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F1E HS
T 27F 9 (Gal-9) 1T MfaoOMIIE BiE £ 0 ek ELR & LTI T
[l S 19, OB EE Elie~ 7 a7y — U REER, ~ A MHE, B
AR, PRI & D o T AR ARMIBIC BB L TS Z EAmE SN TS 47,
Gal-9 ITMMMEEEE, B35, TR b— R, AfE, HMEOFE L V- TR 2

FETDH, ZibOBKEEE Gal-9 7Y T-cell immunoglobulin and mucin

punify)
o

containing-protein 3 (TIM3)WZHEAT 25 2 Sl k> THIEE RS >%Y (1),
TIM-3 ¢t Helper T cell type 1 (ThD#llz 9, Cytotoxic T- lymphocyte (Tc1) #l
fitd 19 Helper T cell type 17 (Th17)#ifiE 10, Natural killer NK)#ifE 12, Natural
killer T (NKT)#lf 13. 19 fHJGHIM (dendritic cells, DC) 19, =< & b #flifiiy 16. 17
EV D T EARZAIGICRIL L T %,

Gal-9 3 NK #lllg '8 & DC Opic K 2 A E T MR OFELic X0
19) PUEEHEEZ R Y, S 62 Gal9 13 A T/ —~ AN OEEZFHE L |
#8295 20,20, Gal-9 1~ v A IZE1) 2 FEErN A O s B s

(experimental autoimmune encephalomyelitis . EAE) & =15 — /5" L FFE I %
(collagen-induced arthritis , CIA) OIEIRZEUIZHIFET A = L b AEFSN TN D
2B PUTIM-3 £/ 7 v —F APl (mAb) &k, Gal-9 1L TIM-3 2/ LC

Thi a0 7 R b —3 A 23K L EAE O 2632 2, £7- Gal-9 /% Th17



MR D /b2 R L. Sl T Mo /r bz fedE4 5 2 & T CIA ol b il
% 22),

517 Gal-9 & TIM3 IZEHWHEO T L ¥ —HSGERIEE T T BT 5 itifd
FECHBN EHLTED PP, [UEREOFE~OBGNRgEN TG, £

. Gal-9 ZHTEE Lz~ U AT, ART AT I F I X =CHELERE
RIE & WEER IR SN TVD Z ERRE SN TND D,

¥ A MMIRIE D A L ARME 72 & ORISR . 4 =78 & DOASRHURIC &
B ST D RUBEREIBC R G 72 S22 <AFIE L. IgE 41 L7 BRI 1 h 0
A VPEAIZED T LR —RIEICEH DD | FORENIET L F—REORKIEIZ
DIRIND, ETBRAERE N LGB b YA N A CEEAIZ L D B
STWDZ EPHFH B E > TE TG 7,

< A MRIZ 31T S Gal-9 DIERIZSWT, Gal-9 IZ IgE & HURDE KD
JERZRET S Z LT, A MO MR O B Z B4 2 & v 9 i »
H528, Ll Gal-9iz kb~ ME» O DA U A VEASELEE B
LefEi3e<, £ b= Ml TOMH 2R L2 & 720,

Z 2 CARL v Al RS~ A ML (bone marrow cell-derived cultured
mast cells . BMCMCs) (52 #) BLOE b~ A bfiffobk, HMC-1 (5 3 &)

ZRWTHA A VEARAEE T DT Gal-9 DIERIZ DWW TR L 7e,



F2E ~UVREHERKEE~X MIl~DOT V7 F 9 DEA

F1H Tx

Gal-9 IZLpk7emiialc 8 L, ke, 5. 78 b— AL AfFE ko
BELE Do e RBEE B LTV A Z EBRHEEN TS 4D (K1),

~ A Mz BT % Gal-9 DIEFIZHW T, Gal-9 1% IgE & HFEoE A kD
JERZ HET 25 Z & T = A MR O RITER O BURRL 2 032 &0 5 i
H% 2, LirL Gal-9iZk b~ A MNUEN B DA NI A L pEAERAAF 2 R
LI zewv, 250 TIM-3 7 2 =2 MHUS (BT TIM-3 AR Y 27 o —J L $iK)
IZ BMCMCs DA N0 A VEAZIRET 508, IgE &4 L2 BifEhic i s
L2V ERRESN TS 9, Gal-91%, ZLOTIM3 DI H > FTh5
EME SN D, F D% CD44OR IgE2® L\ o 12 TIM-3 DA D4 FIfsa L
THERZREET L2 L AHESNTEY, Gal-9 I LD~ MlNSOH A
A LR FE~OERN, FLTIM-3 72 =X bR LR CRER L 225 2%
FHTH D,

F /72~ 2 ML Toll like receptor (TLR) %41 L 7= R X - T, RIEtt
A NOAEEAL, ARGEZ L BB T L EE SR 21 -
TW5 2, L LTLR 24 Lic~ A MUBLOEMEIC R T 5 Gal-9 DX

AHTH D,



2 TAIl, BMCMCs # W T A B A VEARA 28 O 7= Gal-9 DfE

AR LI OHARGERZN LM L5~ MlloiEH bz BT 5 Gal-9 o

BENC SN TR L,



F2H MErE HiE
A LR 2%

< 7 AEBEH RS E ~ A Ml (BMCMCs) (XC57BL/6~ w7 A H k- B #bf
%> 10ng/ml recombinant mouse IL-3, 10% fetal bovine serum  (FBS) ., 0.1%
2-mercaptoethanol, 100U/ml penicillin 35 J2 (8 100pg/ml streptomycin % %5/l L 7=
RPMI 1640 (Sigma Chemical Co, St. Louis, MO, USA) # H\\ T, 5% CO, , 37°CD
FEOH Lo~120[E# L THEE LE, Tr—HA PA—F—ICT TRt L7z~

A MBS (c-kitBhE, Fe e RIEGE) 98% LA Ed b o &R L7-,

ELISA%:

BMCMCs (1x105 cells/well .96 well platefifi F)% 1 11 g/ml anti-dinitrophenyl (DNP)
IgE (SPE-7, Sigma Chemical Co, St. Louis, MO, USA)DAFAE F T37°C 18 HHIEF#
LT IgE BfEL, WIZK 2A TR L7Z 2% @ recombinant mouse galectin-9
(rmGal-9)(GalPhama Co. Ltd., Kagawa, Japan) T 1 FEfRiALE L, Pl & LT
20ng/ml @ dinitrophenyl human serum albumin  (DNP-HSA, Sigma Chemical Co, St.
Louis, MO, USA) DAAE T4 X OFELE(E T 37 °C 18 We[HEE# L7,

BMCMCs (1x10° cells/well 96 well plate fiifl) %X 2B {275 L 7= #2 [ ¢ rmGal-9

¢, 100ng/ml /L€ xZ H3k lipopolysaccharide (LPS) (Sigma Chemical Co, St.



Louis, MO, USA)D{FAE T35 L UBEAFAE T 37 °C 18 WfHIRT#E L7z, £/ 40,
g/ml @ TIM-3 BLEHUETH 5 RMT3-23 (IH KK L 0 451985 1O 215015
(R&D Systems, Minneapolis, MN, USA) = 7= /X control rat IgG 2a (eBioscience, San
Diego, CA, USA) T 37°C 1M, rmGal-9 & LPS BKATIZE: % L7,

FIEF D IL-6 35 1L O TNF- o {3 ELISA kits (eBioscience, San Diego, CA, USA )

Z MV TSSO FIRICENE Lz,

p-hexosaminidase release assay

BMCMCs %1 u g/ml IgE (SPE-7) OAFAE T T37 °C 18 Wpfiifiag L TIgERAE L
PEvE%. 96well plate 121 x10° cells/well THERT:, BI31T7R L7 OmGal-9 |2
T 37 °CTIWEfEAITALEE L. # @1 100ng/ml DNP-HSA % L < iZ100ng/ml phorbol
12-myristate 13-acetate (PMA) (Sigma Chemical Co, St. Louis, MO, USA) &1 pg/ml
ionomycin (Sigma Chemical Co.) Z#sh L37 °C T304 L7=1%., AfE 3k % A
I L 7=, MifE 3E O B-hexosaminidase T4 DT IE /AT S0k Z — Bk L TIT
> P, BB L 50 plOR{A % 0.1M sodium citrate (pH 4.5)41 1.3 mg/ml
p-nitrophenyl-N-acetyl--D-glucosaminide (Sigma Chemical Co.) 100ul (Z1 % T
96-well 7 L-— F Z N T37°C, 1HEEIA v 2_— Lz, 20, 50u @

0.4 M glycine (pH10.7) 2 S-wel l\Z ¥R U CRER SS 2 1k D 7=, FERTENE(OD405)



A7 =) —=F—2HTHE L. FT—ZIiIZonTid, Mo
B-hexosaminidase FIZXIT 5 45F T THUH 4172 B-hexosaminidase DO FH| & % /3

—t bR LT,

AR A DRt

BMCMCs (4 x10° cells/ml) D % 10 ng/ml IL-3. 2.5 11 g/ml IgE (SPE-7) % 7= %1
uM rmGal-9 & 100ng/ml LPSOfFFE N E 721 ZFEFAE N 1237°C T6H RIS L.
FRIFY LR L 7=, D% FITC-conjugated annexin-V & propidium iodide
(MEBCYTO-Apoptosis Kit; MBL Co. Ltd, Nagoya, Japan)iZ THxfa L, propidium
iodidefEME, Annexin-V2{4 A fFflif OFIG ZFACSCalibur & ZD Y 7 vy =7

CellQuest (BD, Dranklin Lakes, NI, USA)Z FWCTHIE L7,

s HEpT
£ TDT — % [Imeans = SDTH L 7=. Unpaired Student’s t-test (two-tailed) 7=

I$ ANOVAIZCTHE., WMatfiT2iT>7, p<005 ZMitTHAERE L,



3 MR
rmGal-9 ® BMCMCs ~D Y%A s A PEAICRT HFH

IgE XM T~ R NN SOV A M A L PEARRT I EOXRE ST
% W, AREIOKBFTYH IgE IZHM T~ A MUK OO A N b A L EAE R
CERET D 2 L RNEER S L (IL-6, TNF-a & HI2 p<0.05) , & 512 mGal-9 1%
IgE 77E FCBMCMCs 2> 5 DA M b A Vg IL-6 BEONTNF-a) # 1uM
THEIZRET 22 &, Flonbol (K2A), —H THIFIZE S IgE D4
BFCTOYA MhA A (IL-6 B LN TNF-«) X rmGal-9 JEFF(E T & bk L
T, 1uM ® rmGal-9 THEIZIME 7z (K 2A), KIZ BMCMCs @ IgE %4
R, BRGEREZN LIV A MU A VEAICKT 2 ERHERTT 2729,
LPS OAFAE FIZ tmGal-9 Z M L72, rmGal-9 i% LPS 347 F T BMCMCs 7> 5 @
TA M OA EAZFHET D LR (K 2B), £72 TIM-3 [HEHURE,
rmGal-9 |Z J. 5 LPS A7 FTOD BMCMCs 236 D31 b 51 1V PFEA R E 4 [l 3

T IDZEND TIMB UAD U o RO RE I (X 20),

rmGal-9 X BMCMCs 15T 2 ks 2 Mkl 4 5
m@Gal-9 ® BMCMCs (25T 2 HUIZ K 5 IgE OZEAEIZ L 5 R ~D%h R %

Bint L7, IgE C 18 BEEIE L 7= BMCMCs % rhGal-9 (0, 0.01, 0.1, 1 pM)IZ T 1



REM TLE U PO E 721X PMA & ionomycin CHIEL L 7=, B-hexosaminidase release
assay (2 & o TEHlli L 72 BMCMCs 7> 5 OFERLIZ, 1 puM @ rmGal-9 FiiLiE iz T
izl sy (113), BLEEY rmGal-9 1% BMCMCs (281 DRI

£ % 1gE DZEMGIZ L A MR 2 fAE 2 = LR & v,

rmGal-9 ® BMCMCs OAFICxEd 25 e

KIZ mGal-9 ® BMCMCs D7 R b —3 2125 B AERIC oW TR L=, il
% 10 ng/ml IL-3 £ 721X 1 uM mGal-9 & 100ng/ml LPS OFEAE | £ 71X IEFAE
T T 6 ARIRGE L, ARl L7z (10 20 40 6 A H) o E{FMlE (annexin-V
21 OEFIEIE, mGal-9 & LPS OIAF FT 2 H BT vehicle control, rmGal-9
HOMURIEES KO LPS HMURII & lb X CHEICHD LTz (K4) o 2LErs
rmGal-9 (% BMCMCs F5\ T, LPS OHEfF FTT A b — A2 HsRT 5 2 & AR

N7,



FAf EBE

ABIOHE T~ 7 A Gal-9 |3~ U ZFHH ki~ 2 Mg (BMCMCs) (2
xf LARHE & i, mim OMREs G35 2 L2V A&, rmGal-9 iE BMCMCs 0
Ay & Rk 3 X OWURIZ £ 5 IgE OZERE FTOH A A W EAZ L
25, IgE £7213 LPS HAF T COHA ~h A VEEAIR R L, LPS HF F oY A
A VEAFEIZOWTIZ, TIM-3 A DO ENRIE S L7,

A B DT, mGal-9 (X IgE F77E FTiX BMCMCs 2> 504 M A L ek
AR L7203, PURIC X 5 IgE OZERE FCidaml L7z (X 2A), Gal-9 1XIgE &
PUROBESROBRENET 52 & T, v v A0~ A MIFEROPUFIZ L % IgE
OZENE T CO MR 23692 &8s S TE Y 29 AREHCH mGal-9 28 IgE
EHURDEAEOIREHE L, A M A VEEAPINRISRZEEZ B,
— 5 IgE HUMAF(E T Clid, Gal-9 I1IPURIZ £ 5 IgE OAG L 0 iMEWH oD% o
NAA CPEA IR L7, Z4UE BMCMCs £ IgE -~ Gal-9 /3 FERFRAIC

L. IgE Z20& Lo vlRethEny b 5,

— HTHARGEAREI LI SO A BEAICK LT, mGal-9 (X LPS »k
17 FIZ BMCMCs 7> B O A N1 A U EAZFHE L (K 2B), Z TIM-3 [
EPURIL, rmGal-9 @ LPS 4617 F T?D BMCMCs 75 DA N1 A Ve %

FHEE (X 2C), TIM-3 LA 53 OB 53R Sz, Gal-9iZe 7oy

10



BED UL RTHD CDMITHES L, The OEEEET D ETHERT AT R
YEFVF = THE LERESRIEENSIT S 2 EBXWEIN TS, o b
DT b A MIKIZBIT D mGal-9 IZ kD AKRRIESEEZN LA A
VEAIZBOTIEZ, CD4M4 b L IIRMOZEMBOR NS 2 b,

KIZ BMCMCs (23517 5 IgE & PURIC L 2 BRI 2% LC, rmGal-9 1330l %)
Bhrt o e sns (K3), ZOH%EE Gal-9 N IgE & HEOE KD
R ERET 2 2 LT ~ A Ml & AT RER O M RE o BUBRL & 39 2 &
WO B L ARROFE R Th o, TSk LI TIM-3 7 2= & MURIL,
BMCMCs O+ b1 A L pEAZRET 223, 1gE 200 L7 Rz I3 8% 5.
2N EBWMESNTVS 'Y Ko TAMORE I mGal-9 @ TIM-3 24 L
AEM E D k0 IgE & HUROBEAROTERINEFIC X B1EH Th 2 arhEE 23R
B STz,

X 512 mmGal-9 1Z BMCMCs 3 T, LPS 37 FTT A b — o AFHE = {Liff
L7 (M4,  Gal-93HEE T~ 7 ADMMMIEL, Thl, Th17 Pk FDRA T/ —
VHIRED 7 B b= A ZFET H 08 27220 2 Lo IRIIZHL TIM-3 i
i BLTIM-3 R Y 7 2 —TF APiR) k7 2 =2 Mk E LT, ~ 7 2 Eiidk
Fide~ A MO T AR b= A2l 2 2 ERE SN TN D 19, SRR

BT TIM=3 B OFE R 2132 D . mmGal-9 ORI~ DER I TIM-3 B A7

11



PEDORRENEN 8 D Z &SRB S LT,

AEIOBRET, rmGal-9 (X~ A MR W TIEE & HiIH, i OMRE s A
T5ZERALNE RS, tmGal-9 1T A MY 5 OB 22—
37T, A PAAVEARREL, TLAXF—EHBORERER LS L
WRIBENTE, Ko T rmGal-9 (T~ A ~llad» & o Bkl i 5 BT A s 2
FETOWEBOIREIE E 2 DRt R~ s e, — T A Mo U EA
RIEET 2 2 & 2 BB OS2 RS 5 nletEnsd 0, BRI OS24 3%

AT EA NEEL OO BE L 725 WHEME SRR S,

12



FE5HE /NE

7 U A Gal-9 13+ U A FRiORER £~ 2 Ml (BMCMCs) 04 (5 & Bz
BLXOBURIZ L D IgE LG T TOFA NI A LV PEAZ I L7223, 1gE £ 721X
LPS fF T DA A AR L, LPS EFFTOH A I A U pEAICD

WTCIE, TIM-3 DA D55 1D B 520V RE S vz,

13



F£3FE bt hvX MIRK~DOT V7 F 9 DIEA

F1H Tx

Gal-9 iZ2ER7MaICFE B L, MilaEedE, #85, 7 h— A, 17, ko
BE LN FE RIBREER B LTV A Z ERMES TS 47, Zh b ORHE
1T Gal-9 28 TIM3 I[ZFEETh 2 Lic ko CRfES D >4 (K1),

Gal-9 & TIM-3 IZE IO 7 LLF —MEAGERIEE 7 S8BT 2 MfifHAk T8
AR LTRY PP GERIEDOHEA~ORHOVRE XL TN 5, KR, Gal-9
EEIRE L~ T AT, ARTAT I EF I ¥ =THE L-KERIE & i
BVERIIR SN THNE Z EPHRESNTNDS 9, ZORTIE Gal-9 X 7y
BED U T R ThD CDA4 IThEE L, Th2 OlEE A2 LET 5 Z &L THIFIC THY
L 7= KOBJIE MR R %2734 2, 2o & 51z Gal-9 OEMIFEMtIC L ->Tix
TIM-3 IHKAFIEDG LD B D, e RT3 & LT, Gal-9 X IgE &4t
JROBEERDOERZNET D Z LT, v U 2O~ A Ml & IR oM akk
OB ZHT 5 Vo fE L &S5 8, —F, HLTIM-3 7 2= Mk (bt
TIM-3 AU 7 o —F 4R 13, ~ v ARl kERFE < 2 Ml (BMCMCs)
DA NI A EAEECET 228, IgE 20 LR I IR E 5 2 /- &
HMEEINTVD 9, Gal-91E, IZUHTIM3 DI H v RTH B &l Snzn

) Z D% CDA4OR 1gE™ L\ o 12 TIMS3 LSO 45 T2k A L CHEM 23844 %

14



TEDNHESNTEY, Gal9ickB =R N DDA b A L pEARALF
~OERZD, PLTIM-3 7 H =2 MUAERI CRER LR DI RHTH S5, £
INETYYRAOYA MoMak TOR b s b oo, B v il
felz k1 5 Gal-9 OFEH et Lz id72 <, £72 Gal-9 @ IgE %4 S 72 ME
HIZoWTHEH B0 Cidevy, £ 2C4AAl IgE LB ¥ —Cbh D FesRI 23881
L72vy, B b= Mgk, HMC-1 % AT IgE JERIE T T Gal-9 OffF A

DUWTRRR L7,

15



T2 MBS FE
A LR 2%

B k<A bR, HMC-1#f1210% FBS & 100U/ml penicillin 35 X O'100pg/ml
streptomycin % %) L 72 a-minimum essential medium (Gibco BRL, Grand Island,
NY) #HW\T, 5%CO, | 37°COFEMFD S & &R L, EiZmemE, $&79 o
MUz, B M&RE S R (normal human bronchial epithelial cells : NHBEs )
BILUOE FEERRA AN (human coronary artery endothelial cells : HCAECs ) @

B IIEAT Uik A B BT~ 2%,

ERR PCR

HRNADOH L HMC-1 ., NHBEs# L8 HCAECs 75> RNeasy (Qiagen,
Valencia, CA, USA) % W CHREESHOTFNEIZHE » TIT - 72, Human universal
reference (HUR) RNA (BD Biosciences, Palo Alto, CA, USA) == b n—/1
ELTHERLE, WIZHYX L 7ZRNAD 5 OcDNA A K % iScript cDNA Synthesis
Kit (Bio-Rad, Hercules, CA, USA)Z I\ T{T->72, TIMs O 77 A4 <—[ZLLFD
HY THhDH, TIM-1 (sense, 5’- TGT TCC TCC AAT GCC TTT GC -3’; antisense, 5°-
TTG CTC CCT GCA GTG TCG TA -3°), TIM-3 (sense, 5’- CAA TGC CAT AGA

TCC AAC CAC C -37; antisense, 5’- GCA GTG GAC AGA ACC TCC AAA A-3’),

16



TIM-4 (sense, 5’-TCC TGC TGA CAT CCA AAG CA -3’; antisense, 5’- TGG GAG
ATG GGC ATT TCA TT -3°), and GAPDH (sense, 5°- GAA GGT GAA GGT CGG
AGT C -3°; antisense, 5°- GAA GAT GGT GAT GGG ATT TC -3°), TIMiE{s 1D E
Ba4 A7, BYERLE OTIMI, TIM3, TIM4 38 X 1 GAPDH % B¥fEA IR L .
BRI e, MRNARIKADS ng IZHHY T 2cDNA ZiE®m L, XA vy

¥ —RNA JEBLL~ULIZGAPDH @ L~/ CHlIE L 7=,

Western blotting 7

OMC-1 #E (5x10° cells/well . 24 well platefli /) % 1 uM recombinant human
galectin-9 (rhGal-9)(GalPhama Co. Ltd., Kagawa, Japan)C, [X6IZ7% L 7= sl dils L
7o EDHMBIN L7l % . 5% 2 mercaptoethanol % ¥/l L 72NuPAGE sample
buffer (Invitrogen, Carlsbad, CA) 200 ul (Z T @lfiE LAH S LB 217 - 7=,
SDS-PAGE (5-15% Ready Gels J; Bio-Rad, Hercules, CA) % FlV 7= fBAUKENC LV
AR D & 87 B BEL, = Frslr— A& (iBlot Gel Transfer Stacks,
mini; Invitrogen\Z4=75 L7z, A A/ 7 & w7 4 2 |Jrabbit anti-phospho-p44/42
MAPK (Erk1/2) mAb (clone D13 .14 4E; Cell Signaling Technology, Danvers, MA) &
rabbit anti-p44/42 MAPK (Erk1/2) mAb (clone 137F5; Cell Signaling Technology) %

1 PUIA & L, horseradish peroxidase-conjugated anti-rabbit IgG (Cell Signaling

17



Technology) % 2 kFufk L LT L7z, 1ERYD /S R % Pierce Western Blotting

Substrate (Thermo Scientific, Rockford, 1L, USA)% HWTHEHE L 72,

A EAr DRtk

HMC-15fifi 25 ug/ml Pmitomycin-C (Sigma Chemical Co, St. Louis, MO, USA)
T2RRMIRTALE U=, ¥E%. 4x10° cells/ml DI Z0.25, 0.5 , £ 7=1F1 uM @
thGal-9 DIFFE FE72IXIEFLE N 37°C TO,24 E /21348 & L7, #0%
trypan blue 4ua 2 IV T, AAFA I 2 WAPEE 2 #HHl L 7=, & 72FITC-conjugated
annexin-V & propidium iodidelZ T L, propidium iodide[Z1E, annexin-VI[5{E 7
A b= A OEIG ZFACSCanto TE 0 Y 7 W = 7 Diva Software (BD,

Dranklin Lakes, NJ, USA)Z FIWCHIlE L 7,

p-hexosaminidase release assay

HMC-15/1(1x10° cells/well . 96well platefi fil) % rhGal-9 (0, 0.25, 0.5 and 1 uM)
(2T 37°C T304 AiALE L, % D%100ng/ml PMA & 1 pg/ml ionomyecinZ G50 L
37 °CT3045 M L 7= 1%, ML B3E 2 RIS L 7=, Ml 3G 5P o> B-hexosaminidase 15
PEOREITFAT LIRS S L TT - 72P), iR ~5 &, 50 oMk

0.1M sodium citrate (pH 4.5)+ 1.3 mg/ml p-nitrophenyl-N-acetyl-B-D-glucosaminide

18



(Sigma Chemical Co.) 100ul {200 % T96-well 7' L — k Z HWT37°C, 1 KA >
Fa— |k L7z, ZOHS0 ul 0.4 M glycine (pH10.7) % Swel lZ RN L TRER X
I IR, BERIEMEOD40S) (X7 L — N —F—Z VW TCHIE L, T—#
IZOWTIE, Ml OFeB-hexosaminidase E (T %3 DKM F TR =

B-hexosaminidaseDHI| 5 & /X—1  FFIR LT,

ELISA#:

HMC-1 #MH(1x10° cells/well . 96 well plate ffi/H) %X 9B (=R LD
thGal-9 T 20 mM lactose (Nacalai Tesque, Kyoto, Japan) F721% sucrose (Wako,
Osaka, Japan) O{7AE FT37°C 18 FefillEaE L7, 72X 9D 2R L2 RO ERK
inhibitor (PD98059; Calbiochem, La Jolla, CA) ¥ 72 X ERK inhibitor control
(SB202474; Calbiochem) 33 J (X solvent (0.1% (v/v) DMSO) H.{& T 37 °C 30 47,
B U< 9C 128 L2 E @ rhTIM-3-Fc (R&D Systems, Minneapolis, MN,
USA) Z 7213 human IgG (Sigma Chemical Co, St. Louis, MO, USA) T37°C 1 Hf
[Al. HMC-1 #ild% £ Z7L thGal-9 HERANCE R L, BHETO IL-6, IL-8 |
MCP-1 X ELISA kits (R&D Systems, Minneapolis, MN, USA) % I\ CTHLGE S0

FMEZPENAE L7,

19



Wt T
T P77 —HF | Imeans + SDTZ L 72. Unpaired Student’s t-test (two-tailed) F 7=

T ANOVAIZTHH'E., Mt 21T o7, p<005 22N EE L L,

20



FE3f MR
E X MEERICKT S TIM 7 7 X U —0O3EE,

IE L2 HMC-1 fife & & MM CHIIRICRIT 2 TIM 7 7 2 U —(TIM-1, TIM-3
B L TIM-4) DI % 7F &) PCRIZ TR~ 7, HMC-1 Mgl TIM-1 & TIM-3
DA vV —RNA DB L TS Z & &R L7722, NHBE & HCAEC |
IFFELL T iedro7e (K5) . — i TIM-4 DA v Y% —RNA 1T

AAZ BIEE A ERIAL TR T,

rhGal-9 i HMC-1 fglc W\ C Erk12 © U UL E2#HE T 5

HMC-1 ffIZ B\ T, rthGal-9 [ZHET 2 TIM3 D X vt ¥ —RNA DF
Bl 38 L7= T RIZ thGal-9 D o 7 F NARE S 1O U U ER{BIZ-DV T Western
blotting % AW THiFT L7z, rhGal-9 (X HMC-1 iz T Erkl/2 ® U VfE
fbZ2FHE S 205 p38 MAPK DU VE(LITFEE L7 o7z (X 6), rhGal-9 I
HMC-1 iz 45 T, RAF/MEK/ERK OGN 752 KRS 7 F NARERR I % I

LTS 5 Z &R ahidz,

rhGal-9 X HMC-1 #lflc B W TT AR F— A &#FHiET 5

iz thGal-9 @ HMC-1 i ALE 254 A R 2Tt Lz, HMC-1

21



A 2 mitomycin-C ALiE %, 025,0.5,£7201% 1 uM @ rhGal-9 OFF(E F £ =139k
{T4E F T 0, 24, 48 W[ H548 L 7=, trypan blue Y2k LA/, 0.5uM 5
L OV pM @ rhGal-9 777E ¥ T vehicle control (0 1z M rhGal-9) & Lbifs U T A E 12
LT, Zh & —F LT propidium iodide fZE,  annexin-V BHED T A b —
T ARMEDOTEIL 1 uM D rhGal-9 777E T C vehicle control (0 u M rhGal-9) & H
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Chnical observations and experimental findings have

Saitama, Japan

Abstract: Poor responsiveness of the hypothalamic—pituitary—adrenal
(HPA) axis under stress may be one explanation for stress-induced exacer
bation of atopic dermatitis (AD) symptoms. In previous studies, children and
adults with AD showed attenuated salivary cortisol responses to psycho-
social stress, suggesting hyporesponsiveness of the HPA axis, but few
studies have been conducted in young children, who are vulnerable to
systemic side effects of topical corticosternid (TCS) therapy. We evaluated
whether salivary cortisol responses to the stress of venipuncture in young
children with AD were related to the severity of AD or performance of TCS
therapy. We studied 38 young children with AD (median age 16.5 mos, range
3-66 mos) being treated at our outpatient unit. Patients were divided into
three groups according to the sconng of atopic dermatitis index! mild
(n =12), moderate (n =14), and severe (n =12). To evaluate the respon-
siveness of the HPA axis to stress, salivary cortisol was determined before
and aller venipuncture. Salivary cortisol responsiveness (o stress correlated
negatively with severity of AD (p = 0.048) but not with previous use of TCS
(p = 0.43) in young children with AD. Our findings suggest that the disease
activity of AD, rather than TCS use, is responsible for HPA axis dysfunction
in children with AD.

also activates the hypothalamic—pitutary—adrenal

emphasized that exacerbation of atopic dermatitis (AD)
symptoms is closely related to psychosocial stress (1,2).
Stress itself can reportedly cause epidermal barrier
dysfunction and mast cell activation through release of
neuropeptides, which in turn facilitates exacerbation of
allergic inflammation (reviewed in veference 1). Stress
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(HPA) axis to release cortisol, a potent attenuator of
inflammatory reactions in general, although previous
studies indicated that children and adults with AD
showed attenuated salivary cortisol responses to
psychosocial stress, suggesting hyporesponsiveness of
the HPA axis (3,4). Therefore, poor responsiveness of
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the HPA axis under stress may be one explanation of
stress-induced exacerbation of AD symptoms, Similar
endocrine irregularities of the HPA axis have also been
reported after pharmacologic challenge in patients with
AD (5,6). It may be argued that hyporesponsiveness of
the HPA axis in patients with AD is simply a side effect
of topical corticosteroid (ITCS) therapy, which may lead
to steroid phobia (fear of TCS use) in patients with AD
and even in health care professionals (7). Previous
reports have investigated the influence of TCS on the
HPA axis i children with AD, with contradictory
results (8-10). Other studies have suggested that AD
disease activity, rather than the use of TCS, is respon-
sible for changes in the HPA axis in patients with severe
AD (5,11). Young children are believed to be at special
risk for systemic effects of TCS because of high
percutaneous absorption of TCS due to their relatively
large body swrface area per weight. Therefore, it is
important to investigate whether HPA dysfunction is
observed in young children with AD and is related to
T'CS therapy:.

Blood cortisol concentration increases in response to
unpredictable, uncontrollable, and novel situations
(12,13). Salivary cortisol levels correlate with plasma
unbound cortisol levels (14). Moveover, because saliva
samples can be obtained without stress, sahvary cortisol
assessment is a reliable tool for investigating HPA axis
function, especially in young children (13). Previous
studies reported a significantly attenuated cortisol
response to standardized laboratory psychological stress,
which consisted mainly of public speaking and mental
arithmetic tasks in front of an audience, in children and
adults with AD (3.4), but those procedures are difficult to
implement in children younger than 6 years of age.
Moreover, venipuncture is an unpredictable, uncontrol-
lable, novel situation for young children, o it itself might
be asignificant stressor resulting in activation of the HPA
axis in young children, detected as high cortisol levels.
We used venipuncture as the acule stressor (0 Invesligale
changes in the level of salivary cortisol.

We evaluated whether impairment of the salivary
cortisol response to the stress of venipuncture in
young children with AD was related to the severity of
the AD symploms and whether TCS use affecled (he
response.

TABLE 1. Score for Topical Corticosteroid Treatment (Ref. 10)

METHODS
Subjects

We studied 38 young children (24 boys and 14 girls) with
AD (median age 16.5 months, range 3-66 months) being
treated at our outpatient unit. Patients who had received
regular TCS therapy were included, but those who had
received inhaled or oral corticosteroids in the preceding
6 months were excluded. All patients were Japanese
whose parents were of middle socioeconomic status. An
allergist made the diagnosis of AD m accordance with the
clinical criteria defined by the Japanese Dermatological
Association (15). The severity of AD in each patient was
assessed using the scoring of atopic dermatitis (SCO-
RAD) index (16). The severity of AD was defined
according to the SCORAD index (mild < 25, moderate
25-50, severe 250).

Previoususe of TCS was assessed by a modification of
thepreviously defined score, thetreatmentscore (Table D
(10), which was based on the potency of the preparation
used (I'CS preparations were grouped according to clin-
ical potency, as described in the Japanese Therapeutic
Guideline for AD (17), percentage of body surface area
to which it was applied, the duration of treatment in the
lastmonth. Thehospital ethics committee of the National
Center for Child Health and D evelopment approved this
study. Informed consentwasobtained from all caregivers.

Procedures

"To evaluate the responsiveness of the HPA axis to stress,
salivary cortisol concentrations were determined before
and after venipuncture. Venipuncture for clinical pur
poses and saliva sampling were performed between 10:00
a.m and 3:00 pm. to avoid any possible inhibitory effect
of a high morning basal cortisol level on further cortisol
release (18). To determine free cortisol concentration,
saliva samples were collected 5 minutes before and 15 to
20 minutes after the venipunciure was completed,
because that is when salivary cortisol level peaks (13).

Cortisol Measurement

Saliva was obtained using a Sorbelle sampling device
(Salimetrics, State College, PA), which consists of a

Score (total 10) 0 2 3 4
Potency of preparation (0 to 4) None Mild Strong Very strong Strongest
Body surface area treated, % (0 to 3) <9 > 36

Treatment duration® (0 to 3) <7 >7 Continuous

*Days in the past month.
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TABLE 2. Chinical Characteristics

Mild Moderate Severe
Characteristic n= 12 n= 14 n= 12 p-value®
Sex, male/female, n 6/6 9/5 9/3 0.44
Age, months, median (range) 19 (4-66) 21 (3-60) 10.5 (3-57) 0.41
SCORAD, median (range) 16 (8-23) 40 (26-48) 64.5 (51-86) < 0.001
Score for TCS treatment, mediam (range) 4.5 (47 5(0-7) 007 0.38
Non-TCS users n 0 2 7 0.002
Number of venipunctures, median (range) 2(1-3) 1(1-49 1(1-3 0.10
Total immumoglobulin E, TU/mL, median (range) 163 (5.2-4,562) 212 (12.9-9,500) 1,093.5 (55.6-4,161) 0.12

TCS, topical corticosteroid.
*Kruskal-Wallis test or chi-square test.

microsponge with a shoxt plastic shaft as a handle. After
the microsponge had been put under the tongue for
1 minute, the Sorbette was placed in a plastic tube and
centrifuged for 15 minutes at 1,800 g, resulting in a clear,
watery supernatant. The samples were stored at ) 30°C
until analysis. For cortisol delermination, 50 1 L of saliva
was used for duplicate analysis with a salivary cortisol
enzyme-linked immunosorbent assay kit (Salimetrics),
according to the manufacturer’s protocol.

Statistical Analysis

Salivary cortisol concentrations did not show a normal
distribution and were therefore log-transformed for
analysis. Group variables were compared using the
Mann—Whitney U test, the Kruskal-Wallis test, or the
chi-sqquare test. The paired t test was used to compare
salivary cortisol response to the stressor (venipuncture).
Spearman rank correlation was used to investigate the
relationship between the parameters of the salivary
cortisol response to the stressor and the variables
(disease severity and TCS treatment). Data were
analyzed using STATA software (Windows version 8.0,
Stata Corp., College Station, TX). P< 0.05 was
considered to indicate statistical significance in all
comparisons,

RESULTS
Climcal Characteristics

Clinical characteristics of the patients are summarized in
Table 2. The patients were grouped according to
severity of AD (mild [12 patients], moderate [14
patients], and severe [12 patients]). There were no sig-
nificant differences between the AD severity groups in
terms of the age, sex, score [or TCS (reatmenti, number
of venipunctures, or total immunoglobulin (I9)F level
(IU/mL), but there was a statistically significant differ-
cnee In the number of patients not treated with TCS
(p= 0002.

Salivary Cortisol Response to Venipuncture

First, we evaluated whether venipuncture could be a
stressor that induced significantly higher salivary cortisol
levels in young children with AD. The number of veni-
punctures and the change in salivary corlisol level were
investigated for possible association in patients in
whom—for technical reasons—several venipunctures
were needed to achieve blood samphing. The change in
salivary cortisol level was calculated by dividing the
postvenipuncture cortisol concentration by the preveni-
puncture cortisol concentration, yielding a ratio. When
subjects were stratified according to number of veni-
punctures, the increase in salivary cortisol level depended
on the number of venipunctures (p = 0.04 Kruskal-
Wallis test, Fig. 1. This result suggested that venipunc-
ture was a sufficient stressor to induce achange in cortisol
level in children younger than 6 years of age.

There were no significant differences in prevenipunc-
ture and postvenipuncture salivary cortisol levels
between the three groups, but the salivary cortisol level
increased significantly after venipuncture in all groups
(p < 0.05 paired t test, Fig. 2.
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Correlation Between Salivary Cortisol Response and
Severity of AD or TCS Treatment

The change in salivary cortisol level correlated signifi-
cantly with the pre- and postvemipuncture salivary cor-
tisollevels = ) 0.50,p= 0.0Lr= 06Lp< 0.001
respectively; data not shown). Conversely, it correlated
negatively with severity of AD r= ) 0.32 p = 0.048
Fig. 3). No significant correlation was found between
change in salivary cortisol level and score for TCS
treatment (p = 0.43; Fig. 4), age, sex, or total IgE (data
not shown).

DISCUSSION

In previous studics, children and adults with AD showed
attenuated salivary cortisol responses to psychosocial

stressors, suggesting hyporesponsiveness of the HPA
axis, which may be one explanation for stress-induced
exacerbationof AD symptoms (3,1), but few studies have
been performed in young children, who are vulnerable to
systemic side effects of TCS therapy. In this study, we
found that salivary cortisol response to the stress of
venipuncture in young children with AD correlated
negatively with the severity of symptoms.

We first evaluated whether venipuncture could be a
stressor in children younger than 6 years of age.
Although previous studies reported that changes in
cortisol level after venipuncture were not significant in
children aged 6 and older (19,20, we found that veni-
puncture is a stressor in children younger than 6 years
of age. This difference might be because children have
more occasions to undergo venipuncture and become
used to it as they get older. Although venipuncture is
difficult to standardize, and the individual characteris-
ties of the children would mfluence its role as a stressor,
salivary cortisol level rose dependent on the number of
venipunctures. These results suggest that venipuncture
is a sufficient stressor to induce a change in cortisol
level in children younger than 6 years of age. 'The
number of venipunctures did not differ significantly
between the three groups of patients with different AD
severity (mild 1.75 + 0.72, moderate 1.29 + 0.80, se-
vere 1.42 + 0.64, mean +SD; p = 0.10), suggesting
that patients in all three groups received virtually the
same level of stress,

The salivary cortisol response to venipuncture as a
stressor correlated negatively with the severity of AD.
This result is in line with previous studies that found a
weaker cortisol response to stressors in adults and chil-
dren with AD (3,4). Meanwhile, there were no significant
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differences in prevenipuncture cortisol levels between the
groups with various AD severity, which is also in line
with previous studies (3.4). Dysfunction of the ITPA axis
in individuals with AD may become apparent only when
a stress stimulus 1s present.

Aceordingto apreviousstudy(21), thenormal salivary
cortisol level in young children was approximately 0. 16 to
0.36 1 g/dL atbaseline. Thecortisol levelin each group of
subjects before venipuncture was compatible with that
range, and there were no significant differences between
the groups. Therefore, we think that our time pomts for
performing venipuncture (10:00 a.m and 3:00 p.m) were
sufficient for detecting any elevation in cortisol level,
regardless of whether severe pruritus might have some-
what altered the circadian rhythm of cortisol release.

The wunderlying psychobiologic mechamisms of
hyporeactivity of the HPA axis in patients with AD are
not fully understood. Historically, these changes have
been interpreted as a consequence of an ongoing chronic
allergic inflammatory process, which releases pro-
inflammatory cytokines (22). Some studies reported that
anatopicdispositioninneonatesisassociated with greater
responsiveness of the HPA axis to stressors, which may
promote the development of AD in later life (21,23). Tt
remains to be determined whether these changes in HPA
function precede orfollow the onset of AD.

Most individuals with AD have high serum concen-
trations of total and allergen-specific IgE, and the
severity of AD is known to be weakly associated with
serum IgE levels and degree of Th2-type immune pre-
disposition (24). In the present study, we also found that
serum IgE levels were higher in those with more severe
AD, but the differences were not statistically significant,
presumably because of limited power or the fact that we
studied very young infants, but further study is needed to
elucidate whether hyporeactivity of the HPA axis is
simply a consequence of the chronic inflammatory pro-
cess or 1s specific to Th2-type immune responses.

The effects of TCS on HPA function in children with
AD have been studied using various methods but with
contradictory results (8-10). Our present study found no
significant corrclation between salivary cortisol level and
previous TCS treatment, suggesting that there are other
[actors related (o the disease. Our results are in line with
previous findings showing that patients with AD and not
treated with TCS had a weaker cortisol response than
control subjects (3,4). Moreover, some studies showed
that a significant decrease i the disease activity of AD
aller intensive treatment, with large amounts of a potent
TCS during hogpitalization was associated with nor
malization of the basal serum cortisol level compared
with levels at admission (5,11). These results suggest that
the disease activity of AD, rather than TCS use, is

responsible for dysfunction of the HPA axis in patients
with severe AD.

Inchildren with AD, percutanecus absorption of TCS
was proven to be significantly lower in the convalescent,
phase of the disease than in the acute phase, probably
because of the restoration of the skin barrier (25).
Although percutaneous absorption of a potent TCS is
likely to occur, especially during the acute phase of severe
AD, the positive effect of adequate disease control seems
to clinically outweigh the suppressive effect on adrenal
gland function. Therefore, early restoration of the skin
barrier by appropriate TCS therapy might contribute to
reducing any undesirable effect of TCS on the HPA axis
in individuals with AD in the long term. Good control of
AD would improve HPA axis function, which might
reduce stress-induced exacerbation of AD symptoms.

In addition, to clarify the cffeet of TCS on the HPA
axis in patients with AD, we would like to compare the
cortisol responses of patients with similar severity of AD
but different TCS usage. We believe that appropriate use
of T'CS may improve the skin condition and quality of life
of patients and in tum improve the HPA axis response.
Suppression of the HPA axis can be seen only in patients
with extremely severe AD or inappropriate administra-
tion of TCS. Further large-scale, longitudinal studies
should be undertaken to elucidate the underlying mech-
anisms of HPA axis hyporeactivity in patients with AD.
Limitations of this study are that the number of subjects
was not sufficiently large and the sleep patterns of the
patients werenot closely determined, buta strength of the
study is that we can evaluate HPA axis function to stress
non-ivasively in young children with AD.

Salivary cortisol responsiveness to the stress of veni-
puncture correlated negatively with the severity of AD
but showed no correlation with previous use of TCS in
young children with AD. These findings have major
implications for daily practice when treating young
patients with moderate to severe AD and steroid phobia.
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Abstract: Topical corticosteroids (TCS) are first-line therapeutic agents
for atopic dermatitis (AD). Some patients express irrational fear and anxiety
about using TCS, which leads to poor outcomes for AD. Although it is
important to understand the factors underlying steroid phobia so that its
effects can be minimized, few studies have addressed this subject. Here, we
used a questionnaire to investigate predictive factors for steroid phobia in
the caregivers (usually mothers) of children with AD. We studied 436 children
with AD (mean age 47.6 mos, range 2-236 mos) who newly visited our AD
outpatient unit. The caregivers were asked to complete a medical history
questionnaire regarding AD. Steroid phobia was analyzed for correlations
with other patient and caregiver variables. Overall, 38.3% of the caregivers
were reluctant to use TCS on their children s skin. Patient characteristics
female sex (odds ratio [OR]=1.85 vs male; p = 0.005), child’s paternal
history of AD (OR =194 p=0.03), and frequent changing of clinics
(OR = 1.25; p = 0.03) were predictive factors for steroid phobia. AD severity
did not correlate with steroid phobia. Our findings suggest that greater
attention to the patient s sex and clinical background of patients with ADis
important to the success of AD therapy, regardless of AD severity.

Topical corticosteroids (TCS) are first-line therapeu- TCS therapy, resulting in poor control of AD (3,5), and
tic agents for atopic dermatitis (AD) (D). In daily clinical poor control of AD may lead to physical, psychological,
practice, it is common for patients to express irrational and social isolation, including sleep disturbance, teasing,
fear and anxiety about using 'I'CS (steroid phobia) (2-6). and school refusal, which are thought to be more serious
Steroid phobia may lead to poor patient adherence to problems than the adverse effects of TCS (3,7).
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Furthermore, those problems result in lower quality of
Iife, not only for children with AD, but also for their
families (8), sometimes even leading to family disruption
(3). Some patients and caregivers with steroid phobia
choose alternative and unproven therapies, which may
cause exacerbation of AD (9. Others choose strict
dietary therapy that results in malnutrition or failure to
thrive (10).

In Japan, steroid phobia is widespread because of
confusion and misinformation regarding AD therapies,
mcluding strict dietary restriction therapy, in the 1980s
and negative media publicity that has exaggerated the
adverse effects of TCS since the 1990s (11). Moreover,
alternative and unproven therapies have gained popu-
larity as an “atopy industry” (12). Incorrect information
has often been disseminated over the Internet (13). In
addition to these problems, Japan has experienced scams
and lawsuits regarding alternative therapies, deaths due
to malnutrition caused by extreme dietary restriction
therapy, teasing-linked suicides, and at worst, family
suicides (13).

Although steroid phobia is a serious problem, few
studies have mvestigated the factors associated with it
(14). The present study was designed to shed light on this,
with the ultimate objective of improving the treatment of
AD.

MATERIALS AND METHODS
Patients

The present study was conducted on new outpatients
(and their cavegivers) with AD aged 1 month to 20 years
of age who visited the Outpatient Unit of the Division
of Allergy, National Center for Child Health and
Development, Tokyo, from April 2003 to June 2006.
Patients were excluded il they had other [orms of
inflammatory dermatitis. The hospital ethics committee
of the National Center for Child Health and Develop-
ment approved this study, and it was conducted in
accordance with the principles outlined in the Declara-
tion of Helsinki.

Clinical Background and Data

Allergists diagnosed AD. The severity of AD in each
patient was assessed using the scoring of atopic dermatitis
(SCORAD) index (15) and then classified into one of four
categories according to that index (remission 0, mild 1-
25, moderate 25-49, and severe >50) (16). Age, sex. age al
onsetof AD), duration of eczema, parental history of AD,
current usage of TCS, and results of blood tests (eosin-
ophil and total immunoglobulin E [[gE] levels) were
confirmed from the medical records for each patient.

Questionnaire

The caregiver attending a child patient—in most cases
(approximately 95%) the mother—was asked to com-
plete a questionnaire before the doctor examined the
child. The questionnaire consisted of items concerming
perceptions regarding TCS and the history of AD ther
apy. The 1tems regarding perceptions of TCS included
caregiver’s steroid phobia, adverse effects, and perceived
image of TCS therapy. Steroid phobia was assessed by
asking “Would you agree to use TCS on your child’s
skin?” Those who answered “never” or “no, I'd rather
not use TCS if I can avoid it” were defined as having
steroid phobia. Preconceptions regarding adverse effects
and the image of TCS therapy were ascertained by asking
open-ended questions. The history of AD therapy was
also ascertained using open-ended questions, and fre-
quency of changing clinics, use of alterative therapies,
and negative experiences with doctors were determined.
Caregivers were also asked about the history of nonad-
herence to T'CS therapy, how they applied 'TCS to the
child, and the use of soap to bathe the child (Table 2).

Statistical Analyses

To check the validity of the single-item question about
steroid phobia, the chi-square test was used to analyze for
associations between the question “Would you agree to
use TCSon your child’s skin?” and the caregiver’s image
of TCS, history of nonadherence to TCS therapy, the
caregiver's preconceptions regarding adverse effects,
application of TCS, and use of altemative care. Then we
performed bivanate logistic analysis of steroid phobia
against patient sex, age, onset age, duration of eczema,
severity of AD, parental history of AD), eosinophil count,
total Igk level, [requency of changing clinics, and nega-
tive experience with doctors. Finally, we performed
multiple logistic analysis to identify factors associated
with steroid phobia, using as explanatory variables the
factors that showed a marginal association with steroid
phobia withp < 0.41in the bivariate analysis. Data were
analyzed using STATA software (Windows version 8 0;
StataCorp, College Station, TX). p < 0.05 was consid-
ered to indicate statistical significance in all comparisons.
The postestimated goodness-of-fit (Hosmer-Lemeshow)
was confirmed for logistic regression analysis.

RESULTS
Patients

Four hundred forty-cight carcgivers completed the
questionnaire. We excluded 12 patients who had other
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forms of inflammatory dermatitis, leaving 436 patients
for the analyses: 286 male (65.6%) and 150 female
(34.4% ). Their mean age was 47.6 = 48 9months (range
2-236 mos). The characteristics of the patients are
summarized i Table 1.

Confirmation of the Single-Item Question on
Steroid Phobia

The incidence of steroid phobia measured using a single-
item question was 38.3% of all caregivers (Table 1) and
58.7% of those with a history of nonadherence to TCS
therapy (Table 2). We used the chi-square test to confirm
the validity of the single-item question about steroid
phobia, “Would you agree to use TCS on your child’'s
skin?” There were strong correlations between negative
perceptions regarding TCS (negative image of TCS,
history of nonadherence to TCS therapy, strong appre-
hension regarding adverse effects of TCS, not a current
user of TCS, and preference for alternative care) and the
question (Table 2). Because these negative perceptions of
TCS are a crucial component of steroid phobia, we
considered this single-item question about steroid phobia
to be useful.

Bivariate Analyses

In the bivariate analyses, female sex (odds ratio [OR| =
1.59, 95% confidence mterval [CI] = 1.06-2.39), dura-
tion of eczema (OR = 0.93,95% CI = 0.88-0.99), and
paternal history of AD (OR = 1.91, %% CI= 1.06-
3.44) were significantly associated with steroid phobia;
severity of AD and blood sample data were not
(Table 3).

Multivariate Analyses

To evaluate the effects of confounding factors, a logistic
regression model was adjusted for patient sex, age,
duration of eczema, parental history of AD, frequency of
changing clinics, and negative experience with doctors. In
the multivariate analyses, female sex (adjusted OR
[2OR] = 1.85, 95% Cl = 1.20-2.85), child’s paternal
history of AD (aOR = 1.94,95% CI = 1.03-3.58), and
frequent changing of clinics (@OR= 125, 95%
CI= 1.03-1.53) were significantly associated with steroid
phobia (Table 4).

DISCUSSION

Wefound that the predictive factorsfor steroid phobia in
caregivers of children with AD are patient female sex,

TABLE 1. Characteristics of Patients

Mean
(range) or SD or %
Demographic
Patient’s sex M/F 286,150 65.6/34.4
Patient’s age (months) 476 (2-236) 489
<12 120 27.5
12-72 217 19.8
> T2 99 22.7
Clinical characteristic
Onset age 10.4 (1-191) 21.3
<12 338 77.5
12<< 36 74 17.0
36< 16 3.7
Duration of eczema 36.8 (0-224) 43.3
Severity of (SCORAD) index
Remission (0) 12 2.8
Mild (1-25) 159 36.5
Moderate (= 25) 175 40.1
Severe (> 50) 90 20.6
Parental history of 102 23.4
Mother 60 13.8
Father 51 11.7
Both 9 2.1
Eosimophil count (/1 L) 662.3 (0-5592.1)  689.5
< 294 93
294-467 93
467-793 93
> 793 93
Eosinophil count (% ) 6.74 (0-34.8) 4.86
< 3.55 93
355 << 5.7 95
57<< 87 92
87< a2
Total IgE (IU/mL) 2259.2 (2 97,600) 8692
< 53.9 93
539 << 310 93
310 << 1,141 93
1,141< 94
Steroid phobia
Caregivers who were 167 38.3
reluctant to use
Past consultation for AD
Frequency of changing 2.1 (0-6) 1.2
Caregivers who had negative 80 18.4
experiences with
Application of TCS
Use of TCS
Nonrcurrent 24 5.5
Past user 64 14.7
Current user 334 76.6
Caregivers who apply TCS 171 39.2
sparingly at doctor’s
Caregivers who apply TCS 81 18.8
sparingly at own
Caregivers who apply TCS 58 13.3
liberally at doctor’s
Caregivers who apply TCS 35 8
liberally at own
Alternative
Caregivers who prelerred 71 16.3
alternative
Caregivers who don’t use soap 25 5.7

to bathe the child

AD, atopic dermatitiss SCORAD, Scoring Atopic Dermatitis;

TCS, topical corticosteroids.
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TABLE 2. Confirmation of Single=item Question About Steroid Phobia

Category

Steroid phobia (+) (N = 167) Steroid phobia 0 ) N = 262) p-Valuet

Image of TCS held by caregiver

Negative 96 (62.3) 88 (37.1) < 0.001*
Positive 7 (4.5) 65 (27.4)
Both negative and positive 50 (32.5) 75 (31.6)
Other 10.6) 9(3.8
History of non-adherence with TCS (by caregiver)
Yes 90 (57.7) 63 (25.0) < 0.001*
No 66 (42.3) 189 (75.0)
Preconceptions regarding adverse effects of TCS (by caregiver)
Adverse effects on the skin (including skin thinning and darkening)
Yes 112 (67.1) 128 (48.9) < 0.001*
No 55 (32.9) 134 (51.1)
Skin thinning
Yes 54 (32.3) 59 (22.5) 0.024*
No 113 (87.7) 208 (77.5)
Skin darkening
Yes 35 (21.0) 28 (10.7) 0.003*
No 132 (79.0) 234 (89.3)
Systemic adverse effects of TCS
Yes 57 (34.1) 53 (20.2) 0.001%*
No 110 (65.9) 209 (79.8)
Application of TCS
Use of TCS
Non-current user 11 6.7 10 (4.0) < 0.001%
Past user 41 (25.2) 23 (9.1)
Current user 111 68.1) 219 (86.9)
Caregivers who apply TCS sparingly at doctor’s instruction 66 (50.0) 105 (49.3) 0.16
Caregivers who apply TCS sparingly at own judgment 38 (28.8) 43 (20.2)
Caregivers who apply TCS liberally at doctor’s instruction 17 (12.9) 41 (19.2)
Caregivers who apply TCS liberally at own judgment 11 (8.3) 24 (11.3)
Alternative care
Caregivers who preferred alternative care
Yes 37 (22.2) 34 (13.0) 0.013*
No 130 (77.8) 228 (87.0)
Caregivers who don’t use soap to bathe the child
Yes 8 (49 17 (6.6) 0.46
No 156 (95.1) 240 (93.9)

*p < 0.05.
+Chi-square test.
D ata given in parentheses arc cxpressed as percentage.

child’s paternal history of AD, and frequent changing
of chinics for the patient but not severity of AD. These
results suggest that greater attention to the climcal
background of patients with AD is imporlant in
addressing steroid phobia, regardless of the severity of
AD.

The incidence of steroid phobia among caregivers was
38.3% (Table 1), which is consistent with previous
studies. A report [rom Hong Kong showed that 40% of
patients with moderate and 60% of patients with severe
AD expressed concern about using TCS, but there was
no association between steroid phobia and severity of
AD (6). In the United Kingdom, 72.5% of patients with
AD worried about using TCS, and 36.5% of those had
been nonadherent to TCS therapy (4). Of caregivers
of children with AD m Austraha, 40% answered that
TCS was dangerous, and 20% said it was too dangerous
to use on their child’s skin (17). In France, 80.7% of

the parents of children with AD and people with AD
reported having fears about TCS, and 36% admitted
nonadherence to treatment (18). Although methodo-
logic differences make it difficult to compare these per-
centages divectly, approximately one-third of parents are
reluctant to use TCS on their children. Medical care
providers need to be sensitive to this anxicty about
using TCS in their daily chinical practice.

We also confirmed the validily of the single question
about steroid phobia, “Would you agree to use TCS on
your child’s skin?” by tinding strong correlations with
negative perceptions regarding TCS (negative image of
TCS, history of nonadherence to TCS therapy, strong
apprehension regarding adverse effects of TCS, not a
current user of TCS and prefevence for altemative care)
(Table 2). This result was similar to a recent study that
reported a corrclation between steroid phobia and the
need forreassurance, the belief that topical corticosteroids
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TABLE 3. Correlation with Steroid Phobia ( Bivariate)

TABLE 4. Correlation with Steroid Phobia (Multivariate)

Bivariate tMultivariate
OR 95% CI p-Value OR 95% CI p-Value
Patient’s sex Patient’s sex
Male Reference 0.025% Male Reference 0.005*
Female 1.59 1.06-2.39 Female 1.85 1.20-2.85
Patient’s age (mos) Patient’s age (mos)
< 12 Reference 0.027% < 12 Reference
12-72 1.06 0.67-1.67 12-72 1.03 0.62-0.73 0.9
> 72 0.54 0.30-0.96 > 72 0.55 0.20-1.53 0.25
Onset age (mosg) Duration of eczema (years) 0.96 0.86-1.07 0.45
< 12 Reference 0.87 Parental history of AD
12-36 1.14 0.69-1.90 Mother
> 36 1.05 0.38-2.88 No Reference 0.39
Duration of eczema (yrs) 0.93 0.88-0.99 0.018 Yes 115 0.64-2.05
Severity of AD (SCORAD index) Father
Remission (0) Reference 0.8 No Reference 0.034*
Mild (1-25) 0.59 0.18-1.90 Yes 1.94 1.03-3.58
Moderate (25-50) 0.63 0.20-2.04 Past consultation for AD
Severe (> 50) 0.7 0.21-2.33 Frequency of changing clinies 1.25 1.03-1.53 0.026%
Parental history of AD Caregivers with negative experience with doctors
Mother No Reference 0.78
No Reference 0.39 Yes 1.08 0.63-1.85
Fazheesr 1.28 0.73-2.22 *p< 005,
No Teforarice 0.031% tAdjusted for all values listed above.
Yes 1.91 1.06-3.44
Eosinophil count (/1 1)
< 294 Reft 0.82 . . .
204467 oE . Dbt becgme steroid phobic or not depends on the experience
467-793 0.86 0.47-1.58 during AD therapy that they have received. An earlier
Lo Lal8 Q20 study on factors related to steroid phobia suggested that
Eosimophil count (% ) . . .
< 355 Reference 051 a preconception of ineffectiveness or adverse effects of
355 57 0.75 0.40 1.38 TCS was associated with steroid phobia (14).

e e e Our results indicate that the patient’s sex, a paternal
Total Tk (TU/ml) hJstorV of AD, and frequgnt chapgmg of 'chmcs for the
< 539 Reference 0.81 patient were associated with steroid phobia (T'able 4).
53.9-310 0.75 0.41-1.37 There have been no studies focusing on patient sex as

310-1,141 0.93 0.51-1.68 Py . . )
S 1141 001 050 165 an association factorfor steroid phobia. In our study, we

Past consultation for AD
Frequency of changing clinics  1.14 0.96-1.34 0.13
Caregivers with negative experience with doctors

No Reference 0.14
Yes 1.45 0.89-2.37
*p < 0.05

pass through the skin into the bloodstream, a prior ad-
verse event, inconsistent information about the quantity
of cream to apply, a desire to self-treat for the shortest
possible time, or poor treatment adherence (18). Our
observation suggests that appropriate education of pa-
tients to remedy negative perceptions of TCS would be
one good strategy for addressing steroid phobia, as
others have noted (2,4,19).

In this study, most patients and caregivers (91.3%)
had used TCS, at least in the past (Table 1), which
suggests that only a few caregivers had totally rejected
TCS therapy for their child at the onset of AD. This
implies that, whether the caregivers of children with AD

found that misinterpretation of skin darkening as a TCS
side effect was significantly associated with steroid pho-
bia (Table 3). Light skin, bright eyes, and black hair have
long been considered essential factors for beauty in
Japanesegirls (20). Thus, we assume that our finding may
be due (o a cultural [actor in Japan that—together with
the misinterpretation—leads the parents of girls to be
reluctant to use TCS for their children.

We found that the child’s paternal—but not mater
nal—history of AD was associated with steroid phobia
(Tables 3 and 4). If parenis had experienced (reatment
failure in the past, they tended to feel steroid phobia for
their children. On the other hand, parental history of AD
could be a remedy for steroid phobia because they may
have been advised about or read correct knowledge
regarding TCS during their previous experience with
TCS therapy. We should have asked whether the par
ents had experienced treatment failure in the past, but
in Japan, steroid phobia was widespread in 1980s (12).
Therefore some parents with AD had not received
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appropriate or successful TCS therapy and might have
negative perceptions of TCS. Although our results
showed that one of the predictive factors for steroid
phobia was child’s patexnal histoxy of AD, this might be
because the caregivers of most Japanese children with
AD are their mothers. Mothers would have more chan-
ces to acquire the correct knowledge regarding TCSfrom
doctors, and any steroid phobia they might have might
be relieved. On the other hand, fathers would have less
opportunity to be in contact with their children’s doctor,
and tharr steroid phobia might vemam. Family or rela-
tives have also been reported to be major sources of
steroid phobia (4,6,9). Thus, a father with a history of
AD might cause steroid phobia in the mother-caregiver.
We believe that these results indicate that correct infor-
mation regarding TCS is needed not only for mother—
caregivers, but also for father—partners.

Frequent changing of clinics suggests a history of
treatment failure or distrust of medical eare services,
because in Japan patients can go to clinics without any
referral. This finding of frequent changing of chnics
might indicate that negative experiences with doctors,
including ineffectiveness of TCS, are associated with
steroid phobia.

On the other hand, AD severity was not associated
with steroid phobia, which is consistent with previous
studics (6,18). Furthermore, asothershave noted (14,21),
in our study, personal negative experiences and attitudes
such as a preconception of ineffectiveness might have
been more important as factors underlying steroid phobia
than objective factors such as A D seventy evaluated by a
doctor. This finding suggests that AD severity should not
be a factor in evaluating whether a patient has steroid
phobia.

This study has a number of limitations. First, it was
conducted at a national medical center where most pa-
tients would know that doctors would use TCS for AD
therapy. Therefore, strongly phobic patients might have
been underrepresented. Further studies of such patients
should be undertaken to compare with our vesults.
Second, the questionnaire about steroid phobia was not
validated in other studies (4,6,17,18), although we
confirmed that a single-item question, “Would you agree
to use TCS on your child’s skin?" was associated with
negative perceptions of TCS (Table 2). Although we tried
to identify negative experiences with doctors using open-
ended questions regarding history of AD therapy, a
future study should have multiple-choice questions and
focus on a history of treatment (ailure and the patient—
doctor relationship. Third, because of the eross-sectional
study design, the presumed cause-and-effect relationship
between predictive factors and steroid phobia may be the
reverse; for example, steroid phobia may have been the

reason for frequent changing of clinics. Fourth, other
unmeasured factors, such as parental level of education,
social status, and personality, might have confounded
the results. Further studies should be done regarding
these factors in steroid phobia, although medical expense
would not be burden for Japanese caregivers because
there are medical care subsidies for children in Japan.

In conclusion, our study suggests that greater atten-
tion to patient sex, paternal history of AD, and frequency
of changing clinics for the patient will aid physicians in
addressing sterord phobia, whereas AD sevenity doesnot
play any role. It is necessary to devote sufficient time to
careful elucidation of the clinical background of patients
with AD from their caregivers. This would help physi-
cians understand any steroid phobia of caregivers and
contribute to overcoming steroid phobia in patients with
AD and their caregivers.
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Introduction noma and breast cancer cell lines and suppresses metastasis, [20—

) o 22] It was suggested that Gal'9 is a negative regulator of
Galectin-9 (Gal-9) was first identified as a chemoattractant and development of autoimmune diseases such as experimental

activating factor for eosinophils [1-3] It is abundantly expressed  toimmunc encephalomyelitis (EAE) and  collagen-induced
in various 1':i$ues, QQ)eciaﬂy the epithelium of the ga&roiptesjr}al arthritis (CIA) in mice. Indeed, ke anti-TTM-3 mAb, [10] Gal-9
tract, and in a variety of cells SFlCh as macrophages, eosinophils, can suppress development of EAE by inducing Thl cell apoptosis
mast cells, fibroblasts and synovial cells. [4-7]. via TIM-3. [9] Gal-9 can also attenuate development of CIA by

G‘dl'9_ jnﬂuence§ various b@ologica'l [’uncti'ons' such = cell inhibiting differentiation of Th17 cells while enhancing differen-
aggregation, adhesion, apoptosis, survival, activation and differ- tiation of regulatory T cells. [23] Moreover, expression of each of
entiation by binding to T-cell immunoglobulin and mucin Gal9 and TIM-3 was shown to be increased in the lungs of
domailrconi;ajnjng pmt'ejn 3 (TIM-3). [578’9] L]ke Gal9, Tim3 rodents during allergic airway inflammation, [24-26] suggesting
is also expressed on various types of cells, including Thl cells, [9)] wles for Gal-9 and TIM-3 in induction of that disease. Indeed,
Tel cells [10] Th17 cells, [11] NK cells [12] NKT cells [13,14] Gal-9 adminigration to mice suppressed ovalbumin- and house
dendritic cells (DC) [15] and mast cells MC9). [16,17] Tt is known dust mite antigen-induced airway inflammation and hypersensi-
that Gal-9 has anfi-tumor activity by promoting activation of NK' tiitw [27] In the setting, Gal9 bound to CD44, interfering with
cells [18] and cytotoxic T lymphocytes by cnhancing DC binding of hyaluronan, a known ligand for CD44, and resulting in
maturation. [19] Moreover, Gal-9 induces aggregation of mela- inhibition of Th2 cell recruitment through CD44-hyaluronan

PLOS ONE | www.plosone org 1 January 2014 | Vohmme 9 | Issue 1 | 86106



interaction. [27] On the other hand, the role of TIM-3 in
development of ovalbumin-induced airway inflammation and
hypersongtivity is controversial. That is, the response was
attenuated in mice treated with anti-TTM-3 mAb, [24] but normal
in TIM-3-deficient mice. [28] Although the reason for thal
apparent discrepancy 1s unclear, the report usng anti-TIM-3
mAbs did not fully characterize them, i.e., whether they were
agonigtic, blocking or depletion Abs. These cbservations suggest
that the biological function of Gal-9 may be mediated indepen-
dently of TIM-3 in certain settings In support of this binding of
Gal-9 to IgK blocks IgE/ Ag complex formation and thus inhibits
Igk/ Ag-FeeRI crosdinking-induced degranulation of mast cell/
basophilic cell lines. [29] In contrast, we showed that anti-TIM-3
agonigic antibody promoted cytokine sceretion, but did not
influence degranulation, by mouse bone marrow cell-derived
cultured mast cells (BMCMCs) after Igl/ Ag-FeeRI crosdinking.
[16] On the other hand, the role of Gal-9 in mast cell function in
the absence of Igh remains unclear. Therefore, in the present
gudy we examined the role of Gal-9 in the functions of a human
mast cell hne, HMC-1, which does not express FeeRI, m the
absence of Igk/ Ag dimulation. We found that human Gal-9
enhanced eytokine secretion, but suppressed survival and degran-
ulation, of HMC-1. These obsorvations suggest: that Gal-9 has
dual properties as a regulator and activator of mast cells.

Materials and Methods

Cell Culture

HMC-1 cells (2 human mast cell line) [30] were cultured in a-
minimum essential medium (Gibeo BRL, Grand Idand, NY, USA)
supplemented with 10% FBS, 100 U/ ml penicillin and 100 ng/ ml
sreptomyein under a humidified atmosphere of 5% CO 4, at 37uC.
Half of the medium was replaced twice per week Normal human
bronchial epithelial cells NHBES), normal human coronary artery
endothelial cells (HCAECs) and normal human lung fibroblasts
(NHLEF) were obtained from Lonza (Wakersville, MD, USA) and
were cultured as deseribed elsewhere. [31].

Quantitative PCR

Total RNA samples were isolated from HMC-1 cells, NHBEs
and HCAECs usng RNeasy (Qiagen, Valencia, CA, USA) and
digested with R Nase-free DNase I (Qiagen) in accordance with the
manufacturer’s instructions. Human universal veference (HUR)
RINA (BD Biosciences, Palo Alto, CA, USA) was used as a positive
control. Then first-strand ¢cDNA was synthesized from the isolated
RNA usng an iScript cDNA Synthesis Kit (Bio-Rad, Hercules,
CA, TUSA). Primers for TTMs and GAPDH were designed as
follows: TIM-1 (ense, 59TGT TCC TCC AAT GCC TTT GC-
39 antisenge, 593TTG CTC CCT GCA GTG TCG TA-39, TIM-
3 (ense, 59CAA TGC CAT AGA TCC AAC CAC C-39
antisenze, 59GCA GTG GAC AGA ACC TCC AAA A-39,
TIM4 (ense, 539TCC TGC TGA CAT CCA AAG CA-39
antisenge, 59TGG GAG ATG GGC ATT TCA TT-39 and
GAPDH (sense, 59GAA GGT GAA GGT CGG AGT C-39
anlisense, S9GAA GAT GGT GAT GGG ATT TC-39. To
determine the exact copy numbers of the targel genes, quantified
concentrations of the purified PCR products of TIM-1, TIM-3,
TIM-4 and GAPDH were srially diluted and used as standards in
each experiment. Aliquots of cDNA equivalent to 5 ng of the total
RNA samples were used for each quantitative PCR. The mRNA
expression levels were normalized to the GAPDH level in each
sample.
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Fow Cytometry

Cells (HMC-1 cells and PBMCs) were incubated with human
AB serum (Lonza) at 4uC for 5 min, and then stained with PE-
conjugated anti-human TIM-1 mAb (Clone Name 1DIZ2,
BioLegend, San Diego, CA, USA), PE-conjugated anti-human
TIM-3 mAb (Clone Name F38-2E2, BioLegend), PE-conjugated
anti-human TIM-4 mAb (Clone Name 9F4, BioLegend) and PE-
conjugated mouse IgG1 (Clone Name MOPC-21, Biolegend) at
4uC for 30 min. The expresson of TIMs on the cells was
determined with a FACS Canto II using Diva Software (BD
Biosciences, San Jose, CA, USA).

Westem Bloiting

HMC-1 cells (56 10° cell well in a 24-well plate) were treated
with 1 nM recombinant human galectin'9 ¢hGal-9) (GalPhama
Co., Ltd., Kagawa, Jpan) at 37uC for the indicated time periods.
Then the cells were lysed and sonicated in 200 nl of NuPAGE
sample buffer (Invitrogen, Carlsbad, CA, USA) containing 5% 2-
mercaptoethanol. Proteinsin the whole-cell lysates were separated
by SDS-PAGE (5-15% Ready GelsJ Bio-Rad) gel electrophoresis
and transforred to nitrocellulose membranes GBlot Gel Transfor
Stacks, mini; Invitrogen). Imnumoblotting was performed using
rabbit anti-phospho-p44/42 MAPK (Erkl/2) mAb (clone
D13.14.415 Cell Signaling Technology, Danvers, MA) and rabbit
anti-p44/ 42 MAPK (Erkl/ 2) mAb (clone 137F5; Cell Signaling
Technology) asthe 1% Abs and horseradish peroxidase-conjugated
anti-rabbit [gG (Cell Signaling Technology) as the 2° Ab. The
protein bands were visualized by enhanced Pierce Western
Blotting Substrate (Thermo Scientific, Rockford, IL, USA).

Cell Suwival

HMC-1 cells were pretreated with or without 5 ng/ ml
mitomycin-C  (Sigma-Aldrich Chemical Co., St. Louis MO,
USA) for 2 hours. After washing, the cells @6 10° cells/ ml) were
cultured in the presence and absence of 0.25, 0.5 and 1 nM rhGal-
9 at 37WC for 0, 24 or 48 h. Live cells were counted under a
microscope after trypan blue staining. The cells were incubated
with FITC-conjugated annexin V and propidium iodide (MEB-
CYTO-Apoptosis Kit: MBL Co., Ltd., Nagoya, Japan), and the
percentage of propidium iodide-negative and annexin V-positive
apoptotic cells was determined using a FACSCanto 1T with Diva
Software.

Caspase Activity

IIMC-1 cells (16 10° celly ml) were cultured in the presence
and absence of 0.5 nM rhGal-9 or 0.1 mM staurosporine (Cayman
Chemical Company, Ann Arbor, MI, USA) at 37uC for 16 hours.
Then the cagpase-3/ 7 activitics in the cells were determined by
Caspase-Glo 3/7 assay (Promega, Madison, WI, USA) in
accordance with the manufacturer’'s ingructions. The lumines
cence (Relative Light Unit [RLU] of each sample was measured
with a fluorescence plate reader (ARVO X5, Perkinklmer,
Waltham, MA, USA) at 490/ 535 nm.

B-hexosaminidase Release Assay

HMC-1 cells (16 10° cells/ well in a 96-well plate; not treated
with mitomyein C) were pre-treated with rhGal-9 (0, 0.25, 0.5 and
1wV at 37uC for 30 min, and then simulated with 0.1 ng/ ml
PMA (Sigma Chemical Co) and 1 ng/ ml ionomycin (Sigma
Chemical Co.) at 37uC for 30 min. The culture supernatants were
collected, and the activity of B-hexosaminidase in each was
determined as described previoudy, with minor modification. [32]
In brief, 50-d samples were incubated with 100 nl of 1.3 mg/ ml
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Figure 1. Expression of TIM family members in cultured human mast cell line and primary cells. (&) The mRNA expression for TIM family
members (TIM-1, TIM-3 and TIVF4) in a human mast cell line, HMC 1, nonmal human bronchial epithelial cells (NHBES) and nommal human comonary
artety endothelial cells (HCAETS) was determined by quantitative PCR, Human universal reference (HUR RNA was used as a control. (b) The cell
surface expression of TIM family members (TIM-1, TIM:3 and TIM4) on HMC 1 cells and PBMCs was detemmined by flow cytometry. Shaded
areas=isotype-matched contmwl IgG staining, and bold lines=anti-TIM mAb staming. Data show a representative result of two independent
experiments.

doi:10.1371/journal.pone.0086106.g001
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Kigure 2. Galectin-9 induces phosphorylation of Krk1/2, but
not p38 MAPK in HMC-1 cells. HVIC1 cells were cultured in the
presence of 1M recombinant human galectin® hGal-9) for the
indicated times. Then the levels of phosphorylation of Fkl/2 and p38
MAPKin the cells were determined by westem blot analysis. Data show
a representative result of three mdependent experiments.

doi:10.137 1/journal.pone 0086 106.g002

prnitrophenyl-N-acetyl-B- D-glucosaminide (Sigma Chemical Co.)
in 0.1 M sodium citrate (pH 4.5) in a 96-well microtiter plate at
37uC for 1 h. The enzymatic reaction was sopped by addition of
50 ml of 0.4 M glycine (H 10.7) to each well. Enzymatic activities
(OD405) were measured using a plate reader. Data show the
percent, release of B-hexosaminidase under various conditions of
simulation relative to the total amount of B-hexosaminidase in the
cells as measured in the supernatants of frozen and thawed cells.

HISA

HMC-1 cells (16 107 cells/ well in a 96-well plate) were treated
with various concentrations of rhGal-9 in the presence and
absence of 20 mM lactose (Nacalai Tesque, Kyoto, dapan) or
sucrose (Walo, Osale, Japan) at 37uC for 18 h. In some cases,
HMC-1 cells were treated with ERK inhibitor (PD98059;
Calbiochem, La &blla, CA, USA), ERK inhibitor control
(SB202171; Calbiochem) or solvent (0.1% /+) DMSO) alone at
37uC for 30 min, and with thTIM-3-Fe (R&D Systerns, Minne-
apolis, MN, USA) or human 1gG (Sigma Chemical Co.) at 37uC
for 1 hour before exposure to rh(Gal-9. The levelsof I1-6, 11-8 and
MCP-1 in the culture supematants were determined with ELISA
kits R&D Systems) in accordance with the manufacturer’s
instructions.

Statistics

All data are expressed asmeans 6 SD. The unpaired Student’s
ttest, two-tailed, or ANOVA, as appropriate, was used for
gatigtical evaluation of the results. P, 0.05 was consdered
gatistically significant.

Results

Fxpression of TIM Family Members’ mRNA in Human
Mast Cell Iine

As in our earlier sudy using mouse mast cells (16), we first
examined the expression of mRNA for TIM family members
(TIM-1, TIM-3 and TIM-4) in HMC-1 cells and other humean
primary cells NHBE and HCAEC, as negative controls) by
quantitative PCR. We found constitutive expression of mRNA for
both TIM-1 and TIM-3 in HMC-1 cells but not in NHBE or
HCARC (Figare 1a). On the other hand, expression of TTM-4
mRNA was barely detectable in these cells Next, we determined
the surface protein expresson of the TIM family members (TTM-
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1, TIM-3 and TIM-4) in HMC-1 cells and PBMCs by flow
cytometry. In contrast to mRNA expression, TIM-1 and TIM-3 as
well as TIM-4 were barely detectable on either HMC-1 cells or
PBMCs (Figure 1b).

Gal9 Induces Phosphorylation of Fk1/2 in HMC-1 Cells

We previoudy demonstrated that 11-33 can induce cytokine
scretion by human mast cells although surface expression of ST'2,
a component of T11.2:33R, is barely detectable on these cells by flow
cytometry [33]. Likewise, although surface expression of TIM=3 is
barely detectable on HMQC-1 cells, Gal=9, which is a ligand for
TIM=3, may play some role in activation and/or regulation of
HMC:1 cells, Thus, we examined the effect of rhGal:9 on the
phosphorylation of signaling molecules in those cells by immuno-
blot analysis, We found that rhGal:9 induced phosphorylation of
Erlc1/2, but not p38 MAPK, in HMC:1 cells (Figure 2), suggesting
that rhGal=9 may influence the function of HMC:=1 cells,

Gal-9 Induces Apoptosis of HMC-1 Cells

We next examined the effects of Gal-9 on HMC:=1 cell survival.
After treatment with or without mitomycin C, HMC:1 cells were
cultured in the presence and absence of 0.25, 0.5 and 1 nM rhGal-
9 for 24, 48 and 72 hours. The number of trypan blue=negative
viable cells was significantly decreased by 1 nM rhGal=9, while the
percentage of propidium iodidesnegative and annexin V=positive
apoptotic cells was agnificantly increased irrespective of mitomy:=
cin C treatment (Figure 3a and 3b). In association with this, as in
the case of gaurogporine treatment, the levels of caspase=-3/7
activity in HMC=1 cells were also ggnificantly increased after
rhGal=9 treatment, (Figure 3c). These findings indicate that thGal=
9 induces apoptoss of HMC-1 cells,

Gal-9 Inhibits Degranulation of HMC-1 Cells

We next evaluated the effect of rthGal-9 on degranulation of
HMC:-1 cells HMC:-1 cells were treated with 0, 0.25, 0.5 and
1 M of vhGal=9 for 80 min prior to simulation with PMA-+io-=
nomyecin. The level of degranulation, assessed by the release of B=
hexosaminidase from the cells, was significantly suppressed by
pretreatment with the optimal dose (0.5 nM) of rhGal-9
(Figure 42). In the stting, pre:treatment with 0.5 M rhGal:9
resulied in inhibition of cell survival (assesed s trypan blues
negative cells, and propidium iodide=negative and annexin V=
positive apoptotic cellsby flow cytometry) as well as degranulation
after simulation with PMA+onomyein (Figure 4b-d), suggesting
that the reduced degranulation of HMC=1 cells may be due to
apoptosis of the cells after rhGal-9 treatment, On the other hand,
the relative lovels of degranulation per live HMC:1 cclls were
significantly reduced by pre=treatment with rhGal=9 (Figure 4e),
suggesting that Gal:9 also inhibited PMA: and ionomyein=induced
degranulation of HMC:-1 cells independently of Gal:9-mediated
apoptosis, Thus, these observations suggest that Gal=9 can inhibit
PMA: and ionomyeinzsinduced degranulation of HMC:1 cellg
both directly and indirectly,

Gal-9 Induces Cytokine Production by HMC-1 Cells

In contrast to the inhibitory effect of rhGal=9 on degranulation,
we found that 11-6, [1-8 and MCP:1 production by HMC:-1 cells
was dose=dependently induced by rhGal:9 (Figure 5a). It is known
that most biological effects of galecting are mediated by their
carbohydrateshinding activities [5] Tn support of that, rhGal=9=
mediated IL-6 production by HMC:=1 cells was srongly
suppressed by addition of an excessive amount of lactose but not
sucroge (Figure 5b), Moreover, thGal:9=mediated IL6 production
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doi:10.137 1/journal.pone 0086 106.c004

by HMC=1 cells was mhibited by addition of a soluble form of
TIM:=3 (rhTIM=3/Fc) but not control human IgG (Figure 5c), and
by prestreatment with PD98059 (an ERK1/2 inhibitor) but not
SB202474 (control for the ERK1/2 inhibitor) (Figure 5d),
suggeding that Gal:9=mediated ERK1/2 activation is required
[or eytokine production by HMC:1 cells,

Discussion

In the present study, we demonstrated that Gal-9 has dual roles
in the functions of a human mast cell line, HMC=1. That is, Gal-9

PLOS ONE | www.plosone.org

reduced survival by inducing apoptosis and suppressed degranu=
lation in HMC:-1 cellg, while it mduced cytokine and chemokine
production by these cells by activating ERK1/2,

We show that, Gal=9 induced phosphorylation of Erkl/2, but.
not, p88 MAPK, in HMC:1 cells (Figure 2). On the other hand,
however, Gal=9 induced maturation of human monocyte=derived
DCs through activation of p38 MAPK, but not ERK1/2. [34]
These observations suggest that the Gal=9-mediated sgnaling
pathway may be different in digtinet types of cells Alternatively,
the difference between DCs and HMC:1 cells may be mediated by
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doi:10.1371/journal.pone.0086106.g005

distinet receptors such as TIM=8 and unknown molecules that
interact with Gal=9. Indeed, the lectin property of Gal:9 was
required for Gal=9:mediated cytokine production by HMC=1 cells
(Figare 5b), but not by human DCs. [34] In addition, Gal:9
induced apoptosis of HMC=1 cells (Figure 8} as well asthymocytes,

PLOS ONE | www.plosone org

Th1 cells and Th17 cells in mice, and human melanoma cell lines,
[2,7,21-28,35] In contrast, we previoudy demonstrated that anti=
TIM=3 antibody, which enhanced IgE/Agmediated cytokine
production as an agonistic antibody, suppressed apoptosis of 11-3-
induced mouse bone marrow cell=derived cultured mast cells, [16]
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These observations suggest that Gal-9=mediated regponses may be
dependent or independent of TIM=3, in different celly, since TTM-=
3 is alw known to bind to phosphatidylserine. [36].

It was shown that Gal-9 bound TgE, resulting in inhibition of
IgE/ antigen=FceRIzmediated degranulation in mouse mast cell
lines by preventing TgF/antigen complex formation. [29] In the
present study, becausc HMC:=1 cells do not oxpress FeeRI, |37 we
asosed the effect of Gal:9 on PMA/ionomycin-mediated
degranulation of HMC:1 cells. Figure 4 shows that Gal-9
suppressed  that degranulation both directly and indirectly,
suggesting that there might be digtinet mechanisms underlying
the inhibitory effects of Gal:9 on IgE/ antigen:FeceRI=mediated
and PMA/ionomycin-mediated mast cell degranulation.

Studies in rodents found that treatment with Gal=9 before
antigen challenge resulted in attenuation of ovalbumin= and mite
allergen=induced allergic airway inflammation as well as pasdve
cutaneous anaphylaxis after antigen challenge, [27,29] Gal-9%
attenuation of such disorders in mast cells [29] was due to
suppresson of degranulation, rather than induction of cytokines
and chemokines, probably independent of TIM:=3, since TIM:=3=
deficient mice normally developed allergic airway inflammation.
[28] However, treatment with Gal=9 after antigen challenge may
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exacerbate inflammation in the late phase of dllergic diseases by
enhancing cytokine and chemokine production by mast cells and
recruiting eosinophils to local inflammatory sites,

In conclusion, Gal=9 appearsto play dual roles in the function of
human mag cell line, OQur results suggest that Gal:9 may modulate
the induction and progression of allergic diseases by suppresing
degranulation and enhancing cytokine and chemokine production
of mast cells, In addition, Gal8 may be a potential therapeutic
target for immediate allergic reactions induced by mast cell
degranulation,
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