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GPR40 B|Zt=9] I=4 a5
AGake iAoz o]l gd ¥Rk ofye} FEAS IR E
2-gsth. HE ATelA olss WA g
family7} ¥& % tl. o] % Long chain fatty—acidE g7t=z zte=
GPCR GPR40¥ GPR120°] &#A Sltt.
GPR402 T2 o]x¢] WEMAIZ Y Ful&1] Al (enteroendocrine

celD o]l o] wax o] gitt, HIH GPR120S thA Ao Wo] W] o]

o]

rir

RHnow AdHA Ao}, Wb long chain fatty—acid® th2] Al3Ee]

o

=

Gl th3t A= FE GPRI20°] ZH-o] @HA Qv wbd,
GPR40 #t=o] w2l Alxze] == G digt A= mEFd
g eoltt.

B Ao WA A AEeA GPR40S LS S8l

GPR40¢] A¥lzx g 7t=9 TAK-875, AM-837, AM-1638%

o] §-5to], GPRAO M =e] 9% w3l thdt 4@ Frhshark

94 2 Ay g/ A EFQ Raw264.7, J774.A1 AE H
AxpujeF HAMEZL GPR40 & o RS Qlsgin) 7]Ee] LA
uhel g o]E AlEo|A GPR40 mRNAS o] FlFith, A%
HEge]  digk GPR40  zr=el FHESs AEEr] 91§k
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_: _'k..- |
= ]



lipopolysaccharide (LPS) ¢+ GPR40 ZZtE 3FS Raw264.7 A

285t GPR40 = A alo] mel 9=A <e1xkel iNOSe ¥

Fas FAEgon, o W TAK-8757F 7HE Ad oAl AE&
HAY, =3k TAK-875 AHZA 95 cytokine?l IL-6,

chemokine?l MCP-19] #d A% gRlsgity. shH  GPR40
antagonist?l GW1100 & A, TAK—-875¢] 23 iNOS 2&& oA 7}
A A kskth. mEkA GPR40 #ZE=el &gk INOS A WhE2
GPR40< {3k #go] ofyzh, TAK-875 3&ES x4 544
7118 #g o7 ®elt

iNOS, IL-6, MCP-1 T9% <

o\

S g

o
ok
off

X
o
l

ZAsk= AARIZAE NF—xB7F ¢elA] ot webA 718 243 9%
Z9E B TAK-875%F o]&3to], NF—«kBe &/dste] wist I
B7tekgith. TAK-8755 AAd ¥ LPSE A#sto] 5 W&

T3 ¥, NF—«xB 274 49| A9 @Al IkBa, IKK go] QIAtsHE
glstgitt. sARE TAK-875¢] 2st oAl w®igtes #EHA

FSkTh ERE p659 A olFexE FFol fle e A

SUEAE, J7T74A1 AEE o]gst] T4 A= A¥

3%
o

o,
iNOSe| 747} #&E=x okgrrh. J774.A1 AEC GPR40 #zrxo]
ot FAST WESA A dds ARV §5te] Raw264.7 AHEg}

J774.A1 AEe) 71A7F AJoldel FESAT. Raw264.7 AHEE
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inflammasome T4 24 T &l ASCI7F d&w Mol &y A
R, AFE Foto] o] AMES Flskith TS Raw264.7 AHE
LPS/ATP #2]2 NLRP3 inflammasome2 43} & uox IL-
1p7F WEHA & A FAsGih v J774.A1HEE LPS/ATP
A Al IL-1p7F BE He 3es glapgion, 53] LPS AH# ol%
TAK-875 A& Ale|l% IL-1p7} wlekstAl T7tshe As Feletalth.
IL-1B &3 INOS F¢ 95 wid Hde fFest2®, TAK-875¢]
ojsto] AT IL-1p7F &5 WA A9 fclo] & 4 Qlth
T3k GPR40 #7F=7} NLRP3 inflammasome &4 F%o| 43¢
F=A FQlsy] flskel, LPS A8 $ ATPS 7 GPR40 #it=%&
A APt GPR40 = AgarelA @A g IL-189 W&
7k} @A IL-1Be &/dste] IS T+ cleaved caspase—19]

!

o\

7V2 ghlstelth. =31 pyroptosis WFAQI LDH W& 243
gasdermin—D¢] T7Fs RISt whakA J774.A1 A4 GPR40
¢ 7F=7} NLRP3 inflammasome WS $3%S &3 95 % aivs

Qo7s werk Wi, LPS/ATP %7 TAK-875% F71dow
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tdos st AdoqE @3] NLRP3 inflammasome WHE©

_

A AyE 1o wmEbd d9gAZvitt GPR40 Aol o
NLRP3 inflammasome Rk o] th=2th= Ad&E& Uit

= Aol S/ Al RS el dxbuel WA Eq GPR402]
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W3S worh, I3k inflammasome TALAQ ASCZE A&H
Raw264.7 AE 2 Axpujor tj2l A ZolA GPR40 & tE7F 3% &
W= Hol:= AL Hth 3, J774.A1 AEgE FdE 53 )

u)&9l 1, 238 NLRP3 inflammasome @4 =Z& E3lo] o= it

AA in—vivo 74 ofH HEgo] YER=A], ot ZHA A

F He3 9% weel AuHoE e Ad U@ ¥ A7 2

T20]: GPR40, NF—«B, IL—1B, inflammasome
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List of Abbreviations

ASC Apoptosis—associated speck—like protein containing a

CARD
ATP Adenosine triphosphate
BMDC Bone marrow—derived dendritic cells

GAPDH Glyceraldehyde 3—phosphate dehydrogenase

GM-BMM GM-CSF—induced bone marrow—derived macrophages

GPR120 G—protein coupled receptor 120

GPR40 G—protein coupled receptor 40

B Nuclear Factor of kappa Light Polypeptide Gene Enhancer
¢ in B—Cells Inhibitor, alpha

IKKp inhibitor of nuclear factor kappa—B kinase subunit beta

IL-1p Interleukin—1 beta

IL-6 Interleukin—6 beta

iINOS inducible nitric oxide synthase

LDH Lactate dehydrogenase

LPS lipopolysaccharide

M-BMM M—-CSF —induced bone marrow—derived macrophages

MCP-1 Monocyte chemotactic protein 1

N.D. Not detected



NF-«B

NLRP3

TABI1

TAK-1

nuclear factor kappa—light—chain—enhancer of activated B
cells

NOD—like receptor family, pyrin domain containing 3

TGF —beta Activated Kinase 1 Binding Protein 1

Transforming growth factor beta—activated kinase 1
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APGaEE oA itnt ofy e} F8A 9 YitER gk HT A
Tol A o]&EL2 WA Z7t==E <QIA]sk= G—protein coupled receptor
(GPCR) family”} ¥+3] 5t} (Itoh et al., 2003; Hirasawa et al., 2005;
Tazoe et al., 2008; Wang et al.,, 2006). ©¢]& % long—chain fatty

acidS =R zt= GPCRS GPR40¥ GPR120°] <elx 9lth

GPR40%] 7% o|#F2] HEA| 2L AU E4H] A3 (enteroendocrine cell)

of aE Fo P FAl Bk Ao & dyA AN, o

]
R A EZ S50 WA oA 9

i3

A 2 geke 2 A QA ¢tk (Itoh
et al.,, 2003; Elfalk et al., 2008; Tan et al., 2017). ¥Fd GPR120<
A A Eo) da T o] eH7l3e] A5 adE wissts AoE YA

91tH(Oh et al., 2010).

3+ nuclear factor kappa—light—chain—enhancer of activated B

cells(NF—«kB) &= 24 AAFRIA}F family® it A A A% wk

:]

’

S ZH FHE

Mg
=

a2
[-‘O
12
sk
o
<
i
o
iy
flo
=
e
|t

el of

‘1 (

Yl Alxe #3le) 52, AEox #oIstt; (Mitchell et al., 2016). A
WAake] 93k NF—«kB AlZ o] thgh #od 4 Qo &3] 2] A 3Eof A
o 7F3e] 2o]% NF—«B A3 oA7F 2 el vt w7137 Al

M3l GPR120S &4 stA|7]™H B-arrestin—2—-TAB1 A3 48&

oft

el TAK-19 Q44842 Aalgt). ol Fajo] [kB/NF—«B &A%

Aol #ojstal, Ao 2 NF-«xBe @4°] A= ¢95 adrt



UebdtH(Oh et al., 2010).

Inflammasome-> A o v & FQloju} AlE &Abe st 7
A AEs sk AE W dedE BIAet. I % NLRP3
inflammasome ¢ ©heFsE HAAL Y AlSe]  REgsho
Interleukin—1 beta(IL—1B), IL—18 & cytokines H|3t= o] 3l
oh ot &, SN WA A3 A 28 D 5o AR ghe] o &0
el A Qlth(Strowig et al., 2012, Lamkanfi et al., 2014). 2.#7}3%}

A Zhou ArEelM = 2W7k37F GPR40% GPR120S &3k
THP—-1 A|¥94 NOD-like receptor family, pyrin domain
containing 3(NLRP3) inflammasome?] A3}E Adjst= S Hu

3FATH(Yan et al., 2013).

GPR40¢°] 23t 2 A Eofl dF wh-s-of o

=

GW9508 %5 GPR40, GPR1202] dual agonistE o] &sto] A% 9t}
th 2 Al Z o= GPR40¢] v]ste] GPR1202] @ eko] @] wjio, o=

A= = GPR1209 4ol @R T 3t GPR120°] 23t &5

fol
k)
rlr

T ae geoez &4eA 3tk (Oh et al., 2010). WA,

g

= HEge QoA GPR40 A€94 gzt=9] 8 2 GPR409% 92

2 deA A an & drelds GPR4A0 AHF vt fdehs
BT Wheol Hg Zvs #Rlstaal sl

2 AT = GPR40 A"A k=<9l TAK-875, AM-837,

AM~-16389] @) dste] AFekglet. 2 AT NF—«Bel djst

% &y} NLRP3 inflammasome®l| tist &35 A3k, NFJ’KB,"%]‘_EH .__;J‘!

Jero F7 Qw|7}3,

Tl



sle] TAK-875% duty FdE % olo]d & 9= dod= Fi= X
wom oledt @37t GPR40 F&A 9 FHstA doldrk= 2 vl
ok Egk GPR40  HRt=7F J774.A1 0 M)l 9lejA NLRP3
inflammasome 5% &¥E Ad F Uvte A= BAvh WA A
oF thAa A2} Kupffer celllA+= 23]8 NLRP3 inflammasome #] 3l

a7t Sleol.
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1. AJeF 3L A

lipopolysaccharide (LPS), Adenosine triphosphate (ATP)+= Sigma—
Aldrich(St. Louis, MO, USA)lA FY3tth. mouse INOS @A,
mouse NF—«kB p65 & A, human caspase—1 ¥A, mouse gasdermin
D 3¥A+= Santa Cruz Biotechnology (Santa Cruz, CA, USA) ol <]

3 mouse IKK B &A= Abcam (Cambridge, UK) o4 -3 313 T}

mouse Lamine A/C @A, mouse p-IkBa &), mouse IkBa &4,

mouse p—IKKa/p @A, mouse IKKB A, horseradish
peroxidase (HRP) —conjugated anti—rabbit, anti—mouse, anti—goat
A= Cell signaling Technology (Danvers, MA, USA) oA #4133
t}. GAPDH &A= Millipore (Darmstadt, Germany) ol T3k}

Mouse ASC A+ Adipogen(San Diego, USA) olA k3 T}

2. A3 vk

Raw264.7 AXFOR-2A~ G/ A XEF)=  American  Type
Culture Collection(ATCC, Manassas, VA, USA)°lA 433t
J7T74. A1 AEF @A @)= SFAZF P FYeA
Raw264.72 10% FBSE X33+ Dulbecco’ s modified Eagle’ s
medium (DMEM) el A wjeFalolar, J774.A12  10% FBSSF 1%

penicillin/streptomycin, 5mM HEPESS 3X3%sl+= Rosy\f-ellk.mPar]ig
.-'-\,,_E - I-._' 1_. |
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Memorial Institute medium 1640 (RPMI1640) A svlekstsich A%

T 37°C, 5% CO2% Fdst tulolel oA Hlkataitt.

3. 1o gskA BA (western blot analysis)

Az wiAE AA g F 1XPBSE 94 & F 700 p1°] PBSE Al
XE = A4 st $(5600g, 5S5min) ATHS AAT}A
phosphatase inhibitor (Sigma—Aldrich, St. Louis, MO, USA) <2}
proteinase inhibitor (Roche, Basel, Switzerland) & 3¥3%F3} 11 cell lysis
buffers ARg3sle] Ax2E Gl ZT 1AFEE da floA &8l A
71 & 94 #8(13000g, 15 min)$ 1 F5dS AME FEHo=
gto] @Ml 55 F Bradfords o838 A&l AAEFEAS Al
5 34 4FE&N[63 mM Tris(pH6.8), 10% =&, 2% SDS,

0.0013% B2EAE &F, 5% - Eo=] 34 dFT &%

o] AMES WET 4 AES 10% AU|AF Ao 29 91
nitrocellulose membrane 0.45 x filter (GE healthcare Life Sciences,

Chalfont, Buckinghamshire, UK) & transferdttH(90min, 190mA).

Nitrocellulose membrane< 5% skim milk (BD Biosciences, San Jose,

CA)Z 1AZF & 573 3 12 A2 45494 overnight W&
Al F 31, HRP—conjugated 22} Ao AbeoA 1A17F Wk Al FT) o]
£ enhanced chemiluminescence(ECL) system reagent(EMD

Millipore, Billerica, MA, USA)E AF&-3Fo] LAS3000—mini(Fujifilm,

-':rx I 'kl:l- 1_-|i
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Tokyo, Japan) &2 =743} t}.

OE R

ik

< i HYIAME(Primary bone
marrow derived immune cells) ¢

85% CH7BL/6J wh-2oll A &% thE =3 M E Z2leto] 1xPBS
@ 3w 948 ¥ oW Ee b gehhnh 1 F 1 mL A4
712 RPMI1640 WAE Z&#F3Uch ol& I8 (400 G, 5 min) g

ACK lysis buffer (Life Technologies, Grand Island, NY)Z & &

o

i

A AT Al AEEE 8 (400 G, 5 min) Al #jA o] MEZE
i, 40 uM cell strainer & AF&3sto] delylth. M—CSF 10 ng/mLE
Akl wFsted M-BMMF-2 Al¥E)S Ao, GM-CSF 15

ng/mLE Aglsto] wjeFstel GM-BMM (F-2 A|3) 9 BMDC (F-% Al

e
i

)

A3t

5. mRNA #3289 Reverse transcriptase—Polymerase

Chain Reaction (RT—PCR)

M3Ee] WA & suctiondte] AAS - 1XPBSZE st H 943
71 % TRIzol reagent(Life Technologies, Grand Island, NY)Z&
AZzALe] Z2EZ wel mRNAE ®3Ath. o] & mRNAE

Maxime RT Premix (iNtRON, biotechnology, Gyeonggi—do, Korea) &

14



AF&-3t]  complementary DNA(cDNA)=Z AT Primer
sequence Tha 1} Ztt,

5'—=TTTCATAAACCCGGACCTAGGA—-3'(GPR40—forward)

5'—CCAGTGACCAGTGGGTTGAGT—-3'(GPR40—reverse)

5'—=TGGGCATCAACATACCCGTG—3'(GPR40—forward)

5'—=GCCTCCTAGGTCCGGGTTTA-3'(GPR40—reverse)

5 —GTAACCCGTTGAACCCCATT-3" (18s rRNA—forword)

5'—CCATCCAATCGGTAGTAGCG—-3'(18s rRNA—reverse)

o\

Z¥ DNAS W= 7%+ FLA-7000 (Fujifilm, Tokyo, Japan) &%

I
o

= .

6. Real—time quantitative polymerase chain

reaction (qPCR)

MEL] HiA|]E suctiondto] AAF F 1XPBSZ st W 91743kt
71 % TRIzol reagent(Life Technologies, Grand Island, NY)Z&
AzAre] ZREZ wEl mRNAE #@8H3th ©] $ mRNAE
Maxime RT Premix (iNtRON, biotechnology, Gyeonggi—do, Korea) &
A2 complementary DNA(cDNA)Z A ZAFsE T ©]F iTaq
Universal SYBR Green Supermix (Bio—Rad, Hercules, CA, USA) ¥

SYBR Select Master Mix for CFX(Life Technologies, Gragd lglap.d,g
Ay | = L
I T 1]

15



NY), Bio—Rad CFX Manager 3.17]41¢} Al&¥ & 2213 (Bio—Rad,
Hercules, CA, USA)S ©]£35}4 real-time PCR 45 3353t}
18s rRNAZ HAGH EP mRNAS] ozl & 2-ACt method&
AFE-&Fo] HA1819 ) Primer sequences thS3} 7t}

5'—CCAGAGATACAAAGAAATGATGG-3'(IL—6—forward)
5'—ACTCCAGAAGACCAGAGGAAAT-3'(IL-6-reverse)
5'-GGGCCTGCTGTTCACAGTT—-3"(MCP—1—forward)
5'—=CCAGCCTACTCATTGGGAT—-3"(MCP—1-reverse)
5'—-GTAACCCGTTGAACCCCATT-3' (18s rRNA—forword)

5'—CCATCCAATCGGTAGTAGCG—-3" (18s rRNA—-reverse)

7. LDH release
J774.A19 HIAE FH3gt = 1 ¥l|AE CytoTox 96® Non-—

Radioactive Cytotoxicity Assay kit(Promega, Madison, MI, USA) &

o] g3te] ZsHelr.

8. 84 Az "o Fz #4 (ELISA analysis)
Raw264.7, J774.A1, M—BMM, GM—-BMM % BMDC? uwj#]E 3t

<, 71 "WA]E mouse IL—1B ELISA kit(R&D systems, Minneapolis,

s
A1 =T} @
1
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MN, USA) & o]&3sto] S &3l

9. Z]

1%
i
_l (
i

& 2] (nuclear fraction) & T3 #2 W o=z Fesiqitt. 3 2
S 471 98 Al¥Ee] 10 mM HEPES (pH7.9), 10 mM KCI, 0.1 mM
EDTA, I mMDTT % 0.5 mM PMSF& *3%st= AMFS &89S

Y 4°CollA] 103F Whgatlth. 10% Nonidet P—40& ¥ 10%3t

volexing ¥ 13000gelA 37 A8 st & H AeHS AASHL
AMFagFT Aoz 33 AHE & JAdE IHNFS dF58A [20
mM HEPES(PH 7.9), 400 mM NaCl, 1 mM EDTA, 1 mM DTT, 1 mM

PMSF] & Y& 3 t}A] 4°CollA 10E7F voltexing ¥ 20% =<F ¥l-&

AZATE 20000g0lA 2023 A2 d 5 deds s ¥ 2Pow

AREEHtE @A 55 3= Bradford 12 P &)

10. EA1x 8] "9 (statistical analysis)

densitometric anaylsisi= multiguage software (Fujifilm, Tokyo,
Japan) & ©o|&3to] =AY, 15 HY FYA4d AL student’ s
t—testE ol &3ttt FAIHA {242 p<0.05, p<0.01, p<0.001=

NFo% BI85

M E-t]) @
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om 23 43

1. GPR40 ¥ W TAK-875% Raw 264.7 M X9} U}l
o WX e G4 &7}

WA wpe-A8] wT /A MEFQ] Raw264.7 AEZFeE mh-29
S/ A AR J774.A1 MRS B o 7R dApajeF WA A A
GPR40° mRNA 'ZdS #lshgith. GPR40°] mRNA &g M-
CSF—induced bone marrow—derived macrophages(M—BMM) ¢ 4|
7 whelo] #ekom, GM-CSF—induced bone marrow—derived
macrophages (GM—BMM), bone marrow—derived dendritic
cells(BMDC) 3l thAAl£Fe|q%=  GPR40°] mRNA &0
ol At} (FigurelA).

2 =RellAE GPRAORES AEAow A=ste itz o4
TAK-875, AM—837, AM-1638% ¥l °]&3at3tt(Muhammad,
2016). =3 Ax H4& dovA de Y whodAd Hdd=
213}

pad

Ptk

Oft

o3
=

o\

Hhgol  ™ig GPR40 Eit=el ARs A¥EY] fsto]
lipopolysaccharide (LPS) 2+ GPR40 ZZtE 3FS Raw264.7 A
Aelstltk. GPR40 #F=  A2]e] W& inducible nitric oxide
synthase (iNOS) & A ¢ b git=nit; g=27 yerst, o]

o] TAK—=8759] -9, 10 uM ©]49] s=olA 53 INOS o3 oA

O:

28-S HAT T3 TAK-875 A Al 954 cytokine?l IL-6 4

18



chemokine®! Monocyte chemotactic protein 1(MCP—-1)<¢ mRNA
S E Aot (FigurelB).

gtevig Az uE AR 5 JAladrt vetsy] wizel, ol
a37F GPR40E A8k a¥1A &lstarAl, GPR40 antagonist?l
GW1100& ol&3ste] AP H&AsEATH(Biscoe et al, 2006).
GW1100 Aol <]sle], GPR40 =R ste] ¥ INOSS
oA el AHHA e Ae Ittt meb TAK-8759

og INOS i oAl &= GPR40S AFakA o Bd 5004

Uehbs @A Sels] $lstel, oesbd Aapuler WelAlE

i

o

oz Fdst AYFS AP FHrisk BE x|k
WHAAFA A TAK-8759 AHgeo] wWE INOS wd A=

sl o (FigurelD). webd] TAK-875% thAAxE 9 Z#71¢

FAGAZA el FEF A8 AUM, o F8S GPRAOS
s atgol ohlel, TAK-875 e 724 S4e] 7w

[e)
o
Z+8 07 Bt}

x;rx_'! _CI:I : 1_]|
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A) RAW  1774.A1 M-BMM GM-BMM BMDC Pancreas M-BMM

264.7
B) LPS 10 ng/mL -
TK-875 AM-837 AM-837 AM-1638 AM-1638
Cirt Cul leg:f 20 M 1aM 2pM 1uM 2aM =
mos — [ — e —— ]
&
GAPDH = I— A — — — _— — I ; 0
:
10 § -
: 1 : .
E 84 § 10 T
8 e
g °] on  om  Tm man
g LPS 10 ng/mL
Eg 44 T 140
g% 120
23 5]
1% £
S
] o
0 L e 14
e ow TR N Tl e T % @ |
LPS 10 ng/mL. 3 P
0
0
out s Yo it
LPS 10 ngimL
GW1100 10 uM
C) LPS 10 ng/mL LPS 10 ng/mL
Ctrl Ctrl TK-875 AM-837 AM-1638 Ctrl Ctrl TK-875 AM-837 AM-1638
20uUM 2 UM 2 UM 20UM 2 uM 2 UM

iNOS — - — = .---i

GAPDH — — — — s b | D T S e S

D) LPS 10 ng/mL LPS 10 ng/mL LPS 10 ng/mL
et o KIS om o ™S oy om  TKETS
20 UM 20 uM 20 pM

T T B

e e L L ——
BMDC GM-BMM M-BMM

Figurel. Expression level of GPR40 and anti—inflammatory effect of
TAK—-875 in both Raw 264.7 cells and primary immune cells(M-—
BMM, GM—BMM and BMDC)

(A) GPR40 mRNA expression in Raw264.7 cells, J774.A1 cells,
M—-BMM, GM—BMM, BMDC and the isolated mouse pancreas.

B
20 el



B) iINOS protein expression in Raw264.7 cells(mouse
monocyte/macrophage cell line). The cells were co—treated with
GPR40 agonists and LPS for & hr(left). MCP—1 and IL—6 mRNA
expression in Raw264.7 cells. Cells were co—treated with GPR40
agonists and LPS for 1 hr(right). * p—value<0.05, ** p—value<0.01,
#xx p—value<0.001, significant versus LPS.

©) iNOS protein expression in Raw264.7 cells. Cells were
pretreated with vehicle (DMSO, left) or GW1100((right) for 30 min
and then the cells were co—treated with GPR40 agonists and LPS
for 8 hr.

(D) iNOS protein expression in M—BMM, GM—BMM and BMDC.

Cells were co—treated with TAK—875 and LPS for 8 hr.

21



4
o?f.

2. TAK—-8759 &49% &3¢ NF—«B ZA=7te ¥

ol

Ao

BN

A5t

iNOS, IL—6, MCP—-1 59 9% dwao ud S

ok
OHH

T AARIARE NF—xB7} ¢4 St (Park et al., 2016). %3 2H7}
37} GPR120E A=3F3ls wl, GPR120/B—arrestin—2& A &3}
¥ TGF—beta Activated Kinase 1 Binding Protein 1(TAB1)°¢] TGF—
beta Activated Kinase 1 Binding Protein 1(TAK1) ¥ 35 2H8-3}o

TAK1 391¢] NF—«B pathwayS ZZ3dt= zlo] 2&delA th(Oh et

=

rir

al., 2010). ole wa} TAK-875 E3s NF—«B &4 oA gttt 7}
Ae A3 olE BH7leRoith Raw264.7 Aol TAK-875% A
g o LPSE Agstel NF—«B #4935 F=3k ¥, NF-«xB €4 x
Ao A9 e A el Nuclear Factor of kappa Light Polypeptide Gene
Enhancer in B—Cells Inhibitor, alpha(IxkBa) % inhibitor of nuclear
factor kappa—B kinase subunit beta(IKK B)¢] <1AtstE &3St
AR R olF ©ulZe] WstE ERIsIE uf, 7ol Wzl HEE

A ekt (Figure2A). 3k p652] 1A oleg RIS wolk,

ot M7l BEEA Fdkth(Figure2B). wepxs TAK-875¢] st ¢

o\
_12

Al B¥ks NF—xB 84 <Al Fa3t 2oz Azt

22



A) TK-875 20 uM
0 2 5 10 30 0 2 5 10 30 (min)

p-lkBa — - | —

KB — | S W S R R -

p-IKKo/B — - —
IKKEp = |™ ™ = s o S0 s S s oo
GAPDH — .o
B) Nuclear fraction TK-875 20 uM
0 15 30 0 15 30  (min)
P65 -~ — —
— —
Lamin A/C —
T N —— —" —

Figure2. No involvement of NF—kB pathway in anti—inflammatory
effect of TAK—875

(A) Raw264.7 cells were pretreated for 30 min with
vehicle (DMSO, left) or TAK—875(right) before stimulation of cells
with LPS for the indicated time points.

B) Nuclear p65 accumulation in Raw264.7 cells treated with

TAK—=875 and LPS.
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k>

3.J774.A1 A X9 s TAK-8759 3da= 731 7

o)
=

u] okt NLRP3 inflammasome % &3}

LPS9 GPR40 Z|7+= 3FS J774.A1 AXEF| Hgste] dFoA
25 Felstes AdS ATt o] df, SvEAlE TAK-8759
ot AF A AL JTT74.ATAENAAN #EEA A3tk (Figure3A).
ol thdt YUe 7] 98te], Raw264.7 AES J774.A1 AE
71AA Aol Ao FHeldtt. Raw264.7 Al¥E  inflammasome 9]
T 949 Apoptosis—associated speck—like protein containing a
CARD(ASC) A<+d Axddel &#A der, ol A3s Eot
31013}t (Figure3B) (Pelegrin et al., 2008). T3t Raw264.7 A|E+=
2 4zl NLRP3 inflammasome &/ %719l LPS/ATP Az Aol %=
IL-1p ®==2 WEH+E inflammasome R840l At (Figure3C).
W, ASCYZF A& HA 2 J774.A1MEAN = LPS/ATP A g
°lsto] NLRP3 inflammasome® A=<l IL-1B <7} ¥ cleaved
caspase—1 Z=7}7} Q¥ gtk (Figure3D). £3] TAK-875 =@ e
O E IL—1pe] wjekst W=} k9] cleaved caspase—1 S 7H7F
FAE ek IL-1B %3 INOS 59 5 d@Hd 2ds F=8 +
Qqormz  TAK-875°] <% NLRP3 inflammasome &43}l7}=

J774 A1 AXANAN A5 a37F 4k A 5 shurt = 4 Sl
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Figure 3. Reduced anti—inflammatory effect of TAK—875 and mild
activation of NLRP3 inflammasome in J774.A1 cells

(A) INOS protein expression in J774.A1 cells. J774.A1 cells
were co—treated with GPR40 agonists and LPS for 8hr.

B) ASC protein expression in J774.A1 and Raw264.7 cells.
©) LPS primed—Raw264.7 cells were stimulated with ATP.
Medium supernatants were analyzed by ELISA for IL—1p secretion.
N.D., not detected.

(D) LPS primed—J774.A1 cells were stimulated with TAK—875
or ATP. Medium supernatants were analyzed by ELISA for IL—1p

secretion and the residual cell extracts were. anéi%z-é_‘d- 115_H "Cl} T],f

o



immunoblotting for the determination of cleaved caspase—1 and
pro—caspase—1. * p—value<0.05, =#x p-—value<0.01, #*x*x p—

value<0.001, significant versus LPS.
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4. 4z WY AT ©E JT74.A1 AxEe] g
GPR40 A#®37 g7}=9 NLRP3 inflammasome % &3}
J774 A1A 21X LPS A2 F, TAK-875 Al ¢Jsto] NLRP3
inflammasome ] ®|%Fst F7HE FRlsll7] wiiel, GPR40 Z1t=
A2]7} NLRP3 inflammasome @/ 71?1 LPS/ATP ZzlelA+=
ol JFol A FrFeklh ol & feke], J774.A1 AlEel LPS
Ael § ATPe} ¢/ GPR40 =t=% &4 Adsdlvh. o1 23
LPS/ATP ZZHelAq IL-1Be W= 2 cleaved caspase—1%
gletglal, GPR40 = Aol we} LPS/ATP %71 Btk A3
=718 IL—-1B W= 49 cleaved caspase—1 S &2lshith. w3tk
pyroptosisE 55+ 43 gasdermin—DC <=7} 9 pyroptosis®
ato] WAsk= viA] W] LDH A4 F7HE g<lstalth(Aglietti et al.,
2017). webd  GPR40 2Zt=7F LPS/ATP  Z7elA, NLRP3
inflammasome Rbg FHEIN7F A& J774.A1 A EoA JFstH

AR AL A

“

O

Hod A3 4 Kupffer cellollA A &3St}
olw], BMDC Al¥el4l:= TAK-875 Aglell wh& frelsh wisirh w2y
A ekokowm, ohE diAAEME 238 IL-1pWEe] Uadt 2
gletgltt. webs TAK-875¢] 23t NLRP3 inflammasome kg

AEvig g Fde i v dE dion, ool disiMs +

O

aeh.

ko
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Figure 4. Amplified activation of NLRP3 inflammasome by GPR 40

ligands in J774.A1 but not in primary immune cells.
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(A) LPS(10 ng/mL) primed—J774.A1 cells were stimulated with
TAK—-875 and ATP(0.5 mM). Medium supernatants were assayed
for IL—1pB release by ELISA and LDH release. Cell extracts were
analyzed by immunoblotting. * p—value<0.05, ** p—value<0.01, =%
p—value<0.001, significant versus LPS/ATP (left), ** p—value<0.01,
significant versus LPS(right), # p—value<0.05, ## p—value<0.01,
### p—value<0.001, significant versus LPS/ATP (right)

B) LPS primed—primary immune cells were stimulated with
TAK—-875 and ATP(BMDCs: 1.5 mM, others: 1.0 mM). Medium
supernatants were analyzed by ELISA for IL—1p release. significant
versus LPS/ATP, * p-—value<0.05, #* p—value<0.01l, #*x p-—

value<0.001
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T T ALY dF] AdddAel diste] w A7 AiTh
TdAolal A &2l fdF AHe JdeEd AR TS Ao=®
zZ oA Qlth(Dandona et al., 2004; Donath et al.,, 2011). ©]&2]
FETA = AARe] ok A=l e E ddE 5 Qlvh ewH7E3el
g% A5 AAEIE= GPR120 b=l gste] dEhbe dEn
avs Adcte V1A deA Atk (Oh et al, 2010).

3hH GPR409 7z gy skl o|xpo]  HERA| FEof A

——

ArAALY AR FEste] 7 &4 dad ZHI(GSIS)E

=48t Zolth(toh et al, 2003). 71Es AHA A o3t

=
)2
)
M
=
I

=71 @3+ T2 ‘malonyl—-CoA/Long—chain acyl—CoA

o

a2 A= gtk (Mancini et al., 2013). 3tA5F 2003 GPR402]
EA7F el wpEl A HARe] iR A8t o] 59| g
GSISel ¥ Fohe d77F AFHA v & L8 Fgoms
AU En] Al 28549 increatin H|E FX3= Aot (Elfalk et

al,, 2008). A= GPR40> o]Ae] HIERA|E, Fliu] Az ol

X3t Zow dyA gon, B Mok wdEyo] FA A o
ZAoE #os Ao F AZFETH(Yamashima, 2015).

AT AL o] 50 WA W Ao A AT FH
Agolth, AAZ GPRAOS TAAZANE wde] wg AHom,

cha ]

B
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G Zo A GPR402] 9a2 F==2 1F A ¥ (Osteoclasts) 29 #3}

At (Wauquier et al., 2012).

&
b A5 Hk-S-of Qloja =, o7F © A Eel THP—1 A% DHAO

o3t d= A ayE GPR1207 GPR40°] wi7lste= Aoz d#Hrh

(Yan et al., 2013). 8kAIRF o] F7}AQl A+7F 53 AA o],

ol A¥ HFE GPR40¥ GPR1

209 dual agonistE ©]&3F

Ag o7 GPR40 AEld g7tz gyf= & e x| gkt

= wwolMe GPR40 A=A t=rb thA A Ee] vR= el

FESL. A nh9ad  BR/HAMETFA Raw26d7 A,

np A0 /A NET J774AIAME 2 oy wHoz B3l A7l

—_—

i} WAAEONN GPRAOS mRNA BHE HAsgrh 4

o w o] &3 ojfo| o] W KW= ARk, ZhzEe] o A oA

GPR40¢] mRNA W&HS g1t (Figure 1A). ol z <d#A

GPR40 AM¥# zt=<¢l TAK-875, AM-837 % AM-1638+%

olgste] WMAMEZANY GPR40 =9 #E& St A

Raw264.7 A ¥of|x LPSe| 2|3}

i3
l-‘_|_|_l4

& TAK-875 o 1R

FEd I @E9E INOSY

AM—-1638°] Ae= A&

o,

chalg el MCP-1, IL-69]

. 2hq GPR409] antagonist@®
J’AE k'_. 1_'_“



zZ o dEx GW1100E o] g3t AdsS  Fotod olE  Elstuzat

3ttt (Biscoe et al., 2006). GW1100< dA g s A3 oA, GPR40

o

e

i

Fotol fEE F9F FEES GW1100 dAgel 2sho]
AHHA otk (Figure 1C). webd GPR40 #t=e] o3 A=
282 GPR40OS AfstA o2& Zox JYHe=r AE U3th
ARt GW11009 Zg& F2 GPR40°] 9ate FE¥HE Ca*™ 9

= A=
o - [o2NNe)

o

AA = Aoz, oE AR U A= dEHA UA
At HAAIZ Zhou AFEHE Ao wW=w GPR40e] ¢ sk NLRP3
inflammasome®] A Z{L2 p-arrestin—2= A3t Lojdri(Yan

et al., 2013). wefA o] Fio tjsto] AAZ GPR40S 4 f-3k=A,

i)

B-arrestin—2& A= LA dig FrpH e Aglo] F st
s TAK-875% Aapuer o242 9 BMDCel tiste] LPSel
ot Hx® INOS WHEES AR Figure 1D). uwepbd A3
Avtel] w=  TAK-875&=  AWEA QL g2 AMaEe] diste] IS

235 Ad.

g TAK-8750l glsto] dofu= I a¥e 7|ds w97l
fleto] NF-xB Z=el Bzt oA A8 SAsigieh. dAZ TAK-
875¢ <2lste welo]l ofAl®E wMAel iNOS, MCP-1, IL-6 &
FEAoRE NF—«Bel flste] @ddo] ds= duida e o

Raw264. 743 LPSE AHglsto] dS5ites 523 ¥ NF-«xB &4

BN

de] A9l @Al IkBo, IKK BE] 14ksHE gklstdle W, TAK-

875 Aol wE W= AT (Figure 2A). HE3E p65o ;A 4

C:_r]i
=
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&

o

st s wolx e wgE FAT 5 Atk wEkA
TAK-8759 9% IJAAEE NF-—«B Az dFS FA o=
Agoz Bzd,

SulEAE J774.A1 AEME LPSel 23l 2% INOS 23 o]

TAK—=875 A&l ot} A=A eFtvh(Figure 3A). ©]

o,
o
o

271 913t Raw264.7 AXE J774.A1 AXES 71AZA  Fo]sho
FEaklth. Raw264.7 AL inflammasome®] 77322491 ASC7H

A& o] inflammasome®] 2gt IL-1B2 As7F dojubx] =

P
o
il

a7 9tk (Pelegrin et al., 2008). A2 AHL E3to] ASC

(b
(P
o
da

O

Q1R 0™, Raw264.7 A= NLRP3 inflammasome 73
2] diste] wkgskA e S gl th(Figure 3B, C). ¥hd
J774. A1 M¥EANM= ASC7}F 2&sh, NLRP3 inflammasome 73
Z7ef kg3t IL—-1p W& W caspase—19 AT dojgds
gol3tdth(Figure 3B, D). Alt7b J774.A1 A%+ LPS ZAA
TAK-875 AHglel| st % mlekstA|rt IL-1B W% % caspase—12]
G 37F dojstth(Figure 3D).
ofef  we}  J774.A1 Aol GPR40  #F=7F NLRP3
inflammasome®l] w3t FIFS wx=x] A& HSTh NLRP3
inflammasome &4 Z7o GPR40 A€ Tt=% X 3}4}, NLRP3
inflammasome Rb-g©o] T34E AT, 71 Ay IL-1p =9 F3t 7}
3 caspase—19] &4 TV ISt B3 pyroptosisE ¥ 6k

gl FAI3lEl gasdermin D2 =7}l pyroptosis®  ¢l&}o]

;
¥ [

i e o 1_'_|i
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¥ = LDH W= w93t 715 &2lstth(Figure 4A) (Aglietti
et al., 2017). webx] J774.A1 AEZoAE= GPR40 A=z g rer}

NLRP3 inflammasome WH&-2]

o\

3
=

o

Tttt A5 Wtk vk,
Axpufer oA AlEel| SlojA= TAK-875 AHEAle]l 23]2 NLRP3
inflammasome YA g0l YEFGY (Figure 4B). ©]¥l NLRP3
inflammasome <A Z8& 7]Ee] Zhou ATFEHelA Rid GPR40
283 A TH(Yan et al., 2013).

71E RHae] wEw v ARl dFAdEel o] <QIgh cytokine©]
dedd AFdS wolske Zo® dHA UAn 53] TNF-ast IL-
1B 528 cytokineo] FEWSE=d (Moller, 2000; Spranger et al.,
2003), TNF—a Al zpgte] st AdFAIE A3}, TNF-a A5 Apek

Foe Jdaed AFAY MAH adE Bolx EFTH(Ofei et al., 1996,

¥

Dominguez et al., 2005). RFH A 28 129 Adadl A Aol QlojA
NLRP3 inflammasome¥ IL-1p% #A7} 53] AFsHa glor
A IL-1p A& AN d&ed AP Md adE Bl AGAE
A#7F EA g (Donath, 2014). wepx] 2 Ag-eA AAlE TAK-

8750 293ty WAstE 95 JA &I TAK-8759 I ave)

SRS A JTT4AATAZAA wbgo] wlg- Aelfths Aol
J774.A1 AXeM+= GPR40 = AHZ7F 23]  NLRP3
&> wEadE AWd. dA GPR40

inflammasomes SEA|A ¢

A3 =

e

PREEL o g3 kAL oA FAHE A Fow

;
¥ [

i e o 1_'_|i
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Abstract

Bifunctional effects of GPR40 ligands on

inflammatory responses of macrophage

ByeongSeok Kang
College of Pharmacy, Pharmacology
The Graduate School

Seoul National University

Long—chain fatty acids are not only used as energy sources but also
act as ligands for G protein—coupled receptors (GPCRs). The GPCR
family recognizing long—chain fatty acids as endogenous ligands has
been recently identified, and GPR40 and GPR120 are known as GPCRs
bound with long chain fatty —acids.

GPR40 is expressed mainly in pancreatic beta cells and
enteroendocrine cells. On the other hand, it is known that GPR120 is
highly expressed in macrophages. Therefore, researches on the
influence of long chain fatty—acid on macrophages are mainly focused
on GPR120, while studies on the effect of GPR40 stimulation on

macrophages are not sufficient. ’<



In this study, expression of GPR40 was assessed in primary
macrophages and monocyte/macrophage cell lines, and the role of
inflammatory response of GPR40-—selective ligands was evaluated
using TAK—875, AM—837, AM—1638 which are selective ligands of
GPRA40.

First, we evaluated the expression of GPR40 in Raw264.7, J774.A1
cells(well known as mouse monocyte/macrophage cell lines) and
primary cultured mouse immune cells. Unlike previous studies, the
expression of GPR40 mRNA was detected in these cell types. To
investigate the effect of GPR40 ligand on inflammatory response,
lipopolysaccharide (LPS) and three GPR40 ligands were treated in
Raw264.7 cells. The expression of INOS, a representative pro—
inflammatory protein, was decreased by treatments with GPR40
ligands, and TAK—875 showed the most potent inhibitory effect. We
also confirmed decreased expression of inflammatory cytokine IL—6,
chemokine MCP—1 by treatment with TAK—875. On the other hand,
inhibition of INOS expression by TAK—875 was not reversed when
treated with GPR40 antagonist GW1100. Therefore, iNOS reduction by
GPR40 ligands is not due to GPR40, but may result from the unique
structural property of TAK—875 compound.

NF—«xB is known as a transcription factor that commonly regulates

expression of inflammatory proteins such as iNOS, IL—6 and MCP—1.
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Hence, the effect on NF—«B activation was evaluated using TAK—875
which showed the strongest anti—inflammatory effect in previous
experiments. After pre—treatment with TAK—875, LPS was treated to
induce an inflammatory response, and the phosphorylation of IxkBa,
IKK B, which are regulatory proteins for NF—xB activation, was
determined. However, no significant change was observed by
treatment of TAK—875. Moreover, nuclear accumulation of p65 was
not changed by TAK—875. Therefore, the anti—inflammatory effect of
TAK—-875 is believed to be irrelevant to the NF—«B pathway.
Interestingly, no reduction in iINOS was observed when the same
experiment was performed using J774.A1 cells. In order to investigate
the cause of the reduced anti—inflammatory activity by GPR40 ligand
in J774.A1 cells, we focused on the difference in the congenital
properties of Raw264.7 cells and J774.A1 cells. Raw264.7 cells are
known to lack expression of ASC, one of the inflammasome
components. In fact, we could not detect the significant amounts of
ASC in Raw264.7 cells. Moreover IL—1p was not released even when
NLRP3 inflammasome was activated by LPS / ATP treatment in
Raw264.7 cells. On the other hand, J774.A1 cells release higher
amounts of IL—1B by LPS/ATP treatment, especially IL—1B was
slightly increased even after treatment with TAK—-875 after LPS

treatment. Because IL—1B also can induce the expression of
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inflammatory proteins such as iNOS, mild elevation of IL—1p secretion
by TAK—-875 may cause a decrease in anti—inflammatory activity in
J774.A1 cells.

In order to confirm whether the ligands of GPR40 affect amplification
of NLRP3 inflammasome activity, ATP and GPR40 ligands were co—
treated after LPS treatment. Increased expression of cleaved
caspase—1, which influences the activation of IL—1f, was confirmed
as well as a marked increase in release of IL—1B in the group co—
treated with GPR40 ligands. In addition, we confirmed the LDH release
and the increase of active gasdermin—D, which are pyroptosis markers
in LPS/ATP-primed, TAK—-875 treated J774.A1 cells. Thus, GPR40
ligands were shown to induce pro—inflammatory effect in J774.A1
cells through NLRP3 inflammasome amplification. On the other hand,
when TAK—875 was additionally treated with LPS/ATP, there was no
significant change in bone marrow—derived dendritic cells, and even
NLRP3 inflammasome response was decreased in primary cultured
macrophages and Kupffer cells. Therefore, we concluded that NLRP3
inflammasome response by GPR40 stimulation was immune cell—type
dependent.

In summary, GPR40 is expressed in macrophage cell types. GPR40
ligands show anti—inflammatory effect in Raw 264.7 cells lacking

inflammasome component ASC and primary macrophage cells.
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Contrary, the anti—inflammatory effect of TAK—875 was not found in
J774.A1 cells, and rather GPR40 ligands could mediate the amplified
inflammatory response via enhanced NLRP3 inflammasome activation.
Thus, we suggest that TAK—875 may exhibit bifunctional effects to
the inflammatory responses of macrophages. Further studies will be
needed to determine which types of reaction occurs in actual in vivo
conditions and to clarify molecular mechanistic basis for the

differential effects of GPR40 ligands.

Keywords: GPR40, NF—«B, IL—1p, inflammasome
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