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Role of purinoceptor signaling in mast cell function:
Possible therapeutic target for allergic inflammatory disease
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Fig. 1. An outline of purinergic signaling
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Table.1 Pharmacological properties of P1 receptors

Receptor Endogenous ligand (pECso) Agonist (pECso) Antagonist (pICso)

A Adenosine (7.0) NECA (4.9) CCPA (6.1) Caffeine (2.0) DPCPX (5.5)
Aa Adenosme (6.5) NECA (4.7) CGS21680 (4.6) Caffeme (1.6) Istradefyline (3.9)
Ass Adenosie (4.8) NECA (3.9) BAY-60-6583 (5.5) Caffeine (1.5) MRS1754 (5.7)
As Adenosine (6.5) NECA (4.6)  IB-MECA (5.7) Caffeine (1.9) MRS1220(8.6)

Table.2 Pharmacological properties of P2X receptors

Endogenous ligand (pECso) Agonist (pECsq) Antagonist (pICsa)
Receptor ATP of-meATP BzATP Suramin
P2X1 7.2 6.3 8.5 6.0 NF449 (9.5)
P2X2 5.9 >3.5 6.1 5.0
P2X3 6.3 6.1 7.1 5.5
P2X4 5.0 =35 52 >33 3-BDBD (6.3)
P2X5 5.0 >3.5 33 5.4
P2X6 4.9 =>4.0 =4.0
P2X7 4.0 >3.5 4.7 33 AZ10606120 (7.7)

Table.3 Pharmacological properties of P2Y receptors

Receptor Endogenous ligand (pECs0) Agonist (pECsq) Antagonist (pICso)
P2Y; ADP (5.1) MRS2365 (9.4) MRS2500 (9.0)
P2Y, UTP (8.1 ATP (7.1) MR S2698 (8.1) AR-C126313 (6.0)
P2Y, UTP (5.6) Suramin (> 4.0)
P2Ys UDP (6.5) 5-IUDP (7.8) MRS2578 (7.4)
P2Y;,  ATP (4.8) NF546 (6.3) NF340(7.1)
P2Y:» ADP(7.2) AR-C69931IMX (9.4)
P2Yis  ADP (7.9) MRS2211 (6.0)
P2Y4 UDP (6.8) UDP-glcose (6.5) MRS2690 (7.3)

DOFEREFEHT M T4 TIY, Ade X° ATP 28~ ANERIOTE AL A TEIZHIH T2 223t <bEn b

NTWD [26-28], LOLARAS, 2D LI ZE X P2 2 BARD YT XA T OMREN AR THDHZ

EBRNESNDRNATONIb D)L AN DOIEMEALIZEE 5975 ATP ZARDOFEHIS

P2 ZREENT DRSS, ATP 43 fiffEEIC > TEEASN Ade (285 Pl ZREEZL

TeBOGEDF AN B3 2T IR E1T N TR, £ZT, AWFFEDH 2 ETIET VAR
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Table.4 Properties of ecto-nucleotide enzymes

Enzyme L ocalization Substrate specificity Additional name
E-NTPDase 1 cell surface NTP — NDP +Pi— NMP + 2Pi CD39
E-NTPDase 2 cell surface NDP — NMP + Pi CD39L1
E-NTPDase 3 cell surface NTP — NDP +Pi CD39L3
E-NTPDase 4 mtracellular UDP — UMP +Pi UDPase
E-NTPDase 5 intraceliular NDP — NMP + Pi CD39L4
E-NTPDase 6 mtracellular NDP — NMP +Pi CD39L2
E-NTPDase 7 miracellular ATP — ADP +Pi
E-NTPDase 8 cell surface NTP — NDP +Pi— NMP + 2Pi

E-NPP1 cell surface NTP — NMP + PPi PC-1

E-NPP2 secretion NTP — NMP + PPi Autotaxin

E-NPP3 cell surface NTP — NMP + PPi CD203¢c

Ecto-5"-nucleotidase cell surface NMP — nucleoside + Pi CD73

E-ALP cell surface NTP — NDP +Pi— NMP + 2Pi

marrow-derived mast cell; BMMC) & FWVTRETLTc, Flo~v AMBaOMRERE 3 2<oi7 v

VR —FDFEHJ 72> TNDIEND, 5 3 BT FOH T L X —3O I AEEME 7

T IS DI 72 I E R T LT, ORGSR, P2XT S RO EIEA Z R DRE D 3

ZRMULIEDOT, EOMWEZRITLR Ty 7 VR L a=0 T O REEEZELRZ LT, SHIT, 4 T

VA0 I 258 (23] 375 dexamethasone (DEX) D7 ULAEENNE S 7 F AT KIE T 528

WT BMMC ZHWTHREIL, ZvazalFafRORT LA —1EH DA =X LD —5HE LT

ATP S AR IEBRE B 532 rlgEPEIC DWW TEE LT,
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VAN Z 2T AL, TR L L — RO B 7 L L —PERAE CHUL A 72 75 E|

Z i E M EH L B SR ORI TH D [29, 30], ~ ANHIAEIE immunogloblin E (IgE) &#i

FIMESZ AR (FeeRl) 125 S LTz IgE AMURICE > THME SN D ETEME(L L BRI SO I2 &~ T

EAZI R tumor necrosis factor-a 72 E DRIEVEF AN AL | 70T T —BREDIINNAT 1T

— X =%l 9%, FeeRI EHURIZEDTEMAVITINZ T, AR % 727 SNV AT 4 =—H — N E P~ A

MR ZTE AL L . SHICIE, PURICE DTG AL AR T 5 e ES TS [30-32], Zhb

DIFITINVAT 4 == — LT MR AR DD SN 7 AZ 2 P [33] RREAT 4=

—H—THDHTITXR AR DO T 2L 7T B,y [34] M OAT T2 -1-U0 1 [35].

IEMALEI TG E L2 T IR D SRS, ATP [12, 36] 72E R FIHILTWD, b

DHL ., RS ATP 1% P2 Z BARE I U ChE & 720 iR O [ i 2 i i3 A B 572 K L LT

HIVTWD [8], YAMBIIZITEI D TV S F BT T X AT DRBIL TIY, ATP K OO

RORPNSOETDIEBFNDINTWDN, F 97 ZA T3~ AR O BRI A A pE

A7 8 OSRER B E D IHITHHETIL QOB 0NE 0 I TS TUveuy [37-40],

—J7 . ATP O fRFEYI TdD Ade ICEHL T~ AMNHIAOEREAZFE I+ 52 LR L EH T

% (28, 41], At ATP Oy I MR HIZAFES %S E-NTPDase X E-NPP, CD73, E-ALP



IZEo>TTOND [16, 17], 26D ATP ik OE#EIZ LD, ATP ° ADP 728 130H=0/

Ade |23 fREIND, T DORER, ATP 13 P2 2 HIKOAH/25T | Ade DK THS P1 2 RIKICEH

TERT2ZEMNTED [42-44], LU0 6, M@ ATP Sy fREER D3RS ATP 1285~ AN

JADTEMEAGIZE DI BENZ LS TODDIT LN TR, 22T, AFETIEIBMMC %

FAWT, P1 OV P2 2 AR EHaSh ATP 5 fif i 56 ORSRERI 72 38 B2t L, 7 U AFE: s 7

IV ISR M 5B 2 s TR LT,

2—2 SEBRAEL L OV A

1) 33K

ARETRLUEEBRIEALLERIELZD AFLIZLL TDOLEBY THS, Dulbecco's modified

eagle medium (DMEM). roswell park memorial institute (RPMI) 1640 medium : 11 ¢ fifi 3

Interleukin (IL) -3, stem cell factor (SCF) :Peprotec, Fura2-acetoxymethyl ester (Fura2-AM) : [F]

{7, SYBR premix EX Taq. 7% L7777~ —. ribonuclease (RNase) inhibitor: %777 /3A 7,

Moloney murine leukemia virus reverse transcriptase (M-MLV RT) :Invitrogen, ATP, ADP, UTP,

uridine diphosphate (UDP), uridine diphosphate-glucose (UDP-G), adenosine, BzATP, af-meATP,

of-meADP, ATPyS, 2MeATP, AppNHp. 5-BDBD. Ivermectin, GenElute Mammalian Total RNA

Miniprep Kit, bovine serum albumin (BSA). dinitrophenyl-conjugated human serum albumin (DNP-

HSA). p-nitrophenyl N-acetyl-B-D-glucosaminide, F H %7 3 (PTX), it DNP IgE #Hi{f(clone:



SPE-7) :Sigma, AZ10606120, MRS1220: Tocris bioscience, FuGENE HD: 72277, it P2X4 5%

HRPUA (APR-002) :Alomone labs, $T actin $/L{4<: Santa Cruz, horseradish peroxidase (HRP)-

conjugated anti-rabbit IgG HT{4: Cell signaling, Phycoerythrin (PE)-conjugated anti FceRI antibody

(colne: MAR-1) : Affymetorix japan, Allophycocyanin (APC)-conjugated anti c¢-KIT antibody

(clone: 2B8) :BD biosciences, < DD FAIIZ SV CIIHT RO Ffkak K DU N TZ U HET DL

D& A=,

2) ¥UA

CS57BL/6 ~7 A% SLC KB AL, 12 FefEBARE B #> SPF Xk T E L1z, ZIHD~T A%

PN Z SR G 80 1 3 e I it B AR vk R 2 D BN SR e B R IRV TRRBE AL, sk DIUE IS HS

WTATHTE,

3) Mifaks

RPMI1640 51113 fetal bovine serum (FBS) (10 %), ~X=3U> (100 units/mL), A7 h~ A

> (100 pg/mL) Z NNz CHIGEES L L7-, DMEM 55 #1IZIZ FBS (5 %), ~<=U> (100 units/mL),

AR T R AT (100 pg/mL) 2004 CTHEgE il U7z,

BMMC 1% 6 - 12 #{iiD C57BL/6 ~ 7 A KB E D OER B U7 B A L0l L=, ~7 243

MEMRFIC LIV RS BT 70 % =& ) —/LEAEZELTHOD, Wi EOKERE 2L, £

B U7- KERE O Mz YR L%, 70 % & ) — VAW EL-T 4o 2B LT, DL R O#:

VEIZZU—2 _F N T o7, 37 °CITINTE L= RPMI1640 B2 HiZ1F 5 IS FEIEL . 18 G DTS



#aAWT, RERENOB#MIRE 1.5mL F=—7IZ[EIX L, 400 g T3 HrfEonEL-, b

18 % $5C, ammonium-chloride-potassium lysete /3>~ 7—(150 mM NH4Cl, 10 mM KHCOs, 1 mM

EDTA-2Na) Z Nz CESBEL, K BT 5 A FaX—Ta$52 8 TRMERZ LT,

FEEE . 400 g C 3 MmOy Bl BIEAHC, IL-3 (10 ng/mL) %5 A72 RPMI1640 551|215k

U LT, DIBEORERI342 T IL-3 (10 ng/mL) %5 A72 RPMIN1640 £ kA V-, 3 ~4 HZ L

(ZEE A AZ AL FE R Ml 2 55 2 LT, 2 0 H A3 IL-3 (10 ng/mL) & O SCF (10 ng/mL) %

Nz 7= RPMI1640 Bzt CHE#EL7-, 30~ 40 HMESEL ., BEEMIANITEA LRV REEIZ 72> Ths

5, 7a—H% A AR — (FACSCantll, BD Biosciences) {Z&>T BMMC ®O~—#4T#% FeeRI &

c-Kit 23 MDA 95 % LL ETHDZEZMERL CEBRICH V-, HEK293 #lix

Invitrogen SV AFL DMEM EFHECHERFL . 3 -4 H ZLIZHER L7,

4y 7a—H A AN — iR

A% Mg, Ca? free VI IEFEMER (PBS(-) ) T2 |IPE#EL, 100 pL @ PBS (-) ([ZiFfFSH

oo PURTRHRZ NN A COK BT 30 3 SOGSE721% ., 2 [MIYEAL7Z, 1 ug/mL @ propidium iodide (PI)

ZE T PBS (-) IZFHREL . FACSCantllZ LAMENT AT o7, i LI HU IR ORI E & A iR

& LU NIRRT, PE conjugated anti FceRI antibody (x100), APC conjugated anti ¢-KIT antibody

(x100)

5) AN Ca?' R EE ([Ca*']i) HIE

HMAEA 0.1 % BSA %5 T¢ krebs-ringer-HEPES (KRH; NaCl 130 mM, KC14.7 mM, NaHCOs 4.0



mM ., KH,PO4 1.2 mM ., Glucose 11.5 mM . 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid

(HEPES) 10 mM, CaCl,*H,0 1.8 mM, MgSO4 1.2 mM, pH 7.4) (28 Ui A&IRFE 1 uM @ Fura-

2AM % 37°C, 20 53 Ca—TF 427 L=, 2 FEPEH L KRH (Z 5 UM R ek & U, #ilfa

FElENR % A ez V2 AL, Fluorescence Spectrophotometer F-2500 (H 372) 2T 340 nm & 380

nm DOFIEEKE TAHELS 510 nm OEEERIELTZ, FIEZEIZ 0.1 % Triton X-100 & 10 mM

ethylenediaminetetraacetic acid (EDTA) ZH W\ Tl Rag e a b a2 JIEL | Fura-2 & Ca?* D

fi Bl B4 % 224 nM EL7=FFD[Ca"]i & FL solution 2.0 (H /A AT 27 /0y —R) ZHWTH

HL7-,

6) BMMC 7)>%@ messenger ribonucleic acid (mRNA) i

BMMC 7>50D mRNA filiH % GenElute Mammalian Total RNA Purification Kit 2V /=, 1 x

106 {iE LA oD i i 2 Bl it B E M L7223 > CTALBRL | A& P0IZ 15 pb T H L 72, deoxy

ribonuclease (DNase) LB IAT /7 o7, filtH L7z mRNA ¥R DO FE 35 KO8 260 nm & 280 nm

DY FE (260/280) 73 1.8 LL_ETéHAHZ L% Nano drop (Thermos Fisher Scientific) % VN THE

BT,

7) WHEE ST E D complimentary deoxyribonucleic acid (¢cDNA) O {E#Y

2—2—6 TYEAKL7= mRNA 0.5 — 1.5 ug & AVTLL RO/ TR A e OB Z1ERLLTZ,

FSHE A : RNA 3R (0.5 — 1.5 pg). 100 pM A U= p(dN) 6 T2 % L7 T A4~— (0.5 pL).

diethylpyrocarbonate ZLEEL7-3Y Q /K (&£ 5 L),
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IS B 2 5 x first strand buffer (2 uL), 5 mM deoxynucleotide triphosphate (1 uL), 0.1 M

dithiothreitol (1 pL), M-MLV RT (0.5 pL) RNase inhibitor (0.5 pL)

Y=<V A 7T —% N TLL FOIN ST SRR A % 95 °CT 2 43 S SH ., K B~

BLTSHEILI-#%1237°CT 5 SIS EET-, 2D . BUSIK B 2112 7T 37°CT 90 43 [E1

JESH T, FRIT, 95 °CT 10 /ML A IE ST, BOGE T, IV Q /K% 190 uL iz

T cDNA R ELT=,

8) Real time polymerase chain reaction (PCR)

2—2—7 THERKLTZ cDNA {&ikZ VW TIT 572, ¢DNA % (2 pL), 10 uM 774~ —mix (1

uL). SYBR Green premix (3 pL), U Q /K (4 uL) Z & a8 10 pL O UNRZIERKLTZ, ZD

R % real time PCR system MX3000P (STRATAGENE) (2w kL 1 A2V % 95 °C 15 b,

56°C 20 #. 72°C 50 FH DA T 40 A7)V | JSSH real time PCR #1757z,

real time PCR CHW= 7T A4~ —IZLL T O IR 8% -,

P2X1, 5-TCTTCTTCATGAGGCTGAGA-3' (S), 5'-ACTGGTAGATGGGTTTGCAG-3' (AS)

P2X2, 5'-GAATCAGAGTGCAACCCCAA-3' (S), 5'-TCACAGGCCATCTACTTGAG-3' (AS)

P2X3, 5'-AAGTACCGCTGTGTGTCTGA-3' (S), 5'-ATCTAGCCGAGTGAAGGAAT-3' (AS)

P2X4, 5'-TTACCACCTCCTACCTCAAG-3' (S), 5'-CTGCTCGTAGTCTTCCACAT-3' (AS)

P2XS5, 5'-ACACACACAATCCATCTCCT-3' (S), 5'-GCTTCATGTTCACGAAGG-3' (AS)

P2X6, 5-TAAGGAGCTGGAGAACCG-3' (S), 5'-TATGTGTTGTCCCAGGTTA-3'(AS)
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P2X7, 5'-GAAGACCTGTGAAGTCTCTG-3' (S), 5'-CATGATTCCTCCCTGAACTG-3' (AS)

P2Y1, 5'-CTGATCTTGGGCTGTTGG-3' (S), 5'-GCTGTTGAGACTTGCTAGAC-3' (AS)

P2Y2, 5'-GGTTTATTACTACGCCCGGG-3' (S), 5'-"AAGGAGTAGTAGAGGGTGCG-3' (AS)

P2Y4, 5'-CCTCGTCTACTACTATGCTGCC-3' (S), 5'-CCATGATTGTGGAACTGAAG-3' (AS)

P2Y6, 5'-GTAGTGTGTGGAGTCGTGTG-3' (S), 5'-CTGTAAGAGATCGTGGGGTT-3' (AS)

P2Y12, 5'-CCAAAGTTCCCAAGAAAAAG-3' (S), 5'-CACCTTCTTGTCCTTTCTTC-3' (AS)

P2Y13, 5'-TCTGGGTGTTCATCCACATC-3' (S), 5'-CCTAAACGGTACGACGATCT-3' (AS)

P2Y14, 5'-TTCTTCGGGCTCATCAGCTT-3' (S), 5'-"AGCAGAAGGAACACGATCCA-3' (AS)

E-NTPDasel, 5-GAATGCCAAGTGAAAGGTCC-3' (S), 5-GATCCAAAGCGCCAAAGGTT-3'

(AS)

E-NTPDase2, 5'-ACAGGATGAAGGGGTGTTTG-3' (S), 5-ACCCCATTGAAGGAGCATTG-3'

(AS)

E-NTPDase3, 5-CAGATGCCAACATCAGCAAC-3' (S), 5-GAATCCTGCAAATGCCACAA-3'

(AS)

E-NTPDase8, 5'-TCTACACTCACAGCTACCTC-3'(S), 5'-CTCCATTGAAAGCACAATCC-3' (AS)

E-NPP1, 5'-"AGTGCTGTCGCTGGTTTTGT-3' (S), 5'-"AAGAGAGTAGGGGGTGATTC-3' (AS)

E-NPP3, 5'-TTTGTATCCAGAGTCGCACG-3' (S), 5'-GTTAGGGAAGGAGCCATTGA-3' (AS)

CD73, 5~ AGAGCAAACCAGCGATGACT-3' (S), 5-TCAATCAGTCCTTCCACACC (AS) -3'

12



E-ALP, 5'-GACACAAGCATTCCCACTAT-3' (S), 5'-ATCAGCAGTAACCACAGTCA (AS) -3'

glyceraldehyde-3-phosphate dehydrogenase (GAPDH), 5'-TGCTGAGTATGTCGTGGAGT-3' (S), 5'-

CATACTTGGCAGGTTTCTCC-3' (AS).

9) Small interfering ribonucleic acid (siRNA) & N7 FAIR DNA D7 AT 2/ a

2.5 x 10° ffle> BMMC % siRNA (200 pmol) %% A72 opti MEM (100 pL) (Z¥&¥# L Amaxa

nucleofector (Lonza) MO ~7'12h=a—/L Y-001 Z VT siRNA ZE AL7-, D%, IL-3 LTV SCF %

4 /UT7 RPMI1640 B2HT 24 BERIEZ#E U ERICH -,

HEK293 #ffifld -~ enhanced green fluorescent protein (EGFP) -C1 "7 AIRNE7=1% CD73 3 EHL~

FZAIR DB H AL FuGene HD Z V72, B TEA 8 IRffH]#(Z Poly-L-lysine =—hRL7z

48 well plate [ZHEFEL , —Bibs 8 L THBEERIZH V-, siRNA XL T ORI % V2, P2X4R

siRNA sequence: UGUAAAAUGUAAAAAUGCCGG (S), GGCAUUUUUACAUUUUAC

AGG(AS). CD73 F88l 77 AIRN |4 Takahashi-Sato K et al. (2013) [45]&[FIUH D% 2,

10) WHERLE NS

W HERT ST 5T DNP-IEE $if& (500 ng/mL) T—Hig/EL 72 BMMC 72250 B-hexosaminidase

(B-Hex) Dfixti=RA R ETHILETIHMlL 72, PTX (50 ng/mL) 1% IgE E[RIBHIMNZ 72, BAELTZ

AMARA PBS(-) T2 [EIFEEL. 1 x105 cells/100 uL (27251912 0.1 % BSA-KRH [ &L=, 5

—BDBD. Ivermectin, £7-1% AZ10606120 % /- EEBR Tl 2o %A 5 e KRH T 54y

FIRALE LT, £ D%, DNP-HSA iz & Tetkx Zafilifiz 5 43, 37°CTIT o7z, RUSHRZK
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21 pEFEL OO BET A28 TRINE RS | RIEEEIL ., (L7 IREA 1 % TritonX-

100 CTIAfR LTz, IEF7 1SS ARE (50 pL) % B-Hex DFE THSH 1 mM p-nitrophenyl N-

acetyl-p-D-glucosaminide % & A/7Z citrate buffer (pH 4.5, 50 pL) HRAL 37°CT 30 /it

7o TD#  IRAHRIZ NaxCO3/NaHCO; /X7 7— (pH 10.4, 100 uL) Z NNz C. 405/655 nm D

JEEEZRE LT, i RIIROATER L,

B-Hex = (%)= EIEWOCEE/ (LIEWOEE + Allava MR L) x 100

FEERIT 9 _ T duplicate E7213 triplicate T{To72,

11) {5738 AL7- HEK293 Hifi 365548 T CoBUER OGS

2—2—9 D HFIEIHE> TGEIG -8 A L7z HEK293 #if% Poly-L-lysine =t—hL7= 48 well plate

IZFEFEL 24 WA ¥ a_X— a2 Uiz, CD73 OiEMEE 2—2—13 O FEICHES THEZRL THD

EERAE1T o7, 48 well plate ([THEFEL7-Miflda KRH THEL. 1x10° cells/100 pL 12725891

BSA-KRH (Z/&¥& L7~ BMMC #&i5% 100 pL o4 well IZ AL 5 2507 LA FaX—s a1

7o TDO% ., BD BRI IR INTHTHE LI PR X/ LA T Rl % & T KRH % 50 uL il

ZC10 MBS EE Tz, BUNE T, X0 T4 7128->TC BMMC 2SS BiEE 4

BV, 2 -2 -8 L[AEEIC B-Hex D HRANE LT,

12) Y= AX T ryh

Fr A2 B0 & sample buffer (25% glycerine, 1% sodium dodecyl sulfate (SDS), 62.5 mM Tris-

Cl and 10 mM B-mercaptoethanol) 100 pL 012 CHIRAZ AR 7=, MIRRZPRMELT- o 7 W IRIR
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% 500 pL Fo—7ZENIL, iR C—BuiE Lz, VT 10 % 727U T IRV TH T L

TR % B IKE (100 V, 90 43) Lic, RICUKEWNLI= o T NB R 'IRT A NTV AT 7

—4EE (AE-665, ATTO) % FV T polyvinylidene difluoride (PVDF) [EIZR72 277 — (120 mA

57) L 1 % skim milk tris-buffer saline-tween 0.1 % (TBS-T, =i, 1 Fff#]) T7oy¥ o 7 &&

770 1 RPLEZFTIR LT 2 % BSA/TBS-T |2 PVDF A2 4 °CT—Mif i SH7-, PVDF 5z

TBS-T T 5 438 4 [BIPEEL . HRP 23fEA L2 2 IRPUAZ TR L7= TBS-T (2R LR T 90 43

#R% L7z, ECL blotting detection system % " C{b52%8 S, FUJIFILM INTERCLI GENT

DARK BOX LAS-3000 %W CTHgse L7z, A L7=HARO ARG R A2 LI T2~ d, Anti P2X4

receptor (x 300), HRP conjugated anti-rabbit IgG (x 10,000)

13) AMAESMEREY R (Pi) FEEEOHIE

BMMC % Pi free KRH (KH,PO4 %5 £720 ) KRH) T2 [HIPEFL. 1 x 105 cells/100 pL (2725

NZREIE U=, SR B BRI E 100 uM (2725591 ATP, ADP, AMP 12T, 5 /b

0 A Fa—Tar iz, @I TG Z RS, BT (50 ul) % 10 mM EDTA

(50 uL) ERA LTz, IRAWK (50 uL) 2~TH AR V—4% (50 ul) HREA L, iR T 30 2K

IS0 655 nm DOWEEZRIE LTz, MERRIE KHPOs & AWV CTHERL L=,

14) #eatLEt

SR BT EIE AR ERR 22 TR LT, 2 BERIO 21 Student’s rtest &, FI-ZREM O

ZE 21X Dunnett’s £ E % FV 2, PAEIE 0.05 LO/NE W, SEEHRICH B =N DL AR LT,
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Fig. 2. Expression of purinoceptor mMRNA in BMMC. P2 (A) and P1 (B) receptor mMRNA
levels in BMMC were analyzed by real-time PCR. Data were normalized by GAPDH
MRNA levels. Values are shown as means + S.E.M. (n = 3). N.D., not detected.

2—3 fHER

1) BMMC (Z81)% P2 S FAEDBEn 135

BMMC (ZED L7 7V S FARDEAR T3 FEBLL TV D7> real time PCR IZX > TH#T 24T -
72o BMMC (Z1%, A4 F X NS F R THD P2X1, 4,7 KO G o3 EIBERIZ R T
HD P2Y1. 2. 14 DIEBNGFRO LI, D TIEH DD, P2Y 13 ZHEERORELLZ OO, Fiz,
Ade ZFEIKTHD Pl ZEKIT Asas Agos A3 ZERDFEBIL TEY, As RO IEELN b =)

-7-(Fig. 2).

2) TV KA LIz[Ca?']i DZAL

IgE TIEAEL 72 BMMC %415 T2 DNP-HSA (50 ng/mL) TR 92 LB Fie 72 [Ca?'i
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Fig. 3. Effects of purinoceptor agonists on intracellular calcium concentration ([Ca®*]i) in
BMMC. BMMC were sensitized with anti-DNP- IgE overnight and then labelled with
Fura-2AM. Results shown are typical traces of increased [Ca?*]i induced by antigen DNP-
HSA (A, 50 ng/mL) or purinoceptor agonists ap-meATP (B, 10 uM), ATP (C, 100 uM),
BzATP (D, 300 uM), ADP (E, 100 uM), UTP (F, 100 uM), UDP-G (G, 100 uM), or Ade
(E, 100 uM). Results are representative of three independent experiments

O EFNFIXEZENT- (Fig. 3A), KIZ, DNP-HSA [ZH 2 T, 7V S FARRINGR A I 2 7=
[Ca?']i Z bz IE LTz, Table 5 1Z/R$ IOIZ, A BEIBGETLIZ 7V 2 AR mRNA L1
T BMMC [ZHBLL TWAZED RSN TV S R E R T H5H O THY | e B ZHER L
DR ZE I E B DRE CTHU M [46], P2X1 ZBETT=ANTHS ap-meATP (T
IZ[Ca* )i & A&7z, P2X1, P2X4, P2Y, S AR Z RS2 ATP (100 uM) J U8 P1 2K T
F=ANTHS Ade (100 pM) (F—iEPEIZ[Ca2*)i & LH-SH, ZOHEL @ IRIBICHR 72, P2XT
ST T =ANTH 2 BzATP (300 pM) [ LFEFHEI7R[Ca? )i O ER-Z5IZE LT, — T, P2Y)

ZAART A=A T2 ADP (100 pM) & P2Y, X AAKT T =AM TH 2L UTP (100 pM) KLY P2Y 4
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Table 5. Pharmacological properties of purinergic receptors expressed in BMMCs.

Agonist (ECsg (M)

of-meATP BzATP ATP ADP UTP UDP-ghicose  Adenosine
P2X1 0.3 0.003 0.07
P2X4 >300 =500 10
P2X7 >300 20 100
P2Y, 8.1
P2Y, 0.09 0.008
P2Yyy 0.4
Asa 0.3
Asp 15.0
As 0.3

ZRIKTI=ANTHSH UDP-G (100 pM) (L8P [Ca?]i & EA-SET-, bR R D,
BMMC 2B W TEBFREANRD LN TV HRITE THEAERICREL TWAEEX DR

7= (Fig. 3)s

3) VR E T LT RERL SO

RIZ, BMMC (ZBWTHREANRD LI P2 KO Pl S FRORNR DR G R IE T 5
B Faat LI, IgE TREL7Z BMMC % DNP-HSA (50 ng/mL) F£72(% ATP (0.5 mM) THilli4
He REBRAR D 1 4 IR RS 258D BT, DNP-HSA TiX 1. 3.5, 10 734, ATP
TIX 3 3% L 5 B OBIER SN ZIZIE R % Th -7, F72, BMMC &4k % 7232 £ DNP-HSA
F72iE ATP T 5 3R T 2 LR EEAR AR IUERIZN S [ 23Tz (Fig. 4). ZIWHDORE Rz
HEIT, AR Z 5 43 &L, Fig. 3 THWEAFET V2 HRT T =ANTHS af-meATP (10 pM),

ATP. ADP, UTP, UDP-G K T} Ade 45 100 uM T BMMC % 5 43 425L . Ade DA
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Fig. 4. Time course and dose-response relationship of DNP-HSA- and ATP-induced
degranulation. BMMC were sensitized with anti-DNP-IgE overnight and stimulated with
DNP-HSA (50 ng/mL) or ATP (0.5 mM) for the indicated time periods (A), or with
different concentrations of DNP-HSA (10-100 ng/mL) or ATP (0.1-1 mM) for 5 min (B).
Data are shown as means + S.E.M.

THOHNA BRI G5 ZE I L7 (Fig. 5A), —J7. BZATP (300 uM) [ ZHTEHIL & R kR

VR SO A B IR L, 2O P2XT7 S FRBAERITHDH AZ10606120 (10 uM) (28>

CrEEICMflsTe (Fig. 5B), RIZ, 7V S S ARRITAIE DS IURRITI S LD RO RS 50

ZRRETUTz, BURRIS D A CRIER SN R SO X [FIFEIS ATP $7213 Ade CTHIBK T A2 &I

FOBAEITH R U223 1 E3D D7 A=A TIIEEITE D b/ -7z (Fig. 5C), Gi Zo 7 \7'EE

U BAR 7 VE L E TS PTX CRIALFLL -0 CTlX, ATP ([ZXAHMIERITE DS

TRROOIDS, Ade IZLDHERIEH IZHHISZ (Fig. SD).
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Fig. 5. Effects of purinoceptor stimulation on BMMC degranulation. BMMC were sensitized
with anti-DNP IgE overnight and stimulated with various purinoceptor agonists. Degranulation
was evaluated by measuring B-Hex release from BMMC. (A) BMMC were stimulated with
ap-meATP (10 uM), ATP, ADP, UTP, UDP-G, or Ade (100 uM) for 5 min (n = 4-8). (B)
BMMC were stimulated with BZATP (300 uM) for 5 min in the presence or absence of
AZ10606120 (AZ106, 3 uM) (n = 3). (C) BMMC were stimulated with of3-meATP (10 uM),
ATP, ADP, UTP, UDP-G, or Ade (100 uM) in the presence of DNP-HSA (10 ng/mL) for 5
min (n = 4-8). (D) BMMC were pre-treated with anti-DNP IgE in the presence or absence of
PTX (50 ng/ mL) overnight. Cells were stimulated with ATP or Ade (100 pM) in the presence
or absence of DNP-HSA (10 ng/mL) for 5 min (n = 5). Data shown are the means + S.E.M. *
P <0.05, ** P <0.01.

4) ATP |ZX5 FeeRVIGE %91 L7= BRI OHETRIZ 51T 5 P2X4 SR RO E
BMMC [ZHHLL TS P2 ZEKRDHH, 100 pM D ATP (2T HDIE P2X1, P2X4 KN

P2Y) Z IR THD, 2055, P2X1 ZFRIKT T =ARNTHD opf-meATP M Y, P2Y, T R/RIKT T =
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Fig. 6. Role of P2X4 receptors in the potentiating effects of ATP on FceRI-mediated
BMMC degranulation. (A, B) BMMC were sensitized with anti-DNP IgE overnight, and
then stimulated with ATP (100 uM) and/or DNP-HSA (10 ng/mL) for 5 min in the
presence or absence of 5-BDBD (10 uM) (A, n = 4-5) or ivermectin (1 pg/mL) (B, n = 4-
5). (C) BMMC were transfected with control or P2X4 receptor-specific siRNA and
incubated for 24 h. Cell lysates were analysed by western blotting with anti-P2X4 receptor
or anti-actin antibody. (D) BMMC transfected with control or P2X4 receptor-specific
siRNA were stimulated with ATP (100 uM) in the presence or absence of DNP-HSA (10
ng/mL) for 5 min (n = 3). Data are shown as means + S.E.M. * P < 0.05.

ARNT&H% UTP | X DNP-HSA (ZLDBERL S 2 R LR~ T, ZDOTEDG, ATP |Z

1770 i BT SO O ¥R 1 P2X4 2

ZRIEOBEGNEZ Bz, £Z T P2X4 ~

BRSNS

AR RIS

YER 3 2L FE R Z W TELITHFIL T, ZO#E % DNP-HSA & ATP O Hfi| i Cofs e S i E
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Fig. 7. Effects of adenosine on purinoceptor agonist-induced degranulation. (A) BMMC
were BMMC were sensitiszed with anti-DNP-IgE overnight and then stimulated with ATP
(100 uM) in the presence or absence of adenosine (100 uM) for 5 min (n = 3). (B) BMMC
treated with or without PTX (50 ng/mL) were stimulated with ATP (100 uM) in the
presence or absence of adenosine (100 pM) for 5 min (n = 3). (C) BMMC were stimulated
with ATP, ADP, UTP, ATPYS, 2MeSATP, off-meATP, or AppNHp (100 uM) in the
presence or absence of adenosine (100 uM) for 5 min (n = 3). Data are shown as means +
S.E.M. * P <0.05, ** P <0.01 vs adenosine-induced response without other stimulats.

BIRSIE P ARERY P2X1 ZARBLES D NF449, P2X7 Z AR ESKD AZ10606120 Tiximii
ENIRD T8 P2X4 Z KRR E S D 5-BDBD Tl &7z (Fig. 6A), #12, P2X4 ZHIED K
INEHERIEARS T4 T T AT TE 2l —H—Tdh5 ivermectin [FAE F TiX ATP OLT

BRI FRO BV, FURE N Z 5 Z S L TESITHIER KOS K LT- (Fig. 6B), P2X4 %%
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Fig. 8. Effect of purinoceptor antagonists on degranulation induced by co-stimulation with
ATP and adenosine. (A) BMMC were BMMC were sensitiszed with anti-DNP-IgE
overnight and then stimulated with ATP (100 uM) with or without adenosine (100 pM) for
5 min in the presence or absence of 5-BDBD (10 uM) (n = 3). (B) BMMC were stimulated
with ATP (100 uM) with or without adenosine (100 uM) for 5 min in the presence or
absence of AZ10609120 (AZ106, 3 uM) (n = 3). (C) BMMC were stimulated with ATP
(100 uM) and adenosine (100 uM) for 5 min in the presence of different concentrations of
suramin (1-100 uM) (n = 3). (D) BMMC were stimulated with ATP (100 uM) with or
without adenosine (100 pM) for 5 min in the presence or absence of MRS1220 (1 uM) (n

= 3). Data are shown as means + S.E.M. * P < 0.05.

FARDORE 52 ZSIZHEN D HT- DI LAY siRNA 1CL5 P2X4 SRR /7 527 ARz ERL L

MLz, P2X4 Z KD siRNA ZRiIALFLI 5L P2X4 Z RIEOFEBIME F L., ATP ([Z L5

YERIZIE & L7=(Fig. 6C, D),
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5) P2 2R E P1 SR D SLRITL O BEFERL S IR D52

AMAESh ATP (% E-NTPDase <X° CD73 72X OMfus M 0 iflE 312> T Ade 120 fifSVHE Pl R

RIVEM T2, 22T P1 ZAIKE P2 ZAMO IS BRI SOG I KIE T RIS OV TR

FL72, BMMC % ATP &AW NI Ade B THIPLL THhiZEA E BRI 2 Z X720 o723, [FRE

\CAVEA SR A LBHE 2R S a2 5 &I L7 (Fig. TA)s ZOUiE, PTX ALERIZ L~ CTHfl

Iz (Fig. 7B), ATP USND XV AF RO ZBETT 5L, Ade & P2Y 1 ZRKT T =ATH

% ADP. P2Y2 Z IR T T =ANCTdHDH UTP BL N AppNHp 2% Ade &3:AFL THHLERIITERO D

LT, ATP 7 ul/ Tha ATPYS | P2X ZBERTT=ANTH5 2MeSATP & T* of-meATP |

ATP 05 e 3ok 5| & 2 L7 (Fig. 7C),

Ade & ATP (2 LD W a7 BRI SO P2X4 S RIKT 2T =ANTH5 5-BDBD, P2X7 %%

BART AT =ARNTHD AZ10606120, P2X1 ZHAKT 2T =ANTHD suramin TIIH =4

FTNTT Iy Ay RIRT BT = AN T IS MRS1220 128> THIf|E 7= (Fig. 8).

6) ATP & Ade OILHIIBL S ISIZI T MRS ATP F3 i 32 DB E|

ik U7z ATP & Ade D ILRITHIZ LDRFERIS ST, HL BMMC 2% ATP % Ade (2573 HIE M

ZFFO O THIUL M TIIPER S G % 5 & Z S22V MK EE D ATP(100 uM) B Ca S

DT THD, LovL, EBRITMEIEE ATP Bl Cld BMMC O i fEki 2 AL LRV VE S ATP 7

5 Ade ~DFEPAET TRV ATREMED B 2 HALT=, £ 2T, BMMC ([ZH BT 54 iusk ATP 4y

fRlE SR DI Bl ¥ — % real time PCR THFtL7=, BMMC (21X ATP & Y ADP % AMP (45 fif
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Fig. 9. Regulation of ATP-induced degranulation by ecto-nucleotidases. (A) Expression of
ecto-nucleotidase MRNAs in BMMC were analysed by real-time PCR. Data were
normalised to GAPDH mRNA levels. Values are shown as means £ S.E.M. (n = 3). N.D.,
not detected. (B) Hydrolysis of ATP, ADP, or AMP (100 uM) by BMMC were evaluated
by inorganic phosphate (Pi) accumulation after incubation with substrates for the indicated
time. Data are shown as means + S.E.M. (n = 3). (C) BMMC were BMMC were
sensitiszed with anti-DNP-IgE overnight and then co-cultured with EGFP- or CD73-
expressing HEK293 cells and stimulated with ATP (100 uM) in the presence or absence of
Ade (100 uM) for 10 min (n = 3). Data are shown as means + S.E.M. * P < 0.05. (D)
BMMC co-cultured with CD73-expressing HEK293 cells were stimulated with ATP (100
uM) for 10 min in the presence or absence of af3-meADP (100 uM) (n = 3). Data are
shown as means + S.E.M. * P < 0.05.

4% NTPDasel 23FEELL T2, AMP % Ade |22 H#i42% CD73 <° E-ALP IZIFEAERHL T

VR o T2 (Fig. 9A), FEBRITHIIRSN 7V X7 L AT RO 53 filE 2 R > Bk O I FE 2 & LET
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fliL72LZ%, BMMC IZ ATP, ADP ZNN/K43fR L . HERED iR 215 BEL7-75 . AMP D4 fifiE i

DB o7 (Fig. 9B), ZIVHDFERNG, BMMC (X ATP % Ade £ CofRd 52 L0 Hsk7q

W7o, Fig. 4 TRLIZIDITIRIEED ATP(100 pM) DA TIE, BER 2 a0 E2 6N

720 LD, RN CTIE~ AN FEAE$ DITEEIZ1Z CD73 X° E-ALP 2 38 L4 A FAEL |

Ade DHHEESNAZENEZ BND, £Z T, CD73 BETIAIREZE AL, CD73 Z3HIET-

HEK?293 #iffnldtiza 1 ATP D3EERI N % A TEDOMEMEtLT-, *FRIZIX EGFP #3881

X7~ HEK293 fifaz vz, ZO 5 F T BMMC % ATP THIIE+5E CD73 238745

B DI R SUOS DA EAZHIIN LT~ — 5 T Ade B E-1T ATP & Ade D[RRI ClIEmi S

R TEAkIF D> 7= (Fig. 9C), EHIZ, CD73 DRLEAITH D af-meADP (250D AMP />50 Ade

PEEAPLET DL, CDT3 FEHMBAELE T TO ATP (XKD PR AL Z 572 > 7= (Fig. 9D),

ZIHDFE RS, CD73 BN BMMC O & PHICIFIE T IUE, P2XT7 ZBERE R TE /a0

FOTRMKIREED ATP D H TH BRI SIS Z 5 | S T LD b7,

2—4 EE

AREETIL BMMC IZBITA7FVAFE S 27T O i EER S 6§ A5 B 2 fa T LT, real

time PCR L5 FE 7 =2 = AN x5 Ca? I ZMEIC LA IZ > T BMMC ([ZI3A A F v /LR

ZRIETHS P2X1, P2X4, P2XT7 ZRIEKR DN G Zo BB 2 RIKTHS P2Y 1. P2Y).

P2Y 14 ZREIFIL CDHEE BN (Fig. 2, 3)s ZHHD P2 ZREFEH T 077 A /Vid, &

NETITEE & 2R EO ~ AN TH S SN QWD RS R LITIFE L 7= [37-40], BMMC (5=
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FED ATP(Z 500 uM) (28> T FeeRVIgE A LTS ERIEDBRL S b A5 Ef 2 LTz, &

DL P2XT ZRIET T =ANTHD BzATP THIELSIL, P2XT ZH/IKT 2= Th5H

AZ10606120 |Z&> TYHRLIZZEDD P2XT ZHREEN L CDHEE 2 bV (Fig. 5B), ZIVET

IZh, P2X7 ZHERIT~ AN ZTEE L 52 L3~ A< ANRRE THD MC9 Ceh~ AN

Jal CH SIS [26, 47], I T, AEERNIZB W T ANRIND P2X7 & BRI IATEALIX

TUNF—MERIEME SN IZE 5L TWAZENREIHIL TS [12], P2XT7 S BRIt P2 5 AR

LA ZOTEMEACICEIRE D ATP 2SLETHY, ZO X7 R BT DB G K ED /st

MBZLHEMEFIAELLIREE 2 BID, L EDZENE | FURRIH D 2V R TH RO 5

RPN Lo THIRRAM S I ST LB B R 2 D ATP 12> T P2XT7 R FE S HE~ A

MR E RSP b S IR REDTERIZ B G- 5 Z s RS,

— )5 AKIEEED ATP (100 uM) 1%, BMMC O P2X4 () P2Y, Z ARz R L [Ca2 )i & L5

IFEE T 200, BFERL S TR & 72~ 7223, HUFIZED FeeRVIGE %2 L=k SOt % 3

LSHEFR LT (Fig. 5C). ZOLUGIE, P2X4 ZZBAKT 2T = A TS 5-BDBD KU P2X4 527

& SiRNA (ZED /o727 AL TS, P2X4 Z BRI T 4T T arT )y /e 2l —~

— ko TEBITHIR LT (Fig. 6). M2 T, BMMC IZHHL TWAILD P2 IR T57=

=ANTIX, ZORISITEZ B0 o7 (Fig. 5C)s ZHHDRE R G ATP 12D MR i D1

I P2X4 Z RN LTI-b D THHEE 2 BT, P2X4 ZRIKITEFEHEDOI /a7 )7 OIEMARIC

LR R MR OHEATROMLAE N D> = 7 AR AL L DRI 2 LTz — B b B R O EA
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BN TEEAEEIEE-TS (23, 48], 4 D% L. P2X4 ZERI SR AL

BEHRITHT- R &E 2 53550 THD,

ZIVETIT, P2Ya, P2Y 15, P2Y 14 ARG BN~ ANHAAES> RBL-2H3, LAD2 O J573 etk

TR SO G- AZENHESN TS [27, 37, 38, 49], L>L7eA35, 4 el BMMC CTf 7

STRRFTCIE P2Y S BARD BFERL S ~DVER IR CE /e oo, ZIVHD UL DFEN DR

JEICHLLDIIAR R EETHDHDY, ~ AN TG G000 LTk D (ZEoTHRRD

HAA T 5 EREE TR M EEZ BN [50-52],

P2X4 SR DORIFIIIE IR R A A T 3L 2B 0 LS Ca> & it AN 9%, L

LIRH5, Gq Zo ™ B e LT UTP O BIRTéHD P2Y, X° ADP OZERTHD P2Y | Dif

PARIZEA[Ca?M i D _EF-CIIHURIC L AMEER SO TR U o7z, ZDOZ D, P2X4 &

REMEAL T DL Ca2 DR A LIS OFEAEL )N TOD FTRENEDYE BTz, AW TIT P2X4 %

BARMNE D INHUFARIFHI 72 LR S 2 B IR L T FE LV R 2 B SN A2 LT T&

IRIDTT2D | SETRDIENT IS EE T D,

P2 ZAMALITH AT, P1 ZARIZE D~ AN OB L T3 Y B oH &I RSh

B, Ade 13w B OIFRREAFIE I D EE/LWE THHILEIRIBRIN TS [28, 53], AHFZEIC

WT, Ade [FHIRTORIPE TIEFIOBEERIL 225 | S Z S22 NIH 030057 HURKAFRIZ2

WK R LIRS 52 AR UT-, BMMC (21% Pl SZHAROY T X2 A7 TdD Aa. Ass.

As SZREDFEIL TRY, Ade (ZXDHURURAFRIBIERISOS O FRIE PTX (Z&-» THHEFShIZ
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(Fig. 2, 5D), L7=A3>C, Gs XL/ 7B TS Aga KON Apg ZBIRTIE72<, Gi Z#o7X¥y

BEIAELTND Ay ZREEBTOLIREEZ RIZLTWDHEB 2Bz, ZILHLORE R, Leung

LOWELFEEETH T [41],

Fig. 7 1286\ T, BMMC % ATP £721% Ade B TORL TITMFERLL 727 o725, [RIRF LA

WD EPUR IR AN R D2 L2 m LTc, ATP (ZAEBRAYE72 I IR REIRF I AR & 22 il

C TRl it S a 2 e, F-Mlafh XL 4F 2 —FI2L> T Ade ICEHASNAZ LRl %%

25HE . ZOBGBII~ AN O TV AEEMES 7 A LAFRENC B W THIIC EE i Th 5

LEZ 5D [16], AAFZETHU = BMMC 1214 ATP & ADP % AMP (253 fi# 9% NTPDase 1 [

EEITHBLL QDA AMP & Ade (253fi#9% CD73 <° ALP |33 BLL T Vel 7o (Fig. 9A),

ZDT=OIKIRED ATP(100 pM) B TORTELTIL, ATP %2 Ade |20 R CX 3 EERI L7270~ 72

LEZ N5, L)L, CD73 3 BLEH7- HEK293 fifil BMMC Z 3Lz SH-7-RBET ATP (12

LR ETTHE CDT3 KRB BLRERL SR 3 5 &L Z S 7= (Fig. 9), ZIVHOHERIL, ATP &%

DoRIEM ThD Ade PIEFRILTEM T 528 T AN A TEMEAL 3 D8 LV ERE DS FAE T D

TEATRIZLTWD, MIfaS 27V AT 4 — B ORI ML (Z W TR ML R L TREL

BALT 5 [45, 54], ZOIHEFAEMEZ Dl R TR LI~ ANMIRO T VARSI 2

A LB T LB B MR BEIT 301 B A TR O MR A 2 B S50 2 T

THY, BRAICHBENHDOTIIRINEE 2 BN5, Iz T, ZLOeMEER AL CDT3 %

BEICIEHLL [55] ~ AMIBLE S A DI B AEENH T AL MBENTWD [56], ZDXH7
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BRBEClE, ATP 28 P2 ZRIRE Pl ZBIK, Wi OT7T I =AML TEIE, ~AMIRZEME T2

ATREVEDNE 2 DT,

Fig. 7 33O Fig. 8 TIE~ANMIEOBFERIZ I D ATP & Ade (LD ER DA =X

AZOWTHFILTZ, ZOERIE PTX & Ay 2 BAKT > 2T =ANToH5H MRS1220 (2L -> TRHES

NT=ZEMD, Ade 13 As ZRIBITERAL CWAEEZ LT, L LG, ATP IZXA1ERIX

P2X4 ZRIKT 2T =ANTIHD 5-BDBD X° P2X7 SZBART v 2T =ARNTHDH AZ10606120.,

P2X1 5 BFARBHEHTH S suramin TIEPHLES 2D >72 (Fig. 8), (0D P2 ZBKIKT T =AKT

&% ADP X° UTP, AppNHp (ZEAHII TIEZD NI TE 9, ATPYS X° 2MeSATP, af-

meATP T T&7=(Fig. 7). L L, TNHDOT U H T =AM VT T=ARDRINMEL A E095 P2

ZRRITASN TRV, — 7T, RBL-2H3 12815 Ca2 > 7 )L ERSERT S i OARHE 23 Hl i

IF T —BIZL DS I E DOV ARGIZ LS TR ISNADZEDRBSIL TS [57], ATP

XA S BT ATP 7732 T, ATP K FEHS T —B 0 E L7205 5720 . 20 L)

IREEREDMEN TS ITREMED B 2 DD T ORI IR DR LB TH D,

T LR —USIEND Bz ) ZEN L FEIRIZL > TIER D EAL T 522 L3 b TV D

[58], 7=, ATP (IR A7 HITRIZ Lo THIFIAMZ SN A ZEDRHHIL TS [59, 60], ZD X

HTLFN NS AL TR UT2 ATP (LD MEERL SO O R AE MBI LD 7 L v — Ot

DOHEIZE ST 2 RN B 2 b, LinLRiss AAFFE TRV BMMC (3R 7EE~

AN L LD L KRB THD, DT ATP & Ade (2L D~ AN OTEMEALHE R AN
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EOREET L X — SRR IEICE 5L T EHIBDNT T H72DIZ1T in vive TORRGED
Gl Aoy 4 et

ARETIE, v~ AN O ERLSOSIZ ZVAREMWES 7 T LN HE R E 2 L TWH ez 6
PN LT, T, B O ATPIZ Lo T P2XT 52 BARDEMEAL 2 EHUR IR RS BB L 7=,
WICARIREED ATP (Z&-T P2X4 A RDEMEL T 2 L HURK AR B AL OGS AN IR LT,
% IZ, ATP & Ade (2o TIRIRFIZ NS 2 LR SOG O AR SR AOTE AL 2N 2o Te, ZDRUS
IX ATP B CHHIfSN 7L AT —BI2 LD Ade FEAEIIRIF L TEUIDZ LR LT, ~ AN
faz B0 ZNDD T VAFEMES 7 A LDREEREHET DY, EEROT L ILF — NIz E OFe
FEFEGL T EHILNITHIET, TLAX—HRBOIRRICH /2R R A N2 22T

ELDOTITRNDDEZE Z BT,
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5 2 FETIR AR IDNT, Mgt ATP (2D~ AN OIEMAIZIZAA > T v VD P2X 5%

RPN B ZE 2 F 2L CUve, P2X ZBMITHRIZ L - T 0§ 2 IBE IR A 4 T+ %

NSO FRIRT, ZDOHERNDOY T LRI ATP Thd, P2X ZHRICIL P2X1-7 D 7 fFEEOY~

BAT IMFAET DD, DO HTH P2XT7 A MRIFIM O P2X S FRITIZRWFHEEZA L TS [61],

F9°. P2XT SZREOTEMACIZIZEEED ATP NV T, Bt/ filiic k- T, 900 Da F& %

DYEZ BT HERZRT 2B AL, — IR $DLBURIEET Frgthlic Ca 2 ila iz

MASHED, AT, HIEWNITAEAET 2RV C RimfEIk A o2 <7 EEMBEEHT 228

\ZES TAF T v R EL TORREE T RNTIENIZ S 7 NV ZmE L TS [62], ZHIUHD K

JERODTE SR, PRSI FESC S Ml OO TEMEAL AN 5| &L S S ARSEMEIG PR (80 . B 7%, 1ok

PEEVEEIR R ERR 2 IR DIEIRIZ T 53 5L B 260 TWD [12, 63-65],

2 FEITBWT, P2X4 ZBIRE P2XT Z BRI~ AN OIE AL Z IEIZHIEIL CWA 2l %

RUTZ, ZNBOZZBRITRERPESIR L IIE OS2 D < DR B HESE O BT L%

AHNTEY, QY —7 v LTI EEEZ A T2 OMENERSNHES LTV [66-

68], 1A T, P2X4 AR T, § CICHRKR THASH TOLER DO K2 L IR T

TVRTva=r 7 OB RN, Lo oo I EERZH 750008 RHESI WD [69,
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70], LOAL7e30, TGOS AR FER E LT BRI RTEAFIEL 720,

REBZRPIT L AF =T, FIEM THLEAZI AR EEH UAMTS 2 - 7 3B

ZHLTRY, ZDO—2LL T INNAT 1= — 2 — DR E 2 &~ AN OB RE I i 215 1)

LTDIENHESN TS [71], £ T, AFETIE P2X4 ZRIREZIL P2XT R EER %

HITHPT7 L VX —FNIROD R ATTV ), oxatomide (Oxa) 7 P2X7 SRR EERAH 5

Zem AL, ZOIH LR T 0T 7 AV TR LT,

3—2 FEBAEL R OVSEER 51k

1) 3K

ARETHALIAEDO AFRITZLLTOLETHD, 70k, 5 2 FEITRHLIZbDOITEMKL,

Azelastine | Cetirizine ., Chlorpheniramine . Diphenhydramine . Clemastine . Cromoglicate .

Fexofenadine, Ketotifen, Tranilast, Oxa: FlIJEA{i%E, CytoTox 96 non-radioactive cytotoxicity assay

kit: 7’1 A%, ABIPRISM BigDye Terminator v3.1 Cycle Sequencing Ready mix : Thrmo Fisher

Scientific, Macrophage inflammatory protein 2 (MIP-2) ELISA kit:R & D systems, L phospho-

extracellular signal-regulated kinase (ERK) 1/2 Hit{&, $T ERK 1/2 i, $T phospho-p38 mitogen-

activated protein kinase (MAPK) #L{& . HL p38 MAPK #1T{& : Cell signaling, Fluorescein

isothiocyanate (FITC) conjugated it CD23 L& (clone: M-L.233) :Santa Cruz,
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2) AlfaksEE

th B Mgk = —~"ThHd RPMIS226 Hifd, ~V A~wru”7»—Hilak CThsd 1774 KDY

RAW264.7 1% 10 % FBS. 100 units/mL ~<X=3U> 100 pg/mL AR Fr~AT &5

RPMI1640 i CTEE#ELT-, ~ 7 A ML THD NI8TG2, ¥V ARAT ) — <tk THDH

B16 #llfus L O ME B kB A Cdhb HEK293 AliRRRIE 10 % FBS. 100 units/mL <=3~

Uy, 100 pg/mL AR 7 h~ AL %G T DMEM BRI CRER LIZ, v b P2XT7 AR H

1321N1 #ifEIE 0.7 mg/mL G418 % i DMEM (22 CHE#E L7=, BMMC 1% 2—2—3 L[AlkED

B CHELE,

3) [Ca2+]i &

2—2—5 LERED FHHETIToT-,

4) R F T T DI O R E

P2X7 S FRARZ A UT- B ORI E X Watano B (2002) D 5 {EESE TR — /L'y TF 75

AN X DIEENLE RIS T T 272 [72], 23y FEyMIEHIN 6-10 MQ (272519121,

intercellular solution (30 mM CsCl, 110 mM CsOH, 5 mM MgATP, 3 mM MgCl,:6H,O, 10 mM

EGTA. 20 mM HEPES, 50 mM aspartic acid; pH 7.2) Z 7 L7z, N18TG fifid, F/=iX3—2—10

\RT HIETERLIZER, =7 Tk P2XT S RRFEBL ST AINE 3—2— 12 |T/RLIZHIET

~NF A7 27 a7 HEK293 #lifinZ Poly — L —lysine Ta—hL72F v/ N—|ZHiE . 37°CIT %

-7z Tyrode solution ( 2.4 mM NaOH, 140 mM NaCl, 5.4 mM KCI, 1 mM MgCl,, 0.33 mM
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NaH,PO4, 5 mM HEPES, 1.8 mM CaCly, 5.5 mM, glucose, pH 7.4) #7u—=t7-, JEEN I

Axopatch 200B amplifier (Axon Instruments) # M\ Tz ha—/L L, BEE RO S K& OMIENT I

pCLAMP10.4 software (Axon Instruments) % FH\ 7=, B FEOWE FIEMENLZ-10 mV TP FF

L. 3@z 1V/sec T-10mV 235 60 mV (2L TSRS H7-1£12-120 mV (2 Li 45 s+, -10

mV IZRL T 7 AEDNT . -60 mV OO IEE 2 T 21T -7,

5) Y AZ T avh

SOSHE T % AT AU LEZ13Ny 77— HBRE sample buffer 250 uL 1% 52 L1 k> THl

Az SR LT, £ D% OEEIL 2—2—12 ERIEEIITo T2, R LIZIUADO ARG R AL FIOR

9" phospho-ERK 1/2 (x 1,000), ERKI1/2 (x 1,000), phopho-p38 MAPK (x 1,000), p38 MAPK

(x 1,000), HRP conjugated anti-rabbit IgG (x 10,000)

6) Lactate dehydrogenase (LDH) DOHIE

NI18TG2 #ifil% 48 well plate | ZHEFEL | £k % 2256 TA L F 2_X— L7 ZIC BIEE RN,

LDH OiEMERIE X CytoTox 96 non-radioactive cytotoxicity assay Kit % H\  CHRfF S 7= i &

(ZHES TT o7z, FUHERIZ U FORTHEL TEHHFETRL,

LDH 3 (%)= EiEWOCEE/ (LIEWEEE + lava MR CEE) x 100

7) WHEE ST ED cDNA OERLE real time PCR

Acid guanidinium thiocyanate-phenol-chloroform extraction {1250 RNA ZHiHHL ., =D& 1%

2—2—7 KR 2—2—8 LIAIKRD T IETIToT=,
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LTI~ —DRH 2L FITRT,

MIP-2, 5'-TTCAAGAACATCCAGAGCTT-3' (S). 5'- TAGCCTTGCCTTTGTTCAGT -3' (AS)

Cyclooxygenase-2 ~ (COX-2) . 5-ACCCGAGGACTGGGCCATGG-3' (S) . S5-

TGCCCCACAGCAAACTGCAGG-3' (AS)

8) WLHERLE G

2—2—10 L[RIERD F1ETITo T,

9) Enzyme-linked immune sorbent assay (ELISA) (2% MIP-2 D JE &

J774H0R0 %48 well plate (ZHEFEL . —MEEZRL | MG % 7 72V " RPMI164055 HILZ & HA L 7-#4 (2

KR %2 7 5 3R A v F o —h L, BIEZBINLTZ, FIF1E300 x g TS5 53l DL | Al

R, 552581 T OMIP-2D M E 1XMIP-2 ELISA KkitZ W TSl & e~ T

117,

10) BF, ¥R, T b P2XT7 Z BRI T T AIRO/ERL

th P2X7 ZRKD 2K cDNA (X RPMIS226 ffum D Kpnl¥A & & T sense primer :

gtaggtaccGGAGGGAGGCTGTCACCATGC & Xbal ¥+ A N % & &» antisense primer :

tgctct AGACGTGAGCCACGGTGCCTG % H T PCR (L~ CHENE L=, [RIE D i iE T~ AL

Fvh P2XT ZRIRDO 2R cDNA % NI18TG2 fifal7 v Mk 2 cDNA 75 EcoR1Y A MG e

< A+Zvh sense primer : aggaattc TTGCTGTAGTCTAGCCTGGGAA &, Xhol A g e~

A+7wh antisense primer : gtctcgagTCAGTAGGGATACTTGAAGCCA % V2T PCR (2L~ T
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BB L7, #IEL7-Eh P2XT7 ZRIEDAE ¢cDNA 1Z TOPO TA /u—=7% v T

pcDNA33 |Z/a—=7 LT, IRLT~v DA, Tvb P2XT KD 4K ¢DNA X TOPO XL

PCR /—=2 7% e iU C pCR-XL-TOPO (247 /2 —=0 7 L= t4I0, 7oA~ —THEA

L7=HllBREESR A M -V T peDNA3LL 17— =2 7 Lz, £2TO7/a— 13 3—2—11 TRT

FETY =72 REATV ARSI IELWZ & g8 LT,

11) »r—r7=x A

H LB OWRE T, #AERL &% TH D BigDye Terminator % FU 227 AKX,

Applied Biosystems 3730x1 DNA 2 —2 = % — (Thermo Fisher Scientific) T1T-o7z, 17/l

=T KL ABIPRISM BigDye Terminator v3.1 Cycle Sequencing Ready mix %

WTITo72, 972305, ABIPRISM BigDye Terminator v3.1 Cycle Sequencing Ready mix (1 uL),

##% DNA (150 ng), 4 uM 77 ~— (1 pL). 5 x sequencing FEE K2 7 TSGR 20 uL Z3i

U=, SUtalE 96 °C T 4 73 IEM% . 96°CC 30 0, 50°CT 15 0, 60 °CT 4 /3% 1 A7t

T 25 AU NATHT=, SUS#E T, 125 mM EDTA (2 pL), 3M CH3COOH (2 pL), 100 % =

& )—) (60 puL) ZANZ T 10 57fH 5000 g Tig.LorBEL 7o, WA 70 % =% /—/L (200 pL)

THEL 5 43 5000 g Tl oyBiEL , RS, 55472 E% Hi-Di Formamide (10 uL)

\ZERFRL . 94 °CC 2 Sy [EAVAMELT=%% . Applied Biosystems 3730xl DNA v —7 x4 —%H

W TR STz B LT3 > THEIT L T2,
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12) B8 A
3—2—10 TERLIzEh, vUREIEIT Vb P2XT ZAMRHEBLTFAINZ 1321IN1 Hifaic
solution V £7'22/7 A T16 C Amaxa =\ Tl 7Rl —ia L, G418 (0.7 mg/mL) Tt
VIvarwEfTolc, LRRDTIETT v P2XT AL E T B A BG L=, HEK293 MifdiZt
b U RAEILT Vb P2XT ZFRFEBLT T AINE pEGFP-C1 <% —% 2 : 1 OFIETRAL
72H0% FuGENE HD ZH\WChIr A7 =7 ar Uiz, 48-72 BEfElAL Fa—1a LizR&IC,
EGFP Bt s o F 25 T\ XM 2,
13) Ethidium bromide (EtBr) O A
AMAEZE 0.1 % BSA #5 e Ca’"- and Mg?*-free KRH (Ca?"& Mg? %1 720 ) KRH) C 2 [FIYEE
% K& 72554C 2.5 M EtBr 2 & A72 Ca?t- and Mg?*-free KRH H CLUGS T2, [T 4 °C
® 20 mM MgCl, %5 A72 KRH /N2 T, 300 x g T 5 w0 B As kLT, =F 7LD
it Al FACSCantollZ FHV T PI LR D a LR EE 2 5 2 & TRl 72,
14) CD23 DY =F 427
#MZ 0.1 % BSA & ¢e Ca2t- and Mg?'-free KRH C 2 [HIPEH4#% . BE & 725 TS L=,
Bl 4 °CD 20 mM MgCly, & A72 KRH 2012 7C, 300 x g T 5 4y i DB UAE (k- L7-,
AR % FITC CHEak L 725t CD23 HLfA THu (4L . FACSCantollZ VT FITC O 5 A i

THIETRMEL 7,
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15) HIEET L~ A

B16 iz FW- T T L~ A3 2—2—2 OB T TEHE L 7 — 8 o C57BL/6 ~

<~ 2% AW THERR LT, =T AEERDOEZ ) L LRE I — 22 AW TR ELE, 24 Bif#IC

R T CREFRO B2 T2 B16 MifRAE A 4720 1 x 106" >8FEL . day 1 &L7-, Day 6 [Z<T A

JE I S S S I CTND I EEfERRL ., Vehicle (0.5 % L ARFT AT /L m—R B O#

) #E, AZ10606120 (1.5 mg/kg fEIMER: 5-) B, Oxa (20 mg/kg #% 1 5) #., Clemastine (20

mg/kg FEOHG) BEO 4 BEIOT TG ZBLELIZ, 6 HH2 D 16 HHETHEHA, Yok 5

LIBGEDOWEZAT T, BIBOERBITRE (W) &EE (W2) ZHIEL, LTz HvT

B U, TSR (mm®) =n/6 x (W1 x W22)

16) HEatALEE

2—2—14 LFRIEEITAT T,

3—3 HE

1) FU7 L —3E0 P2X4 TR EIIE P2XT S BRIT 5803

P2X4 AR K O P2XT 52 RARIC KT D8k 2 727 L VX —EDOIER X, P2X4 TN P2XT7 2

RENTEMEIZRBEL TS 1774 Miflne P2X7 SRR ENEMIZREL QD NISTG2 Fifuic

Fluo-4 AM %3 AL, YN RHIMIZED Ca2 S EIT kT D BT 52 LI > TRl LT,

ZIVETORFEEND, ATP IS E T HZ R EL T I774 HIKIZIEZ P2Y,. P2X4 KON P2XT Z 454K
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Fig. 10. (A) Effect of the selective P2X7 receptor antagonist AZ10606120 (AZ106) and
anti-allergic agents on ATP-induced P2X7 receptor-mediated Ca?* response in J774 (black
column) and N18TG2 (open column) cells. Fluo-4 AM-treated cells were pre-treated with
0.1 mM UTP for 3 min (to desensitize the P2Y > receptor) in the presence or absence of
AZ10606120 or anti-allergic agents at 3 uM. Then, P2X7 receptor-mediated Ca?* influx
was triggered by the addition of 1 mM ATP. Data are shown as means + S.E.M. (n = 6).
(B, C) Representative P2X7 receptor-mediated ATP-induced [Ca?*]i change in J774 (B)
and N18TG2 cells (C) with Oxatomide or AZ10606120 (AZ106).

23, N18TG2 MIfiZi P2Y2 e OY P2XT7 S AR FEBLL TODHZENHABIET TS [73,74],
INHOfIEZ 0.1mM UTP THRIET5& P2Y, ZFEEROHNEMALLIUEES L, ZD% 0.1
mM ATP CHIFIL Th P2Y, T ARITTEMAL L 72<72d (7 —4RET), D7, UTP THIKL
72412 1 mM ATP CHII T 5& J774 Ml T, P2X4 S FKRIZE D@D Ca Ot A& P2X7
SRR LD FHRERI7: Ca¥ DIRADN G EE IS4, NI18TG2 Ml Tl P2X7 AT L DFrEY

72 Ca¥ DA EHIZILD, 26D, P2X4 SRR IO P2XT 2 BIRIZELD Ca¥ D A&

40



FML7=, J774 e N18TG2 MIMIZRBWT, 1| mM ATP (ZXDHEIX P2Y, 2 A IRIC LD —i

PED[Ca?i EH- It E RS, P2XT 52 BARIETEALIC L AR 72[Cat )i _EH-SOG I, P2XT7 5%

BIRFEAITHD AZ10606120 (3 uM) DRTALEIZE ST, SERIZFESNZ (Fig. 10), L7zh3>

T ARFHIRIE P2X4 S BAR KON P2XT R HEEEZE T HZENTEHEHE 2 IR 3

UM (ZFHHEE LTk 2 72 BLT7 L L —3ED P2X4 2R KON P2XT SR %I LTz Ca¥ D AD

ERGeARI 0T AR B A WiaT UT-, ZOE % 1774 fIlAD P2X4 ZRAKZ LT Ca2* D ALK L

THT VA —3KIMERA L0 o723, 1774 Mifas N18TG2 AMAEO ML T Oxa N EL T

P2X7 ZBARZNLT- Ca¥* D AZPHELT-, clemastine IZHIEAZIVIETHHN P2XT ZHIK

DIEREA TLHES DT LD Norenberg & (2011) (ZE-> THEIILTWA[T75], Ziveé—FKL T,

clemastine IX 1774 M2 351F 5 P2XT7 2 BARZ ST LT Ca¥ DI AZHTREET- (Fig. 10A), 1774

AL N1STG2 HilD P2X4 AR LN P2XT S BAKEN L= Ca2 I s DR FE /2T v— %

Fig. 10B, C IZ7”7, J774 flifaz 1 mM ATP CHIN T 5&, P2X4 A KZ /L C—imtEiz[Ca®i

M EFHUTZ8IT P2XT SR RE I U TR Ca¥ DAL D, Z0D P2XT ZRHEEIT LI

Fifirg7e Ca?* i AT Oxa ZRIALE T 2L k> TSN 7=, £7-. N18TG2 #ifu% 1 mM

ATP CTHRIBLT5HE P2XT Z B EEI U TR Ca2 D ARG LS 3UH A3, Oxa ZRijALE

JHZEIC Lo THfIES . (Fig. 10B, C),
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Fig. 11. Effect of oxatomide (Oxa) on P2X7-mediated increase of [Ca?*]i and membrane
current in N18TG2 cells. (A) Representative Ca?* response of N18TG2 cells to 0.1 and 1
mM ATP in the presence or absence of 10 pM Oxa. (B) [Ca?']i response curve at different
concentrations of ATP with or without 10 uM Oxa. Data points represent means + S.E.M.
(n = 3-6). (C) Effect of different concentrations of Oxa on 1 mM ATP-induced [Ca®']i
elevation. Results show means + S.E.M. (n = 3-6) expressed as percentage of the control
response. (D, E) Representative whole cell current induced by 1 mM ATP with or without
AZ10606120 (AZ106, D) or Oxa (E). Whole-cell recordings were performed in N18TG2
cells at a holding potential of 60 mV. (F) Effect of different concentrations of Oxa on 1
mM ATP-induced current. Results are expressed as percentage of control response. Data
show means + S.E.M. (n = 3-6).

2) NI8TG2 HHMUIZF51T2 ATP (282 Ca? i I OSHIIE B B L2 %95 oxatomide (Oxa) D%
*
NI18TG2 HIfIZIIT5 Cat* DAL S F 75 F 1A - P2XT SRR ETRIC KT TER%E

FEEEEL T Oxa @ P2X7 Z A EMEMZBITHRFIL7Z, 10 uM Oxa DORFLEIZL ST 1 mM
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Fig. 12. Effect of oxatomide (Oxa) on P2X7 receptor-mediated responses in N18TG2 and J774
cells. (A) N18TG2 cells were stimulated with 1 mM ATP for 5 min in the presence or absence of
10 uM Oxa. Cell lysates were subjected to western blot analysis for phospho-ERK (P-ERK),
total ERK, phospho-p38 MAPK (P-p38) and total p38MAPK. The data presented are from a
single experiment that is representative of the two performed. (B) N18TG2 Cells were stimulated
with 0.1, 1, and 3 mM ATP for 30 min in the presence or absence of 10 uM Oxa. Extracellular
LDH activity was shown as % of total cellular LDH content (n = 3). Data are shown as means *
S.E.M,, *P <0.05 (C, D) J774 cells were stimulated with 0.1 mM BzATP for 1 h in the presence
or absence of 10 uM Oxa, and then COX-2 (C) and MIP-2 (D) mRNA levels were analyzed by
real-time PCR. Data show means + S.E.M. (n = 3-5). *P < 0.05 (E) J774 cells were stimulated
with 0.1 mM BzATP for 3 h in the presence or absence of 10 uM Oxa or 3 uM AZ10606120
(AZ106) (n = 3). The content of MIP-2 in the culture supernatant was measured using ELISA.
Data show means + S.E.M. *P < 0.05, ** P < 0.01

ATP [ZEo>THIEEISND Ca? D AT ES 25, 100 uM ATP (285 S IE R E SL80>
572, 100 uM ATP ZHLELIZ#1Z, 0.3 - 3 mM ATP CTHIL 42 L3 FE A7 [Ca2t]i 25 EH-L

72, 10 uM Oxa f77E T ClL ATP 1255 Ca> DIt AN TORE THESILZ, 1 mM ATP (255
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[Ca?*]i ® 5% Oxa IFBEERAFHNZFHEL, ICs0 1 X 3.3+ 1.0 uM Th 7= (Fig. 11A-C),

ATP |2 > THEEINAOMIAEER IR — LB F 75 F1EICE > THIE L, 1 mM ATP

\Z AL P2XT Z RRRHERITHS AZ10606120 121> THESN A ML ERAEE L

(Fig. 11D), Oxa I% 1 mM ATP (Zdo THI & Z S AU DM RS it 2 Y B AR A7 L2 BRI L, 1Cs0 1

3.2+0.7 uM Tdh-7= (Fig. 11E-F),

3)N18TG2 il J774 MfLIZ 51T D P2XT Z AR Z AT LT i RE 2SI X IE T Oxa DEhR

RIZ, Oxa 7’ P2XT7 2 AR DIEHALIC L > TR &SN T 7 T UZR U CHIER 5

D MREFLTZ, Mitogen-activated protein kinase (MAPK) % P2X7 S ZBARO R L THEMEALS

A1, membrane blebbing P77 DIZAKIZEI H-F 52 LR FNHIL TS [61], N18TG2 #lifdz 1 mM

ATP C 5 7 #I9%& ERK & p38 MAPK 23U (b Sz, [RIRFIZ, P2Y2 20 3 2G5 h 5| &

FLZENDA3, 100 uM ATP (2K DV B LIFEICTH-T2 (T —2RET), Oxa %2 10 uM JEE T

AALE 3 5L ATP 1252 ERK & p38 MAPK DU FR{LIZBAESNZ (Fig. 12A), BiRED ATP

(282 P2XT ZARRITIZE R AR T AT L . LDH O X7 i B N Ol R 2 i3

%, NISTG2 iz 3 mM LA ED SR ATP CHIBE I 2 EMa M2 LDH 28t STz, 2D

JibE 10 pM Oxa ZRIALE 52 & THELLIH SN (Fig. 12B),

~ 7077 — BT P2XT ZRROIEMAIZ T 024 750 B2 DREAZEET S COX-

2 R FEROWEELEET DDA THDH MIP-2 OISEEFHEES S, 1774 ~7a7 77—
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Fig. 13. Effects of oxatomide (Oxa) on ATP-induced degranulation in BMMC. BMMC were
sensitized with anti-DNP IgE overnight. (A) BMMC were stimulated with 0.5 mM ATP or
50 ng/mL DNP-HSA in the presence or absence of 3 uM AZ106120 (AZ106) for 5 min (n =
3). (B) BMMC were stimulated by 0.5 mM ATP or 50 ng/mL DNP-HSA with or without 3
uM Oxa for 5 min (n = 3). Data are shown as means + S.E.M. *P < 0.05, ** P < 0.01

fakk% P2X7 ZRAKT T =AM CTHD 100 uM BzATP THIK I 5L COX-2 & MIP-2 DOE5 %

Blgns BA-L, 20 BRI 10 pM Oxa DRIALEICE > TIHEFES Nz, EHIZ, Oxa & AZ10606120

I% BZATP (255 MIP-2 D& BHE L7z (Fig. 12C-E),

4) P2X7 K% Uiz BMMC O PR S 23 KIFE 7 Oxa DR

~ ANMIEIZ I D P2XT A DOIE AT SOSZ 5| SR 2928135 2 T, &

ZC. BMMC 28175 P2XT7 SRS AIEMEILIC LD MRI BUG% Oxa 23583257 B-Hex D&M

ZHIETHZETHFILTZ, BMMC % 0.5 mM ATP %7213 50 ng/mL DNP-HSA Tl 4% & B

KIS SN ERLS I, P2XT 52 BARBEHRTHD 3 uM AZ10606120 13 ATP (XD LG D % Bl E

L7z (Fig. 13A), MiRE (> 10 pM) @ Oxa (IR S DOE O EIH T2 LN BTN,
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Fig. 14. Representative results showing the effects of oxatomide (Oxa) and AZ10606120
(AZ106) on the whole-cell current induced by human, mouse and rat P2X7 receptors.
Human (A, D), mouse (B, E) and rat (C, F) P2X7 receptor-expressing HEK293 cells were
stimulated by 1 mM ATP as indicated by dashed line. Once the currents had reached a
steady state, AZ106 (A-C) or Oxa (D-F) was co-applied with 1 mM ATP as indicated by
black line. The currents shown were obtained at a membrane potential of -60 mV.

Z 27T, Oxa O P2X7 XA E (% DNP-HSA (282 SO IT A K IF S0 R EE CREAM
L7z, Oxa % 3 pM ¥ CRIALE 3 DL ATP (XD MRERL SO %A B EE L= DNP-HSA |2

FOBUSIZITFBELURWFER DGO (Fig. 13B),

5) R, ¥ A, vk P2XT ZRIRIZKTT D Oxa DEhE

P2X7 ZRART AT = ADOIBZ N RIIFEE DB L REZTFHIENMBENTND
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Fig. 15. Effect of different concentrations of oxatomide (Oxa) on whole cell current
mediated by human and mouse P2X7 receptors. Human (A-C) or mouse (D-F) P2X7
receptor expressing HEK293 cells were stimulated with 1 mM ATP as indicated by black
line in the presence of AZ10606120 (AZ106, 3 uM) or different concentrations of Oxa.
Trace shown are representative of those obtained in human (A, B) and mouse (D, E) P2X7
receptor-expressing cells. Results obtained in human and mouse P2X7 expressing cells are
summarized in C and F, respectively. Data show means + S.E.M. (n = 3-5).

[76], = ZC, HEK293 il |2 R BISH7-t b, ~ VA, Tk P2XT7 S FRIZK)S5 Oxa DR A
v F T T LD MIANER R ORE IS L > TRHE L 72, P2X7 ZAEEZFISE TV
HEK293 #lfa Tl ATP #lIMIC K> CHIIEEEIRIZF S8, BR, v U A, T P2XT AR
ZFEH ST HEK293 iz 1 mM ATP CTHRIFL 2L ME EHLA B 5 | Sk ZS 7z, ATP

XD R KITI2 5721412 AZ10606120 %[RRI ALE 35 LN R E B IL S 2 IH S
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AZ10606120 %FrETHIETHRARKIGETIR A IZEIELTE (Fig. 14A-C), ZILHDFERMNG,

AZ10606120 DR, w7 A, Tvh P2XT7 AR EMERICHEZITRO N0 »T-, — 7, Oxa

Dk, v A, Tvb P2XT ZREMEERIIFEIC L) K& 220 5T, ATP ICL->THIEiE

ZENDHER P2XT Z BN E I LI BB EE 1T 3 pM Oxa (&~ Cog @izl &i, BrEkd52d

THRRISETEIE L, LrL72nsh, [FEROFEFR T~ A P2X7 A 3 M Oxa [ZX->T

EHHNZ LIRSS, Ty b P2XT7 ZARIT 10 uM Oxa W Th#flE e >7- (Fig.

14D-F), &IZ, ERE N~ T A P2XT R RZ R BLSE - HEK293 MifdiZdsi7% ATP §E3ENRE

TRICKIT% Oxa DY FERIFIEAMRFILTZ, 1, 3, 10 pM @ Oxa % 1 43 [BIBTALE 4 5& 1 mM ATP

IZEDED P2XT Z R DB IR KA IS RS L7 (Fig. 15B, C), Oxa TR &%

ERESEDHZETES P2XT ZFERIZED ATP FHRERZEEICHELZD (ICs = 0.95 £ 0.15

uM), A P2XT7 ZRRITIR K T ha— 1?40 %ETULOAEFEL 2> (ICso = 4.1 £ 1.3

uM) (Fig. 15E, F),

6) BRI —~ RPMI8226 HifiEiZdsiF 5 ATP (24D Ca> IHE Tkl 9% Oxa DHF:

P2X7 Z A ENKRMEIZIEBLIL TWHAZERNHLNTWAE NS B > RPMI8226 #llfinz Fu>

T Oxa Otb P2X7 ZHIKLEIEHZ[Ca? i OE LA FEEEIZHETLZ [77], RPMIS226 HfEiZ

1% P2Y2 ZAIRE P2XT Z AR FEBLL TEY, 100 uM ATP THIIET5& P2Y, 2 BIEZ ML T

—IEPEIZ[Ca i S EH L, E D&, 750 uM ATP CHIFL 5L, £z [Ca® i 23 EH- L7z (Fig.
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Fig. 16. Effect of oxatomide (Oxa) on human P2X7 receptor-mediated Ca?* response in
RPMI8226 cells. (A) Representative Ca2* response to 100 uM ATP and 750 uM ATP in
the presence or absence of 0.1 and 1 uM Oxa. (B, C) Effect of different concentrations of
Oxa on the Ca?* response induced by 0.1 mM ATP (B) or 0.75 mM ATP (C). Results are
expressed as a percentage of the control response. Data show means + S.E.M. (n = 4). (D)
Effects of 0.1 pM Oxa on the concentration-Ca?* response curve for ATP in RPMI18226
cells. Cells were pre-incubated with 0.1 uM Oxa for 1 min, followed by treatment with
different concentrations of ATP. Data show means = S.E.M. (n =3-12). *P <0.05.

16A), Oxa ZHIALE L7212 100 uM } T8 750 uM ATP (XD ETTH L. P2Y 2 X BIRE LT
[Ca?* )i D EFHIEALL 72D o723, P2XT XA LIZ[Ca? i O EFITRE KAl S
7= (Fig. 16A-C), 512, 0.1 uM Oxa I% ATP (25D P2X7 Z K RES Liz[Ca> i E5H-o &G

IR 2 R NS o 7 REE B L5 70/ R 03 G D 7= (Fig. 16D),
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Fig. 17. Effects of oxatomide (Oxa) on human P2X7 receptor-mediated responses in
RPMI8226 cells. (A) Representative FACS analysis of ethidium*™ accumulation induced
by 10 uM BzATP for 5 min. (B) Cells were pre-incubated with AZ10606120 (AZ106, 1
uM) or various concentration of Oxa for 5 min, followed by treatment with 10 uM
BzATP for 5 min in the presence of 2.5 uM ethidium bromide. Data show means +
S.E.M. (n = 3) expressed as a percentage of the response induced by BzATP alone (n =
3). * P <0.05 (C) Representative FACS analysis of membrane CD23 shedding induced
by 750 uM ATP for 30 min. The membrane surface CD23 was labelled with FITC-
conjugated anti-CD23 monoclonal antibody or isotype control (mouse 1gG2a), and
analyzed using FACS. (D) Cells were pre-incubated with AZ106 (1 uM) or various
concentrations of Oxa for 5 min, followed by treatment with 750 uM ATP for 30 min.
The membrane surface CD23 levels were analysed using FACS. Data show means +
S.E.M. (n =5) expressed as the percentage of control response induced by ATP alone (n
=5). ** P <0.01.
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7) RPMI8226 HifE > P2X7 K ZE N LIZART DL CD23 DY =T 42712 KIFT Oxa D

EUES

FMAR R EE BT M O Ca2 i ADL LT P2XT Z BARIZ K IE T Oxa DIEHNHER TEX7=D T, Ik

{Z RPMI8226 HIAIZ U NT P2X7 2 BAKZEA T DAL EN DU T, MR T O -0 e

FHH NG THD CD23 DY =T 427 ZFREEIZ, Oxa DNIIHOD SUSE T T 205217

7pot [77,78], ZNUBDBUGE, P2XT ZFAKT T = AROBIFWEE ED D7D 2 fid BT

ToDH Mg?e Ca¥ w7 7—nbERELIIRIETITo72 [61], RPMIS226 Mifids P2X7 245K

TA=ANTHS 10 uM BzATP CTHIPAL 72X SILDR T 2/ L CHIBNICIEA =T

LD % FACS THEHTL7Z (Fig. 17A), BZATP (XA F V0 LD AL P2XT 52 KK

HIBHERITHD AZ10606120 (L THHESNZT20., P2XT ZBRIEENLIZLDOTHHEEZ D

N7z, Oxa ZHILETHIET BZATP ([ZLDHTT U0 AOH NI ERIFHICIfI Sz (Fig.

17B),

RT DI Z T, P2XT ZRARDIEMAVIINES L R ETHDH CD23 DY =T 47 %7 &

I L, MR O CD23 29 S/ T EiEH O ARk CD23 Z#H#INSE % [77], 750 uM ATP

THIE AT LA E O CD23 L. ZO KIS AZ10606120 (ZX > THES L, Oxa

VIR FERAEHINZ ATP (255 CD23 DY =T 47 %[ #E L 7= (Fig. 17C, D),

8) B16 AlAfHIEE T /L~ AIZI1F 5 P2XT 52 BMMEAF RS HEFE I 2 1E 3 Oxa DIEH
SN TSN BIRE D ATP BFEEL TWDIENMLIL TS [79], AT, ¥ TAAT
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Fig. 18. Effect of oxatomide (Oxa) on tumor growth in B16 melanoma-bearing mouse in
vivo. (A) Expression of P2 receptors mRNA in B16 cells. mRNA levels were analyzed by
real-time PCR. Data were normalized by GAPDH mRNA levels. N.D., not detected. (B)
Effects of ATP (1.5 mM) on [Ca®*]i in B16 cells. B16 cells were preincubated
withAZ10606120 (AZ106, 3 uM) or oxa (10 uM) for 30 s and then stimulated by ATP.
Values are shown as means + S.E.M. (n = 3). (C) Experimentarl protocol for measuring
tumor growth in B16 melanoma-bearing. B16 melanoma cells (1 x10° cell/ mouse) were
injected on day 1. Oxa (20 mg/kg), AZ106 (1.5 mg/kg), clemastine (20 mg/kg) were orally
administrated from day 6 to day 16, and tumor size were mesured. Values are shown as
means + SSE.IM. (n=7-9). * P <0.05. ** P <0.01 vs corresposive vehicle.

J—~<HIfERETHZ B16 AT P2XT S ARV EL TRV, Hi5iA EIZHIEL T 1D [80,81],
ZZ T, Oxa BAEERNTY P2XT7 L AR E IR A~ 370° Bl6 fifaz W -t 7 L~ AT
MatE1T o7, B16 fEICIE, E372 P2 ZRIREL CP2XT Z A RE TR BIL CTEY, ATP (1.5 mM)

[Z& - THEFE 72[Ca?*)i O LR ZBIZE I LTz, ZOGIE AZ10606120 (3 uM) & Oxa (10 uM) (2
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Lo THESNT- (Fig. 18A, B), ZOMla% C57BLI6 ~ 7 ADMEHELR FICBAEL. 6 H H2E

AZ10606120 (1.5 mg/kg) Z[EIENSLS-. Vehicle, Oxa (20 mg/kg). Clemastine (20 mg/kg) % 1

B 1EL, RO#EL 16 B B ECEEA%RIEL (Fig. 18C), Vehicle [Z%fLC, AZ10606120 O

B 5 XOIEE O3 AA B IS HESI, Oxa OG-S IEEORTEZINHEILT-2, P2XT 2K

KB EVERZ A SRWHLT L VX —3KTh % Clemastine D5 TIFINHI S22 -7 (Fig. 18D),

3—4 EEE

ARETIT, FITLAF—IETHD Oxa I P2XT SRR EVER A T5H285 "L, ZhVE

T, P2XT7 ZHRMEIRAT 2T =2 LT AZ10606120 <° A438079 ZENBHIESHTWS

D3 TV T N TINVFY 2 ) ARIEMEZ R — P LERITHD KN-62 LFH 435 Th

HIZVNT T =G DIH7LBID B THOGILTWT=EY P2XT S BN EIER -2

EWMRHENTND [76], FL7LLF—3KE, JLERAZIARH LSHIbH =) AR P = h

Y e ARRER RIS OIEIER B2 AL Td, ZOISRSHRERZ =TTV

A —FRO PN P2XT T RN EVEHZ2H T 23M 2 0k P2X4 SRR OV P2XT 52 %%

RZWNRPEICIEBLL TV NISTG2 #ili [73] & 1774 Ml [74] AW CTHiRZ21T-7-, Zh

SOMIAZ UTP TR 5L 7 T =AM L CE BRI THhD P2Y) % BARINEVEL L —iE

\Z[Ca¥i S EFH-T2, D%, BIRED ATP THIIET 5L T P2X4 ZFRIZLD it K

Jin& P2X7 S AR LD e 72 ROSE BT 53 TE D, ZDIH7% iAW T P2XT &%
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BEROIEMACIZED Ca? Dt A& Oxa M HETHZLa ML (Fig. 10), Oxa I% N18TG2 #f

T P2X7 S BIRIEHEALIC L DM R D Z{E<° ERK K& OY p38 DU FR{t, LDH D h %

L7z (Fig. 11, 12), AT, Oxa 1% J774 #IR T P2X7 S HIRTEMALIZ LD COX-2 K> MIP-

2 DI RIEICBIR T DBAR T OIBLEIHIL 7= (Fig. 12), SHIZ, Oxa L BMMC @ P2X7

SAERIEMEACIC KD UL SIS Z | PUFHRAFRZ2 UL SOS 2 B DI B KO B AR R EE T

L7z (Fig. 13), ZILHLDOFERNG, Oxa OHLT L AT —(EHO—HIE P2XT7 AR EE

MIZEDbDTHHZEDRIES I,

P2X7 2 BART BT = AR RIFTFEAEIZ IV RIRDZEN MBI TND, Bl 21X, KN-42 [Tk

k P2X7 S BRI T AERITIRVA =7 & P2XT 2 BARIZRTAERIEEL ., 7V 7 7L

—G 1T vk P2XT Z B EZ~T AR O P2XT7 /KL GELS L E TS [76], HEK293 i

\ZER, T A, Ty P2XT SRR R BT E KAL) TEE VT Oxa @ P2XT7 2 &K

FLEERHZRETLIZEZA, BF P2XT Z BRI L T IRV R4 7R L7Z, Oxa lZbh P2X7 %

RAIRDNEE T2 PRI EL, ICso 1 0.95 £ 0.15 pM Th 7=, ¥ 7 A P2XT7 ZAKIC

U TIFa ha— v DF) 40 % E TLOHE DR Z/RST | ICs01E 4.1£1.3 uM Th o7z, SHIT

Ty P2XT7 ZFARICH LT Oxa 1310 uM TR EA BT CHIER 2 RE 20 -7 (Fig. 14,

15), Oxa OER P2X7 ZARMEICKIT23HE PR e M EIL P2XT SAERENRPEIZHEE T 5

RPMI8223 FAEIZ IV TH A HLEIL, P2XT7 2 RIRIETELIZ LD Ca¥* Dt A% Oxa 1R FEKAT

AP L ICs0 1% 0.43 +0.08 pM Tdh 7= (Fig. 16), ZALSDEH75 Oxa D P2X7 5245 4BH.
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EERICHEZENTFEL, v VA P2XT7 ZHEERIOBES P2XT7 SRR L TH 4 fEoMHE

RE2RL, Tvb P2XT7 ZHEBIFILELRNWEE 2 BT, Oxa EREERIZER P2XT ZBRIKZHE

T DT b P2XT S BARITLE L2 P2XT7 S AR EZEE LT KN62 2 EIHIL TV, KN62

OVERNCHEZENECDIRRE LT P2XT SZBAED 95 FHO T BRNEE THLHZENHLNE

2o TS [82], T b P2XT ZBARD 95 T T /BRITEAL L THHA, Bb P2XT ZFIKIT T =

=TT THY, bk P2XT ZRRD 95 7 /A uls A EH T 5HE KN62 OVEH Y

15, Nz T, B0 P2XT7 S BRI ESK THD GWT91343 & 95 BT I /RN A 72 LR E

VERZ " &72<K70% [82], ZDZEMND, Oxa N Ty P2XT ZRIKIHERA L2 > = KR D—>

1% 95 BT I/ BEOENTHDLATHEMENE 25D, — T, VA P2XT S HIKD 95 F 7/

lTeh P2X7 ZRIREFILL 7 2= VT I7=0ThHHIEND Oxa NERHKRT-OTIHR W InES

ZHND, LNLRNE, BERE~ TR P2XT SHRITHRT 2D Oxa OERICHEZENRD LT

95 T BRLSMIOREAE DR K E72D T BRDIFAENE 2 BT,

bR DN R P2XT S AR Z 3BT~ HEK293 fifiaz - R AR B 70 EBR IV T,

Oxa XA ATP FHRIEERZAE L, 370bb, &L= Oxa ZfrE T DL, ATP (Zx%f

T OBIETEDOL~IUZEIE LT (Fig. 14), SHIZ, RPMI8226 Ml IV /o Ca? Dt AHIE

TIE 0.1 M @D Oxa IZE> TR ARG ZZAL ST 52 e B S M2 m i RN 7 hE

7= (Fig. 16D), ZHHDHE RN, Oxa IE P2XT7 ZBIRD AT L AT = AN THAHZEN R

BT, LINLZRND, [AEEDOBLER A 7259 AZ10606120 17 ATV /£ 2l —H—
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ELTER AL S TERY [83]. Oxa DFLEANAIRE T AHINIELRABRI N LI TH

HEZZ BT,

B16 fifaz W37 L~ R BT P2XT ZRIFHERKTHS AZ10606120 1HiE

O HEGEZA BAZIHI LTz, [FIERIZ, Oxa BRSO BRI ZINH| L7273, P2X7 SRR EER %

IRE72UY Clemastine (X L7 o7-, ZDZEMND, Oxa XM P2XT7 S RIEHEEH

PPN AAERNICEB W TH P2XT ZBREPLETHZ LN RENTZ, — 7T, P2XT ZBIED

I BT D BENI LR WM SRS TRY  IEHEBIC L > TEEE ML L b9 #

RPLFN Lo THIFH A INHI 2G| BREIC R TRASRIEZ S IIHIL TLEI MG & DFIE

9% [84-86], ZD7= FEIGHIT P2XT ZRRMLERAFIH T L7200 B 2o et A&

ThHEZEABINIZ,

Oxa [THTLF—FLL TR THEASN TWLEEK G THY, 7L — MR 1@ M

CAELA, 7L —MERER  /INLRE S B 72 E ICHWDITD [87, 88], Oxa [XERIK

TOHKEH 8 30mg %2 —H —[Al) T HEE TR 40 ng/mL (89 0.1 pM) (2T 5 [89], Zib

DOHIFLE Oxa 78 0.1 uM MHek P2XT7 Z R EEAZ R T 22 BRI 5L, Oxa 37T LV

XKLL THWSINZERIZERDENIZEBWTEH P2XT7 ZBIRZFLEL THOAIEN RIS,

T 725, Oxa DT L AT —VEHO— I P2XT7 Z AR EAE 35 L T rTREMED Y

ATz, Oxa 1, BHFEE G THLZO L EMEITHRSN TND, LLRDBE, <057

IR —HEPFFOIRRSC AV E ORITEM 2338 P iREE B 572010 5 &2l 28
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TEEL W, D72 | KB E DA AW AF DI 72 R CER 45284 B R L LI B

ZBAFTHIET, 012 Oxa @ P2XT7 RN EERAZS X HL, 7L X —MERER O

B XROIBIRIHHTEDLOTIH RV IDNEE 2 BT,
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94 AT AMBIO P2XT ZAERICK T 5T X AZY U (DEX) ORR

4—1 H=

2T UARZRPIRIES (SAIDs) 1E, ZVazm )L FafRHHVIZFDOFLELE G AT EIRL T
DY | Bk & R RIEFIITT LA —MEREDIERITIRIAS WS TWD [90], 7 /VazLFaf
RIZHIE AL T D7 VL FafRZE R (GR) ITERT5ZL Tl REEHE T
7, GR I% Heat shock protein 90 (HSP90) &l LI IRHE CHIRLEIZAFAEL TR, YT RS
B9 5L HSPIO 2 DARRBEL TR E NICEATT 2, MIIE NICBATLIZ GR IIREX A~ —%
L. 7 /2 FICAFAE T % glucocorticoid response element (GRE) (Z#s &3 52 & Tl B A Hil1H9
%o N ZC, nuclear factor-kappa B (NFkB) <> activator protein 1 (AP-1) Vo785 K f-L~T
X A~ —Z BT HZET, ZNHLDERGIEM AT 5 [91, 92], ZHHDHE R, phospholipase
A2 HEZ ST THDOIRANTF L DRELRS | MR & IR SIEME AN A D REEAMGI A S S
NHZETHRIENERZ 7R T [93,94], 2D X572 BIn - RBZELAE I LTt % genomic effect
LIES— TR FRBLIA T ST B D8 TR Z A KUG T non genomic effect EFFIEALT
WD [95], ZOSURITIERR BSOS o /30 B 2 232kt 7 v amL T a A RO E T
RAER, FEZ v amFaAR) GR EfEATHZE T, GR EEARETERL TN /373
Rl 22 L THERISNDEE ZHIL TS [96], Non-genomic effect (ZL->THIZEIIND

HARLL T, AN MIIEZ I IZ381T 5 FeeRI O HE T2, T MAD 7R — A T cell
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receptor 2>5HD T F /LD E B TWD [97-99],

02 BEIZBWTC, Ml XL A FREYH U RET D P2X BN~ AN OTEM A V&2 1EIC

HIRL TN ZEZ BN LT, FRIC, P2XT AR EM T~ ANl O bz 5| & 2

L. P2X4 S SRR U R S LD BB SOS H B LT2, — 057 C ~ AMIIIZ 212551

LTCWAN, MRRICE S TRIRDT = ) FA T 2R T ZEDNHBIL TS [100], P2XT7 & BIRDHEEL

SR Lo TR, W5 i, JEPE~ AN TILE WY, BE~ ANl TIRIZE A EFEBLL T

WU [51], ZAUE, ~ ANHIRRIZEIT D P2XT ZRIROIEBUMLTEIRL T A U Wi % e

AN SR T AT ThAZEMBLNE72 > TS, ZDIHT, AMNIRRD P2XT S 5IK%

BT T L ICHIE S CWBEE 2 BNADLF /A RO~ AN D P2X 52 BIKDFEH,

EZRHEIL TR AT TR, £ T, AT TIIAERISEZRAICHEH T 25

Dexamethasone (DEX) D~ ANIEIZI51T 5 P2X 52 RAHEBU T TR BE ML,

4—2 SEBRAPEE K ONERR 51k

1) A

AREDFF TR LUIAEED AFRIZLLTOLEVTHD, & 2 EROWE 3 BEITRHLIZHD

IZE W% L7, DEX, prednisolone, mifepristone: FIOEAISE, phorbol 12-myristate 13-acetate (PMA),

ionomycin :Sigma, FITC conjugated anti P2X7 receptor antibody (clone: hano43) :Bio Rad, PE

conjugated anti CD11b antibody (clone: M1/70), APC conjugated anti F4/80 antibody (clone :
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BMS8) :BD Biosiences, macrophage colony stimulating factor (M-CSF) :Peprotec,

2) Mifaks

2—2—3 LEKED J7EE VT BMMC 2553 LT,

B ~2-1~77— (bone marrow-derived macrophage, BMM) % 2—2—3 E[RIERD Hik

EROWTERLUE MR Z8RRL L, B#Mia%z M-CSF (10 ng/mL) % & A7

RPMI1640 E5iha VTN T o aNTEFR LT, 3~4 B Z LIz i B ifin 21

FLI7, 10~14 HEEE LRI~ r/a7 77—y O~—1Téhb F4/80 & CD11b D3 H A FACS

THEGRL TERICH W,

3) ¥R

2—2—2 DM FT C5TBL/6 ~T A% fi B L1=, DEX [3A A AKIZAEfREL, 10 mg/kg T 4

HRER R A% 5L~ o b — LRI IZA BB E K2R OB 5 L-, 5 B BICEEfnsg

RPMI1640 £5#1CAIIZL FACS T~ ANMMIND P2X7 Z RO I B AT LT,

4) WERE RGN LD cDNA OERLE real time PCR

2—2—7 KX 2—2—8 LIARD T IETITo7=,

5) 7a—HARAN —fEHT

2—2—4 LIARRD STIETIT oz, A LIZHUR DO RIRME R AT E 2 UL TR,

FITC conjugated anti P2X7 receptor antibody (%30), APC conjugated anti F4/80 antibody (x100).

PE conjugated anti CD11b antibody (x100)
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6) EtBr Dt A

3—2—13 LRBRICAT T,

7) [Ca?*]i &

2—2—5 LIABRD FIETIT 272,
8) MHHRLIL IS

2—2—10 LEBRDHIETIT -7,
9) #EatLt

2—2—14 L[RERD FIETITHo T2,

4—3 fER

1) BMMC @ P2X S ARFE B35 DEX DO+

T P2X ZRIROE s R BLEIZK 95 DEX O RAEMFI L2, DEX (1 upM) 0 24 F721%
72 BRHALEIZ - T, BMMC Tid P2X1 ZA KK TN P2X4 SRR O B FH BRI T Z L2
o128 P2XT Z RIRDOBA I Lz (Fig. 19A-C), —J7C, BMM @ P2X7 Z KD
BRI BLE X DEX ALEIZ &> TE L2 7= (Fig. 19D),

WIZ, FACS % FV T BMMC @ P2X7 ZFIRD X L 73R BB x95 DEX O R4t
L7z, DEX (1 uM) 7#4E K. BMMC % 24 £7213 72 BRI 52842 SR 2 o> P2X7 52 KD

B Ry R B BT RERRAF B0k L7 (Fig. 20A, B), %72, 1 - 1000 nM @ DEX {77 T,
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Fig. 19. Effects of dexamethasone (DEX) on P2X1, P2X4 and P2X7 receptor mRNA expression
in BMMC. BMMC (A-C) or bone marrow derived macrophage (BMM), (D) were treated with
DEX (1 uM) for 24 or 72 hr, and then P2X1 (A), P2X4 (B) and P2X7 (C, D) receptor mMRNA
levels were analyzed by real-time PCR (n = 3-6). Data were normalized by GAPDH mRNA
level. Values are shown as means + S.E.M. N.S., not significant. * P < 0.05, ** P < 0.01.

BMMC % 72 W55 # 5L P2XT 2RO Z /7 3 BB T IR FEE AR AT L, B K Coxf R

D 54.0 £ 9.4 %FETHA LI (Fig. 20C), BMM D P2X7 Z AR L /7 G 3 BB T8 13 H

EEFRIZZE L LR T2 (Fig. 20D), DEX (245 P2X7 S BRAKS "7 E DR B EMHIER 1%,
GR 7 HT=ANTHHIT = S VANAZL > TR EARAFRIIZPAEFE SN (Fig. 21A), X T, GR

TA=ANCHLH TV R=rrt DEX EFRIEEIC BMMC O P2X7 ZRIKZ L RO B BA D S

7= (Fig. 21B),
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Fig. 20. Effects of dexamethasone (DEX) on P2X7 receptor protein expression in BMMC.
(A) Typical results of FACS analysis of P2X7 receptor protein expression with or without
DEX treatment after 24 hr. (B) BMMC were treated with DEX (1 uM) for 24 or 72 hr, and
then mean fluorescent intensity (MFI) of P2X7 receptor was measured by FACS (n = 3-4).
(C) BMMC were treated with different concentrations of DEX (1 - 1000 nM) for 72 hr,
and then MFI of P2X7 receptor was measured by FACS (n = 3). (D) BMM were treated
with DEX (1 uM) for 72 hr, and then MFI of P2X7 receptor was measured by FACS (n =
3). Values are shown as means = S.E.M. * P <0.05, ** P < 0.01.

2) BMMC O P2X7 Z BARIEVEAGIZ L DR T O E R BERL G2k 45 DEX D%h 5

DEX (2L£% BMMC @ P2X7 R RFEBLEOW/ D DIHEREICH 8% KT U=, P2X7
ZRIROIEVALIZE KRR T2 OL, = F VU LD IR0 F B RS L HEN LN TND,
ZZC.BzATP ( 0.1 F721% 0.3 mM) T BMMC ZHIE LRI RSN T 2 LizeT Uy

LD N%E ., FACS TiMliL7=, BZATP (2L TF VU LD AL P2XT S AR R T 2T =
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Fig. 21. Role of glucocorticoid receptor in dexamethasone (DEX)-induced down-
regulation of P2X7 receptor expression in BMMC. (A) BMMC were treated with DEX
(100 nM) for 72 hr in the presence or absence of glucocorticoid receptor antagonist
mifepristone (10-1000 nM), and then MFI of P2X7 receptor was measured by FACS (n =
3). (B) BMMC were treated with DEX (100 nM) or prednisolone (Pred, 100 nM) for 72 hr,
and then MFI of P2X7 receptor was measured by FACS (n = 3). Values are shown as
means = S.E.M. * P <0.01.

ANTHD AZ10606120 (ZL-> TRHESNZ, DEX (0.1 uM) % 24 BFEALE L BMMC Tl

BzATP |ZL5=F VU LAOTRAME L= (Fig. 22A, B), IZ BMMC @ P2X7 5 FETEMEALIC

FoTHIEE ZSNAMEER SUSIZ & IF 3 DEX OVERZ#EL7-. BMMC % BzATP T4 %

CRAE 7R BRI SR 5 S S AL, ZORRNE AZ10606120 (2L~ TRRFES - (Fig. 22C),

DEX (0.1 uM) % 24 FEf4LE L 7= BMMC Tld BzATP 35X 0O DNP-HSA (2 X2 B AL S0 2340

il S4L72723, ionomycin + PMA (Z XD BRI SOG IS 727 o7 (Fig. 22D), LA EORE R

5. DEX [24% BMMC @ P2X7 ZRFIERFEHOL 7 X 2l — 303, BMMC @ P2X7 Z &K

I DREREFEBLO BRI &> TOD T ENHERE TET,
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Fig. 22. Effects of dexamethasone (DEX) on P2X7 receptor-mediated responses in BMMC. (A)
Typical results of FACS analysis of the effect of DEX on BzATP-induced ethidium™ uptake. (B)
BMMC were stimulated with BZATP (0.1 or 0.3 mM) for 5 min in the presence or absence of
P2X7 receptor antagonist AZ10606120 (AZ106, 10 uM) and then analyzed for ethidium™ uptake
by FACS (n = 3). (C) BMMC were sensitiszed with anti-DNP-IgE overnight and then stimulated
with BZATP (0.3 mM) for 5 min in the presence or absence of AZ106 (10 uM, n = 3). (D) Effects
of DEX (100 nM) on degranulation from BMMC in response to BZATP (0.3 mM), DNP-HSA
(100 ng/mL) or ionomycin (1 uM) + PMA (0.1 uM) for 5 min (n = 3). Values are shown as means
+S.EM. ** P <0.01.

3) vV AMENE~ AN D P2XT A RFEBLEIZXTT D DEX &5 D%h R
DEX BAERANO~AMAIZE N TS P2XT7 ZREKOFEBELHD S0 BELT-,
C57BL/6 ¥V AIZ DEX (10 mg/kg) % 4 HH#E A& 5L, JEFE~ANRIGIZI1TD P2XT 24K

DFEHEA FACS THATL7Z, DEX 24 5-L TH M (5D %~ ANMILO L RITAEE L7

65



>
o
9]

4, NS 1/ Venicle S 12 =
< — X
= 2 Q
8 8 0.6
g 5
= 0 . L
Vehicle DEX DEX =0
Vehicle DEX
g
= e o]
X - — 8 D
o D
O N
o
i Li -
X
o
) 8 08
Eab L
i I 5
TH
= 0
[/ | Vehicle DEX

FceRlI P2X7 receptor

Fig. 23. Effect of dexamethasone (DEX) on P2X7 receptor expression in peritoneal mast
cells in vivo. Mice were administrated with DEX (10 mg/kg/day, p.o.) or vehicle for 4
days, and resident mast cells (c-kit" and FceRI" cells) were collected from peritoneal
cavity. (A) Rate of mast cells were calcurated with total peritoneal cells. (B) Typical result
of FACS analysis of P2X7 receptor expression in peritoneal mast cells (c-kit" and FceRI*
cells) (C, D) Effects of DEX treatments in vivo on expression of P2X7 receptor (C) and
FceRI (D) in peritoneal mast cells were examined by FACS. Values are shown as means
+S.E.M. (n = 4). N.S., not significant. ** P < 0.01.

nxo7c (Fig. 23A), DEX &2 5-L7c <7 AD N~ AN Tl FeeRI D7) 2B ) 2378

HHAVED, P2XT S A ARFE B RILIVIE TR L TRY ., A ERENGROLIL (Fig. 23B-D),

4—4 B
KREBETIL, ZVazLFafRThsd DEX N~ AN P2XT Z X ELZR/D ST

PHBNC LT, Zham)LF a R34 2T LIV — MR B O RIER S A IHEI L. PLosiEske
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LCTESHWSN TS, EDMERIZZIEIZDTZD | ~ AN OTE AL Z ST 2 E b AH

TV, FlZIE, ZvazFafRNiE~ AN &K E D FeeRl 52 A AFE Bl &2/ S| FeyRIIb

ZEEINEES [97, 101], F7-. MlAN S 7 URiZE i E 528 T AN O L2 I L

TWas [102],

BMMC (213 P2X1, 4, 7 Z BB THY, DEX 1% P2X7 52 KD FE B 20D % IR e Y

RTINS 72 (Fig. 19), ZOJGIE GR 7o XTI =ARNTHHIT =T YVARAZL ST

JEERTFICELES L, DEX HEZO7 NV aa)FafRFEERTHL T L R= L ChEEED

FERNELNTZZED, GR 2 LTS ThHEE 2 Hi7- (Fig. 21), — 5T, BMM (Zi% GR

DIFEHLL CODIZH B 5HF103]. DEX Z4LE L T P2X7 ZFIRD mRNA L O 2 7RG D3

Bl &bz b L7l o7z (Fig. 19, 20), ZIHOFE NG, P2XT7 B EROFBLL BMMC &

BMM Tl R HE G HE 252 T WD EE 2 BT,

BMMC % P2X7 Z RAEIRA) 7 2 = AN TH D BzATP THIIL T HERT DI E MR B R )8

D, P2XT SRR E BAHESK THDH AZ10606120 125> TZO K8 S -, DEX Z4L

[E L7 BMMC THIRIERIZ, BZATP (2L DR T OFE A& SRR ST H Sz (Fig. 22), ZiU5

OGRS, DEX X BMMC @ P2X7 52 HRARFEBLOWANZ L > T P2XT7 St R ARSI L E &

B ZSNOHEREZIIHITDLE 2 b,

DEX Z~U AR AT LG~ AMIO P2XT ZRAERBHREITHEITED LN

FceRI 3 HL BT B2 Ab A RS -7 (Fig. 23), ZOFEHED . AERWNIZEBWTE DEX 13~
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AR O P2XT 2 BIRFEE A/ SETEY, SAIDs ICXAHRIE, HL7 L VX —ERO—#IZ

< AN D P2XT S ARFE B BN L AL DO THAZ LN RIBESNT-, UL 5, DEX O

Bz Lo T ANMIAD FeeRl Z BARD IR BT/ LI-b O DOF B2 13 »T- ZHETD

WFZED, =7 A~ ANIRIZ31T5 SAIDs 1245 FeeRI 5 AR MIMIIR £ T O3B 1%

non-genomic effect THHEE ZHILTND [97], TAUTKI LT, P2XT7 S BARDFEBL & 1

genomic effect ThAHZEEZARMIIETHLNNI LT, ZD X7 VERBEF OEWNZLE > Tin vitro &

in vivo TIXSULD R TNDEEZ 2 LN,

TNazanFafRZds P2 SRROEIEREN ez LIz BappZ emEsiiTnsg, iz

X7 NV am)Fa R ko TTy MEBES RN Tl ATP I LD P2X3 B ARE I LI fHE

TEMPHESIL, EMRUE 3 _ERGHIIEClIE ATP #2225 Ca D A& CIovi H 2N ES DA,

ZHUBIE non genomic effect ThD [104, 105], —J5C, BN & ML N ML CTé 2D HMEC-1

Tl genomic effect (25> T P2Y2 S BARDIEELN EH-9°2 [106], LINLARNG, 7 /vazajLga

AR D P2XT S BRIk T HIEIZZ N E THAAE I QR o7z, P2XT ZRIRIZE D~ AN

DIEHACIFRIEMERGIR BT LV F — IR, E 730 A BRPEICIDFREE(LSEDTE
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Fig. 24. An outline of purinergic signaling-mediated mast cell degranulation
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