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1. HOARERR

B CIEH ORI U CTRIBRIEE R S0 (EER) 25, (L0 THIL, &
ERVDH PR EFEACHURZMBAITE 2725 L. ACOIEH MR A2 W55 A
CHERUSEEZ D, 2R L BMEANICRIENE Z 5 [1,2], HOREHRE L LTETS
NDEEIT 100 T <AFEL, TOBELBIIHAPO 3~5%RE L b TnD, £z, Y
FFEL D, FICHERTEOMHENEML TN D, b B CREKREROKRKE LTl
PERRCEREER N Z Z LTV N, REARRALRENRZ [3,4], T, B OREEE
OIRIERNEFIIIARIAFAER T, ERIRERI L M 3R 2 F O 7o % S 00 2 E O
ERNTIERZIHIT 25 2 & L TERVWEIRTH D,

BIEMERIGR & 7 v — IR KB S LD RIEVERE R (inflammatory bowel disease, IBD) 1
RIS B OV NG D REREN AR D SRAEVE S 2 B S E Z T RERAHOEETH Y | H OARERE
D—DThDHEEZLNTND, BARIZEBWT, 2D OEBITEAFEEG O EHR L 72
S THEY, 2013 FLEOKGF T, EEERBRBEEEIIN 17 T, 7 10— \EEHITA 4
FANTHY, BUEICELETHEML TS, IBD OEARMERE L OUITRCME, ERR L
WEF HND, RRIZH SN2 > TV, BEAER, BREINER, #MAEYFRRER
DEIE-R, U Bk EORPEFOS P IBRN NS 2 2 & THRIE, WMEBICEL LEZOLNT
W5, TERICIE., RBEIESSEFRIEC L2 HEEREoUEOM, WEHER E LT, B
RIEZMZDZEZANE LT 5- 7 VU FAMBEATHLY TV ALT 7 Y VU
B AT aA K, GEMGEEe EAANLR TS, T4, L INF-o fiiEZ X &7 5
PUARAI OB L0 | IBD OIRFRIIRE <H#EA LT [5,6,7]), L L. RIERCTREIESLH)
RELHRESNTEY, SORDIWFAS TV a VBBETH D,

2. AV ULF ¥ RILVOHEE

A F e F o FAE, MR A B L. A 4 AR EBT A S RS T D, A F
YFXRNADIG HY T AT v XV EICHIIEORE ORI A L IR I L T A
RERIENC AL LTS, FRREHIIE-C.OM . R & VLo ZBEMEIBIC IS W T, B 7 4
F v FOVDNEMAL UL MfSh A~ U O D3RI T 2 2 & Thl &l 2 S0 2 MIaE o i 5515 (i
OrRR) BOGIZ &0 BUE M W CRICTHF H T 2 BAKGFE L v T A F ¥ 1L (voltage-
dependent Ca** channel, VDCC) OiEMEZHNHIT 572, BEEN A R IRRBICHERF L, IHEVEAL
DR IME 2 W) ¥ D (Fig. 1A) [8-10], —H. T MIAZ 1T U &3 2 S ia<on Af
7o EOIFFENMMLTIL, VDCC Tid7r SEBMIRFVERD VT T WF ¥ /L TH D transient
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receptor potential (TRP) F % F/L KL OB L3 7 AEEEIEVE(L A L3 7 I (Ca*-release activated
Ca?", CRAC) ¥ RXNAR AN T AFRACEILTFET 5720, U U LTF v 2L OIEMIC

L B HIRAE DM A WS b g, BN IR L 7 AT v RV D ESHIERE) /) 2 HE K LG
RaN T2 DRANEARET 2, 0D, FFEEEMRICIBNT, B Y U LATF ¥ RLONE
PEALITMIRN I Vo T B 7P AV OIEME b Z Gl Sk 2 U, Mifass, Mok, 748 h—v
A MIIEEE . Ba B Rk x ZelatgE DT A 5| XL Z 7 (Fig. 1B) [10-12], SEERIC
Guéguinou 1%, HIALBEAL &M L T AREOREBRIEIC LY, MBSO T
(FEohi, W SE) BRI, BUEMEME CITMIERN DL o T DREE NS L, FEBLZE P
FoCIIARIN LS 7 DR RHEINT 5 Z L 2R LTV 5 [10],

A AT FVDOHTHA VT LT v 3% 100 LLEDOR G S 7 % A 712 X 0k
INTEY ., MDA F 2 F v 3/ & A TR EAICHBLL TV D [13], ZD728H, KRG
BRIZBWT, IV T LTy RV EERNE LTEEALD G, BV ULTF vy RV EERNE L
T AN D J7 3 D~ D RIVER DD 72 N EWIRIRE DS HIRF T & 5,

A B
reperpolarization hyperpolarization
Ca* Ca
Kv1.3 TRP
vDCC @ K¢a3:1 CRAC
K+
[Ca®T ¥ [Ca®]; 4

decrease firing rate proliferation

differentiation
cytokine production
gene expression
etc

Figure 1. The role of K* channel in excitable (A) and non-excitable cells (B).
VDCC: voltage-dependent Ca®* channel, TRP: transient receptor potential channel, CRAC: Ca?**-release

activated Ca®* channel

3. THIRRIZBIFAHY UAF ¥RV
T MRIZ BN T, BAREED U U AF ¥ 3L Kvl.3 KONV o AIEMA LA U ‘7A§‘ﬂ’
TV Kea3.1 DEERRREILL TWAD Z ENHMLINTED (< OFERENRE S vz, Bl 21X
2.



INSDAY T LF v 3L T MIEOTEMAL, 2MEIREIC K D ZOREANEEH L, ~L/3—
T (Th) 1 &TF Th2 i TiX Kea3.1 25, Th17 fifao=7 =7 Z—XE U —T (Tem) MM TIE
Kvli3DERT YV T LTy E UTHEET S [12], Kv1.3 (ZZFMEME(VE (multiple sclerosis,
MS) R°RIHi U 7~ F (rheumatoid arthritis, RA). H Coafett 1 RO FRIF o 3 o KA I & OVF
LHARRIC 3T 5 Tem MIBICBWTHELDNTLE L THB Y, 2L OEBET LVEMIZIBWVT,
Kv1.3 BHEHEDFELZBICANTH D Z ERHE I TV D [14-16], £7-. IBD°MS, RA
7R EOHCHRERESSC. T LA —MERR R & W o e RIER BT T LVEIIZ BT Ke3. 1
BLEC & DIERSGESN RN R S TS [17-20], LLEDZ &6, H O RESCKRIENE
PRIBIZBW T, T HIRIZRBLT 20 U U LF ¥ R ANERIERN E LTERINTED . IR
e HHED TV D, FERRIZ, it B x5 & LIZBRRRBRIZIW T, Kvl3 FRERRIET
MRS ML~ — 0 — DORBLZE L, MHPORIERAT 4 =— X —Z[AET D Z & THlEO K
JEIRAE 2B LT [21],

4. two-pore B Y U AF ¥ RV

1996 4, Lasage HIZ X VT2V U LF ¥ /L& LT two-pore 7 U 7 L (Kap) F ¥ %
JVIRTRIE STz [22] Kv F % R Kea F ¥ RV 6 BIBEEBE T, 1 DO HIT 1
DDA FUHL (RT,pore) FAA L ZFH, WEKRZEH L THEET S (Fig.2A). — 5. K
Fr RXMIZNEDF ¥ 3V LITHRR Y | 4ERE@EEET, 1 0 FFIC2 DORT FAA
VEMRFELTWA IS, TRIREBAT D Z L TF v FOUEEEE RS D (Fig. 2B), Ko T ¥
AT TERA Y U LF v ) &S RET L, § RN DR ORI HEE e E 2 R
LTW5, Kp T v F/ME, BIEETIZ 1S OV T XA TR TRIESNTE Y, Bis A
M & B REFALLME 12 25D & | TWIK (Tandem of pore domain in a Weak Inwardly-rectifying K*), TREK
(TWIK-RElated K*), TASK (TWIK-related Acid-Sensitive K*), TALK (TWIK-related ALkaline-pH-
activated K"), THIK (Tandem pore domain Halotane-Inhibited K*), TRESK (TWIK-RElated Spinal
cordK") @6 2DH 77 7 I U =TI, TNEIEX R F xR (Fig.2), ZnH o
777V —05L, TASK 777 I U —IZJ&T 5 Kup3.1 (TASKI/KCNK3) TN K2p9.1
(TASK3/KCNK9), TALK %77 7 I U —IZJE T 5 Kp5.1 (TASK2/KCNKS5), Kopl6.1 (TALK16/
KCNK16), Kop17.1 (TALK2/KCNK17) 1% pH 8 M2 R D | K7 TASK 7 7 7 X U — ek
pHICXVLESN, TALK V777 2 U —Z7 v h U pH IZX W iEHb S D [23,24],
7o, Kap3.1, Kop5.1, Kop9.1 13 T ARMGICH W THEEERBLS 2 Z L 3 S, 2R HDF ¥ ¢
NWERRET D Z LT, MRS A 2 —7 =0 U (FN) -y 72 EDY A N b A L pEA D] &
D [25], BT, Kws. 1 KRB NIk T oMl E0REIc L5 LT, T M
TR PEIC BB 2 R T-d [26-28],



A. Kv channel, B. K,z channel C TWIK1 (K, 1.1/KCNK1)

TWIK2 (Kp2.1/KCNK1)
Kcea channel KCNK7 (Kpp7.1)

TREK1 (K,p2.1/KCNK2)
TREK2 (K,»10.1KCNK10)
TRAAK (Kjp4.1/KCNK4)
TASK2 (K,p5.1/KCNK5)
TALK1 (K;p16.1/KCNK16)
TALK2 (K,p17.1/KCNK17)
TASK1 (K;p3.1/KCNK3)
— TASK3 (K3p9.1/KCNK9)
| I TASK5 (K;p15.1/KCNK15)

TRESK (K;p18.1/KCNK18)

Figure 2. K" channel structures (A, B) and dendrogram of the K, channel subtypes (C).
A, B: S and P indicate the transmembrane segment and pore-forming domain, respectively. C: The 15
Kop channel subtypes were classified into 6 subfamilies according to their sequence homology and

functional similarity.

5. HOAZKRBIZEIT S Keps.l F¥ XV

T ARSIV THRBLRE SN2 Kp T ¥ R D 5 6| KapS.1 1L MS B KON RA B DR
YIS T AIEIZ BV CRBUTIHED RS H 7z, MS B KON RA FREIZE W T, RO EE
JE & Kop5.1 FEBLE L ORITITWT S IEOHEENH U . MS X° RA OJFRREHAKIZ Kop5.1 250
B35 Z EPNRE I 29,30, £72 RA BEIZEBWT, HLU U~ FHESAY FRo AN X
DI L0 | FEROYGE & T K51 HELDNEAD T 5 Z & TERDHEH L2 BE T 7
REZ 27 OFALDORINT Kop5.1 FEEUIEMA R S, Kops.1 HHAZW~— I —L LTHMNTH
L AREMEDS R 47 [30], B CARERBIZISIT D K51 OFRRRAB T ERZH 0T D
7201z, FoxlE 5%T A b7 UHifET b U 7 A (Dextran Sulfate Sodium, DSS) 1A% % H H K
KEEDLZETER LA IBD €T/~ 7 A% HW -, IBD £7 /L~ 7 ADfi&H & CD4 Btk
T MIFRIZ 3N T KopS.1 L « IEVETLHE L OV FAUITAE O MIfRIN I v 2 0 KA DRE, TFN-y,
A H =A% (IL)-1TA 72 EORIEWY A N A U EEADOEEMNTRD HivTe, £72 . KapS.1
w7 T U AEWTIBD €7 VAR LIz & & RIEMEY A U A L EAE RO
R IBD O FIEIR Th 5 FHIRCMAEDBIE, KGO RIEKR V@R EOwEN R o, =
NHDOFRER LY | IBD IZBWT, Kops.1 EFEIER & 72 V155 Z RS L7 [31], KapS.1
F. F=U ., U RIA R EDRFIMBIESCIERIN T U 7 A F v XV EATH 5
clofilium (Z X » TIHE Z 41, ~m & /g & ORI L - TEM I D [32,33], L
23U, KopS.1 ORI 2ERNIR B IN TE LT, S 5T Kps.1 %5 - 151
HIHASAEICBI L C O AR 32\, 2072, KopS.1 B - IHMEHI SRS O AEBIE Kaps.1
BEIELIR R D 72 ZRIBIRIE D BAFE I D72 3 5 ATREMED B 5,
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6. AHEDEH

ABFFETIE, Kop5.1 OFEHL - {EMEFAE 2 iFIH 95 Z & T, K51 85325 Z EEES L
% IBD % & e FRA BT 6 2 8 BUARERIR OB 4 HARIC, I T O 21To72, H 1=
Tl U o SRR A AR KpS. 1 B T2 7 B —=27 L, mRNA A7 71 ¥ > TRt &
T OIEMESIE O FTREME A MRET Lo, 2 2 B CIE, RIEFOMREERREICER L, ([KFRFERE
TIEME L &3 D HRE K1 hypoxia-inducible factor (HIF) (T & % Kap5.1 OIS ELHIERERE (2 DU C
Rt L7z,



B1E Kws51 AT ZANY TV FORIEROTEHBRE~DEE
W1 WS

DNA 7 H#RE X372 mRNA BiRIR (pre-mRNA) (X, A7 T A 2o T %5115 2 & TR
mRNA &70%, BRNWAT T4 712X 0 ., 1 DOBE ) LIRS0 B e 2 5 RS
O mMRNA BWAER S D Z LT 7 2/ BREYI DN B2 2 EEAEE O % X7 ARSI D (Fig.
3)e B FTiX 5% EOBE T CTRINUAT T4 VU IRRIDZEDRHMLNTEY, Bk
AT FZA U ZIZE D e hOT rT A — LD, HREIZRIBIZIZR L T\ 5 [34,35], L
DUV R 7T A o 0 7 B3Rk & R BIZIRIR D | R —3 0 Y iR B PR A ZEHEIE |
YA ba 7 g — Do e ik s fHRBIZEBIT DA T T A v v FEIA RN HmE ST 5,
INHOEBIZBNWT, RNA DFEGERTTA T TIZBET 552 37 3 EB % 5
TR TR A R H R EHEERTLZEBMONTEY, RNART T4 2 0 T EEN &
LIZIRIRIC K WIER DW= T 5 Z E RSN R > TV D [36-38], F72. S ASEIR TId, Ak~
RIS X A TIZHBNWT, RNA R T T A4 o JIC 5352 0 "7k a— R 585 OER
DS VEE TRAE L, BAUICK V2 OBIGFORIRKIAT T A > 0 73RS
Do MAZBITDBIRNAT T A 7VE BRAMES X7 ZAERT D720 ThR< | bl
G X7 B ERT DT, B OTERSEER & W o 7o S VEMEGICBE 59 2 721 T2 <
TRFN=VAZE ZLETRAMBULICE S BE L&D [37-42], BATRRIZIB VT, pre-
mRNA 27T A 0 TR AR & LT/ FILEEDNBRBE S TR Y . 2o e i
AR BN CTHUBESHE 2 " 2 EHE SN TWD [42], 2O mRNA A7 T4 7
FLEHRDIFEALIE, AT TA VU TICBWCHEREE ZRFRORT TV Y — L EHET
Do AT TA Y —AFEL O RNA K OY 237 THR SN BE RS THEAIKRTH Y RNA-
RNA FHAAEAR RNA-Z > X7 MAEAERIZE G L TW5d [35,43], A/ T4 VY — ARHESK
DL INA v b AZBW TS 2585 L CA > hr U BREICH 5T 5 SF3b #He
KHEERZFF>, TOHTHERRERK~7 0T 4 NMea¥W Th % pladienolide B (PB) 134
TIA U THEICL VRO T R b= AEFHEETDH L THBAEMEZRT [44], PB &
OF OFERITT TSR ATEREIRIC B W CTHRERBR TN TV D [45, 46],



exon 1 exon 2 exon 3 exon 4

alternatively
spliced mRNA

exon 1+2+3 exon 1+3+4 exon 1+2+4 exon 2+3+4

Figure 3. Alternative splicing

Exons and final transcripts are shown as boxes while lines represent introns.

AT TF X FNVOBRNAT T A 7280 F v 2VOMBIN A 0% AR AL O
e, BB e EIC K DR L, YA A ORUSHE, BB EF v %
IV OBERECRFIE I B % JL U9 [13,47, 48], T HIAICHERER LT 2 K3l DA T T A AR
7Y MIZOWT, EICHIRERE FIZEET 5 B AR Ked.1a (2% LT, N KK K3 .l 27
TAANY T b Kea3 10 T EITHIEAIICHEL L TE D | Kl la MilaEEIT 2 HE T 5 2 &
T K31 OF ¥ R/WEEZIT 2, £lo, ~ 7 AMPRAILIZFV T, Kea3.1b FEHITHEIZ K
Y CD4 [51 CD8 B MEAER 2 CD4 &t CD8 F2MEARAE~ & 23k S, M il A o i 14 5 4 411
T 252 EMMEINTWD [49], F/2. Kp T ¥ RIVDAT T A ANY T MZBELTHW
KODHREDRD D, ORI ESZ YA 7D Kopl0.1 (TREK2/KCNK10) DA T T A AN
72 b & LCNRUREIE A2 5 2 FEHD 27T A4 A8 7 2 b Kapl0.1b J2 UV Kop10.1¢ 3]
ESNT, TNNHDRT T A ANY T v MIF ¥ RWEEIZBT 5EWNIRWE DD, Z0
FEAR AN TE72 0 | BN C B TR g8 B 5 Kopl0.1b (2565 LT Kopl0.1c [EENT R THE
BLL7z [50], 72 Kaop5.1 ERARIZT V71 U pH TS M 2 7D Kapl6.1 (TALK1/KCNK16) 13X
bt MDD 3HEOR T ZA AN T MRBEESNZ, ZD3DODARTTAANRY T
FD DB F v RAFEREZ D Kopl6.1b 1T HF A Kopl6.1a & C RIHAEIR D T X/ FEELS S ¥
720 pH EZMEIZEA LN AL Uz [51],

AFETIE, B PR TAD U L k5 O Kps.l BaF7 a—=2 71250, Kps.1
BAAT T A ZRY T b Td D Kop5.1B Z[RIE L, Kop5.1B 12 K 55845 Kop5.1A DOFERETE
PEICRIETHEBERF L, $h, AT T4V THIBCER L, A7 T4 Y Y —AHEFEHK
pladienolide B (PB) |Z & % Kop5.1B FEELK OF Kop5. 1 IEPE~D B Z fFT LTz,



B2 EBRMERO5E
1. AifassEE

b MRS HEK293 KOt~ A M fiAark K562 1%, ENLFZEBAsIE N RS -
fRE - e AFIEAT (JCRB Mg N> 7 . KR L WA L7, D-MEM (HEK293, &L~ ¢ /v
LFEHEE . KB . T RPMI-1640 (K562, &+ 7 4 /L AFEHIER) (222 10%FCS
(fecal calf serum, Sigma-Aldrich, MO, USA) XN 1% <= U - A N7 h~A VR K (8L
7 4V BFEHIEE) ZUIN L, 37°C, 5% CO, THERF S 4172 COr A & F o X—Z — N TH#E L
72

2. TR

Tris-buffered ammonium chloride (ACTB)
0.017 M Tris-HCI (pH 8.0), 0.75% NH4Cl

Ca*", Mg**-free phosphate buffered saline (PBS)
137 mM NaCl, 2.7 mM KCl, 8.1 mM Na,HPOy4, 1.5 mM KH,PO4

RIPKA buffer
10 mM Tris-HCI (pH7.4), 140 mM NacCl, 10 mM KCl, 1 mM EDTA, 1% Triton X-100, 0.1% sodium
deoxycholate

Normal HEPES
137 mM NaCl, 5.9 mM KCI, 2.2 mM CaCl,, 1.2 mM MgCl,, 14 mM glucose, 10 mM HEPES
10 N NaOH C pH7.4, pH8.0, pHS.5 IZF%

High K" HEPES
5.9 mM NaCl, 140 mM KCl, 2.2 mM CaCl,, 1.2 mM MgCl,, 14 mM glucose, 10 mM HEPES
10 N NaOH T pH 7.4 (277

3. FEREMW

5-6 B OHENE C5TBL/6) ~ 7 A (HAT Ao v — Fid) ZEH Lz, EREwix. B
HIIRER] 8:00-20:00, IR 22+1°C & 72 5 BB T CHIE L. BEETE L OUK A A HICEIRS ¥,
AWFFRNC IR 5B FEBRIT A TRERA K FEOBMEREE R ICHE., ARE2G- ETEHY
FEBRFEMBLEHE - TIM L7,

4. fHEHEY)
clofilium (Sigma-Aldrich), 2 77 A ¥ — LFHZEH pladienolide B (Bioaustralis, NSW, Australia),
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isoginkgetin (Tocris Bioscience, Bristol, UK) %1 L7z,

5.~ U A g by A%

~ U ALY RS A R L, 10%FCS, 1% <=V -RA LT h~A UK, 5 pg/mL
concanavlin-A (con-A, & 17 (/L AFDEHIEL) NN RPMI-1640 35 25 mL HCTA T A R Z
AOFTVINTHGTT O O5TZ & THllaZ HBEL 72, KT 5 srirEs, mlse Z (=
L. 4°C, 1000rpm, 540 L. EiEZEERE LZ, RMERIEM D72, ACTB IA#R 10 mL
TR L, BE T OFE L%, B lomL 20z, FEELLERIC EEZ2BRELE,
B5Hh 10 mL © 2 | L7214, BV A b LA F— (35 um, CORNING, NY, USA) % i L CHf
fadl 2 BrE Uiz, HIRREEEA 5x10° cells/mL & 725 X HIZHHEI L, 10%FCS, 1% <=1 -
ARNVT b~ A VR, 5 pg/mL con-A J2 O 10 U/mL IL-2 (Sigma-Aldrich) #%I RPMI-1640
B5HLC 37°C, 5%CO0, FCH:#E L7, K58 1%, CD4 [t T #ifd 2 Dynabeads FlowComp ™ Mouse
CD4 (NU XA, HWH) Z#HOWTHEEL, 2B, 7ao—F A bA MU —IZXY, HEEL-H
Fa > 95%LA E73 CDA Bt Tdh 5 Z & st L7,

6. RNA filitt, WEESISK Y 714 A L PCR

HIRIX & o /X7 Z5PERID TRI Reagent (Sigma-Aldrich) TIAfE L. 7 m ok L%z HWTHR
FGBERAT, KA EU LTz, A Y 7 a3 — ikt 70%T % 7 —/ i KD RNA ML
W% ¥ L. RNase Free HoO TR L7z, WHRGEESR ReverTraAce (BEER, M) MONT v
X 177 A ~ —primer random p(dN)s (Merck, Darmstadt, Germany) % HV N CfiliRE i 21700,
cDNA Z &R L7z, b7z ¢cDNA ZHWT YU 7/ # A L PCR ZATVY, AACtIAIZ &LV E &
{t. L .mRNA 38l &4 %9 7LD B-actin (ACTB) TH L L7z, YV 7 /L% A L PCR X SYBR
Premix Ex Taq Il (¥ 1 7 /34 4, KBk) ZBEH L. ABI 7500 Fast real -time PCR #&{& (Thermo
Fisher Scientific, MA, USA) (Z X VT L7z, 7=, M L7277 A ~—I% primer Express
software (ver. 3.0.1, Thermo Fisher Scientific) % HW\TEF L, ZOEFNILL T OHEY Th 5,

mKp5.1A+B (GenBank accession number: NM 021542, 791-911), 121 bp

mKop5.1A (NM_021542, 58-138), 81 bp

hK>p5.1A+B (NM_003740, 1022-1142), 121 bp

hK2p5.1A (NM_003740, 669-768), 100 bp

hKap3.1 (NM_002246, 622-744), 123 bp

hK>p9.1 (NM_001282534, 1092-1213), 122 bp

hKsp16.1 (NM_ 001135105, 952-1073), 122 bp

hK2p17.1 (NM_ 031460, 413-522), 110 bp



B-actin (ACTB) (NM_007393, 418-518), 101 bp

7. PCR RONT A m— AT )VEKVKE), — 7 = AT

RNA Z Wiz 54 % Z & T 54172 cDNA %, KOD FX Neo DNA polymerase (HEE#fL) % H
W, P—~ LA 7 Z—(T100, Bio-Rad Laboratories, KY, USA) THIME X¥7=, 57 PCR
PEMNET v — AT VEKIKENC K W BEL . BALF U0 AR 0 AL LT,

i L7277 A ~—13 primer Express software Z ) Taxit L, ZOBESNILL TFOEY TH
Do
b RO~ 7 & Kup5. 1A, Kap5.1B FiH

mKop5.1 (NM_021542, 358-877), 520 bp (mKazp5.1A), 244 bp (mKo2p5.1B)

hK2p5.1 (NM_003740, 416-767), 352 bp (hK2p5.1A), 185 bp (hK1p5.1B)
hKopS.1 =%

hK2p5.1 exonl (NM_003740, 73-614), 542 bp

hK2p5.1 exon2 (NM_003740, 527-679), 153 bp

hK2p5.1 exond (NM_003740, 775-1023), 249 bp

hK2p5.1 exon5 (NM_003740, 972-2035), 1064 bp

F o, v— 7 = AEFTIZIX. ABIPRIZM3100 genetic analyzer (Applied Biosystems) % FV 7=,

8. FTAI RN & —{E
s a—= 7 L7 Kw5.1 O N KN #EA S 3T N D701, T AI RRIT ¥
—pECFP-C1 F7=(% pEYFP-C1 (BD Biosciences, CA, USA) (ZLA F DT T A ~— CHiME L 7=
hK2p5.1A, hK2p5.1B, mKzp5.1A, mKop5.1B %727 m—=27"L pECFP-hK25.1A, pEYFP-
hK2p5.1B, pECFP-mK2p5.1A, pEYFP-mK2p5.1B Z{/ER L 72,
hKap5.1A
forward: 5’-CTCCGAATTCTATGGTGGACCGGGGCCCTCT-3’
reverse: 5’- AAGCCGATGGTGGAGATG-3’
hK,p5.1B
forward: 5’-CTCCGAATTCTATGGTGACTGAGGGGTGGAA-3’
reverse: 5’- AAGCCGATGGTGGAGATG-3’
mKap5.1A/B
forward: 5’- CTCCCTCGAGCTATGGTGGACCGGGGTCCTTT-3’
reverse: 5°- CTCCGGATCCTCACGTGCCCCTGGGGTTAT-3’

-10 -



Fl FEBRFET THEH L7 T4 ~— (NM_003740,416-767) % T, pcDNA3.1(+)/Neo*
(Invitrogen, NY, USA) |Z hK»p5.1B # %7 7 m—=27" L ,pcDNA3.1(+)-hK»5.1B Z {E#L L 7=,

9. WEIRBRR R =2 X TayT 47

KopS.1A JTOY KopS5.1B % F8 81 St 7= HEK293 il A RIPKA #IRICHEME L. KapS.1 D N Kl
A RESE 2 3R 3 5 P Kap5.1 HUIK (G-14, Santa Cruz Biotechnology, CA, USA) & 4°C C—B it
SH7c, ZD%, Dynabeads Protein G (VU Z Z) &, S LELIT> 70,

RIPKA IR CEME LTo~ 0 AR T A 2 — F UTRPELREIC L > TR b Z R
TINERNT Y 2 RAZ o TayT 47 %4757, SDS-PAGE (10%7% /L, 5-20 uL/lane) 1T &
DERIEEDEL. 2R N T AT 7 —HEEEHNCTHRY 7 v{bke=1U 7 (PVDF)
[ (GE Healthcare, Buckinghamshire, UK) (ZH#55 L 7-, 855 L 7= PVDF 5% 3%BSA % &1 0.1%
Tween PBS (232 L CEIRT 2 Rl H L IL 49°CT—HiA v FaX— b F52 L TT7rYF
T aAT ol —IkPuUAE LT, Kap5.1 C Rimfalk 2 785% 9 25 1 Kop5.1 HLi& (H-170, Santa Cruz
Biotechnology) (FFRf%3R 1:200). Hit ACTB HLiK (Sigma-Aldrich) (FRAFZ 1:10,000) %
0.1%Tween PBS TR L, 4°CT—WeE S 72, 0.1%Tween PBS T 5 ZrfEliREZ L, Wik A28
P CHEIREEZ 5[4V K9 Z & T PVDF A WE L, —kEifk L LT HRP kbt~ 7 A
IgG Hifk (Millipore, Temecula, CA, USA) (A7 FRAF=R 1:20,000) % 0.1%Tween PBS THAR L |
4°CC 2 WIS S¥72, FE 0.1%Tween PBS C PVDF A Piif L7-#4. (L2253 6H HRAER
ECL™ Prime Western Blotting Detection Reagent (GE Healthcare) % it~ &, LAS3000 (& 17
4V D) % L < 1T VersaDoc5000MP (Bio-Rad Laboratories) (2 C/ 30 Ry 7 /L& L
7oo N2 RV 7 VD EBMMTIZIE, Imagel software (Ver. 1.42, National Institutes of Health, MA,
USA) ZHwv, &P 7 ndo ACTB THISE LT,

10. Bz FBEA
Lipofectamine® 2000 (Thermo Fisher Scientific) Z H\»T, HEK293 #ifaiZ 77 XA I K DNA
(pPECFP-h/mKyp5.1A, pEYFP-h/mK2p5.1B) % b T > A7 = 7 L3 > L 48-72 Wil #4 1 R AR
Hr L7z, K562 flildiZid NEPA21 Typell (NEPAGENE, T%) #fW\W/-=L 7 fukRl— 3
12X 0 pcDNA3.1(+)-hKp5. 1B Xid oy ha—L_XJ X —% N T U AT =7 3 L, 48-72
P 22 (B RE AT L 72,

11. Ml A
BAZ A HEK293 MfNIZIIT D CFP 3L Y YFP OHONE & 4L S L — Y —BHEE
LSM510 META (Carl Zeiss, Oberkochen, Germany) % HVNCE1Z2 L7z, BT HR1H IR E T
-11 -



TARBMLT 4o (R L¥E, KR ISV, SEHREOEEMATIZIE Image J
software & 7=,

12. HARAREEEAL e ORRRIN 7 L > o R

AR B EEAL | LN BN RS A58 DIBACA((3) (RMALAAFZERT. REAR) . MAN L T AR
I vy a7 v —7 Fura-2 AM (FUCARSERIFFERT) & IV CTHOGA A — 2 Jigfr L
72

T AR LT 4 v 2|2 PBS THIR L7z fibronectin (5 pM, 200 pL/> ¥ —L, B+~ ¢
JV LFERIEE) & 37°C, — WA o F 2 _X— T DHZ L Ta—TF 17 LTz, 4245772 fibronectin
% PBS T4, KS62 M2 L, COrA > F X=X —T90 Ll bEA v Fa— g
%I L THEE ST, AHld%E 100 nM DiBAC4(3). 10 uM Fura-2 AM % ¥/l L 72 Normal HEPES
AR (pH7.4) H. ZEIEKFATT 30 01 > F =X— h L7z, #EEENLET HFE T Normal
HEPES &% (pH7.4) Ti&EiE L. < ?%% Normal HEPES 1A% (pHS8.0 XI% 8.5) % 5 4y, High
K*HEPES &k & 5 /&t L7-, BEBALAIERFIZIX, Normal HEPES & () High K" HEPES &%
IZ 100 nM DiBAC4(3)Z i1 L7z, HERIZhAL I & 490 nm (DiBAC4(3)) & TF 340 nm, 380 nm
(Fura-2 AM) T S 72, #EA A= TIIEREAE b =7 ZADA A= TV AT A
(ORCA-Flash 2.8 digital camera, HCImage) % FH\ /=,

13. S b et

K562 fifid % 2%/XZ7 RV AT VT & K (PFA) &4 PBS T 10 43ff (|iR) #HFET 52 LT
[EE L7=, PBS T3 [P L, 0.1% Triton 100 }2 O 1% NGS (normal goat serum) &4 PBS T
BB L. 10 2y E L CHIlE A2 22 4L#%, PBS T2 [BIPs L7z, — kPR E L THL Kap5.1 HLIA
(G-14, UL 1:50) & 4°C, —BiA ¥ 2X— K L7z, PBS T 3 Y%, IRPUEK Alexa
Fluor 488 anti-goat IgG (Invitrogen, AFRfF3E 1:200) & 4°C, 2 FEfHS & &, D% PBS T
3 [Py L, S L — 9 —SE%EE LSM510 META (2T Kop5.1 DA A BIZ LTz, &
iR EE D E 813 Image J software % FH VN THENT L 7=,

14, XTNLVFIvr7Tuayy

K562 #ifiA 2.5mM F 2 2> (Sigma-Aldrich) & A RPMI-1640 B C 24 BRI ES#% . 73
DUERBREL, 15 EEEE L, HE 25 mM F I VU EA RPMI-1640 B C 24 KR %
Lz, FIVUBRER, #% O RPMI-1640 F5 TR L. 2 Rl S/l 2 B L7z, [\
L 72 A8l RIPKA SR TR L, V= AZ 7 my T 4 2 ZIRETICAV T,

-12 -



15. MR HEGERE
96 well 7" L — ~Z K562 FfE Z A0 1x10* cells/well THE X, Lipofectamine LTX reagent
(Thermo Fisher Scientific) % VT pcDNA-hK»p5.1A/B & 8T A7 =7 2 a3 LTz, WST-1
(FM=ABBEZERT) % 10 pL/well A, 2 K#fH1#(Z microplate reader MULTSCAN FC (Thermo
Fisher Scientific) % V>, #EKE 450 nm L T¥620nm (L7 7 L R) THIE LT,

16. #EEHEHT

T —H XY EERERE (SEM) & LT LT, 2 BMOETIL, F REZIT- 7%,
student @ ¢ ffE H L < 1% Welch @ ¢ fEZAT -7, ZREM O TIX ANOVA %17 - 721%.
Tukey MRE Z1T 272, WTHOREICB N T | fEBRE 5% AT 2 A B & Lic, HatHfricix,
Origin Pro (74 FA h— HOR) ZfEH L7z,
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I HR

1. K51 AF T A ANY T b Kop5.1B D FIE R OFERE S A

t h OB, M, U o Ei A RIC, KeS. 1 BIR 7 0 —=0 T 27002 L 2 A, RIS
BWTTHRELY L4 PCR EMD M S 72 (Fig. 4C), DNA v —7 =2 AT OFER, =
DEEMN 5 DOTFX YV B D 584K hKapS.1 (hKpS.1A) DXV 2 2 O—H L= F Y
VIDETHRELTEY, 7Lb—AY 7 hERITIENRHLNE -7 (Fig.4A,D), T
SN oME S LT, KeS 1A &R CEERBAA RN O FER S, 7L — A3 7 R L2 & TH
R T LTS, N R O ERENL S1 75 S3 DAZER T 2%, b LiF7L—
L7 MR FTic=X% Y 4 I UTRIERBRLG S DEER & 47z S3 BUFE D C ARl
DI RFFT DEENH D, N Kl oo 7T I/ FRELS 2 585% 9~ 2 5L Kap5.1 HUiK (G-14) %fE
HALizvz2Z T ayT 47 TIE KeS 1A L BRI D 0 FRBONNY R FVTBESN
einote, —H. CRIMBIOT I 7 BEELY & 85T 25T Kops.1 T/ (H-170) ZfEH L72FBRIC
X KpS. 1A L B2 FREONY R T FAPBEI N, FD7=, Fig. 4EIZR-T LI
S1 /5 S3 F TO N KU O FAL I ELAERNAL &2 RN -2 & D Z & MEE &7~ (GenBank
accession number, AB743589), ~ 7 A6 HFEERIZ, =F YV 1 OFEHFNrLZF Y 4D
WP ETHRRBLTEY ., Fig. 4E (R T X 912 N RKEHM O AR B @I S2 DA KRIT 7=
MELZAT L2 ENHEEIND mKps5.1B & Hifff, [FE L7 (GenBank accession number,
AB743801) (Fig. 4B, D, E),

b MHAR AR OV e N ESR A MFEMIRRIZ BT D KpS.l AT T A4 AN T ROFRBEZY T v
Z A L PCRIBEICEVMIE LTz, Kop5.1B DA ZRET D Z LIIARATRETH D728, Kap5.1A/B
(23l U CHEAET DESIEAL A HE & L7277 A ~— (KwS5.1A+B) &, Kp5.1B TIEXKIEL
TEBeHEAL 2R & 35 Z & T K5 1A OB ERERN ET 5774 ~v— (Ka5.1A) ZHV, £
DRBIEZIIE LT, ZIVETO®E [52] &—H L T, BBV T Kps.1 BEFELLT
W F720 U LSRR TR RSO T KapS.1 OFFNNE L L ~ v A MK CD4 B T A
B W T H BN A 57 (Fig. 5A, B), b MHEREMFE « Vo EMakTH 5 K562,
HL60. THP-1, U937, Jurkat E6, CCRF-CEM, Daudi, Raji ® 5 5, K562 1238 T Kap5.1 A
EREBLL T2 (Fig. 5C), LU, JurkatE6, CCRF-CEM, Daudi, Raji ® 4 ©>Dfifark Tl
Kop5.1 BT SN2 o 7o (7 — 2 K¥g#H) . Kop5.1 DK% PCRICTHIEL, 7 W —
AELRIKE ZIT-T & 2 A, K562 IZBWT KapS.1B D3 R T FHURRBENT-—F, Bk
TIER. LN -T2 (Fig. 5D), BRI A T T A4 Lo 70E, Hix RIS W TE OEERN 2
RIEZ SO DEBERAN=ALTHLHN, —Ji T, PCR 7 r—=0 ERNLELNT%L
DATFTAANY T 2 MEIF & A EFRI T, BERENMEY VX7 ZREA L7202 L s &
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NTW5 [34,35], £Z T, 4SS K5 1B 3~ 7 AEICB W TEIRR SN T b0 E
IMIASMNCT DT2DIT, C KM OT I/ RS2 385 251 KopS.1 A Y 7 m—F L4k
H-170) ZfEH L CU = A X 7y MfraiToT-, ~ 7 APIROFERE 7 1 & — MMZFwn
T mKap5.1A (56 kDa) LT mKap5.1B (46kDa) D 2 DDy Ky 7 /unmii S, b o
7 VIR EIGUR TRALE L7 —RPuik a2 Wb &K LT (Fig. 5E).

WRIZ, Kop5.1B 73 KapS.1A & “EAKZTERLT 200 5 2T 272912, CFP-hK2p5.1A KT
YFP-hK2p5.1B % #3881 X ¥ 72 HEK293 D 7 A & — b &2 AW TRtz 1772, N
KO T 2/ BRECY % 385k D90 KopS5.1 AR Y 7 o —F LK (G-14) 2 LT Kp5.1A
EIRINANC L S8, 5 b2 37 % C RGP K. 1 UK (H-170) ZHWT Y
T AZ T a sy MENT LTz, KpS.1B O RUTFARBEINIZZ ED, KnsS 1A &
K2p5.1B O] T ERZ AT 5 AIREME "B S 472 (Fig. 5F).
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A. human K,.5.1

hK,.5.1A

hE,.5.1A
hE,.5.1A
hK,,.5. 1B

hEK,.5.1A
hE,.5.1B

hE,.5.1A
:5.1B

hK,.5.1A
hE,;5. 1B

hE,.5.1a
hE,.5.1B

1

81

161
i

241
59

321
139

401
219

481
299

S1
MVDRGPLLTSAITFY LATGAATFEVLEEPHWREARFNY YTORELHLLEEFPCLGOEGLDEILEVVSDAAGQGVAITGNQTF
Pl S2

HNNWHNWEFNAMIFAATVITT IGYGNVAPETPAGRLFCVEYGLEFGVPLCLTWISALGRFFGGRARRLGOFLTERGVSLEFAQT
s3 B2 sS4

TCTVIFIVWGVLVHLVIPPFVFMVIEGWNY IEGLYYSFITISTIGFGDFVAGVNPSANYHALYRYFVELWIYLGLAWLSL
P e e ke ok ke ok ok ok ok ke ke ok ok ok ok ok ok ok ok ok ok ok ok ok ke ok o ok ok ok o ok ok ok ko ok ok ok ek ok ek e e ok

FVNWEVSMEFVEVHEATIFRRRRERRRESFES SPHSRRALOVEGSTASFDVNIFSFLSEREETYNDLIEQIGERAMRTSGGGE
L e T L s

TGPGPGLGPQGGGLPALPPSLVPLVVYSENRVPTLEEVSQTLRSEGHVSRSPDEEAVARAPEDSSPAPEVFMNQLDRTISE
e e e e ok e e e ook ok ok ok ke ok ok ok ok ok ke ke ok ke ok ok e okl ok ok ke e ok ok ok ol o ok e ok e o ok ok ok ok ok o o ok e ol ke o ok ok ok ok ok ok ok o e ok o ok ok o ke ok
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Figure 4. Molecular identification of the novel splicing isoform of mammalian K3p5.1.
A, B: The alignment of the amino acid sequences of human (A) and mouse (B) K2p5.1 splicing isoforms.
Residues identical to full-length K2p5.1, Kop5.1A are shown as asterisks, and dashes indicated gaps
introduced into the sequence to improve alignment. S1-S4 and P1, P2 indicate the transmembrane
segment 1-4 and pore-forming domain, respectively. C: RT-PCR examinations for full-length K»p5.1A
and K»p5.1B in the human kidney, spleen, and lymph node. A DNA molecular weight marker is indicated
on the right on the gel. D: mRNA splicing patterns of hK»p5.1 and mK»p5.1. The arrows and asterisks
indicate the initiation methionine codons and termination codons. E: Diagrammatic representation of
the Kop5.1 structure showing four transmembrane domains (S1-S4) and two pore-domains (P1 and P2):
full-length h/mK»p5.1A, hKp5.1B and mKop5.1B.

Endo et al., Biochem. Pharmacol., 2015, 98, 440-452
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Figure 5. Tissue and cell distribution of a novel spliced variant K;p5.1B.
A-C: A quantitative, real-time PCT assay for the expression of K,p5.1 in the human kidney and lymphoid
tissues (spleen, lymph node and thymus) (A), mouse splenic CD4" cells (B), and human leukemic cell
lines (K562, HL-60, THP-1 and U937) (C). PCR primers specific for the conserved region of
h/mK,p5.1A and h/mK2p5.1B (h/mK2p5.1A+B) and h/mK,p5.1A alone (h/mK,p5.1A) were used. D: RT-
PCR examination for the spliced region of hK,p5.1 in the human kidney and K562. NTC shows ‘no
template control’. The migration of predicted PCR products for hK»p5.1A and hK;p5.1B is shown on the
right of the gel. E: Protein expression of mK»p5.1A and mK»p5.1B in mouse spleen lysate. In ‘“+antigen’
(right lane), anti-K»p5.1 (H170) antibody was pre-incubated by excess antigen. Protein lysates were
probed by immunoblotting with anti-K»p5.1 (H-170) antibody, which recognized the C-terminal region
of K,p5.1. Molecular mass standards are shown in kilodaltons (kDa) on the left side of the panel.
Arrowheads indicate the migration positions of mK»p5.1A and mK,p5.1B. F: Co-immunoprecipitation
of hK»5.1B with hKyp5.1A. ‘IP: G-14°, protein lysates from CFP-hK»p5.1A and YFP-hKp5.1B-
cotransfected HEK293 cells immunoprecipitated with anti-K»p5.1 (G-14) antibody which recognized
the N-terminal region of K»p5.1. Protein lysates were probed by immunoblotting with anti-K»p5.1 (H-
170) antibody. Arrowheads indicate the migration positions of CFP-hK»5.1A and YFP-hK»p5.1B.
Results are expressed as means + SEM. Numbers used for the experiments are shown in parentheses.
Endo et al., Biochem. Pharmacol., 2015, 98, 440-45
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2. HEK293 BIERITHIT 5 Kap5.1A/B DFIAZAT

T NS N (CFP) XTI A mw—Ht X Ny (YFP) & N Rz & 7+ Lz
hK2p5.1A (CFP-hK2p5.1A) M O hKap5.1B (YFP-hK2p5.1B) % b bR VB gk b sk HEK293 ffRiC
—IPEICBL S, ZOMwE A RS L — 1 — ST LSM510 META IZ TRl 25 Z & T,
KopS.1 OFBIENETEZ T L 7=, HEK293 Mifdlc T ¥ —DAFEBLSE S5 & CFP XX YFP
VI MTMlR R TR SN (F— 2 KD, 72, CFP 7 F L8 YFP Mt 4fHic
BT, YFP & 7L CFP MG RB W T, Mt S22 & 28 LT,

HEK293 @2 CFP-hKap5. 1A Z HAMUEBL S W72 454, CFP #t s 7 /WIE RIS HIRE LS &
fE L7 (Fig.6A), —J7. YFP-hKpS5.1B HUMFEELRFCIL, YFP &t 7 /L Ml e R Bl 42
SNz (Fig. 6B), CFP-hKyp5.1A } O YFP-hK»p5.1B % 8L S 7= il Tix, CFP v 7L
DSHIAEZ 1 Tl <HIIEIC B RS, CFP > 7L (8F) & YFP 7L () 1XiE & A
CHp-T (#) BE SN (Fig. 6C), Image) I[CTHIGRED T 7 7 A L7 1 v b EVERK
L. AHAERE R ORI T 2 JRfE 2 ER L1z & 2 A, CFP-hKapS. 1A HUMEHL T CFP Dt
Fe3K 80% MR JFE L TV = DIZxt L, CFP-hKop5.1A, YFP-hKop5.1B 3581 Gl CFP O
JRTEITAMARNE & MR PN CRIFRE T Y | hKopS5. 1A OMINEESRDTESS hKops. 1B BT X v BRE
SNDHZ ERENT (Fig. 6D),

~ 7 A Kop5.1 23U 7 > b OB BRI OV TG [RIRRISHF L 7=, CFP-mKap5. 1A Hijl
FEBLMAL Tl mKapS. 1A 23589 80% MMM R7E L7225, CFP-mKap5.1A J Y YFP-mKop5.1B 3£
FEHLMI T, CFP O R{{E TGN - & M E HIZFRIFRE TH Y . mKp5.1B 128 Y mKap5.1A
AT LE SND Z L& (Fig. 7). LU, B FKpS. 1 AU T U R ERRY
YU AKpS 1 AN T FTEEATS V7T ABRBE S,
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Figure 6. Cellular distribution of hK;pS5.1 and hK:p5.1B in the HEK293 expression system.

A: CFP-tagged hK2pS.1A-transfected HEK293 cells. CFP image (upper) and the fluorescence profile on
the dotted line in the CFP image (lower) and shown in green. B: YFP-tagged hK;p5.1B-transfected
HEK293 cells YFP image (upper) and the fluorescence profile on the dotted line in the YFP image
(lower) are shown in red. C: CFP-tagged hK2p5.1A and YFP-tagged hK»p5.1B cotransfected HEK293
cells. CFP and YFP images were shown in green and red, respectively, and the merged image ‘merged’
and the fluorescence profiles of CFP and YFP on the dotted line in the merged image. D: Summarized
data from A, B, and C. Results are expressed the means £ SEM. Cell numbers used for the experiments

are shown in parentheses. **: P<0.01 vs. CFP-tagged hK2p5.1A (plasma membrane). ##: P<0.01 vs.

CFP-tagged hK»p5.1A (cytoplasm).

Endo et al., Biochem. Pharmacol., 2015, 98, 440-452
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Figure 7. Cellular distribution of mK:pS5.1 and mK:p5.1B in the HEK293 expression system.
A: CFP-tagged mKop5.1A-transfected HEK293 cells. CFP image (upper) and the fluorescence profile
on the dotted line in the CFP image (lower) and shown in green. B: YFP-tagged mKop5.1B-transfected
HEK293 cells YFP image (upper) and the fluorescence profile on the dotted line in the YFP image
(lower) are shown in red. C: CFP-tagged mK2p5.1A and YFP-tagged mK»p5.1B cotransfected HEK293
cells. CFP and YFP images were shown in green and red, respectively, and the merged image ‘merged’
and the fluorescence profiles of CFP and YFP on the dotted line in the merged image. D: Summarized
data from A, B, and C. Results are expressed the means £ SEM. Cell numbers used for the experiments
are shown in parentheses. **: P<0.01 vs. CFP-tagged mK,p5.1A (plasma membrane). ##: P<0.01 vs.
CFP-tagged mK2p5.1A (cytoplasm).
Endo et al., Biochem. Pharmacol., 2015, 98, 440-452
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3. K562 MREIZI T D K5 1B BRIRBLUC X 5 Kop5.1 IEHE~DFE

K2p3.1B 12 & % Kap5.1A AIAERATPHE R D Kap5.1 BERE~ DB Z I 5T 57201
Kop5.1 @EFEHL L TV 5 K562 i~ 2 % — (mock) XiEX hK»5.1B Z F T A7 =7 v =
v U, KopS. 1 {EMEZRIE Uz, WEERIE X, MRS 2 7 v UYE (pH8.0) 1275 Z & T Kaps.1
EAEMHAL S TR0 MIE DR E E, T b bIREMES M FHE DIBAC3)DHE: Eih
DD R &R & U TR L 7=, IE 7 1 b 3 L DR IS G 2 0 ) w7 A P 140

(2 LT BRIC B S % o LTz il s 7 — & #4372, Fig. A IR L H1c, 7k

HIE SN DI RROGNIE, mock AP & X hKp5.1B b T A7 =7 ¥ 3 UHla

fméﬂoto:@ﬁ%@ﬁm@ﬁ%é%Dmmmawmﬁi%ﬁﬁwﬁm%(Mmm)fﬂ
L7t 2 A, hKpS.1B b7 A7 =7 ¥ a Ul CHEIZIK) > 7= (Fig. 8B), 7=, #l
JafE DS HRIC L 0 Bl & dE = S DM AL 7 A5 NE. B S & FAEIC . hKyps.1B
N7 UAT 27 v a VHIFRERICB W THEICE > 72 (Fig. 8C), FMAQMEEENL & Mfa B Lo
v LEFE DOBIRIZ OV T, mock BEICEIT ATV U pH B3RS G & AN Ly
LPRE EROMOMEZRRT-E Z A, 2o ORMICIEOHBERRMNFRD Hivlz (Fig. 8D),
LLEZ Y, hKopS.IBIZ KV KopS. 1 IEPEAHIHI S 41, ABAEEOD I S5 H5Z A 5 MR /L & o7
B ERHMH S NG Z LR LIS T,

Kop5.1 LA D TV 71 Y pHIZ K D IEMHAL Z D T ¥ RV DB AT DWTHRRET 21T - 72, K562
HIIZB W T, pH DM 2 FFD Kop3.1, K2p9.1, Kopl6.1 KON Kopl7.1 BEAZRIE LT- & =
H. INHD Kp F v FUTIFE A LRI L TV o7 (Fig. 8E), F£7-. K562 Hifiu 4 JEi
PR Kop5.1 FHEHA clofilium (5 uM) CTHIERT 30 232> HETLE L, clofilium F77E F T7 /LY
pH FRME MG ZHE L-E 2 A, TAAY pH THIE SN DB ST K L=
(AFpiac<0.02, n=21), =D 7=, K562 HMILIZB W THEERIN=T V4 U pH #HFEMER MR
JEDS KopS A EMEIZ L DD TH D Z LRSI,
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Figure 8. Suppressive effects of the alkaline pH-induced hyperpolarizing response and cell
proliferation by K;p5.1B-overecpression in K562 cells.

A: Time course of changes in the fluorescent intensity of DiBAC4(3) in mock- and hK»p5.1B-transfected
K562 cells. The fluorescence intensity of DiBAC4(3) at 0 sec (pH7.4) is expressed as 1.0. B:
Summarized data are shown as changes in the relative fluorescent intensity of DiIBAC4(3) (Arelative
Fpisac) in mock- and hK»p5.1B-transfected K562 cells. C: Measurements of changes in intracellular Ca?*
concentrations by alkaline pH (pH8.0)-induced hyperpolarizing responses using DiBAC4(3) and Fura-2
AM, a Ca?" indicator. Summarized data are shown as alkaline pH (pHS8.0)-induced Arelative [Ca*']; in
mock- and hKop5.1B-transfected K562 cells. D: Simultaneous measurements of changes in the
membrane potential and intracellular Ca*" concentration by hyperpolarizing (pH8.0) non-transfected
K562 cells. E: Real-time PCR assay for the expression of K»p3.1, K2p5.1, K2p9.1, Kop16.1, and Kop17.1
transcripts in K562. Results are expressed as means £ SEM. Cell numbers used for the experiments are
shown in parentheses. **: P<(0.01 vs. mock-transfected K562.

Endo et al., Biochem. Pharmacol., 2015, 98, 440-452, —HRckZs
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4. HMRRFEHNZHT D KewS.1 OFE K OHIBIEFEREIC KT 25 KpS.1B DEEE

K562 HHfEIZ 31T 5 Kop5.1 FEBUZ DWW T, MlafmE b PRl Lo THIE L E 2 A, K&
S OB DHIAIZISNT KopS.1 OFEBLUGARIE VD L ST, ) 30%F1ET 2 MR B 20
um PLEDO K E M T, Kopd.l 7 TN TISHifapc#is iz (Fig. 9A, C), —Ji.
TO%FEELFAET 2 A E RS 17 pm LU F OMIE CTIE, AR TIIW KapS.1 ¥ 7 LN EiER &
M7= (Fig.9B,C), Z OO KE XD K51l 7T I/VOZERN, MdEomEmWIz I 5
Lo LT LT, PLYMAIZ LD | K562 Mz st 2 MiaE M adm 2 fifr L7 & Z A, GO/Gl
. S . G2M HIOMIERIZZNZH 54.9+1.5%, 30.0£1.3%, 15.2+0.4%1F(E L7= (n=6),
K562 filaz ¥ 7T I V7 ay ZIEIC X 0 ME 2 R S, 2 REmICE L, &4
FJEHNCI1T D K5 AA RBELA DU = A X T a7 0 7K 0T LT, [BIYX L 7ZHEfE o
ARRE BN DWW TIE, PIY A Z TV, 7o —H A A MU —IZ X VT L7, Fig. 9D |29
L 912, Kop5.1 Z o737 F6HE Gl #1725 S Hi~DOBATHFICHIIN L. GO/G1 #I K T G2/M #i T
FIER TR o 72, BLEORERIEL, KopS.1 2SHERRZS ERRET 24T L C K562 Mifldd G1 #1225 S
HASOBATICHEBERERZ R L TNWD Z LR d 5,

K562 HifEIZF51T 5 hKop5.1B 1@ REIFEBLAS MDA, ML EFRE . MAE I O0Am Iz KET
BIZOWTHRTTZ1To72, L2y L, hKopS.1 BREIFEBUC X 2 M2 S K O #5545
X DA BEREMITRO bR oo (F— 2 K . MRQHEIE~DREIZ OV T, K562
AALIZ hKpS. 1B & TV A7 =7 vra v L, 48 BEREIRIC IS 1T D HIBEEE N2 2 WST-1 52T
HELZEZ A, hKpS5.1B DFBE T U AT =7 3 3 > LA Tl mock MR & He~CH
JRBEFERE O B LIZ R S e o7z, L L, hKopS. 1A Z iR S 7= Ma Cid, Amiasgsm

DA B IREEINNERD i, T OFEFETHEIL, hKw5.1B Z I S5 2 L Tl Sh /- (Fig
9E), AL XV, Kyp5.1B 1E K562 HIAEIZH T, KopS. 1A 1T K 2 MR EEFRAE O TUHE 2 #]3 5
Z DRI NT,

- 925 -



5 10 15 20
distance (um)

E

16 18 20

100+ 100
F =
= =
c c
[+F] ]
E \ E
8 504 J 8 507
c c
[+}] ! 1))
Q Q
wn wn
4 o
o o
3 =
= ol = 0
0 5 10 15 20 0
distance (um)
time (hr)
0 2 4 6 8 1012 14
~-eeees ¢
G,/G, S G,/M
2‘ 5 X
4- £ 3 - £33
[
o ¥ \
il /
a
o 2]
()
> -
= 1-.’! \I-
E | ]
2 o1+
0 10 20
time (hr)

cell viability (d2/d0)

O

Il rlasma membrane

100, [] cytoplasm
3 T
c
Q —~
O X
g —
=2
S %501
= £
o 3
= £
K
- (9)
0+ ”
o
S a S a
o &£ g &
o X SR
g5 &n
] "o‘?{
22, n=6
*
2.01
#
1.84
1.6+
F 2 I J9
S o 9 9
& FE8
S T F
_

Figure 9. Cellular distribution and cell cycle-dependent expression of the K»p5.1A protein in K562

and inhibition of cell proliferation in hKp5.1-overexpression K562 cells by hK,p5.1B transfection.

A, B: Immunocytochemical staining of K562 cells for K2p5.1. Confocal images of a cell labeled with

anti-KopS.1 (G-14) and Alexa Fluor 488 anti-goat IgG antibodies (upper panel) and the fluorescence

profile on the dotted line in the Alexa Fluor 488 image (lower) are shown in green. ‘A’ and ‘B’ show the

result in larger (more than 20 um in the diameter) and smaller cells (less than 17 pm in diameter),

respectively. C: Summarized data on the distribution of the K2p5.1 protein in the plasma membrane and

cytoplasm. D: Changes in K»p5.1 protein expression during cell cycle progression in K562 cells. Protein

lysates from cells were also extracted every 2 hr and Kop5.1 expression was determined by western
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blotting (50 pg protein/lane). The optical band density of the 50 kDa, band was expressed relative to the
value at 0 hr, which was taken as 1.0 (n=4 for each). E: Measurement of cell viability using a WST-1
assay in mock-, hK»p5.1A-, hK»p5.1B-, or hK»p5.1A+hKop5.1B-transfected K562 cells. Relative cell
viability (d2/d0) was expressed as the ratio of cell viability after a 2-day (d2) culture with one at day 0
(d0). Results are expressed as means + SEM. Cell numbers used for the experiments are shown in
parentheses. *: P<0.05 vs. mock-transfected K562. #:P<0.05 vs. hK,p5.1 A-transfected K562.

Endo et al., Biochem. Pharmacol., 2015, 98, 440-452
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5. AF53A4 Y —LHERKIZE D KwS5.1B BEK O K51 IEHE~DOFE

FEHF 72 Kop5.1B HHLEENZONWT, AT TA VU THEEICER L, AT 74V Y —A
BRI 2 W 72 247 - 72, K562 i 1 uM pladienolide B (PB) % 4, 8, 12 B[EJALE L 7=,
TX YL 2METXY 4D AEHIET S PCRICTE S5 hKap5. 1A (352bp) KUY hKap5.1B
(185 bp) D725 PCR FEMIZHOWT, FEEEN PCRMAIEZTT>7-, PB RLLE (0 hr) T,
hKop5.1B O 7 F VTR B0 > 7243, PB ALEIZ K Y hKypS5.1B @ PCR FEWNEEAN L 7=
(Fig. 10A), =%V 1,2,4 KNS ITENENFF RN 7T 4 ~—%fH L. PB A& K562 A
FIZHITHE=F Y D PCR #{To7c b 2A, ZNEN TR ESNTZE S D PCR EMHEH
iz (Fig. 10B), &2, E&EM U T /LZ A L PCRIZE Y, hKp5.1B HEZHIE L=, PB ALE
12X D hKpS5.1A+B B EIZELIZ R o7 b DD, hKpS. 1A FELETEA L TRV,
hKop5. 1A+B (2592 hKopS. 1A FEBLLLR AP TR L7 2 & 205 hKop5.1B BTG 2NEIN L
7= Z PR S N7- (Fig. 10C, D), K562 HIIEIZI1T 5 PB ALEIZ K 5 KopS.1 IHTE~D A
DOWTT VAU pH R MR MG 2 JIE Lz, PBALE 12 FEZ IR 2B i,
vehicle & OV PB ALERED M TN Hh/en -7, PBALRE 24 BifEf: Tk, PBALEIZ L 5l
ORI DA B 7RI I3 FR D BTz (Fig. 11E),

PBUAND AT T A VY — AHEANZOWTHRET E1T o 70, A F 3 U OZEN G HEEI L7z
RIRKET TR ) A RTHDHAT T AV Y — LBHEH isoginkgetin [53] Z#2EE 10, 50, 100 nM T
K562 HIAICALE L, 8 BEM# 1281 5 hKap5.1A+B K TN hKap5.1A 38 A Y 7L % A 4 PCR IC
X o THIE L7z, PBALE & [FIAEIC isoginkgetin AL I L 0 hKop5. 1A FEHL IR K FRICH E
(23D L7223 (hKop5.1A+B 8 8LIE PB ALERF & #1720 vehicle & Fb~"TR 2 518N L 7= (Fig.
10E),

INDHDFRERED AT T4 VY —AHEFANC LD Kp5.1B FEELATTHE L Kop5.1 IHMEN D
flansdZ EnRaniz,
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Figure 10. Effects of the pre-mRNA splicing inhibitors, pladienolide B (PB) and isoginkgetin on
the expression of K;p5.1 splicing isoforms in K562 cells.

A: RT-PCR examinations for the splicing region of K2p5.1 in 1 uM PB-treated K562 cells. Arrowheads
indicate the molecular weights of the predicted PCR products for hK,p5.1A and hK2p5.1B. B: RT-PCR
examinations for exonsl, 2, 4, and 5 of Kup5.1 in 1 uM PB-treated K562 cells for 12 hr. A DNA
molecular weight marker is indicated on the right of the gel. C: Real-time PCR assay for the expression
of Kop5.1 in 1 uM PB-treated K562 cells. PCR primers specific for the conserved region of hK,p5.1A
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and hKyp5.1B (hK2p5.1A+B) and hKp5.1A alone (hK;p51A) were used. D: Percentages of Kyp5.1A
expression calculated from the results of ‘C’. E: Real-time PCR assay for the expression of K»p5.1 in
isoginkgetin-treated K562 cells (10, 50 and 100 nM for 8 hr). Results are expressed as means + SEM.
Numbers used for the experiments are shown in parentheses. *, **:P<0.05, 0.01 vs. at 0 hr.

Endo et al., Biochem. Pharmacol., 2015, 98, 440-452
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Figure 11. Effect of the pre-mRNA splicing inhibitor, pladienolide B (PB) on the alkaline pH-
induced hyperpolarizing responses in K562 cells.

A: Time course of changes in the fluorescent intensity of DiBAC4(3) in vehicle- and PB-treated K562
cells. Fluorescent intensity at 0 sec (pH7.4) is expressed as 1.0. B: Summarized data are shown as
changes in the relative fuorescent intensity of DiBAC4(3) (Arelative Fpigac) in vehicle- and PB-treated
K562 cells. Results are expressed as means = SEM. Cell numbers used for the experiments are shown

in parentheses. **: P<0.01 vs. vehicle.
Endo et al., Biochem. Pharmacol., 2015, 98, 440-452, —HRckZs
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6. <17 CD4 B T HIfZiZ351F 5 pladienolide B iZ & 5 Kap5.1 FH, - {EM~DEE

K562 Al TR 5472 PB (2 K % Kop5.1B FEHLTHE & ZAUITHE D KopS. 1 IEVEIIHIZDRIZ DU
T, FRRORERDB~ 7 A THIIZBWTHLN D O Lz, ~ U AlE#ILE con-A &
ONIL-2 1746 T C 48 FEMRS 2%, 1 pMPB % 18 BREJALE L. CD4 Btk T M 1T 5 Kaps.1
Z PCR 7 m—=27 L7, Fig. 2AITRT L IIZ, PCR & 40 Y1 7 W4T o TZERIZ, vehicle
ALEABAIZ 3N THY 1.7 kbp @ mKopS.1A & T &5 PCR FEMNBIEL 7275, PB ALiEHE
AT SN o7, VY7 DU AMATIZL Y . PB ALEIC X D A L7 PCR FEM D
5. hKop5.1B & [FBEIC N RGO 3 DOEEE R A A 2 S1-S3 L VRT KA A Pl 23 KR
L T\ 5 H1E CTd 5 Kop5.1 X1 (GenBank accession number, XM_006518590) 73 Hiffff < 17z,

PB ALEIZ K D KopS. 1 IEMENDRBZRGTT 272012, 7V U pH iMoo W SO0 %
i LTe, Mg A pH8.5 1T L 72 BR D /3 MRS 1, 1 pM PB ALE (2 K 0 A EIHnf S 7z (Fig.
12B-D), LA E XV, K562 #ifd & FERIZ, ~ 7 A CD4 Bt T AlfEIZ VT, PBIZ LD Kaps.1
AT T AANYT 2 NOFRBENTCHE L, KopS. 1 IEERIHISND Z ERHAL N E 25T,

§ &
o N @ 3
S L0
S o & &
— 1.25 )
8 2 1.2 0.0 Ky Q 0.0
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SO %) %)
g g pH7.4 PB < %
o = W m (26)
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55 > = .01 *E
— -] et
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Figure 12. Molecular cloning of full-length K;p5.1 from mouse splenic CD4" cells treated with
vehicle and PB (1 pM) for 18 h, and effects of the PB treatment on alkaline pH (pH8.5)-induced
hyperpolarizing responses in activated CD4" cells.
A: A representative gel image of PCR products (for 40 cycles) from activate CD4" cells treated with
vehicle and PB (1 uM) for full-length K»p5.1. B: Time course of changes in the fluorescent intensity of
DiBAC4(3) in activated CD4" cells treated with PB. Fluorescent intensity at 0 sec (pH7.4) is expressed
as 1.0. C, D: Summarized data are shown as changes in the relative fluorescent intensity of DiBAC4(3)
(Arelative Fpigac) in vehicle- and PB [0.1 (C) and 1 uM (D)]-treated groups. Results are expressed as
means = SEM. Cell numbers used for the experiments are shown in parentheses.**:P<(.01 vs. vehicle.
Tagishi et al., J. Pharmacol. Sci., 2016, 132, 205-209, — ek %e
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HaHh BHE

T HIFBIZEHW T, K51 1TV T A T AR EOHRFNC B E 2T 2 R7- LTk Y |
IBD 72 & O H CAEHERBOIRFEN & L TR SN TWA IV U ATy XLV THD [31], L
L, BRI 172 Kap5.1 FLEANIRIZFIE STV, KETIE, BE ATV R
e &V KopS.1 DA T T A AN T 2k Td D Kop5.1B (hKop5.1B, mKop5.1B) % [RIE L 7= (Fig.
4), BIRAT T A 7280 N RimfEll A2 KB U7 2 o7 s h 2 2 &
73% % (Alternative Translation Initiation) [54-56], FEERIZ. N R £ 7213 C AR & e A ICFE %
TOHHERER W -V 2 AZ T ay T 47X 0 ) N Kiiiz @i+ 250 KeS.1 HLIKTIX
KopS.1A LIS DS R 7 F AR A bNenol=Dicxt L, C Kz @ik 2 Hrik TIL.
KopS.1A EIXRIR DN RO 7 FNABRBIE S, K51 OFRCAT T A 7128 ) N K
IAEIE 2 R L T2 KopS. 1B NS5 2 & AVRIE S Uiz,

Kap5.1A J U8 Kop5.1B 353881 HEK293 Al 24 FHW 72 52 P EIZ L0 | Kap5.1A O N Rbifl] 2
KK LT KpS. 1B 1F KpS.1A E~T o “BEEZFKTH I ENRAHETHL I LIRS
7z (Fig. 5F), Kop5.1B (2 K 2 MR T~ DB DT, CFP ¥ 7 & T 72 Kop5.1A LY
YFP % 7 %72 Kap5.1B % FiV T HEK293 FBLRIZ L 5 RN A fifht 217> 7=, CFP-
Kop5. 1A BUMBBLAIZ I T, FITHIRLME | THOEAFE O H 72 D3 L, YFP-K2p5.1B 3t
FEBLMAL TIX, CFP-KopS. 1A HUMFEHEL & B~ CRBENIC IS 1T DA L 72, YFP-K2p5.1B
HHSAMILE RO~ T A TRARDHAN AL OILIZ, & FTIE YFP-hKyp5.1B HURFAEBLHALIZ
BT, YFP @3 7L O3 a4 R < MRMNIC s L, EoflaBEfhric < Ron
7zo CFP-hK;p5.1A KT YFP-hKypp5.1B HEFEBIMNG Tld, A2 BR MR OMmRD B
7o —J7. ¥ ATIT YFP-mK2p5.1B BB BLMIIZ VT, YFP @06 7 Vi 25t
RIS, CFP-mKap5.1A KUY YFP-mKopS5. 1A R BUHIAD CTIE, TISHAEME & N
2 LTz, B b, w7 ARITO Kp5.1B FIEN AT OEIZ DWW CREMZSREHIAT -
TEOLTEHEIIRBERS, E65 1 Kps 1B HREIBUZ LY KopS.1A ORI A6 238 LTz
Z &5, Kop5.1B IE KopS. 1A Ot 2 HE T 25 2 & RSz (Fig. 6, 7). UL EDZ
EDD L KopS.1 O N RIS 1T EE R G 1EE T — 7 5 £41, Kop5.1 O C Rk 7
¥ RND _ERGICEETH D Z LR Iz (Fig. 5F, 6, 7).

Kop5. 1B (2 X% KapS.1 F ¥ RIERE~DFBIZ DN T, KopS.1A % HLEREYEHEBLT 5 K562
HEAEIZ hKopS. 1B Z M FIFEEL S oA A — 2 T RN %17 - 72, hKop5. 1B I EIFEBLZ L 0 |
TovH Y pH FHFEVER DS TRl S 105 Kops. 1 IGTE NI Sz, £72, ANiRGE S 1
(ZPE D RN 7 L 2 7 A S hKopS.1 FEBUZ LV E E 472 (Fig. 8) o« 7 U 7 AF v /LG
PEABIZ X DN Lo 0 DR EE BRI R D | MfaigiEsess & oo T MIfasRe» i+ 2, 2
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AARIIZEB N T, AU 7 AF v VTR G #1<° GI/S #l. G2M HI~D BRI A &
AN Z A U CRIBEEE 2 LT3 0 | KoeS.1 1%, FRBAIZICEH VT GL IS S Hi~o i
JEAMITF = v 7 RA v MCBEET 2 2 ERME STV D [42,43], AP T, Mflasaiz by
G lZ K0 | K562 MO R E SIZ LY KopS. 1 FE DA/ 5 Z & 2R L, AfiaE ¥ o
KpS 1 AT 2 A Z 7 v yT ¢ 71X 0T LTz, K562 MifaiZ350 T KaeS.1 2% GO/G1
s S HI~OBATRHICIEMEL S L, G2M HI~OBATIRHIZIINER (LS N D Z & 2 60
2L, THIFE TS KopS.1 DSAIIRABE O 2/ LT GUS WI~OBATICEE R EE 2 K- 2
EDRENTE (Fig.9). LU, K562 MMEIZIS1T 5 hKop5.1B b FI38 Bl JoH e J& 0 5 A <o il
KEFGIIIEEE 52 00ho72 . £, HRHEFHEEIZ OV T, hKops. 1B M EIRBLL 2N
RO o T2, hKopS 1A FIFEBLC K 0 TTHE U 7- MR L, hKopS. 1B % [RIRFICFEHL S
w5 Z LI VIESN (Fig. 9E), TN HOFERG, KwS5.1B 28 KpS.1 F¥ 12D K3
T RRTT 4 TIRE UTHRE L. Kop5.1A 2 580 DMz d VT MfasEs e & offifa
HREA ML ST D Z L 2R LTz,

BIRA T TA 0 T a2 T HMET, AT T4 TEARCA » hrryr—xF Y O
BERNEIC L, AT TA L TITHBL RIT UTFER, Ma RBIZEN D [37], ABFZEIC
FUN T IBD OFIEIZ KopS. 1B FEHUK FIZ K D KopS. 1 IEMETCHED B G- L TV D ATREMEZ 5 2,
~ 7 AR Sk CD4 5 T M 31T 5 KopS.1B BB A JIE U723 fdEH ~ 7 A H 3k CD4 B
P T HAIZ RV T KopS. 1B BHUTZ R 57 (Fig. 5B). ARH K T MEIZEB T 5 Kap5.1B DA
R, AT EEE 2 EER T T — XIS b0 o7, L L, K5 1B 13 F ¥ %
JAEPERIHIN R 2 FFD 2 &6 | KopS. 1B FH A FHET 2 M OB IX, A ORERERED
Kop5.1 BRI IC BV CHIMIF R Y OB IR D /et & 5, ABFFETIE, A7
Z A VY — LMEA| pladienolide B (PB) Z# i/ L7 Kop5.1 277 A AU 7 o MRBUTHEIC
£ F v R TEMEIIHIZN R A R L7z, K562 MifaiZ 3T, PB 1L Kop5.1 RARD R & 4 28
fEEE2 2 & 72K KopS. 1A BB K O Kop5.1B FEBLHIMN &2 51 & 292 & T, KopS.1 IEMEH
filzh 2~ L7 (Fig. 10, 11), ~ U AgMAEIZ PB 24L& L7235A 1280 ThH, Kp5.1B &
HERlOREE 2 & 5 Kops. 1 X1 FBLZ M S H, KopS. 1 IEMEZ I L7 (Fig. 12), —JF. PB &
TR LFCRAT T4V Y — L% ET D isoginkgetin % K562 HildiZiLiE L7-56
KopS. 1A BEOBWAITRSNTZH DD, KepS.1 RO E L LT (Fig. 10E), A7 7 A
V= LHEANC £ D KopS. 1B FELA~DEEIZ OV T, ST KopS. 1B FE BN L, KapS. 1A
FHLHINT 5 Z & T, KopS5. 1 TEHEDTTHET D & PR LTz, Lyl EERITITE Kop5.1A FEBL
WD U, Kop5.1B FEBI U725 SE, KapS L ISMEMGINRD bTe, AT T A0 T A D
AT TA Y= NTEA DIEE R 2L, ZROBET D EELERIKPFEL TWDTZD
AT TA VY —AHEFEFLEICLDBROAT T TR THZ EnmbnTND
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[57], AAFZEICHBNWT, PBILEICE Y AT T A YV —LHD AT T A ZEMERHEIKF SE3b #
BRDEE S HL RO AT T A ZEBALFERRIKR 7 2ME N TR R KapS. 1A S°A o b | U DMREF S
NIAT T A ZNY T 2 hTIERL, KpS. 1A £ D B A Kop5.1B <0 KopS.1 X1 OFEELAMHEIN
LIZAlREMES B 2 b5,

Fex XL, IBD BT /L~ 7 AIZBW T, RIENE CD4 Bk T MRICI51T 5 KapS.1 FEBL - &
PETCHEDS IFN-y & W o T2 RIEVEY A b A U EATUHEZR E % 4 L CIBD OJREEIZE G- L T
HAEMENR S D = & S L7z [31], DSS #%ME IBD £7 /L~ 7 AW\ T, EERIYIZ IBD
DIFREA 2T L LT SN HIRERED . K. THI. ME, O IREIZ % PB(0.1
mg/kg/day) K FHEG DONRIZHOWTHRFT L7z, DSS HHEKEIAH 5 H HIZ PB & HiE# 5
L7723, REER a7 OFRBREEITRO behoTz (F—2RKBH), AR ThHIUX, il
REEEORG ATV a—b, ERKEZBRETT 5 X& Th o723, PB OAPER—Rifilk &
A= 72 9 IBD RIS %5 PB ZFIf L7z KopS. 1 FLESNRZ A5 Z LIXTE o7z,
PB [3flfa s @ < L S ATBIRIZ I T D BRIRIFFE C b £ Oz & 2 BITEA 2N RIA T
IE &7z [45]. PB OffifadEE 2 8 S, BUEN AUIRIEICB W KRR Z 5 17 T\ % PB
DFFEARR° PB & [FEROIERETF 2R3 A7 7 A4 VY — ABREANL. KaeS.1A FEBLTHE A FHE
T 5 2 LT Kops.1 iEM R O IUCHE D MR LS 7 WA Z 30 L, T s bo 2
YA N IA VFEAEEIHIT 5729, IBD 722 & O H SR EBSKRIEMIRBRICH L THATS
B AREMEN B B,

AREETIE, KopS5.1 HHIAT T A AN T 2 b KopS.1B 28, 588K Kop5.1A OAMIRIERAT 2 B0
T H LT, Kops 1 IEEZIHIT 52 L 2B Lz, K5 B 12X 2D Kops.1 IE I
X RIS LS DR BT 5 2 & T KapS 1A T & 0 JUHE L 7= MRS RE 2 ) L 7=,
Fio, AT T4V Y —AHFANL, K51 AT T A4 ANY T 0 R OFBLETUHE S H, Kops. 115
PEAZHIT 25 2 & © T HIHEEZ I+ 2 Z L 2O N Lz, AR THWEZAT T4 Y
Y — L PHEA PB MR EME D TR < . ERZRBIER 3584 L7 e O BRBFIEI L 1k S 723,
BN SN AT T A YV —LEFEANCL D | IBD 72 & D KopS.1 FETTHENRO 5D
H O R B OFBIGREIE 2 IR CX D REMN H D, £, AT T4 o JHEICER
LA F T v FVEEFENI I E THREN RS, AT T4 Y Y —AHEARICL DA 4
T FAEEHNIE KopS.1 AN DA A2 F v FA~DIEHABR R TE 5,
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Figure 13. Mechanism of K:p5.1 inhibition by K:p5.1B.
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B2E REMBEBRET T RO CD4 B T HIEIZEBIT 3 Kps.1
R TUEE
W1 WS

BBERIGR & 7 v — R KB S D RIEMERGRE B (IBD) 14, HARIZB W CHREHHRIC
BERESILTWD HOREERBO—D2TH D, Fxld, 5%7 ¥ A M7 UHilgT MU 7L (DSS)
FHFNE IBD £ 7 /L~ U A D WligH Rk CD4 Btk T HIfaIZ 3T, KaopS.1 JEBL « 1EMESTTHE L |
ZAUCTESD RNV T DA R T A Z 2@ Lz, 72, Kw5.1 /v 77 7 b=
UATIL, IBD £7 A~ U RZET D FHRL M, BROERERE, & OITTRIEEY A b
A To D IFN-y EADHE R AW T b I SN2 &6, IBD OFIE, HAKIZ KapS5.1
MBI D AMREME A R L7e [31], Lo L. KopS.1 FEBFHEHEE IC OV CIERIEARA R S0 %
VY,

— MR, RIEFBAL TITIR IO 81T 2 ML BERE AR 20 NI R DRI K 2 BeR il
BEOWA, RO HPERSCHERZ: EOREMAKEICBIBINS Z L. 20l
F D IEMERASEFE (reactive oxygen species, ROS) I =2~ /LA F I H—FE A—/_—FF K
VALE =R EORFEIEFZRBMPERSND Z LI L HBBEREBOHEIMC LY | A
TIEERFRIR DS 5~10%FE L5 U, RIEARRK TIE 1 ~2% R DIRIRFEBREE & 72 5 [58-60],
EEIC, RIEMEIGEE (IBD) ZHMEM(LIE (MS), BIEiY v ~F (RA) &\ oo B
PR ORI MRIE R BR S & 72 0 | [KEERFHEINF (hypoxia-inducible factor, HIF) JEHins I
A5 ENMESINTWD [60-63],

KEERIC L 0 FFE S5 HIF IMERBRERE~OMIEIG OO OEEREER - TH Y |
MBRBEERFAOICHEBENFIE SN D o V7T 2=y M EEFNICEET 2 B 7 2=y FOM
TAT R BEREEKT S 2L CIBEENAZRT, o 7 2=y NI, HIF-la, HIF-2a,
HIF-30 D 3 DDV 7 % A4 THFET D, HIF-la & HIF-20 [3HEIEES SR RERZEERIME DS B
WA, B R X RTHIT D HIF-1a & X, HIF-2a O34 1308 PN RHAE-CITR i, 5
BE R AR & REE OIS RIRAYIZIE BT 5, HIF-3a X, HEODAT T4 2T e L
THIEL, ZDOWL DM HIF-1a LN HIF-2a i&MEE R 72 307 4 7ICHE T2 &
WHE SN TNDHD, REEHREREE COMBLEICH T D EENIRIEAI 2 [ L\ [59, 60].
MRREICED o V7 2=y FORBIFRENL, EITEREEHRLVTREZ S, EFRBRRRET
TlX a7 2=y MIEGICEESN DD BRIKFETr ) e ReXs 7 —F (prolyl
hydroxylase, PDH) IZL > Tk Ra¥x i /fba2if 52 L Tab®TF o 7ras T YV —MMRER
ICBBIZfREND, £, T AT F =)Lk KrF¥ 7 —8Th 5 factor-inhibiting HIF (FIH)
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LI X BEKRFEEE o ki & Y HIFa & 85558 T & 5 p300/CBP DR
OFEEAEH Z A5, HIF 25952 HET 5, —, KEBERECIX, Zhbok Faxv g
—VBIIREETH D7D, a VT 2=y FRZES, BEN~BEI L, HIF-1p 7 2=
k& " E&IR(bT 5, & D% HIF BB O 7 v T —# —fHlk T % hypoxia response element
(HRE) IZH5E L, #ix s T OGN TTHE S LD (Fig. 14)[59-61], {EiEFPHEEREIEIC

o TIRER R TN S V72 DRI 35V C L TEBY AL O FRET I BB o5& E & Rz 3N & i
PEF U D T v RV Kir6.2 FEBLS HIF-1o (12 X VT S D [64], F£70, WElAMEEEFREREE &
72BN NI T, HIF-1o 12 L0 v o DEHAL D U 7 AT ¥ F b Kea2.2 FEBLTLIE
THZERMESNTEY, —HOB I U LAF ¥ x/LE HIF-la 240 LIZRBUSIE 25210 %
[65, 66], L2>L. RIEFELBOGIEMIGICIIT DA 4 > T v F/VOFRBUHIENT RS ST
v,

O, concentration

HIF-1a

1‘!’? HIF-1a
G

degradation

nuclear

Figure 14. Mechanism of oxygen-dependent regulation of HIF-1
PHD: prolyl hydroxylase, FIH: factor inhibiting HIF, HRE: hypoxia response element

BLEFORBIL. B XA b7 ®BFALEESE (histone acetyltransferase, HAT) MOVt A kil
7 v F N ALEESE (histone deacetylase, HDAC) (Z KDY = %7 4 v 7 il Z#5\F %, HDAC
TR NRIFEA N ZUNTEO) D UERENST B TFAVEZRET HZ LITK VRS
TEPEFRENCRE 59 2R TH Y | 18 IO 7 ¥ A 7 IFAET D, HDAC 13% OFEIED D
AODITN—TITHEINTEY, 77 AUTIX HDACI-3, 8, 7 7 RIIZIX HDAC4-7, 9, 10,
7 AN sirtuin (SIRT) 1-7, 7 7 AIVIZIZ HDAC11 2835 [67,68], 7 7 ANNZET 5
SIRT 7 7 2 U —E, BFEDOEMALIC=aF o T I R7 T =0V X 7 LAF K (NADY) &3
ETH20, KEEEIC L D NAD O X, SIRTI &M A2 F&E5 [69,70], IBD HHE KO
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IBD €7 /L~ 7 A2 T SIRT1 FEME T LT Y, SIRT1 X signal transducer and activator
of transcription (STAT) -3, Smad7. NF-kB 72 & RIEREEE OB D8k 2 72 & X7 3Bl 4
AICHIBEI L CWD Z Enn, SIRTL EMEABIC X 0 RIEVEY A b A > PEAERT %2/ L= IBD
DIFEREZBH ST 2 Z EBnHE SN TS [71,72], LovL, RIEICEE#E LioA 4> F v
KD SIRT1 Z AT LR BEGIZ OV TOME T2,

Bl SRR B RIEMERR B % & Tokk & 7R FRIRIE ~ HDAC FREHI O IGH 23WF5E ST
W5, Bz, FEEIRAY HDAC FHZEHAI vorinostat D% 5-1%, IBD 7 /L~ 7 A D CD4 g T
HIRIZ B D TNF-0 <° IFN-y 72 EORIEVEY A S H A ORFEAKTIC L > THRDALE LT
[67,73,74], F£7=. IBD ET /L~ U ADRIERBEEK N CD BHE DORIEAERICIBNT, B A R
T FIMMEOFER EANR LD [75], HDAC Y7 % A 7 dD H 5, FEIZ HDAC2,3,6,9, 10
DEVENGRICEAES 2 [67], Fx DHFZETS, IBD E7 /L~ U XIZH1T D HDAC D E %
H LT 5, 5%DSS ka7 BB Bk SE 5 2 & TER L7 IBD €7 /L~ 7 A H3k CD4
Btk T AIBEIZH )T, HDACL-11 @ 9 5, HDAC2 K& TN HDAC3 DX ELN L L TN 7=, invitro
[ZBWT, IBD E7 /L~ U A HURME CD4 B T #ifi > HDAC2 M O 3 & FEHFRYI L L
o & A, Kea3 1 BB OVEMESIH Sz Z b, IBD ET7 /4~ AZEIT 5 Kea3.1 %
BLLHEIZ HDAC2, HDAC3 N 5756 Z L 2L LT [76],

ARETIE, IBD E£7 /L~ AR CD4 GPE T MlaIZI51F 5 Kops.1 FEBLTTHERAS A i A7 5
HZEEHHBE LT, HIF ¥ 7 FURERKE L HDAC 2 L7Ic =B =T ¢ > 7 il D
B G2 W TR L7z,
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B2 EBRME R OIS
1 VRELRL
tail buffer
50 mM Tris-HCI (pH8.0), 100 mM EDTA, 100 mM NaCl, 0.1% SDS, 1 mg/mL proteinase K
TE buffer
10 mM Tris-HCI (pHS.0), 1 mM EDTA
phosphate-buffered balanced salt solution (PBBS)
123 mM NaCl, 4.3 mM KCl, 3.2 mM Na,HPO4, 1.5 mM KH,PO4, 1.3 mM CaCl,, | mM MgCl,,
0.8 mM MgSOs, 5.6 mM glucose, 0.1% BSA
Tris-buffered ammonium chloride (ACTB)
0.017 M Tris-HCI (pHS.0), 0.75% NH4Cl
phosphate buffered saline (PBS)
137 mM NaCl, 2.7 mM KCl, 8.1 mM Na,HPOy4, 1.5 mM KH,PO4
Sample buffer for SDS-PAGE
0.12 M Tris-HCI (pH6.8), 30% glycerol, 4% SDS, 0.002% bromophenol blue
Normal HEPES
137 mM NaCl, 5.9 mM KCl, 2.2 mM CaCl,, 1.2 mM MgCl,, 14 mM glucose, 10 mM HEPES
10 N NaOH C pH7.4 X (% pH8.5 (273«
High K" HEPES
5.9 mM NaCl, 140 mM KCI, 2.2 mM CaCl,, 1.2 mM MgCl,, 14 mM glucose, 10 mM HEPES
10 N NaOH C pH7.4 |ZF%&

2. ZBREMW)

DSS #EFEMERIENENGRE (IBD) E7 /b~ U AD/ER (NS M) (TiE, 5-6 MmO rEME
C57BL/6) v U A (HARTZ AT )L — i) Z2EH L7, £/2, P— b7 v 7RI LD fie
SEEAUT2 C5TBL6 W5 K5l AR E/ v 7 7 U h~ 1 A (Kw5.17) [B6; CB-Kenk5Gt(pU-
21)81Imeg] (I ~T B A EEE (Kp5.17) LT oA (Kp5.17) 22K SEH 2 & T
TERL L 72, 4~ D ADKES /7 2 DNA I tail buffer 45 L < IXFLEE 50°CT 3 B A > %

aN—hL, 7=/ =, 7R hEHOTERBEEEZIT, A Y 7 a8 — gk,

T0%T & ) — )T X0 BRI ) & el L. TE buffer CIRfET %5 2 & THE7-, 15517~ DNA
ZRW, UTOT 74 ~—%H\TPCR 217o7%., 7Hu—RAF VEKIKE), BT

U LY L0 ATk LT,
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Kop5.1 B
forward: 5'-GCTGAGAACAATAGGGACAG-3'
reverse: 5'-TCACCCAGCTTTGGGATTCC-3'
trapped gene
forward: 5'-GCTGAGAACAATAGGGACAG-3'
reverse: 5'-TACAGGCATCGTGGTGTCAC-3’

EEEIIL. BRIARER 8:00-20:00. JREE 22+1°C L 72 AEREE F OB L. [EREE R 0K %
HHEICER S Y72, ARSI 58 5T TRUEER R R 0% B S RO
KT ESICHE., KR E S ETH RO I ISR IR E 0t > CTEE L7,

3. fEMFY

clofilium, HIF BHEA| FM19G11, 2R HIF-2 [H55A] HIF-2 antagonist 2 (% Sigma-Aldrich
(MO, USA) X 0BEAL7-, F£7-. FE8IRA) HDAC FHE vorinostat & O SITR-1, 2 fHE# NCO-
01 IZKIRKT: PEERIFIIERT A0 TP $aRZEEEZ L 0 k5T,

4. DSS #FHRMRIEVEIGIE B (IBD) T 7 /L~ 7 ADVERLE O gl o [l

IBD 7 /L~ 7 AL, 5% (Wt/vol) TF A~ 7 Uil R U w7 A 5000 (DSS, &7 4 /LA
ORISR, KBK) &AKk%E 7 BB BEBKSES 2 L TER L, FREHICE., k&5 272,
FRL7ZIBD E7 /L~ U AR OSSR~ T A L0 PliEz G L, ks PBBS K 25 mL H1 C
ATA RAZAOTVMLHZTTVO5TZ & THIlREZHEBELZ, KPP T 5 HEEREE.
FlERIE A B L | 4°C, 1000 tpm, 5 4330 L, BIEZFRZE Lz, RILERE M O 72512, ACTB
B 10 mL TR L, SEiR T 1 0FFE L72#%. PBBS i 10 mL 2Nz, FEEL LIZ&IC
FEZBRE LTz, PBBS & 10mL T 2 [EI¥EA L 7%, B/ A b LA F— (35 um, CORNING,
NY, USA) Zil L CHllasi 2 fRE L7z, £ Dk, CD4 [t T i & O CD4 5% CD25 [ T
A% & 4E 4 Dynabeads FlowComp™ mouse CD4 K T8 CD4"CD25" Tyeg Cells (XY # A |
W) ZHWCEIR L7, 2B, 77— A A MY —I2X0, BHEELZMIRD 95%LL s
CD4 BitEd L < 1X CD4 B5i: CD25 [afECTh b = & il LT,

5. ks
~ 7 A X0 g Z R L. 10%FCS (Merck, Darmstadt, Germany), 1%X=3U >-X kL7 |
~AVUTRIR (B 17 4 v AFEHIEL) | 5 ug/mL concanavlin A (con-A, & 7 4 /L AFDEH
3 TN RPMI-1640 £5H1 25 mL P CAT A RA T ZADOT Y INLHES TT 0 D54 Z & THll
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ZHEEL-, K TS5 oErER, FiEME A BRI L, 4°C, 1000tpm, 55yl L, EF%
Bris U7z, ARIMEREMO7= 912, ACTB AR 10 mL T L, S|IRT 1 oFFE Lok, i
10 mL 2%, FEmEOLEEZIC BEEZRE L, B 10 mL T2 BIYEF L%, BV A b
LA T —%iE L OBl A bR U, MIRREEEEDY 5x10° cells/mL & 722 X O ICHHEI L. 10%
FCS. 1% ~=> U -A L7 b~A T UEH. 5 pg/mL con-A KT 10 U/mL IL-2 (Sigma-
Aldrich) %I RPMI-1640 55H#17C 37°C, 5% CO, FCHi#E L7, IKEARHFIKIT, B5#Bflh 24 I
17412 BIONIX K2 £ E ¥ » b (AF¥ v ~7 v B ZHWT L5S%0 BRBEE T2 LT
1To7, B384, CD4 B5tE T i % Dynabeads FlowComp™ mouse CD4 % FV N CEIX L 7=,

~ U AMRRAIE L, 10%FCS, 1% <=2V -A ML 7 h~A VAR, 5 pug/mL con-A FsHN
RPMI-1640 5541 25 mL TR T A R AT ZADFT D INTES TV 259 2 & CHiRL A HLEE L
Too KT S ZrIFrER . FlEMin 2 EI L, 4°C, 1000rpm, 5 770 L, RIEBRE LT,
MRS FE 7Y 5%10° cells/mL & 722 X 5 (2 L. 10% FCS, 1% <=3 U - A L7 h=A ¥
UEWE. 5 pg/mLcon-A TN 10 U/mLIL-2 #sh0 RPMI-1640 5541 T 37°C, 5% CO, F CHi#& L,
TR I AR A L7z,

~ 7 A T Rk mCTLL-2 IXERRF/NA AU ) — ZABfF%E+E > % — (RIKEN BRC, %) LY
g AN L7z, RPMI-1640 (&7 ¢ /L DFDEHIEE) 12 10%FCS KM 1% <=2 - A LT b~
A T UVIR, 100 U/mLIL-2 2RI L, 37°C, 5%CO, CHERFE 172 CO A v F 2 _X—HF —NT
& LT,

6. RNAfilitti, WHREISH Y 702 A L PCR
AU L 7= CD4 51 T Al &2 OF CD4 Bt CD25 f&: T Al TRI Reagent (Sigma-Aldrich) C

SR 7 aa R b D THRESBEAZ ATV, AKFZBEIR Lz, A Y T ass) —
LR . T0%> % 7 —/LIZ KU RNA LB % HEid L. RNase free HoO THf# L 72, RNA &
J£ 1% NanoDrop (Thermo Fisher Scientific, MA, USA) XV @& L, Wilii5 3 ReverTra Ace

(HPER, ) MONT > ¥ LT A ~ —primer random p(dN)s (Merck, Darmstadt, Germany) %
AW THHEE IS 2TV, cDNA Z &k L7z, 55472 ¢cDNA ZHvTY 7 /L4 A L PCR %
1TV AACHTEIZ L 0 EE L L, mRNA 88L& 2 45 2 7 /L D B-actin (ACTB) THIUEIL LT,
U7 45 A L PCR L SYBR Premix Ex Taq Il (¥ 17 /34 74 KFR) ZfEH L. ABI 7500 Fast
real -time PCR 2”27 A (Thermo Fischer Scientific) (Z X Wit L7=, 7o, LT T4~
—{Z primer Express software (ver. 3.0.1, Thermo Fisher Scientific) % N TEXEF L. £ OEAIILL
ToOWY Thd,

K2p5.1 (GenBank accession number: NM 021542, 792-921), 130 bp

Kop3.1 (NM_010608, 692-812), 121 bp

241 -



Kar9.1 (NM_001033876, 757-877), 121 bp
Kap16.1 (NM_029006, 192-312), 121 bp
HIF-1a (NM_010431, 963-1062), 100 bp
HIF-20 (NM_010137, 737-856), 120bp

B-actin (ACTB) (NM_007393, 418-518), 101 bp

7. TxRRUTayT 40

[BIUX L 7= CD4 Bt T #ifi % sample buffer (Z¥Af% L. DC protein assay (Bio-Rad Laboratories,
KY,USA) ZHW\WTH v R BEHEEIT T2 K5V TN 2- AN DT v X ) — L& 10%
LB X OITA, 95°CT 5 MBS % Z & TEAEME AT 572, SDS-PAGE (10%7%7 /L, 5-
20uL/lane) (ZE D X XU EEGHEL, # o 7 AR T AT 7B EAWTHRY 7 vk
=17 (PVDF) i (Millipore, CA, USA) |ZHAE L7=, #45 L7= PVDF 5% 3%BSA % &1
0.1%Tween PBS (2i& L C=RIR T2 Bl H L<IL 4°CT—iA v Fa_X—hF DL TT Y
X T EAToTe, —IkGUA L LT, Bt HIF-1a Hitf& (28b, Santa Cruz Biotechnology, CA, USA)

(FeBRfE2 1:200) . HT ACTB $ifk (Sigma-Aldrich) (F78Rf£ 1:10,000) % 0.1%Tween PBS T
AR L, 4°CT—Wapds W7z, 0.1%Tween PBS T 5 /r[MiER L, AWK 2 25H L CHERE %
5ME#E D k3 Z & TPVDF 4 P L, —IRPUA L LT HRP AR~ ¥ A 1gG Hiflk (Millipore)

(FBUEER 1:20,000) % 0.1% Tween PBS TABR L, 4°CT 2 RS STz, ) 0.1%Tween
PBS T PVDF 4 i L7 tz. b5t K Chemi-Lumi One (7 # 74 7227 11H)
% KOS &, Amersham Imager 600 (GE Healthcare, Buckinghamshire, UK) (2 &V /X R 7
NNERH LTz, N2 RO 7TV OEEMATIZIE, Imagel software (Ver. 1.42, NIH, MA, USA) %
A, &Y 7o ACTB THIkRAL L7z,

8. MRRAMEENL I E

HURONEFE AT | IR BN RS 1 (.58 DIBAC(3) (RUTALSFAFIERT, REA) &R osiobhA A —
TRITIZ X0 JIE LTz,

HABE L7 CD4 Bt T MIfiX. fibronectin (5 uM. B £ 7 4 /L AFDEHER) Ta— ML= A
TARICHER L, KT 30 offEdT 52 &L THEE ST, Mz, 100 nM DiBACJ3)#SiN
Normal HEPES &% (pH7.4) W', =R T30 oA ¥ 2X— |k L7z, @NMENLET D
% T Normal HEPES %% (pH7.4) Ti&Ejit L. £ D% Normal HEPES %5k (pH8.5) % 5 /7.
High K*HEPES ik % 5 4718 L7z, BEEAHIERFIZIX, Normal HEPES X Of High K" HEPES
TAIZ 100 nM DiIBACs(3)Z ¥ L7z, MR IR R 490 nm THlid & &7z, H#6A A —V
TRMTIZIE, IR b= 2D A A — 7 2 A7 L (ORCA-Flash 2.8 digital camera,
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HCImage) # M\ 7z,

9. HUEMEEAT

T AT RERERRGE (SEM) & L TR LTz, 2 BERIOHIRTIX, F EEIT o 721,
student @ ¢ BREH L < 1% Welch O ¢ BE 21T > 72, ZHEM O TId ANOVA 1T > 721%,
Tukey FiE 21T 272 WTIVDOBEICIBWN T b fERR 5%A0M 2 A 5 & Lz, SaHRiTicid,
OriginPro (74 F A h—2 W) % L <L XLSTAT (version2013.1, Microsoft Japan, Hi)
L7,
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I HR

1.

DSS #FFME IBD 7 /L~ U 2 DJEigH K CD4 BBt T MIRIZIS 1T 5 HIF-10 2E,

5%DSS ik 4a 7 A BAHRBKESE S 2 & TER L7 IBD £7 /0~ 7 AT, LETO#HE
[31] & [AIBRIC I Sk CD4 B CD25 B2 T HEfEH1 0D Kop5.1 KON IFN-y ZE BN H B IS TTE
L7 (Fig. 15A, B), Ui >k CD4 51 CD25 F21E T A2 351F 5 HIF mRNA 84 HlE L
7o & 2 A, HIF-lamRNA FEBLITHERE & bl L TR 50% 1 L 7= (Fig. 15C) 73, HIF-2a i
DWTIIFRBLEN D72 <, MEEMICZIZ R b~ 7= (Fig. 15D), HIF-lo ¥ > /37 38l %
VxABZ T ay sy MENT LTCRER, mRNA HBBLOMR LR, IBD 7 /0~ 7 ZAH3K
CD4 5 T HERIZ 35T 2 HIF-1o % > /37 BLUI R~ U R L L THEIC®E - 72 (Fig.
15E, F),
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A. K,p5.1 B. IFN-y C. HIF-1a D. HIF-2a
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Figure 15. Expression levels of K»p5.1, IFN-y, HIF-1a and HIF-2a expressions in splenic CD4* T
cells of DSS-induced IBD model mice.

A, B, C, D: Real-time PCR assay for K,p5.1 (A), IFN-y (B), HIF-1a (C) and HIF-2a (D) in splenic
CD4'CD25 T cells of ‘normal’ and ‘IBD’ model mice (n=4 for each). Expression levels were shown as
aratio to ACTB. E, F: HIF-1a protein expression (132 kDa) in the splenic CD4" T cells of ‘normal’ and
‘IBD’ model mice. Protein lysates of the examined cells were probed by immunoblotting with anti-HIF-
la (132 kDa, upper panel) and anti-ACTB (42 kDa, lower panel) antibodies on the same filter (E).
Summarized results were obtained as the optical density of HIF-1a and ACTB band signals (F). After
compensation for the optical density of the HIF-1a protein band signal with that of the ACTB signal,
the HIF-1a signal in ‘normal’ was expressed as 1.0 (n=4 for each). Results are expressed as means +

SEM. **: P<0.01 vs. normal mice (normal).

Endo et al., Int. J. Mol. Sci., 2020, 21, 38
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2. ~ U REg CD4 Btk T MIKRIZIIT D2IEME (1.5% 0, BEIZL D KpS5.1 RH - &
£

HIF-1a 1T & % Kop5.1 FEBLA~ DRI DUV TRERITIRNT 2 7212, invitro IZFB W TIRERFR
R ZAT > 7, HEEL 72Ul A . MR AEFD 72 DI concanavalin-A (con-A, 5 pg/mL) KO
IL-2(10 U/mL) Z Sl L7-55:17C 24 FEfE 2 L7212, RIEFN. TR ONDIMBEBERETH D
1.5% DRI FREREE F O Lo, IKEARIRER 12 B ICB W T, B ImERE T (20.8% 0,)
THE L7 AE & b T HIF-1a mRNA FEHL B0 L, Kop5.1 mRNA RISV T bl EE R
PEFE TR & B THI 50% T L7- (Fig. 16A, B), HIF-la #Z /37 BEHA T = A X T 0 v T 4
> TCRIE LTz, 24 FRFMRERSRERBE CH: 28 LMl T, 132 kDa {12 L 541 % HIF-1a O
N RUTFICENR OGN o 1= (Fig. 16Cc), LU, (KEEEREEE 6 R A OV 12 K
AT > 7ML Tk, W ERFRIRE T CHEE Lol & b Ty HIF-1a BN b
(Fig. 16Ca, b),

RIZ, ¥~ A CD4 [HPE T MIEIZ 1T 2 IRBR SRR R (2 K 5 KopS. 1 IEVEIC DWW TRET L7,
fashitk 2 pH 8.5 \IZAH L72BRD Kops.1 IEMEIKIZ K DM O S MG 2 E LT & 2 A,
I SRR TR (Z K D KopS.1 HA G JUHE & [FIERIC, RERSRICHRER S 1172 CD4 [ T Milfiic s\,
FORZWT LI Y pH FFEFEMEB WSS R B 7z (Fig. 17A, B), Fig. 17C, D 1273 XL 9
(2. FEERT KopS.1 BLEA clofilium (5 uM) 774E FTIiX. 744 U pH B3 MEE 20 M S i A3 L
Exhiz,

IREE IR ER 12 L 25 HIF-1a U Kops.1 FEBLTHEIL, con-A FlIP~ 7 A gfiHila (Fig. 18A, B)
KON Kop5.1 23845~ 7 A T Hilkk mCTLL-2 (Fig. 18C, D) (B W CRIERICEIZ ST,
mCTLL-2 Mifa Cid, KE2FERZEIC L DA 2R K51 IEMETTHENRD b7z (Fig. 18 E, F),

UL EORERD G | IREEFEREEIC KV KopS. 1 FEBL - IEMESINT 2 Z E R b Ll oTz,
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A.HFF1a  B.Ky51 C NI b 12hr
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Figure 16. Upregulation of K;p5.1 by hypoxia for 12 hr in con-A-stimulated splenic CD4" T cells
of mice.

A, B: Real-time PCR assay for HIF-10 (A) and K2p5.1 (B) in splenic CD4" T cells exposed to hypoxia
conditions (1.5%0,) (n=4 for each). C: HIF-1a protein expression (132 kDa) in splenic CD4" T cells
exposed to hypoxia conditions for 6 (a), 12 (b) and 24 (c) hr. Protein lysates of the examined cells were
probed by immunoblotting with anti-HIF-1a (132 kDa, upper pane) and anti-ACTB (42 kDa, lower
panel) antibodies on the same filter. Results are exposed as means = SEM. * **: P<(.05, 0.01 vs.

normoxia.

Endo et al., Int. J Mol Sci., 2020, 21, 38
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Figure 17. Enhanced K;p5.1 activity by hypoxia for 24 hr in stimulated splenic CD4" T cells of
mice and disappearance of K»pS5.1 activity by application of clofilium (5 pM) in hypoxia-exposed
splenic CD4" T cells.

A: Time course of changes in the fluorescent intensity of DiBAC4(3) in splenic CD4" T cells. Fluorescent
intensity at 0 sec (pH7.4) is expressed as 1.0. B: Summarized data are shown as changes in the relative
fluorescent intensity of DiBAC4(3) (Arelative Fpigac) in splenic CD4" T cells. Cells were isolated from
4 different mice in each group. C: Time course of changes in the fluorescent intensity of DiBAC4(3) in
the presence (‘clofilium’) and absence (‘vehicle’) of 5 uM clofilium in hypoxia-exposed splenic CD4"
T cells. Fluorescent intensity at 0 sec (pH7.4) is expressed as 1.0. D: Summarized data are shown as
changes in the relative fluorescent intensity of DiBAC4(3) (Arelative Fpigac) in hypoxia-exposed splenic
CD4" T cells. Cells were isolated from 2 different mice in each group. Results are expressed as means
+ SEM. Cell numbers used in experiments are shown in parentheses. *: P<0.05 vs. normoxia. **: P<0.01
vs. vehicle.

Endo et al, Int. J. Mol. Sci., 2020, 21, 38
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Figure 18. Upregulation of HIF-1a and K:pS5.1 by hypoxia (1.5% O,) for 24 hr in the stimulated
thymocytes of mice and mouse T cell line mCTLL-2 and enhanced K3p5.1 activity by hypoxia for
24 hr in mCTLL-2 cells.

A-D: Real-time PCR assay for HIF-1a (A, C) and K»5.1 (B, D) in stimulated thymocytes (A, B) and
mCTLL-2 cells (C, D) exposed to hypoxic conditions (n=4). Expression levels are shown as a ratio to
ACTB. E: Time course of changes in the fluorescent intensity of DiBAC4(3) in normoxia- and hypoxia-
exposed mCTTLL-2 cells. Fluorescent intensity at 0 sec (pH7.4) is expressed as 1.0. B: Summarized
data are shown as changes in the relative fluorescent intensity of DiBAC4(3) (Arelative Fpigac) in
normoxia- and hypoxia-exposed mCTTLL-2 cells. Cell numbers used in experiments are shown in

parentheses. Results are expressed as means = SEM. *, **: P<0.05, 0.01 vs. normoxia.

Endo et al., Int. J Mol Sci., 2020, 21, 38
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3. CD4 5 T MIfIZISIT 2 KapS.1 FHL - IEHEICK 2 HIF BHEA| DR

IKFEREREE T CHy & L7o~ 7 A CD4 Btk T M i HIF FHEAI FMI9G1L (1 pM) % 24 K¢t
RUIE L T2 BR D Kap5.1 FEBL R ONEMEZIE L7z, FM19G11 ALE I HREE R R TR & R ICAT - 72,
Fig. 19A (2R K 9 ITIKBARMREE 1C X 0 80 L7- KopS.1 8IS, FMI9GI1 ALEIZ L W HEIC
Pl S N7z, KopS.1 JEPEICOWTHIE L7z & 2 A, FMI9GI AEIC L v F&EICT V4 Y pH
M R UG AN A LTz (Fig. 19B,C), —J7, 2R HIF-2 fLEAITd % HIF-2 antagonist
2 (HIF-2 inh, 10 uM) ZALE L7-BRICIE. Kops.1 388 - I/E~OEEII A 6N 7- (Fig
19D, E, F),
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Figure 19. Decreased K»p5.1 expression level and activity by the pharmacological inhibition of HIF
in hypoxia-exposed splenic CD4" T cells.
A, D: Real-time PCR assay for K;p5.1 in hypoxia-exposed splenic CD4" T cells, which were treated
with vehicle, FM19G11 (1 uM) (A), and HIF-2 antagonist 2 (HIF-2 inh) (10 puM) (D) for 24 hr (n=4 for
each). B, E: Time course of changes in the fluorescent intensity of DiBAC4(3) in vehicle-, FM19G11-
(B), and HIF-2 inh- (E) treated groups. Fluorescent intensity at 0 sec (pH7.4) is expressed as 1.0. C, F:
Summarized data are shown as changes in the relative fluorescent intensity of DIBAC4(3) (Arelative
Fpisac) in vehicle-, FM19G11- (C), and HIF-2 inh- (F) treated groups. Cells were isolated from 4
different mice in each group. Cell numbers used in experiments are shown in parentheses. Results are
expressed as means = SEM. *: P < 0.05 vs. vehicle control.

Endo et al., Int. J. Mol. Sci., 2020, 21, 38
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4. IBD ET /<UD AHRK CD4 BtE T MAICEIT SR b BT & F VALEERFLEA A
KopS.1 REL - FEHEICKITTRE

IBD E7 /b~ 7 A H KM Z con-A KON IL-2 EAEHT 24 FEMEEE%L, FEIY
HDAC FHE# vorinostat (1 uM) 13 SIRT1/2 BHEA| NCO-01 (50 uM) % 24 FFfEALE L 7=, CD4
FotE T AARIZ 310 D Kops. 1 ELE A WE L7z & Z A, vorinostat ZLE i &2 Y NCO-01 AL
JADOWT TN TS, vehicle ALEMNE & bR THRIEEICED L SN > 7= (Fig. 20A),
RIERIT, s~ v A SR AR AL & OV~ 7 A T flilfa#k mCTLL-2 |23 1) % vorinostat, NCO-01
ALE T KB Kop5.1 FEBLE BN DU TRRET L 72, AR IZ 35 T vorinostat ZL7E 12 & ¥ Kap5.1
FEHTHEDTRD BTz 3 . NCO-01 AL TIIFBIZAE LA 72 h - 72 (Fig.20B), mCTLL-2
AMAE TlX, vorinostat, NCO-01 ZLiE &5 HI1Z8VTH Kops.1 FEEAF TR O L2~ 72 (Fig.
20C),

A B C

0.010; 0.06 0.04;

*%

ratio to ACTB
ratio to ACTB
e
[ =)
b
ratio to ACTB

Figure 20. No significant changes in Kzp5.1 expression by the pharmacological inhibition of HDAC
and SIRT in splenic CD4" T cells of IBD model mice.

A-C: Real-time PCR assay for Kop5.1 in splenic CD4" T cells of IBD model (A), stimulated thymocytes
(B), and mCTLL-2 cells (C), all of which were treated with vehicle, vorinostat (1 uM), and NCO-01 (50

uM) for 24 hr [n=4 mice (A, B) and n=4 batches (C)]. Results are expressed as means + SEM. **:
P<0.01 vs. vehicle.

Endo et al., Int. J Mol Sci., 2020, 21, 38
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5. IBD E7 /L~ U RHR CD4 Bt T MKk OMEEERIRE T MIRICIIT D Kas.1 #ED
B 5

ZHETIZ, KpS.l /v 7T U hv T AIZHEWNT Kp3. 1 ARUERICHBTTHET 5 2 & 23k
HEINTWD [77, THEHED KpS5.1 / v 7T 7 b (Kp5.17) =7 A5 Bl 7= CD4 Bk T
I T D Kop3. 1 BELZHIE Lz & 2 A, BAR (Kp5.17) & [RERIZ Kop3.1 FEBL L~
< (Fig.21A), 7V 71 U pH ef R /M SOs & i B L7 hr - 72 (Fig. 21B, C), . 2034
WD KopS.1 /w7 707 b~ AT, K3l BREOFBELRBEMNN A S5 (Fig. 21A), 7/h
U pH #F 5P SG O TUHE B0 DAL, K3 1 IC K D HIEEEBV TV D Z LR Eh
7= (Fig. 21B, C), Kap5.1 LUAD pH &% M Kop v 2T D Kap9.1 KON Kopl6.1 FHIE
Kp5.1 /v 77 7 b~ A3k CD4 5k T Ml BV ToanZe WK< . ACTB HT 0.001 A
Tholz (F—F2KHB#H), IBD 7 /L~ U A% CD4 Pk T MAEIZ I 1T 5 Kae3.1 FEELZ
ELTZE 2 A, K51 FBLL~UL & BT Kop3.1 BHUTIKL . IEE~ TV AL IBD ET /L~
AZDMNCAH B RZTRD BNy o 7= (Fig. 224A), [AEEIC, KERFEIRETE LT~ 7 A CD4 [tk
T #fa (Fig. 22B). Mafgfifa (Fig. 22C) & O mCTLL-2 #ifd (Fig. 22D) 1 Kap3.1 FHLEIC
DT hH, IEFBEREFTCTHRE LML ZN RSN, AFRICBW TR B2 Kes.1
FEBL « TEVEIZ Kop3.1 IC K DAHEIZBI G- L Cuvien 2 & R S 47z,
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Figure 21. Compensatory increase in K,p3.1 expression and activity in the splenic CD4" T cells of
adult K>p5.1 homozygous knockout mice.
A: Real-time PCR assay for K»p3.1 in the splenic CD4" T cells of wild type (K2p5.17") and Kyp5.1
homozygous knockout (K2p5.17") mice at 7 and 20 weeks old (n=4). B: Time course of changes in the
fluorescent intensity of DIBAC4(3) in the splenic CD4" T cells of K;p5.17" mice at 7 and 20 weeks.
Fluorescent intensity at 0 sec (pH7.4) is expressed as 1.0. C: Summarized data are shown as changes in
the relative fluorescent intensity of DiBAC4(3) (Arelative Fpigac) in the splenic CD4" T cells of K2p5.1°
" mice at 7 and 20 weeks. Cells were isolated from 3 different mice in each group. Cell numbers used in
experiments are shown in parentheses. Results are expressed as mean + SEM. **: P<0.01 vs 7 weeks
Kop5.17, ##: P<0.01 vs. 20 weeks Kop5.17%,

Endo et al., Int. J Mol Sci., 2020, 21, 38
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Figure 22. No compensatory changes in the expression levels of K»p3.1 transcripts in the splenic
CD4" T cells of IBD model mice or hypoxia-exposed T cells.

A-D: Real-time PCR assay for K»p3.1 in the splenic CD4" T cells of ‘normal’ and ‘IBD’ model mice (A),

hypoxia-exposed splenic CD4" T cells (B), hypoxia-exposed thymocytes (C), and hypoxia-exposed
mCTLL-2 cells (D) [n=4 mice (A-C) and n=4 batches (D)]. Results are expressed as means = SEM.

Endo et al., Int. J Mol Sci., 2020, 21, 38
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HaHh BHE

IBD 72 & ® H CA R BIZ I D RIEMM/NREE O EE R FHR O —DIKBERE N H 5, K
MRRICEL DT T UBER, BEICBT D RERSEZRET 5 Z &1k IBD OJFEKRICES 5
LTW5 [60], RETIL, &I 3k CTH 2 Mlig)> & BEE L 7= IBD €7 /L~ AR ¥R

JEME CD4 Btk T MRV, U TNV A LA PCRIEADNY = AZ v TayT 4 718D
AR FHE R HIF-1a OF B3 BUTHEN R Sz (Fig. 15), IBD £7 /L~ U A ZEBWNT,
RIENZ X0 FRRAHE /N U, IgER T 5, MafRas 5531k L7 CD4 Bk T MfaiL, 28 %16
R 2DBRIC, RIEMAICB W CTIRBRBREZ T 5, 72, MRLMETIX, MEFER
MR 5, LEOERIZ LY | IBD €7 /b~ 7 ADMfigE ¥ CD4 5 T Mz #51) % HIF-
lo BB K LI ATREMENE 2 b b,

IBD E7 /L~ U AHI3K CD4 5 T M2 351 5 Kop5.1 FEBLTHE~D HIF-1a D BG4 34
(ZRRNT LT, ~ U A IAIAE 2 5548 U, BERIRAE 1.5%DIRMEHRREE T 24 Rfis& Lz =
AL Kop5.1 BB R LT V1 Y pH #F3E MR WSS CTHIE S35 Kops. 1 IEHETLHEN TR
btz (Fig. 16,17), FIERIZ, ~ 7 A MgRHEAE > mCTLL-2 #ifa7e & T HifdR 23T, HIF-
o 12X 2D KopS.1 F8HL « IHMETCHEDSTRD Hv7z (Fig. 18), Z OFHBL - IHTETTHEIL, IKEEEIRTE
IRFIZ HIF FHEA] FM19G11 Z FIRFIZALET 2 Z LI K D {H Lo, 18@IRA) HIF-2a BHEHA
HIF-2 antagonist 2 ZLE CIXEEN L LR o7 (Fig. 19), UL EORER LY | IKERREREIC
&% Kop5.1 FEBL - {EMTCHEIT, FUIZ HIF-1la 35 L TWDH Z ERHA LN E RS T2, 5 1 FEIZ
BWT, Kw5.1 AFTA AU T 2 b Kp5.1B 2% Kop5.1 MBI T2 HET S Z L2k Y
Kop5. 1 IEMEZ N9 5 2 & 2R L7y, IRIREI T2k 5~ v X CD4 G T #ifldic 31
% KopS. 1B HBIEENIZED bz o7c (57— X KB .

HR G K & LT < HIF-1 A5 KIT, 2R &+ 28570 HRE EIC G2 2 & T, 1
ML OEREIEE 2 TTE X 5 [78], KwS.1 O 7 1t — & —fE I3 IKEESE 7
HF BEEHT-D H B, NF-kB <° AP-1, HIF OFfEAENLAFET D 2 ENH LT > T
5y IHDHDEEERTFOWN, NF-xB |37 0T —% —fHIRICHEAEMAH D I2h b 51
KopS.1 BRBICB G- LW 2 E R S Tunsd, LavL, AP-1 X0 HIF 72 EfMOERE[K 112>
WTIIRREI D e STV el o 72 [79], ABFFETIL, CD4 Bt T MifRiZ 3T HIF-1a (2 &
D KopS5.1 B ENTLHES D 2 & 5N L7z (Fig. 16-19), £7-. Shin 52X V. BiEcE
T KopS.1 28 HIF-1a ARTEAQICAREE R 550 FCRBUINT 2 Z L B HiE S [80]. ZAUEA
WFER R & —B3 %, LavL., HIF-la 240 L7z Kop5.1 BB MOMRIEIZH D A B =X ATk
AR TH 5, KEEFIRHETIX Thl MfRIZI T STAT3 @ U L3 EE N L, HIF-10 #55 %
FlEE 9, H9IN L7z HIF-1a 1% STAT3 OA OFHHiIKF Td % suppressor of cytokine signaling
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(SOCS) 3 FEHL 2 i3 % Z & T STAT3 OIEMA b Z e 5728, HIF-1a & STAT3 OHJIZIE
DT 4 — Ry I NV—TRNEK S5 [81], TDi=H, CD4 Bk T MAEIZI 1T 5 Kops.1 88
IZkET % STAT3 & 7 F IMBERE OB G >\ THE L7, LxL., ¥ 7 & CD4 B T #
faiZ STAT3 FHEA (10 uM static, Abcam, Cambrige, UK) % 12 FEfiJALE L 7= & = A#fastz 51
THZ L7272, KoeS.1 HBL, 1EMEZHIE TE o7, con-A Hilii% STAT3 U v Efkz I
U G il 2R E 3 5 72, STAT3 PHEAMLEIZ XV con-A 12 & 2 T MFEHEFH S B S 4L
T AREMEDS B D [82].

Kop F¥ D95 B, pH IZEZMEZFEDL, 748 Y) pHIZX D F v REEEZRINSE5
Fr 3 E LTTASK 77 7 2 U —IZB T % K31, Kop9.1, XONTALK %77 7 2 U —|C
BT 5 K51, Kopl6.l, Kopl7.1 DMFIET D (Kopl7.1 O~ 7 AKRER ZTHE STV,
~ 7 A CD4 Bt T MR CIE, K51 2R 2D D Kop 7 ¥ A TORBUIIEF IR, &
T ARBR SRR L A AR BBEIT A b e o7z, Bittmer HIE, Kp5l /v 7T U b+
U AZHN T, Kop3.d BHERICHRE ERT2 2 26T L [77], ARBFSEICEWT, 7
W KopS.1 /> 77 7 b~ U ZD Wi >k CD4 Btk T il TiE Kop3.1 BB R 6T, 7
V1Y pH MR RSN R e o7z, LavL, 20 i Kps.l /277 7 k<D A

IZ3F T, Kap3. 1 BEUSEIMNEL T V7 U pH FFFE Ml i EOS 2338D B, Kap3.1 25 Kap5.1 12
R LU CTHIERIICEI K Z 2V RENT- (Fig. 21), —77. IBD &5 /L~ 7 A [MfigiH & CD4 Bt T
IR ~ w7 A |k CD4 [tk T MR, Mafig#ife, mCTLL-2 AIfEIZI1T 5 Kae3.1 FEHUL
KopS.1 K0 HARS AREERIRIR IC L 2B E R oo 7 (Fig 22), 26 OFERIT
AWFFETRONT=ZT A Y pH #FEMEE RS FIZ Kops. 1 IEHEIC L Db DO THDH Z &
R LTV D,

KEEFEIL DNA DA F AR A F v DT B F IR ET Y = 2T 4 v 7 I B %
JIE7 [83], IBD BE DAL NIBD EF /AL~ T AIZHBNT, @LLDE A T REFL
L3R 4T Y . HDAC IERIE DMK 1 & L CEE &2 5 7-7 [75], HDAC [H#E
X IBD €T~ 7 ZADRIEVES A N h A VEAZIERIT D Z L2k, REOEEE &K
TEED [74], THIRICHEERBT2ER DV D LATF Y INAVY T XA TD 1 DThD Kad.l
I%. IBD E7 /L~ 7 ZAD CD4 [tk T MW TE ORBL, IEMENTLET 5 [84], T IBD
EBT Vv 7 AHK CD4 Btk T HIfRIZ BT, Kea3.1 FBLT 2 7 A1 HDAC Té % HDAC2 &
VHDAC3 IZ Lk » CHliffistn b [76], —J7. HIF-1 Fifisy+ CTd 5~ 7 A1 HDAC SIRTI i
IBD BE L OVIBD £7 /0~ U AZBWTHBUK T 5 Z &0l S Tunb [71,72]. Fig. 20
[ZRTEDIT, v U A CD4 G T Ml ifiia, ~ o 2 T filakk mCTLL-2 (23 T,
HDAC BH#E# vorinostat } O SIRT1 BAEH| NCO-01 % 24 RREALE L 72BRD KopS.1 FEEE(LIT
R oz hot-, L7zd-> T, HDAC LU SIRTI (X IBD €7 /L~ 7 A0 CD4 [Pt T MifElc
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BT D Kop5.1 FEHJUERREICEA G L7222 L AVRIE S LTz,

AFETIX, IBD BT /L~ AHEK CD4 BHtE T fMlEICI 1T 5 Kops.1 FEBUTLHERME & LT,
HDAC/SIRT # /T L7c— Y = %7 ¢ v 7l TiZ72 <, HIF-la ¥ 7 VR EREABEE L
TWAHZEZHBLNZ L, LvL, HIF-1a 12 £ % KopS.1 FEHBTUHENESE K51 70— X
—FEIRICAFAET D HRE ISREAT 52 L TR 20, & L<IE HIF-1a (2 X Y FEEBINCIE
PETCHE L 72 OER G 12 KV Kop5.1 FBLREI 25217 2 DN HOWTEH LN L TE ST,
SHELITHFPLETH D,

hyperpolarization

0 e

[Ca?*], 4

proliferation
cytokine production
etc.

HIF-1a nuclear

HIF-1a HIF-1a

HIF-1a HIF-1a

Figure 23. Mechanism of K:pS5.1 upregulation via HIF-10

HRE: hypoxia response element
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waiE

FIERIRBOIREEERFICB N T, WY U AT v R AHEEPFFESNATEY . T Mg
BT DHERER B WIS SN BALKAENED U U A F ¥ 3L Kvl.3 00V U AiEHEAL
H1 VT AT v b Ked. 1 T, 58 D3 INED @ O BLEIEASBHTE S 4L, A RO R
RN E SN TVD, ZNE TUFEETIE, IBD 7/~ 2% HWTHOREREIC
BT D KopS.1 OIFREAEILZAIEE] L VRIIEN & L COBMEEEZRE Lz, LovL, KpS5.1 O
BRI S 2R B E SRR IZBIF STV, ARFZETIX, H ORERERO CD4 G T
HIRRIZ 81T D Kop5.1 FEBL-TEMTCHE D 43 T HAE & KopS.1 DT EE DM 2 BN & LT,
LT Z & 26T LT,

1 ETIE, USRS BT K5l AT A 2R Tk Kp5.AB B4 FRIE L,
Kop5.1B 23 788K Kop5. 1A OMIIEEAT A LE TS5 FI T b7 4 7R E LT, Fr v
EEEZAICHIET 226N Lc, BIRENWZ LI, A7 T4 VY —AHFHK
pladienolide B 13, Kop5.1B JEHL 2 JTHE S &, Kop5.1 {EVEA I L 7=,

T 2 BT, KEESEIREEIC X D HIF-1 ¥ 7 T /UWEMEBIZ X 0 . KapS.1 OIEMENERE L
UL TR T D Z L 25T Lz, HIF-1 12X % K51 BEOZEM2 0 F ROV To
RINETE o2 b DD, B A R LT BTV bEE#E HDAC/SIRT 12X =Y = 2T o
> 7 HENEE G- L T2 EAVRIE ST,

IBD &7 /WIZEIT HIRREDFIE - BERIZLE D KopS5.1 FEBL - {EMTTHEICEHIR A T T A v >
THEENIEE LT Ro o, AT T4 Y ) —AERIC I D K51 LIEOR RIX, 5
A A T RVAIFEIRICER RN 5 Z L i s n g, A%, BOEREET Va2 v
invivo \ZB T HDREEN LI TH 5, F7o, HIF FBL - [EMEOTLHEX, IBD 721 T {fto B
TR BRSO, TRBRAR R e ER 2 YRR O RIE - R LG L TRV, BOmERERE
JRRIDSH] B DM 72 > TR Kop5.1 BIER B OFIE, Bk Sl2HoWnWT, KD BEMENEE S
ZENEIRFSND,
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