/ — L EBOEGN
HARHPEED T 5 HYA ITTRUVEMEDRFRD G2 L, BFEIFEE DT X LN
M DIFAEDRGE ANV T, 18 EOEEMHERHCF G LTV D Z 2RI LTV D,
2 BNAIERBED HYA OB F A D=5 (33 &F)
2-1 TNFR2 REHH

HYA OFENY TIRERA =X LD S 5705 A = AL EfEHT 572912, TNFRs
OFRBUZEH LTz, FrIZ, TNFR2 [ IRIEREBICB W TRENENT 2 2 =— 7 2% 5
KT, INFR2ET /L~ U 2 & Wit /e 12 Lo T TNFR2 A RIEDHEIZ B 57
BT EMHBMNE RS TWD (Mizoguchi er al., 2002; Wang et al., 2012; Onizawa et al.,
2009), TNFR2 > 7 U > 71X 1) MLCK DAL, 2) occludin D RifEEAL, 3) (NNU T
BERANZ) BRI RIENE, 4) RIEOEEZ S & 23 (Suet al, 2013), Dk
912, TNFR2 B OHIEIL, RIEMEGIR B &% 50 1o RIEMER RO FHLO IR 7 —
Ty N DZ LIRS TWA, ARIFSETIL, Wang b & [FIERIZ, IFN-y T Caco-2
HIfR & RS9 % 2 & ¢, TNFR2 BELZ 758 L7=7% (Wangetal.,2006), HYA [ XE DFE
ZAEIHH L72 (Figure 3-1B), F7-. TNF-0-TNFR2 7 /LD Fiff & 72 5 NF-kB #%
BTV TS TNF-o ORIHIC L > TEMAEAFE I N2, HYA (ZZ2D TRz
THIHI L7 (Figure 3-1A),
2-2 GPR40 ZS- LTcfGENY TIREA I =X A

REN LR EHIEVIBRZ AR L LT, ~Adx v Y — AHER FIEH L ARy
(peroxisome proliferator-activated receptor y; PPARy), GPR40 33 J OV GPR120 7¢ K231 54
TRV, %Y ) —LEEOZHFIKLTH 5 PPARY 13 NF-«B R OIEMAL I+ 25 Z &
(Zenhom et al.,2011), DHA <° EPA @ X 9 72 Z i A~ EaFnfiENifE (polyunsaturated fatty acids ;
PUFAs) DK Toh % GPR120 1, TGF-B {EMH ¥ 7 —1E 1 (TAK-1)D U f#{k & NF-
kB BB OIEME L 2 09 2 2 & THRIEEMEZ R LTS (Oheral., 2010), & 51T,
NLRP3 {EMHALZHIAT 5 Z LI LD HIRIE - (RHSEER I 602> TEY (Yan

-70-



et al., 2013), GPRI120 D RIEMEZR BT DAERA I S5, —JF. REHOMM - K~
FFIARRIEE DL RAR T D GPRAO (TGN WAL B 0O GLP-1 43k & S B MR~ &
DA LAY W EET 5 2 ENME ST Y (Bdfalk et al., 2008; Itoh et al., 2003),
GPRA0 [TAHHMEZ B OIRIRIC BE R KT 2RI T BN TWD, — T IBRERIZ
F1F 5 GPR40 DY 5134 < it STV 72U A4S, GPR40 agonist Td 5 GW9508 O K7 i
SOBAANTENA VHEAZHIET D2 L CHREREZMHEI T2 ERREINTE
¥V (Fujita et al., 2011), GPR40 DHURIETEHEDO AT H W EEME G RIE SN TV D,

GPR40 ONRMED Y T RE LT, U /=B, V) Ly Bh D NEA VA VR L
DRGNS T 7 ) VBT U U VERTR & O P EIRIIEE £ T A < #E ST
L0, lbEWEMMEEZ TR T ONY ) — L EETHD (Briscoe et al.,2003), EEIZ, AHF
JECHWZ B N GPR40 I E HEK293 MIfRIZRWCH, U/ —/LEgICx L TRl
FPEZ R LT, BURIRWZ L2, U — OGN AETEY Th 5 HYA & HYB O
GPR40 (2% 2 BRI B ARG L7/ R, HYA XY / — A L0 EfER S <. HYB
XL fEMEE RS 72 o 72 (Figure 3-3C), HYA 23NRPEY o RTHDH U/ — Vg &
DHEWIEEZR U722 ED . #7272 GPR40 agonist & L CORREMENHIFF S LD,
I 51T, GPR40 v 7 F /L ERGE N U T ~D % 5% GPR40 antagonist % FIV Y TR L 72 fb
B HYA ORE ) 7RF#/E 2% GPR40 antagonist fF7E F CHA L= Z &b, D7l
&b —HIZ, GPRAO v 7 FANIGEANY TEHEIL TWD Z ENRBE NIz, —H,
GPR40 1Zxt L CIEMEZ R S 720> 72 HYB IZBI L TiL, GPR40 antagonist DA fEIZ BT
O3 RIEVET A M A OFE LTEENY T OHGEYGE L) o7 (Figure 3-4),
T2 5, HYA & HYB O EDOER TH D RFEH 12 (L0 _EHfES DA ERSATENE
[CHBERREE RIELTND Z LRI T,

2-3 GPR40-MEK-ERK %4t L72JGE NY THREA I =X A

GPR40 |X Gq # v\ 7B LB L TE Y, [Ca®)i O E PLC &REOIEMELIZ L -

T, B B MDA LAY W ERET D Z E B LN STV S (Fujiwara

etal.,2005), F 7=, GPR40 agonist, DHA K>/ /L X F U fE72 & D GPR40 U 4> R3 Tt
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V7 FNTHD ERK U ke CREB U UBbAVEMLT 5 Z b ESN TS
(Zamarbide et al., 2014), FEERZ, AHFZEIZB N TEH, HYA D/EHIC L > TERK © U
Ffb2MIEdE LTl Y . ZDO/EMIEL GPR40 antagonist /77E F TIXEEHL L T35, £i-,
p38 X° INK DFRRIGITITHEE L7222 L 225 GPR40 78 MAPK %1% T & 4512 MEK-ERK
PR 2 FER IR L T\ D 2 R S 7z (Figure 3-5), & 2 C. GPR40-MEK-
ERK #2#E2MGE N U TISF 53 2 &7 &2 Bad L7245 % MEK inhibitor /#{£ F T HYA @
A U TAREIE R 23 Lz 2 & 2y 5 MEK-ERK SRS 2SMGE S ) 7RI C BB /e v
TINRBETHD Z LRS-, RIS, SRR TIE, »5EOLBED H0,
FHEMEOENY THIGET VBT, ERK &0 U bz L CIE N T
EERZRET S Z L P LIZ LTV D (Miyauchi efal., 2012), Z D Z L1, AWF5E
TH 522 L7z GPR40-MEK-ERK #EE MG E /N U 7 OEE VAR ICHEETH D Z L &
BRI LTV 5 (Figure 3-6), 97205, IHNHIEREEY TH 2 HYA (3R
W2 5K CTd % GPR4O DU J > K& L CTEM L. MEK-ERK R Z TG 5 2 &
T, & LRI 8B L7 TNFR2 2l L. &Y 7IREERICHFE T2 2 &R
HoMNERoT,

3 BNHIERHEED HYA ([ X 2B RUEER (B 4E)

INETIHRET VEMWC KT 2 REHBENROEMIZ, DHA X EPA 2 ED X 5 72
o-3 IR CRET S L. & OEER I35 E < S SvE 72 (Hudert et al., 2006; Murase
etal,2016), —Ji. U J—fEey-U /) LUBRD X D 7 0-6 JRISERIZIG R 2 BL S5
X 9 72fEM=X° (Ghosh et al., 2013), EOEIZER S T2 & TIERBEMSND Z LW
& 725 TEY (Nagy-Szakal etal.,2015), o-3 & o-6 fEHGEEDIEI T o ANIEF I
HETHDZENWRBINTND, Fio, BRICKT 2 LB OEHNIZLART) & & &
ITEY . RIEMEGZ BT D MRAER D 3 — 1 o S TIEHBEIA T O TV D (Joos et
al., 2006), %52, lactobacilli <° bifidobacteria & VN> 7= FLEEHE X, oM 4T 47 2 &
LT < OBFFENM T DIV, YAFFERICE N TS T a3, T ¢ 7 AR ORHENE %2

% L T& 7= (Miyauchietal.,2013), L LR, ZD50F A =X LE TIIHIH#IZH
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LNCEINTELT ., e FT7 4 7 ZAHBEOIERAMEFMNZED L HITFHFLE LT
WHDN, Thbb, [EEEOMAEEHE TIIARAREETH T, I T, AIFET
(I BHE G PEY TdH 5 HYA O DSS #FEMENGRET /L~ U AT 5 1R & B
L7z, DSS #HEMGHRET /L~ 7 A2 HYA ZikiIC Bl S &5 2 LT, fix DGk
JER (REBD, KBEOZNE, #E2 a7 LEEE) 2%#E L (Figured-1), 5
IZ, Caco-2 HifuZ A2 3R THIZE S v7e T BER O R BIfl#E b sl cE 2 &
235, HYA 1E DSS BB AETT L~ 22BN ThH, BEAN 72 R#ET 51N %
HTDHZENHLNE -7 (Figure 4-2), £7-. BB L2, DSS FHEMAGR T
T~ 7 ATHIIN U2 % B R HIML OO TNFR2 RS RIARICHIE L TR Y., TOTiRT
& % NF-kB #& & OFEMAL © ] L 7= (Figure 4-3, Figure 5), RIEVEIGIRED L 9 7255k
BE ORI D—>L LT, TNF-a O FRFUENEEAFBRIZIENTHEHNLATEY
TNF-o OFIIA TGRS & L T ST\ % (Baertetal.,2003), —J7. AHFZEIZEH 1
LI, TNF-a EEADOHIE TIZ722 < TOZEMPMOFEIR 2 HEHT 5 Z & T, 72
FIEMES 7 F N OFRZMH L TEY | TNE TICRWH T R RIERBOIREY — 7
v N &RV G5 ATREMEDS R S HLT,

4 EFLHOBIVCESHZRORE

HYA [ZHAME. FrCABERBREEE 2R L TEEL TS LN RTHY .

FRNE TR0 | MBI THEWER 2 EORE G DN EBlifiEn s, &
HIZ, &5 L7z HYA OEWNEIRE, (EHHHEZR EOMBIC b AT LGO TR Y . ARN
O HYA IFFEBHICKEBIZHEENTND Z & LR I TV 5 (data not shown), F7-,
HRPED HYA, T72bh, #5 L7 HYA OERNEIRES . /e D KRG, % L CTHE,
SO BITTA2ZEEHLNCLTEY, 2 TOEALEIFTE S
(data not shown), FEERIZ. Z DK 572 HYA Z & 7= PAEHTED MBI FE G R -
NEEAEHHIE (Goto et al., 2015)<° H SR I (Bergamo ef al., 2014)I2%H 53252 & b
WEINTWD, ORI, T, BNMEELEEO 7 v 2 h—27 BEAICEIY &
FonTEY, [BNMET] & L OB R L IN o205, Hix eBRK (A
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MU AL N, Tova—u - BE RAEIRe E) CHENAIE O B (Dysbiosis)iE 5] &
BZINDNB, TOREL LT, BE CORERERITEES T, 70 a— LIRS,
G, 7 b PR E R, Wi S SORARR B e &l DRk & R R - ifids TR Z 0 1559
BEBET D2 EBNHBNE RS TND, 20 X 9 R HIL, Dysbiosis ([2££ 9 &NV
THEREDIEHE, Z DB DT B R  OIRN A~ O R 7212 A D2 B PR R D FEIE
BICFH B L TR Y JENHE R DT A JFE ) 7 RS KL OF~ OBEOFRIEIS,
BHRICHEL TS EEZ LN TN D, 4%, BNMEEZT T2 227 7 I 7 R
BELP, FIFLARZ VT FITARAZRO I REHE LI~ AT A I 7 2D
FEEIERH L, BENEMEENICAL NI T A ENEEIIRDL EEZDND,
LLED X512, AR, IBPMIBEREED & 5 ZHE TSR W B R 23
FIMEER &, ZORTAD=ALEZALCL, EHIT, &ihE LTOMNIMEZ FE
B o e RIEVEIR BT X2 T8 - 1RIRO—BZ 22 2 ATReERIf T 5, 72, Zhb
R EDRIE EOEBNIC—ER, FAETLHIZ b, BIBNMEEL T LEE
DOEF RS (B N ) THBEMERF 2 50 72) IO M OAFRMEEI 2> TRy | £
DFAREIRF SN D,

-74-



OH

AN TIAN

HOOC

gut microbial metabolite of linoleic acid
(HYA)

down-regulation
TNF-a _
DSS .
\\

v
NF-kB
suppression

!

recovery of intestinal barrier
anti-inflammation

Figure 5. Schematic showing the association between the barrier recovering
activity of HYA and GPR40 signaling.
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