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1. &

plil

Tz

2B BEME A 1M (Chronic Myelogenous Leukemia : CML)(% BCR-ABL1 ¥ X 785 2 H T 5
Eilas RO 1 2 TH Y, KBIRFIZ XLV BT 5 BCR-ABL1 # /X7 [ TEFH R TFr v v
X —BIEMEE R LSRR Y 7T U BEZ I U CliaEsH A i£ 37, imatinib mesylate (imatinib, %
fu44  Glivec®)iZ BCR-ABL1 # v /37 OF 1 oo F—PIEM L2 R RAICHAET % 2 & T CML
MR OBFEZ N LT R b= AZFET D2 25, BE CML RO KRR & L TH
WHRTWNS Y,

— I, AR B MR AR A Rk & RIS B D T RO AR R ol =y
T RT 4 v I BREABEL TV Z ERHESN TS Y, T €Y= %7 1 v 7 7224k & 1L DNA
BeSNCE b Z R 32 LR B FRILONY — U 2B SELBROBHTH Y, DNA O A F
MR e A N MBI OZAL AR ENEEND D FHCBR O T nE— 4 — I T4 U5 DNA O A
FIAITBIE OB L CTHRIBICE &, FrEOBE R OIH & EHCEBE IR L
T < OFERHE SN TS Y9 DNA O A F Ak &3, CpGRFI( R v DRICZ T =R
fe < 2HERINF DY b DB IV URIARBR F DA FNVEOMMIETH Y, 2D
S iE DNA A F )L HHRFE % SR (DNA methyltransferase : DNMT)IZ X - Tt <4, CpG 7 A 7~
R EPEEN D CpG AV IREN D TELRT NI LRGN oT0D 7,

microRNA (miRNA)IE 18~25 HEFRED /) 23 —F 1 7 RNA TH Y, ) mRNA @ 3°UTR
TEIRICHE AT 52 & THIRRILESDH 2V X mRNA 2D b DO D525 Z L, mRNA O %
T T 2 0 TH S *Y, miRNA | primary miRNA (pri-miRNA) & FETHL % E4850 RNA
& L CDNA L Y55 S 4, Drosha % O A RIZ K o T—H U)W S 41 precursor mRNA (pre-miRNA)
L7025, pre-miRNA TN HMIFRE ~ & ik S 4L, Dicer HEDOBARIZL U ~7 B U HIENY)
Wr X7 I miRNA & U CHERET 5, miRNA [ZTMaEsH, ofb, 7R h—T R o7
FaSRE D HIENIC B 532 92, FEMED miRNA (oncomir)d H1<0fE AL 40 #1# © miRNA
(anti-oncomir) DK T & N5 7= H5 72 miRNA OFE B EEICE G LT3 & OMENRH 2 119,
F 2D miRNA [T 7" 02— —fHIRICIE 1T H CpG T A 7 RO A FAKIZ X o THBLDHI4E
ENBHZELWMEENTEY P, 22T 1 v 7 2B D miRNA BBERFE 25 &R L,
A O EELIC G35 2 EaVRIB STV D 17,

DNA # F ALl & % miRNA ORIBLHMHE & CML & OBEHEIC SV TH miR-15/16"0%
miR-31/155/564 W72 LizonTHE STV S Y, Bueno 1% CML - o JE B I & Y
BCR-ABLI1 Bt A MR C miR-203 N B Y = X7 ¢ v 7 7o BEFF 2 X 0 B IH S h
TW5Z L Z2HE L9 miR-203 1Z ABL1 @ 3°UTR %1 & L CHERET % miRNA To » CML
AR H TlX BCR-ABL1I mRNA ZfEA L 35729, miR-203 OB Y = X7 1 v 7 7258 BLHNIT
BCR-ABLI B A A ML OFEER D 1 > EF 2 bl TV 5,

imatinib /3 BCR-ABL1 mRNA & N D & > 237 DFEE % )i S8 22BCR-ABLI B [ 15554
faDYEFE 2 [HE 3 % 2%, miRNA OFBLUZ G- 2 5 ZIZOWTOWE LD 20, A4F5EIE, imatinib
IZ& D 7 eE—4%—HIZ CpG 7 A 7 > RE AT 5 miRNA OFEELD imatinib (Z XV EML, =
BV X T 4 v Z B NH ST 72 miR-203 23S EL L 72, BCR-ABL1 mRNA O #)IiiZ
BEREL T\ D Z & &R,



2. HiE

2-1. HEfuREEE
&P B M 1 P F R AR IR K562 K OV FiTE S BRE 1 775 Ml ik HL-60 13 American
Type Culture Collection (MD, USA)L ¥, 128 #E7E B fjp ko kk KU812 1% RIKEN Cell
Bank (7R3, AA)L DA L7-, &M% 10% Fetal Bovine Serum (FBS)3 J 8 RPMII1640
(GIBCO, NY, USA)% F T 37°C, 100%I 5 D T, 2X10° cell/mL OPE TT ¢ v ¥ 2 (TR L
HEFFES R L7, HANC L DMIEALEE T 1uM @ imatinib (Novartis £E & 0 fili5)E L <iE 1uM @
5-Azacytidine (Sigma, USA)T 72 RiflfTVy, R U Sv 7 0—Yealc X 0 il e OVERR R %2

HE LT,

2-2. BT IEBRAT

5X10° cell D#1% RNAlater (Applied Biosystems (ABI), CA, USA)IZ {7 & H-20°C TRAF L
7, ERRFIIFIZ RNA i 217 - 72, RNA O 12 1% mirVana Isolation Kit (ABI)Z V7=,

mRNA & O pri-miRNA (25U T id RNA PCR Kit (Takara, HA)Z VN CHllRE G Z1T0,
SYBR Premix Ex Taq (Takara)% 3\ C qRT-PCR {£IZ & 0 B Ax FF B O E BT 217 - 7=, f#HT
\Z W7 primer set i, BCR-ABLI (forward: 5'-CAGACTGTCCACAGCATTC-3', reverse:
5'-CTGAGGCTCAAAGTCAGAT-3"), glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
(forward: 5'-TCACCACCATGGAGAAGGC-3', reverse: 5'-GCTAAGCAGTTGGTGGTGCA-3'),
pri-miR-203 (forward: 5'-GCTGGGTCCAGTGGTTCTTA-3', reverse: 5'-GACTGTGACTCTGACT-
CCA-3)T® %, BCR-ABLI mRNA ORBL &I/ NT AF—E > V{1 CTdh5H GAPDH D ¥ 5L
BICKVMIEL,

miRNA |22\ T % High-Capacity cDNA Transcription Kit (ABI)# & UM% miRNA (2R B AT K
Jt~ 9% Looped-RT primer (TagMan MiRNA Assays Kit, AB)& H\\\ CHiR G L &2 1T > 72, O
#, Universal Master Mix (ABI)35 X OF TagMan MiRNA Assays Kit f} J& ¢ TaqMan 7' & —7 %
T gRT-PCR JEIZ K D BIR T HBLOE RN 21T > 72, % miRNA OFRBLEIINEME= > b
B —/VIE{RFTdH D U6B OIEBLEIC LV #iIE L7,

2T OBE N ERRIEL 3 BILLEOM Y IR UERR % 3 L, ¥ Threshold Cycle i (CT
fil) 2 s ] U CEEi CT EEEIS & 0 B s F OFRRE I BL & 2 AT L 72,

2-3. miR-203 7' 1 & — & —fHIk D A FALfEHT
1X10° cell DHMMLAH TRIzol (Invitrogen, CA, USA)% AV T DNA ZHhH L7-%, EpiTect
Bisulfite Kit (Qiagen, CA, USA)&Z i H L THEAF LY by v BT T I ~EEBW LT, Tit
DT T A ~—%EH L, miR-203 O 7 1 F—Z —FEIRIT KT D A FAARRFERA PCR 21T 5 72,
methylated-MSP: forward; 5'-TTTAGACGAGACGGTTCGGGC-3,
reverse; 5'-AAAATAACCCTAACTCAACGACCG-3’
unmethylated-MSP: forward; 5' -TTTAGATGAGATGGTTTGGGT-3’
reverse, 5' -AAAATAACCCTAACTCAACAACCA-3'



W R PEY) & FEHU4%, ABI PRISM 3130xI Genetic analyzer (AB)Z iV TH A L7 by —27 = A
ZFENE L CRI OB L 2 R LTz,

2-4. miRNA~A 77 LA

K562 Ml B L72 RNA 2 H L CmiRNA ~ 1 7 27 LA Z{T>72, RNADZ A VT
£ 1% Agilent 2100 bioanalyzer systems (Agilent Technology, CA, USA) CTHERE L, RNA &I
Nanodrop spectrophotometer (Nanodrop Technologies, DE, USA)% i F L CHIE L 72, miRNA ~ A
7 a7 LAIIHE Lt (3D-gene miRNA Oligo Chip)|Zfi#fT E7E L=, AiEli~A 7 uF v 7 ki
#1900 ® miRNA 7 > FE U AT u =T R ARy FEnTEY, #ET7 LSkt o
miRNA 73N A 7V Z A X452 LI RiEn D, 708 —7F2 >FH52ARy h&ahT
W 2 72 DI O IR E A miRNA OFBLE & L CTHIE Shiz,

2-5. BCR-ABL % > /37 S Bl RARHT

VX AL T my MEZHWTBCR-ABLL % U /X7 B AT Uiz, £MIfIE T n 7 7 —E A
e B4 —7 277V (Roche Applied Science, IN, USA) & UF Phenylmethylsulfonyl fluoride (PMSF)
D7 v T 7 —EHEAOGFIE T T radio-immunoprecipitation assay (RIPA)/N v 7 7 — % W TR
fi£ L, 10,000 x g, 15 43 Dm0y Bl O B %2 -20°C THR{¥ L 72, BCA- protein assay (Pierce, IL,
USA)ZMEH L TH 37 BEARIE L, 20ug DX 27327 % 10%SDS-PAGE (2 X 0 45§ L 7-1%
{Z Polyvinylidene difluoride (PVDF) A > 7' L ANZHRE LTz, AV T L AL S%DAF LI NYT T
R 1R~ A% o AL L, anti-c-Abl —IR$FTIA(Cell Signaling, MA, USA)IZ DWW TiE4CT
— Wb ERE, anti-GAPDH — IR FLIR(Cell Signaling)lZ DUV CIEEIR TIRE L7203 6 2 FFfflA > F =
N— b Ui, RUSH T, PBS-Tween 20 T3 [HA 7 L 2 L, HRPAEGHLY % Ik
LR (Cell Signaling) Z W TR CTIRE L7203 5 2 FEfE]A > F =2 ~X— k L7z, PBS-Tween 20 T
3 AT L &P L, ECL Plus Western Blotting Detection Reagent (GE Healthcare, NJ, USA)
2 & 0 AbF3E 5t & ¥ LAS-4000 (GE Healthcare) % f# F L CTHgss L 7=, M, FHUAIT VT4 S 1,000
FFIZAR UAEMA LT,

2-6. anti-miR-203 N 7 ' A7 = 7 3 3 2 X 5 miR-203 loss of function 7 v & A
25nM @ anti-miR-203 } O} anti-miR-NC (Ambion/ABI)%& k5 > 2 7 = 7 3 3 33K Xfect” %
LT K562 RUONKUSI2 Ml h T > A7 =7 2 5 Lz, anti-miRNA & Xfect 7k 3 & AN
Li-b D& 24 RO=A 707 L— MIHEL, 1 7x/LdH7-0 5002 x 10°cell & #57E L 7=,
48 WEfHIEEFE L7, MR Z (BN L RNA O H 03 AIL RS 0 FBRIZ M L7z,

2-7. W FRIRENT
AT IR R AR I B A B B O S EOH EA TR T D DICERL, t B
EWNC XV p<0.05 D PIENELNT-SAICHEZEND D &Kk L=,



. RER

3-1. BCR-ABL1 mRNA Z £/ & 925 miRNA OFHA I

imatinib ZLFEICZ LV K562 M FT D miRNA NED L HIZBbT 2N~ 70T LAk
(3D-gene miRNA Oligo Chlp IZE D 886 @ miRNA % fif#T) & AW CRMT 21T o 72 L 2 5, 886 D
miRNA ' 448 @ miRNA (2 DWW THIZFRD, 95 O miRNA 23 2 5oL B EFHZ/RL, 23 ®
miRNA 78 2 5 2L BB Zr LTz (K1),

IRIZ TargetScan 6.2 (http://www.targetscan.org) % > T BCR-ABL1 X T ABL1 mRNA % £/ &
9% miRNA (miR-30a-3p/125a-5p/125b-5p/196b-5p/203) % fhHi L 72 % (4] 2A), QRT-PCR 41
REBEEZMRL, ~A 707 LAEOKRLEDOREEZIT-7- (X 2B), Z#L5® miRNA @ 9
B miR-203 O AFEHENEML THEY, MO miRNA TV E BEEMET LT,

3-2. FrE—Z —fHRIZ CpG T A 7~ R& A7 %5 miRNA OFBEAL

miR-203 |£ 7' 7 E— % —FIKIZ CpG 74 7 FZ AL, CML fifldF TIE=EY = RT 1 v
TICRBEPIMH S TND Z ERME SN TWACCHN)A, X2 TR LUK HIC imatinib ZLEE
BIIFHBA L TBYV =T =27 4 v ZHIBENICZEEREL TVD Z EDRRBINIFMERTH
S, T RE—X—FIBIC CpG 7 A 7> REH T 5 miRNA OFRBLZX L imatinib 78 &
DEIBREELEZTONDEPEFRDLEDIC, ZAHOmRNAICEFHLYA 71T LA RER
@ﬁﬁﬂﬁ%ﬁoto 3-1.CENT RIS & L 7= 886 @ miRNA H1, 212 (23.9%)? miRNA |7 17—
—HEIRIC CpG T A T FEALTERY, SRIO~A 27 a7 LAEIZEY 114 O miRNA (25
Wi K562 HEfdF TORBLARBD Hi7e (X 3A), 260 miRNA D95 48 (22.6%)D
miRNA (22T, imatinib LB 2 5L Eoo ER-NS R 67z, 2o, 3-1.CT2HEL ED
EHEBR 5372 95 O miRNA (¥ 1)D1-4#4(50.5%, 48/95)\2& 7= 0 (X 3B), 7' v € — & —fEikic

CpG 74 7 REHAT 5 miRNA OFBLENRHNML TWDH Z EBREBI NIz,

3-3. A F ALEEE) PCR J2 Y qRT-PCR 12 L % miR-203 O % Hifk 2

1 TRLEEDIE, Z V=T 4 v ZICRBBMHE SN TND &5 2 5115 miR-203 2
imatinib JLEEZ (ZRBLN A S 72728, miR-203 O 7 1 — X —fHIRIZ 1T D5 A T U LIREEN
imatinib (2 X D Z{L L TV DA F LR R PCR K OF A LY by —7 = AT X D B L
72, BCR-ABLI1 5% A IS5 MG 2 BF (K562, KU812), BCR-ABLI1 [&: A I #mia 1 £k (HL-60)
Z M7=, imatinib RALFEORE TIIWT NS X T AALIREN T S 4, imatinib ZLFE%
BCR-ABL1 g% 3 L5 fAE CIEER 0 i 72 il A F b s A o= (K 4), —J7C, BCR-ABLI
Fex 1 i 95 F AR C L imatinib 12 & o T A FOIRIBIZZ LT, B A FAALAI (5-Azacytidine)
IZ X > TR TOMABKE THA F LR R BT,

PAZ A MR ER 3 #KH D miR-203 DR ELE % qRT-PCR T L ¥ fi#HT L7, imatinib LB X
» BCR-ABL1 [5: A I Ml (K562, KU812) Tl miR-203 OREBHEN EFH L TR,
BCR-ABL1 [& ¥ [ MLy # f  (HL-60) TlE miR-203 O BIX R b -7 (K 5A),
5-Azacytidine ZLEE|Z L > T TOMAEE T miR-203 DRI A S 4, LLEDOFERIZIX 4 D X F
JERF R PCR K OX A L7 by — 0 = ADFER E—F LT,



miR-203 DFEHNPEA FNAIZ L 0 HT- BT b DO E 9 I E R T 5 728 pri-miR-203 O
FERRE 2 AT L7 (X 5B), K562 flifid Tl imatinib ZLEEIZ K Y pri-miR-203 DR BN FHE X
Tz, KU8I2 TIXARMEEDIRAETH pri-miR-203 OFBNFH A SN0, ZHiEK 4 ©
XA VI N —T T ATREEBRATIUERAEL TWNWDHZ E LML TV EEZ L, K
HIFERRIZ I T H imatinib ALBET% 12 miR-203 OFEBLEHIMA R S 472, miRNA OAH KT
B 53 5 i RE (Dicer, Drosha)} Oy iR B 59 5 e 3% (MCPIP1*Y) D 3 Bl B %2 mRNA L ~L
THER LTI R SNy - 7= (1% 6), imatinib (2 K Y miR-203 O 7' 1 & — & —fEIK D CpG
TA T2 RBRPAF LT S 7200 T2 <, miR-203 DR BN GHE X AL miR-203 O FE B AN
miz=,

3-4. imatinib ZLEE %% © BCR-ABL1 mRNA L UN¥ /X7 D3EHL
miR-203 OFERY & 72 5 BCR-ABLI mRNA O¥E 8L &% qRT-PCR A FAWTHT L& 2 A,
imatinib ZLER I X o T K562 L Tl 52%, KUS12 i TlX 26% F TREENK T L Tz (K
TA)y £/ R HF Ty MEIZEY BCR-ABLL # U X7 BE2EfF LI- L 24, K562 fijia
TlX 30.8%, KUS12 Mifd Tl 70.3% B &K T LTz (K 7B), MIEOEEFIT Z b O
HLHBELTEY, K562 MlETIL 46%, KUS12 MM TIX 20% % THIfl <= (K 70),

3-5. imatinib ZLEE|Z K %5 DNMTI } O DNMT3B mRNA D5 EL &K T

DNA D * F LAl % i3~ 5 [ HE T 5 DNMT (DNMT1 & (NDNMT3A/3B) mRNA 0% Hi &
% qRT-PCR ¥k & - THENT L 7= (B 8), BCR-ABLI1 [5G (I AAE (K562, KU812)H d
DNMT!1 & ' DNMT3B mRNA OFHL&E(X imatinib ALHIZ L > TRE KT LTV,
DNMT3A mRNA TIZZ LT 578> 72, DNMT1 mRNA OFEBLEIE 14.3% (K562 Hifa),
32.4% (KUS12 #lfi) £ TIK F L, DNMT3B mRNA D% B & 1% 10.7% (K562 i), 10.8.% (KUS12
Mif)E TR T LTz, —J, BCR-ABLI [ A LA HMIaL Td 5 HL-60 TIEWF Ll iu
THE TR b o T,

3-6. anti-miR-203 transfection {Z & % miR-203 loss of function

imatinib ZLERTZ IZFEBLAY 5 L 72 miR-203 7% BCR-ABLI1 (2% LEERE L T 5008 9 DA il ik
9572, anti-miR-203 % K562 #lifcdlZ transfection L BCR-ABL1 mRNA D F$EL & % qRT-PCR
FEIZE D HEE L (K 9A), imatinib ZLFEH%, BCR-ABL1 mRNA OFEHL & (X 45.5%F TIKF L,
S 5|2 anti-miR-NC (Negative Control)% transfection L 7= ffild Tl 40.6% £ TIKF L7z, —7,
anti-miR-203 % transfection L72#%(C imatinib #L¥E L7242 Ci¥ BCR-ABL1 mRNA O T i
68.1%I2 & EE D HRERENA LI (p<0.05), anti-miR-203 @ transfection (2 & 5 iR 1972
WL BIET 5729 transfection 4T imatinib ALEE L, AMIAREL OFEMIAR =R 2 HE L= (X
9B), anti-miR-203 @ transfection (Z & U A3 Negative Control @ 1.3 f5H4IN L, FEAME=R
1% 9.7% (Negative Control = 25.6%) & K& <K F L Tu /=,



4. B - RBE

miRNA (THAEHIE 50, 7R b= R 72 ORI W TEE R AT ZH 5 T\ b, T4,
miRNA OFEBLRH &I O BRI HO W TEEEHE S TR Y | b M miRNA OFRE B T A3
{BIZD72 35 Z ENRB BTSN TV D, miR-34a (£ p53 12 L - THELAHIE 415 miRNA Th
HH, FEHE CORBRTARSE SHTHEY ». Chim 5i% miR-34a 2MEMEY A IMIE, %
FEVEBBENE, FEART XY L oPETRADET LTVD 2 & 285 Lz Y, miR-193a 123/
e 27 % O o Ak B (R Y CRBUR T O®E A H 5, miR-203 IZON T E Y = %
T v 7 RIEEMEI 2 O e 2, R 20, SR BEE D, MALT U > oSE P THIE S h
TH Y., CML TIiEZ ® miR-203 OFIIMENHN % miR-150/151 DIEBUL FAHE ST 2D ),

AWFFETIEL, CML fifIcBW T RE—F —fITO CpG 741 7 R A F /LI L 0 BN
i 415 miRNA 728 imatinib IZ XD ED XS REBEEZ T L0 ZEIZER L, CpG 7
A T2 RO AFNALIZ DNA A FLIEEBEESE (DNMT)IC X 0 Hl#8 S 405 23, DNMTI (ha sy 24
H1o> DNA HHEIZ BT D A F b/ % — > O#EFf, DNMT3A/B 1Z de novo 72 A F /L HLHRH (TR RE
THLEENTWS D, 2450 DNMTs (3 BCR-ABL Bt CML #lfia i TR BT 5 = L Nk
STk Y, AW TIE imatinib 12 X 5 T BCR-ABL DR 4 LET 2 2 & T DNMTI
KON 3B OFEBLE mRNA L)L TIRTFS® 5 2 EAFEA L72(X 8), Z O#fEEIX miR-203 7' =
T X —fEI B A FNAL LT-F O —3Th D EEZE 2 LD, — T, Drosha X° Dicer & o
72 miRNA OAEGERICHEFET D & v /37 OFEBLUL mRNA LT AHE) )1 72 < (K 6), imatinib 4L
PRIZ & % miR-203 DI BL LA B AEGRREE OIEMAL O 72D TlER <, 7 r'— 2 —fERO M A F
MEICER L7 D ThHDH Z L &R Lz, Pl S O#HE TS FIPILI/PDGF o B8 M ek i
1975 % FH L 1nM @ imatinib 75 DNMTs mRNA OFHEEZE T IED Z L 2R L TWE0, ([KRE
(0.1nM)® imatinib ZLEL CIXMHEE S HELT 2 Z £ 12X Y DNMTs mRNA O BN EHITHZ L4
RIFFZ R LT 5 ), ABFZEICH1T % imatinib ZLBESAFIZRTH O KR < FEEORE RN R Hh
TWHEEZBND, MRS T imatinib (2 L 5 EIIRE S E R L L BN,

miR-203 DFEH _EF IV, BCR-ABL1I mRNA OFEHIIL T L T 7=(1X 7). ABLI mRNA ®
3° UTR FEIKIZ 1T miR-203 DO ff miR-196s, miR-30s, miR-125 O FEAEALAAFIET D A%, miR-30s K&
O miR-125 OFEHLIF imatinib 12 L VKT L, miR-196 (22 Tl imatinib (2 X 2 R HEDO (LI
NI o T, LLEOKEEN S, miR-203 X ABL1 KO8 BCR-ABL1 mRNA % {4 2% B 7
miRNA Th % &% 2 HiL, imatinib 78 miR-203 7 & & — % —fHIK D Wi A F AL K OF DI %2 5
W95 Z L1X BCR-ABL1 5 A ML O A ME T 5 A =X LD 1 2ThHhLHEZ2 BN
2o 2O OFERIE Bueno H ? miR-203 I FEHLRIZ L 5 ABL1 & T BCR-ABL1 mRNA il o
WiEL —HT 5, M2 T, ZREEFHEICE O CTE mR-203 AT EY = 2T v 7 IZHBH S
N5 EAEFRMETT 52 ENMESHTEY ) miR-203 O 2 F Ak & Bl 2 F AL BEIR
FEDOXIG & 72 D A[REMEDN B 2 LTz,

DNA Jii A FALHITdH % 5-Azacitidine (Vidaza™)i3 B 8 RIERIEBEREOBERICHW OGNS X 9
W72 o T3 AN E BT B R I2 B8 W T H 2L B iEX° all-trans retinoic acid & & 12 5-Azacitidine



A LI B RRBR M T T % %7, 3 RIS O 155 Tk, DNA B A FALAI 23 AR o
BRI L 720 D03 5, ABFEIZEIT S miRNA 4 7 27 L A Tl imatinib 287 17 & — % —ff
W2 CpG T A T v RERAT H miRNA OFEAEZ LHIELZ 2R L TEHBY, BB LF
L 724 miRNA ® 5 5 56 O miRNA [FFLIIHIBEREN |RE STV D D TH -7, imatinib (T
BCR-ABL1 B A LRI 38Uy Tlk BCR-ABLL & U287 OFLEXITH D & & b A F L1tk
FHEH L L THERLTWD Z &R Iz,

TRE—X —fHIKIZ CpG T A T v RERAT D miRNA OHIZIFE( L2 Ml 3 2 e & Ff o
miRNA N %< FENTEY . B A FALIZ LD miRNA ORBZLITELIC HRE#E L Tnd &
& Z2 Hivd, imatinib (X CML fifla i ©F o v > % — B8R 2 HET 57205 T2 < miR-203 7’1
T RO A F AL AR LR E EH S50, CML IGRIZEBIT DA F U LFE O Z#
LOFRAMECONW IS LR 2BRABMLETH D,
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Abstract

MicroRNA (miRNA) is an important regulator of cellular proliferation, differentiation
and death. Leukemia-specific signature of miRNAs suggests that epigenetic dysregulation of
miRNAs is important for leukemogenesis. We focused on the role of DNA methylation of miR-
203 which targets BCR-ABL1 mRNA. The microarray analysis showed that 48 miRNAs of CpG-
rich 212 miRNAs were upregulated over 2-fold after imatinib treatment. Imatinib induced the
demethylation of the miR-203 promoter region, resulting in low expression of targeted BCR-
ABL]I gene, and loss of proliferation of leukemic cells. In conclusion, demthylation of miR-203
is one of the molecular mechanisms of imatinib-induced inhibition of BCR-ABLI1-positive

leukemic cells.

Keywords
CML, microRNA, miR-203, methylation, DNA methyltransferase



1. Introduction

Leukemia has been considered as the consequence of genetic alterations of oncogenes,
antioncogenes, proliferation- or cellular death-related genes, and genes encoding transcription
factor. These alterations are induced by mutations, translocations or deletions, and lead to the
defects of gene functions, such as proliferation, differentiation and apoptosis. Chronic
myelogenous leukemia (CML) is characterized by the chimeric gene, BCR-ABLI, which codes
for a protein with constitutively increased tyrosine kinase activity. The signal transduction
downstream of BCR-ABLI1 protein promotes the cell proliferation. A tyrosine kinase inhibitor,
imatinib mesylate (imatinib), suppresses the proliferation of CML cells by inhibiting specifically
the activity of BCR-ABLI proteins [1].

In the past several years, there are many reports demonstrating that epigenetic alterations
correlate to the characteristics of tumor cells, including leukemia [2]. Epigenetic alteration is
defined as the changes in the patterns of gene expression that occur without a change in the
primary DNA sequence, including DNA methylation and histone modifications [3]. Most reports
are about gene silencing caused by promoter methylation, and these epigenetic changes affect
tumor progression [4-6]. DNA methylation is a covalent modification of adding a methyl group
to the number 5 carbon of the cytosine in a CpG dinucleotide and inhibits the transcription of
genes, and this reaction is catalyzed by DNA methyltransferase (DNMT) [7].

MicroRNAs (miRNAs) are noncoding RNAs 18 to 25 nucleotides in length that regulate
a variety of biological processes by post-transcriptionally silencing target mRNA [8,9]. MiRNAs
are first transcribed from the genome as long primary transcripts (pri-miRNAs). Pri-miRNAs are
cleaved into hairpin-structured precursors (pre-miRNAs) by the complex composed of Drosha,
DGCRS and cofactors. Pre-miRNAs are then transported into the cytoplasm and processed by
Dicer to become mature miRNAs. MiRNAs regulate several cellular functions including cell
proliferation, differentiation, and apoptosis [10]. Thus, aberrant miRNAs expression, including
upregulation of oncogenic miRNAs (oncomir), downregulation of tumor suppressor miRNAs
(anti-oncomir), and miRNA deletion, contributes to tumorigenesis [11-14]. MiRNAs are also
regulated by methylation of CpG islands within the promoter region of miRNAs [15]. The
epigenetic disturbance causes the dysregulation of miRNAs and contributes to malignant

transformation during leukemogenesis [16, 17].



There are several reports about correlation between CML and DNA methylation. The
silencing or downregulation of miRNAs such as miR-15/16 [18], miR-31/155/564 [19], are
involved in pathogenesis of CML [20, 21]. MiR-203 is epigenetically silenced in human BCR-
ABLI-positive leukemic cell lines and primary CML cells by the methylation of promoter region
[16]. Since miR-203 negatively regulates the expression of the ABL1 gene, which has a binding
site to miR-203 in a 3’-untranslated region (3'UTR). The silencing of miR-203 by the
methylation is a putative mechanism associated with the pathogenesis of BCR-ABLI-positive
leukemias. Imatinib is highly effective to suppress BCR-ABL I-positive leukemic cells growth by
down-regulating the expression of BCR-ABLI mRNA and protein [22, 23], however little is
known about the effect of imatinib on miRNA expression profile.

In this study, our data show that imatinib upregulated expression of miRNAs which have
CpG islands in its promoter and induced expression of epigenetically silenced miR-203. This is
the first report showing that imatinib induces demethylation of miRNA involved in

leukemogenesis of CML.

2. Materials and Methods

2.1 Cells culture and cell viability

The K562 and HL-60 cell lines were obtained from the American Type Culture
Collection (MD, USA), and the KU812 cell line was purchased from RIKEN Cell Bank (Ibaraki,
Japan). Cells were plated at 2 x 10° cells/ml and maintained in RPMI 1640 (GIBCO, NY, USA)
medium supplemented with 10% fetal bovine serum (GIBCO), and stored at 37°C in a
humidified atmosphere containing 5% CO,. These cells were treated with 1 pM imatinib
mesylate (provided by Novartis Pharmaceutical Co., Ltd (Basel, Switzerland)). 5-Azacytidine
was purchased from Sigma and used as the control for DNA demethylation at the 1uM
concentration. At 72h, the viability was evaluated by cell counting following trypan blue

exclusion method.



2.2 Analysis of gene expression

For RNA, 5x10° cells were suspended in RNAlater (Applied Biosystems (ABI), CA,
USA) and stocked at -20°C. Total RNAs were extracted from these cell pellets using the mirVana
miRNA Isolation Kit (ABI) according to the manufacturer’s instructions. For mRNA and
primary miRNA, cDNAs were synthesized using the RNA PCR Kit (Takara, Shiga, Japan). For a
quantitative analysis of each gene expression, the amplification of cDNAs by the qRT-PCR
method was done using SYBR Premix Ex Taq (Takara) and each primer (BCR-ABLI: forward
primer, 5-CAGACTGTCCACAGCATTC-3’, reverse primer, 5'-CTGAGGCTCAAAGTCA-
GAT-3’, glyceraldehyde-3-phosphate dehydrogenase (GAPDH): forward primer, 5"-TCACCAC-
CATGGAGAAGGC-3’, reverse primer, 5'-GCTAAGCAGTTGGTGGTGCA-3’, pri-miR-203:
forward primer, 5'- GCTGGGTCCAGTGGTTCTTA-3’, reverse primer, 5'-GACTGTGACT-
CTGACTCCA-3") with a Thermal Cycler Dice (Takara). The amounts of BCR-ABLI expression
were normalized with the level of GAPDH expression.

MiRNAs were transcribed to cDNAs using a High-Capacity cDNA Reverse Transcription
Kit (ABI). Looped RT- primers specific for each miRNA were purchased and used according to
the manufacturer’s instructions (TagMan MicroRNA Assays Kit, ABI). For detecting miRNAs,
the amplification was done using Universal PCR Master Mix (ABI), and Thermal Cycler Dice
(Takara). The amounts of each miRNA were normalized with the level of U6B. All experiments
were run in triplicate and the average CTs were used for quantification. The relative

quantification was analyzed by using a comparative CT method.

2.3 Analysis of miR-203 promoter hypermethylation

DNA from cells (1x10° cells) were extracted using TRIzol (Invitrogen, CA, USA).
Conversion of unmethylated cytosine to uracil was performed with EpiTect Bisulfite Kit
(Qiagen, CA, USA). The methylation specific PCR (MSP) for the promoter of pri-miR-203 was
done by using specific primers; methylated-MSP: forward, 5-TTTAGACGAGACGGTT-
CGGGC-3", reverse, 5 -AAAATAACCCTAACTCAACGACCG-3’, unmethylated-MSP:
forward, 5'-TTTAGATGAGATGGT TTGGGT-3’, reverse, 5'-AAAATAACCCTAACTCAA-
CAACCA-3’. The direct sequencing of PCR products was done by capillary electrophoresis



using ABI PRISM 3130xI Genetic Analyzer (ABI).

2.4 miRNA microarray

Microarray analysis was performed on the K562 cells. MiRNAs were extracted from
K562 cells using the mirVana miRNA Isolation Kit (ABI). RNA quality and quantity was
assessed using the Agilent 2100 bioanalyzer systems (Agilent Technologies, CA, USA) and
Nanodrop spectrophotometer (NanoDrop Technologies, DE, USA), respectively. The miRNA
microarray experiments were performed by using 3D-Gene miRNA Oligo Chip (Toray,
Kamakura, Japan). Labeled miRNAs were hybridized with around 900 miRNA antisense probes
spotted on the chip. Two biological replicates were done for each treatment, and the average
intensity was calculated to represent the expression value of the miRNA. Each miRNAs quantity

was calculated as relative values to the mixture of treated and non-treated sample.

2.5 Western blotting

Cells were lysed in radio-immunoprecipitation assay (RIPA) buffer in the presence of
proteinase inhibitor and phenylmethylsulfonyl fluoride. After centrifugation of lysates,
supernatants were collected and stored at —20°C. Protein concentrations were determined with
the BCA protein assay (Pierce, IL, USA). Twenty ug of proteins in the cell lysate was separated
by 10% SDS-PAGE gel and transferred onto polyvinylidene difluoride membranes (Millipore,
MA, USA). The membrane was blocked at room temperature for 1 h in 5% skimmed milk
diluted with PBS-Tween 20. The membrane was then incubated with anti-c-Abl primary
antibody (1:1000) (Cell signaling, MA, USA) at 4°C overnight and anti-GAPDH primary
antibody (1:1000) (Cell signaling) at room temperature for 2 h with shaking. After washing three
times with PBS-Tween 20, the membrane was incubated with anti-rabbit horseradish peroxidase
conjugate secondary antibody (1:1000) (Cell signaling) at room temperature for 2 h. The signals
were visualized with an ECL Plus Western Blotting Detection Reagents (GE Healthcare, NJ,
USA), and analyzed LAS-4000 system (GE Healthcare).



2.6 Transfection of anti-miR-203

The anti-miR-203 and anti-miR-NC as a negative control (Ambion/ABI) at 25nM were
transfected into K562 and KU812 cells using Xfect (Takara) followed by manufacture’s protocol.
The mixture of RNAs and reagent were dispensed into an empty 24-well plate (BD Biosciences,
MA, USA). K562 and KU812 cells were then added into each well at a concentration of 2x10°

cells per well. After 48 h of cultures, transfected cells were used for the analysis.

2.7 Statistical analysis

The statistical analysis was performed by Student's paired two-tailed t-test, and p-values

< 0.05 were considered to have statistical significance

3. Results

3.1 Prediction of miRNAs targeting BCR-ABL1 mRNAs

Imatinib is very effective to suppress BCR-ABL-positive leukemic cells growth, and
expression of BCR-ABLI mRNA and protein in vivo as well as in vitro, however little is known
about the effect of imatinib on miRNA expression profile. We analyzed expression profiles of
886 miRNAs in K562 cells using the microarray method (supplementary Fig. 1). 95 miRNAs
were upregulated and 23 were downregulated over 2-fold with imatinib treatment. We searched
TargetScan 6.2 (http://www.targetscan.org) for candidate miRNAs that regulate BCR-ABLI
mRNA (Fig. 1A), and validated its expressions by qRT-PCR. Interestingly, only miR-203 was
obviously upregulated in these miRNAs, although other miRNAs were downregulated (Fig. 1B)

3.2 Microarray analysis of the CpG islands-associated miRNA expression

MiR-203 has CpG islands and is epigenetically silenced in CML [16]. To examine the

effect of imatinib on the expression of miRNA, which have CpG islands in its promoter region,



we analyzed the expression of these miRNAs by microarray method. Out of 886 miRNAs, 212
(23.9%) have CpG islands within 5 kb upstream of the pre-miRNAs sequence by bioinformatic
analysis (miRBase::Genomics), and 114 were confirmed its expression (Fig. 2A) Microarray
analysis showed that 48 (22.6%) of these 212 miRNAs were upregulated over 2-fold with
imatinib treatment (Fig. 2B). These data show miRNAs correlated to CpG islands were mainly
upregulated, because 48 (50.5%) of 95 miRNAs that were upregulated over 2-fold has CpG
island in their promoter region (Fig. 2B and supplementary Fig. 1).

3.3 Validation of miR-203 expression by Methylation-Specific PCR and RT-qPCR

As shown Fig.1C, epigenetically-silenced miR-203 was reexpressed after imatinib
treatment, so we tested whether imatinib affects the methylation status of CpG islands in its
promoter region. In two BCR-ABLI-positive leukemic cell lines (K562, KU812) and a BCR-
ABLI-negative cell line (HL-60), CpG islands were heavily methylated in control culture
(Fig. 3).

Imatinib demethylated CpG islands in the two BCR-ABLI-positive cell lines, K562 and
KUZ&812. On the other hand, the methylation status of CpG islands did not change in BCR-ABLI-
negative HL-60 cells after imatinib treatment. DNA demethylating agent, 5-Azacytidine, induced
demethylation in all cell lines.

We confirmed the expression of mature miR-203 in three cell lines (Fig. 4). In the
presence of imatinib, the expression of mature miR-203 in K562 and KUS812 cells was
upregulated significantly (p < 0.05) compared to the control cultures (Fig. 4A). In HL-60 cells,
correlated to the result of MSP direct sequence, imatinib did not induce miR-203 expression. 5-
Azacytidine induced the expression of mature miR-203 in all cell lines. We analyzed the
expressions of pri-miR-203 to confirm that mature miR-203 was newly produced by the
demethylation of CpG islands. In K562 cells, imatinib induced pri-miR-203 expression (Fig.
4B). In KUS812 cells, pri-miR-203 was expressed slightly in control cells, correlation to
incomplete promoter methylation (Fig. 2), and imatinib upregulate pri-miR-203 expression.
Furthermore, we analyzed the gene expressions of enzymes responsible to biogenesis and

degradation of miRNAs. There are no changes in the expression of Dicer and Drosha (miRNA



biogenesis protein), and MCPIP1 (miRNA degradation protein [24]) (supplementary Fig. 2).
Imatinib was not merely inducing DNA demethylation but upregulating mature miRNA

expression.

3.4 Modulation of BCR-ABL1 mRNA and BCR-ABL1 protein expression after imatinib

treatment in CML cells

We analyzed the expression of the BCR-ABLI gene which is the target gene of miR-203.
The expression of BCR-ABL1 was inhibited with imatinib to 52% and 26% of the level in control
cultures in K562 cells and KU812 cells, respectively (Fig. SA). In accordance with BCR-ABLI
mRNA levels, the proliferation of CML cells was inhibited to about 46% and 20% in K562 cells
and KU812 cells, respectively (supplementary figure 3). Significant reductions of BCR-ABLI
protein levels after imatinib treatment in K562 cells and KU812 cells were confirmed using

Western blot analysis, 30.8% and 70.3%, respectively (Fig. 5B, C).

3.5 Downregulation of DNMTI and DNMT3B after imatinib treatment in CML cells

We also analyzed the expression of DNMT mRNAs (DNMTI, DNMT3A/3B) that cause
DNA methylation. The expressions of DNMT1 and DNMT3B were significantly decreased after
imatinib treatments in CML cell lines, and whereas DNMT3A4 was not changed (Fig. 6). The
expression of DNMTI was decreased to 14.3% (K562 cells) and 32.4% (KUS812 cells) of the
level in control culture, and the expression of DNMT3B was decreased to 10.7% (K562 cells)
and 10.8% (KU812 cells) of the level in control culture. In HL-60 cell lines, there were no
changes in the expression of DNMT mRNAs.

3.6 Functional assay for loss of function of miR-203

To test the direct effect of miR-203 on BCR-ABLI1 suppression after imatinib treatment,
we used the loss of function analysis, using anti-miR-203. The levels of BCR-ABLI mRNA
decreaesed to 45.5% and 40.6% with imatinib alone and imatinib plus anti-miR-NC, respectively
(Fig. 7A). The addition of anti-miR-203 significantly increased the expression level to 68.1% (p

< 0.05) in the K562 cell culture with imatinib treatment. To investigate of the cytological effect



of anti-miR-203 transfection, we measured viable and dead cells. The numbers of viable cells
were increased 1.3 folds by transfection of anti-miR-203 compared to anti-miR-NC (Fig.7B),
and dead cell ratio was significantly decreased by transfection of anti-miR-203 (9.7%) compared

to anti-miR-NC (25.6%) (Fig.7C).

4. Discussion

MiRNAs play crucial roles in many processes in normal cells, such as proliferation,
development, differentiation and apoptosis. Recently, many researchers have reported about the
correlation between dysregulation of miRNAs and oncogenesis and demonstrated
downregulation of tumor suppressor miRNA leads to oncogensis. MiR-34a is tumor suppressor
miRNA regulated by p53 protein and often reported to be silenced in solid cancer [25]. Chim et
al reported that miR-34 is also silenced in hematopoietic malignancies (chronic lymphocytic
leukemia, multiple myeloma and non-Hodgkin's lymphoma) [26]. MiR-193a was demonstrated
to be silenced in non—small cell lung cancers [27] and acute myeloid leukemia (AML) [28].
Aberrant miR-203 silencing has reported in various tissues; oral cancer [29], hepatocellular
carcinoma [30], multiple myeloma [31], MALT lymphoma [32]. In CML cells, miR-150, 151 are
downregulated [33] and miR-203 is silenced by DNA methylation [16]. However, the regulation
mechanisms of miRNA expression are little known.

In this study, we focused on the effect of imatinib on the expression of miRNA regulated
by CpG islands. Methylation of CpG islands is regulated with the enzymes, DNA
methyltransferase (DNMTs). DNMT1 maintains methylation status during cell divisions, while
DNMT3A and DNMT3B are responsible for de novo methylation [7]. These DNMTs were
aberrantly expressed under the presence of BCR-ABLI1 protein in CML cells [34]. We observed
that DNMT1 and DNMT3B mRNA was decreased after imatinib treatment in CML cell lines
(Fig. 6), probably resulted in demethylation of miR-203. On the other hand, the expression of
Drosha and Dicer was not influenced with imatinib. We showed, for the first time, that imatinib
up-regulated miR-203 by inducing demethylation of the promoter region of miR-203 in CML
cells (Fig. 3, 4). Recently Nishioka et al. reported that low dose of imatinib (0.1nM) induced the
expression of DNMT family in FIPILI/PDGFRa-positive chronic eosinophilic leukemia cell



line (EOL-1), and they also showed high dose of imatinib (1nM) decreased its expression in
short period (within 72 hours) [35]. These observations suggest the multiple pathways of
imatinib effects.

The upregulation of miR-203 inversely related to BCR-ABL1 mRNA level (Fig. 4, 5). On
the 3' UTR of ABL1 mRNA, there is the target sequence to be bound with miR-203. ABLI and
BCR-ABL1 mRNA are also targeted by miR-196s, miR-30s, miR-125, but the expression of miR-
125 was decreased by imatinib (supplemental Fig.1) and the expression of miR-196 did not
change after imatinib treatment (data not shown). Thus, miR-203 is the important miRNA to
inhibit ABLI and BCR-ABLI mRNA, and imatinib-induced demethylation of miR-203 is the
possible mechanism to suppress growth of BCR-ABLI1-positive leukemic cells. This result
corresponds to Bueno’s report that miR-203 targets ABLI and BCR-ABL1 mRNA. In addition,
the relation between miR-203 silencing and survival ratio in multiple myeloma was reported
[31], therefore methylation of miR-203 can be a target for cancer therapy as well as for
diagnosis.

DNA demethylating agent, 5-azacytidine (Vidaza®™), has been used for the therapy of
myelodysplastic syndromes. In AML, clinical trials were performed by using 5-azacytidine and
valproic acid or all-trans retinoic acid [36, 37]. For the hematopoietic malignancy, the therapy
using DNA demethylating agent is a new era. In our microarray analysis, miRNAs relating to
CpG islands, including miR-203, were upregulated with imatinib treatment (Fig. 2).
Furthermore, we found 56 miRNAs of these upregulated miRNAs were tumor suppressor
miRNAs previously reported. These data shows that imatinib is the inducer of DNA
demethylation as well as the inhibitor of BCR-ABL1 protein in BCR-ABLI1-positive leukemic
cells.

In conclusion, miRNAs regulated by CpG islands include a number of tumor suppressor
genes. Our results indicate the relation between aberrant DNA methylation of miRNAs and
oncogenesis. Imatinib not only inhibits the activity of tyrosine kinase but induces DNA
demethylation of miR-203 in CML cells. Further studies are needed about the availability of
DNA demethylating agents as the treatment for CML.
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Figure 1

The expression change of miRNAs targeting BCR-ABL1 mRNA after imatinib treatment in
K562 cells. (A) The map of putative miRNA-binding sites in BCR-ABL1 3"UTR. TargetScan
was used to predict miRNA-binding sites. (B) Comparison between microarray and qRT-PCR
data in K562 cells after 72 h imatinib treatment (black column) and control (white column).

Signal intensities by microarray and 2" (ACt = Ct target gene - Ct U6B) by qRT-PCR are

shown. (ND; not detected)
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Figure 2

Microarray analysis of CpG island-associated miRNA after imatinib treatment in K562
cells.(A) The expression profiles of miRNA in K562 cells. Heatmap of 114 miRNA found
expressed in control or imatinib-treated sample is depicted by color bars. Red and green colors
indicate upregulated or downregulated, respectively. IM -, no-treated K562 cells; IM +, 72h
imatinib-treated K562 cells; IM +/IM -, relative expression ratio (B) Venn-diagram of miRNAs
upregulated over 2-fold and related to CpG islands.
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Figure 3

Methylation status at CpG dinucleotides in miR-203 promoter region. Two CML cell
lines (K562, KU812) and AML cell line (HL-60) were treated by 1uM imatinib (IM) for 72
hours. 5-Azacytidine (5-Aza) is the reference compound for demethylation. After each treatment,
bisulfite sequencing of the miR-203 upstream region was done. Black and white circles represent

methylated and unmethylated CpG islands, respectively.
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Figure 4

miR-203 was upregulated after imatinib treatment in CML cell lines. Two CML cell lines
(K562, KU812) and AML cell line (HL-60) were treated by 1uM imatinib (IM) for 72 hours. 5-
Azacytidine (5-Aza) is the reference compound for demethylation. After each treatment, total
RNA was extracted and converted to cDNA. (A) Mature miR-203 was confirmed by qRT-PCR,
and the expression level of miR-203 was normalized by U6B (ND; not detected). Data show the
value relative to the level in the culture treated by 5-azacytidine (5-Aza) and as the mean + SD
from three experiments. Statistical analysis was performed using Student’s two-tailed z-test.
(**p < 0.01, compared with expression in control culture) (B) Pri-miR-203 was confirmed by

RT-PCR. GAPDH is internal control.
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Figure 5

Down-regulated expression of BCR-ABL1 after imatinib treatment. Two CML cell lines
(K562, KU812) were treated by 1uM imatinib for 72 hours. (A) After each treatment, total RNA
was extracted and converted to cDNA. BCR-ABL1 mRNA was confirmed by qRT-PCR, and the
expression level of BCR-ABL1 mRNA was normalized with GAPDH. Data show relative values
to the level on the control culture and as the mean + SD from three experiments. Statistical
analysis was performed using Student’s two-tailed #-test. (**p < 0.01, compared with expression
in control culture) (B) Protein expression of BCR-ABLI1, c-Abl and GAPDH were quantified by
Western blot analysis. Total proteins were prepared from each sample, and each lane was loaded
with the equal quantity (20ug) of protein sample. (C) The quantification of BCR-ABL1 protein
was carried out using ImagelJ software (National Institutes of Health, Bethesda, MD).
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Figure 6

DNMTs (DNMT1, 3A, 3B) mRNA expression after imatinib treatment. Two CML cell
lines (K562, KU812) and AML cell line (HL-60) were treated by 1uM imatinib for 72 hours.
After each treatment, total RNA was extracted and converted to cDNA. Each mRNA was
confirmed by qRT-PCR, and the expression level was normalized by GAPDH. Data show
relative values to the level on the control culture and as the mean + SD from three experiments.
Statistical analysis was performed using Student’s two-tailed #-test. (**p < 0.01, compared with

expression in control culture)
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Figure 7

The effects of anti-miR-203 on K562 cells. K562 cells were transfected with anti-miR-
NC or anti-miR-203 (25 nM) for 48 h, and were treated by imatinib for 72 h. (A) The expression
of BCR-ABLI mRNA was analyzed after anti-miRNA transfection. The levels of BCR-ABLI
mRNA of each sample were normalized with GAPDH and the relative values to the level on the
control culture were shown. (B) Viable cell count and the ratio of dead cells after transfection.
Data show as the mean + SD from two experiments. Statistical analysis was performed using

Student’s two-tailed z-test. (*p < 0.05)
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Supplemental figure 1

Microarray analysis of whole miRNAs after imatinib treatment in K562 cells. The
expression profiles of miRNA in K562 cells. Heatmap of 448 miRNA found expressed in control
and imatinib-treated sample is depicted by color bars. Red and green colors indicate upregulated
or downregulated, respectively. IM -, no-treated K562 cells; IM +, 72h imatinib-treated K562

cells; IM +/IM -, relative expression ratio.
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Supplemental figure 2

The mRNA expression of miRNA biogenesis-related enzymes. Two CML cell lines
(K562, KU812) and AML cell line (HL-60) were treated by 1uM imatinib (IM) for 72 hours.
After each treatment, total RNA was extracted and converted to cDNA. (A) MCPIP1 (miRNA
degradation protein), (B) Dicer and (C) Drosha (miRNA biogenesis protein). Each mRNA was
confirmed by qRT-PCR, and the expression level was normalized by GAPDH. Data show

relative values to the level on the control culture and as the mean + SD from three experiments.
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Supplemental figure 3

Viable cell counts after imatinib with/without HDIs. The viable cells of three leukemia
cell lines were counted after imatinib (IM) treatment for 72 hours by using the trypan blue
exclusion method. Data are shown as the mean + SD from three experiments. Statistical analysis
was performed using Student’s two-tailed t-test. (**p < 0.01, compared with expression in

control culture)
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