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APL ... acute promyelocytic leukemia, 2MERFTE &M B M5
AML ... acute myeloid leukemia, 2 M4E BEME F M5
cRABP ... cellular retinoic acid-binding protein,
MBIN RA RS H 37 B
CHX ... cycloheximide, % > /37 & A pk D FHEH
DTT ... dithiothreitol, ¥F A F L A F—/1
EDTA ... ethylene diamine tetraacetic acid, =F L > 7 I » UFEEE
EGTA ... ethylene glycol tetraacetic acid, =F L > 7 U = — L [UEEEE
FBS ... fetal bovine serum, ¥ V5V Mg
HRP ... horseradish peroxidase, WUV LA F ¥ —+E
MG132 ... proteasome inhibitor, 7' ® 7 7 ¥V — LA[HEHA|
Myr ... PKA inhibitor myristoylated, PKA BH % #l
PBS ... phosphate buffered saline, Y > FR#% {7 /& B £ K
PKA ... protein kinase A, 7B 7 A FF—E A
PMSF ... phenylmethylsulfonyl fluoride,

T =)L AF LA =)LT7)LF Y K

PVDF ... polyvinylidene difluoride, &~ Y 7 v{b &=V F

RA ... all-trans retinoic acid, —/V s 7 AV F /A Vg
RARs ... retinoic acid receptors, L F /A VEESZ KK

RXRs ... retinoid X receptors, LT/ A K X &K

S63845 ... selective MCL1L inhibitor, Mcl-1L BH %l

SDS-PAGE - sodium dodecyl sulfate-poly acrylamide gel electrophoresis
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HVEEE (=3 ©) RRERTE BRI B LR (APL) OIRRICHEH D 7Y,
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ZEBRMEIND, APLOIRFEIEICAMTH D Z L3 1988 FITH K S iz 1),
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RA DIERIZLL T OBBEIC L > TRIATLLEZALNTWVD, RA BSHllflafEz
Wi L., MM RA #iA # > /32 H (cellular retinoic acid-binding protein,
cRABP) L BAEKREZIEA LT-%. BENICBEI L T RANZ AR (retinoic acid
receptor, RAR; retinoid X receptor, RXR) & /KFEfESH L C. DNA EIZHFEET D
RA JEEBLH LSS LR 1519 20 FlICH 2EN BT OGS HRE AT
btz D, 7, APL I8\ Tix., RA 2 RARa O/{LFEEEHAZLET 2
promyelocytic leukemia protein-RARa (PML-RARa) 5 A 7 X L X7 G Doy iR %
T HZ L TIHREDIRE R T EZZLHNTND Y,

LU S, RA K BHISEDN 5 45 & IEFITHESLMTITbh TS 2
&L RABHNZRERICHEALZWLTF /A4 FTHRA LRBROIERZRTZ &7
ENMDENZERICL DB L ITNORENEZ B, RA BNF /7 BI23k
BREET X RN BEMKIGTHL VT /A kbl shTngd 19, Zo
LF A MEIE, RA BHRKE 2D LF ) A L-CoA BB LT, 1R H v
NWRIBGIZVF I ANEEZBBET HARISTH D (Fig. 1) 202D, vF 7 A4 by v
X7 EIT B MIFE A O HL60 MIZIZ B W T 20 R0 OFENH LI >TEBY
D ZOHINCT I FURER S N7 B O a-actinin X cAMP IR FIE U >R BE SR
Thdr7aTsrA ¥ —€ A (PKA) O 7 == F (PKA-RIla) L F /
AL SN TN D 2324

LF A WAEDY a-actinin X° PKA IR IFTHEEIZOWTIIREH LN -
TEboT, Mo ~DOE G ES R I TRy, £, —# o APL B3
21X RA OEFHEERIEDN G TRV & 29 TEZIC RATMEEZ A CHHRT
HEWHMEND D 2O, £7=, IE APL O AML BFIZIX RATEEDR DR

ERHBLNTNDS 2D, £ TR TIX, VT /A Lk a-actinin R L F / A
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Fig. 1. Retinoylation : protein modification by retinoic acid



®—E g-Actinin IZ RA 5 3 A&

a-Actinin (37 7 F UK G L, MREAKEZERLL TWL 2R LN T
W5, RA LRI K2 A ML Al I 2 & BEORL BRER MG ~ D 7y (b IRF Iz i, Mo §
BIZ K& < E(LT D, a-Actinin (21X 4 DDT A Y 7 4 —A408H Y, a-actinin-2
& a-actinin-3 (X'EA&FMALIZFAE L CE Y . a-actinin-1 & a-actinin-4 [ XIEH
B M B\ A AE L T 2 28290 JEE k& i I o0 HL60 M e 12 13 a-actinin-1 & a-
actinin-4 2% B L TRV | a-actinin-4 [ TN A TEENZHKIL L TV D 2 &R
WhEEINTWD 30, kb a-actinin DT A Y 7+ —LDO7T 2 BRESNCIXE

WHEMERH Y | #iEX 2 DO NVEKR=VFEBY—RAAL Y (CH) b7 5
T F KA RAAL L (ABD), 4 OO A7 FY U E—F (SR)., 22D EF-
N RRAALUTHERINDINVET 2 VARERY— KA A (CaM-like) &
HATND, a-ActininiZ7 7 F 7 4 T AL MG T L., WETICHRES
A~—%FHRLTEBY, ABD O TTY 7 F o747 XA bEFALTND
(Fig. 2) 3V, F 72, a-actinin-4 OFBILEX, 77 F 2R KELSEDHZ LT,
Ml 22k 2Rt U, MlaoEEE 2 il SE 5700, EBEE KA (i
LI ERMESNTND P, MA T, AR ALINEN AIZIB VT a-actinin-4
MEIZRTELTWD Z ENHBICBE SN TS 303239, X512, a-actinin-4
PEBITT 2 ZEXBERFEMAEENT LI Lb@MEINTEY ., Miaosy
(BRI B D ¥ 7 F ARE -~ D a-actinin-4 OB 5B /RIB STV 5 3,

[ 1995 Al A A% C & 5 HL60 (28 T a-actinin [TV F / A ML S TE Y 23,
YWFIEE T ORZERBEIEIC L DR TIE, a-actinin-4 TIILVF /A LR E &

TW7Z A3, a-actinin-1 TIEXVF /2 A 4bLIEZE Z &6 725 > 72 (data not shown),



a-Actinin-1 & a-actinin-4 7 I/ BREAIL 86% DFHFEMEN & 5 75, a-actinin-
LIZVF 2 ANMEREZ 5o TWRWZ b, ZORIIOEWD LT /A VK
EDOREARLBEELTVWD EEZ LD, a-Actinin-4 [IEWNICRTET HZ 1%
SHE I TND 30323 0 gactinin-1 ITHEREICREL T Y ERNICBITT
DI EOWEITIZEA ER, 72, HL60 ME D RA FHE M 0Lz BT,

VT A AT REHI X - CTdh D Rho 77 =2 X 7 U A F NigBERLE K
+ (Rho-GDIB) DJREMEDE X X7 BOREICEET 5 Z LA HE S
NTW5 3, 20 LT /A MeoFENMARAELEDZICED > TV
TEREZBNT, £ T, AETIX RAIZX D a-actinin-4 O LN JGIE DL

e & o X BEDOREMIZOWTHHEZLIT > 7=,
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Fig. 2. Functional domains of the human a-actinin-4 protein.



FB—H RALEN g-actinin-4 OFBRHNBEEICRIETEE

a-Actinin-4 (LM E ¥ O LD TH 223, BDAMBKEOIC S FHEL TW
HZERMBNT WD 3D, £Z T, RAIZELD a-actinin-4 OHIFEN RE D LA
ERFTT H720I10, RAME LK OVRAE O HL60 Mifan 6 | Bk Ol E % 4
L, FUy "7 BEEMMH LI, FEpOX NI EEZ KT UNRMBT MY 7 A-
KU T 7 IUNT I KT NVEXIKE (SDS-PAGE) THrEf# . a-actinin-4 % 1 a
actinin-4 FiikZ Wy = A X 7 my MEIZX Y AIE LT,

ZOREF, HIE > Tix RA AFLIZ X 5 T a-actinin-4 O /32 K OJR S A3
L7=A, B4 Cld, RA ZBRIZ XY a-actinin-4 DN ROR I BIKL 2o 7z
(Fig. 3A) . T BNV REMIT L7=L 2 A, Fig. 3B IZ/R9 K 91T, Al E
53 TlE a-actinin-4 &%, RALEIZ X > Ta v b — /LT~ 38%F E 12 HY
MU, ZThickt L, Zls cid, RA AFEICEIY > be— Ll a-
actinin-4 £1TH 40% A Z 2D LT,

F7o, SFRECTOESBEMBEEZ AWt RE R AR TH O NI

BWTH, RAHMILTIZEICHKIZRHEL TV, RA AP TR LM
AR Ee A~ M IZ 2 < J{fE L CUh 7z (data not shown),

Lo T, RAZLHEIL, HL60 M2 FHL T % a-actinin-4 O FTE % 0> bl B

RS EDAREENH BN E R oTz,
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Fig. 3. Intracellular localization of a-actinin-4 in subcellular fractions of
HL60 cells treated with RA.

HL60 cells (2 x 10° cells/ml), grown in serum-containing medium with ethanol
(vehicle, o) or I uM RA (RA, m) for 4 days, were harvested and fractionated into
cytosol and nuclear extracts. (A) a-Actinin-4 in subcellular fractions was detected
by immunoblotting analysis using anti-a-actinin-4 antibody. B-Tubulin and
histone H3 were used as positive controls for cytosolic and nuclear extracts,
respectively. (B) Relative a-actinin-4 expression levels were estimated by
normalization with B-tubulin or histone H3 expression levels. Results represent
the mean + standard deviation (SD) of each group (n = 4). *p < 0.05 and **p <

0.01, significant differences from vehicle.
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B RALEN g-actinin-4 DF L X7 B L mRNA ODRBEEBICRITTEE

HL60 Ml ~D RALFRIZ L W FE I NS AMBEMR s bOEET, VF /A
AL Z R ERE STV D Rho O fiREEFHLE K+ Rho-GDIP D22 & M2 5
BEREZTZERRESNTNWD O, 22 TAREITIX, HL60 MALIZXF 3 5 RA
WLERIZ X % a-actinin-4 E DO Z(LIZ DWW TRFT 21T - 72,

JeF. RA LHIZ K % a-actinin-4 % /X7 B OB EOREH R E/AEZH S
T B0, RAFE KON RA ALEE L 72 HL60 AR &R I L& v
/X7 G % SDS-PAGE T/Hrfits, VAKX 7wy MEIZEY a-actinin-4 &%
HE L,

ZORER, RA HEHIAE T a-actinin-4 D/ RO S ASRERIFHIICEEMN L 7=
N RABEO ML TIX, a-actinin-4 O ROBESICEITAR SN0 o -
(Fig. 4A), TN OV REMFTLIZE Z A, RA LB X AR QB IZIC A~
T, a-actinin-4 # N7 EHHEBEEIZ 1 HATK 1.3/, 2 HETH 1.6 &7
b, HEICHENL Wiz (Fig. 4B),

Lo T, RA WWHEIZ XV | a-actinin-4 ¥ X7 ERBENEMNT 5 2 & AR
Ent, 7o, 2O RA WPRIZ X D a-actinin-4 & X7 EHREBLEO M,
mRNA O GAEMEIZER T 200 Z 0D D720, RAE K O RAZLE L 72 HL60
MG 2> B REIFAY I total RNA ZfifiHH U, a-actinin-4 ® mRNA ¥ ¥l &% PCR {&
THIE L7 EZ A, RAKEEIZ X% a-actinin-4 @ mRNA # Bl 8|26 & 72 21358

W B AL 7r o 72 (data not shown),
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Fig. 4. Changes in a-actinin-4 protein levels in HL60 cells following RA
treatment.

HL60 cells (2 x 10° cells/ml), grown in serum-containing medium with ethanol
(vehicle, o) or I uM RA (RA, m) for the indicated time, were harvested and lysed.
(A) Protein (10 pg) in cell extracts was separated by one-dimensional -
polyacrylamide gel electrophoresis (1D-PAGE) (8%) and analyzed by
immunoblotting with anti-a-actinin-4 antibody. (B) Relative a-actinin-4
expression levels were estimated by normalization with GAPDH expression levels.
The intensity at 0 h was defined as 100%. Results represent the mean + SD of

each group (n=4). *p <0.05 and **p <0.01, significant differences from vehicle.
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#W=H Cycloheximide ZLF|Z X 5 a-actinin-4 O R E M DB

AT ORE R 25 RA WERIZ XV a-actinin-4 Z /37 ERBLE&SHEML |
mRNA FHEEIIZEL LW ERHALNIR ST, 2D DB, a-actinin-4
Z R EHFEBLED RA LB L 580X, DNA 725 D mRNA B[R IZ K
HHDTERNI ENRB LN,

T ZT, WIZEZ R EDOEKEZHET 5 cycloheximide (CHX) % H W i ET
AT o 70, AR OVRA ALEE L7 HL60 AHAEIZ CHX Z LR L, BRI A
R L7=, Mia» oM LizR¥ > 7% SDS-PAGE TH#E#% . a-
actinin-4 % | #l a-actinin-4 FLEZH WU = 2 & 7wy METHIEL T,

ZORER ., RAAHE O TIX a-actinin-4 D /N2 RO S ABAREIFICHED L
A, RA ALEEMIAL CTlE. o-actinin-4 O ROESICELIZR LR 0o 7=
(Fig. 5A), ZNOHNNV REMAT LT & 2 A, RAOHEMAL CTIL, a-actinin-4 &L
RE MK A7/ (3 WEFET TR 50%. 6 REfEICHY 28%) 12 L7z, Zhicxf L., RA
SLEEMIIG TIX. o-actinin-4 &% 3 RFfE], 6 RFRJRICEH W TS 0 RFM &AL L
N HERF L TR Lo 28 b RALPFRITRLEE & ik L T a-actinin-
4 O Z A EITHIH LTz (Fig. 5B) .

Lo T, RA WWHEIZ XV | a-actinin-4 ¥ VX7 EOREBRIMZ S, ZEL

SNDATREMEDN R S uT,
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HL60 cells treated with RA in the presence of

HL60 cells (2 x 10° cells/ml) were incubated in serum-free medium with or

without 1 uM RA for 24 h and then treated with 100 pg/ml of cycloheximide

(CHX) for the indicated times (CHX-Time). (A) a-Actinin-4 in each fraction was

detected by immunoblotting analysis using anti-a-actinin-4 antibody. Relative a-

actinin-4 protein levels were estimated by normalization with GAPDH levels. The

intensity at 0 h was defined as 100%. Vehicle: dash line, RA: solid line. (B)

Relative a-actinin-4 protein levels at 3 h and 6 h were shown. The intensity of

RA treatment at each time was defined as 100%. Results represent the mean + SD

of each group (n = 3). **p < 0.01, significant differences from vehicle.
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BUE oTr7 Y —2AHEEARNC XS a-actinin-4 ¥ N7 B ORI

RIEIOFER N D, RA LHEIZ XY | o-actinin-4 BORL B3I 2 b, ZE
ENDZENRHALNICRY, ZOX LRI BEOBWI BRI LEDEDTH DA
RRMEZHR L, ¥ X7 BEOHRICIE, 28X F T arT7 Y —AV AT
LRHY, AEXRFUNZRTHICHAL, BIRWICT 0T 7 Y — A THF
INHZ ERMLNTWS D, 22T, AKHiTlX, a-actinin-4 ¥ > /X7 EH D4y
fRICBTDTaT T Y —LDOl5 250 THITEZIT- 1=,

TP RLHEKE T vT 7 Y —AEFA MG132 LB 5 a1 L 72/
> X7 4 % SDS-PAGE T/4yBft% . HT Multi-ubiquitin FiiA Ty =A% > 7o v k
EEiToT0, TO/ME., ROAHMEIZHET T e T 7 VY —LHERWHEZ LTz
MR TIL, 2% F oAb Z X7 HENBEEITHEMN L TV (Fig. 6A),

WWNT, RUE KO T vT7 T Y —AEFEAOEMR SR L ey s
B2k L, $l a-actinin-4 ik Z A Wicy = 2% 7wy MEZITo T2, ZOK
R, RO TT 77 Y — AHEHZ L L 72 TlE o-actinin-4
D/ ROFE IR LTz (Fig. 6B, L), T o NNV REffrLizE 2 A,
a7 7V — ARERLEIC X 5T, a-actinin-4 &iX, RAHIZHASK 1.7 15
WZHIN L TWi7e (Fig. 6B, FEX).

£ o T, HL60 fifld ~D 7 77 vV — AREA MGI32 LFIC LY, 2 EFF
ML T2 R BEOSRITMZ bl Z D a-actinin-4 OZEIZIT L

EXF - Tu T T V=AY ATANEbo TWAZ ENREINT,
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Fig. 6. a-Actinin-4 levels in HL60 cells treated with the proteasome inhibitor,
MG132.

HL60 cells (2 x 10° cells/ml) were incubated in serum-free medium with
ethanol (vehicle, Veh, o) or 5 uM MG132 (MG, m) for 4 h. (A) Ubiquitylated
proteins were detected by immunoblotting using anti-multi-ubiquitin antibody.
(B) a-Actinin-4 proteins were detected by immunoblotting using anti-a-actinin-4
antibody. The intensity of vehicle treatment was defined as 100%. Relative a-
actinin-4 expression levels were estimated by normalization with GAPDH
expression levels. Results represent the mean £ SD of each group (n = 3). *p <

0.05, significant differences from the vehicle.
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BHE a-Actinin-4 X U NRXTBED 2 X F AL OBRT

ATEI OFE R 225 a-actinin-4 OLZEMICITAEFF T 0T TV —Lhv A
TLAREDL TWALZERPLNIRoTZ &G, RE TIE, RA AT X
% a-actinin-4 Z > X7 B DS B T D 2 X F AL DB EIZ oW TN 21T
-7z,

JeF. RAF KO RA LML S HH L7c# 2 /37 B %, SDS-PAGE T
Sy, PU a-actinin-4 Pk CU =2 X T oy MNMEEIToT7Z, ZOME, RA
SLBRIZ 31T % a-actinin-4 fIXA LN L Tz (Fig. 7, FE).

WNT, RLF KT RA AP HHIH Lok # X7 B % H1 Multi-
ubiquitin PR THRIZEILRE L2, Bl a-actinindHikz Wiy oA X7 ay
NMEZITo T2, TOMR, =X F 1t a-actinin-4 &L, RA LRI LV BHE
23 LTz (Fig. 7, BB,

£ o> T, HL60 Mifld ~D RAMELIZ LV | a-actinin-4 &IV LI X D26 DD,

a-actinin-4 DL EXFF ANl SN D Z ENRE T,
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Vehicle RA

Fig. 7. Alteration in ubiquitylated a-actinin-4 levels in the presence of RA.
HL60 cells (2 x 10° cells/ml) treated without and with 0.1 pM RA for 24 h were
harvested and lysed. Whole cell lysates were immunoprecipitated with anti-multi-
ubiquitin antibody and ubiquitylated a-actinin-4 proteins were detected by
immunoblotting with anti-a-actinin-4 antibody (upper photo, ubiquitin-
conjugated a-actinin-4). a-Actinin-4 protein in 10% input was detected by
immunoblotting with anti-a-actinin-4 antibody (lower photo). Arrows show a-

actinin-4 (100 kDa). Experiments were repeated four times with consistent results.
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BNHEN NE

AKETHLONIZHERIZILLTOBEY TH D,

1. RAMLERIZ X - THIKEWN ® a-actinin-4 [ZMRE CHEIM L, BTl LT,

2. RAFEOMFIZ ST RALEMA TIiX., a-actinin-4 & > /3 7 HRBLE D%
BRERIZEE N L7225, mRNA BHEITXE(L Lo T,

3. X UNTEARLER CHX 2 4LBE L 72 il CiX, a-actinin-4 &2 L7
N, RALMBIZE > TZ oL BRIz b,

4. TaT 7V —LHEA MGI32 2T HZ & TH U NTEDOGHERIMZ D
FU. a-actinin-4 =X L 7=,

5. RAXHIC X - T, o-actinin-4 D EXF LN RLFIZ R TREA L, &

RPN A B ITZ,
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BLHh BE

ARFETIL, HL60 g ~D RA MFRIZ X % a-actinin-4 DML N RN &K V%
EMEDEAITOWNWTHBIZIT - 7,

ARALEE K OY RA LB D HL60 e 2 /i i 73 i L. $T a-actinin-4 L& % HW T
RA MR X BN RTEMEDEIC O W TR EZ T 572, O/ R, MiZ
53 TlE RA AFEMIIL D a-actinin-4 23 ARLFAMALIZ L X TE < | ZH#i5 Tl
RA JLPRHENE O a-actinin-4 A ARABEIE L 0 07002 LR S v (Fig. 3).
Lo T, RALHIZ LY o-actinin-4 O FIEDE LMEICET D2 &5
BT,

a-Actinin-4 X SR FHIKIZ S L~ 7 v (NES) # AL THY
(s23sLEAIDQLHLEs32). Z O 7 X J BRELHNTKZ SVl 5 52 2K 4K (exportin) N FE S
LCEMOMEICEwmEIND Y, o2 &b, a-actinin-4 D L F / A L4k
IR L 52 TV D AR EZ DR D,

A2 X% a-actinin-4 &~DOEELZH LT 572D, Pl a-actinin-4 Hiik %
AWT, RA PR ORI D HL60 MildIZF5 1T 5 a-actinin-4 Z /N7 BH Ok
P 72 BB A OV THRET 21T o7z, £ OREER. RA LBELIZ X - T a-actinin-
4 B2 FFE F CHREBMR RIS L 72 (Fig. 4), F£7-. o-actinin-4 OEI& 13
BEZMELLE ZA, RA LB TREEMNZREENRL N hole, ZDOZ &
26| o-actinin-4 Z X7 EHRBLEO AT, mRNA BB & OIS Eis
T OEGREENTHLO TR, XU NI EOREMITHEL H 212/
T D AIREMEDN RIE S LTz,

T2 T, RQE K OV RALERHIIAC & 2 o8 7 B A R BLE A CHX % LB L T,

21



a-actinin-4 ¥ VXV BEOREEMEIZOWTHRE LTz, TORE., RAEMIZD o-
actinin-4 &EIXFFIMKAFAICIA LoDk L, RA AEMIIL CIXid Lo
7= (Fig. 5)s 2O Z &5, RAMIRIX a-actinin-4 O 53 fif % ] 9 5 Al REME 23 7%
e X7,

BRI EONRIZIE, 28X F T T T V=LAV ATLARHY, 2
XFUNZUNRITBICHEAL, BRI T 0T 7 Y —ATHMEND Z LA
5N TW5, £Z T, a-actinin-4 Z X7 EOGRICBT S 70T T Y —LD
BEIZOWTHRD DI, RIWVE KO T 77 Y —LAHFA MG132 % AL
Li-flErb e F b s Nz 878 L o-actinin-4 ZfH 325 2 &£ 2R
Hlee ZTORER, 7077 Y —LHEFALBIC L > Tat®F by "I H
BERELIWIMT 22 ERHALNLERY | ZAUITFEV a-actinin-4 & b H BT
ML Tz (Fig. 6), £»> T, HL60 fifld~D 7 a7 7 Y — AREHQLEIZ LD |
X F AL L X X B ONMRIZINZ S, a-actinin-4 OLEICIT2E
XTF T TT =LAV ATARED TWAZ ERRENT,

WIZ. a-actinin-4 D2 EFF ALIZHOWTHRDL =0, RA LH|IC L b2 b
X F AbE & 5% 72 a-actinin-4 DELIZ OV TR 21T o7, ZTORE. =
v % F 1t a-actinin-4 EiX RA BRI X VD95 Z L3 bo- 7= (Fig. 7).
ZDZ LD, RA QLERIE, a-actinin-4 O EXF AL G L, SR E X
% Z & Ta-actinin-4 ¥ U N B ELENT H T ENRBR I NI,

X F AL, VF AR ERIBRIC Y N BEORIREZEMTHY | ¥
PRI EDOY TV EESE LTS, RA LEIZ X > T2 B F F 4L a-actinin-
4 BRPEAO LEEBEMmE LT, 28X F LML EN D a-actinin-4 OFEENZE(L L,

X TFUAEEEORE IR O o REER ENRZZ BN,
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LF ) AMEIZB T, RA IZT AT AFAETE V0 B2 EMiT 585480
%\, T AT )EEA U4 5 Hydroxylamine & KOH TLVF J A /Ll a-
actinin-4 ¥ VX7 EERE ST H L VF A NEORISEHIHRK L2, RA
X a-actinin-4 DF >, BV, ALAF=r, HWEIVATA L ATV
A THRA LTS AMREMEN/RIB X LTV 5 (data not shown), = EFF 1k
X, o RX7BEO) vt a b XxFURT I RFBEETHEELTWDZD, =R
TAREETRERALTVWD LT /AL EFRET 2 /B CTHESEEAL Ty
CERBELMNIRo T, TORED, A EXFUNREETILITI /B THD U v
YEBOT I R LVF AN EN T, REEZ X TWLHAEERE X LR
26

a-Actinin (X, 727 F AT DX X7 HEO—>THY | a-actinin BT
JFLCEARTHDET I F T 4T A PEREALTEBTLZ NG, M
W OFRICEE 2Ky Th D, Koo AMFEMEAA RA 1T X o TR ERE
MR b 228, ZOBRICHaEKR S RE BT D, ZoMiaEkoZt
IZ a-actinin ML ETHDH Z L b, RAMLIRIZ X VMR TP a-actinin-4 £ O
WA R &i, Mot Z5FE L TV D a2 R~ S u/e (Fig. 8).

—J7. a-actinin-4 (X, DA W THKIZRET L Z RRESTVD
30, BN TIX NF-kxB © a7 7 F_X—%—L LT/EMA L., NF-xB &/ L7zizE
EIEMHAELTWDEZ b REINTND ¥, ZO L5 ITHAMIETIX, A
JEIZEH 4 D NF-xB BIEMEIL L TWA 728, AR OEIEIERIZIThiL D,
RA LPEIZ X DN D a-actinin-4 O 25, NF-xB OGP 2 #id] L, #i i

HEE 2 Il LTV D aTREVE D R S Tz,
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LLEDZ e, RA @ X 91T a-actinin-4 OEBITEZIN 2 265 2 A4

DI EMTENIE, BDAICHTHHRBEEOREICORN LI LENBZALLND,
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Fig. 8. Schematic representation of the role of a-actinin-4 in RA-induced
differentiation of HL60 cells.

HL60 cell differentiation by RA could be associated with intracellular
translocation and activation of a-actinin-4 in the cytoplasm. 1: Inhibition of
translocation of a-actinin-4 into the nucleus from the cytoplasm. 2: Stabilization
of a-actinin-4 by the inhibition of ubiquitination (proteolysis). 3: Accumulation
of a-actinin-4 proteins in the cytoplasm may be significant for RA-induced
differentiation, resulting in cytoskeleton changes along with the activation of F-

actin synthesis related to cell shape and division.
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2 PKAIZ RANEx AEE

F MR Tdh D HL60 ICBWT LV F ) A ka2 62 7L LT
PKA-RIla 3FEIE XL TWD 2, PKA L cAMP KD Y U FRfbEER T, & v
RIBEDOR) >, AvA=viEkE2) VLT 28ETHDL, ZOMNY S
FTIARERIT, BEFHI, MREHEER, Miats. M oET, 2L
THIBR AL DHEITIZ I W T E B R & E & Fiz 3 404D,

PKA [Z#% ., THEN2 2OHHIY7=2=> N (R) & 2 DOfifES 7 2= v
E(C)MH7e2h 4 BRTHEKINDBEERY VXTETHDHN P, cAMP O &EiE
FERBE T, cAMP DSFEI V2= M EREAT D L MY T 2= o RS REE
LU UBBIbIEEEZ BB T 52 & T, PKA EEX X7 E%Z Y U Bib3 5 (Fig.
9), PKA iV 7 2= ML 4 DDOT A Y 74— Rla, RIp. Rlla, K
RIBAHH, ZOHTH Rila EEICHIBEKICHFIET H 4P, Rilo OREAN D
Bl A-X T —8B7 v h—X 378 (AKAP) b ->TEDH 4 AKAP
TARE ZEBEZIEHR LI RIIa EHET 5, AKAPZ / v 7 &0 v LICildizEs
WT, BEAO RHo (T Lz LGS TED ¥, 2o &b Rila D
EBATIZIZI AKAP BLETHL LEZE2 6N D5,

PKA-RIla (ZVF /A LI TWD A, BROEY . VF /A LR RTE
PEDOZEALICE G T 5 AR B 2 b d, HL60 MifldiciknwT, LT /A ik
PKA-RITa [$8ZIC1FFE L, RA MLERIZ & - T PKA-RIa IZEICREZELSE 5
ZEn@mEIR TS Y, Fo, i 7 2=y N ThHD PKA-CalZB N TH
Rilo [AERIZ, RAZLBE L2 TRICZ K REL T2 &b ) PKA XM

BEROETERBITZ LI ERRBINTWD, £7-. APL O Ml bizix
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PKA NEETHAZ LLHEINLTWDS O, b0z &b, LF /AL
B2 KV EIZEAT L7 PKA DS HIIRLICBE b » TWA R[RBEER E 2 bvT-, £

I T, ARETIEIRALHIZE AN PKATEEDOELIZOWT OB 21T - 7~
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R: PKA regulatory subunit
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Fig. 9. Mechanism of PKA phosphorylation.
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B RALED PKA OHRNEMEICRITTEE

RA LB LV | T PKA ENWEINT 5720 ¥ BN TO PKAIZ KD #
NIZBEDOY RGBT S Z eSS, £ 2T, RA QE K UORAH
® HL60 Mo, ZEEOMIEZ /oy L, ¥ o8 7 Bafith Uiz, &ES O
PKA JEE O & D ZE{LIZ 2\ THL phospho-(Ser/Thr) PKA substrate HLIA % V7=
VxAHZ T my MEZEIYRIEL,

ZORER, BESICEWT, RAEH L LT RA LT, N RORIMN
LT b PKA EE > /)78 30 kDa, 34 kDa, 38 kDa, 42 kDa, 58 kDa
Doy BEONMNEICHER TE 7= (Fig. 10), MREICH PKA BE X 7D N
YREARONDHOD, RALETRINIZIEAEEMLL RO L TV,
INHORERMND, BESICE VT, RALHEN PKAICE->TY Uk
BRI EEEENSEEZ EERE LT,

EoT. RAIZKDY 4 BIEDIE TREIZEAT LT PKA BN U Rk 2 N
SHLLZEBRHONE RS T,

A 1ElX, Fig. 10 DRHIT/R L7245 1 & 34 kDa T RA ALEIZ X » TENTO

PKAIC LD YU UBALNEEINT 2 % o X7 BEICOWTHRH 21T o 7=,
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Fig. 10. Intracellular localization of PKA substrates in subcellular fractions
of HL60 cells treated with RA.

HL60 cells (2 x 10° cells/ml) were treated with vehicle or 1 uM RA for 24 h in
serum-free medium, homogenized, and fractionated into cytosol and nuclear
extracts. PKA substrates in subcellular fractions (10 pg) were detected by
immunoblotting analysis using anti-phospho-(Ser/Thr) PKA substrate antibody.
B-Tubulin and histone H3 were used as positive controls for cytosolic and nuclear
extracts, respectively. Experiments were repeated at least four times with

consistent results. Veh: vehicle.
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B RALBICX > THMNT 58 PKAEEDORE

RA MLERIZ LY, X U7 -IX) VB bEN D Z LTk - T, & DOHE
RS EZ VMl SV +T5, T, RAICEDIEND Y v ER{LE O
AnAs, HL60 #ifid> RA FFEMMEICBEDLY RN H D BB b, £ T,
RAIZEK > THIN L2 Y Mk PKA EZFET 5720, ZIRIUERKKENEIZ
L2 T EDIEEE E ' K DN 24T o T2,

RAMLEE N OARALEL O HL60 M2~ . Bl 2B L, # "7 Ham L
7oo fH L7z % > /37 8 % immobilized pH gradient (IPG) 7 /VIZT7 77 A L.
LENERIKE Z{T o2 % . SDS-PAGE %# 1T o7, Z ®t . i phospho-
(Ser/Thr) PKA substrate IR ZH W2 U = A X T ay MNEE X X7 HYm
R T 5 SYPRO Ruby T 34kDa ® PKAIZ K> TCY vBiband ¥ L "7 ED
ARy NEFFE LT (Fig. 11), TOARy &2 by L, E&ohrik
TT X BRI AN LT X R EDREEIT > 7,

ZORER, BV I TNX = AT T4 AT 1 (SF2, SRSF1) 7 2/
FRECHI DM R & — 855 5 DDOXFF KK (Peptides A~E) s, =
NHDRERNPOENT PKAICKoTY Uk d ¥ /"7 8% SF2 £ LT
A& L 7= (Fig. 12),

AT TAV T TIE—HOTT Y U OREPEGI, HNAT T A4 TN
V7V MM TED2EmB5, SRR 13207 DR (7 ) AX o

VY EELT, ATIAU TN T NOAERKREZIHIL TWD,
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Fig. 11. 2D-PAGE patterns of phosphorylated proteins in nuclear fraction of
HL60 cells treated with RA.

HL60 cells (2 x 10° cells/ml) were treated with 100 nM RA for 24 h in serum-
free medium and were fractionated into nuclear extracts. Proteins in nuclear
fractions (100 pg) were separated by two-dimensional-polyacrylamide gel
electrophoresis (2D-PAGE) (pH 4-7) and analyzed by immunoblotting with anti-
phospho-(Ser/Thr) PKA substrate antibodies (A) and by SYPRO staining (B).
Protein 1 indicated by arrow in (A) corresponds to Protein 1 indicated by arrow

in (B). Experiments were repeated at least four times with consistent results.
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10 20 30 40 50
MSGGGVIRGEP AGNNDCRIY¥YV GNLPEFDIRTK DIEDVEYKYG ATRDIDLENE

Peptide A

60 70 80 90 100
RGGFFPFAFVE FEDPRDAEDA VYGRDGYDYD GYRLRVEFPR SGERGTGRGGG
Peptide B Peptide C

110 120 130 140 150
GGGGGGAPRG REYGPPSRESE NEVVVSGLPP SGSWQDLEDH MREAGDVCYA

Peptide D

1e0 170 180 190 200

DVYRDGTGVV EFVREKEDMTY AVEKLDNTKF RSHEGETAYI RVEVDGFPFESPE
Peptide E
210 220 230 240

SYGESESESE SRSESESRESN SRSESYSPER SRGSPRYSPR HSESRSRT

Serine/arginine-rich splicing factor 1
(SF2, SRSF1)

Fig. 12. Identification of a nuclear PKA-phosphorylated protein by mass

spectrometry.

A protein (Protein 1 indicated by arrows in Fig. 11) was degraded to peptides

and analyzed by mass spectrometry. Amino acid sequence of SF2 protein, and

amino acid sequences of fragments derived from SF2 determined by mass

spectrometry (bold and underlined) are shown. Amino acids are listed by their

single letter designation.
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B SF2 XU NRNZBO PKAICED Y VL DR

SF2IZ PKAIZ K> TY UEfkIihbd &, SF2 DN RNELE D Z &0 H
BEENTWDHY, 22T, SF2OPKAIICK DY vgfbs, R L O RA LLH
HL60 #l i o> # il H i 53 2 FH U T TR R vE 2 OV TR 247 - 7,

Jed. RAF KON RA PRHI 2 S L7ef 2 X7 Ikt L, fit SF2 fit
RTHRBILFE LI, BLSFR2 IR T =X Z v Ty NMEEZITo T, £ DRSS,
M SAEICH T 5 SF2 &I RIBREREL L Tz (Fig. 13A),

RUNT, RO RA B G L7cie 2 X7 B % HL SF2 ik
TR L7=% . P phospho-(Ser/Thr) PKA substrate HiiA % W72 = 2 %
7 my MEEITo, FORESR. U Bk SF2 &EiX, RA QB L VHEINL
T /= (Fig. 13B),

LoT, SF2D PKAIZL DY UERfkIZ, RALHEIZ L > THINT2Z &b
MY, ZOZEND, RALBIZEY PKA %41 LT SF2 OERER MG S b Z

EMMHL N 0T,
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WB: SF2 WB: PKA substrate

Fig. 13. Reconfirmation of SF2 phosphorylated by PKA after RA treatment.
HL60 cells (2 x 10° cells/ml) were treated with vehicle or 1 uM RA for 24 h in
the serum free medium. Proteins in whole extracts of HL60 cells were
immunoprecipitated with anti-SF2 antibodies, and SF2 phosphorylated by PKA
was detected by immunoblotting with (A) anti-SF2 antibodies or (B) anti-
phospho-(Ser/Thr) PKA substrate antibodies. (A) Photo shows SF2 levels of 10%
input. Arrows show SF2. Experiments were repeated four times with consistent
results. Veh: vehicle, IP: immunoprecipitation, IgG: antibody (negative IP

control), WB: western blotting.
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HE RALEIZE D Mcl-1 254 7N T v bOEN

AIEIORE RN G, RALEIZE Y PKA Z40 LT SF2 OEAMGI S Nnd Z &
HER S Tz,

SF2 DHEREIT =7 VYV DRE (27 VU AF o) ZWEIL T, AT T4
VYT NYT U RRTELILEMADILETHIN, ZoNEEZ T X v
RI7EIZBel-2 77 XU —dD Mcl-1 3% 5% *®), Mcl-1 DBEEFIT3 >0 Y
VEEGHR, 3ORTOIZT Y UNHITE Mcl-ILATE 2FBOZ 7 VUK
LIEHWER T2 5013 Mcl-1S 3 T& %, Mcl-IL 357 R F—v A {EHZR L,
Mcl-1S 1Z 2D Mcl-IL IZ#5A L TE DB REAZET 2720, 7R b— v 2 g
ERZRT 9, Mcl-1S 1T 7 VU AFXF o BV INRBETCTEHARAT IV
IRV T R THY, SF2 BREDAEREMATND ¥, ZDw, RA LT
V. PKA ZJ LT SF2 OBERENIHH S D & Mcl-1S 342 Z LinE %
b,

ZZ T, RAHIZE D Mcl-1L L Mcl-1S O % > X 7 R B &OEb % K
At L7o, RWPE LT RA ALEL L 7= HL60 Mg/ B Z 87 E & L, Mcl-
IL XY Mcl-1S &%, HL Mcl-1 HilkZ Wiy 2 A% 7 ay NMETHIE L,

ZORER ., RAOBEMIZIZ R RA Z LB U 72 MilE TIE Mcl-IL O /N > RO S
NI LTz (Fig. 14A, BB, ZNHDONR REffr L& 2 A, RALEIZ X
S>Tay ha—/ LIl 70%ICH EIZHEA Lz (Fig. 14A, TEY, ZHickt
L. Mcl-1S D3 RO STIORABEMIE T B~ RA Z 4L BR L 72 il i TIdsgn L
TW /o (Fig. 14B, BB, N R L& 2 A, RALEIZL > Tar be

—VIZ K 2.8 fFICHE N L 7= (Fig. 14B, T E%),
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ZOZENDH, RAWMEIZE Y SF2 OMENIHI S (RiElkL), =7 Vv
AXy BRI D Mcl-1L ®IIED L, Mcl-1S 38N 5 2 & RH L

TR o T,
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Fig. 14. Mcl-1L and Mcl-1S levels in HL60 cells treated with RA.

HL60 cells (2 x 10° cells/ml) were treated with vehicle or I pM RA for 48 h in
serum-free medium, and whole cell extracts were prepared. Mcl-1L (A) and Mcl-
1S (B) in cell extracts (10 pg) were detected by immunoblotting using anti-Mcl-
1 and anti-GAPDH antibodies. Relative Mcl-1L and Mcl-1S expression levels
were estimated by normalization with GAPDH expression levels. The value of
vehicle was defined as 1.0. Results represent the mean £ SD of each group (n =

3). *p <0.05 and **p < 0.01 significant differences from the vehicle. Veh: vehicle.

38



BHE PKAFEFLEICE S Mcl-1 2774 7R T v bOENT

RA MLFRIZ K- T SF2 OBEREAINH S 4v, Mel-1L (X34 L. Mcl-1S 2380
T 5 ENEEICTHLNITR o720, 20 SF2 OBEREDOIHIN PKA 12Xk - T
Sl& i Z a7 % PKA [HEHS Myr 2 H W TRET L7,

RAER, RAWLFE, KT RA & PKA PHEAIA OF AL L 7= HL60 Al &4
BN B L, Mcl-1L & K& Y Mcl-18 &%, i Mcl-1 itk Z iz o =
AL 7 m ey METHIE LT,

ZOFEE . RALFIZ X > T Mcl-1L D> RidbFnIcEd L, oD
PKA PREAIE OFHABIZ LV Iz bivic, Tk L, Mcl-1S O/ R
RA LHIZ L - TEAFEIZHM L, £ O PKA HEH & OfF HAHEIZ L - T
Mz b (Fig. 15, BB, KIS, 2SO Y FEMH L, Mcl-1S/Mcl-1L
DEFHELILEZ A, 2 b — /LI RA BMALEE G 2.5 80 L.
RA HAALEIZ E~T RA & PKA FLEA & OO HAEIC LD AEICK 40%K T
L 7= (Fig. 15, TE),

Lo T, RAMIIZE Y PKA #J1 LT SF2 OBEREN MK S, AT T4 v

IR T N THD Mcl-1S BRHINT 5 Z ERHL NIRRT,
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Fig. 15. Effects of PKA inhibitor on Mcl-1L and Mcl-18S levels in HL60 cells
treated with RA.

HL60 cells (2 x 10° cells/ml) were treated with 0.4 uM RA in the absence or
presence of 0.4 pM PKA inhibitor myristoylated (Myr) for 48 h in serum-free
medium, and whole cell extracts were prepared. Mcl-1L and Mcl-1S in cell
extracts (20 pg) were detected by immunoblotting using anti-Mcl-1 and anti-
GAPDH antibodies. Relative Mcl-1L and Mcl-1S expression levels were
estimated by normalization with GAPDH levels. Mcl-1S/Mcl-1L ratios were
calculated. The value of vehicle was defined as 1.0. Results represent the mean +
SD of each group (n = 3). *p <0.05 and ***p < 0.001 significant differences from

RA alone. Veh: vehicle, Myr: PKA inhibitor myristoylated
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EAE PKA FREREIC X A B WS K5k DR

RIEI OFRE RS, RAKELIZ XY SF2 OFEREAIIHI & T Mcl-1S 2884m L |
PKA BHEANC L > TZ DO RAEHDBZIALND Z LWL -7z, RA I
155 4 A & FERZER R A~ & b S 223, 2D Mcl-1S OB O FE 51X HL60
IO SACITHKIGE L TWD O & 52T 5725, PKABLEHR Myr & 1L
MO AL FREE T3 5 cluster of differentiation molecule 11b (CD11b) D Hiik %
AW THE &7 o7,

ARALEE, RA ALEE, RA KO PKA FHFEAZ O HALEE L 72 HL60 #0568 &
YRV EEME L, CDIlb &%, $it CD1Ib HikZz AWk v =X %7 r vy b
5 CTHIE LT,

ZOfER, CD11b O/ KO S1E RA MHEIC X » THFICHML, Z 08
X PKA BHEA] & O F LR IZ L - T x b7z (Fig. 16, EB), ZiH N
Y REMBTLIZEZ A, 3 b — Ll T RA HMALE TIIH 18 58
L. RA BUMALERIZ I ~T RA & PKA FREAIE O OFHALIERIZ L0 AREIZK 50%
. F L7= (Fig. 16, FE%),

Lo T, RAHIZ X 5L PKA [LEAIC L > T bND Z &2
LMD ZOZEND, BEIZ PKA, SF2 KT Mcl-1S 23 #iia bz B

STWDH I ENRBINT,
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Fig. 16. Effects of PKA inhibitor on differentiation in HL60 cells induced by
RA.

HL60 cells (2 x 10° cells/ml) were treated with 0.4 uM RA in the absence or
presence of 0.4 pM PKA inhibitor myristoylated (Myr) for 48 h in serum-free
medium, and whole cell extracts were prepared. The levels of CDI11b
(differentiation marker) in cell extracts (10 pg) were detected by immunoblotting
using anti-CD11b and anti-GAPDH antibodies. Relative CD11b expression levels
were estimated by normalization with GAPDH expression levels. The value of
vehicle was defined as 1.0. Results represent the mean + SD of each group (n =
3). *p <0.05 and **p < 0.01 significant differences from RA alone. Veh: vehicle,

Myr: PKA inhibitor myristoylated.
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BEE Mcl-1L LERQEIC X 5 B MW i% K5 {k o 7T

RTETOFE RN 5 . RA ALFRIZ X D Mcl-1S OB MBI bbb > Tnd =
EMNFE Z BTz, Mcl-1S 1% Mcl-1L @ BH3 (Bcl-2 homology domain 3) &\ 9
RAAL L ZET LI L TEOMELZIMA L ¥, £ T, Mcl-1S 23Hila o1k
(B> TWHMEHLNICT 5720, Mcl-1S & [FABRIC BH3 2% T % Mcl-

1L PHEH] S63845 % AT HL60 A D53k 2T LT,

RALEE, RA PR, RA KO Mcl-1L FHEFH Z OF HALEE L 72 HL60 M) & i
2R BRI L, CDI1b &4 5L CD11b HikZ Wiy = A X 7 ay |
5 CTHIE LT,

ZORER, RAWEIZ X - THM L7 CDI1b /N> RiX, Mcl-1L BAEH & D
GEAMEIC LY, S5 (Fig. 17, BB, 2D REMEIT LT
£ Z A, CDIIb EiF= v hue— LT, RA HMMBETH 5.5 f5IC LA L
7273, RA & Mcl-1L BAEFI OO HALBRIZ L DK 9.2 5128l T, RA H
A3 L CAHBEICHEM L 2 (Fig. 17, TE),

Lo T, RAMERIC X 2MIE 51X Mcl-1L FHRERNIC L > TIRES S Z &2
HSMNZRY, 202G, Mcl-1S OFETH 5 Mcl-1L O BHE 13 (A 1fin 7 4

JaDSFACICEHETH D Z L BRB I T,
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Fig. 17. Effects of Mcl-1L inhibitor on differentiation in HL60 cells induced
by RA.

HL60 cells (2 x 10° cells/ml) were treated with 0.4 uM RA in the absence or
presence of 2 nM Mcl-1L inhibitor (S63845) for 48 h in serum-free medium, and
whole cell extracts were prepared. CD11b (differentiation marker) in cell extracts
(10 pg) were detected by immunoblotting using anti-CD11b and anti-GAPDH
antibodies. Relative CD11b expression levels were estimated by normalization
with GAPDH levels. The value of vehicle was defined as 1.0. Results represent
the mean = SD of each group (n = 3). *p < 0.05 and **p < 0.01 significant

differences from RA alone. Veh: vehicle.

44



BN N

AKETHEONIZAERIILLTO®Y Th b,
RA LB X » T,
1. PKAIZE DX RIED) R bIEEE TN L -,
2. WML PKA EDO—21F, HESIT TOMFITICE>T, 2774
V7RG T TH D SF2 EEE LT,
3. KW SF2 ® PKAIZ LD U UL EEINL 7=,

4. Mecl-1L 2N/ L, Mcl-1S &N L 72,

PKA PHLEAILEIC X - T,

5. RAMERIZ XD Mcl-1S EOH#MA, Mz biviz,

6. RAWLERIZ X A0 LIEECTH D CDI1b mOHEMA, Mz biviz,

Mcl-1L FHZE#] S63845 AL |C L » T,

7. RA WHR|Z X A biERE CTH D CDIb EOHMA., S HIC{EE I,
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B BE

ARETIE, RALIIZ X DN PKA TR DO ELIZ DWW TREA 21T o 72,

ARAEE K O RA ALER U 72 HL60 i 2 M 43 L. $t phospho-(Ser/Thr) PKA
substrate LI Z T PKA EOELIZ OV TR ZIT o7, TOHER. RA
EZ X > T, BHEZICB T 2PKAIC L > TU Ugfb & s ¥ v X7 RN
m4 %2 &N /RE 7z (Fig. 10), 7> T, RALBIZ LV EITEIT L7- PKA B
EENOY AL Z NS S ERHLNE R 5T,

PKA-RIlo ®7 X/ ESNO N RICHAET D AXT—EBT7 =2 "I HF
(AKAP) 73, PKA-RlIla OERTEICEDL > TWH Z ERMEINTND 9, F
7=, AKAP IIEZREART 7T/ (NLS) #H LTV, Z 07 I /7 RESIZ Gk
K N7 (importin) BFEA L THMBEE N OEZICEET 5, 2O b,
PKA-RIlo ® L F / A /Lfbix, PKA-RIla & importin OFEABMEICEEL 5
Z. BRI E L TWAZ ERHRTE S,

RA B Ko THIMML 72RO U Rk PKA REZRET D720, IR
BRIKENEIC L DX NV BOREEIT STz, TORER, AT T4 v 7
¥ Td 5 SF2HLO60MIFEDENPKARKRE TH D Z LA L E 225 7= (Fig.
12),

€ S 472 SF2 @ PKA (KDY b 2 e fE b ik 1C K o THEAT L iR
{Tolc& ZA, SF2 D PKAIZK DY VEfbix, RAWLEIZE > THMTHZ &
DNBH S 2T 72 o 7= (Fig. 13)e SF2IEZPKAIC L > CTU VEfbE N5 &, T OMRE
PSS 2 ERREINTND Y,

SF2 (21X, =7 VU AX B T EMMATHEWAT I 7N T FR
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TELH2zMATVD Vo &ZBERIT, Zomfilz=Z 752 "7 K
IZ Mcl-1 0 ¥ SF2 IFENWRAT T A 7Y T FThD Mcl-1S 8T
XHEEMA TS, PKAIZE->TY VgfbEIh b & SF2 OENRII 2 b1
5728, Mcl-1S &R #MNT 5,

% Z T, RA & PKA HFEAI Myr OF HALFRIZ XD Mcl-1 DA T T A 22 7
V7 hoORIGOEA AR LIE 2 A, RA LHIT L - T Mcl-1S/Mcl-1L 1%
BmL., o8t PKA AEANCE - TIMA N2 Z EBHL NIRRT
(Fig. 15), 2O Z &6, RAAFRIZ L Y PKA %41 L C SF2 OFERE DS il < 4u,
AT TA TN T R THD Mcl-1S EREINT 2 Z EBRHL IR T2,

Z O Mcl-1S EOHEH O 5 F 28 HL60 Mifid D 43 LIz %t i L TV B & B B nic
T 57®, HL60 Ml D3 LiEHECTH 5 CD1b EAJE L7 & 2 A RA LB
Ko TS EiXEE L, ZDOREIZPKAAEANIZL > TMA b s Z &2
HIZle o7 (Fig. 16), 2D Z &6, Mcl-1S Bl fbicBEbo > Tnsd 2
MR I T,

Mcl-1S1EMcl-1IL® BH3 &\ 9 RAA U ZAEST L2 L TEORBEELMZ D
49, Mcl-18 MR LI > TV D EH LM T 57290, Mcl-1S & [FEE
IZ BH3 ZBAE T % Mcl-1L [HE A S63845 & HIV T HL60 AHfim D 43k & HlE L
7o T OREHR, RALHEIZ & - THlla s bidfedE L, & OfedE i Mcl-1L FLE Fl
Lo TEBIEMT 2 Z ERHAL N -7 (Fig. 17), 2D &5, Mcl-
1S OHERETdH 5 Mcl-1L OFREF I A M Md D/ bICEFICEE TH D 2 &7
3o 7= (Fig. 18),

ARBFZERE RS Mcl-1L 28 Mcl-1S 12k » THE S #llaofbic&ns 2 &

MR ENTZD, Mcl-ILIZHi7 AR P —3 Z1ERZH 5> Bel-2 773U —D—>T
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b %, TDOEMIL Bax/Bak OIEMALAZHLETH5Z LICX o T Mol c DK
Mz Hiv, TAR M= ZADOFEATICAR AR 72 T A—B O YWz X 5 iE M
Ui D, BAN—ENR, AMFEAKRTH S NB4Mifdd RA | STABIZ B
STWNH I ENHEINTND ), ZDZ L4 RO HL60 Fid D 434k 2 Hl
ELIZRAET RA EE L7 Mian 645 6 o ah i sy & Grolil s 28 —+8
PiEZHWTOW R s A= 2R Lo 2 A, RA LHIC X 2B L MR
T X 72/ o 7= (data not shown) , & Z T, Mecl-1L O a5 AL HH~ DR X 5
AN—F L FEEN RN E N oT,

—F . Mcl-1IL 13X ba»r RUTHRIZEOD2 XA T I X7 1
(DRP1) L BH3 THiGTHZ N HE I TS, HeLaiffifid TMcl-1LI1ZDRP1
EfEETHZETI hary R THhHEZRESE P, AML MifaTc b R
VTR EMAD ZLIZX > THilMEEFEST 22 LA RESNTND 2,
ZDOZEMPH, DRPLIZE DI by RUTHHOBRELZMEI T2 2 LT,

AR HFESNDAREENZAOND, ZICHOWTIE, S%MRET 2 FE

S

TH D,
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Fig. 18. Scheme of SF2 in RA-induced granulocytic differentiation of HL60
cells.

Granulocytic differentiation induced by RA in HL60 cells could be associated
with 1: Increase in nuclear PKA (intracellular translocation and activation of
PKA). 2: Increase in nuclear SF2 phosphorylated by PKA. 3: Increase of Mcl-1S
level (pro-apoptotic factor) due to increased exon skipping by phosphorylated
SF2 (inactive type). 4: Decrease in Mcl-1L activation (anti-apoptotic factor) due
to increased Mcl-1S level. 5: Induction of cell differentiation and apoptosis due
to decrease Mcl-1L activation. Inhibition of PKA reduces Mcl-1S levels,
increases Mcl-1L levels, and suppresses differentiation. PKA-dependent SF2

phosphorylation participates in RA-induced granulocytic differentiation.
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N/ =2,
R

ARHFFE T O RIZEL T O®EY TH 5,

HL60 a2 F T

1. a-Actinin-4 /%, RALIFIZ LV /EEZ 1 b MREICEISE T,

2. o-Actinin-4 Z N7 BEH AN RA LB X0 RIS L 7228
mRNA B EIXE(L Lo T,

3. Z U HEAREER CHX & RALFRIZ XL Y | a-actinin-4 EITZE(LE T,
ZEAS TV,

4. XX IERICE D D a-actinin-4 O B X F LA, RALEIC X - THI

Hl X7,

VL EDOFE RS . RA D a-actinin-4 O EXF b Z Mz . a-actinin-4 73 FH
JE CLEINIEMT A2 ENHLMNI o7, Z® a-actinin-4 & D M in'EH
TOHEMA, AmFEMEOMEEKEZ LSS THROEREEZEZSZ LICX

2T, Mo bz gl & 2 TRtk " S hiz,

Nz T, HL60 MfaiZd T,

5. RA ALBRIX, BENT PKA ICX-o TV vBlbEans & o "7 EEZHINSE
776

6. AT T7A U THRENTTHDH SF2 3, BENO PKARRE L LCHEI N,

7. PKAICKX DY b &7~ SF2 &%, RAMLEIZ X > TN L -,
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8. RAMHEIZ, AT T4 THMRDHSF2E2RIELL, AT T4 7Y
T FTHD Mcl-1S Z2HIMEHE, 2D Mcl-1S EOHEMNIT PKA FHEH
MyriZ X > Tz bive,

9. RAWLFIZ K-> Tk zfedE L, Z ofiiasrtix PKA FLFA Myr (2 X
STz b,

10. Mcl-18 & [AARIZ Mcl-1L Z %92 Mcl-1L BR#E Al S63845 12 X - T RA #

B b & BITEE S vl

U EDORERENS RALHEEIZ X > TPKA ITHIRE L LEIZBITL, X v X7
BOU BbEEMEED2 &, BNLVT 2 A M LPKAIZ K D Y IR (L HEN
TORE NI SF2 DT L, SF2 D Mcl-1S DATF A4 v 7 &Iz
HHERER PKA NY UIgbT 52 Lic ko TR L TWD Z & Mcl-1S B3
L. Mcl-1L Z[H5E S5 Z L2 &> T HL60 Mg ® RA #E /3 {b % (e L T
52 LW BMNT LTz, Mcl-1L OFRFERI2A RAFEMEEZRET S5 Z L0 b,

Mecl-1L BHEANIA A7 A m OREEHBICEN 5 Z LB RB I LT,

APL OFIZ RARa O3 LFFE/EH Z 05 9% PML-RARa ¥ A 7 % /37
BN D, RAMELTIX PML-RARa D3R 2R3 5 Z & TIHFEDIRZRT b
DEBEZLITWDN, ARIALIIZ L7 a-actinin-4 X° PKA O #il i 7 {b 5%
T RARa Z T S 2V Th 272, I APL O AML 3 ~ D IR0 570 W15

TE 2,
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KERDER

HL60 A% T. R. Breitman &+ CKEEZA AN ZEITEIEZEHT) N HiEL S

iz,

b) AH

RA /% Sigma Chemical Co. (St. Louis, MO, USA) ® & O ZE A L7, RPMI
1640, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) & O} fetal
bovine serum (FBS) (USA) ¥ Invitrogen (GIBCO) (Carlsbad, CA, USA),
dulbecco's phosphate-buffered saline (D-PBS) (-) (X Wako Pure Chemical
Industries, Ltd. (Osaka, Japan), Western Blotting Substrate Plus [& Thermo
Fisher Scientific (Waltham, MA, USA) ® % ® Z i A L 7=, Protease Inhibitor
Cocktail for Use with Mammalian Cell and Tissue Extracts (£ Nakarai Tesque,
Inc. (Kyoto, Japan), 7 & v 2 @—— A (X DS Pharma Biomedical Co., Ltd. (Osaka,
Japan) DL O EIEA L 7=,

EREDS OFAEIL TR D Rk Sh 2 A LT

c) Pk
PU a-actinin-4 HL& (ALX-210-356) i%. Enzo Life Sciences (Villeurbanne,
France) 7> LM A L 72, HL Multi-Ubiquitin FLI&, MK O Histone H3 |X. MBL

(Nagoya, Japan) /> 5l A L7z, $L B-Tubulin HT{AIX, Sigma Aldrich 2> 5 H§A
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L7z, Y¥motXaE s a7l G ik (HRP ££5#%k) |3 Southern Biotech
(Birmingham, AL, USA), KO, Y F¥Pi~v U A%E 7 a7 U G Pk (HRP IE

#%)iZ. MILLIPORE (Darmstadt, Germany) 7> 5 A L 7=,

2. MilEERIE

HL60 #ifidiZ. 10% FBS, 10 mM HEPES Z s/l L 7= RPMI 1640 £:Hidr, o
VX aX—F— (5% COz, 37°C) x HW TR LT, M= —1 % —
% 7 > &% — (Beckman Coulter, Inc., Brea, CA, USA) Z H W CHIE L. HMijass B

1x10° cells/ml THEM L 7=,

3. EWuEE

KIBEHE I & 5 HL60 M 2 i .00 47 B (4 °C, 200xg, 10 43fH) TEIUL L,
D-PBS (-) T2 [E#E% . PIHIREN 2 x 105 cells/ml (272 5 X 9 12 M1 55 H
[10 mM HEPES, 5 pg/ml insulin, 5 pg/ml transferrin & 4 RPMI 1640 55 H1] |2 %
WL, B L7, RAZEERICEHEML REEE: 0.1, 1 uM), HIZF= ¥/
— VAR (B IREE: 0.1%) L7, 24 ReffiEE®%, Mz Ei Lz, g
IX. MG132 (Sigma, St. Louis, MO,USA) & BB HRICHIMN L (KR 5 uM),
KRIZ T =% ) — V2RI REIREE: 0.1%) L7-1%., 4 FEfEE %%, e %[

L7,

4. MRSy EVE
HL60 #Hfd 2 AU, D-PBS (-) T 2 [\I%E#H L7, Buffer A [10 mM Tris-HCI

(pH 7.4), 10 mM NaCl, 3 mM MgCl,, 0.1 mM EGTA, 10 mM glycerophosphate,
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1 mM NaF, 0.5 mM DTT, 1 mM PMSF, 0.5% protease inhibitor cocktail] % ¥/
L. KEIZ 10 5 fM##E L7z, &KW T. 10% Nonident P-40 Z iR/, 14,000 x
g T30 Bl Lz, RiEa4MEmEs & L, L ICIX High salt buffer C [20
mM HEPES (pH 7.9), 420 mM NaCl, 1.5 mM MgCl,, 0.2 mM ethylene diamine
tetraacetic acid (EDTA), 10% glycerol, 10 mM glycerophosphate, 1 mM NakF, 0.5
mM dithiothreitol (DTT), 0.5 mM phenylmethylsulfonyl fluoride (PMSF), 0.5%
protease inhibitor cocktail] Z¥M L7z, K EIZ 30 srfEErE%. 14,000 x g T
10 pfiEL L, 20 BEAEES E L, MIRER >R X ORS00 2 o8y

BIEE X Bradford 2 CE=® LT,

5. ek iE

RA WLEL e OV & ) — VALER L 7= HL60 A 2s & g L 724 alia kil (100 pg
of protein) Z Buffer B [10 mM HEPES (pH 7.9), 10 mM KCI, 1.5 mM MgCl», 10
mM glycerophosphate, 1 mM NaF, 0.5 mM DTT, 0.2 mM PMSF, 1% protease
inhibitor cocktail] THR L., T I HH 7% input & REILHEA DT T,
Z ORELEE M Y > 7 12 Anti-Multi Ubiquitin mAb-Agarose (MBL) % 10 uL
Mz 4 °C T—BIRE L%, = LBE (4 °C, 2500%g, 5 min) IZL > THM®D
X URNT B RN S YT, ZOEY % Buffer B T 4 [P . Sample buffer
[63 mM Tris-HC1 (pH 6.8), 2% SDS, 5% 2-mercaptoethanol, 10% Glycerol,

0.005% bromophenol blue (BPB)] (Zi&f# L. SDS-PAGE %17 -> 7=,

6. SDS-PAGE K O® Western blot ¥
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SDS-PAGE % Laemmli ® F{ETITo72 3, BRkEIh, ¥ 37 EH%E Y0
XDOEFEBEZHWT, KU 7 v{bkt=UF > (PVDF) E|Z#:5 L7=, PVDF
a7 a v x> 7, i a-Actinin-4 Hi{K, H1 B-Tubulin HLIA, ik, Bt
Histone H3 $ifk & UG S/, WIZ, YF¥FMu b FRE s/ a7 v G HUE
(HRP i) W ix v XH~v A&7 n 7Y o GHIIR (HRP E#) %2 Kt S &
72, Pierce Western Blotting Substrate Plus & NG, F 6 & b7 5 e H 8

(ChemiStage CC-16, Kurabo, Osaka, Japan) Tt L 7=,

7. WEEHARNT

FERIIEHOYY £ ¥R (SD) 2K 7T, 7 — ZMHTIZIE Prism 6 % i H
L7z, T— % OFAAEMIL, student O ¢ #E £ 721F Dunnett's O % & Hifig
RREZ L - TRl &7z, R 5% K (*p<0.05) KO 1% Rl (**p<0.01)

EAEEDY LR LT,

HL60 #fifil (X T. R. Breitman & & CKRIEE AN ZCATREAZERAT) N HEL X

iz,

RA /% Sigma Chemical Co.® & ® % A L7, RPMI 1640, HEPES }& O fetal

bovine serum (FBS) (USA) (X Invitrogen (GIBCO), D-PBS (-) {£ Wako Pure
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Chemical Industries, Ltd., Western Blotting Substrate Plus (¥ Thermo Fisher
Scientific @ & @ % [ A L 7= , Protease Inhibitor Cocktail for Use with
Mammalian Cell and Tissue Extracts % Nakarai Tesque, Inc., 7 ®B v 7 = — R |%
DS Pharma Biomedical Co., Ltd. ® & D &g A L 7=,

ERELS OFAERIL R D Reik dh 2 A L7,

c) HLiF

$T phospho-(Ser/Thr) PKA substrate $t {& %, Cell Signaling Technology
(Danvers, MA, USA) 2»6HEA L7-, $L SF2 Hifk. HL GAPDH Hifk, KU
CD11b $ifA1X Abcam (Cambridge, MA, USA) " HEA L7o, ¥ XHLU X%
717U v G PR (HRP #Z5%) 1% Southern Biotech (Birmingham, AL, USA). &
B, Y¥hi~vrvA@E s ) G HLik (HRP HE#)iZ . MILLIPORE
(Darmstadt, Germany) 7> 5§ A L 7=,
2. MIREEE R IA

HL60 #ifidix., 10% FBS. 10 mM HEPES Z /I L 72 RPMI 1640 5, o
v Fx a_X—H— (5% CO,, 37°C) W TEELIT-o7-, Mo —1 % —
717 % — (Beckman Coulter, Inc.) Z HWTHIE L, MILEE 1x10° cells/ml

THEI L 7=,

3. K p:
REECHERE A C B D HL60 HMifE 2 3 077 BfE (4 °C, 200xg, 10 47 fE]) THEIUX L,
D-PBS (-) T 2 ¥4, FIHIEE 2 2 x 10° cells/ml (1272 5 X 9 (28 M i 5% b

10 mM HEPES, 5 pg/ml insulin, 5 pg/ml transferrin & 74 RPMI 1640 5] (2%
ng ng
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WL, R L7Z, RAZERKICHENMU (RKEE: 0.4, 1 uM), RHRICIT= & /
— VAR (BRETEEE: 0.1%) L=, 24 W, B 48 iR =%, Mm%
B L 72, RA & OEMOFHMEE T, RA & 0.4 uM PKA BAEA] Myr-PKI
(PKA Inhibitor 14-22 Amide Myristoylated) (Sigma) (F#&KEFE: 0.4 pM) iV
2 nM Mecl-1L B #] S63845 (Cayman Chemical, Ann Arbor, MI, USA) (Fx #& i
FE: 2 nM) 2 BRI L, ®RIZE=% ) — v 2RI (&R E: 0.1%) Lz

. A8 WpfEI R34, Mg & BN L 72,

4. MRSy EiTE

HL60 #fifc % [FIX % . D-PBS (-) T 2 [ L7z, Buffer A [10 mM Tris-HCI
(pH 7.4), 10 mM NaCl, 3 mM MgCl, 0.1 mM EGTA, 10 mM glycerophosphate,
1 mM NaF, 0.5 mM DTT, 1 mM PMSF, 0.5% protease inhibitor cocktail] % ¥l

. K EIZ 10 3 F#E L 72, KW TL 10% Nonident P-40 Z /0%, 14,000 x
g T30 Bifml Lz, RiExMaEmsy & L, L ICIX High salt buffer C [20
mM HEPES (pH 7.9), 420 mM NacCl, 1.5 mM MgCl,, 0.2 mM EDTA, 10% glycerol,
10 mM glycerophosphate, 1 mM NaF, 0.5 mM DTT, 0.5 mM PMSF, 0.5% protease
inhibitor cocktail] Z¥IM L7z, K EIZ 30 70 RI#E®% . 14,000 x g T 10 55 [z
DL, 2O RiGEEEEsyE Lic, MIREE B X OBE S D2 87 iR

Bradford £ CE & L 7=,

5. B REE
RA WLEL K, (Nt & ) — LALER L 7= HL60 a2 & FH ML L 7= 4 nl A ki (100 pg

of protein) % Buffer B [10 mM HEPES (pH 7.9), 10 mM KCI1, 1.5 mM MgCl», 10
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mM glycerophosphate, 1 mM NaF, 0.5 mM DTT, 0.2 mM PMSF, 1% protease
inhibitor cocktail] THIR L., T I H Y v 7% input &R IRKEAIC T 72,
Z OB Y 7 VIZHT SF2 HiiK (Invitrogen, Carlsbad, CA, USA) #fEA
X472 Protein G Mag Sepharose (GE Healthcare) % 15 pL il 2 4 °C T—HW{E%
Lizth, MR T7 v Z7ICE>THRDOX VI ENEA LAY — X &5,
Z DK E— X% Buffer B T 4 [FIJt##1%. Sample buffer [63 mM Tris-HCI1 (pH
6.8), 2% SDS, 5% 2-mercaptoethanol, 10% Glycerol, 0.005% BPB] (Zi&fi# L |

SDS-PAGE #1717,

6. SDS-PAGE KX T} Western blot &

SDS-PAGE & Laemmli D JjiETIT o7z °Y, BRKEI%, ¥ o7 Hati
XD GLEE % T, PVDF BEICEE L7z, PVDF &7 m v x o 7%, Hit
SF2 $iL{&. Ht phospho-(Ser/Thr) PKA substrate FL{&, Ht GAPDH ik, s i%
YXH X HE a7 Y GHR (HRP k) W I~ A@E o
7 U 2 G Pk (HRP £5#%) % Mt ¥ 72, Pierce Western Blotting Substrate Plus
E RN, B ELFR Mm% (ChemiStage CC-16, Kurabo, Osaka, Japan)

THRH LT,

7. 2D-PAGE R VB ESHT

2D-PAGE (¥ O'Farrell @ 7 £ TA4T - 72 *, Immobiline DryStrip (GE
Healthcare) Z fZ {8 7% . K 2% E S EXVkEI L 72, SDS buffer [25 mM
Tris-HCI1 (pH 6.8), 25% glycerol, 2% SDS, 0.55% DTT, 0.0025% BPB] Tik#E)i%

® DryStrip % 30 73 #E % % . SDS-PAGE %17 > 7=, k&% D7 /L% SYPRO Ruby
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(Lonza Rockland Inc. Rockland, ME, USA) THf&E L, ARy hE2 T n6H0
ML, v~/ 7@ LBEICB L, BESHTMOZDOREGHIT, EEH O
IRIZHES TIT» 72, X7 F K% nano-UHPLC (Bruker Daltonics, Billerica, MA,
USA) I[ZHEA L=, BEOMWIX, + /7 ESIRZ i 2 72~ maXis-4G-CPR & &/ #Tr
7t (Bruker Daltonics) TEAIT L7, L 77 A4 ODS (0.1 x 150 mm, K. ¥4 X3
um, Ceri) ZfEH L. & OHIIC Magic C18AQ UHPLC NanoTrap 77 7 A Chi 1
A X5 um, FFLEE 200 A) A L7z, 50 0010 T 10%0 5 35% D7 & b=
NUNAVARZHEHAL T, XTFREDTLPBEHR L, BHLEXXTTF K%
DHFHZE#E =L hr AT L —L, MS/MS AR M ik T —X{KFE—FK

TR L7,

8. WtEHAET

FERIIEHOYY £ FEH¥ERZ (SD) 2K 7T, 7 — ZMHTIZIE Prism 6 % ff H
L7z, T— % O A EMIL, student @ ¢ BiE F 721X Dunnett's 0% H Ll
MREIZ K - Tl S iz, AEEOHREIL. MIGO2RU ¢ HEIC LV AT L7z,
fERER 5% K (*p<0.05) . 1% K (**p<0.01) & 0.1% AKiifi (***p<0.001)

EAEEDY LR LT,
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