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~ru 77 —YRERE M KE R SIS COMBICEEL. B A LR Y

DIRFEHAEY 2 B R L CHRRS 27210 C7x . RAERIC DR & POR, AHAR D HHEL 72

CICHELEE T 3, Fic, MEDHEDLS. FOWE IZH—17%d O TidR., B

BB CEREAZL I 2 2 LI NTHE, TRETDE L D in vitro

WiZ. B THEY KRRy A T4 FPS)IC L VIHEEI N2 KGER (M)~

s 77—V IL4ARKoTCHFEINIPIRIER M2)~27 07 7—D 2 DITKH

ENDZDDODRFERTH o7z, L LA, HHEL R RHBB/NREAZEET 2 &, Ml

¢ M2 w7 u 77— YO CERNO RIZIGE & o icBES 5 2 L IZINEET

HD., HIZIE. Ml EM2~r7 a7 7 —COFHEIERHEINSLPS L IL4 72 0%F %2 C

b, TLAF—BHFICHEEEPEZ > 725810, TLAF—FEICEED S IL4 ¢

LPS 233475 2 MMEREE S E T o, 2 DIGIHFET 5~ 7 v 7 7 — V30l e 2 0

TREMERE 2z b b, 2T, LPS & IL-4 CHHE L 72~2 v 7 7 — 2 (LPS/IL-4 =

rna 7y —)DEESFRIEICOWTHH L 2 ICT 3 2 & HIICKRITIE 21T - 72,

FAMEE CHIlAERE 2R L - 2 A, KL (M0) ~7 a7 7 —=VICH_T, Ml =

7u 77—V WIREE AR N CEY, M2 <2278 77— 32 © R T n

35—} T, LPSIL-4~7u 77—, Ml =727 8 77— & [AIREIC I IO BRER

BRI oo, —HofiacEHRERE I AZD b, 720 70 —H A4 b X N —fF D

5, LPS/IL-4~7u 77— 3R MR PURFIR N2 — v 2R3, B4l
2



EMTHBZENHA L, Ml =207 7 — Y CHREFERFD 5N 3 MHCIIZL,
LPS/IL-4 707 7 =Y TIHICERABMREINE . AL Ml v/r77—T
FHFEHRRD b N 5 F AR - CERARIFEROFTLIIH TN, 7. Ml <7
077 —Y CRIFBEDRD LD Tnfa = 1112p40 DELTFBIX, LPS/IL-4~ 27 0 7
7=YIlBEVWT MO~ 777y =V EFLRIVECKT T2 0800272, M2 <
rna 77—V CREFENRD LD CD206 1F M2~ 271 77—V~ T, LPS/IL-
A=orm 77 —VERHAPMET T3 0hot, £/, AL M2=w7m 77—
THRINFED DD LN LB T Argl 13, LPS/IL-4 =27 07 7 — TX LICFHE
L. Z OFRBFIHIC Socs] ° Stat3 DBEGRB I N7z, T HIC, LPSAL-4 ~27 v 7 7
=Y. M2~ a7 7=V CREFEIED LD Chi3l3 DRBRBEFL LV TH S
T LR, Fizzl DFEBEAPELFD LN b, Aifdiz Ml P M2~27v7 7 —
COLbLLIIRELT. BT L ICEBBETRAANR -V BRRRD LB DD 0T,
LPS/IL-4 27 v 7 7 — Y DMIIAN > 7" F WARIZEIT DT, Western blot fi#NT 21T - 72 &
ZAH, Ml ~7Rr7 7= ICEWTLPS ICX WL E L5 NF«B B > 7 F sy
Fp65 DY VLR, M2 w2107 7 —PICBWTIL4 I X VG EI N B STAT6 D
U VL3RR H 7z, —J7 T LPS I X DiHH b T 5 STATI @V V(b L <L i,
Ml~=2787 7= ICHRTLPS/IL4~27 07 7=V TIRT T2 Ennholz, &6
IZ, LPS/IL-4~ 27 v 77—k, M1~ 78 77— & [ERRIC IR R AR I & Bh i

PWMX 42— T, Ml =2 u 77— CEMNEEEZRE. M2 ~27 a7 7 — 3 CF



(LR BRALE Y VIR DR & FIRFICTE L T € 2 S e 30D o7 TNHLD T L2 b,

LPS/IL-4~=7u77— 3. MI®M2~=27ua 77— 0 382 MEOMEY %2R/

lATh 2 Z Lo hITR o7,
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19 HEFC XU, FEMAT D IRBL-CARPNICR A L T & 7R meE Y 2 M Ic L Y sA T
HiskE LC~vrm 7y =V ICEANET D, 2ok, BEOERHEICEEL T3
TR IS L2, 72, Toll BRZAMA (toll like receptor: TLR) DFERL % B b i,
<7077 —YEE—NaEE 2R RAHOBREIC L o THERE 2L 5 2 &2
HO o723, 2 E TO—MI 7 invitro FERCTIX, RAER MD)~27v 77—
EPIRIERM2)~ 27 a7 7 —=VICRKlT 2 oRERE I NTERLS,

Ml <2877 —=YERERSTHZYKRKEY Sy H 74 F (lipopolysaccharide: LPS)
XY EFE I, PURTRR 2 5 FEHB0E G ME (R 78 & 18 (major histocompatibility
complex: MHCO)II° 2531 CD86 Z miF I S & 2 Kl 2", £72. Ml v/ m 7 7
— 3 IS AL K T (tumor necrosis factor: TNF)a 2 4 ¥ % — 1 4 % ¥ (interleukin: IL)-6 -
IL-12p40 D X 5 B RFEED A4 b A4 v & FFER %G S (inducible nitric
oxide synthase: iNOS) Z /1~ L 72 7V ¥ = v/ 2> & O — (L £ 3 (nitric oxide: NO) ik k5
f& (reactive oxygen spices: ROS) DFEEZEEX ¢ 5, b OMIREIX, MEL Y A
VR 75 8 DIRIFEY OPERR 721 T 75 < L BIIRBEL 2 25 A, BERRIAE 72 & D REEPIRE D
JRRETERIC K B G35 3,

—H M2~v27a77—VIFIL4ICXoCFEIN, L7 F VvZEIRTH 5 CD206 %

ERRE D, £z, TAF= v RBICBVWTIE, M2 <2207 7 =Y ETAFF—%
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1(arginase: Argl) Z mFH S ETINOS &HiAT 52 LICL), TAXF=v2HDNO
PFEAZIHEST 2, 51T, M2~ 27 v 7 7 — I chitinase 3-like 3(Chi313, ¥ 721% Yml)
$ X U found in inflammatory zone-1(Fizzl. F 7z (3 resistin like alpha; RELMa) % & 763,
I, T L F — BRI B ORI RO L 2 R0 BEICE S35 2 Lo
O TN Tn3 3,

I h~rn 77y —YOKEER, V4 P4 vREERTET TR, 24
F—RBHIC XTIz Z EHAL 2 IC I NT WS 4 BlZIE, SyEiiia L m
WA= b ) AR v (tricarboxylic acid: TCA)[BIE, BE{LAY Y v LR DT AL F
— Rt oKD, MBS 72 v b LilLIREEIC X > THRA 3 4 Fric, Ml
~/u7 7=V RREREEMICE S LI kY, JRIEBEY R L DEY AR (7
7 IHA b= R)EEPR. ROS & EORE D TOEERRES ¢ 2 —T7T, M2 %
rm 77 —3 B e TCA mIEk, BRI Y vt E (e 2, KEDT T /v v
=V v (adenosine triphosphate: ATP) % A L. RHAICH 72 o TRAENCR Ak IEE
CBi59 % 57,

IDEIE, MI®M2~7Rr77—YOMRIEE, v /m 77y —YolE%2R31E
FHELTEHIN, VTR R o 72 REZ TR T2 & 225, invitro 1BV T HIGFE DT
FTHTHONTWD 3 LALAAEL, ¥4 b4 v LHEEE D 2NRTET 2 8% ik
ERNOBMNREZBEEL - &2, Ml M2 <270 77— ORBAZMRICL 7=

fEFT 72l o i neEZL N D, EIC, ITEML TW3 7 v —EEE



RS 2 A 5 BEhE S B Tk, BRI 2 M~ =Tl o ELE TN 2
IL-4 72 ED 24 P A A VREADPBEZF ML TE Y., £, IREICHS N Y THERE
KN CHIE#OZIC X Y WD CEES 4 A4 VAFERFICs 77 7 —VICR
BINIBEENEZLND S, Lo T, EENTEE TR Sikh~sn 7
T=VH Ty FRFEETHEEZONL D, ZORFIIAHTH L, £ T, AlEL:
EALEC TR, LPS & IL-4 o filuc X W FE s s~ n 77— (LPS/IL-4 ~ 72

n7y—) OREMIZBIEL MR 2T 7%,

VRENLEBRFRR NN Z -
VEENGHRRERRRER/ -
* VRENGHEEANT VX — 3
REEMe (M1) VRRNGHRAS 7 IVEE
2 ) Vi—iliRgR

LPS v

-lL-4 - LPS+IL-4‘ *

MARGER (M2) KRR (MO) LPS/IL-4M¢@
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77k

[25:E5¥]
5~6 D C5TBL/6T Dliff~ 7 2% HA SLC X W BEA L., EBucft+ 2 ¢ 18
PUE, BRSEELAE - (5 - SREMIERTIN © SPF hliis% CHIE L 72, IR IZA v 7 v
7 v & TR, BHER I X D RESE S ¢ 7, BV OfE R OFERIZ, 2TH
SERFSERHFE R NS AR - (RR - SR IC BN SR B I HE U KGR 2 15 7= BHililic

W > TIT-> 72,

[B#Ehk~s 07 7 —YOREE X MIM2 v 27 v 7 7 — Y 05 {LFEE]

6~12 A DD = v 25 5 KEEF L EFZEIL, 27 G >V v (FArE) 2w
T, 10% (vol/vol) 7 ¥ IGfFIMIE (fetal bovine serum: FBS, Corning). 100 units/mL -~ = 3
Y v-100 pg/mL A L7 b~4 > (nacalai tesque) % & %8 Dulbecco's modified Eagle's
medium with high glucose (DMEM, nacalai tesque) 55 CEHEZHH L. 100 um &L X b
L 4 F— (FALCON)IZft L CHEBEMIE 2 572, WAL AN~ 7 7 — (0.16 mol/L
NH.CI, tris-hydroxymethyl aminomethane 0.17 mmol/L, pH 7.2) % 2 mL/sample CHLi& L (1
. Eil). 2% (volivoDff v v IMiE (newborn calf serum: NCS, Equitech Bio) A ¥ @ PBS
% 40 mL/sample Al 2 CTIAIMIC % IE®, 100 um £ VA b LA F—Icfik3 2 2 & CHEEE

BB 7z i 02 IS B A 15T (4°C.400x g, 5 57) (B5 Mo E BlAliAe 2 # i %  RepCell™
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6 cm (CellSeed) IZ 5x10° cells/5 mL/dish THfH L 72, Z ® & ¥ | recombinant murine
macrophage colony stimulating factor (M-CSF, PeproTech; 50 ng/mL) % ¥5HbIC 75N L CTHi £
L7z (37°C. 5%CO0,), #2253 HH S S HEIX, R0zt d ol
B3 & TR L 72, ML, M2~ 27 17 7 — Vi3, 555 6 HHIC 20 ng/mL LPS

(0O127:B8, Sigma Aldrich) & 20 ng/mL IL-4 (PeproTech) % %= AL Z ALiRMI L. 24 FFEIE £
T2 2L THfLIEE L 72 (37°C. 5% CO,). F 7z, LB L L T, 20 ng/mL LPS +20 ng/mL

IL-4 Z@SL 7=,

[7e—%4 b2 Y —f@H7)

LB L 72~ 27 v 7 7 — P 1F, RepCell™ % %l (4°C, 20 57) 35 2 & THIILL 7=,
Y v Tl 2%NCS-PBS CTHEH L Tl L 7212 (4°C. 400X g, 5747). FACS tube iC
f 1 L. TruStain FcX (anti-mouse CD16/32)#i{& (dilution 1:100; BioLegend, catalog no.
101320) C Fe &M% N L 2R RN iz 7 v v ¥ v 7 L AN IR YA ©
et L 7= {FITC BE385T CD206 $ifk (1:20; BioLegend, 141704, clone C068C2). PE {24t
I-A® Tf& (1:100; BioLegend, 116408, clone AF6-120.1). PE fZF&PT iNOS Pifk (1:100;
eBioscience, 12-5920-82, clone CXNFT), PE-Cy7 Bt F4/80 Hif& (1:100; BioLegend,
123114, clone BM8), APC-Cy7 E5##7T CD11b 414 (1:100; BioLegend, 101216, clone M1/70).
BV421 EE#PT CD45 itk (1:100; BioLegend, 103133, clone 30-F11)}, 2F$iik oYt 4

BERE, SOGBEERPF oI L, K ET 30 ORNIGE ¥, T2, MlENPUR



Y3 5%, Cytofix/Cytoperm Fixation/Permeabilization Kit (BD Biosciences) %
WA % [ E E R L 7R Bt L 7z, SEAAIE. TR IC 7-aminoactinomycin
D (1:100; BioLegend, 420404) %> Zombie-NIR Fixable Viability Kit (1:100; 423106,
BioLegend) % i \» THENT 2» L FRALN L 720 3 v 7 D 3 #113 FACSArialllu (BD

Biosciences) Z{H L. 7 — X f@#HriZ FlowJo9.9 Y 7 + (TreeStar) #{#HfH L 7=,

(¥ 5 & £ & PCR]
RepCell™ Z I L Cv 27 m 7 7 =V % EILL 7z, &0 L (4°C. 400xg. 5 73).
MR ZEIE L7z, 1.5 mL Ty Ry F2—7IC 1 mL D&,V — RNA I Super G
(nacalai tesque) Z FHE L. % Zic 2x10MH oMz Mz 7z, 7=/ — - Z @k
LI X o THERE D4 RNA Z i L. DNase I (Invitrogen) % i1 3 % & & TRA
LTw35 /7 LDNA ZfREL. RNA ZHER L7, X 51T, Super Script VILO cDNA
Synthesis kit (Invitrogen) % Fi\>C ¢cDNA IZ#il55 L, FastStart Essential DNA Probes
Master (Roche) % i\ >"C LightCycler 480 1 (Roche) 3 & U¥ CFX Opus Real-Time PCR
Systems (Bio-Rad) CiER PCR 217> 7z, il L 7277 4 = — 1%, Table 1 35 X U Table

2L,
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Table 1. Primer sequences for LightCycler 48011

Species | Gene Forward (5'-3") Reverse (5'-3")

Mouse | Argl gaatctgcatgggcaacc gaatcctggtacatctgggaac
Mouse | Chi3I3 aagaacactgagctaaaaactctcct gagaccatggcactgaacg
Mouse | Fizzl ccctccactgtaacgaagactc cacacccagtagcagtcatcc
Mouse | 1112p40 ttgctgotgtctccactcat gggagtccagtccacctcta
Mouse | Tnfo ctgtagcccacgtegtage ttgagatccatgccgttg
Mouse | Actb aaggccaaccgtgaaaagat gtggtacgaccagaggcatac

Table 2. Unique assay ID of PrimePCR Probe for

CFX Opus Real-Time PCR Systems

Species | Gene Unique Assay ID

Mouse | Stat3 gMmuCEP0053124

Mouse | Socsl gMmuCEP0057945

Mouse | Actb gMmuCEP0039589

(77 v 2 XT3 T4 F—##]
f#ATHT H IC Seahorse Bioscience XF24 Extracellular Flux Analyzer (Agilent) D&% ON
L, £ ¥ —=5—1+ U v (Agilent Technology) l% XF Calibrant(Agilent Technology) T
A v F 2=} L7 (37°C, overnight, CO; free), % 7z, 0.1 mol/L NaHCOs (nacalai tesque)
IR T 22.4 pg/mL Cell-TAK™ (Corning) 73K % 534 L | 24 cell culture Microplates (Agilent
Technologies) IC2—7 4 ¥ 795 Z LT, i IcHiids: 7 L — b EH 2> & B 7z o

11



Xowkele (. 25 9) a—7 4 v 7 &I{To 7%, E /KT 24 cell culture
microplates Z Jeif L. iz X &, HEHE TH4CTRE L 7=,

FENT4 H (X, RepCell 2B [EIX L 7z~2 v 7 7 — ¥ % @ AE (R b HHAK: 2
mmol/L Glutamine (Agilent), 10 mmol/L Glucose (Agilent), 1 mmol/L pyruvate (Agilent)
% &1 XF RPMI Medium (Agilent Technologies) ) CH&i# L. 24 cell culture microplates
I 8x10% cells/100 pL/well CTHEFE L 72, &0 (i, 400xg, 10 4. DECEL:low) L T
ez I IC B X & 7212, X 51T 400 pL OFTHEEIZ A, T T4 v ¥ 2
~R— } L72(37°C. 1 K], COs free) o £ vV H—H— } U v Y D& F— b I oligomycin

(F&URFE: 1.5 umol/L). carbonyl cyanide 4- (trifluoromethoxy) phenylhydrazone (FCCP)

(GFEFE: 1.5 pmol/L). rotenone and antimycin (F#4#2JE: % 0.50 umol/L) % AL T A v
Fa~x—1FL7% (37°C. 3043, CO:free)s % D%, 24 cell culture microplates & & ¥/ 4
— 71— b} Y v % Flux analyzer ICi%i& L. Seahorse XF Cell Mito Stress Test % i34 L C
FRNT L 720 BRALIN Y v L7e & OiE L L ~ v O & 7 2 B &R (basal
respiration) & fifHE R OIEYEIL L ~ v id, T Y 7 b R > T MT IR 3K
TR 72 GEFEMEIRE = oligomycin ASHNTE HT O FE 3R 1H 245 (oxygen consumption rate:
OCR) - rotenone and antimycin #5172 & 3 [BIHEHAKED OCR, fihi % oL L <

)L = oligomycin #SHNTERT O MM EE AL # E (extracellular acidification rate: ECAR) ),

12



[7 7 294+ — 2]

RepCell™ 2> H[EI L 7=~ 27 1 7 7 — % 1x10° cells/well T 24 well plate (FALCON)
ICRERE L, a0 (. 200xg, 10 4, DECEL: low), 4 ¥ ¥ =~<_—F} L7 (37°C,
over night, 5% CO,)., KJ5H 1% COMPITENT high DH50 (TOYOBO) % f#if L. LB %5t

(nacalai tesque) TR & 5 K5# L 7= (37°C, over night, 200 rpm), % D%, L 100 pg/mL
FITC (SigmaAldrich) & 72 % X 5 ICHE 5%10% /mL % 4t L (37°C, 1 W¥fE. #5%). PBS
T2 [\AIYEE L /2%, DMEM £iih & L T2 & 500 multiple of infection & 72 % X 9 B
ZHIRICAIM L 72, Zotk, @O L (Fiff, 200xg, 10453), 77 TH 4 F—v Z3EE%E
Sl L 72%%  (37°C. 3043, 5% CO,). PBS T3 YL L. 0.5 g/L-Trypsin / 0.53 mmol/L-
EDTA {&# (nacalaitesque) T~ 27 17 7 — % [EILL 7z (37°C. 5-10 43, 5% COy), F
oo 77 3% A4 =2 AEWIE. 7o =34 b ALY —f@T D HFEOEEE 2 BT
% C L CiHi L7z, FRIBRDIRIEIC X o T, #EAFR S 1172 YG Carboxylate Microspheres

(Popysciences, size: 1.0 um) X3 % 7 7 IH 4 b — o RiEMEH G L 72, @b R 2 H
43 HTHWZ 2-F 4 F2-D-Z Va3 —Z (SigmaAldrich) i, 77 %4 +F—+ %

5O FEMBALE L Y 30 47ETIC 50 mmol/L THLE L 7=,

(Vv xzx%v 7wy FEN]
ff@% PBS TPL# L 7214 . Protease Inhibitor Cocktail (Sigma Aldrich) ¥ & U8 PhosSTOP™

(Roche) # & L 7= RIPA Lysis buffer (Sigma Aldrich) Z 7ML, iR & 5 &2 7= (20 7.
13



4°C), % D, MILIEMARIZ 1.5mL DTy =Y F 2 — 7k L, 2 0:(13,000xg, 20 5

4°C) L CEWEZBEILL 72, B3 D £ v 3 7 B 1% Pierce BCA Protein Assay Kit (Thermo
Fisher Scientific) % F\ > CTELH L . SimpleWestern™ (ProteinSimple, Bio-Techne, Minneapolis,
USA) DIFEFIRICHE > CTHB ¥ v & 7 U —BXWKINA L7 T v A 2{To7%, —Xii
RIZLLT IR T b D %MH L 72 {Actin-p(dilution 1:100; catalog no. A5441, Sigma Aldrich) .
NF- & B p65(1:50; 8242, Cell Signaling Technology) . phospho-NF- & B p65 (p-p65) (1:50; 3033,
Cell Signaling Technology) . STAT6(1:50; 5397, Cell Signaling Technology) . phospho-
STAT6(1:50; 56554, Cell Signaling Technology) . STAT1(1:50; 9172, Cell Signaling
Technology). phospho-STAT1(1:50; 7649, Cell Signaling Technology) }, 7z, —X¥iikiZ
PL7 ¥ ¥ 1gG i8R (042-206, ProteinSimple) & i~ 7 R 1gG Hi{£(042-205, ProteinSimple)
ZHEF L. streptavidin-HRP(042-414, Simple western) [ZFTED ¥ ¥ ' 7 U —ICHII L 72,
Lumino-S(043-311, Protein Simple) & Peroxidase(043-379, ProteinSimple) I%. &AW % F8%5L

LTHhOLEDF ¥ 7 ) —IZimiL 72,

(iR o RESI%]

Mg, A — N4 v 7 v 3 HEEE (BZ-X800/BZ-X810, KEYENCE) % F \»

14



Gieat#ir)
KEETHAAMT1X Prism 3.03 software(GraphPad Software) % V> CTiT o 7z, 7 — Z 13 P M+
EHERH A & L CREC L. 2 BRI N)IC D 7n o t-test, B HERILLEL T Turkey #EIC X -

TiTo 72, HENKUEZ P<0.05 & L7,

15
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1. LPS/AL-4~71077—Y3AVREEHETNS

~ 7 AKFRE & EE D O BRI Z Y L. M-CSF Hli#ic X v Bifihk~ 2 v
77—V EMLE e, A=run 77 =PI LT, LPSHIEICK Y Ml ~2u 77
— V%, IL4HEIc kY M2 ~27 a7 7y —URFEL, HED S 24 KR O MK
R HOCHAMBE CBIZE L7, 2 DfER, Rlfio~2 077 —2 (MO)ICHA~T, Ml
~7u 77 —=YREACEREEFOCED, M2~ 781 77— 3o & 2k
BT W72 (Fig. 1)o —J5y LPSAL-4~=27 077 =23, Ml =270 77— LA

FRICRERRICI VIR 24 oo, —HloMlg chbRZEE D b7 (Fig. 1),

16



Figure 1. Morphology of each macrophage. Bone marrow-derived macrophages were prepared
and stimulated with either LPS, IL-4, or LPS plus IL-4. Data are representative of three

independent experiments. Scale bars 50 um.

2. LPSIL-4~7u77y—YiIMEOMRRAS 8L VELFREANNE—VERT

Ml ~v27m 77—y CEmiT 2MilRmDFZ27e—9 A4 X MY —Iic X DEHiiL
7o ZDRER, BEOWE &L 3 Ml ~—5—D AYMHCID X, MO~2 w177
—VICHARTMI w27 B 7 7 =Y THML, LPSAL-4 <2707 7 =Y FEHICMI =
rma 77—y X0 H MHCHDREL ~ L2355 - 72 (Fig. 2A), $72. Ml ~Z a7y
—YDINOS HIHIZ, MO~7 B 7 7 =V ICHRTHEML 722, MOM2~27nua 77
—VIIFAE L RV TH o 72 (Fig. 2A). —7i. LPS/IL-4 v 7 m 77— D iNOS FEL L
~OVE, MO 2 M2 IR TH 0 I3 2 I 23329 b 417z (Fig. 2A), KIT, Ml
~snu7y—YTHREFEIND [112p40 & Tnfo DBETFREL_AVEFHNL 72, *
DFEER, MO ICHART, M1 =278 77— 13 [112p40 DFIHEEI L 72—, LPS/IL-
4~7m77—=YIFIMO~2rRr 77—V LEFEL_VTH o7z (Fig. 2B), 72, Tnfa lt
MO~2ua 77—V THOHEAPRDLN, MI~78 77— CEEML, M2~7 1
77— Y CIMET 3 2 %R L 72 (Fig. 2B), —/7C, LPS/IL-4~27 2 77— D

Tnfa lx. MO~278a 77— LREIFEDOFHKEL VLTH - 72 (Fig. 2B),

17
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Figure 2. M1 marker expression profiles of M1 macrophages and LPS/IL-4-induced

macrophages. Bone marrow-derived macrophages were prepared and stimulated with either

LPS, IL-4, or LPS plus IL-4 for 24 h (A, B). (A) Flow cytometric analysis was performed to

examine the expression of M1 markers (i.e., MHCII and iNOS). Mean fluorescence intensity

and representative histogram data were shown, and were gated on CD45" CD11b"* F4/80" for

MHCII or only live of cells for iNOS. (B) Gene expression levels were examined by reverse

18



transcription-quantitative PCR analysis. The expression levels of ///2p40 and Tnfa were
normalized to that of Actb. Each point represents data from an individual experiment.

Horizontal bars indicate mean value. *P<0.05, **P<0.01, ***P<0.001.

RIT, M2~ 7 a 77—V CHREGFE I N MURRS T CD206 DFEIHL ~ L% G
L7z, ZDHEE, MO~27 v 77— D CD206 HIICH_T, MI~28v 77—
FETT2EAZRL, M2~27 07 7 — 3N L 72 (Fig. 3A), —J5. LPS/IL-4 ~ 2
077 —YDCD206 FHIE, MO~27u 77—V LA%HL L TH-7-(Fig. 3A), £
oo M2~/ m 7y =Y CHRHFEINLBIET Argl. Chi3l3, Fizzl %t L7z & C
A.LPSNL-4~27u77—F, M2~27 07 7= ICHRT Adrg]l BBE HITE L
Chi313 \Z[FI5F L v, Fizzl 1313 L A EFHRD S n 2 L 03935 - 72 (Fig. 3B),
T HIT, LPS/AL-4~27 07 7 =D Argl DFEBL XA, M2 IR TE HICHEL 7
AN ZALICD TR L 7z, JEfTHISE Tl Socsl 73 Argl FEBIC EHE IR fnE K1 &
LT ZEBRINT LD 2 AR ICEWTH@ETLZE A, MO ICk
RTM2~v27u 77— Socs] DFBDE L 7 2 %71 L 7z (Fig. 3C)s 7z,
LPS/IL-4 w7 v 7 7 —Y d[EFRKIC, MO M1 w27 87 7 —I IR T Socs] DFEFLH
T & 239 o 72 (Fig. 3C)s £ 72, Socsl & [FIRRIC Argl FEIRICEE 7 Star3 OB T
FIL V%G L 72 B, 2 OfEHR, M2 ~27 87 7 =YD Star3 ¥ X, M0 M1 ~

s 77—V LREZFELRALTH L), LPSIL4~27 a7 7 —F, MO M1, M2
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~/n 77—V TE W &R0 - 72 (Fig. 3C), L7z23> 7T, LPS/IL-4 <7

0 77—k, Socsl 7213 T Stat3 A L7=HIENC X . Argl W ZRES 2 S

ATRETE 2SR & U7z (Fig. 3C)s U EDFERD2 L, kDO MIPM2 w27 v 77—V

ER Y, LPS/AL-4~27 v 77— %, MEOMIELS T 72 138 TR 4

—VEINT ZEBHLDITTR o7,
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Figure 3. M2 marker expression profiles of M2 macrophages and LPS/IL-4-induced

macrophages. Bone marrow-derived macrophages were prepared and stimulated with either

LPS, IL-4, or LPS plus IL-4 for 24 h (A, B). (A) Flow cytometric analysis was performed to

examine the expression of the M2 makers (i.e., CD206). Mean fluorescence intensity and

representative histogram data were shown and gated on CD45" CD11b" F4/80". (B, C) Gene

expression levels were examined by reverse transcription-quantitative PCR analysis. The

expression levels of Argl, Chi3l3, Fizzl, Socsl and Stat3 were normalized to that of Acth. Each
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FITC-CD206

point represents the data from an individual experiment. Horizontal bars indicate mean value.

*P<0.05, **P<0.01, ***P<0.001.

3. LPSAL4~7u7y—Yi3¥y—LiilEER<TH 3

LPS/IL-4~7u7 77—k, MI & M2 =720 77— RET3A[EEER#E 2 6

nNtz, 22T, 7a—H%A4 P XA ) —CHIlEERZET Lz 25, Dty

MHCIIE X TS CD206 CERALZZFy F7ay b F—2hb, MI®M2~70 77

— Y DOBEER Tl { . MHCII* CD206 D ¥ — sl ENTH 2 Z L REB I N7z

(Fig. 4),
MO M1 M2 LPS/IL-4

3

10° 10°7 10°7 10°7
10*3 s 10*1 10*
10°3 10°7 10°7
1073 10°3 10%
101,_ 101'_‘ 101':

10" 10° 10° 10 10 101'";02 "203 ";04 10 10 ";02 ;o :o4 10 10 1102 10" 10 P

PE-MHC I

Figure 4. LPS/IL-4-induced macrophages show a homogeneous population. Bone
marrow-derived macrophages were prepared and stimulated with either LPS, IL-4, or LPS
plus IL-4 for 24 h. Flow cytometric analysis was performed to examine the expression of

MHCII and CD206 gated on CD45" CD11b* F4/80". Representative dot plot data are shown.

22



4. LPS/IL-4<7 17 7—iX LPS/NF-kB #&8& & IL-4/STAT6 R 2 ML 23 L [H

BFIC LPS/STAT1 $28& % 1 4 2

KIZ, LPS/IL-4~27 1 77— DHIfAN Y 7" F MEREEIC O WTRIT L7z, 2
T CORITIIED & NF-kB &R % N L7 LPS & 7 F MniEid, ~7u77—Y D
IL12p40 % Tnfo OFFEICB G532 Z L AL T I NTW S 10, —J5 | IL-4 1T
X o TR L X % STAT6 (3. LPS HIFIC X 5 NF-«B #28& % N L 72 RIEICEHEZ KT
TEBE o ERMEINTVS T, Kift5E 6. LPS/IL-4 <2710 77— D [112p40
®° Tnfa lZ. M1 =271 77— icl_Tfl T LT 72 2 & 22 5 (Fig. 2B). Al
NF-B IO L ~ i3, Ml ~2m 7 7 =P ICHRTETFLTW3 2 &8P
I/, T T, NF-kBREO TS 7 FA0TTH 5 p6s LY VEEL(p)-p65
L. STAT6 & X U p-STAT6 DIEHALL "D WT, V2R X v 7wy METICKY
AL 72, Z OFER, WEOWME L KL T, MOKKIERTMI~ZRr 77— 1% p-
p65 BiEH L X, M2 ~27 v 7 7 — 13 p-STAT6 257G ME(L & 5 & & %HEE L 72 (Fig.
5)c —J7C, LPS/IL-4 v27 07 7 — %, p-p65 DIEELL R VIEMI w2 m 77—V
ERZETH Y, £/, p-STAT6 DiFHfb L~y M2 ~2 v 77—V LeH%ETH D C
& 235 h o 7z (Fig. 5)o % Z T, NF-xB #REELASMC S | LPS I X % STAT1 #2#% D& AL
D3, 1112p40 % Tnfo DFIFBICEE T2 2 L 2R LZRITFERICE R L 82, STATI
B X U pSTAT1 DMt L v E v 2 22 v 7oy MEFTCRHE L 7z, Z OfER, @
FoHEG &~ LT, MO ICH~RTMI =287 7—31% pSTATI 2L L Tw3 &

L EAERL 72 (Fig. 5)e — /. LPS/IL-4~2 07 7 —3, Ml ~27 077 — I~
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Figure 5. LPS/IL-4-induced macrophages show increased of STAT6 phosphorylation with
decreased expression of STAT1 phosphorylation but not p65 phosphorylation. Each cell
was stimulated with either LPS, IL-4, or LPS plus IL-4 for 1 h to assess p65, phosphorylated
p65 (p-p65), STAT6, p-STAT6 and B-actin, and for 3 h to assess STAT1, p-STAT1 and B-actin.
The cell lysates were analyzed by a capillary-based immunoassay with each antibody.
Electropherograms could be visualized by calculating chemiluminescence intensity on the
Compass Simple Western software. Representative data from three independent experiments are
shown. Ratio to phosphorylation: non-phosphorylation was calculated by chemiluminescence
intensity of each protein. Data were combined from three independent experiments. Data

indicate mean =+ standard error. * P<0.05, ** P<0.01, *** P<0.001
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5. LPSIL-4~7u77—Y3fREREBILNY yRR{UE2FRFIcTEd LS € 3

BEOWEICENT, M1 M2 <2877 —I3x 3 ¥ — BRI OKEFTED
By, T, 2ANMF-REOKFEDEHHITOEEEIC b L5252 LR
HOEpIENT0E 5 FlZE Ml =278 77— 3R BMEM LY, &5 ICfE
BERN7 7 T4 b= RIEEOMIRICHHATH 2 T LRI NT WS S22, 22
T, 77V 7 AT F I7AYF @i CHFER DIETELL ~ V25 L 7z 2 A, BED
WMEL—HLTC Ml v 77—V EIMO®M2~2 77— X0 RSN
BN & EHER L 72(Fig. 6A)s —J7. LPS/IL-4~Z2a 77—V, Ml~7na 77
— VLA L L DRI R IEE R 3 L A3 o 72 (Fig. 6A), £72. M2 <7
17 7 — IERER a7 CBRALH ) VIBL BRI T o v F —RE R R S T L YA
LNTEY S, AEERICEWTH, M2~27 a7 7 —YOiRLY vigtiz Mo <2
077 —=YIHARTHEER L T 2 M558 6 417 (Fig. 6B), — /. LPS/IL-4 < 7
n7 7 =YY vEHIEZ.MOPMI v/ 77—V XD bFEEICEL M2
7077 =i TEL &b A ZR L7z (Fig. 6B), L EOFER S S LPS/IL-4 ~
ru 77—V, RRER LEL Y v bR ARICE LS e 2 22— AL ¥

— 2R &3 o7z,
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(A) Glycolysis (B) Oxidative phosphorylation
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Figure 6. LPS/IL-4-induced macrophages activate both glycolysis and oxidative
phosphorylation. Bone marrow-derived macrophages were prepared and stimulated with either
LPS, IL-4, or LPS plus IL-4. (A) Extracellular acidification rate (ECAR) and (B) oxygen
consumption rate (OCR) were measured by using a flux analyzer. Results of glycolysis (A) and
oxidative phosphorylation (B) were measured by using an XF Mito Stress Kit. Data are

combined from three or four independent experiments. Horizontal bars indicate mean. * P<0.05,

**P<0.01.
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6. LPSIL-4=7n77—JI3EREZEHRNLEIEZ L TR 7IHL - R
EEERT

Rie, v7/m77—=vYD77IY4 b= REEEZITHE T 2 72910, SO I 0
e —=XDOWYIAHR L E 7o =54 b ALY —fEHTCRHEi L 72, % OFFR. MO
M2~ 77 —Y3RA%EDT7 7 34 P =L XERER L, Ml 207 7 —
MO ° M2 ICEHRT T 7 I A4 b — v RiEEEDE 5 - 72 (Fig. 7TA)o —7/7 T, LPS/IL-
4=27u77—=YF Ml v70 77 —VLFAFLRVDBNT 7 TH A b — R
YA RT T & 235D - 72 (Fig. TA),

72, R OTEMALS 7 7 9 4 b =P RIEEORBRICKLETH L DD 5,

LPSAL-4 =207 7—TCRDOLNTZT 7 TH A4 b — 2 ATEWRERIC BT 5 ks

e

DEIEMICO VT, HMEFL 2 KIGEZ O CRHIi L 72, 2 DfER, deiEEL 7=
KBHICHEWTH, ©— XD Y IALRFEE: L ARG 57 (Fig. 7A). —J7
T, JAVA—ADTFRITTHDL2-TAF V7 Na—RIC K VR EZHET 2 &
Ml 27877 —YBXU LPS/IL4 v/ 07 7 —VD\7 7 3% A b —v A5G
ZMO~27m 7y —veEFL L FcifllEnsg &2 h o 72 (Fig. 7B). ¥ 7=,
[FZfE T Tl MLICHRTLPS/IL-4~2 077 =Y D7 7 394 b—o Z5EHRE
WZ LB o 72 (Fig. TB). ML EDHRERD S| LPS/IL-4~ 27 v 7 7 — Vi, fRRER Ik

FWNCHRN 7 7 T A P =2 ZAiEHERST Z EDHL 2T - 72,
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Figure 7 LPS/IL-4-induced macrophages show strong, glycolysis-dependent phagocytic
activity. Bone marrow-derived macrophages were prepared and stimulated with either LPS, IL-
4, or LPS plus IL-4. (A) Phagocytotic assay with fluorescently labeled microbeads (1 um) was
performed. Mean fluorescence intensity is shown on the basis of flow cytometric analysis. Data
are combined from two independent experiments. Horizontal bars indicate mean value.
*#%P<0.001. (B) Phagocytotic assay with FITC-staining Escherichia coli was performed in the
absence or presence of 2-DG. Results are shown on the basis of flow cytometric analysis. Data
are combined from two independent experiments. Horizontal bars indicate mean + standard error.

*P<0.05, **P<0.01, ***P<0.001
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M1 M2 LPS
MO
(LPS) (IL-4) +IL-4
Mi MHCII Positive ™ ) ™
marker iNOS Negative (KR) ) T
Cell surface
M2
CD206 Positive ! ™ “)
marker
M1 1112-p40 Negative "1 ) “)
marker Tnfa Positive 1 l ¢
Gene
. Argl Negative ) ™ "
expression
M2
Chi3l3 Positive ! " "
marker
Fizzl Negative ¢ 1 )
Phagocytosis
(FITC-labeled beads and FITC-staining Positive ™" ) "M
Escherichia coli)
Glycolysis Positive "1 (-) ™
Energy metabolism Oxidative
) Positive ! ™ "
phosphorylation

Expected features of LPS/IL-4 macrophages in vivo

[Where it can be induced)

Severe asthma, atopic dermatitis, cancer tissue, etc

[What is the function]

proliferation (ref: Fig. 2A)

for bacterial killing (ref: Fig. 6)

Enhanced antigen presentation for

Activated phagocytosis for killing pathogens (ref: Fig. 2A, Fig. 7)

induction of T cells

Increased ATP production for cell survival, and mROS production|

Enhanced Th2 differentiation and abnormal tissue fibrosis (Fig.

3B, Discussion pp. 39-40)

Table 1 Summary of LPS/IL-4-induced macrophage features.
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ZE

AR OHEERDL S, LPSIL-4~27u 77—k, fiERBoMI M2 ~v27ua 77—

R EORBIR RN 2RI 2 L 23S 21278 o 72 (Table 1),

hieb DR Z T 2 Midix, MgEhEe 7 R b — o 2 itz &I BaE L il

TEDBIRICZLZ b 7269 3%, v/ u 77 —VidMilaKRmICER T 3Bk Ty 7

Tk Ly IR ZFET 5 &9 Gillldl > 72l € 5, flz

IE, =27 u 77— LPS ® IL-4 #3Ek L. NF-«xB FI&%° STAT6 #21& 7% & O MAEA o~

TFNTEREEEE S L b (Fig 5). Ml ~27 8 77—V WERE % 5 O,

M2 =7 m 77— dbd 5 EREAMPRT 5 X 9 RIPIRZ(L 2R L7 (Fig. 1), £ 72,

EERNICBWTH, v~V RADO/NGICREET 2~ v 7 7 —v ik, MlaRECHERT S G

2 v X HAERIZRZR (GPR) 31 AL v v EE L. IBE EEMEoR 2

LEPRZEEEMES RS Y, 5K, 2O GPR3I'v 7 v 7 7 —Yid, BHREROME

& BEE L CREIMAED) 2 R R C Y AR T EORWRIFEIMAEDNICN § 2 RInE & i

IHBZTERHALMICINTVWE Y, ZnkHic, v/ u 7y —TOBRE I, MilE

DIEREZ T TR AR L XL D GIEINEICD RERFEELRITT I ERHLrICE N

TWwb, =hHT, v7u77—YORKEERIZ, ¥4 bA A vo ks Rififgsy 7

DRI AN =X LK VFEIND Z AT o TRINAT S %,

FlzZE, M2 w7 a7 7 — VIR i ok ek % | IL-4/1L-13 JEFFE T TA L
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PHCEEEL 72 2A, M2~ 27 v 77—V TEFAEIRT 2 Argl £ CD206 O FEH 2380

T2 8, £z, AlildofHRERICBEb 2 7 7 F vEAELRERZAE ST 2 L. Argl 5

DPEE IR 3 8, KFFEOKES 5. LPS/IL-4 =7 v 7 7 —J Offilafikiz. Ml

~7u 77— L RARICERIITICIRTE 25 N0t 5 —Ef ol TR 2 2552

oz (Fig. 1) LPS/IL-4~72 1 7 7 — 2 DI RS IR R 2 5L & 3 Ml

~7n 77—, BARZERIT TCA BRI Y v IR{LZEIE LT ¢ 25 M2 =7

07— I T ) | IR % AR AL & 2 B AR E © Tk A % — {8

AL BET 52— T (Fig. 6). AMIED ILI2p40 ° Tnfa MO~ 2707 7 =k

FEL~LvEciiflans e (Fig. 2B), M2~ 2707 7 —Y CaRRT % Fizl

BAME a2 D LR\ &3 (Fig. 3B). MO IREAL & #EEE & DESEICES

THRITEDOHAE B LA L nwEE LTETFONE, UEDZ &5 5, LPS/IL-4

~zu7y =Y, FHICE - RMEEREEZ RS O Tl < —E QR ICARIE

LR DML DR ZEE % — R ICEEE S 2 X 5 RIPIREL 2 /RS REMEDSE 2 b 1

5, TNOLEHLPICTE720I1CE, 5. MO ML, M2 ~v7 a7 7—C%50,

FRRFRYIC LPS/IL-4 ~27 v 7 7 — Y OIBIREAC 2 BT 2 0 E B3 H Y. £ 72 LPS/IL-4

v/ n 77— OB LI &2 T L CER(LT 5 2 &3 AR

K7 ARZAL & R & OBEEMFIICHN T 2 b D LeEZHbN D,

~zu 7y —YIMER EOREMAEY %R T 5 72912, INOS ZEFRBE I T

TAEFZ VDL OEREDT NO ZEEEXE 3 230, —JC, iNOS AT AX
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= vzl % drgl 13, FZE O X 9 RN LR O PR ICBE D 5 NO FEA: 2 B3

KT 2 13720 2 MEINTVHE 3, DE D INOS® Argl 1, ¥~/ 77—V D

NO EEAGIFENIC B W TR 2 &ZEHl 2 R T b0 eFE2 b b, RFROHEDL S,

LPS/IL-4 =7 v 77 —F, Ml =278 77— ICH~_T iINOS DFHBIEF 1K L

M2~2u 77— IR T Argl DFBDBE T & 23935 > 7= (Fig. 2A. Fig.3B), L

7285 T, LPS/IL-4 =787 7 — I NO I X BAFHEEMEVD DD, 7Ar¥= R

V) % RERGE IS PEAE S 2 AIRETE DS R IR S e, F 72 JEATWIE Cld. MRME(L L 72 RS

ET2E2M2~27077 =V drgl ZEBEHL T3 L, TLA~A & VBB

BRALTE DB E 7 A LR FMEMHRMEIE D v P EBF Offifiic s T, Tr ) vt =

F v EORKMEICE D 2 T A F = v REMHIEM T 2 C L AME I T3 3235, L

72235 TC, LPS/IL-4~=7u 77—k, M2~27nu 77— ARICT ALY = Y

ZMEMAICEEET 5 2 & T, MO MHE(L 72 & DIRREIE I IR < BI 53 3 Al BEE DS % 2

b,

ERRT R A P A v EORFUC XY Z D FRICHIES 2GR F R Dy 7

FAMGES T IITEEL I NS, EE LI NLZEBEERF R ED Y S FMEES 1T, =7

07y —YORBMEREST 2HEELRRAF L LTEo L W, fl2 X, LPS FIEIC X

DFHEIND Ml ~27 877 —Y 1L NF- kB FRIEED p-p65 1 X 0 IL-12p40, iNOS. TNFa

DEAMEEZ N L CHIEICERBEG T2 W15, £z, LT TOWEHL L, p65s DY v

WAL 238 72 5 2 & C, RIEICBHD 2 BIn T ORIAAZ — v PEALT 5 2 L BHL D
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ENTWw3, filziE, LPS filiic X 5 NF-«xB RO LicE T, p65 Za—F

T 5% 536 ZHDE Y v (Ser®®) DV v LIZRAEICE D % 85T O FRIEHE I B b

55, p65 (Ser™) oV vgE{bix B 2 BB T OFBAIE A G35 13726 %

DB 300, KL OHE,L S, LPSIL4 27 v 77 —JiF, Ml w27 a7 7—IC

T 112p40. iNOS. Tnfa DFHE MM T2 —FH T (Fig. 2A,B). V= AZX V7

oy MENTD D, LPS/AL-4 270 77— D p65 (Ser’™) OV VEE{LL ~ )Lk M1 =

s 77—V LRAKLNAVTH B RS o7 (Fig. 5). L7 >T, 5L,

LPS/IL-4 7 1 7 7 = ICEIF % p65 (Ser’™) OV VBE{LL XA Ml ~7 817 7 —

VIR TEWAEEM: 72 &, U VIEERILERAL Z & 1T p65 DR b L v #2635

& T, ARy sk bz Rl 2 vgEER H 5 L EA 6N 5, $72. p65

72137 STAT1 © Y V(L b EHii L 7= & 2 A, LPS/IL-4 <7 1 77— ® STAT1

DY VI ML 27 v 7y —=viclkxTflE g 2 &R0 h o7 (Fig. 5). pbs

L [AIBRIC, STAT1 @ U v BRALERALDE > b B inFFI P MEN & 7 F mZ e a3

ZEERATD | 2 LCRHEINTEY., #HlziE. STAT1 (Th'™®) oV v #E{kix

LPS I X W FHE I N D IL-12p40 7o & DB T HEFEICED 2 —F. STATI

(Tyr™) @Y YEE{LIZ IFN ¥ 7 F A Iic BG4 % 1840, FRic, IFNy I X Y 358 X

nWad~27nm77—Y0STATIL X, Tnfa ° 112p40 D 70— X —FBOL X} v T &

FAALZRFE S Z & T, LPS IC X B Tnfa % 1112p40 DIEE %R 5 2 & S &

NTW3 94 L7z23oT, LPSIIL4~27ua 77— 13, IFN ¥ 7 FafmiEicBb 3
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STAT1 (Tyr™) © U v EE{LINE] % A L T, 1112p40 ° Tnfo ® 7' 0 € — X —FHE D & & b
VT e FNMEEEERIGEI L, 112p40 & Tnfa ODFIR%E Ml ~27 0 7 7 —JICH_TET
TR HERIND, 7. STATL (Tyr™) 721 T7x <, LPS ICHEER T 2 RIFIGE % H
9 STAT! (Thr') ick1J 2 U VERILL <~ & TGSt 2 2 & T, LPS/IL-
4~=rnu 7y —YHEHOBEMGTHREGEHA N =X 2 Z2WHLrICTELEEZLND, T
DXy T FNGFDY VAL T T BENIET L~ i Th M1 & LPS/IL-
d~rm 7y —VIKERARD L ETHING, BEOWRETIE, IL4IC K-> TIHFEI L
% STAT6 23, LPS/NF-kB I X o CTHEI N 2B TR LIT L~ ciifil25 2 &
DHEINTVWE Y, ZOAH=XLE LT, BERTICHES L CEGREFED % 2
7 2 -~ — X —CREB-binding protein (CBP) 7%, STAT6 & p65 12 X o THiA I &
NEZRICOVTERINT NS X, KREFEZEET L. LPSIL4 w7 v 77—V,
p65 721 T7x L iEMAL & 72 STAT6 b CBP 23 AMICHIF 2 729, p65 1T X % 1112p40.
iNOS. Tnfa DGR %Ml ~27 0 7 7 =V IR TK T X2 =20fEEnE 2 ohn 3,
¥ 72, STATL & [112p40 DFIHIEIC CBP 24 2 2 L MG I T B 720 20|
LPS/IL-4 ¥ 7 1 7 7 — ¥ D [112p40 OE{LTFEHINHIC STATI DREG3IRE I 15,
YA+ AAVREER T3 Tk L MIREN O o X —REZAAL &g o BRI
L OBEATFI L I I N T w5, Ffic, w77 7 — Y OiEHLIKECHY 7R v b
DFEHFIC X o T MEFERPELI Y VL & D3 A X — RO TRENZ T 3 5,
Bz IE. Ml =27 v 7 7 — VI3RS 2 G AL S & 5 72 0 ICHEBFE IR TH 2 K Rk
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INT FPFF—XRIEEMT A Y 7+ —L~EWT 22992 M2~=2/0 77—

& I vRECHEBEMNIMESEZRELCL 2 F Vv ZRREERRI T2 2 L0

WEINTWE 8, 20Xk hzarF—R#oENIZ, ~7 v 77— DHRE L FE

CBES 2 2 e pMopicInTns, flziE, Ml =78 77— 3R & Al

;}S‘\

RPN T By b =R VR A EE L X8 5 2 & T, ROS FEAZAEHE LR

JFAEYOZREHICHES L T35, £/ M2~w2 a7 57— 3, CD36 ZEfH ¢

TREEEL ) R 2 v 7Bl K2 Y AR, pIRALPIRILE) ) vIR(L 2L X € 5

T & T, FAERERICH T 5 REICE 2 5 M2 FEE OMEFFICH 53 % ¥, ARiF5ED

WEAS, LPSAL-4~27077—F. MIPM2~20 77— L 380, fRFE

& E BRI Y VR DT 258 < VLS 2 s o = A v ¥ — R 2R3 2 L 25y

2otz (Fig.6) 2D LX) MEO T ALF—RFHEIIZ, LT X5, Affiflgo

PEIRCHRAE IC K & e B2 RIS T AIBEMEDZE 2 b1 %,

LPS/IL-4 ~27 a7 7 —YDMWRICOWT, M2 =278 77— STAT6 K1EHIC

CD206 HEH WX & 2254, Ao CD206 HHIZ MO ~27 v 77—V LFRZL

_uFCifldns e o7 (Fig.3A). —/i. M2~¥27 87 7 =YD Fizzl D

FREIZ. MO~727 0 77— ICH_TEIML Tz, LPS/IL4~27 107 7 —J 34

CHIPED LN b > 72 (Fig.3B), b oMk iz, M2 ~2 v 77—V Tif

WAt Nns 7z I VvREALPSIL4 <207 7 —JIcEWCHBICE{L LT b

KT 2 EE 2 5N, HITHETIE. M2~ 77 =D RI VT )Y
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V) VEEN-T 2 F 7 aH 1 v (UDP-GleNAc) D& RIS HIH & 4, CD206 @ 7' =
ML Fizzl OFRBUGEICEAE T2 2 BRI NT05E B, T2, M2 v/ v 77—
VDI NVE I VT UDP-GleNAe DA T, TCA Bl FERFLEHED 1 oTH
% 0-7 P INZABOEBICHHHAINT WS S, —Tj, LPSIL-4 =7 v 77—V,
M2 w7177 —UICHART Fizzl OFBA2 RO 503 CD206 DFEBLIZ MO <27
07y —vEeFEFLEciiflE iz (Fig.3A,B). 7. LPS/AL4~7 07 7—
I, M2 ~7 8 77— IR TBL Y vk &< R 2% R L7 (Fig 6). DA
FofERDP S, LPSIL-4~2m 77—V DIAE I ViZ, M2~w7u 77— L3Rk
. UDP-GIcNAc & L U b o-7 b 7V ZOVERE BOCHRERRI ISR & 4, BE(LIY Y v
bz i@ WL L T 2 aEEEDRE 2 bz, — T LPS/IL-4 ~ 27 1 7 7 — ¥ D Fizzl
BLEFREBEADONARD o 2 HICD W TIE, 5. LPS IC X % Fizzl 85 TFH
e 72 3 v REE DBEEICOWTHLAIC LW EFEZ T3,

LPS/IL-4 w7 v 7 7 — Y DOEEREIC D W T, Kififidid M1 =7 v 7 7 — ¥ & [RAIFRICHE
77 IYA b= REEER TR U ARIEME O BEEIC IZMFER A MHATH 5 Z L AL T
L7 (Fig. 7B). F7-. fEBER ZHE L 25T Tld. M1 ICHEXTLPS/IL-4 w27 v >
TP 7 7 IHA L — v RTEWEAE T &3 h o7 (Fig. 7B). BEDHE T,
BcRET 2 EaRMIBE Lo h2 I 2u 2 ) THIlBIZ. 77 294 +—v g%
WX 5 L [FRFICERILI ) VIR S IEM L T ® 2 2 L L I TV B %, F 7z,
A3 A DFHAR L OBEBIER S LT w2 FEDEEMtt~ a7 7 =V 3 TRy
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ME BAMIEE BT S BRICHRL ) YIRS LS ¢ 2 2 L 2 c T T
WB Y, L7z o T, LPSAL-4~2 R 77— D7 7 IHA b — o Z3EME L T3 I b
RIKIEL T 5208, D7 & TR Y vEgfLd 7 7 9 4 b — > Z3HHEICBi S5
LAHEMEHER S N B AR OEEMIZ 7 7 9 4 b —v X721 T4 < .NO* ROS
7 EDKENFTOEAICEOTOHL I I TS 32 KIFFEOFE RS LPS/IL-
4~z n77—F, INOS DFEBL L BIEFITE N Z & 225 NO FEA R IR T
KweEZ N5, —J7T, BIEROEEIL ~VIEMI w77 7 -V LRIBET
5o (Fig.6A). <V b—2 ) VEERIEOENALZ A L7z LPSIL-4 v~ 27 1 7
7—YDROSFEARIFI, MI~27u 77—V LA%ELIVLTHE I LRERING,
¥ 72, NADPH # F & X —¥HfKd ROS iz <, I+tav FIT7HEKD ROS

(mitochondrial ROS; mROS) HKE /& L CHEHETH S Z LB RMEIN TS %,
AFFEDFER DS, LPSAL-4 27 n 77 —YiF, MO Ml ~27u 77— X0 bE
Liy ) vERL DML L _ABEL, M2~2r 77—V X0 bEL b fEmERL
7= (Fig.6B), L7225> T, LPS/IL-4~27 107 7 — D mROS FEEL ~ L iFENC &
BRI NLE, bz b, LPSIL4~7u 77 —=YiF Ml~v7u7 77—k
h b NO FEAEREVMEV—J7 T, mROS Z &L ROS DRAERIIMI v 27 a7 77—
XD DEOARELREZOND, 5%, LPSAL4~ 2707 7 —Y D7 73H 4 b —v
A DREREIC D\ T, NO FEAETZ T T/ ROS EEAE KT mROS #EA L DR E% &

DTHOPICLZWEFEZTnE,
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ERNDO~ 27w 7 7 =V 3EMSRAERNRTICRE SN T 5720, BRI

FEINIMI M2~ 077 =Y ICXDINGRWKRIEA 2R3 2 L BEEDOHRL T

W INT5, PlzIE, RIE»SREST 2RICHEE SN~ n 7 7 =213, RIE

TEHERIRICEE D % INOS ®° IL-10 #[ARFICEEE T Z Z RO ICINT WS ¥,

7o BMERIR O o wErE TRRES O R HICRES 5w n T 7 =Yk, Ml w7 H

77 =Y CEmAEMT S TNF-0 © IL-12p40, M2 ~7 a7 77—V CaEmAHT 5 Argl ®

CD206 Z [AIFFICHIT 2 Z AL ICINT WS O, X 51T, H L WELHEMED

RIERIR & L CIRIE & 1172 CX;CR1M Ly6C™F4/80" I-A*/I-Ef~ 2 a 7 7 —¥ 2, TLF

—BHERE - A X2 RV v 7y Fu— L0 L) REERRNICHFEI NI~ /v T 7 —

ChE.EROMI M2 a7 —VICEDINTWT Ty FAEAXRL ERIEI N

I

T3 3150, KR DOEFSFMN2FET 5 &, PliX, wmERHICHEERRERELZ &

CHRIET 5 HEA N E clX. MifH#kic LPS 3 X OV IL-4 23dEfEd 5729 117 LPS/IL-4

~/mu77—=YY 7y bBFETLIARERIIEVWEEZONS, /-, LPS/IL4 ~ 7

07y —33F, CDATHIED S D IL-5 BXOIL-13 EEZIFIT 2 &2 v ox 7Y Fizzl O

RIBRD ONED o7 b Y, IR OJREZ X O I (LI & 2 A[REESFE 2 5

Nbd, THIC,LPSAL-4~27m 77 —=YiF, M2~7 8 77— IHRT Argl DS

WZ b, RO RAEICBI G B IREESE 2 b h b, Sk, bk L -8R

P S DA 2 2 0 \LPS & IL-4 23 4E77 5 5 & TR & 2 BRI RRER S 2 ol
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L7zweEZTna,

40



g

3

AR A BICHTY | IO THREZ B Y | RT3 5 ZE-CHIEE O]

B TERCT R LR, RICRFEREHERLEM TR T 7 F VIR0 BIEE i3

N1

~OEIR (ESZITIE R E NEHAR - (R - SRAEWTIEAT  EHIMRTIERT  mIATR/ ~
VR« AT A ANMEYINE v 2 —R) CROLXVERZHEZRL T,

¥ 7o, BRI 2 £, UMEEO BEMEA L LTIHEEZB Y. wo b
RAEFVE LT EIwE L, RITEE Hh (AR AR AR AL E &
(EHEHIR) 1L HEEH L LT,

K2 ETT2ICH0, HABADOTIREZB Y L2 Tl & F L7, IR
g - R - KRBT~V R - AT 4 AAEY Ry 2 =T 2 F =T VT LT
Yz b BN AT AT Y 27 b MIRRE i (B KBRS K E

RPYEFRE W) AR —B Lok A b MBS I i (B Agency

C

for Science, Technology and Research) . HE.FH&ET &+ (B : EIFRE R ALK R HHEE
NP R NE HEBUR) . YRS PR, Prabha Tiwari 181 O : BEZRARAMEN Y -
P EHE FHEBIT) . SFHE BB it (Bl 3 7 o etk clh & % R
w7z LEd,

T 72, EBROFEMN R —FRWERET 4 Ah vy a v, W0 R SFEREEICHTS

A BB R0 T I VE L, BRI - (@5 - REWIEAT~VR - AT 4 A0

41



WEMGE Yy 2 —T 2 Fv=F ) TA a7 - BNREVRTF LT u Y 27

b DR, KRR RFABEIRFIITERE - KRR O ME R 2Bk D kR, WF%E%

WU THY AR KNTL o ELCE#H 2 LET,

BRI AR IS RFN 2B 215 0 £ L 72 KW FEE PRI 7' e 27 4

HASE MRS, 72, FAAEE 2z O b s BT Y XA TS NAEFEIT O bR

W7 L F 9,

42



SR

(1) Chernyak, L.; Tauber, A. I. The birth of immunology: Metchnikoff, the embryologist. Cel/
Immunol 1988, 117(1), 218-233. DOI: 10.1016/0008-8749(88)90090-1.

(2) Gordon, S. Phagocytosis: The Legacy of Metchnikoff. Cell 2016, 166 (5), 1065-1068. DOI:
10.1016/j.cell.2016.08.017.

(3) Shapouri-Moghaddam, A.; Mohammadian, S.; Vazini, H.; Taghadosi, M.; Esmaeili, S. A.;
Mardani, F.; Seifi, B.; Mohammadi, A.; Afshari, J. T.; Sahebkar, A. Macrophage plasticity,
polarization, and function in health and disease. J Cell Physiol 2018, 233(9), 6425-6440. DOI:
10.1002/jcp.26429.

(4) ONeill, L. A,; Kishton, R. J.; Rathmell, J. A guide to immunometabolism for
immunologists. Nat Rev Immunol 2016, 16(9), 553-565. DOI: 10.1038/nri.2016.70.

(5) Viola, A.; Munari, F.; Sanchez-Rodriguez, R.; Scolaro, T.; Castegna, A. The Metabolic
Signature of Macrophage Responses. Front Immunol 2019, 10, 1462. DOI:
10.3389/fimmu.2019.01462.

(6) O'Neill, L. A.; Pearce, E. J. Immunometabolism governs dendritic cell and macrophage
function. J Exp Med 2016, 213 (1), 15-23. DOI: 10.1084/jem.20151570.

(7) Liu, Y; Xu, R.; Gu, H.; Zhang, E.; Qu, J.; Cao, W.; Huang, X.; Yan, H.; He, J.; Cai, Z.
Metabolic reprogramming in macrophage responses. Biomark Res 2021, 9 (1), 1. DOL
10.1186/s40364-020-00251-y.

(8) Ogger, P. P; Byrne, A. J. Macrophage metabolic reprogramming during chronic lung
disease. Mucosal Immunol 2021, 14(2), 282-295. DOI: 10.1038/s41385-020-00356-5.

(9) Luger, T.; Amagai, M.; Dreno, B.; Dagnelie, M. A.; Liao, W.; Kabashima, K.; Schikowski,
T.; Proksch, E.; Elias, P. M.; Simon, M.; et al. Atopic dermatitis: Role of the skin barrier,
environment, microbiome, and therapeutic agents. J Dermatol Sci 2021, 102 (3), 142-157.
DOI: 10.1016/;.jdermsci.2021.04.007.

(10) Czimmerer, Z.; Halasz, L.; Daniel, B.; Varga, Z.; Bene, K.; Domokos, A.; Hoeksema, M.;
Shen, Z.; Berger, W. K.; Cseh, T.; et al. The epigenetic state of IL-4-polarized macrophages
enables inflammatory cistromic expansion and extended synergistic response to TLR ligands.
Immunity 2022, 55 (11), 2006-2026.e2006. DOI: 10.1016/j.immuni.2022.10.004.

(11) Wang, L.; Netto, K. G.; Zhou, L.; Liu, X.; Wang, M.; Zhang, G.; Foster, P. S.; Li, F.; Yang,
M. Single-cell transcriptomic analysis reveals the immune landscape of lung in steroid-
resistant asthma exacerbation. Proc Natl Acad Sei U S A 2021, 118 (2). DOL
10.1073/pnas.2005590118.

(12) Whyte, C. S.; Bishop, E. T.; Riickerl, D.; Gaspar-Pereira, S.; Barker, R. N.; Allen, J. E.;
Rees, A. J.; Wilson, H. M. Suppressor of cytokine signaling (SOCS)1 is a key determinant of
differential macrophage activation and function.  Leukoc Biol 2011, 90 (5), 845-854. DOI:
10.1189/j1b.1110644.

43



(13) Miki, S.; Suzuki, J. I; Takashima, M.; Ishida, M.; Kokubo, H.; Yoshizumi, M. S-1-
Propenylcysteine promotes I1.-10-induced M2c¢ macrophage polarization through prolonged
activation of IL-10R/STATS3 signaling. Sei Rep 2021, 11 (1), 22469. DOI: 10.1038/s41598-021-
01866-3.

(14) Tak, P. P; Firestein, G. S. NF-kappaB: a key role in inflammatory diseases. J Clin Invest
2001, 7107(1), 7-11. DOI: 10.1172/JCI11830.

(15) Li, Q.; Verma, I. M. NF-kappaB regulation in the immune system. Nat Rev Immunol
2002, 2(10), 725-734. DOI: 10.1038/nri910.

(16) Wang, N.; Liang, H.; Zen, K. Molecular mechanisms that influence the macrophage m1-
m2 polarization balance. Front Immunol 2014, 5, 614. DOI: 10.3389/fimmu.2014.00614.

(17) Czimmerer, Z.; Daniel, B.; Horvath, A.; Riickerl, D.; Nagy, G.; Kiss, M.; Peloquin, M.;
Budai, M. M.; Cuaranta-Monroy, I.; Simandi, Z.; et al. The Transcription Factor STAT6
Mediates Direct Repression of Inflammatory Enhancers and Limits Activation of
Alternatively Polarized Macrophages. Immunity 2018, 48 (1), 75-90.e76. DOLI:
10.1016/j.immuni.2017.12.010.

(18) Metwally, H.; Tanaka, T.; Li, S.; Parajuli, G.; Kang, S.; Hanieh, H.; Hashimoto, S.;
Chalise, J. P.; Gemechu, Y.; Standley, D. M.; et al. Noncanonical STAT1 phosphorylation
expands its transcriptional activity into promoting LPS-induced IL-6 and IL-12p40
production. Sci Signal 2020, 13(624). DOI: 10.1126/scisignal.aay0574.

(19) Nakanishi, Y.; Sato, T.; Takahashi, K.; Ohteki, T. IFN-y-dependent epigenetic regulation
instructs colitogenic monocyte/macrophage lineage differentiation in vivo. Mucosal Immunol
2018, 77 (3), 871-880. DOI: 10.1038/mi.2017.104.

(20) Ohmori, Y.; Hamilton, T. A. Interleukin-4/STAT6 represses STAT1 and NF-kappa B-
dependent transcription through distinct mechanisms. J Biol Chem 2000, 275 (48), 38095-
38103. DOI: 10.1074/jbc.M006227200.

(21) Michl, J.; Ohlbaum, D. J.; Silverstein, S. C. 2-Deoxyglucose selectively inhibits Fc and
complement receptor-mediated phagocytosis in mouse peritoneal macrophages II.
Dissociation of the inhibitory effects of 2-deoxyglucose on phagocytosis and ATP generation.
J Exp Med 1976, 144 (6), 1484-1493. DOI: 10.1084/jem.144.6.1484.

(22) Pavlou, S.; Wang, L.; Xu, H.; Chen, M. Higher phagocytic activity of thioglycollate-
elicited peritoneal macrophages is related to metabolic status of the cells. J Inflamm (Lond)
2017, 14, 4. DOI: 10.1186/s12950-017-0151-x.

(23) Folkman, J.; Moscona, A. Role of cell shape in growth control. Nature 1978, 273 (5661),
345-349. DOI: 10.1038/273345a0.

(24) Chen, C. S.; Mrksich, M.; Huang, S.; Whitesides, G. M.; Ingber, D. E. Geometric control
of cell life and death. Science 1997, 276 (5317), 1425-1428. DOL:
10.1126/science.276.5317.1425.

(25) Versaevel, M.; Grevesse, T.; Gabriele, S. Spatial coordination between cell and nuclear

44



shape within micropatterned endothelial cells. Nat Commun 2012, 3, 671. DOI:
10.1038/ncomms1668.

(26) McBeath, R.; Pirone, D. M.; Nelson, C. M.; Bhadriraju, K.; Chen, C. S. Cell shape,
cytoskeletal tension, and RhoA regulate stem cell lineage commitment. Dev Cell 2004, 6 (4),
483-495. DOI: 10.1016/s1534-5807(04)00075-9.

(27) Morita, N.; Umemoto, E.; Fujita, S.; Hayashi, A.; Kikuta, J.; Kimura, I.; Haneda, T.; Imai,
T.; Inoue, A.; Mimuro, H.; et al. GPR31-dependent dendrite protrusion of intestinal CX3CR1.
Nature 2019, 566 (7742), 110-114. DOI: 10.1038/s41586-019-0884-1.

(28) McWhorter, F. Y.; Wang, T.; Nguyen, P.; Chung, T.; Liu, W. F. Modulation of macrophage
phenotype by cell shape. Proc Natl Acad Sci U S A 2013, 110 (43), 17253-17258. DOI:
10.1073/pnas.1308887110.

(29) Bogdan, C. Nitric oxide synthase in innate and adaptive immunity: an update. 7rends
Immunol 2015, 36 (3), 161-178. DOI: 10.1016/3.1t.2015.01.003.

(30) Nathan, C. Inducible nitric oxide synthase: what difference does it make? J Clin Invest
1997, 100(10), 2417-2423. DOI: 10.1172/JCI119782.

(31) E1 Kasmi, K. C.; Qualls, J. E.; Pesce, J. T.; Smith, A. M.; Thompson, R. W.; Henao-Tamayo,
M.; Basaraba, R. J.; Konig, T.; Schleicher, U.; Koo, M. S.; et al. Toll-like receptor-induced
arginase 1 in macrophages thwarts effective immunity against intracellular pathogens. Nat
Immunol 2008, 9(12), 1399-1406. DOI: 10.1038/ni.1671.

(32) Murthy, S.; Larson-Casey, J. L.; Ryan, A. J.; He, C.; Kobzik, L.; Carter, A. B. Alternative
activation of macrophages and pulmonary fibrosis are modulated by scavenger receptor,
macrophage receptor with collagenous structure. FASEB J 2015, 29 (8), 3527-3536. DOI:
10.1096/1j.15-271304.

(33) Laskin, D. L.; Malaviya, R.; Laskin, J. D. Role of Macrophages in Acute Lung Injury and
Chronic Fibrosis Induced by Pulmonary Toxicants. Zbxicol Sci 2019, 168 (2), 287-301. DOI:
10.1093/toxsci/kfy309.

(34) Gao, L.; Zhang, J. H.; Chen, X. X.; Ren, H. L.; Feng, X. L.; Wang, J. L.; Xiao, J. H.
Combination of Li-Arginine and L-Norvaline protects against pulmonary fibrosis progression
induced by bleomycin in mice. Biomed Pharmacother 2019, 113 108768. DOI:
10.1016/j.biopha.2019.108768.

(35) Zhao, Y. D.; Yin, L.; Archer, S.; Lu, C.; Zhao, G.; Yao, Y.; Wu, L.; Hsin, M.; Waddell, T. K.;
Keshavjee, S.; et al. Metabolic heterogeneity of idiopathic pulmonary fibrosis: a metabolomic
study. BMJ Open Respir Res 2017, 4(1), e000183. DOI: 10.1136/bmjresp-2017-000183.

(36) Ghosh, S.; Karin, M. Missing pieces in the NF-kappaB puzzle. Cel/2002, 109 Suppl, S81-
96. DOI: 10.1016/s0092-8674(02)00703-1.

(37) Sakurai, H.; Chiba, H.; Miyoshi, H.; Sugita, T.; Toriumi, W. IkappaB kinases
phosphorylate NF-kappaB p65 subunit on serine 536 in the transactivation domain. o/ Biol
Chem 1999, 274 (43), 30353-30356. DOI: 10.1074/jbc.274.43.30353.

45



(38) Pradére, J. P; Hernandez, C.; Koppe, C.; Friedman, R. A.; Luedde, T.; Schwabe, R. F.
Negative regulation of NF-xB p65 activity by serine 536 phosphorylation. Sci Signal 2016, 9
(442), ra85. DOI: 10.1126/scisignal.aab2820.

(39) Chakravarty, S.; Varghese, M.; Fan, S.; Taylor, R. T.; Chakravarti, R.; Chattopadhyay, S.
IRF3 inhibits inflammatory signaling pathways in macrophages to prevent viral
pathogenesis. Sci Adv 2024, 10(32), eadn2858. DOI: 10.1126/sciadv.adn2858.

(40) Metwally, H.; Elbrashy, M. M.; Ozawa, T.; Okuyama, K.; White, J. T.; Tulyeu, J.;
Sendergaard, J. N.; Wing, J. B.; Muratsu, A.; Matsumoto, H.; et al. Threonine
phosphorylation of STAT1 restricts interferon signaling and promotes innate inflammatory
responses. Proc Natl Acad Sci U S A 2024, 121 (17), e2402226121. DOLI:
10.1073/pnas.2402226121.

(41) Qiao, Y.; Giannopoulou, E. G.; Chan, C. H.; Park, S. H.; Gong, S.; Chen, J.; Hu, X.;
Elemento, O.; Ivashkiv, L. B. Synergistic activation of inflammatory cytokine genes by
interferon-y-induced chromatin remodeling and toll-like receptor signaling. Immunity 2013,
39(3), 454-469. DOI: 10.1016/j.immuni.2013.08.009.

(42) O'Neill, L. A. Abroken krebs cycle in macrophages. Immunity 2015, 42(3), 393-394. DOI:
10.1016/j.immuni.2015.02.017.

(43) Jha, A. K.; Huang, S. C.; Sergushichev, A.; Lampropoulou, V.; Ivanova, Y.; Loginicheva,
E.; Chmielewski, K.; Stewart, K. M.; Ashall, J.; Everts, B.; et al. Network integration of
parallel metabolic and transcriptional data reveals metabolic modules that regulate
macrophage polarization. Immunity 2015, 42 (3), 419-430. DOLI:
10.1016/j.immuni.2015.02.005.

(44) Huang, S. C.; Everts, B.; Ivanova, Y.; O'Sullivan, D.; Nascimento, M.; Smith, A. M.;
Beatty, W.; Love-Gregory, L.; Lam, W. Y.; O'Neill, C. M.; et al. Cell-intrinsic lysosomal lipolysis
is essential for alternative activation of macrophages. Nat Immunol 2014, 15 (9), 846-855.
DOI: 10.1038/ni.2956.

(45) Cosin-Roger, J.; Ortiz-Masi4, D.; Calatayud, S.; Hernandez, C.; Esplugues, J. V;
Barrachina, M. D. The activation of Wnt signaling by a STAT6-dependent macrophage
phenotype promotes mucosal repair in murine IBD. Mucosal Immunol 2016, 9 (4), 986-998.
DOI: 10.1038/mi.2015.123.

(46) Song, S.; Yu, L.; Hasan, M. N.; Paruchuri, S. S.; Mullett, S. J.; Sullivan, M. L. G.; Fiesler,
V. M.; Young, C. B.; Stolz, D. B.; Wendell, S. G.; et al. Elevated microglial oxidative
phosphorylation and phagocytosis stimulate post-stroke brain remodeling and cognitive
function recovery in mice. Commun Biol 2022, 5 (1), 35. DOI: 10.1038/s42003-021-02984-4.
(47) Gonzalez, M. A.; Lu, D. R.; Yousefi, M.; Kroll, A.; Lo, C. H.; Brisefio, C. G.; Watson, J. E.
V.; Novitskiy, S.; Arias, V.; Zhou, H.; et al. Phagocytosis increases an oxidative metabolic and
immune suppressive signature in tumor macrophages. J Exp Med 2023, 220 (6). DOI:
10.1084/jem.20221472.

46



(48) West, A. P; Brodsky, I. E.; Rahner, C.; Woo, D. K.; Erdjument-Bromage, H.; Tempst, P;
Walsh, M. C.; Choi, Y.; Shadel, G. S.; Ghosh, S. TLR signalling augments macrophage
bactericidal activity through mitochondrial ROS. Nature 2011, 472 (7344), 476-480. DOLI:
10.1038/mature09973.

(49) Bystrom, J.; Evans, I.; Newson, J.; Stables, M.; Toor, I.; van Rooijen, N.; Crawford, M.;
Colville-Nash, P.; Farrow, S.; Gilroy, D. W. Resolution-phase macrophages possess a unique
inflammatory phenotype that is controlled by cAMP. Blood 2008, 112 (10), 4117-4127. DOI:
10.1182/blood-2007-12-1297617.

(50) Sindrilaru, A.; Peters, T.; Wieschalka, S.; Baican, C.; Baican, A.; Peter, H.; Hainzl, A.;
Schatz, S.; Qi, Y.; Schlecht, A.; et al. An unrestrained proinflammatory M1 macrophage
population induced by iron impairs wound healing in humans and mice. J Clin Invest 2011,
121 (3), 985-997. DOI: 10.1172/JCI44490.

(51) Hasegawa, T.; Kikuta, J.; Sudo, T.; Matsuura, Y.; Matsui, T.; Simmons, S.; Ebina, K.;
Hirao, M.; Okuzaki, D.; Yoshida, Y.; et al. Identification of a novel arthritis-associated
osteoclast precursor macrophage regulated by FoxM1. Nat Immunol2019, 20(12), 1631-1643.
DOI: 10.1038/s41590-019-0526-7.

(52) Satoh, T.; Takeuchi, O.; Vandenbon, A.; Yasuda, K.; Tanaka, Y.; Kumagai, Y.; Miyake, T.;
Matsushita, K.; Okazaki, T.; Saitoh, T.; et al. The Jmjd3-Irf4 axis regulates M2 macrophage
polarization and host responses against helminth infection. Nat Immunol 2010, 11 (10), 936-
944. DOI: 10.1038/ni.1920.

(53) Satoh, T.; Nakagawa, K.; Sugihara, F.; Kuwahara, R.; Ashihara, M.; Yamane, F.; Minowa,
Y.; Fukushima, K.; Ebina, 1.; Yoshioka, Y.; et al. Identification of an atypical monocyte and
committed progenitor involved in fibrosis. Nature 2017, 541 (7635), 96-101. DOI:
10.1038/nature20611.

(54) Fukushima, K.; Satoh, T.; Sugihara, F.; Sato, Y.; Okamoto, T.; Mitsui, Y.; Yoshio, S.; Li,
S.; Nojima, S.; Motooka, D.; et al. Dysregulated Expression of the Nuclear Exosome Targeting
Complex Component Rbm7 in Nonhematopoietic Cells Licenses the Development of Fibrosis.
Immunity 2020, 52(3), 542-556.e513. DOI: 10.1016/j.immuni.2020.02.007.

(55) Satoh, T:; Kidoya, H.; Naito, H.; Yamamoto, M.; Takemura, N.; Nakagawa, K.; Yoshioka,
Y.; Mor1i, E.; Takakura, N.; Takeuchi, O.; et al. Critical role of Tribl in differentiation of
tissue-resident M2-like macrophages. Nature 2013, 495 (7442), 524-528. DOLI:
10.1038/nature11930.

(56) Malyshev, I.; Malyshev, Y. Current Concept and Update of the Macrophage Plasticity
Concept: Intracellular Mechanisms of Reprogramming and M3 Macrophage "Switch"
Phenotype. Biomed Res Int 2015, 2015, 341308. DOI: 10.1155/2015/341308.

(57) Nair, M. G.; Du, Y.; Perrigoue, J. G.; Zaph, C.; Taylor, J. J.; Goldschmidt, M.; Swain, G.
P.; Yancopoulos, G. D.; Valenzuela, D. M.; Murphy, A.; et al. Alternatively activated
macrophage-derived RELM-{alpha} is a negative regulator of type 2 inflammation in the lung.

47



J Exp Med 2009, 206 (4), 937-952. DOI: 10.1084/jem.20082048.

48



