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CCL
CCR
CFA
CIA
CXCL
DC

DSS
EAE
EDTA
ELISA
Foxp3
GAPDH
GFAP
GM-CSF
H&E
IDO-1
IFA
IFN

iINOS
Iba-1
LPS
MAP2
MRNA
OVA
PBS
PFA
PMA
RA
TGF

BEE— %

blood-brain barrier

bovine serum albumin

CC chemokine ligand

CC chemokine receptor

complete Freund’s adjuvant
collagen-induced arthritis

CXC chemokine ligand

dendritic cell

dextran sodium sulfate

experimental autoimmune encephalomyelitis
ethylenediaminetetraacetic acid
enzyme-linked immune-sorbent assay
forehead box p3
giyceraldehyde-3-phosphate dehydrogenase
glia fibrillary acidic protein

granulocyte macrophage colony-stimulating factor
hematoxylin & eosin

indoleamine 2,3-deoxygenate-1
incomplete Freund’s adjuvant

interferon

interleukin

inducible nitric oxide synthase

ionized calcium-biding adaptor molecule 1
lipopolysaccharide

microtubule-associated protein 2
messenger ribonucleic acid

ovalbumin

phosphate-buffered saline
paraformaldehyde

phorbol 12-myristate 13-acetate
rheumatoid arthritis

transforming growth factor



TNF tumor necrosis factor

Th T-helper
Treg regulatory T cell
VEGF vascular endothelial growth factor



FF &

RIE & IBEA 7 B DS % FIICHER 2 2 & CAEL 3 RERIGTH v, FicAdkic 1 2 B
WO ThELEZLNTVS, WERIIZDORIEOMKITIE LT, HARE & EERE IR
INb, ARBIZIZEPIER EICB TR & & 2 fiEORAICN L CTRINCAE L 2 ZIERIGTH
D, R~ T 7 =Yl wo - AARGEHIIC X 2R OERCH A F A vOEENTOAR
5, —JiC, MERGREE T M B M2 & o HURR RIE 2 RO e iia ot b & 7o TEL B i
FIGTH Y, Mz & OBGSEICON L CEWBaE 2 A3 2, 7o, S REILERIER, S
R, RIRERD A G, HEICHN T 2 RIERICHFIZRI T b2 INTWSE, TTDH
S TIERICIET 2~ 3 —T #Hi% 13 T-helper (Th)1. Th2. Th17. il T #ifE (regulatory T cell;
Treg) B ESEARY Ty FORFEEL, TNXTNCEEORERICET ER I THELZFFL, Thb %
7 U CTHARBG - Se e B O FiE 72 ICiEIA < BIG- L T %, RIS Th17 i3k~ e 77 -2 0
WL RS EREIUET 2@ & 2 b b, ER ) THRE-CHR IR S0 O HERE IC H O R & F o
ZEDBHONT WD, —J7T, £ DRIESIGABRNC 72 o 72556 1ZBAET ) 7 ~ 5 e, % Fe ik
fLEZ: & D H CRIEREDORIEICHF S T2 2 L MG I N, ThT DERELEIA P AV THD IL-
17A FHAREZH S ~orm 77—V b DRI A P 74 v O zlitEs 5 2 & TRIERIGE
WX g5, £72. Treg (Z~A =T MR 3 2 JURTRR % 15 5 BRI (dendritic cell; DC) @it
e, MHIES 4 b h A v DFEER & RN L CRIZERIGEIEL S IHT 2Milae L<ohTs
D, Treg 2MREL 722V ACTIRACREEREZRIELCT K A2 2 LAMEINTHE, 2D XHIC
B GERE A S Thi7/Treg D3 7 v R FRKIEMIRE O FIE IR ICKE BT e E 2 b T
W5,

TENA VIFFICRIEMEObEE S X VREZHIET 534 P A4 vo—fTH Y, 50 FEL LD
TENAVE BFHO T EANA VEFEEPFE SN TS, BB L 72~ =THifd 7% v b idw
T EEDHAODLED T ENA VEEREZRIL T Y, ThZhicHIGL2TEAA4 vick o
TREDMIE~DRESHIE I N T\ VB, TENA VREN LRSI RIERIMIZ, EF B
TICE T 2 REEE MR 2 & EFREOMRHICERERE & 25 T 27T, BEBTBKIRICILH

BB CEEAINDZ T ENA VHRE T a7 7 A AL L, FE D SyEMa 58E I £ 3 JRIN &



o TWnd, TOXIIC, TEAAVRICK o THIE X 12 S SRS 1L, B 7 el o BRI fE

I SIERIGE KO, Zhchi < AR O BEIECHREA I D B T L T b, FERIC, 7 he—%
KIER T, WEKEICEWT TR lEEXFI SR T 72N YORHAPEML T2 2 & RS
NTnBEZerbd, FEAA VR LB L OECIFELRBRICH 2 e 2RBI TS, £
Diz®, GERICBhE T 2 EERMFR PR EBREORINICII, TEHA VR EN L 2 RAEHIHBEE
DWTHRERED 2 L PEETH 5,

CC chemokine receptor (CCR)4 (% CC chemokine ligand (CCL)17, CCL22 D 2D 7 EAA v 2 )V AV
FIcd DA TH D, Th2, Thi7, Treg & @~ ~—T HIICERICHEIIL T3, ThET
CCR4 ., 7 P —MEERCIER EDT LAF —EEICEWT Th2 OilEEZH S & &%, [EEAHH
~OD Treg #EEZ S & & TT LAF —REBORIED 5 W IIPUEERZOIIGNICT S 32 & & o3 &
NTE7, £z, EFOL DMK I NV — T3, BERICHERE T Vv~ 7 A% V79812 35T CCR4 23
Filg Y v fiic s 5 Thi? oM Z Rt L, REOHMECHFLGTI2RFTH L ZHL 2L LT
5, TD&IIT, CCRA IFFEBCHIM T & ICL kA ZE 2R THRFTH Y. Z DFtll 2 R REHIFHHERE 1
DWCHRZ D 5 L ANEHE 7 g Z N & L fi - BB BRI oo ATH B L H
Zbid,

AR T, Th17 (KFH 72 RAELSEI D 2 B ) 7~ F (rheumatoid arthritis; RA) 3 X O°, EFEH % §
T B W R DB G- 358D L 2 RIEAFENE S DOWDET VL~V A% L. CCR4 %/ L 72 %

IR ETE R IC BN, DX RFLGRIT 2L LT 270217 7,



S

E—E BEYYTFIZEITS CCRE 247 L 1= RIEFI & fiZBA

BEfi U v~ F (rheumatoid arthritis; RA) (I H CAREERICHEHINGEERTH Y, ZOEBIEICIE
Thi7/Treg N7 v ZADERERBD 5 2 & B S A L T W%, Thi7 i3 interleukin (IL)-17A % IL-22,
granulocyte macrophage colony-stimulating factor (GM-CSF) 7z & O RAEHEMEY A4 b A4 v R PEET B[L,
2]o FFIC IL-17A IE. BHENICHFTE 3 2 SRMESFAIIE S N ECHERELICIE R L. X H5Ic% S O RS A P A4 v
2. RS~ 7 v 7 7 — Y oI B 5 CXC chemokine ligand (CXCL)1 %> CXCL8 72 & D7 €5 4
VOEARRT L TREBORIEZESFEL T»d, FEEIC, RA BEOIERIMEHICHFET 2 IL-
17A BIIEEOEEIEE OHBEEZAE L T2 2 e dHEINTVSE[3, 4], £/, BFFHINLTWS
GM-CSF i3k~ 27 v 7 7 =V oift b 5 ICFE L | RO EE 25 &K 3 REW x4
ATAAVTHY, F7zmIBFEEN S L COWRFREE 5T\ 3[2,5,6] o Treg i IL-10 D 4% DC D
EHEALIIS R &2 AL 2 R HER 25 5. AT 2 EERCT LA X — KGOl %iH 5 &
JEMIECTH %, £72 Treg 1. RA ICBWTHA L 3 Thi? RAEZHIHIRICHIE T2 2 L dME TN TH Y,
INOHfD AT v ZABEBERIC B WCICEETH L E L bN S,

Th17 121X CCR4 5 X U CCR6 2" HI T 2 C L AAWE T T 5([7, 8], HHTH CCR6 1Z. 2DV H v
FT®H 2% CCL20 BARAEHIEIC B W TPEAE S NS & & TTh17 ZBHFIRIER~ Ll s 2 2@ & 2o C
EDHEINTWB[9-11], LA L CCRAICDOWTIE, 2DV H Y FTH3 CCL22 »° RA BE DIEFERIM
e X RTINS 2 2L BMEINTVEDOAICEE > TE Y, FffMlla@ ZiconTiRHL »
& 7n o TWin\n[12, 13],

TENA VEZFRCCRAIZ CCLLT B LU, CCL22 2 Y H v F e T 2ZFEETH Y . RA DOFIE % Hill{H
LCw3 Thl7, Treg 72 & D~ =T flIGEIRIICHI T 2 2 e 8o N TWw5[14, 15], £72. C
NFETICEE SOOI N — 7T FEicE T, AU Thi7 IKFENARIEIC X > TRIET 5 2 &
DHIS N BEHECIE, TS Y v 3fiT CCL22 #5813 % DC 73 CCR4 % FH 4 3 X €Y —Th17 % 3|
L. SN ATURIRR 21T 9 2 & CHURFFERN R Thi7 27 F A2 —%BKT 5 2 L 2HL2 L LT

3[16]o 2D Z & A5 H RAICET 2 Thi7 BIEIC I\ T CCR4 X Th17 O RAEMME~ DL F T <



Firl& ) v oXfifico Thi7 B4hEIC S BIS3 2 AlRetE 23 E 2 b iz, £ 72, Treg IC 2T b [AERIC CCR4 %
FBLS 272, CCRA & Th17 I X UF Treg iJ7 OMlifi2> & KAEZ I L . RA OBREFERERRGIC AT 55
rlnEZLND,

% ZCARETIZ, RA DEBIEHICEID % Thi7/Treg N7 v 2 &, ZDREEIC X o THEL 3 Thi7 RIE
IZXf4 % CCR4 DIZEIZ L L T 5729, RAXY ZETFTNLE LU CCRE KIE~= 7 X, CCR4 FHEH

EHCTHIR 21T > 72,



1. REAE

1. EREY

C57BL/6) ~ 7 A (8 M, M) X, DBA/L) ~ v Z (8 Mln, iff) 1iF/KFEBME L VIEAL
72o %72, CCR4 RiE~™” 2 (C57BL/6 X 7 27 v ~ F) % Jackson Laboratory & b BEA L 7z, SEERE)
YN IZEIEE R X OUKEK Z R &, ) 24°CT 12 WO BHRE Y 4 27 VIR X 7z specific
photogenic free Bi5E F O ECHEIT L 7z, 7cd. BIYFEERICE] L CIIWIFEETE 2 n s KB 2% 5

RITHEE L, AR 2575 2 CERARARBREYHIE ST o 7,

2. Collagen-induced arthritis (CIA) = ¥ 2 &5 A DO/EHRL & fRRESHi

Wlal ey & LT Type 1 Chicken Collagen (SIGMA-ALDRICH, St. Louis, MO) % f{#F L. 4 mg/mL ®
BT 5 X 512 0.1 M BERE T L 72 Collagen i&3#E & CFA (complete Freund’s adjuvant; SIGMA-
ALDRICH) % 50 uL ¥ 2B A L CTEBIL 2 2= ¥ a v 25 & BRI~ 100 L LIS L 7=,
C57BL/6 = 7 A (% 2 JAMIFEE. DBA/L = 7 213 3 HEBRGEZ ICBMGIZE & LT Collagen A & IFA
(incomplete Freund’s adjuvant; SIGMA-ALDRICH) % 50 uL 3 2EA L TR Lz w1y a v 2 [FEERIC
Bk & RRE~GF 100 uL KNG L7z, F72, FRIL 2~ v 22T LV OJRRE IR R B X OB 0L
BE & AR ICH D W RHE 2 1TV, 0~3 D 4 BxFE (0 #AL¥E s X VR Z D v, 1 AL S X OER %

THICRD 5,2 A E L OERZED 2,3 OIS X OERZZ® %) < Score fL L 72,

3. KARRERIET

BRHY L 7- BHEAHAR 1L 4% PFA (paraformaldehyde) &7 PBS C—MEE U 21T 572D, 10% EDTA
&H PBS TR 21T > 72, Dk, B 7 74 v EHOCTEM L2, FRLAZ~T 74
Y7 uy 2 eumDEITEY L, ~7 FF L) VBIPIAY YRR WTRE L, ERL 7%

AR A A TR L 7.



4, Compound 22 DEERT Y 2 — v
DBA/L ¥ 7 ZICHf L T, CIA YV AET MERD 720 OYIEIGAEH A6 2 HiC 1 DM T 0.5
mg/kg ¥ X UF 2.5 mg/kg HEREAN %5 L 7z, Compound22 i A.V. Purandare © DR % b & IC/ERLL |

CCR4 FHIMfE 2 Fr M ICHHE 2 C L 2R L T3 [17].

5. MfE o HEE

ETY v iz PBS HTE D23, 70um D& R b L —F —% 58 L MRS EREZ S,
7-. BARI#H#E X Collagenase D ¥ X U DNase % & € RPMI-1640 {0.3 mg/mL Collagenase D (Roche; Basel,
Switzerland) 3 X UF 0.01 mg/mL DNase I (Thermo Fisher Scientific, Waltham, MA)} Y] Y %A, 37°C
TLIRMEEML R4 vFax—1F L, ZDHR70um Ok VR L —F — %@ L HEl i EE TR %

?% f: o

6. Compound 22 D FHH:RT
JET U v o3fiin o B L 72 CDAHIIE % 108 {E/mL TH;#E L. % 2~ Compound 22 % 100 nM & % \»
1% 1000 nM DIRFECTHRML 3 HIERE L7z, 2% 7 e —3 4 X b U —%ZHWT Thi7 &% T L5

BRI R O DEFEEREHE L 72,

7. Zu—%A4 PAFY—

BAHEL 7-HI0E & 2 N E EDGEEER U 72Uk {anti-CD45 (clone; 30-F11), anti-CD4 (clone; GK1.5), anti-
CD11b (clone; ICRF44), anti-Gr-1 (clone; RB6-8C5), anti-F4/80 (clone; BM8)} DiE A& T 30 srffdet L
720 IFN-y, IL-4, IL-17A OEEICER L <. #lld% PMA (phorbol 12-myristate 13-acetate) & lonomycin
4 FEEIRI L 72 D B Cato-Fast Fix/Perm Solution (BioLegend, San Diego, CA) Tl 7€, & iEULEL % 7> anti-
IFN-y (clone; XMG-12), anti-1L-4 (clone; 11B11), anti-IL-17A (clone; TC11-18H10.1) DEEW % F\»T 30
SR L7z, ¥ 72, Foxp3 DY:fhi Foxp3 Fix/Perm buffer (BioLegend) THE., FEiEULEE % 4T\ anti-
Foxp3 (clone; 150D) % F\W»CTHta L 7z, £ T OPifAIZ BioLegend 2> HREEA L 7z, et L 72 MA@ I3 96 L
7-® %, LSR Fortessa (BD Biosciences, Franklin Lakes, NJ) & % \»(Z FACSAria (BD Biosciences) Tilll’iE

L. FlowJo software (Tree Star Inc., Ashland, OR, USA) Tt L 7z,



8. Real-time PCR
T Y v o3 X OBEEifERR D> © © mRNA i1 13 RNAiso Plus (Takara Bio Inc., Shiga, Japan) % {55

L7z, 4& 1ug ® RNA template % ReverTraAce gPCR RT Master Mix (TOYOBO CO., LTD., Osaka, Japan)
THEE L cDNA %1572, Real-time PCR % KAPA SYBR Fast gPCR kit (Kappa Biosystems, Woburn, MA) %
AL, 83T 7 u b avicnwfro 72, PCR 1% 95°C5 43 (Initial desaturation) ® 7%, 95°C30 #
(denaturation), 60°C30 # (annealing)., 72°C60 #» (extension) D KIS CTiro72, HHL7Z7 74 ~—
IX Table 1 IC7/R 3,

Table 1. Primers used in this study.

Target MRNA  Forward primer Reverse primer

CCL17 TGAGGTCACTTCAGATGCTGC ACCAATCTGATGGCCTTCTTC
CCL22 TCTGATGCAGGTCCCTATGGT TTATGGAGTAGCTTCTTCAC
GAPDH ACCACAGTCCATGCCATCAC TCCACCACCCTGTTGCTGTA
IL-17A CAGCAGCGATCATCCCTCAAAG CAGGACCAGGATCTCTTGCTG
IL-4 CAGCTAGTTGTCATCCTGGTCTTC GCCGATGATGTCTCTCAAGTGC
Foxp3 CTACAGTGCCCCTAGTCATGGTG  AGAAACTCTTCTGGCTCCTCGAA
GM-CSF TTTACTTTTCCTGGGCATTG TAGCTGGCTGTCATGTTCAA

ZNZND mRNA FEH 13 2-24Ct 7% B GAPDH mRNA TIEH#E{L L EE L 72,

9. Hematoxylin & Eosin $f&
BHERLAR 2 BRI L . 4%PFA & PBS T—IREE L 72D H 10%EDTA &H PBS € 2 HHl KL
179, %Dk, Paraffin Z FH W CEM L, 8um THEY) L 72U % Hematoxylin (Fujifilm, Osaka,
Japan) & Eosin (Fujifilm, Osaka, Japan) % ffF] L Tt L 72 ® % Pathomount (Fujifilm, Osaka, Japan)

T~v v b L. Biozero BZ-X800 (Keyence, Osaka, Japan) T#1ZL L 7=,

10. Sy
TV v iz $EL L. 4% PFA &7 PBS CT—MR[EE L, OCT compound (Sakura Finetek Japan,

Tokyo, Japan) ZH\WCHAETH L 7z, 2Dk, YIh % 6 um OJE X THEYI L, 2% BSA (bovine serum

10



albumin) & 1% donkey serum % &% PBS T7 1 v ¥ v 7' L7z, RiC, Y % goat anti-CCL22 (R&D
system, Minneapolis, MN) & biotinylated hamster anti-CD11c (clone; N418, BioLegend) % L < I rat anti-IL-
17A (clone; TC11-8H4, BioLegend) & & b iC 4°C T4 v F 2 _—+ L7z, k. UK % Alexa
Fluor 488 3% donkey anti-goat 1gG (Thermo Fisher Scientific) & DAPI (Dojindo, Kumamoto, Japan) ¥ X O°
Alexa Fluor 555 123 streptavidin (Thermo Fischer Scientific) & % \» I Alexa Fluor 555 ££:# goat anti-rat 1gG
AU 2KEA4 v ¥ 2 _— 1+ L7, &%, YIR % Fluorescence Mounting Medium (Dako, Glostrup,

Denmark) T~v v b L, LML —3 —ERTEMEL (Carl Zeiss, Oberkochen, Germany) THI% L 7=,

11. ELISA
BRHEL L 7- BEf A% % Tissue Extraction Regent I (Invitrogen, Camarillo, CA) THLEE L. BAENFH N g

157, 155 N7 BTN R % Bl v T HIL-6, IL-17A, IL-4, IL-10, GM-CSF, CCL17, CCL22 @ ELISA
%{To 72, 1IL-6, IL-17A, IL-4, IL-10, GM-CSF @ ELISA * v | % BioLegend 7> 58 A L. CCL17,

CCL22 @ ELISA % ¥ I X R&D Systems (Minneapolis, MN) 75 A L 7=,

12. R
Bon-EREIZ, FOEAEE SR L 72, HEHEBEEOHIE I, 2 BB 05413 Student-t
BEZ ., SRR OEGE 3BT % 1T o 72, Tukey-Kramer 751 X W B L7z, P<0.05, P<

00l THAEEDV & LT

11



I. EBRER

1. BfiY v~F~vvRETNICET S CCR4 OFE

BEEfI ) v~ F ik, BIETIC BT 2 RAELZ FHME TEHEEATH L, TDOTVAET AL, w7 2K
BASBICHAE T 22 7 =7 v AFURL LB R RE R8T 2 2 L CRIET 22 7 — 7 Vit
ffig (CIA) BHEI T3, BEIY 7~ FICHF 5 CCRA DEEEEMRNT 21T 5 72D, CIA ITx$ 3 &
ZWEDE N & THIS NS DBA/L vV A5 X I CCR4 FFEMFHESLTH % Compound 22 ZfFiFH L |
CIAJREES X O RIEBBEMIE, RIEMES A4 b A A VIC O TN 21T - 72[18], CIA FIERF ICTER X 1L
2B A D e L2 ERFR 13, Compound 22 DG IC X VR E NTH V. % DHEEIZHEK
7T H 3 A[REME DR E N/ (Fig. 1A), £ 7. H&E (hematoxylin & eosin) 4t % > 7= B o fHLi
PRI T 13 CIA DFIE I > ALK OIS & SOEMMIL 02 R S iz, —J7 T,
Compound 22 i X 2 LB 1T o 7= = 7 A TIIIF AR OB & SERETEMIE O 121 D BER MR X 1172
(Fig. 1B). F 7=, RFEM R RAEE LM OBIETi ~D R Z fRIT L 72 & 2 A, CIA DRIFEICHE: > Thfh
BRe~w27un 77 —Y0RMEIZEL ML, Compound 22 D512 X » THEKRFWICH VT3 C
EDHS & T o 72 (Fig. 1C). MA T, BHFIERCREE I NS IL-6 MIC DWW T H [FEIFRIC, CIA DFRIEIC
X o THEM L Compound 22 D51 & - T L 72 (Fig. 1D).

¥72. CIAICHT 5 CCRA DEEI R BT 2720, BIRERDOEL S CE/BLIE vV AB LU, %
D CCR4 R~ 7 A2 L TRIEFHI 21T > 72, % D, DBA/L =7 R & HIR L TR 7R IR HE T
135 %28 CIA DFIED TR X 72 Z LIl 2. CCR4A K~ v A CIXBARI ZAER AME 0> IS B L 72

(Fig. 1E),
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8 - ¥
=—@= Normal
=== C|A+Vehicle
g CIA+C22 0.5 mg/kg
6 1 mgmm CIA+C22 2.5 mglkg
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Fig. 1 Role of CCR4 in the development of CIA.

(A-D) CIA was induced by intra-dermal immunization of DBA/1J mice with type Il collagen. (A)
Acrthritis score. The severity score of CIA was calculated based on erythema, paw swelling and joint
rigidity, and monitored every other day. The data are expressed as mean + SE of eight independent
experiments. (B) HE staining of ankle joints. Representative results from at least three independent
experiments are shown. (C) Flow cytometry. Cells were isolated from joint tissues and analyzed for
CD11b*Ly6G* neutrophils and F4/80* macrophages using the CD45 gate. The data are expressed as
mean = SE of three to four independent experiments. (D) IL-6 levels in joint tissue extracts were
measured by ELISA. The data are expressed as mean + SE of three independent experiments. (E)
Acrthritis score. CIA was induced by intradermal immunization with type 11 collagen in WT and CCR4-
deficient C57BL/6J mice. The severity score of CIA was calculated based on erythema, paw swelling
and joint rigidity, and monitored every other day. The data are expressed as mean + SE of five
independent experiments. *P < 0.05. **P < 0.01. C22; compound 22.
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2. BAENRIEMR I K UFTRY v~ fi~D~n o —T flilaEBICN 3§ 5 CCR4 D&RE

CIA IZH1J 5 CCRA D 2 IcDWT, X Vit 21T 5 72 CCR4 DHEBH LN T 5
Th17. Th2. Treg OBIEIRIER 3 X OB Y v EiiC BT 2 EBIENT 21T o 720 Z OFER. IL-17A
ZEEAT 2 Th17 IZBAFIRIER 5 L OFE Y v o wFics T CIA DFRAEICHE - THEML 72—
77C. Compound 22 D51 X > THEMREN 2IlP 2 MR S iz (Fig. 2A), LA*L., Th2 & Treg (%
BEE RAEER & X OTIE U v ¥ Hii & BT CIA OFEREICHE 5 Z Lidil® S d°, Compound 22 D% 512 X
LREDMER I N D o7 (Fig. 2A), 72, C57BLI6 v~ 7 A& Wiz A&TH . CIA FIERFOFTIE )
VoNENC BT S Thi7 & iE, BAfl< o 2 LR L CCR4 RIE~= 7 X THWA L T3 Z L 235 2
L7 o 7= (Fig. 2A), %7-. Compound 22 D %5.25 Th17 O A {FHkHE IC EIEH 2 % KIT 4 Al HEN: % a4
% 728 invitro % F\»"C Compound 22 % 55HUC NN L 72356 @ Thi7? AR 2 T L 72, % DR,
Compound 22 % 100 nM THHI L 72354 & 1000 nM THM L 7235450 hic s »wT b, Thi7 o4
KIS 2B R0 5N b -7 (Fig. 2B),

DRI EH T, Thi7 IZRAEEREE T C GM-CSF EEMREZ S L, X v il RIEFEMIE~ & 4
ftF s eBHEINTN2, ZZ T, CIA 2355 L 72 DBA/L v v AR RAE B X OFiE Y v 3
fifiic B> 5 GM-CSF FEA: Thi7 BE% T L 72, Z OfEH. GM-CSF FEA Thi7 iZ, WFhicsB»Th
CIA DFIEICHE: - THM L. Compound 22 D% 512 X o THEMKFINICIED Uiz, F 72, BEEi SIS
LR Y v B TEE A STl 7% v P SEAT ZH9 A4 A V&, EBN reverse
transcription-polymerase chain reaction (RT-PCR) 5 CHEHT L 72, £ DFER. Wi o+ cd CIA D
FEREICHE: > T IL-17A & GM-CSF @ mRNA (2341 L 7z— 7T IL-4 ¥ X U forehead box p3 (Foxp3) @
mRNA 321t L 722> 72, £7-. Compound 22 D51 X - T IL-17A ¥ X U GM-CSF @ messenger
ribonucleic acid (MRNA) BRI Lz, & bic, BEIRAESICEH T 5 IL-17A, GM-CSF,
IL-4, IL-10 DEARE%Z ELISA EZHWTER L 72, Z DfEHR. CIA DFEREICFE W IL-17A. GM-CSF (%
BEINL 72—77C, IL-4, IL-10 I3H§MM L 72> o 72, E 7z, Compound 22 D512 X o T IL-17TA B X O

GM-CSF mEEA R IT K E LA L 7=,
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Fig. 2 Effect of compound 22 on accumulation of various T cell subsets in the inflamed joints and regional LNs.
(A) Flow cytometry. Cells were isolated from joint tissues and popliteal LNs of DBA/1J mice and
analyzed for IL-17A*CD4* Th17 cells, IL-4*CD4* Th2 cells, and Foxp3*CD4* Treg cells using the
CD45 gate. Cells were also isolated from popliteal LNs of control and ClA-induced wild-type and
CCRA4-deficient C57BL/6J mice and analyzed for IL-17A*CD4* Th17 cells using the CD45 gate. The
data are expressed as mean * SE of three to five independent experiments. (B) Effect of compound 22
on Th17 cells in vitro. CD4* T cells were isolated from the regional LNs of CIA mice on day 10 after
the last immunization and cultured for 24 h with or without compound 22 at 100 or 1000 nM. The
relative cell numbers of Th17 cells in the total viable CD4* T cells were determined by flow cytometry.
(C) GM-CSF expression in CD4*IL-17A* Th17 cells. This was analyzed by flow cytometry.
Representative results from at least three independent experiments are shown. (D) The mRNA
expression. Real-time RT-PCR assays were performed to determine the mRNA levels of IL-4, IL-17A,
GM-CSF, and Foxp3 in the joint tissues and popliteal LNs of DBA/1J mice. The data are expressed as
mean = SE of three to five independent experiments. (E) ELISA. ELISA assays were performed to
determine the protein levels of IL-4, IL-17A, GM-CSF, and IL-10 in joint tissue extracts of DBA/1J
mice. The data are expressed as mean + SE of three independent experiments. *P < 0.05. **P < 0.01.
C22; compound 22.

3. DC-Thl7 7 5 2 &2 —JERIC B} 5 CCR4-CCL22 % D%
INECRKEELOMEIN—TIF, HEL VAT ) —~ET L~y ZAZH LR ICE N
T, Fifg Y v i DC 3% Ed CCL22 % /L L. CCR4 2 ¥ B3 2 A€ ) —Thl7 2 M UH L L Z &
T DC-Th17 BIOMEMERZFHE L, Thi7 #8Hx €2 2 L 2WHL & L72[19], #D7=%, CIA %%
72 DBA/L ~ 7 ADFEY v fiic B TH, DCIC X% CCL22 DAL DC-Th17 7 7 A X — D
LB L T2 05T L7z, (ELoic, BIEIRAER 5 X 08 Y v <fiics i35 CCRA ) 47 v F ¥
WEMT L2 TAh, WTINOMBICEWTDH CIA DFIEICH: > T CCL22 DRI T 5 — 15 T,
CCLI7 RBLCZLIT R oNeh o7z, 7z FIEY v Hid D HEEL 72 ThI7T ICD W T 7 —% 4 b
AFY)—iEEHACTITLZE 2A, CCRAB XU AEY) —~—71—TH % CDA DRIDIEZE I N
72o MA T, Th2, Treg ICDWT b [FEIFRIC CCR4 DRI A TER L 7o, dNCHRIEREZ W ZfEHTIc X -
TV v fifiic T 5 CCL22 o EE A EAMINLIZ CD11c'DC TH % & &, Z DJAIFHIC IL-17A EAMY
WY TAR—ZR LT L ERPALLE Lz, £z, FBRENTS 2 72X —BEFHIL 2H5 2.

Compound 22 DHEHIC X > THWA T2 Z EBHL & o7z,
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Fig. 3 Role of the CCR4-CCL22 axis on the formation of DCs-Th17 clusters.

(A) The mRNA expression. Real-time RT-PCR was performed to determine the levels of mRNA
expression of CCL17 and CCL22 in joint tissues and popliteal LNs of DBA/1J mice. The data are
expressed as mean = SE of four independent experiments. (B) Flow cytometry. Cells were isolated
from popliteal LNs of ClA-induced DBA/1J mice. IL-17A*CD4* Th17 cells, IL-4*CD4* Th2 cells,
and Foxp3*CD4* Treg cells were analyzed for the surface expression of CCR4 and CD44 by flow
cytometry. Representative results from at least three independent experiments are shown. (C)
Fluorescent immunohistochemistry. CIA was induced in DBA/1J mice by intra-dermal immunization
of type Il chicken collagen. DBA/1J mice were also treated with vehicle only or with compound 22.
Popliteal LNs were isolated from 10 days after the last immunization. The frozen sections were double
stained for CCL22 (green) and CD11c or IL-17A (red). Representative results from at least three
independent experiments are shown. (D) The effect of compound 22 on DC-Th17 cell clusters. CIA-
induced DBA/1J mice were treated without or with compound 22. DC-Th17 cell clusters per one LN
section were counted. The data are expressed as mean + SE of three independent experiments. *P <
0.05. **P< 0.01. C22; compound 22.
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I ZFREIV/IME

ARECTE, BfiYy v~FETALTH 2 CIA L C57BLI6 ¥~ 7 AF XX, DBA/L ¥~ 7 ZD %7 2 R D
~ 7 AICEWT, CCRAFFTIEY v i B1F % Thi7 O3k & BARI R~ ok 2/ L <BEffi ) ¥
~FIREDMEBICHE G TR T THE L ZHL2E L, T/, BV v ~FET L~ T DR
Y v 3R & 7z CCL22'DC & A Y —Th17 28 CCR4A % A LT 27 7 A X — %K T 2R IZ, <
NETICAZ ) —~HBALET A Y RABINIHET NV~ Y ZADOFEY v A fHichiER I N T3
[16,20], ZD—H T, Thi7 IR T 2 H 5> —2DREMNRTENA v ZEIKRTH % CCR6 1X. BV
T FET AV RACE W COEBBA~ L Thi? 25632 2 L CTREDOEHICHFS T 5 2 & HRE X
NTW3[11,21], L2L, EELDOMEI N — TR To MR ICE T AT ) —<HBALET AL~
A D@ Y v 3fiTld CCR6 2/ L 72 Thi17 OHIHIITEE I N d o7z, SO DR & B &E
e & D RIERRR~D Thi7 24 1CBI L T i3 CCR4 & CCR6 A3 iiIc ke S 2 — /5 . FTiE Y v ¥
ICH1F % DC-Th17 7 7 A X —JEH D X 5 72 Th17 OIEHHEICIZ CCR4 O A5NERICEAb > Tnwb Z &
BRB I N7,

CCR4 D XIBIC X o TR Y v ¥ flids L O, BIEIRAELR D Thi7 (38R~ v R & i L B i
L72—/ T, CCR4 xR T 2o~V —=THilEH 7y + TH 2 Th2, Treglx. WINHFEY v
S3ffi, BAETRIERS & 1T CIA DOFEICHE S BIIHEGEE S et o7z, £72. CCR4 D XIBIC X 250
DRD LN o7z, TDXIICCCRA D ThIT DMIEICDOAZFELE T 52 L, Hidk L7z X T /7 —=iH
BAET T A LHET L~ RCEOTHHER I N TWT2[16,20], X T, EFEMHEAMIEE
BTG L-HBAET v~w 2%, ovalbumin (OVA)+ 7Y a NV M X377 7 F v {To /-~
7 A dextran sodium sulfate (DSS) %/ L 2 KBRET V=T 2D Y v fiic BT, CCL22'DC 23
Treg DHGE# S Z & b ICHEINTVB[22], O DA EHEET 2 &, CCR4-CCL22 %%/
L 72F5E D CCRA FITI~ N =T HIlEY 72 v b OBGEIX, ~ v RLEET T VIR 3 KM% R
THREEAE 2 b B,

BITE £ CIcl% K OIEIRRERIC BV T, IL-17A DR 2 B RIB- ik v CIHE L 2854
i, Bl v=FET A~ ROBAEIRIERSE L KT 2 2 L AME I N TE2[23,24], &5

I IL-17A 2 E L7z, WL O ORFKEER D fThbi T 5[25,26], L2 L. secukinumab <
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brodalumab, CNTO6785 7z & @ human anti-1L-17A monoclonal antibody % F 755 1 AH, S5 MIAHASR IC B
WT, INODERNIZEHY veFBE KL THoRIBEDRE S 20 THENTE RD - 7225,
26], Th17 13 IL-17A AT GM-CSF 2 FEAE T2 2 L IO NTE D, SKG~ 7 R EM TN HER
EVEBAEI 8 % BARIET 2 RO~ 7 A2 W 720192 Tld. GM-CSF %43 % Th17 25FTE Y v < ffi
CEHMIRAEGR TN 3 C L S I T\ B [27], GM-CSF i3 Eicifhike~2rn 77—V D
HAGIE R ICIET 2 RIEMWMBL O b & TEHAL 2R T4 P A A vTh b, HOREHERIZ% O FIE
AT UL AR E R FE o 2 L AR I T B [27, 28], & B ICIEEDIERFIRIZEIC BV T, GM-
CSF 13 Th17 (K71 e AEMR R CTd % CIA < experimental autoimmune encephalomyelitis (EAE) D %&hH%:
7 G HRIER & L CiEH 289 T 527,29, 30]. M1 T mavrilimumab < otilimab, namilumab 7z & @
GM-CSF %Sl & L 7= FUAREZE S 03B U 7~ F B IO L CHEE B iR 2 R L7z 2 L 2R+
% BEIRAFZE & 7776 L T\ 5[31-33], AfiffFE T3 CCRA ERIVIHESL TH % Compound 22 D% 5 X -
T, Fil@ Y v i X OB RIEGRICIEE T % GM-CSF EEAREZ Fi0 b 0 b &0 72 Thi7 &R0 HE 7«
WAL, B v~ FIREO KR ASGEDSRS bivz, 72, IL-17A 5 X U GM-CSF ® mRNA 5 X U
RZYNRTLRUTORMD ORI NIz, 205 OF5RIZ. CCRA 2B ) 7~ F % 7 £ @ Thl7 {KTF M
R RIC B W CH A R T EIAEREN & R 2 EEE R R L C\wb, LA L. CCR4 X Th2 % Treg
mEMD~A AT HifA 72y MICOFEHLTWBE I ehb, CCRAZIAETZZLIZ. 2hbD~
=T MRS LT HAT S 2 D58 % RIS T HREMESE 2 b, FFIC Treg IZ R A % 4H 5 HE
AR CH 5 720 AN REWERIC D 7243 2 WIREMEZ o0 IC B L 7243 b FREE R 1T 2 HELH 2
EEzbLND,

LLEX Y, CCR4 F Th17 KA RAEMIK B O —1ETH 2 Bffi Y v = F BT, WEHRFTEY v
AEIC BT S DC-Th17 7 7 A X — DO Z RAE L Thi? OHICH 535 2 &, /2. Thi7 OBk
JEFR~DHEREIC S EF 535 Z LT, Th17 % B~ L @R I a5 2 < & CBIEi SRR & i & 2

LRFTHLZ L HHLLL LTz,
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BIE REMS OWREBICET S CORA DRERERRHT

5 ORI ERE DO —FETH Y, 2O E L THA RIS AEL T b, FRCREM
BET IVRGUE, kR PR AT FLF Y v REDE) T I VHREEDNE ORI X 5T
Mo OFERAFNERIND L IR TH Y, BIETUE L T 2 5 DIRIEHRIED S A3 DIREIC
HOowTHBEINZbDLHRoTwE, LaL, I OMEFDOB XZ 30%ICH LTk, 2 b DinHE
RN REFIREEZ D03 R0 I MEINTVE[34], T/, BFEOEEMDPIREZRI W
J VL ARY Z—ITh L TIThN R IC BT, BIETES A b A A4 v icxhd 3 PiikESR 258
BNRERTZEDMEINT VBT L0, BFORFRIE L 1387 297 R FABT % b DB
DEHAFED KD 6N T 5[35],

o FR R & V> o 7o R R 1. BT (blood-brain barrier; BBB) 1C X - CTHRMAMM & XU 5
NTHY, L OYHELHBOITE RSB T o T3, 2070, Z0bOMikIRO 2HDR
ERH O IEREE S NHRCH 3 LRI L, GER & OBBEICKEH L 28 T iciTbi Tk
otee L L, BHEDOWMRIC L o TREMICHFEI N RIEBRFI Mtk \»T, BBB ZHEL T3
ZA N w7y a v ORBAMET L, BBB DFEBMEATIET 2 2 & T, lFEHERI N TR vy
DIFHABEL 2 Z L HL 2L 7 o72[36], E7z. Mz CLHlBENIC, BMEENTE L ZED TPl
DHEHAH S ) v B OFEDME I N &b, RIER & OREDSME T Tl PR iR % & KA
Mk & o THE LM OTT & KBTI 2 WREMEAVR S N2[37], & b ic, RIERFICEH THES N
T2 RIETES A b A4 v ix. B D indoleamine 2,3-deoxygenate-1 (IDO-1) DO FI % FHE S 2 Z & 25515
NTWw3, IDO-Likta b =VHEBOFEMERZL-F Y T+ 7 7 v b REEFER2RFF>F XL =
VEGRT A LT, kv b = v OABAES X CHREEEZ L O oRERE 5 & 2 3RIRK
FTHB[38], TNbDETHRICE T, WD REICELPHIMRRICGEELE X5 2R T
AP CRE SN LT, MEOREZ DV IZH A, FIRAFRR OB G 3 2 S SUS I g &
WX 2 8T 72 2T FErii & L ChEN. I Tz,

e, 5 DfREH OfERIME T 5 X CINE#ERR F < lx. tumor necrosis factor (TNF)-a° IL-6, IL-17A
REDRIEWEDTA P AA VML TS e BREINTWB[39], AT, TNHDNTA—X—

35 OPIER & OMBIZRT 2 L dHONTIH Y RIEMEI A b A A v O FEBHIEHIEERE 1 2F B
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e LTHEHEZED TS, ~A=THIlEY 72 v b TH 2 Thi7 ML EIC IL-17A * GM-CSF %
FEAT B 2 L THL ORIEWRBORIEICHEG T%, 72, ThiTMlgsiEET 294 24 viZAR
SR DIEEALPIMEIC DB 2 C LG TN T W5, —T5, Treg (XHIHIES A 4 v T
B % 1L-10 *° transforming growth factor (TGF)-p% A3 % & & CTRIERIG Z M]3 5[40], FERRIC, &
FETDbNERICL 5T, I DRET A~ Y B L) DfFEF OIFERIME H & MR <1k Thi7 28
BIMT 5 2 LWL L I N1, 2. Treg XREL 2D DHET A~ T AT, 9 DHAERDHY
W32 b WMEINTWE[4], 2NODHED2 S, Thi7 & Treg i< X o CTHIM & 1L 3 BAE I 51
TH 2 HRFATE S DR O EIKICEH 53 5 AR R S hTwv 5,

Th17 % Treg O 3@ O MIRGEEEN 728K CCRA D Y #v FTH % CCLLT 72 b LNIT CCL22 X 5 2IR
BEORMIMAP THMT 2 2 L AME TN T B[42], £ 2 TARETI., MRLERICE T 2 BIENIG
TH D RIEFAFNE D DIROIEEBIEKIC I \WT, CCRA 2 H T % Thl7 I X X Treg 3B 2 JAE Hill IS

ICBWTCCRADBED LD HEZR LT E3HLE T 370058 %2iT> 7=,
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1. REAE

1. EEREY

C57BL/6) ~ 7 A (8 iMiin. ) 1ZEHKEHEMEI L VAL 7z, £7-. CCR4 X¥E~ 7 X (C57BL/6
Ny 777 v F) 1% Jackson Laboratory & D BEA L 72, FEEREIW)IC IZEZE R B X UUKEK % BEL X
2. M) 24°CT 12 K OWARE Y 4 7 VICRFFE L7z SPF BIR N OME CHE Lz, kb, BFEER

IRICHER L, KR 2157 0 2 ClEm R A RERBYIMIE I

il

(CBA L CIIpHEaT I 2 s K B R

N

EoOnTiTo 7,

2. LPSEHERMES oFET A=Y ZROEE
LPS (lipopolysaccharide; Sigma-Aldrich) % 1 mg/kg D58 C~ 7 X ICJGENHKEG 32 2 & T 2R

EFNA2T RARERLL 72,

3. frEpEbR

LPS 5.5 5 24 WfiifG# L 72 T D 5 ORRITEN &2 51l 3~ 5 7280, @Kkl 2 17 - 7. ailk
KRB TIZ, v~V 2% 6 SRE DOk EICFEDP N, RED 4 OB 25 L 72, %
7. FHROHREHELZHE T 27204 —F V74 —AFT AN 2fTole A—7 V74 =1L FTF
Z P CIEFE60ecm OME7 4 — v F Ric 5 i~y 2% Af, B3em TR I ATHE L —3—

25 D A7 [ G L 72,

4, Compound 22 DFEERT Y 2 — v

Compound 22 (% LPS #% 5 1ER/iIC 2.5 mg/kg D% 5 & CHREIENES L 72,

5. AR Bk

M AHAR X PBS % W CREFRALE %2 L 72 © b BRI X OV % BL Y R T2 & Accutase (Nacalai
Tesque, Inc., Kyoto, Japan) M CHll2> < &, 37°CT1IHEFIRRIL 2854 v F a2 x_— P L7z, 2D 70
pum O+t A L —F—%# L, 25% Percoll (Cytiva, Marlborough, MA, USA) % F > C Sty fiiia 45 %

Iy HX L B AS Ri 2 15 72
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6. Zu—H A4 FALY—

HAHE L 72 MIIE & 2 2 AR L 7= Pk {anti-CD45 (clone; 30-F11), anti-CD4 (clone; GK1.5), anti-
CD11b (clone; ICRF44), anti-CD86 (clone; GL-1), anti-CD206 (clone; C068C2)} D iEAR T 30 /et L
720 IL-17A OYREICERL T, #ie% PMA & lonomycin T 4 BfE## L 72D % Cato-Fast Fix/Perm
Solution (BioLegend) T, iEEULEE % 1T\ > anti-1L-17A (clone; TC11-18H10.1) DiE&# % F > T 30 4
gt L7z, %72, Foxp3 D 4th it Foxp3 Fix/Perm buffer (BioLegend) TEE, EEULEE % 1T\ anti-
Foxp3 (clone; 150D) % Fi\» Tt L 72, 2 C DPFifRIT BioLegend 2> HEEA L7z, Yeft L 7= MHAEIZ 56 L
7-D %, LSR Fortessa ® % \» % FACSAria THIE L. FlowJo software (Tree Star Inc., Ashland, OR, USA)

TREMT L 72,6

7. Real-time PCR
TV v fis X OBfifR2 & © mRNA filiHiiciZ RNAiso Plus #{HH L7z, & 1 ug © RNA

template % ReverTraAce gPCR RT Master Mix THr5 L ¢cDNA % {5372, Real-time PCR (% KAPA SYBR Fast
gPCRkit Z i L, #L&EIco 7' v b a LIfEV{T > 72, PCR 1 95°C5 43 (Initial desaturation) @, 95°C
30 # (denaturation). 60°C30 #» (annealing). 72°C60 # (extension)D SIS CiT -7z, L7277 4
~—% Table 2 IZ/R T,

Table 2. Primers used in this study.

Target MRNA  Forward primer Reverse primer

CCL17 TACCATGAGGTCACTTCAGATGC GCACTCTCGGCCTACATTGG
CCL22 CTCTGCCATCACGTTTAGTGAA GACGGTTATCAAAACAACGCC
GAPDH TGACCTCAACTACATGGTCTACA CTTCCCATTCTCGGCCTTG

IFN-y CTCAAGTGGCATAGATGT GAGATAATCTGGCTCTGCAGGATT
IL-4 CAGCTAGTTGTCATCCTGGTCTTC GCCGATGATGTCTCTCAAGTGA
TNF- a CAGCTAGTTGTCATCCTGGTCTTC CGATCACCCCGAAGTTCAGTAG
iINOS AACCCCTTGTGCTGTTCTCAGCC GTGGGACGGGTCGATGTCACATGC
Argl ACATCACAGAAGAAATTTACAAGACAG TGCCGTGTTCACAGTACTCTTC
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ZNZ D mRNA FIH 1% 2-24Ct %% F T GAPDH mRNA CTHEE#{L LERE L 72,

8. HEHE

IR %2 BRIL L . 4% PFA & PBS T—IRIEE L. 20% R 7 1m0 — ZKIEMR THiAK L 72D B OCT
compound % FIWCHASEEE L 72, 2Dk, YIR % 6 um OJE X TEit) L, 2% BSA & 1% donkey serum
ZELPBSTY B Yy v/ L7z, R, YR % rabbitt anti-CCL17 (Abcam, Cambridge, UK) & goat anti-
CD31 (R&D systems, Inc.) % 7z % mouse anti-GFAP (BioLegend). mouse anti-lbal (GenTex, Inc., Irvine,
CA). chicken anti-MAP2 (BioLegend) & & $ 12 4°C T—Mif v F 2 ~x— L7z, JEiFk. YA % Alexa
Fluor 568 1223 goat anti-mouse 19gG (Abcam). Alexa Fluor 647 12:% donkey anti-goat 1gG (Jackson
ImmunoResearch, West Grove, PA), Alexa Fluor 647 ££5# goat anti-chickenlgY (Abcam). DAPI (Nacalai
Tesque) ZBEELAM L 2 KfffI A4 v ¥ 2 ~x—F L7z, &f%IC. Y % Fluorescence Mounting Medium T~

v v L, HERL - EEEME B L

9. WMiEhHuLE
B o N7 EBE X, FELEERAECRL 72, MW AREOHEICIE, 2 B o846 13 Student-t
BE % V. SR O GE 38T % 1T - 72#%. Tukey-Kramer {512 X YV #E L7z, P<0.05, P<

001 THEEDY L LT,
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I. EBRER

1. LPS &R > oOMRRBIC I 1T 5 CCR4 OHSREMRMT

IofFIEeE = v OGS C R TR AANEEERLE LEETH B, T DRIEICIT
A b LR EDBRBEERDAMNC, BIRERIEO BIEES 4 P4 v, 2hic k- THREFEI N
% IDO-1iC k2 k2w b = viltigE DD 2 FHICEE R &EH 2 H > T 5b, 22T, RIESAFEN S W
TAELTHHAINTEY, EHMRIEOFHE L. ZcH < MM IDO-1 B OMEMC L r b = VEE
DY HGIE R T LPS FFRME S DfRET AV~ A2 LK 21T 72,

T U I, LPS G REIC A U B N T O RIER IR IC CCR4 3B L T 5 22 M5t 3 % 72 & g oo fEE
OHTH, MEEEORIEMILTH 2 I 7 1 7' ) 7 OiEHEAL-C RIS O i e & 02 L RRICBEE T
H 5 S A T, CCR4 BELE(Z T D FIZ L % RT-PCR L% M LT L 72, % DR, CCR4
LZDYHYFTHB CCLIT D mRNA BEEfIL TW»Wiz—hH T, 92D ) # v FTH2 CCL2 D
MRNA & IZZ BRSO nkeh o7z, Lo L, CCRA K~ Y Rk L CTRIBRIC, LPS 25 L 725 &1C
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Fig. 4 Involvement of CCR4 in the pathogenesis of LPS-induced depressive-like behavior.

(A) Gene expression of CCR4, CCL17, and CCL22 in the hippocampus of LPS-injected wild-type (WT)
and CCR4-deficient (KO) mice 12 h after the intraperitoneal injection of saline or LPS. (B) Double
immunostaining of CCL17 with the neuron marker MAP2, the endothelial cell marker CD31, the
microglia/macrophage marker Ibal, or the astrocyte marker GFAP in the hippocampus of control and LPS-
injected WT mice (left). Schematic diagram taken from the mouse brain atlas of Paxinos and
Franklin.'® Images were obtained from gray areas (right). Data are representative experiments. Scale bar,
20 pm. (C,D) Immobility time in the forced swim test (C) and spontaneous locomotor activity (D) of WT
and CCR4 KO mice 24 h after the intraperitoneal injection of saline or LPS. (E) Gene expression of TNF-
a in the hippocampus of LPS-injected WT and CCR4 KO mice. Values indicate the means + SEM (A:
n=3, C: n=7-11, D: n=586, E: n=6-7). =*P<0.05, =*+xP<0.01, =**xP<0.001 vs.
Saline. fP < 0.05. P < 0.01 vs. WT.
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Fig. 5 Infiltration of Tregs, Th17 cells, and macrophages into the brain of LPS-induced depressive mice.

(A) Tregs (CD45CD4*FOXP3*) and Th17 cells (CD45*CD4*RORyt*) were analyzed in the brain of wild-type
(WT) and CCR4 deficient (KO) mice 24 h after the intraperitoneal injection of saline or LPS by flow
cytometry. (B) Gene expression of IL-10, IFN-y, and IL-4 in the hippocampus of LPS-injected WT and
CCR4 KO mice. (C) Macrophages (CD45"s"CD11b*) and microglias (CD45™CD11b*) were analyzed in the
brain of WT and CCR4 KO mice by flow cytometry. (D) M1 (CD45MCD11b*CD86*CD206) and M2
(CD45MehCD11b*CD86-CD206*) macrophages were analyzed in the brain of WT and CCR4 KO mice 24 h
after the intraperitoneal injection of saline or LPS by flow cytometry. (E) Ratio of M1/M2 macrophage
polarization. (F) Gene expression of the M1 macrophage marker iNOS and the M2 macrophage marker Argl
in the hippocampus of LPS-injected WT and CCR4 KO mice. Values indicate the means + SEM (A: n = 6-11,
B-E: 3-6, F: 4-9). xP < 0.05, **P < 0.01, ***P < 0.001 vs. Saline. fP < 0.05, P < 0.01 vs. WT.
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Fig. 6 Effect of Compound 22, a CCR4 inhibitor, on LPS-induced depressive-like behavior.

(A, B) Immobility time in the forced swim test (A) and spontaneous locomotor activity (B) of control and
Compound 22-treated WT mice 24 h after the intraperitoneal injection of saline or LPS. (C, D) Tregs and M1
and M2 macrophages were analyzed in the brain of control and Compound 22-treated WT mice 24 h after the
intraperitoneal injection of saline or LPS by flow cytometry. (E) Ratio of M1/M2 macrophage polarization.
Values indicate the means £ SEM (A: n=11-12, B: n = 5-6, C-E: n = 4-5). *P < 0.05, #P < 0.01 vs. Vehicle.
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