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G protein—coupled receptor (GPCR)¢] &9l motilin receptor
(MLNR):= A& oA 2d 5= HAEelol= 3229 motiline] o) 3k 48 A
=, FoA P& F5o Fostia deA Qo LA A
FH\/]— MLNR-&

1a} . 4

>

MLNRo] 2Az 7} wo] way = 7]#<l 14T (gastrointestinal
tract) & S22 2o tal 3wyt ofgl 9F EAo] 3 Wolzes

=
Pahs meslmozAel qge Zerh £ 4@ b we
Fo YAEEe] EARE B4R, UAALEY 9% BP@ 45

=T, :LE].TL Gt M x5 THP-1
cello] /] WHHHTE= APES T3] @+ 2 A AEZoA MLNRe &
A3 75l el ®staak skth Motilin MLNRS 53 Ga/11<

T2 FAINIIE ez d#A  AUAJAT, BRETS °]§3 Ga
activation assay s %3] Gag/l11¥%F oyl Gi/o family, 53] GoA/oB,
Gz Z48A 7= A & & AU MLNRS @A 35r 7= 3oz
ozl trE erythromycin AlE A A 53 MLNR selective agonist$!
camicinal’= motilin®} & Ga activation A& H A whd MLNR
selective  antagonist®  &# R MA-2029+= motilin, camicinal,
erythromycine]] ¢]3+ G protein @A 3= JAAF oY, azithromycindl]
93t Gz, G11 A 3l+= FEA Y S, roxithromycind] €3 Gq, Gl1,
Gz &A= 3] A8k skl

ol el THP-1 AlXZFo] PMAE A ste] A AX= 314
71", MLNR®] mRNA @@ wko] F7bskaivh. 12|, motilin 9 th&
MLNR t=5S PMAC] &4 AHEstdS Wl MO A A 2= o] 3}

MET]Ew



7} o A fEHE A4S CDI63, CD204, TIM-3 23 Z7p= 2213}
Ath. PMAo| 9]& THP-1 W2 AHx 23:= MAPK A= A3A
U01269] o] ¢+xa] A ormz MAPK #/go] tiAxx &

=935 & = AAth Motilin®g PMA®] EA1 3 8= PMA w9
H]s] ERK 2143lE F938tA4 S7FAFtE o]+ motiline] ERK 24 3}
g T/ o= THP-1 g AE 235 F7HA2vE AS gud

(¢

o

MO AAESE M2 AAEE 28A7 o motiling IL-4, IL-13%}
g7 AgshH A M2 iAAME=ES 37t FostA FUHEE
CD206, CD163, fibronectin, IL-10 & &S =3 <215 th. Motiline
LPSol 9g d35H% Ml tiaAzze isoe JFS FA &gk
Motiline]]  ¢]g+ M2 oA AMxX #F3} %A Tz CD206, CDI163,
fibronectin, IL-10 mRNA¢] Z7}+= MLNR antagonist MA-2029¢] <] &}
25 AsfE A oY, Gi inhibitor$! pertussis toxing fibronectin®} IL-10
W TS Gq inhibitorel YM-254890-& CD206 & vks o A5k o)

STAT-62] &A3}7F M2 A A E2e] E3lo Fosthes Aol ¢y
= motilin FA| A 2= IL-49F IL-13%F A2l g ol Bl 28
Al STAT-6 214+l E S7FAH T o]+= motiline] STAT-6 214H3}E &
7Moo Z=HA M2 A A sl 7]ogs vt 2 A A
=, MLNR©] macrophage® #3}3 uwj w3 2ko] Z7}stm MOo. =z o] H
3}, M2=29] w35 T/ RN 9ol A AT AANE Fold
Zolgl= 7S AAE Y. GPCRS 3lue] stolu) AH o =313}
Sk okl Al L H@ A Y] ] A, AR EA

3

3 Tk

wAe #4471 GPCR ¥4 orge] 28 71do g3t oalE Y
I AUt

F99] : GPCR, MLNR, BRET, G protein, monocyte, macrophage
sk ¥ 2020-21891
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Bioluminescence resonance energy transfer
Bovine serum albumin

Cluster of differentiation 206

C-X-C motif chemokine ligand 10
Half-maximal effective concentration
Ethylenediaminetetraacetic acid

Maximal effect at high drug concentration
Extracellular signal-regulated kinase
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G protein—coupled receptor

Hanks balanced salts solution
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Janus kinase-signal transducer and activator of transcription
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1. Wejat# wgo) A GPCR
G protein—coupled receptor (GPCR)& 770¢] transmembrane -3
7FR A e *’F%Xﬂi, AE e TEE APAGEA o]
5o e 9% AL A4gel A Rz A
st} (Bjarnadottir, et al, 2006). & A <17+ Al A

800 o F o]io] WHHAIL, GPCR &4 3}of
7143 A A g Ao g A 7F Eks
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(Chan, et al, 2019).
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chemokineo] 1} chemoattractant&

ZAFAY dFurSa e Wy Zgo] JS v ZTh oo wl

AA oA WAH oz Bdsta 9= GPCRe| digh W %8 =9
A7t s APy gon D, w73 (atherosclerosis), T
= ZEY(Crohn's disease)o|t} Al %A WA (ulcerative colitis) ¥} 7S
WA A F AS S g AW A gAe FHoEN FEwi . &

4]
) 2] M| 3= (macrophage, M®) ]| A
, ©] GPCRo| A A9 #3}&
wH] & tAAES] T)Eel 9
(Hilger et al, 2018).
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NAANEZE A8 WA 26e P HPFe dFo=m, &3+
(monocyte) ] E&t#AS 72 AAEH, Aysts agu Weshe =
Ao wel theFet WA A Fofddth Y To= A AT F
& Ao o] G T A FEEo] £AHOFE Holgo] A LR &
slelm W7 Fol EAAsET. HAMEE =& 7 (plasticity) S 7F
A, oF Ao zHE o= A= wet thedd £ F (phenotype) o2
Holettiis Aol A A UTh A Az FEsle] st A A0 Al
=, 44 5

o 9 d=wss dog= Ml EFY (pro-inflammatory,
classically activated M®)3} o]2]3F AFH$S TEHA 7= SAFA 9
M2 E}{](anti-inflammatory, alternatively activated M®)o. &2 =LA o]&
3}3to] TR LT} (Genin, et al, 2015, Mosser & Justin, 2008).

aEy dAle @ed oA ERETE dAAEE 29 EYY Z
o] A&AQ FAL Ztevge #AAF FE olEH. 53 FAFHES
st M2 EFY) “41’51/‘1]:‘?01] A, et d5ueS 2] fle 3
AZF APl EFRRIS] Enjy EAGAL Bol, Alx 3| AA T T4
24 75 e 245 AASE Vs T vhder AeA Hde] Hald
o wet, #3 HAYSFTH 2dF wE VT T AT Hevt S
3 QAT olAH Y AN EE FH A MEEH wEt 72br] tgE W
sFo g B3ldte] dFHkeS 2dst=d, 2 LPS (lipopolysaccharide)

= IFN-y (interferon gamma)el] <& M1 A X = ¥3}3ta, L4,
IL-13 Aol o8] M2 Az #3tstty. Ml A ¥+ TNF-a, CXCLI10,
IL-1B, IL-67 #e d5REES do]le Alo]E7kl fFaxbe] wd o)
Z7}sl= HEA, M2 A E = CD206, CD163, fibronectin, IL-103} #2-&
Azpe] o] Frhst FEF Abo]EFRRIS ] Fo] FUtsle AL
2 dEA vk wEka ol e FRAEC] A AlE —E’_—EPPJ Wk F
FE 7tg7) s A E AFeE 3 9t (Mosser & Justin, 2008).



H T9 ATl motilin receptor (MLNR, MTLR, GPR38)+=
class A GPCRZ, 2% 59 Y EH A A motilino] &= HAEelo|= g
Azrste] ¢ WFQ(gastromtestmal) 3 g1 (smooth muscle) Al X 9]
A 9% U E4S vlE(gastric emptying)stE 7] %5S 53
At MLNRE A&sbr|dol A 9% 534 2 75
o], F2 9 vpu|e} e 2387 Ao dig X 5A 9
o] ¢t} (Sanger & Furness, 2016).
MLNR-& Z:3}7] Rt ofy g} Y& J_gmfﬂ T A4
ol Hxxa § vde 7|3 22 A dE s 3l
TE o] M ™, oA motﬂmO] l 4%%@_?@ 2}
&3t AAAE E3 Y 2F5e 2dddves AR HEA 3
Motiling- 3w} (hippocampus)t} HE A (amygdala)e]l Fol S o, &9
$%xo] ZAHAYE A7 2y xE Bug v drt (Feng, et al, 2007).
2 7F=2] motiling Aol A A= A9 1 4=8-A 91 MLNRS thfsh
[ 2R A BHEET] o] Z7he] FadA AYH Vess T
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g 4 Jdrh. 2y AA7A gFEE] motilin®k MLNRe] t)at o=
AZgAe] Fol}, 37| (hunger) A3 2e xstel A#EE 247
Fo| TS T APHo] v} (Deloose, et al 2019).
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7% 9401@ MLNRo|] @83 2 oA A Zoj A ke AR

as
2 #7)5te] MLNRY| LeiAx ¢ Ages 4@ gistud o
2 28 7150 el ol FolAR old Ao BelA Holu, AHA
welo] folatis AE F 53

MLNR9] 7]%50] tfs) o8t 1
2 oAToldE yAHoz MLNRS w@she < wely AxF
THP-1& &85k, vl A Ee A MLNRe] 2@ o] ofw A
OlE EO]”XIQ} MLNR¢] 23F=29]l motiling A 23S wf AL

o] B3/t s eAE gtk vk =gk MLNRO] motilin #}=9]
ol &l ﬁ**?i‘rQME o g G proteing FA A7 =AE
ghelataal ek i) A 2o #8tel MLNRE 75l e A= WY
Azl A GPCRO] gte]l gt olae] & w3lal, ] voprt W
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1. Cell lines and culture condition
Human embryonic kidney 293A A3 (HEK293A)9} Human acute

monocytic leukemia A|¥ (THP-1)+= American Type Culture
Collection (ATCC)ol| A} —*ulf &} S T}

HEK293A A ¥+ Dulbecco's Modified Eagle's Medium (DMEM
/HIGH glucose, Hyclone)e] FBS 10% (Hyclone)®}  penicilin
-streptomycin 100 U/ml (Hyclone)S Z7}3}¢] humidified incubator
(37 C, 5% CO2)oll A v F &t

THP-1 A%+ Roswell Park Memorial Institute medium (RPMI-1640,
Hyclone)oll FBS 10 9, penicilin-streptomycin 100 U/mlS 7} &}
humidified incubator (37 C, 5% COy)oll A Bl %3}

2. Plasmids and constructs

BRET assay (TRUPATH)o]|A A}43 MLNRS sl Zehsan|
= Lambda integrase/exisionase (Elpis Bio, #EBT-3043)& A}-&3}e] F+
Mol F#k&v =] pcDNA-DEST-VCI155¢ pENTR-FLAG-MLNRxZ
o] &3l LR recombination 7|¥ o2 F=24Y 3%t TRUPATH assay
of Ag¥ Zgl~vw =3 Addgene (#1000000163)olA] F-wlslsa, & A

TN g3 Fehavs Bue ¥ 13 2

y

3. Quantitative PCR

gPCR 213& A3st A AMZo] tsle] RNeasy mini kit (Qiagen,
#74104)5 A}8€-3te] RNAE F==3F 3 500 ng RNAo] DNasel (Sigma
Aldrich, #AMPD1-1KT)& A& sl DNAE £ A #H t}. Reverta Ace®
qPCR RT Kit (Toyobo, #FSQ-101)& A}&3}o] cDNAE A3 FH,



cDNAZE SYBR Green gPCR master mix (Bioline, #BI0O-94020)¢] 3]4
3te]  96-well optical reaction plate (Thermo Fisher Scientific,
#NK010560) o A1 HFS-A AT oW AF&3F primer & 1 29 7“:}
Applied Blosystems QuantStudio3 #H|E o] &3} qPCR Whg-&
3t 3, RPS9 74 2& endogenous control® A}&3l3Att. 2E o] g
2] 2] = GraphPad Prism 5.0<& AF&3F3

4. BRET (Bioluminescence resonance energy transfer) assay

BRET assayE F383}7] 93l transfection 24 h # o] 6-well culture
plate (SPL, #30006)o] HEK293A A X3 45x10° cells/wellS Y] 3}
t}. Opti-MEM (Gibco)oll pcDNA-FLAG-MLNRx, pcDNA-GNA-Rluc8,
pcDNA-GNB, pcDNA-GNG-GFP2 Zg}~v=2 717y 50 ng 2 343}
31, PEImax (Polysciences, #24765-100)2 A}-8-3}o] transfection 3}$3t}.
oluj z}zto] Ga F5Fol Wl GB, GyE =iolA #A3 2oz ALE
3}t Transfection 24 h & EDTA 20 mM (Amresco)¢} BSA 0.1%
(SERVA Electrophoresis)E 7 7}s DPBS (Hyclone)® AXE uwo]l
AA R st AL A ASAL, FBS 10%E %713 DMEM (without
phenol red, Gibco)ol] A¥E AMZHLS ZFolx= JF flat-bottom 96-well
culture cell plate (Costar, white, #3917)= &7 W43
Transfection 48 h %, culture mediaZE A|A3t32, HEPES 20 mM
(Gibco)E #H7F3k HBSS (Welgene)oll coelenterazine 400a 5 pM
(Nanolight, #340-5)¢} #7F=E ¥ 3d}lo] incubatore] A 5% 7F Rluc8<
A3 A Z . AntagonistE AF-g3F= A -Foll+, coelenterazine 400a%}
2 7F =& A8 37] 30 min Ao antagonist® @3+t Berthold
technologies Tristar®’S LB 942 #Av] & A}8£-3lo] Rluc8L 410 nm, GFP2
= 515 nm FFo| A FBgs SHsHA, BE AZL triplicate®
gstAtt. =& folg AHa = GraphPad Prism 5.0& AF-&3F$it).



5. Macrophage differentiation

el gEle] THP-1 AxX2E MO A2z 23417171 f18A,
12-well culture plate (SPL, #30012)¢] THP-1 4x10° cells/well& <H]
skal, thkdl w19 Phorbol-12-myristate-13-acetate, (PMA, Sigma
Aldrich, #16561-29-8)& ] g]3&}e] 747+ v FslS

THP-1& Ml =+ M2 AAMEE 23A7]7] 98, 6-well culture
plate (Corning, #3506)¢] THP-1 8x10° cells/wellS F##H]3}e] 100 nM
PMAZ H#dti 24 h Bt wiekale] W MO Al E = 23427
oluf MOo| A Mlo. & ®3}A]Z ujo]+ Lipopolysaccharide (Sigma)ZE 1,
10, =+ 100 ng/ml %= A& sdte] 24 h =< wWlgstA . MO A
M2z E3AZ wo]= culture medias A2 Zolz H, IL-4 (R&D
systems)®} IL-13 (Peprotech)S ZtZ} 20 ng/ml ¥ =% *g]3le] 72 h
&b i Fst AT

Zh @3t @Al A= motilin®] FEFE Flstaxt & wol= 242
Ayol EFFelo] motilin 10 nM (Tocris)S F712 839 th. motilin®
olgk & 37t MLNRe| &3 dddS AFst7] gk A3 olA+= MLNR
9] selective antagonist MA-2029 (Tocris) 10 pM<, Gi =¥ Gq
protein ¢]&Z el Al S F<lslr] 9siAE pertussis toxin 100
ng/ml (PTX, Tocris) =+ YM-254890 (Adipogen) 1 uM-& A}o]E7}2l
9 motiling *2]3}7] 30 min Ao = ]33 T}

.

6. Western blot analysis

THP-1 A2l PMAo| <3 thaAlE &3340 ERKe €4
sleb, IL-4, IL-139] 93 M2 £33 Ro|x STAT6ES &Ad3te] A
AE gelsl7] €38k Western blotg <=3 31t}

gl Gt Al o] THP-1 A 3Eo A PMA ©& g ¢ PMA9 motilin &
Al =& 93 ERK phosphorylations ##3}7] 931, FBS 10%7} %
7}l RMPI mediaol A ®jeksted THP-1 A¥2E FBS7F ¢l RPMI

mediaol] A 24 h =oF ujekst & 12-well culture plated] well & 4x10°
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cells/ml& 1|3l Fojd A7F Z7d wel HF s=7F PMA 125
nM, motilin 10 nMeo] HE=Z A8 3}t

MOo| Al M2=2¢9] 3 A4 IL-4, IL-13 *7 Zd 3} motiling F
7Fste] B Al A e sk Ao A STAT6 phosphorylationg #2317 ¢35,
6-well culture plated] THP-1 8x10° cells/wellS Z=H]3le] 100 nM
PMAE A& sl 24 h =<t vjdksle] WA MO A A& #3FA F
FBS7F ¢l RPMI mediacl Al 24 h &b 3742 ks §, Fojx A
b 24 wEt ¥F Fx=7F IL-4 20 ng/ml, IL-13 20 ng/ml, motilin
10 nMe] =% =23}

HES-S EZdl A A2 500 xg2 4 ColA 5 min &9 A &3k
% mediaZE A A3 pelleto] protease inhibitor (leupeptin, pepstatin,
benzamidine, PMSF) ¢} phosphatase inhibitor (NaF, NasP-O7 Nappi, 8
-glycerophosphate) & F7}3F cell lysis buffer (RIPA buffer; Tris-HCI
(pH 7.4), NaCl, Triton X, NP40, EDTA, sodium deoxycholate)& #]g]
3le] 30 min F<F iceo FAT AE AES 14,000 rpm O E 4 T o A]
10 min =oF ¥4 Eg3 3 A=dS SDS sample loading buffer
(Tris—HCI (pH 6.8), Glycerol, SDS, Bromophenol blue, DTT)¢] 3] 3}
o] 95 ColA 5 min &<t 7FE3t3th olu] sample buffers WA ¢
M EZ2 BradfordE A}83lo] A st

SDS-PAGE gel (running gel 10%, stacking gel 5% acrylamide)l 4]
gl d AZS Byld 3 Nitrocellulose membrane®. 2 %% th Skim
milk 5% Y& TBST buffers A glste] 4=RT)olA 1 h &F<t
blocking %, 7+ Add &9stE  antibodyE A7 st (primary
antibody overnight, 4 C/ secondary antibody 1 h, RT) EZ-Western
Lumi Femto Kit (Dogen, #DG-WF200)S- A} &30 #zHalgdc).
Western blot A3+ Image ] T =13 0|83 band intensity =
=73} 31, GraphPad Prism 5.0 ©]-&3}o] do]g |33
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7. FACS (Fluorescence-activated cell sorting)
FACS® THP-1¢] M2 #3}3}4o A M2 %A F74x2 CD2062] A&
¥ dgas 54U THP-1 AXE M2 tiAAXRE F3A17]7]
#3l, 6-well culture platee] THP-1 8x10° cells/wellS FH|3lo] 100
nM PMAZE AHzsle] 24 h ZoF njeksle] Wx MO tAAMEZZ E3}1A4
71 5 fresh media® WA 3F T IL-49F IL-13E 7 20 ng/ml HE=
9o = motilin 10 nM7 &4 M3kl 72 h Eob wkate] M2
2 EshA T M22 R8le 25 5 mM EDTAE #7b3 DPBS®
icedl A 40 min =<} incubation 3 %, cell lifter (SPL, #90040)& o]&
ato] wolWll ¥, 500 xg& 4 ColA 5 min HeF A&tk FBS
2%, sodium azide 0.5% & 713k 2 mM EDTA-DPBS (FACS buffer)
o Fc receptor blocking solution (Biolegend, #422302)% A 7}sle] 4 C
ol 51 20 min =<¢F A3} . round-bottom 96-well cell culture plate
W Z S 2 500 xgollA 4 ColA 4 min &
oF AAEFeA Y. A=HS A A F FACS buffero] antibodyE #
2]t ). (primary antibody 30 min, 4 C/ secondary antibody 30 min,
4 C) antibody # &9} wash o]+, 500 ul FACS buffer2 AT E =
o] % 5 ml round tube (SPL, #40205)% &7 BD FACS Cantoll &
Abgetel APC #333s SA435E¥Y dolg Al GraphPad Prism
50& ol &3stith

8. CCK-8 assay

CCK-8 assayE %3 THP-1 M¥E M2z ®3AZ o, motilinZ}
MA-2029, PTX, YM-254890¢] = 2] 7} cell viabilityol] <38kS- m| x| +=X]
stelslazl 3t THP-1 4x10° cells/ml& flat-bottom 96-well plate
(SPL, #30096)¢l Z=H]&}e] 100 nM PMAE A 2lsle] 24 h &<t wjFs}
of WAa MO thAAHxz E3AHT. fresh mediaz wA s & [L-49}
IL-13% 7} 20 ng/ml ¥ %2 @502 F= motilin 10 nM3} 87 A 2]
glo] 72 h FoF wigsle] M2z #E3tA1Z th. CCK-8 solution (Dojindo,



#CKO04-13/3000T)& #7Fsted 2 h &<F incubatore] 4 stainingd+ -+,
Multilabel plate reader (EnVision) AH]Z 450 nmol A &3 % (optical
density) & 43ttt del¥ Azl GraphPad Prism 508 ©]-&3t31
=

9. Antibodies

Western blotg th&# #& antibodyE AF&3lo] 433}t

p~ERK: Phospho—p44/42 MAPK (Erkl/2) (Thr202/Tyr204) (D13.14.4E),
Rabbit mAb (Cell signaling technology (CST), #4370)

t-ERK: p44/42 MAPK (Erkl1/2), Rabbit mAb (CST, #9102)

p-STATG6: Phospho-Stat6 (Tyr64l) (D8S9Y), Rabbit mAb (CST,
#56554)

STAT6: Stat6 (D3H4), Rabbit mAb (CST, #5397)

B-actin: Anti-B-Actin Antibody (C4) HRP, Mouse mAb (Santa cruz,
#sc—-47778 HRP)

Anti-Rabbit IgG (whole molecule) - Peroxidase antibody produced in
goat (Sigma Aldrich, #A9169)

FACSE t}S3 72 antibodyE A&3}e] 3514t}

CD206 antibody: Purified Mouse Anti-Human CDZ206, Clone 19.2 (BD
Biosciences, #555953)

IgG antibody: Purified Mouse IgGl, x Isotype Control, Clone
MOPC-21 (RUO) (BD Biosciences, #555746)

Anti-mouge IgG-APC antibody: Mouse F(ab)2 IgG (H+L)
APC-conjugated Antibody (R&D systems, #F0101B)
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Plasmids

pcDNAS.1-DEST-VCI155
pPENTR-FLAG-MLNRx
pcDNA3.1-FLAG-MLNRx-VC155
pcDNAS/FRT/TO-GAlphail -RLuc8
pcDNAS/FRT/TO-GAlphai2-RLuc8
pcDNA5S/FRT/TO-GAlphai3-RLuc8
pcDNAS/FRT/TO-GAlphaoA-RLuc8
pcDNA5/FRT/TO-GAlphaoB-RLuc8
pcDNAS/FRT/TO-GAlphaz-RLuc8
pcDNA5S/FRT/TO-GAlphaGustducin—RLuc8
pcDNAS/FRT/TO-GAlphasS-RLuc8
pcDNA5S/FRT/TO-GAlphasL-RLuc8
pcDNA5S/FRT/TO-GAlphaQ-RLuc8
pcDNA5S/FRT/TO-GAlphall-RLuc8
pcDNA5S/FRT/TO-GAlphal2-RLuc8
pcDNA5S/FRT/TO-GAlphal3-RLuc8
pcDNA5S/FRT/TO-GAlphal5-RLuc8
pcDNA3.1-Betal

pcDNA3.1-Beta3
pcDNA3.1-GGammal-GFP2
pcDNA3.1-GGamma&8-GFP2
pcDNA3.1-GGamma9-GFP2
pcDNA3.1-GGammal3-GFP2
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3% 2.2 AAelA AS-@ primer H5

Primers Sequence (5' to 3")

RPS9-gP-F GTCTCGACCAAGAGCTGAAGCT
RPS9-gP-R GGTCCTTCTCATCAAGCGTCAG
CD163-gP-F CCAGAAGGAACTTGTAGCCACAG
CD163-gP-R CAGGCACCAAGCGTTTTGAGCT
CD204-gP-F GCACAAGGCAGCTCACTTTGG
CD204-gP-R GTGCAAGTGACTCCAGCATCTTC
TIM3-gP-F CCGGATCCAAATCCCAGGCATA
TIM3-gP-R GGTGGTAAGCATCCTTGGAAAGG
TNFa-gqP-F CTCTTCTGCCTGCTGCACTTTG
TNFa-gP-R ATGGGCTACAGGCTTGTCACTC
CXCL10-gP-F GGTGAGAAGAGATGTCTGAATCC
CXCL10-gP-R GTCCATCCTTGGAAGCACTGCA
CD206-gP-F3 TCCAGAGGGATGCTCTGACCA
CD206-gP-R3 AAGCCGATCCACAATTCGTCA

Fibronectin—-gP-F
Fibronectin—-gP-R
[L10-gP-F3
[L10-gP-R3
MLNR-qP-F2
MLNR-gP-R2

ACAACACCGAGGTGACTGAGAC
GGACACAACGATGCTTCCTGAG
CATCGATTTCTTCCCTGTGAA
TCTTGGAGCTTATTAAAGGCATTC
AACACGGAAGATTCGCGGAT
TTAAAGGCCGCCGCTCTGTA

_12_



A3 F dH

Part 1. MLNR9] t}j3t € 7r=o] £ 3k
G protein Az AG 7]x 9

Ao A WEE = HElol = T2 E Q) motilind] T, MLNRS AHA]
3 Ao 9= AEA EA camicinalZ macrolide A Q9] dAYEA QI
erythromycin®} azithromycin, roxithromycing X5 agonist® zr=Tt}

al
deix vk B AFoAE o3 HHEE vd o= MLNR q@ =
Fek Hr=Eol s G protein FEoA A Mo o] dis| Lo
2L 3k
A8 Aol s MLNRS F2 Gi/ow Gg/ll familyE 74 3stA12
gl A e, GI3E F3f shel AlsAd 7de &4k
A AFAFAE BRaFHAT. o] A4S BRETS &3, MLNRe| ¢
of o3k 7} £7F9 G protein &AL =A5laL, thkdt s Alold
744— YA dojus dARIAE vlusE Al s 2 Oﬂ?
= TRUPATH platforms &-83lo], MLNRS #& 3t A oA & 14
Zo] Gadl U3 A B2 gkt 3k MLNR  selective
antagonist MA-20297} MLNR<] @ 7F=o] <3 G protein 8445 &<

3 pFoz AT & AR FaAsug FHok

ﬂLr‘l

1.1. BRET assay & o] &3 motilin® G protein A3 &4

BRET assay: 5 @@z 7187} 10 nm o| W& 7[7FY A 2 oy
Z 2] donor¢] luminescence proteine] HW&3dl+= Hl oY X7} acceptord]
fluorescence proteindl Al AG =22 z}7}o] uH EH o EHB‘]— Al O]]L-] 2] =
=2 3sto 2 X donore} acceptore] A ZAE A X3
=A43s= 7IHolt, B A= BRET2 assayZ 7] ,_P =2 5(}

_13_



TRUPATH platformS €83t 3, Ga-2sgA et GRy-Z2dA 7 &2
=M A G proteino] @A EE AEE =AU (18 1A).
HEK293A A oA MLNR, Ga-Rluc8, GB, Gy-GFP2E& z}z} %3
3t ZF= 4 M9 ZY2Av|=E transfection systemO® E=<93Fal 48 h
%o Rlucl¢] substrate, coelenterazine 400a¢} =& A sko],
Rluc8¥} GFP2¢] th3t &333kS 410 nm, 515 nmolA 27 A&
(29 1A). Z oA =A3 RLU (Relatvie Light Unit) ztS ©]-&
ato] thg Aol wel ABRET #& Alatsksl

RLU of fluoresence protein (GEFP2)
RLU of luminescence protein (Rluc8)

BRET ratio =

ABRET ratio = (BRET of ligand—treated) — (BRET of vehicle — treated)

7 A3, MLNRES dAjd oz g sl HEK293A A Eo A motilinol
93 Gi/o, Gg/11 family A4S #&sgct (2@ 1B). ¥HA, negative
control2 A}&% MLNR Z¢}4n|E=Z transfection 8} & A XA
= motilin®] 93k G protein A 37t dojx] &k} (data not
shown). o]&]8 ZAa}= o)A &z ue} 7ol Gi/o9 Gg/ll family
of s} MLNReo] &4& zi+= A& Qf‘ﬂo}%ﬂ, F7HH o2 Gi/o
familyoll &= E3] 0A, Z 2d9 Ao st 5}

familyoll = 722422 zol7t = 165 Al9e Q, 11 LAt =

_14_
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B Ga and Gpy dissociation: G protein screening
Motilin [10 nM]

-0.0 L_I [JT= = =
Uil

k-]

B

E -0.2

&%

< -0.3 T
-0.4+

Ga subunit i1 i2 i3 oA oB Z GustsS sL Q 11 15 12 13

19 1. BRET assayE %3 MLNR-motilin®] G protein g4
(dissociation) &4

(A) BRET assay©l ©]&3} constructe] =4 %3 (BioRender X% 1%
S o] g3sle] 1)

(B) HEK293A Ao MLNR, Ga-Rluc8, GB, Gy-GFP2Z transfection
a1 48 h %, vehicle T+ motilin 10 nM< 7Z}z} #g]éle] BRETO. &
g dde] Wol M7|E F43%3 ABRETo.2 A4s A3} (n=3)
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1.2 MLNR9] g3 2t=59] 9% G protein A3} &4

Motilin ¢]o] MLNR9 gl7t== <3 camicinal?} erythromycin,
azithromycin, roxithromyinel] t)3alo] = MLNR Eo] % ¢l G protein &4
S 7= Yol aix TRUPATH platforme o] &3te] 9 Ad 53 &
o zAqA Ages AUt Y A 7= EE motilingt F
Gi/o 283 Gqg/ll familyE A A A oW G13¢ AL #
ARtk (28 2A).

Jdl, Gi/o familyollA] ABRET %ko] Atz o & =9kd oAgt Z, 1y
Q, 11 &w Aol thsle], motilin¥} th2 =50 o3 &F-Rkg
Al(dose-response) S oly zp AT 1 A3 v F579 G protein
of thsle] MLNRe] Z]3t=of 9]%F Emaxgtoll= & =Fo|7} YElpA] &
Rko, ECR00= 2 zFolE HAt (29 2B). G protein Ao st
W 7FA (sensitivity)e]  7F8 2 #7t=E  motilin® %, camicinal#
erythromycine] g & = FHZ o]t Camicinal> motilin tjv] of
1009}, macrolide AlE FAWEZEL A2 motilin thH] 1,000u8] o] 4
T3 o] Skt

U 78el 58 G proteine] thste] MLNRe] 7z} #It=5o] zt
logEC50 #t& Altsld % 37 2o

S,
O
-

4 X
i
ek

o
R

&

i
rir

_16_
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A Goa and Gy dissociation: G protein screening

0.0
o)
% 0.14 [ Camicinal
; 02 3 Erythromycin
w ] I Azithromycin
% -0.31 E Roxithromycin
< 04

Ga subunit i1 i2 i3 oA oB Z Gust s§ sbL Q 1 15 12 13

B Ga and Gpy dissociation: oA Ga and Gpy dissociation: Z
Ligand [M] Ligand [M]
-1 -0 9 -8 -7 -6 5 4 -1 A0 8 -8 -7 £ -5 -4
00 —— Camicinal
g -0.1 -+ Eryinromycin
| . .
- —— Azithromycin
'"m" -0.24 —— Roxithromycin
x —— Mot
@ o) iin
<
-0.41
Ga and Gpy dissociation: Q Gu and Gy dissociation: 11
Ligand [M] Ligand [M]
41 10 9 8 -7 -5 -5 4 -1 A0 8 -8 -7 B 5 -4
-0.04 0.04 —— Camicinal
£ 8 -+ Eryinromycin
® 0.1 ® 0.1 Y my 4
= = —— Azithromysin
E -0.24 E 0.24 - Roxithromyzin
- Motilin
0 52 0 g3
< <1
0.4 0.4

19 2. BRET assayE® %3 MLNR dgzt=%59 G protein 4

(dissociation) ¥4

.

(A) HEK293A A3 MLNR, Ga-Rluc8, GB, Gy-GFP2%& transfection
3t 48 h %, camicinal 10 uM, erythromycin 100 uM, azithromycin
100 uM, roxithromycin 100 pM-& z}7z} x| ¢]sted BRETo. 2 F dwz
3 A71E SA4ste] ABRET #eow fdg 23 (n=3)

(B) 4 =79 G proteind] thale] ¢ (B)9 transfection ZF71ol A,
tuit} 3 fold dilutionste] 2gk & @A &3 A7|E FAH8
BRET o2 xds 23 (n=3)
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% 3. 19 2Be] doldol ulsl logEC50% 7 Az e A

(motiling e % 439 21718 UR=F A e Fgo] tatol
unpaired two-tailed student's t-test, ***p<0.0005)

: e G protein
Ligand Statistics
0A Z Q 11
. -8.734 -8.786 -8.577 -8.975
Motilin Mean+=SEM
£0.07261 | £0.04406 | +0.0571 | £0.01466
-6.587 -6.420 -6.09 -6.334
Mean+SEM
Camicinal +0.06343 | +£0.02186 | +0.06409 | =0.06126
P value $okok *okk oKk %okok
-5.339 -5.271 -4.963 -5.157
Mean+SEM
Erythromycin £0.04203 | +£0.01386 | +0.03342 | £0.09198
P value $okok *okk kokok %okok
-4.593 -4.684 -4.377 -4.645
Mean+=SEM
Azithromycin +0.25 £0.06963 | +0.08665 | +0.1975
P value oKk *koskok kokosk kokok
-4.908 -4.927 -4.428 -4.779
Mean+SEM
Roxithromycin +0.03356 | +0.0545 +0.1206 | +0.03855
P value soskosk kokok soskok soskok
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1.3 MLNR selective antagonist?l MA-20299] ¢]3 G protein A4
oAl 4

MLNR&®] selective antagonist®+= porcine motilin (pMTL), GM-109,
a8z MA-20297F 9th o] &, 7FF UEo] wA®E MLNR selective
antagonist MA-2029+ €} antagoniste] H]s] ¢ 10 ¥] =& motilin 7]

T 9A 297 v A Ak B Aol A= motiline] g B
o] MLNR oj&=49s Rlst7] $ste] MA-2020%5 Ab-g-starxl 33l
L, MA-2029¢] ¢]sf] motiline] €3 2 G protein 2l3& A go] A X
=212 TRUPATH platform< =3 &<ttt =3k MLNRS &= ¢
=S G protein B4 E MA-20297F AT & Jd=xE F=r71= &
A&t af skt

N9 ATS0|A AgEE R MA-2020 10 pME A 23 270

=

A, 4 F572] G protein, 0A, Z, Q, 11 iAol tieto] glafi Az
motilino]] ©¢] 3+ dose-response’} €A 3] AsfE At (2F 3A). 2}
MA-2029¢] MLNReol 2]t G protein A 7|5 #It=vwit}p zol&

gt} (¥ 3B). Motilin®} camicinal, erythromycino] A+ 4l 79
G proteine] w3l F/do] ks A H AT L2y, azithromycin®] 7
S 0A, Q A Y FALS MA-20295 Fa 3 AfEAL
ozt 11e] disiA= G protein &Ado] AR Hopddnh g
roxithromycing g3t Zdo dalde Z Q, 11 2w A A
MA-2029¢] 9]3 G protein &AJo] A af¥#] ko, oA AT A
Auk okzke]  Ae axrt #HEIFHJUL. o)E  EF, azithromycind}
roxithromycinol] ™3 G protein &A& MA-2029% <¢bd3s] A <

= gee Basar

_19_
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A Ga and Gy dissociation: oA

Motilin [M]
=11 -10 -9 -8 -7
L 1

-12
I

&
T

A BRET ratio
&
N

—— without MA-2025
- prefreatment of MA-2029

&
[}
1

0.4
Ga and Giiy dissociation: Q
Motitin [M]
12 11 -10 -9 -8 -7
-0.04

s
T

A BRET ratio
&
N

—— without MA-2025 .
= prefreatment of MA-2029 *

&
[}
1

Ga and Gpy dissociation: Z

Motilin [M]
-12 -10 -8 -8 -7
L 1

-11
1

A BRET ratio
&
[\ M

&
7

—— without MA-2025
- prefreatment of MA-2029

-0.4-
Go and Gy dissociation: 11
Motilin [M]
12 -1 -10 -9 -8 -7
-G.g"““"""""!"'”!'--"-'I-'-"."".".".i".'..‘,”..'l'._"_"._'_"_:'""'"

A BRET ratio
&
[ M

&
?

—— without MA-2025
s~ prefreatment of MA-202

-0.4- 0.4
Ga and Gfy dissociation: oA Ga and Gy dissociation: Z
motilin Camicinal  Erythromcyin  Azithromycin Roxithromycin motilin Camicinal  Erythromcyin Azithromycin Roxithromycin
MA-2029 - + - + - + - + - + MA-2029 - + - + - + - + - +
0.0 £0.01
2 S
= 0.1 - £.14
o e
1 021 02
4 14
0 g3 0 53
< <
0.4 0.41
Go and Gy dissociation: Q Ga and Gy dissociation: 11
motifin Camicinal  Erythromcyin Azithromycin Roxithromycin motilin Camicinal  Erythromeyin  Azithromycin Roxithromycin
MA-2029 - + = + - + = + - + MA-2029 - + = + = + - + = +
-0.04 £.04
e S
- -0.1 5 0.4
B S
021 0.2
74 x
@ g3 @ 3
< <
-0.4 .44

1



19 3. Antagonist MA-20299¢] €] G protein &4 oA &4

(A) HEK293A A3 MLNR, Ga-Rluc8, GB, Gy-GFP2% transfection
il 48 h §, MA-2029 10 uyM =3+ vehicle2 30 min g g o
ThFek o] motiling A #]sle] BRETO. 2 F @Al i A7 &
ZA3eto] ABRET gto= 33k A3 (n=3)

B) ¢ (A9} #<& transfection ZZAA, MA-2029 10 uM x=
vehicles 30 min #*]g 3+ Fo] motilin 10 nM, camicinal 10 uM,
erythromycin 100 uM, azithromycin 100 pM, roxithromycin 100 pM-<S-
7b7y el sk 79 tste] ABRET o= mdst A3 (n=2)

_21_
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Part 2. @3] oA XA Xz 2] £
MLNRo] w2 +&= g ko] g 97

A A E sl g A FAES TA GF AEeA MO thA A
vz 23lE o, 28] MOo|A M1 i M2 gjAAxz Bsld uz
v vk A, dElgtel gia Az s 72 Apol 2 whEl ot
A M E B3 o]lde AFA(precursor)o]il TAAFZE 2 A E
(phagocyte)= A7t 2g Fol Fhssivhz delth webd gaMzme
o= Wz JiAl(initiation)¥} Fdo] zom CDI164, CD204,
TIM-3 %59 %3 FH AL g9 F&A9 LdFo] Z713va
adH A At

A8 AT FTolA, erythromycing =28 st 71 PMAS 34 2]
S S T FolA g MERe] ®3l7t T ThE At BalEosl
o} 19949 Keicho €9 A =83 Fmalo] @ral ol 24 £
i3l MLNRO] #7t=7F vl &l dis] stk skl
WA, PMA (Phorbol-12-myristate-13-acetate)ol] ¢]3sf wal7-¢l “JE)
1 THP-1 Al27F MO W2 A 2= #3lst= =g A7 98] o
FAAE T, PMAS wxo] w2} mRNA & o] &

S FR2 AASAT. olw, PMA AHzld g st o|A MLNR]
mRNA &S 7 S48

MLNR®] 27t=g @502 HgetAY PMA9L A Helgh =3¢
A, HAME E3F 1A FAAE g8 PCRE M dste], 23 A=

3z ]
o] zolE #Z3FaA ST

b
Mo

¥

e
e

2.1 PMAd] 93 THP-1¢ MO A A x=z9 E3}

HAA xS #eAged F2 o]&5E THP-1 A2F% PMAE A ¢
3l suspension AFEJOl &l Gto] 4] adherent cell AEl® T3 3 o] W3}
st MO A Al z=z &3ttt g 7t=ol 93k 73} 2fo]E H 7] o] Fd
4 g se PMAE AH#s F #FsY, M =L s
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PMAE A3t AlxEE0] plateo] thi-& F2E 7d& wjdF 7|3te =
Attt PMA %= vehicles @38k A ¥
cDNAE @A 3ste] qPCRZE 3t 34 FAAES] Lo wsts ¥
stk (¥ 4A). ©]%F, CD163, CD204, TIM-3 fAdztel A PMA®] 5
Lo Hl#H 3t mRNA @& ko] Frhgtthe 1S FQlstda A Al x
3l A AR Agsle] o)F Ade zldstth. THP-1 Ao
PMAZE 3125 nMY-¥E 50 nM7}A] 1/28]9] FL=2 3A35te] A5t <
W, AAE 23 524 FARES FE vt dd o] Sk
o1t MLNRe] @@ e v w2 PMAS Aol wel dx 571
3lth7, 125 nMo| A vehicle tH] ¢F 148] Aw=z wd ko] Huzh 5

Ax olwrh & FEoME B@Fo] HaIALk

kel
X
=
o
> it
)
Z
>
i
IE
o

2.2 MLNR9] & 7t=7} MO A A E #3}o] v 2= G
PMAE A #]3}# &1 motiling @502 747 A sdS we o2
AE 23 FRAAE Fongk 2polE Holx ki, MLNRO| #d )
A7t Hdw PMA 125 nMo| motiling 34 A3 S

PMAE ©=o® AHeld Asru FonaiA Al hAAE 231 54
84719 mRNA 23 o] 2% =7ad0 (g 4B).
o]¢} o] MLNRe] th& =S5 k% mot1hnx1 2 PMAo|| ¢]3F th2]A

Eo #3tE AsA7E 2

g Hol=A F<lstr] #1ste], THP-1o] A
Z & MLNR gzt=% 77 ‘M*c‘s}o% A Wl =M gPCR
A8e gt WA, motiling U3k, camicinal @5 A 2= o

A A F3}ol] FEks m XA & }}Rb‘r erythromycin®¥} roxithromycin-&
CD163<, azithromycin& A Fd2 259 mRNA 3 &S 57]'7\]?5\
ot} (29 4C). PMASH Z} 2t=E FAld AHEd 4-Foles, v &

Zt= B, PMASH @71 A eS| PMA @54 = ﬂﬂav} W‘
AEZ 23t fFAaxe] Bd=S SUHAAT (1" 4D).
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a9 4. G FoA A A EZL] F3te] PMA¢ MLNR9 ligand”}
N2 4

(A) THP-1 A& 12-well plateo] welld 4x10° cells/mlo.g FnH] 3
T, s o] PMAE AHElste] 747 widetith A2 E 500 xg
2 5%7 d4lwelstel RNAS F&3tal, cDNAE FA4ste] 47h4 4
Aol tg mobolmE ol g3kl PCRE Aelh CT@e #74
RPS9¢] Lo 2 normalize 3t 3L, vehicleS #gldk MZo] sl A
normalizationd}il, GraphPad Prism 5.0& %3] two tailed student
t-test BAS A3 A (n=4, PMA H7 s & A us 4
*p<0.5, **p<0.05, #*+xp<0.005)

(B) THP-1 AxE (A 2 dg 7oA PMA 5, motilin 10
nM % PMAS} motilin 10 nM $4] Az Z7Ad tate], (A} e
WHo g 37bA fHAkel dis] oPCRS &gt A3 (n=6, *p<0.5,
xxp<0.05, *#xp<0.005)

(C) THP-1 AMExE (A2t & wF ZAoA] camicinal 10 upM,
erythromycin 100 pM, azithromycin 100 pM, roxithromycin 100 pM-<-
7tzy A ek 23] teke], qPCRE &gk 23 (n=4, PMA * | 3}4]
o ZAo il *p<0.5, **p<0.05)

(D) THP-1 Alx& (A)sh & wiF 74 PMA 125 nMejl 747
camicinal 10 pM, erythromycin 100 upM, azithromycin 100 upM,
roxithromycin 100 pM-& $H7] 223 Z7o] dlste], qPCRE 3 3at
23, (n=4, PMA @5 Hzgg Z7o] uste] #p<05, =*xp<0.05,
xxx<(0.005)
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2.3 QA A E #39} ERK1/2 @43t A, PMA< motiline] 9
3t ERK1/2 phosphorylationel] o3 &+

Extracellular signal-regulated kinase (ERK, also known as MAPK)
A2 AR (growth factor) Ti= Alo|EFFQl A=k So] osle] &
A, AX Ul ANsAGAE S3 AMxe FAolv w3k A T
thFet A4 7l 5S viNge oA |, dalgte] oA AxE 3} B
= thekst MAPKZF #oxo] o M-CSFe| o&] A A x= &3}
3t 4o MAPKe dF<l ERKVE #ejditt= A3y HaE np
of E3H PMA Ao o8] ERKZF A 35 p2ls E3) AlX F7]
g AAATIL(cell cycle arrest) WA EZe] 35 Frdrte HF
49 ATATHA Aok olH@ ARHE vgoR ERKe @437} v
walo] AHAH oz wolst=4 ¢, PMA9 motiline] 27} ERK

Al 3
g stol WA= Gl dste] Hyratanat skl

WA, THP-19] MEK 9 A1#1¢1 U0126< A s 25, PMAd <3t
ERK phosphorylationeo] 943 A48 A& Western bloto. 2 &213}%]

(29 5A). & 7F A A 27 E3kete A oA ERKe &4 317}
FQ3S gPCRE E3a &3y, MEK A A1¢l U0126S A= 3t
%, PMAE AHzlslo] 743F MO A M EZ B3 A7 4o = tha Al

%A A, CD163, CD204, TIM-39] W &o] m%F F243] 7HAad
gl (L 5B).

THP-1& A2z #3472 b, PMAS g5 02 Aad 4$ 18
i PMA®F motiling 74 Aggk g wiste], ERKI1/29]
phosphorylations Western blotS %3] #&sdo. 71 23, PMA ©
=38 Z7ART PMAY motiling &4 g d ZAoA ERK 43}
7} Z7beke Feldka, olul 3 ERK1® Tt ERK29 &4 s7t o %
st= Aok (23 5C, D). motiling @5 2]t 4 §-ol = ERKe| 2437}
oFstAl Aot AL AT

tlo R
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19 5. MEK inhibitor U01262] A A ¥ &3} oA & 39 PMA¢<}
motiline] ¢] 3 ERK1/2 phosphorylation

(A) THP-1 A3 U0126 10 utM ¥+ vehicleE 30 min A &3k &,
PMA 125 nM %* vehicleg 30 min &3k 274 Western blot2
2 ERK phosphorylations 3##3 ZAxte] i AR

(B) THP-1 A|Xe¢] U0126 10 pM %% vehicleS A7 3 3 PMA
125 nM< 7947F A ste] PCRS &t A3 (n=4, PMA o5 A g
3 ZAo] thdle] xxxp<0.005) 2 gPCR whg 3 zZ}zZbo] =S 2%
agarose geld] 71953 ARz (8Fdh)

(C) THP-1 AlXo] PMA 125 nM %=, PMA¢®} motilin 10 nM & A] A
213l oA EgH oz 4335 Western blot 23, Image] T =13
© 2 band intensity® =743ti, t-ERK = normalizationd 23}
(two-tailed student's t-test, n=4, *p<0.5, **p<0.05)

(C) THP-1 Al Xeo] PMA 125 nM ©@=54 2], PMA<} motilin 10 nM &
AlA 2, motilin @ @5 A2 FZHAAA  Western blote.® ERK
phosphorylationg #z3al A3te] gjg AR
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Part 3. MO & Al Z oA M1l =+ M2Z 9
W3} Aol motilino] WX = JFe] did AT

A MEZE LPS =5 [FN-y9 A& won dF5uhgs dov|+=
M1 Etg]o = IL-49} IL-139] #A=S wom o=uso o

Efgo= #3lst 4 Utk dd AFEoAE THP-1 AXFE MO A]
Ml == M22 B3lAZ o, Alo]E7}ele] & 5

A ohgst Al AbEskH, M1z M2o] djal] Eo] Al &3t ®x Fx2H9
e wkS Bkt B Ao A= 20159 Genin ©¢] A =55 7]
Zo2 Ml E9lozi= TNF-a9} CXCLIO, M2 Ego=z

CD163, Fibronectin, IL-10 7 x5 #3lo] tigh 7oz A5t A
T2 23t

THP-1 A3 PMAZS A g3l MOZE &
o] M1 L= IL—49} IL-13& Halse] M
Al W motilin®] 5o wE M1y} M2 %X
gelstazt Atk qPCRE mRNA & @S 1)
] .

Fob B, WG Ak %

Ni‘l

A frelveiA g BRFS G498 A FAAd dsiA FACS=
S gwd BEFS Glstaat stk =3k Zhzbe] Esh 3ol A
ak

MLNR<] mRNA

3.1 LPSo] ©]& M1 ¥3}¢} motilino] M1 ¥3}o] m X 3 &
THP-1 A|%o] 100 nM PMAZ 24 h Hglsle] MO th A A L2 2&A
71 %, LPSZ 1, 10, 100 ng/mlo. & 3 A3le] 24 h H@lshe] Mloz ¥
Az, qPCRE &3 M1 3t 34 fFzaEe] s 2d=s &
891t} (data now shown). 7= A7, TNF-a¢} CXCL10o] LPS o]
Al gl eto] mRNA & o] F7FgHS Selstaitt (L' 6A). MOolA Ml
o7 EB3A7)E= HAA LPS 100 ng/mle] motilin 10 nME& F71&
AelstAs woll Femgh 2oz yEubA @gken (29 6B), M1
=9 &3} HAeA MLNRO & wFo] At (21 6C).

[‘2
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A TNF-a CXCL10

5 150
Fk & X
4]
= Jek ok 2
"'3 . § 100 en
8 *k = i
© BT
= 24 _:g
2 2 ™
4
a- G-
LPS 0 1 10 100 LPS 0 1 10 100
(ng/ml) {ng/ml)
TNF-a CXCL10 MLNR
§- 200 ns 207 Kk
ns
] = T
= k] sk * ] 1.5
— *kk *k E 1504 [r=d J_
& 4 T - T T £
c 1 g .2 10
% ] 100' (&
1] 7] =
- - iz 0.5
Eo) 21 o =
= E ] -
0.0 T T
LPS - + + LPS - + + LPS - - +
Motilin - - + Motilin - - +

a9 6. MO dAA A Mlo g2 #3129 motiline] VX &= g
(A) THP-1 A ¥ PMA 100 nM< 24 h A& 3sfe] MO JAA X2 &
A 71 FH, LPS 1, 10, 100 ng/ml & 24 h g3t Mloz E3kA)71
% RNAE FE3}9] PCRE %3] mRNA wd =S =AH3 A3} (n=4,
two tailed student's t test, **p<0.005, ***p<0.0005)

B) ¢ (A} £2& xxox M2 E3Az1 F, LPS 100 ng/ml ¢

T = LPSe| motilin 10 nMS F712 A 2]k A4 qPCRZ mRNA
e ks =43 Ay (n=4, *p<0.05, **p<0.005, ***p<0.0005)

(C) BE3A7)1# o THP-1, § (A9} e =70z MOz H3}A 7]
g LPS 100 ng/ml %X vehicle @3t =79 tsle] gPCRZ
MLNR9] mRNA #& S 43 A3 (n=4, *=xp<0.0005)
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3.2 IL-4¢} IL-139] 2§ M2 #3}9} motilino] M2 ¥3lo] WA=
9

THP-1 MXE MO tjAAx= #3krz71 5, IL-4 20 ng/ml¥} IL-13
20 ng/ml @ de] 77 24 h, 48 h, 72 h ot wjksle] Moz =3}
AR, PCRE £ M2 23 w4 fax4%5d da) 2daRe FA3
Atk 7 A3}, CD206, CD163, fibronecin, IL-10¢] 4] =] A]7ke] H] ]
&t mRNA @& o] Fr7hshs Eelstet (19 7A).

MOo| Al M22 #3A7]= A A motilin 10 nME F718 o2 A7
gl wol =, IL-4¢F IL-13%F Aa) 3k 7S] wla] u 7FA M2 3}
EA FRAe] wE o] mF FURetTt (29 7B). olw, AHAR
mRNAOA 77 @il wde] FUbR AAHJAEAE ] 4
¥ T {FHAA CD206 fd Ao tsle] FACSE 53
s %% =239}t (19 7C). CD206 antibodyE A}&3F MZ o] APC
& Gzkol Al IgG antibodyE AF83F A= APC %S wjx] net MFI
(mean fluorescence intensity)& F3lo] AZ TwW LA ZFS S+t
Az MO 23 ¥ 72 h %9 vehicleS AHg3d MO MZET} IL-4,
IL-13S g3 B8z M2 MZ3} IL-4, IL-139] motilin 10 nM<
F7H o2 AHed MIolA BT CD2069 %W wd Fo] F7ste &
A3tATH W, MOoA M2z o] B3 zAoA MLNRe mRNA =&
& 7+ 3t} (data not shown).

olo dall, M2 #3loll Ffgtia ez daAel MxE O A=<
STAT6e] w3t A4S Flasjraz . MOE 234z THP-1
A Eo IL-4, IL-139+& g3 =13 motiling 712 A g3 244
t)3lo] STAT6 &4 3tE Western blot2 F3 elstdvt (2d 8). =
243, motiling F7F2 A3 o] STAT6 phosphorylationo] <7}
S Bk

s h

ob
2
e
=
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a8 7. MO g A A EZ A M232] 3¢ motilino] WX +&= 43}

(A) 6-well plateo] 4x10° cells/mle] THP-1 A& F4]3 F PMA
100 nM2 24 h AHgste] MO A2 #31A171 H, fresh media®
A A IL-49F 1L-13S 7} 20 ng/ml 52 24, 48, 72 h |3} 9]
M2eo 2 #3171 % RNAE F=38to] qPCRE &3] mRNA 2 F=
=43 A3} (n=4, two-tailed student's t-test, *p<0.05, **p<0.005)

m\l

(B) THP-1¥, ¢ (A} & xHdo=E MOE E3Azl H, IL-4¢
IL-13 7} 20 ng/ml %= vehicleS 83 Z7Ao|Ax gPCRZ MLNRY]
mRNA @& IS =A% A3 (n=4, **xp<0.005)

€ 9 (A)ek 22 MO " 7oA 72 h &< M22 ZspAZ o,
motilin 10 nM % A, IL-4¢9 IL-13 7} 20 ng/ml A, IL-49}
[L-13¢] motilin 10 nM& F7F= Aelsk 2 didte] qPCRZ mRNA
e es =43 A3 (n=5, *p<0.05, *p<0.005, *+#p<0.0005)

, vehicle A g3 =

IL-139] motilin 10

o

(D) 9 (A} Ze wjg oA MOZE E3}A1 2]
A, 1L-49F 1L-13 2+ 20 ng/ml H&a =7, IL-4
nM< F7t2 Agd z7doA 72 h HoF E3A A 2 Aol ta}o]
FACSE &3l CD206¢] Mx 3 dwid WdAwFsS F438to net MFI
xS MO M=o t3lo] normalization 3}o] relative MFI= el 43}
(#=, n=5, *p<0.05, **p<0.005,#** p<0.0005). APC & @ ztell & A X
T2 el s|2Ea2o A HAE control IgG antibody &, AA¢] A
g 9o CD206 antibodyE& e (=

['UIO ﬂ,j'g

b

i,

fé]
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A Relative STAT6 phosphorylation

20- ‘ ‘
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w ‘ *k
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g 8. M2 23 A9 A STAT6 phosphorylation &

(A) THP-1 A3 PMA 100 nM< 24 h &<t gsle] MOZ E3HA|
71 % FBS7} 91+ RPMI culture media® 1 A]3}o] overnighto. & Hj <
skt 0, 5, 15, 30, 60 min E<¢F IL-49F IL-13< 20 ng/ml® =] 3k
Z7, IL-4, IL-13¢] motilin 10 nMS F7}2 A g3 Z@d0] st
Western blot©.2 STAT6 phosphorylationg %3 A3} Image] T =
O3S 0] 83le] band intensityE A4 3dtil, STAT6Z normalization 3}
o dlolg A A (n=4, two-tailed student's t-test, *p<0.5,
#xp<(0.05)

B) ¢ (A9} & vt oz 383 Western blot A3} % AR



Part 4. MLNR Eo]& M2 %3} dist a3 HAZF
olo] #3}i= G protein A= 4

ok 3helel MO tha Al Lo A IL-4, IL-13& A 3le] M229] 3=
FE v motiling F7} AHeled M2 3 A AR wE o]
S7betth= Ao didke], MLNR 5ol 4]l d4dS ATt g
A E 3tEo| A+ MLNR antagonist MA-20295 =83t & M2
A= Adste motlhnoil ojgk &7k MLNRO] &4 sto] 3 d
0l S Feoldtaat AT =3 GPCRol| o3 Alsdd Aze 714 4
oA AzZE A3 G protein oA, o'l G protein 42 E
FA ARt dEFS FHAIIEA FR1s Bt 8
th Part I.o]4] <13 &, motilino] <&l &A=+ Gilo, Gg/ll
familyol] tjste] M2 #3}e] MLNRo] wX= 93 Flstaa, Gi
inhibitor, pertussis toxin (PTX)%} Gq inhibitor, YM-254890% 7}7} A
gete] M2 &3l dS stz sk o, 47p+] M2 &3} %A
72 CD206, CD163, fibronectin, IL-10¢] tjs}e] gPCRE& &3l
mRNA Z& o] xfol& &tz &3
7}7}e] inhibitor7} M2 23 2704 AE e viabﬂityoﬂ B9l
& 71A=A, 7e) 1 7 inhibitor7} SH Ao M2 Rl JeFS 1]

A2 WA solsw g a3l

i 4o ox Mo

offt
:(g
=
N}
M
i‘i
>~1

Sk

of

A

4.1 M2 233 A A inhibitor # &7} cell viability ¢} #3} %A +
AA ddd] vz = FF T

Part Il A BRET assayE %3] &35S W MA-2029+ motilin®]
G protein &4 S 10 nM FFoA oA 4= AAJY. 28} AP AF
o Fuade w MA-20292 10 uM %52 Halsl= o] AurH ol
A3 o A= BRET assayes= o274
FAZE wjekety] wiel 9ok 2 T x2S AAS A HAG o,
W2 MA-20295 ¥3+3l inhibitore] =27} cell viabilityol] #A %l
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FE MA=AE Flst] 9ste] CCK-8 assays & M2 &3} =21
o /] cell viabilityE =A39tt (28 9A). CCK-8 assay+ CCK-8
solutiong A glate] AA AR St AEE WFAS wl, WST-80] A
X el A E dehydrogenasest WHgshE AP E o] &sle] Ao W
3t8 SA4ste dde=, %— AEE ty] 2ole AMxe] vE S3%
(OD) #go= F4ste g 4 v 7 23 MO= #3421 THP-1
A Lol IL-4, IL-13& H@ldle] 72 h EoF M2z R3lA 7 243}, L4,
IL-13& A 2]3}7] 30 min Zeof inhibitor MA-2029 10 uM PTX 100
ng/ml, YM-254890 1 uM& A& ste] &A1zl Aol A BF fon) gt
z}o] 7} H.o] % kol inhibitore] &7} cell viabilityol] A A<l gL
A A et AS s th 3 MO A M2=2 9] i3} 2174 of A]
motiling F7l2 A g3 459 IL-4, IL-13, motiling A gl3s}7] o
inhibitorE Z}7} A 83t 7oA %E cell viabilitye] -ovsk zfo]=
Holx eFgkrh.

Tk M2 %A fxAel CD206, CD163, fibronectin, 22 i1 IL-109]
mRNA & o] z+7}9] inhibitore] #glel] J8ks wr=x& 3}Qlsta A}t
St MOZ E3FA| 71 THP-1¢] ZFzte] inhibitorE &3k &, IL-4¢}F
IL-135 A g3l M2 Al x2 #3}A) 71 & RNAS F3%3o] PCR 29
S st (29 9B). 2 A, zF AlE A Zo] 3}e] inhibitore]
Al Ao mE fFHAY HAF Aoy AA YERYA @Rk,

inhibitor& A xast Aol x MO NAAE v M2 %X §A27F
olnjet A F7bete], M2 #3}oll Z}7+e] inhibitor7} HH A o2 &S v

AA gt A FAFA

4.2 MLNR antagonist, Gi - Gq inhibitor7} motiline] M2 #3} =
A watel WA= g F

Part MolA 33 Az e 0o THP-1 AEFE M2E &
3lA1Z w] motiline] W] X G 3FS MA-2029, PTX, YM-2548900] <A
g = QJEAE gzt AT MO2 3A171 THP-1 Aol WA
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zkzF MA-2029 10 pM, PTX 100 ng/ml, YM-254890 1 pME 30 min
A 234950, 14, IL-13% ®= IL-4, [L-13¢] motilin 10 nM& =7}
Aglste] 72 h wFstATh o] A AZE2HE RNAS F%6 1
cDNAE §Adsle gPCRS Z&st 23}, 747 e] inhibitor v»}t} motilinol]
ofgt g5 Adlete A=Y, 9FS A= FHAA FHF GES &
A3tk (7 90).
921, MA-2029 Aol s Al f14 =5 motiline] o8] F7t
H mRNA Zd o] thr] AR, o] E T3] motilin X&) <]k
M2 &3t £x1 &¥%7F MLNR ¢]&A Qs ATt v, PTXE A
A8k 27 A= fibronectindg} 1L-10¢] =2d & Z7Huks §ow) &l A

o
A 73, YM-254890 A A 23 20| A= CD2069] uHd ZFuks 7+
2A AT o] 5 T, Gi/o 28]a G /11 family =5 M2 %A F73A
of Wl oAt 2Hd= KA FHE vEGE S Fs
ot motilin®] S, MLNRS A 3AA =2 3199 Gi/o familyE %
3] F= fibronectin®} IL-10%, Gg/ll familyE 3] F= CD206¢ %
S S7HANFHE Aot 53 & + 3l
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A Cell viability
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hw =2 MLNR antagonist, Gi + Gq inhibitor7} M2 #3}d] w]x]+=

9.
43 Q1 ¥ MLNR 5o]% M2 &3t3d g dig 7173

(A) 96-well plated] THP-1 A ¥ & v]sdle] PMA 100 nM& 24 h #]
glsle] MOZ ®3A1Zl %, fresh media® WASFATH 2 AEZ A Zo
3o vehicle, MA-2029 10 uM, PTX 100 ng/ml, YM-254890 1 uM<-
30 min AAa =, IL-49 1L-13& 7} 20 ng/ml =52 A ald AL
motilin 10 nM& F7}2 AH@sle] 72 h o M2=2 H3A#Hth. CCK-8
solutiong #g]&tal 2 h FoF vjeksl & Envision ZH|E o] &3] 450
nm IFeA FFEE SAHSAT. 4 HME AZe] OD FhelA
culture media®] OD kS w1 % MO A Zo] tfs}le] normalization 3}

t} (n=4)

(B) THP-1 AZo] PMA 100 nM& 24 h alato] MO® H3lA7 %,
fresh media® WA AT zZHzF MA-2029 10 pM, PTX 100 ng/ml,
YM-254800 1 pM< 30 min A e ¥, IL-4s IL-13S zbzF 20
ng/ml FE=® 72 h g ste] M22 AT 2h2be] AlX AZo] o
3te] RNAE F338lo] cDNAE A sla qPCRE £33 mRNA &&=k
S =3 A3 (n=4, two-tailed student's t-test, *p<0.05, **p<0.005,
##xp<0.0005)

C) ¢ B e oz THP-1& MOZ ®3lA71 H fresh media
2 WA 33 z}7+9] inhibitor® 30 min A #&Adt. IL-49F IL-13&
7+ 20 ng/ml =2 A e =7, 83 IL-4, IL-139] motilin 10 nM
S F7ME AP 2o R 72 h FF vgse M2E2 E3IE X5
T} zZ4zko]l AE AEZo] thsle] RNAES F%35lo] cDNAE gAsta
qPCRS E3 mRNA 2d &S S4¢ 43 (n=5, *p<0.05, **p<0.005)
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Monocyte

l PMA + motilin

Vo VW . MO marker

% ‘ . cD163 1

LR « CD204 P

ks o TIM-3 1
PMA .

MLNR expression 1 M0 macrophage ERK1/2 phosphorylation 1
LPS + motilin *+ IL-13 + motilin

M2 marker
CD206 1

M1 marker

TNF-a -
CXCL10 -

CcD263 1
Fibronectin

M1 macrophage M2 macrophage IL-10

STAT6 phosphorylation

9 10, GIAAE 2374 2 motilino] ¥sho] MA: JF 2

—

THP-1 AXZFoA PMAe] o3t A2 a4l A MLNRe] 2
daFo] Z7bat, PMAS motiling SAlo] Helalde w Az £
37} 7etE 9l om olwf ERK1/2 phosphorylatione] 5 7}38F%th. motilin
& LPSel ost M1 g2 A2 Estdd= &S vAA & v, L4,
IL-13¢ <t M2 diAMx E3& F7HANZHew  olm STAT6
phosphorylationS < 7}A] 1 th.
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Al 4 =

GPCRE FDA &R1& we ook FolA] 35% o] 49 #& HF s A
At Qs wE AYAEAe] mHo=H T AFHI Ut
(Chan et al, 2019). ¥ 72 th4¢l MLNR <A 434 AgS 713
FAEAA A 25S ThsASE HHE 7] e wFo R ooE
A A7 A olghek. MLNRS 9] ZA@oly §] viuje} e 3
of ek AEA EHoZA AHI 4o, MLNRe g A=}
agonist camicinal> ¢ viH|9} e 1A AI A FZAZA JdFAY ©

Aol =9t} (Sanger & Furness, 2016).

Ao A WHEEE motiling 1 o]ES EI & £ dxo], F= 33%}

=+ A Eo A EFE=S dogH YA =79l (gastric motility)d] =

3 7S e T EFEo|t). motilin® f:iﬂ], motiline]] gk 48 <l

9] 3 BA, HEel A, =, 4xxH

oF Ao A w5l %Ujr. A A= MLNR}
gk A77F AF Fo 2HE wFo] IAFHAW

b @A MLNRe] AAAE T3 8715

ZHddt= Y ¥ 7Vlee -’Fﬁﬂﬁiq% AT AEo] By v
mrepA o] Z A JgkE MLNRS 34 o =

Yz 534 7lss 798 F 9\)\‘3}.

MLNR®] g gko] F7hetths A 23

MLNRe] 7)o F53 HQ o] obith. 2 Ao A

=o ©3k G protein #A4& 1g F, hAAE L3t o] st

s

motiling 2] 3} & lql zhzye] b A A

L
*—E

o
&
v
-
N
A
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o)
=,
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o
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o
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o
—
@
5
|
of
:Oé
=
N}
Mz
ot
2
o
o9t
o

_43_



B A9 A WA A= motilin, camicinal. macrolide A gl &A=

A %= MLNRe gzit=to0] R% =dstA4 MLNR Eolx oz Gi/o,

Ga/11s  AsA7IttE Zolth 2 oA ARg3t TRUPATH

platform& o] 3 At A& o] F = (heterotrimeric) G protein®] a 2%

Aol dFFdwa Rlucg, y 294 Ad GFP27F 423 constructE® A&

3to], G proteine] A3 E BRET assayE %3 A3 F gz
24

Abele]l A7k 10 nm o2 ZH7E A, 7] A o] 5 3}¥ RLuc8
(energy donor, luminescent protein)=Z4%E W&% =2 o A7} GFP2
(energy acceptor, fluorescent protein)® Hg % 7] witol, #&% dl o

YA & Rluc8® GFP29] 3ol ST ozH F whulde] Ze4
SRS dAd 4 Avh gz od GPCRol &dstsw Gaeot GB
-Gy @A Atele Ayt Holxw  BRET ratio (acceptor's
wavelength/donor's wavelength)7} 7434 E . MLNR<Y] t}hekst 2
=2 Ayst A3 Gi/osd Gag/ll familye] G proteing F2 A 314
1= AL gRlstsith 28y, 7]Eo] <4ezl Gal3e]l MLNRo] binding
AU 3t ANEHYE ARE FAATE A9 AT Aot vE
Al, MLNRel 9] &k G139 A4 &4 gelefA] okt

we E Ao A AF23 MLNR selective antagonist MA-2029%

VARS

Ny

MLNR g7t=e] 9% G protein A& HE A A R
aizthromycin¥} roxithromycin®] G protein &4 S BT A s AL
Aol A& stA EsFA Y. Azithromycin®} roxithromycin =% A =2

%l erythromycin©. 2 78 frefistal7] witol ¢ Aadd w7 yFol
ztol 7 1S Aol dldEtdou, A== MLNR inhibitor A2l o
gt BolHE& HATE o]E T3l roxithromycind] et MEdd 5o
7% A= MA-20295 A& dto] 2 dHelA] @tis AL gheld 4
AL, tpket Ao 7teAdS FAT. Selective antagonist® MLNR
of o ATALS JA|g Ao G proteino] FAFEJQom
MLNR o]¢]e] =& Aol ZA3s 4 AdoE 7teAdE A
Aletr, ofo] tisiAl= F7HA

o
_;'
e
ﬂ
oX,
O
N
N
,
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= AT o WA A3, THP-1 Aﬂ};,z,_oﬂ PMAZ )@ slo] whal ¢
of] A1 wuﬂ 2 235 A MLNR94 -3 Zo] Z7)s)
& MLNRJ FJGE% A A elsta A A2
t (z

S

Q}E’Q(profﬂed) -2 o] GPCRE o A tf2 A= #3513k o] %
of W o] AetH, WEFo] FrietE GPCRE oA=& 779
subfamily A x=7} <&#lx ok E3k 1570¢] GPCRE A= t&
cytokineS AH#dte] AMEE Thgs xdFo= FIAAS W, 1L
wrg gFo] drebxivial Barg vk 9ltk (Wang, ef al, 2019). MLNRel| o
A= WA oA AFTE o] Fol XA &oky] wWlEel, MLNRS
HE o] AMER Fge wel Frheths AR g Az W

-8 Gl MLNRo] 543 A& 71d F vk S AASHL
E0] motilin, camicinale] t3] zt:= xz}o
At tAMEIE F37F FrdEvs
Holtd, z8v} motilin ¥9F o}y g} camicinal?} macrolide Ad A=
ztz} PMASE 7 AHeElstd g2 xR 237t AstE . o]
Aol MLNR &AL d4ds glst7] fsiA= MLNR gene
knockout AXFE &&35t= TolA F714< gQlo] HQ sttt Aol
A oA AE 23 fE A4Sy W9#E i Al(initiation) A &el A]
MLNR®] 2t=5 Aefeis W AA= “41’%]/‘114‘4 w37t Skt

A& in vivo A& Sl A

MEK inhibitor U0126-& #] 3z
AA == AL Fall, ERKS “41 JA 2 &3l digh dBAgdS Z2lska
h. PMAS 9oz A3 A9-Hth motilingt 37 Aesels
THP-1 AlxFel4 ERK1/2¢] &Ao] F7tsl= RS skt (13
5. PMAE A& 3stgS wl MLNRO] W& ko] Z7}3l7] wjio] o]z <l
A
=

_

Erythromycin & A &2
&, PMA glo] @50z

:

J
“=

[e)
A&

st feedback 2F-8 © 2 motiline] ¢] 3k ERK phosphorylatione] < 7}3h
og2y AztEE 4 dtd. PMAS motilin A2l ¢]s ERK &4 9
At om MAUEe R A5HE A9AE F7449 A7 Baste
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Boodrol A WA A, FA7]e MO thaA oA LPSE X g s)
o] Ml AME=, IL-49} IL-13& HA@dle M2 A EZ E3A 7= 34|
A Aol E7LO1 3 motiling BA A e dtge w, M2 3wk Z7HA1A
t} (19 6, 7). THP-1 A2 & MO A A Xz 23AAS © MLNR]
FEgol TR el WS, Ml EE M2z B3A7 A 9ol
MLNRe] @& afe] ZAadtsivh. @ad@e] fhholx &8k, IL-4,
IL-139] motiling F7l2 AHsdS w, M2 3 x4 FAQl

CD206, CD163, fibronectin, IL-10¢] mRNA & o] RF Z=7}3S &
AetAaL, ojm CD206 AME W wAFe] /M FACSEL &<
=g

JAK/STAT 2s DA 2= Ao EFR & thder 2459 Aaded
S ek, A A EY A ZZ 1Y (reprogramming)ol] #o] dkvha &
# 4 ¢9lt} (Malyshev & Malyshev, 2015). 71 &, M2 23}3} %
St &z Al Y AlsAG AE STAT6 A, IL-49F IL-13
o] Y3 motiling g 3s Ao STAT6 phosphoryla‘uonO] =

Y
=
rJ
s

gl sk

AIGAZE %‘B‘H O]‘?“HX]E‘X] A A 2;‘-7};54?_] 7&% ‘34 A& o] & Qs

M2 ML= 3 dS5uksS 9 A ¥o] S {fX ﬂ”ﬂ, -

Hol| Hgut3-S Aoy P& 5 A AEE(neutrophils) == A=
O~
==

o b 5 EAeld AASNE, A HHANE Fa JRE

o} (Mosser & Justin, 2008). w2}A], motiline] W75 Z A A ZH
2 3 QA FJsEY, in vivo Ao IL-4, IL-133} 37
motiling Aglste]l AeH 7les BFd= Aol L8 EI
motilin?} & £3F9 G proteing 43 A 7]+ & MLNR E]7PE

delele M2 28 78 sl50 QAR A7k Bash,
azithromycine LPS Z}=of tfslo] &dF Alo]EFFSIS H]fE}E‘rT‘E
T A BaEAE, o9 e dAA B Avf dITNS
ek FAAE S7HA7I=A, 28 a o] =5 &7 MLNRe| ¢
EAQ ANAE F7HE Rl & ool

ér&__
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Boolqre)l o] WA ARE, MO tha) Al Eol A M2z9] #3ae x4
A MA-2029% 2 2)shd motiline] ¢]3 M2 ¥3F %2 37} A
&3 motiline] M2 sl tjgt &7} MLNR Ho]#<l &
z3¢ty (2 9). £3 MLNRe] ols] i os 243y
a2]a Gg/11 familyo] gk o Al4] PTXe} YM-254890S 7+2t
Fe wol = dF FHAe A motiline] o] M2 #3} &7t A
gtolstgith. oW, 7} inhibitor Hge] 93] JTFS W= FHAA
Z57F 924 JErg T PTXe| o8 =2 W& fibronectind} IL-10
& Gi/o familyE &3, YM-2548900] ¢J&f =4 & CD2062 Gag/ll
familyol] <& W& Fo] A= FHAZL 2 F U ol Fd
motiline] @& &AdsE Z+7+e] G protein A&7 A2 2 ddE #
A e s 2dsiy M2 2318 F3¢S ddsdn
motilin# 93 G protein &4 IHAHE BAT MLNRe] tf& 2it=
ol dalXE, MLNRS @435kAA G protein F2E S8 M2 23

ol &

ox 32
Rl

20l
(e}
o) o=
& o
\ 1
! ml

o, ™
ol
%
it

mlo

o

[e)

lo
N

& 4 Ag Aolgt dF3 4 Avk =3 Gilo B Ga/llE FE
A7) = E FFY GPCRO Wi E, M2 E3tape A &dF

94
PG SIHATI=A 2%611%2&’%1, o 2} Al 32
ol FHAAES] oH G protein 4 2o 23
S Utk M1 =i M2 23t Add fAdx59 @

2
2L
1o,

‘

r M, r_ﬂ,
o2 =

N g 4o
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it
rl
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e 2 AL o e
B oo ox X

S zAHEE= G protein A 20| 3 AFE Esle], WA Fol|A] W
dsls e F57<9 GPCROA I 7]5S oF3E & Ao, A9
s g8xos AAHT & Yok AHE 7PAHE Aotk

MLNR& x4 & 23 2d< mouse =& rat 59 AAF
(rodent)oll A = pseudo-geneo. & o} ¥ & FAL A Nee B
O}L A7t Bk in vivo A8 S Eate] 9 =y ge Ex 27

MLNR«] 71'sS el rabbit, dog, pig Lo = 13 «E,i?gis_}

Mo >

o, M

Q509 A0l Aas) A o 5 9} AR et a2y
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a2 AFolA F2 AR g4 A JZg THP-1 Alx25 9]
© WAdez MLNRS #Hdste= AlEXF7F Ao gtk webs, WHAg
A oA MLNRe| @&y} 75 dis] A7-sk&H, <17t peripheral
blood mononuclear cell (PBMC)3} & <li Fa&ES 3 A7)
MLNRe] 24 715 olssted =S = F AS Aotk PMA
9 A=EE wA @ @S e THP-1 AlEFo] A= MLNRY
e go] tha WAIRE PMAE AHelste] giAAxX= 237 A

ol = mRNA @ Fe] S7bsksint. ol THP-1 A5 A% A= vt
goz, A PBMColA F&3 theke WAl 254 MLNRO 23
o] o] AJo]lE Ho|E=XA| 1 motﬂinO] HAAE kel o 3k
AEFE A=A el AgeE davt o, WA el MLNR ¥
motilin®] &3} 7]5o] W Ao EdE Be F Auh E9, ol%
Al motilin A& Fal MLNRS &AstAzle o MO = M2 ti4A
xR B3tE I/ E AH4E o=, dAaAEe gxAl 7
T2 AdAg o W dE S Mg WA =delA MLNR9
I adE Heuivhd dqdEAgA Ar oojd 4 Stk B
Aol Al MLNRO] A zel o] L@ S7keh, oiyAE &3}
Fro #EE 75 ES MLNRS %3 o2 s AW sa] Ay o
o A= HWH F7IA7)I Ao HelE SAI7IH, MLNR]
tiste] 71Eel A7E Ay L F FEE diste] MR #AS
Al g e &ME}
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Abstract

Seung-ah Lee
School of Biological Sciences

The Graduate School

Seoul National University

Motilin receptor (MLNR) is a member of G protein—coupled receptors
that binds motilin, an endogenous peptide—hormone mainly expressed
in the small intestine. It is known to be involved in the contraction
of smooth muscle in the intestine and research on digestive or
endocrine systems has been mainly conducted. However, since MLNR
1s expressed not only in the small intestine, but also in the central
nervous system, endocrine system, bone marrow and lymphoid tissue,
it can be predicted that MLNR will have various roles in each organ.

In fact, the gastrointestinal tract (GI tract), the organ where MLNR
1s expressed the most, has a role as an immune organ as well as a
digestive organ that acts as an immune system to defend against
foreign substances. It is also known that the GI is the place where
the largest number of macrophages reside, and complex interactions
between immune cells occur. In this study, the expression level and
function of MLNR in monocytes and macrophages were tried to be
explored based on the fact that MLNR is expressed in the GI tract,
bone marrow, and monocytes called THP-1 cell line. Motilin was
known to mainly activate Gq/11 family through MLNR, but it as
found that not only Gg/l1 but also the Gi/o family, especially

GoA/oB and Gz, were activated through Ga activation assay using
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BRET. Other erythromycin-derived antibiotics known to activate
MLNR and camicinal, an MLNR selective agonist, also showed the
same Ga activation activity as motilin. On the other hand, MA-2029,
known as a MLNR selective antagonist, inhibited the G protein
activation by motilin, camicinal, and erythromycin, but partially
inhibited Gz and G11 activation by azithromycin, and could not inhibit
Gq, G11, Gz activation by roxithromycin at all.

When monocytic THP-1 cells were treated with PMA to be
differentiated into macrophages, the mRNA expression level of MLNR
was iIncreased. In addition, differentiation into MO macrophages was
more strongly induced when motilin and other MLNR ligands were
co—treated with PMA as CD163, CD204, and TIM-3 expression
increased. THP-1 macrophage differentiation by PMA was completely
inhibited by U0126, a MEK inhibitor, suggesting that MAPK activity
1s important for macrophage differentiation. Simultaneous treatment of
motilin and PMA significantly increased ERK phosphorylation
compared to treatment of PMA alone. This could mean that motilin
increases THP-1 macrophage differentiation by increasing ERK
activation.

When MO macrophages were differentiated into M2 macrophages, the
differentiation into  anti-inflammatory @ M2  macrophages  was
significantly increased by co-treatment of IL-4, IL-13 and motilin as
confirmed by MZ2 markers, CD206, CDI163, fibronectin, and IL-10.
However, Motilin did not affect LPS-induced differentiation into M1
macrophages.  Motilin—induced increases in mRNA of M2
differentiation markers, CD206, CD163, fibronectin, and IL-10, were
completely inhibited by the MLNR antagonist MA-2029. However,
pertussis toxin, a Gi inhibitor, inhibited only fibronectin and IL-10
expression, and YM-254890, a Gq inhibitor, only inhibited CD206

expression.
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It 1s well-known that activation of STAT-6 1is important for
differentiation into M2 macrophages, and co-treatment with motilin
significantly increased STAT-6 phosphorylation compared to one
treated with IL-4 and IL-13 alone. This could mean that motilin
contributes to M2 macrophage differentiation by increasing STAT-6
phosphorylation. The results of this study suggest that the expression
level of MLNR increases when it differentiates from monocytes into
macrophages, and it may be involved in the anti-inflammatory
response in the GI tract by increasing the differentiation into MO and
M?2. If expression and function of GPCRs are studied in various fields
beyond the limited point of view, the target of disease treatment
agents can be expanded and the understanding of the mechanism of

action of GPCR-targeted drugs can be improved.
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