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FE

Ak B MR T i ERA AR O LR EIZ X0 B BEN TRV IFERIAS T 5 2 L TR 5
WEMAEE CTh 5, ALFRIELE MEMIRARIC X D IREIEOMENLIZ XV M A R O A AF
FIIE L2, FREOFEFEO AP, FFIZ mixed-lineage leukemia (MLL) 1811\ ZHAJE DL
U7z MLL BinFBE A MR OB RITE S PEAR TH DD FiHBFRIEDRE N EE N
W5,

A, MLL 8/fx 1B [ s (2 5k 3~ 216 ER) & LT, bromodomain and extra-terminal
domain (BET) 7 7 I V=X U NI EPEH SN TWD, BET 77 X U —Z "7 E|ZE A |
YOTRBFMEINT Y D UBREERTERR L, FRAx RIEBIR T OBRE AT =T (v Y
(ZHId 5 FThD, BET 77 IV —=F N7 ED 1 5T 5 bromodomain-containing
protein 4 (BRD4) 1%, MLL 3&{n¥DERMEIZ X 0 A2 Uz MLL @& & o X BB AR E /T 5
BFD1IDOTHY HOXA9 R MYC DEEEZ T S5 Z & TCHMFOFIEICE LG L TnD,
BET 77 XU —# /N7 ExFER & LT BET [HEAITH 5 1-BET151 75 MLL #1{x 1B
MM AR T D 2 & AIE S TR, Mk 72 BET BLERIZBASE S 4, BRIREER &
ITHTHY . BET BHEANIALERIGEKE L THIFF STV D, L7, BET FEA
OEMFEMIC L 2MHESNRES NSO, ML 25 2 LITEELHETH
Do

= ZCARFFETTIX, BET BLEHITH D OTX015 (it 2> MLL 1 {s 1B (A i il
BRARISL L, & OPERIRAENT & MR RS W28 B0 BET FLEAIMM MR T DIRBR 21T - 72,

%1% BET [EAIMHEL S L 72 MLL Bix 7 BE B IR HAEER ORI IS K OV DYERARYT
~ U AP LVt b MLL Bfx7 B3 A i iaik (MLL-AF5q31, MV4;11) (2% L T,
OTXO015 & A KM TR WIMIET# L BET FLERIMMERR 2 8132 U7, Bz U7 iMERRIL. OTX015
7213 T2 < JQ-1 R° I-BETI151 &\ o 724> BET BLEAFNCx L CHiliftE 2R L, sz Mk <l
JRFEDNFHE X 5 OTX015 J2E (MLL-AF5q31: 5 uM, MV4;11: 250 nM) C & i )J& ] o 45 1k

RT R b= ZAOFHHITHEO LR o7,

WIZ, qQRT-PCR{EIZ L D mRNA BEIB LN =X ¥ 7 vy MEZHWZ R 7 E5E
DFFENTI X 0 MR OYEIR 2 5~ 7=, iiERE T, BET FLEHIOEA TH S BRD4 O & > /X
7 EREBNEHFIC EA L TEBY, &5 BRD4 BEBRZHIH LT 5 c-MYC, CDK6, BCL-
2 O mRNA B LY VR 7 EORBTLHEEGRDT=, —J7. BRD4 ® mRNA FHIZOWTITHEl
PR & MR ORI Z TR o T, O OFRERD S | MK TlZ BRD4 & > /327 B O
IREREIC X A ERESF OB LI LV BET MLERIMHE 2 #5425 Z L VR S iz,
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it = 3 F AR O FERRIL. %:—%H [0 ) b7 E OFFRRERIZ L 0 B I HIE S
AT 5%, UCHLS (M E ] 04T 2B 5-9 % E2 promotor binding factor 1 (E2F1) (289 5%
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MLEIZ LY BRD4 % 237 @%%IEMEETL BRD4 25 ili#l 3% 53 F Td 5 c-MYC, CDK6,
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BLOT R b— XA Z27HE L, Abemaciclib OO FHIZ X D OTX015 (Zxf3 DI M2 EAH- L7z,
B ORERN G BET BREAIMMHARIZIS VT, UCHLS 1% CDK4/6 12 X - TH L4 < hu
THEY . CDK4/6 [HEHFIL BET BREAIM M 2 iR T 2 AN 2 0155 Z EBRmB ST,
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UCHLS5 72572 % BRD4 Z > /X 7 G 3 RGN EE /2 1 D THH Z ExHonc Lz, K
WFFE DS, BET BHERI O FAME &) 9 BRBEA~DO XM RICE T H2EERMATH D,
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1) Keigo Amari, Satoru Sasagawa, Natsuki Imayoshi, Yuki Toda, Shigekuni Hosogi, Toshihiko
Imamura, Eishi Ashihara. The CDK4/6-UCHL5-BRD4 axis confers resistance to BET inhibitors in
MLL-rearranged leukemia cells by suppressing BRD4 protein degradation. Biochem. Biophys. Res.
Commun. 2022, 588, 147-153. [55 1 &, 5 2 . Copyright Elsevier
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ZMEAIMIE (acute leukemia; AL) 1&. "BHIFIZBWTERER « U o7 RO X OWIEE
ML D ILERFIS LV OREVRIFERHIE (A Mpiiig) 25 BRI ZHE5E L Tl 2 2 3 . 5 05
ThH . BT 2 MROFEHIC X > TRMEBEMEF YA (acute myeloid leukemia; AML) & &
PEY 2 RIEERME A IS (acute lymphoblastic leukemia; ALL) (2380 3405, AML X E#E .
ALL [ZVNRIZZ S BIEL . £ 0BG T mEE 128V T AML:ALL=4:1, /NRIZFHV T AML:
ALL=1:4To 5 (1,2), BRRIERIZZE TH Y . HIE L 7= Bl og i S L 58
M=o BB & ZAUTHE D BkdetE, A Mmmiia s U o S HiSolE IS A D AT
Z LI K DIEARIER D A D, YRR 2 S WEEIE, BEYELH M X v ki
M CEIE L R D HEREER TH L7120, BHIOREN RO BILD,

AL OIEFIE, BT O QFEROEIS S 5% T ORETH 5522tz gL, Ffif
WAL, HIEORIE, MEFFRIED 3 DOBEBETITON L OBERENTH 5, TG ANRIE
X, BEEOPUEMIES R A G D T LR RES T OV TR Y . AML TIEv % 7
BT NIV AT U RPUEEMESSEOOFH%EE 3), ALL TET U NIV A7 U %
PUEMERE, o7 VAT T R=yry LT ARG —8 v/ FAT77 IR
72 E BB E DR TARED EITDOIL TN D (4), HEOEES X OMERRRIE X, SR8 AR
15 &R C2AI0FRAEFRIEICIN 2 T, RS M Min A HfE I <l . Z2H0RT
FRE & & AR AE 2 A 22 & o 72 B LT 2 S8 R T MERITHK 90%. 5 FFEAFEERITHI 50
~60%& BHFCTHD (5), Fio. WHEITAHMIFOIREIZED D X X E R X —/7y M LT
T RERRNRIFRIE DB DG IS H T Y . AML Tl fims-like tyrosine kinase 3 (FLT3)
FLEIRCTHSHELT ) F =7 (6) = B-cell/lCLL lymphoma 2 (BCL-2) PHERTH LR h7 T
27 A (7). ALL TiX BCR-ABL F R U —VHERKTHL A ~F =T RFFF =7 (8)
DY L. AL OIRFRAGR L Z OB FETUEEBAICH 5, L LR L, HILRO X A 7
F o TUE, BERIBRIE CIERM E I THRB LRV IRTERED X A T HHFEEL TR |
lysine methyltransferase 24 (KMT2A4) 8151 (B4 mixed-lineage leukemia: MLL 851-) |ZHEHE
AT MLL A FBE A MILHIZE D 1| D Th 2D, MLL BEisFBE EmpiE AL 2RDK
5~10%IZ R 640, FLIE AML OFJ 30%. FLIE ALL OF) 80% & FLIIZ LW 2 L AFHEHI TH
%o HRD MLL Bis+ B i OIEHRIZ, o> AL &R CZ AL & (RIS s
MR K VTN DS, MLL BARFDEED & 25 ALL TIE MLL BIGFHRE 2B D 720
HoO LA S HEATFRR DN § FMEREATFREMENZ ERXREINTHD (9, Fiz2,
European Leukemia Net (ELN) 75 2017 A2 H8 5K L7 AML 28T 286 7R E OMEIZ L5
A7 SFE TR, MLL B+ D8R %EfE 9 AML (PR ABRICOE SN TWD (10), 20Dk
912, MLL a7 B [ s (3 2 2216 EEN 2 < PRARB OO, S 570 D REMFITIC X
2 HHUREIEDRFE A RO BTN D,

MLL B511%, 3,969 fHO7 I /g% =2— KL, N K¥mlZ tumor suppressor associated with
multiple endocrine neoplasia type 1 (Menin) #% & fE 35 3 & TV DNA binding motif that binds
adenosine- thymidine (AT)-rich DNA (AT hook), #4312 plant homeodomains (PHD) finger &

1



FEIEA % DNA 568, C K¥mlZ suppresser variegation/Enhancer of zeste/Trithorax (SET) K A
A EIFILDE LIIBEIEMALEK AR > (1), MLL % U8V, ¥ 2 X 7 55 fRiESR
Taspasel (2L ¥ N K (MLLY) & C K (MLLS) (243005 Z & CRREVL (12), &I fmie
Dol BN 7R homeobox protein Hox-A9 (HOXA9) %X L & L7z HOXA #E&in D7
nE— X —ICEER AT D2 & CRIZMET L WD (13), 72, CKRIHD SET KA A
Ik A~ H3 lysine 4 (H3K4) IZXTHE AR ATFNLENT AT =27 —BIEHEZEL,
HOXAY 75 & O T OBIE OB Z I L T\ 5 (13,14), MLL Z /X7 B3k x Ta 2 X
VB EEAREKT HZ ERMESNTEY, Menin REA N TEFAL T AT 2T
—¥ &% CREB-CREB-binding protein (CBP)/p300 & AHAAEAT 5 = & Tltfn R & 5iE
IZHIE LT\ D (15, 16),

MLL BaFI13EE 90 FHLL EDO/A— I —@aF S HAREEZE 52 L ST
VW% (17)(Figure 1), =D T ALLI-fused gene from chromosome 4 protein (AF4), AF9. eleven
nineteen leukemia protein (ENL), AFI10 & OFHHERHENERDOK 80% % HHTE Y, AML TlX
AF9 & DERFEDH) 30%, ALL TiE AF4 & OERENK) 60% & e b 2\, AF4, AF9, AF10, ENL
L1 DOE K& /37 AR (super transcriptional activation/elongation complex; SEC) D—
HTHY HHNICRELTWD (I8).SECIZE A M AF N T AT =5 —F Th% DOTI
like histone lysine methyltransferase (DOT1L) %V 7 /b— s 425 Z LN HMBNTER Y . HHAHRE
IZ KV MLL-AF4 % O &85 23T 5 &, SECH Y 74—k L7z DOTILIZ LV, HOXA9
BIE T O 0E—% —IKICBIT D H3KT9 BN AT LI ND Z & TRIB T ORBERICE
A RIEL, AMEORIEICDORND (19-21), £7=. SEC 2T 205FD 1 D ThHD
bromodomain-containing protein 4 (BRD4) |X, B A h> DT B F /A b S iz Y ¥ 5k 285
T 52 & T NABIRT Th D MYCEDEE Zff#l L Tu%,BRD4 (X cyclin-dependent kinase
9 (CDK9) & Cyclin T1 O AR5 72 % positive-transcription elongation factor b (p-TEFb) @V
7 v— MIbHBE59 %, P-TEFb [IEAEEF OIRTRHIM < RNA RY AT =Pz Y ik
fEL. RNA R U A 7 —PIZ X DENE A OG22 IE L SETWD (22, 23) (Figure 2),
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Figure 1. Schematic structures of MLL, AF4 and MLL-AF4 fusion protein.

MLL-AF4 fusion gene is generated by the cleavage and reciprocal chromosome translocation of MLL
and AF4. Vertical arrows indicate break point at the stage of chromosome translocation. NHD, N-
terminal homology domain; TAD, transactivation domain; ENL/AF9, ENL/AF9 binding domain; CHD,

C-terminal homology domain; PHD, plant homeodomains.
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K K ® HOXA9
Histone mYC
~ 7 RNA
pol I I

DNA

Figure 2. Schematic structures of MLL fusion complex.

Chromosomal translocations involving the MLL gene generate MLL-fusion proteins that can recruit
transcriptional activation complexes, such as SEC composed of DOT1L and BRD4. Menin involves the
recruitment of AF4 complex to MLL fusion protein. DOTIL is responsible for the mono- /di- /tri-
methylation of lysine 79 of histone H3K79 (H3K79me1/2/3). BRD4 involves the recruitment of P-TEFD,
which phosphorylates RNA polymerase II and promotes transcriptional activation of oncogenic genes,
such as HOXA9 and MYC. RNA pol II, RNA polymerase II; K, lysine residue; Ac, acetylation; P,
phosphorylation.



MLL & {x B F i 12563 2 40 FARBIEREEIT, 2005 4RI2 MLL @A 8 1sF 725 MLL @
BN TE~NDRBENET LT o F AL AX T LAF RRHE SN2 L I2%
3L (24). MLL @& % v R 7 BEAROREE T FE DW= EA N BIR ST & 7=, DOTIL i
EANIBAFEATE A & MLL 117 B 3 M pfi Ao k9~ 2 G 2MERE SN KSR 5
FEARRBRIC B W TITAEMENFZAE S R D o T2 (25,26), Z D728, Hi- I RSN 5+ D
RIFBBOMBETH Y . bromodomain and extra-terminal (BET) 7 7 I UV — % L /X7 & Menin
ROSET RAA U Z NI ERENERSNTWND (27-29),

BET 7 7 X U —X% L )7 & fE ) L Uiz BET BREANL, JT4F MLL s 1B ([ i s 1kt
T DB NIERITITONTNWDHEAID 1| 5D ThHD, BET 77 U —X /37 EIL, BRD2,
BRD3, BRD4, F5HFFRAIIZHILIT D bromodomain testis-specific protein (BRDT) @ 4 275
72V (Figure 3), E A M OT7BF bz DUEEKEZRBT LI 72T RAAL VBIO
glioma tumor suppressor candidate region gene 1 (GLTSCR1) Kt A h U T /X = U AF T —F
T % jumonji domain containing 6 JIMJID6) %X U & L7z BAERGE 1 & OFEE AL T 5
extra-terminal domain (ET) (30) Z3i#IZFfD, E7-. BRD4 X P-TEFb & DFEGITHATH D
C-terminal domain (CTD) %74 L CHY (31).CTD (2L D P-TEFb @V 7 /b— k %4 L T, RNA
R AT —PINZ XD BIEFIREAH I L T\ 5, BRD4 NG & H#4 2 Bia 1%, Hxrk
DADRIEIZHFG T DNABIETTHD MYC XU & LT, MiaEoETIcEET 5
CDK4/6 <> CCNDI, 17 7R h—L A BIn 1 Th D BCL2 72 ¥ 22l bH, —F7 T, BRD2
L OVBRD3 1% CTD % Hf-> TR/, P-TEFb JEERAFR RS B+ O EIC S L TR
V. BRD2 Tl signal transducer and activator of transcription 5 (STATS) #&fsf-. BRD3 Tl
GATA1 & Whf) L CHRMERSCEARZER D LIZB D 2 B85 T DG ZH# L T\ 5 (32, 33),
2010 412, BET 7 1€ K A A >/ MLL s 1B [ it 2 F 7216 FIEN THh 5 &
MO THWE I, BET 77 2 U —F U X7 H =R L L7=#)0 BET BHEHIE LT IQ-1 25
FHINTZ (34, D%, WEDHER D BET BEAIN K 2 IZBA%E S (35-42). MLL E{s1-B
IS DA ENERE S TWD (36, 37, 40, 42), S HIZ OTX015 1L LH & Lz
#%5> BET BHER 2 E M AIERIZ B8 THRRRERIZHEA TRV (Table 1), BET FHEANIA
ST RIRIRIE E LTI ST D,
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Figure 3. Molecular structures of BET bromodomains.

BET family consists of four mammalian members, including BRD2, BRD3, BRD4 and BRDT. BET

family proteins share a common domain architecture comprising two bromodomains, an extra-terminal

domain and an extra-C terminal domain.

C-terminal domain
(CTD)

Table 1. Bromodomain inhibitors in clinical development of hematological malignancies.

Company or o . ClinicalTrials.gov
Compound ] Phase Indications in development ] o
Institute indentifier (status)
Acute myeloid leukemia
0OTX015 ] Diffuse large B-cell lymphoma NCT01713582
] . Oncoethix I . .
(Birabresib) Acute lymphoblastic leukemia (completed)
Multiple myeloma
Dana-Farber NCT03936465
BMS-986158 . I Lymphoma .
Cancer Institute (recruiting)
) NCT01949883
) I Progressive lymphoma
Constellation (completed)
CPI-0610 .
Pharmaceuticals ) NCT02157636
I Multiple myeloma
(completed)
Hoffmann-La . NCT03068351
RO6870810 I Multiple myeloma
Roche (completed)
) NCT03220347
CC-90010 Celgene I Lymphoma, Non-Hodgkin .
(recruiting)
M.D. Anderson Acute myeloid leukemia NCT04022785
PLX51107 I

Cancer Center

Myelodysplastic Syndrome

(recruiting)




L LD, EiGRoEER2EO 1 S, EAMMERRO HERA% 0 55, BET
PREAIDERR TR b 2546, ERHERIC X 2 RAIMMEOEBENRESI N0, £
ORBEOXRICET HMAZG5 Z L ITEBERPEATH H, A TIL, BET HEAICKT
LR IE 2 R DI EERIS 2 B R H 2 L 2 HE LT, BET BLERIMMEZ#4E L7-
MLL & 157 B g M aik 2 B Sz L7z, 15 DAVTo MPERRIC DUV TR 2 AT L, MetRic 3k
S 7z BET BHEFAIM AR T OGRS 21T > 72,



%5 1% BET FHEAMME: 2 45 L 72 MLL 18{s B8 [ R AR ORI L OV MR fRHT

1 S

MLL &{=+BE B2 xt3 % BET BLEFAIOA Zh A S0 TLCk, BET BREFAIDH
FEITRE <A, —H80 BET FREANC Wi M gR S W THRRRBR M Thiv T D
Z &b, BET MEANIADRIBEEOGEME L THIfF ST D, LnL2RL, BAM
Rzt 3 2 SRR O BE RO 1 212, IR O HELR 2 5415, BET FHEA
DR CHER SO 72546, BRI X 2 EAMEOEENBEEIND 2D, ZORE
OXIRICET HMAEIGD Z EITEERRFETH S,

D AR BEANMHE N A C AR O 1 D& LT, ok DA KF U Tt 2 RO i e
MRS DREN B 2R HiLD, TaHIImE & O, I8 AvMiao NRERIZ L Y
HIRFE 2 [BhEES 5 2 & TRRAET 5, HIMEICR W TIL, SIS ICFRAET 5 s
(leukemic stem cells; LSC) 2 FIHIMHEIZ K& < FHEH5 L TWbH, AML 123817 % LSC X CD34"
CD38 MM IC/FET HEEZ BN TEBY (43-46). CD34"CD38 HIfE 4y Tl AMP-
activated protein kinase-Unc-51 like autophagy activating kinase 1 (AMPK-ULK1) %/ L7=4— h
77 V—OIEMHAIZ L W BET BEAITH 5 1Q-1 12 X D MBIttt 2 R L2 &b,
LSC /% BET BHEANZ - 2 HIIMPEIC B ET 5 Z L0V RIB S TWD (47), — 7T, FEH
(b U IS M 2 A9 2 MR MR BE DO FER B IR T K 0 7AF L, A E 2 815 L T\ < &
AR D, ZIEEME L O, AL OSERZII LD E Ll s 28 BO3EA o
)5 2 X7 BT B DN REE OB, (Y 7T L O 7 T E LR X 2 7
%o AL IZ81F 5 BET FLEANZ 69 5 JEE M DU Tid, B-catenin OFEHL EF-IZfE 5 Wnt/p-
catenin > 7 F /LRI DIEVE(LIC L W . BRD4 121U - T MYC & 5+ 2% OHRE. %2 U STV
DA (48, 49) <° nuclear factor-kappa B (NF-xB) + 7 1 /Ui DR 52 /RI2 3 5845 (50) 73
HOHMW, TNHOREICEBNTHMO T 7T IREORB G RBINTEY . 572500
{LBEF DFEAMN L Toh H, AETIE, BUEBRARBRIED STy | BRSNS
% AlBEPED E W BET FLEAITH 2 OTXO015 124 H L (51,52), OTX015 %2 MLL & {5 7-BiE A
My MR I R I ALE 3 2 Z & C BET FHEAIMME 2 #8415 L 72 MLL 8{x1-BdE B i jpHi
RRA TR Uz, E72. B U7 ERR I O W THRIR 2 i3~ % = & T, BET BHLEAIM
PTG L0 FaRE LT,



%26 ERIGE
1-2-1. AL K ORREE

AW TIE. MLL 85 1B [ ipiifakk & LT, ~ v A58 lincage [EMEHIEIZ MLL-
AF5q31 B& 8548 A L7z MLL-AF5q31 #fifid (53) 38 KO MLL {51 & AF4 E{n 1 DA
JERAE T b AML ik TH 5 MV4;11 fild (American Type Culture Collection; ATCC,
Manassas, VA, USA) % M\ 7=, MLL-AF5q31 #Efai%. 10%FEM@1b Y S HGIEImE (fetal bovine
serum: FBS; Sigma-Aldrich, St. Louis, MO, USA), 1% X=3U Y-ZA L7 h~A 2 (100
units/mL ~X=3U B L 100 pug/mL A kL7 k<A 3 2) (FUIIFILM Ryttt K
B) % & e roswell park memorial institute (RPMI) 1640 (FUJIFILM FGHispk S 1t) TR L
77o MV4;11 HIIEIE, 10%FBS. 1% = U -A LT h~A 2, 4dmML-Z V% 2 (F
BT AT A7 RS, 72H) Z & T Iscove’s modified Dulbecco’s medium (IMDM; Sigma-
Aldrich) TH:#& L7=, 2 CTOMMIL 37°C. 20% 02, 5% CO.. 75% Ny DEREE F T L7=,
BET BHEAITH 5 OTX015 (% MedChemExpress (Monmouth Junction, NJ, USA), JQ-1 (% Cayman
Chemical (Ann Arbor, MI, USA), I-BET151 /% Tocris Bioscience (Bristol, UK) 75 Z L FUEA
L7,

1-2-2. MLL 38 A= BEE (A M MR RR L2 69~ 2 A RS 5iE 6E O R FAff

HIIREESEREIL Cell Count Kit-8 (DOJINDO LABORATORIES, fEA) % V7= WST-8 assay (&
L0 A L7z, MLL 15 1-BE#E AR #fa %z, 96-well L — k (Thermo Fisher Scientific,
Waltham, MA, USA) (24 well 720 1.0x10° cells/well (MLL-AF5q31) %7213 1.0x10% cells/well
(MV4;11) OFEETHER L, BET UEAIOBEMEARIE L & ©IZ 72 KR L7, Cell Count
Kit-8 #IEZ % well I 10pL FHOMEL, v~ 72 L — U —&— (GloMax: Promega,
Madison, WI, USA) ZfE/H L TR (MRRIRIK & 450 nm) ZHIE L7z, 50% OfifaigsH
FHE P2 (50% inhibitory concentration; ICsg) DEIE., FEFIE IR~ v 77 A CalcuSyn (Biosoft,
Cambridge, UK) ZffiH L CHEH L7,

1-2-3. OTXO015 [t % 145 L 7= MLL &A=+ BE5E [ 55 #iakk o8 37

OTXO015 MitPE#lE (OTX015-R) (%, MLL-AF5q31 i L O MV4;11 fifid 2 OTX015 &4
B C RIS R 95 2 LIC K VB L7o 85 M N 2 5 OTX015 DL 1%, WST-8 assay
IZE DB L7z Z2NEn OB 2 50%DO MBI FIRE Td 5 1Cso DIRE D BRLE
L7oe ZETERM 90%LL & 705 & TR L, 90%LL LD BRI HER: S 721%(12 OTX015 @
TR 2 BRI B CREE 208 T2, Bef&A9IZ, MLL-AF5q31 #ifRIZ DWW Cid S uM, MV4;11
[Z2UVNTIE 250nM @ OTXO015 & A EH T T HAAF CTX DM ZERL L 72, OTX015 |2/
P % R Bk IX OTXO015-sensitive (OTX015-S) &/”7,

1-2-4. bR & i AT
AT E (b7 v © Y7 4 (propidium iodide : PI, FUJIFILM FneafispkUatth) Yefaic
L7 —H A A MY —1ETR L72, MLL #E{s B (s fiie 2 1.0x10* cells/mL
8



(MLL-AF5q31) 7203 1.0x10°cells/mL (MV4;11) D% CHEHRE L, OTX015 24L& L7- (MLL-
AF5q31: 5 uM, MV4;11:250nM), 24, 48, 72 B4 (Z#fn 2 [B]UX L. phosphate buffered saline
(PBS) (-) THEE#%. -20°CTHKE L1z 70%T % /) — /)L CHliZ [EE L. -20°C# HE CIHR7F L
Too 70— A A MY —IETORIAIZIE, =% / —/VZERV 2%, 20 pg/mLPL, 10 pg/mL
RNase (Sigma-Aldrich) % & ¢r PBS(-) T¥:f (4°C, 30 47) L. BDLSR Fortessa flow cytometer
F X O'BDFACS Diva ¥ 7 k7 =7 (Becton Dickinson, Franklin Lakes, NJ, USA) % H U CHEHT
L7z, #E&I% FlowJo ¥ 7 F =7 (Becton Dickinson) % W T7F —& /3t L7z,

1-2-5. 7R b— 3 Afi#HT

HANCLVFHEINDT A b — ADOMEHTIX, eBioscience™ Annexin-V-FITC Apoptosis
Detection kit (Thermo Fisher Scientific) % fV 7= Annexin V/PI iz L b7 a—H A FA KU
— 15 CRIME L 72, MLL {51 B8 A i /a2 1.0x10% cells/mL (MLL-AF5q31) % 7-21% 1.0x10°
cells/mL (MV4;11) O TRERE L, OTX015 Z4LiE L7 (MLL-AF5q31: 5 uM, MV4;11: 250
nM), 72 FEREI#ICHI Z (B0 L, PBS(-) TUEH%. AnnexinV, PI TYufh (=RiR. 104y) L.
BD LSR Fortessa flow cytometer 33 & (0N BD FACS Diva ¥ 7 b7 =7 & AW TN L7z, FERIX
Flowlo ¥ 7 NU = 7 ZHWTT —Z 541 Lz,

1-2-6. Quantitative reverse transcription-polymerase chain reaction (QRT-PCR) 7£(Z . 5 mRNA J§Ei
f AT

MLL & fx B [ I # I 2 1.0x10% cells/mL (MLL-AF5q31) % 72 1% 1.0x10° cells/mL
(MV4;11) OFETHER L, OTX015 24L& L7= (MLL-AF5q31: 5 uM, MV4;11: 250 nM), 1,
24 IEfRAZ A 2 B L, PBS (-) T¥Ei#. NucleoSpin RNAKit (¥ 1 7 3 A Akt &
) Z T total RNA A filiH L7=, fiii L7z total RNA % ReverTra Ace qPCR RT kit (HV:i%h
&, KFR) % Hv T complementary DNA (cDNA) (255 L, TagMan real-time PCR |Z
LU mRNA S5 PEY 2 L7, B b mRNA $5EY) O IR 13, THUNDERBIRD™ Probe
gqPCR Mix CR¥EREZ41), Tagman Probe (Thermo Fisher Scientific), 77 4 ~— &Ml L 7=,
~ 7 A mRNA $55EY) Ok HFFIZ X, Tagman master mix (Roche Diagnostics K.K., Basel,
Switzerland), UPL Uuniversal ProbeLibrary Probes (Roche Diagnostics K.K.), 77 A4 ~—%fEH L
72 77 A ~—|34 T Thermo Fisher Scientific 7> 5l A L7z, ¢cDNA % Thermal Cycler Dice
system (& 71 7 3 A AR SAE) 1KV BEhE S 72, mRNA BB EZHET 5720 DONELEIC
1% 18S ribosomal RNA (18SrRNA) % FHV . AACtEIZ X U K {s 7D mRNA 8L E 2 A5
EELIZ, ZOERTHEHALET 74 ~—7bWNZ7 2 —71X, Supplementary Table 1, 21T
L7,

1-2-7. V=AY T ay MEICK D Z 87 B BT
MLL &A1= 1 B8 [ 1fn 955 Al A 2 1.0x10* cells/mL (MLL-AF5q31) % 721% 1.0x10° cells/mL
(MV4;11) O CTHERE L, OTX015 24L& L 7= (MLL-AF5q31: 5 uM, MV4;11: 250 nM), MLL-
AF5q31 MfalE 72 REf1E . MV4;11 HBREIE 48 FEREIZ ICHIE Z B L, PBS (-) T4, Lysis
9



buffer TIAMR (4°C. 20 4y) L7-, &fRtL. 13000 x g, 4°CC 20 4y L, EiE % whole lysate
& LTI L7z, B L 7= > 7 /Lid, Qubit Protein Assay kit (Thermo Fisher Scientific), Quantus
Fluorometer (Promega) % HWTE&RE ATV, 4 pg/ul (2725 X 91T Sample Buffer Solution
(FUJIFILM FYefiiirk=Nath), MEEMAK SIRA L, SoMEmR L THU 7208 L,
AL L 729> 7L 20 uL % T, sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) (2 X W % RV E 3B % fg#r L1z, EXKIKE) (200 V) L. poly vinylidene
difluoride (PVDF) & (Merck Millipore, Burlington, MA, USA) Z 100V, 90 43ff Ciz5 L7z, FE
FeRMFEA &5 572, PVDF E% 5% non-fat dry milk (F5HI A 7 2 v 7 R iEtt, BR)
T 5%V VIMIET VT 2 v (BSA; FUIIFILM Rk iatt) Bc 1 BSOS SH 7=,
K71 v JHIZ tris buffered saline (TBS)-Tween (pH 8.0) TVt L7=, D%, —kbukE
TR Z LE U, B ROGES 87 EIZkHET %73 R % ECL Western Blotting
Detection Kit (GE Healthcare, Chicago, IL, USA) ZHW T X #R7 4 /v A (X7 A KU — LK
2t HR) IS E D Z LI LV B Lo, ZIRBUAIT horseradish peroxidase (HRP) 155
Pl B IO~ A IgG Hifk (Cell Signaling Technology, Danvers, MA, USA) Zflif L 7=,
WARHEIZ I B-actin 2 o, 2 O FEER T L 72 — R FUAIZ Supplementary Table 3 127~ L7z,

1-2-8. HEAHARAT

2T OYTIL GraphPad Prism 5 (GraphPad Software Inc., San Diego, CA, USA) % AV T{T-
7o SEBRF S%LL N A MG FRICHEZENH D & HIE LT,

10



%3 HT FEERAEIR
1-3-1. OTXO015 MHPERR O HfRIETERE . AL B L OIIRSEIZ 3 % 4548 BET BHE A 0O 5228
BN L7 OTXO015 MitHAk 2 VT, B & bl U 7 MRk o i s aE . HiaE 13 L O
AREFEIZ )3 % BET FLER OB EZT~7o, £9°. WST-8 assay (2 & 0 flfaHE5E6E 2 7ML
72 OTXO015 I%, MLL-AF5q31 3 KO MV4;11 IR OBUKIZ 6 L. BT 722 M H e B 540 )
R ZR LT WTNOMPERRIZI W TS 2 OMISEIEI G2 R ITES L Tz (Figure
4), £, MHERROBISIICH VW2 OTX015 7215 T7e < | fthod BET [HEHITH % JQ-1, I-BET151
b [FER IS WO TERRIZ F8 U T b Ml IS T AN 200 R DI85 23 W b7 (Figure 4), OTX015,
JQ-1 B LW I-BET151 @D 50% DR HEFEHEIREE Td D 1Cso ITBIE & FLlt LU THHERRIZ I
THIR L7= (Table 2),

4 MLL-AF5q31
£
E, ==0=+ 0TX015-S (OTX015)
= —o— 0TX015-R (OTX015)
o ==-&=- 0TX015-S (JQ-1)
2 —t— OTX015-R (JQ-1)
S --0=-- 0TX015-S (I-BET151)

—0— OTX015-R (I-BET151)
J Sre—————)
0 5000 10000
Concentrations (nM)

" MV4;11
= 12
g 10 ==0=- 0TX015-S (OTX015)
= o8| —o— OTX015-R (OTX015)
| ==&=- QTX015-S (JQ-1)
z —o— OTX015-R (JQ-1)
< 04 1 A, -=0=- OTX015-S (I-BET151)
“ ozt By —o0— OTX015-R (-BET151)

0.0 i - e SN

0 200 400

Concentrations (nM)

Figure 4. Effect of BET inhibitors on cell growth in MLL-r cells by WST-8 assay.
MLL-r cells were treated with dimethyl sulfoxide (DMSO) or BET inhibitors at different
concentrations for 72 h, followed by measurement of cell viability. Data represent the mean + standard

error of the mean (SEM) of three independent experiments.
Amari, K., et al., Biochem. Biophys. Res. Commun., 588, 147-153 (2022)
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Table 2. ICs¢ values of BET inhibitors in MLL-r cells.

MLL-AF5q31 MV4;11
ICs0 (NM)
OTX015-S OTX015-R OTX015-S OTX015-R
OTX015 68.9 > 10000 454 319.2
JQ-1 95.0 > 10000 66.4 248.7
I-BET151 351.0 5900 192.9 850.8

12



DX, MR ORI ALE LTV DI E O OTX015 (MLL-AF5q31: 5 uM, MV4;11: 250
nM) [ZBWT, 7a—HA A MU= X0 HIILE 250 L7, B TIE, OTX015 4L
&% 24 KT G1 D EIA 23 MLL-AF5q31 Al TR 50%., MV4;11 Ml TR 15% 8 L 7=
ZEmh, MREAMEIEL TS ZENRBENT, £, WTIOMREIZB N TS,
OXTO015 AL % BEREMEAFAOIZ subGl HIDEIE A HEIN L, 72 BFf% 1213 MLL-AF5q31 e TR
25%. MV4;11 flifE TR 45%EIN L7 2 & 226, DNA WAk LRIRAED FFHE SN T\ D 2
EDVRIBE =, L L, MERR T G1 #135 X O subGl B o s - o fiakkic s
THRBD BN/en- 7= (Figure 5, Supplementary Figure 1),

MLL-AF5q31
100 = - — = — — U
£ 80 - :
: 0H M
= a
5 60 - =T} .
2 as
2 40 H ==l Fl H | =61
] msubG1
0
S SR S S R S S R
oTX015 — + + - + + - + +
24 h 48 h 72h
MV4;11
100 -E - - T - -
il
S G2
% 60 H |4}l F-= I1-- . US
2 a
2 a0 H [{H F- {1-- . 0G1
3 20 U . _ _ . masubG1
0
S §$ R S S R S § R
oTX015 — + + - + + - + +
24h 48h i2h

Figure 5. Effect of OTX015 on cell cycle in MLL-r cells by flow cytometry (FCM).
MLL-r cells were treated with DMSO or OTXO015, followed by analysis of cell cycle status. Data
represent the mean + SEM of three independent experiments.
Amari, K., et al., Biochem. Biophys. Res. Commun., 588, 147-153 (2022)
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FTo, MR OEEFRERHIALE L T DIREDO OTX015 128\ T, 7a—H A F A NY —ik
WEOTHRP—=VAZHMELTZE ZA . TR P—VAZEZILTWD EEZHILD AnnexinV
B PEREAE O A A3, MLL-AF5q31 Fla O BEE TIER 40%., MV4;11 a0 BE TIER 60%HE N
L 72 DIZxE U MR TIE OTX015 L& L D8N B S 472 2~> 7= (Figure 6, Supplementary
Figure2), & 51T, MR OEFERHZAE L TODIRED OTX015 IZBW T, YZ=AX T 1
v MEIZE Y caspase-3 DIEFTHALIC X 28I &2 5l L 72 & 2 5. MLL-AF5q31 3 XU MV4;11
AR DFIIE Tl cleaved caspase-3 DOFEHL EHNRO LN T-DITxt LT, MHEKRTIEIZ 0 LA
EWTNOMIEE THEEICIHK Lz (Figure 7). ZAUD OFERMN G| BN L7 iHERR I B
T, BET FERORESZMENBHICH L TR T L TR Y, OTX015 (2 XL % HiaE o Rk X
TR =Y ANFEINR Do T Z EDBRI NI,

MLL-AF5q31 MV4;11
60 - 100 [ o
— EZ 3 -
£ 50 F 80
@ Y
2 40 E 60
'% 30 DOlate 2 OLate
S MEarly 2 40 mEarl
§ 20 § y
< 10 < 20
0 0
omxers ° 5 R omxers S S R
5uM) + + (250nM)  — + +

Figure 6. Effect of OTX015 on apoptosis in MLL-r cells by FCM.

MLL-r cells were treated with DMSO or OTX015, followed by analysis of apoptosis by Annexin
V/PI double staining. Annexin V*/PI" cells indicate early apoptosis, and Annexin V*/PI" cells indicate
late apoptosis. Data represent the mean £ SEM of three independent experiments. Means = SEM were
analyzed using a one-way ANOVA, and multiple comparisons of means were performed with
Bonferroni’s correction. “p < 0.001.

Amari, K., et al., Biochem. Biophys. Res. Commun., 588, 147-153 (2022)
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MLL-AF5q31 MV4;11

Cleaved caspase-3 e Cleaved caspase-3 -
Caspase-3 —— - Caspase-3 - e
B-actin —— — e —
> S R omxots > 3 R
c:;):,(,)\;)s + + @sonm)y — + F

Figure 7. Evaluation of cleavage of caspase-3 in MLL-r cells by Western blotting.
MLL-r cells were treated with DMSO or OTX015, and then western blotting was performed. Results
shown are representative of two independent experiments.

Amari, K., et al., Biochem. Biophys. Res. Commun., 588, 147-153 (2022)
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1-3-2. OTXO015 MHERRIZE 1T 5 BRD4 35 X O BRD4 By + D R B2 AL

BET PHEHIIL. BRD4 Ik DX DT vF b ENT- Y D UERORMAEHEST S =
& C, B EE OHELITIZES I D MYC X° cyclin-dependent kinase 6 (CDK6), 17 R h— A 45+
Th % BCL2 FEDOWFZIEI L, MIEHOEESCT RN N— 20 gLk, 22
T, MERR OB ICALE L TV DI EE D OTX015 (MLL-AF5g31: 5 uM, MV4;11:250 nM) 12
BT, BET [HEHI ORI ToH 5 BRD4 OFEBLZ MLL-AF5q31 3 X X MV4;11 flfa ok &
MHPERE CHelE L7= & Z A MLL-AF5q31 35 K O MV4;11 R OTPERRIZ 35T, BRD4 & /X
7 E ORBINBAFE I _EH- L T2 (Figure 8A), BRD4 @ mRNA #8112 DU T ik, MLL-AF5q31
AR B W TIIA B2 2T e o 7223, OTXO015 Tt MV4;11 AR 38U CTIRIE e
MR 637z (Figure 8B),

A MLL-AF5q31 MV4;11
Brd4 o BRD4 -
B-actin e — B-actin - — —
S S R
otxo1s T U OTX015 i _R;
(5 uM) (250 nM)
B MLL-AF5q31 MV4;11
P g 20
Zg Eg
5% S& 15 |
o8 &8
@E Eﬁ' 10 |
oo 55
25 i 05
€ Y
s s R s s R s s R s s R
Y -+ S S
1h 24 h 1h 24h

Figure 8. Alteration of expressions of BRD4 in OTX015-S and OTX015-R MLL-r cells.

(A) MLL-r cells were treated with DMSO or OTXO015, and then western blotting was performed.
Results shown are representative of two independent experiments. (B) MLL-r cells were treated with
DMSO or OTXO015, and then qRT-PCR was performed. Data represent the mean + SEM of three
independent experiments. Means + SEM were analyzed using a one-way ANOVA, and multiple
comparisons of means were performed with Bonferroni’s correction.

Modified from Amari, K., et al., Biochem. Biophys. Res. Commun., 588, 147-153 (2022)
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IZ.BRD4 DIEH)Sy T 5 c-MYC, CDK4/6. BCL-2 D3 Hi A kR & itk Tl L 7=,
MLL-AF5q31 ffEiZ DWW TiE, BURICEBW T MYC OIEHLA OTX015 ALE% 1 B LU 24
KEfi], CDK6 23L&t 24 BRI CHBEICIK T L7z, BCL2 OB FEmN R iz, ik
PECIE, MYC OFEBUIBIRE DXL L [FIRRE CTH Y . CDK6 <° BCL2 DR BLITHINE D xf
F 0 EF L TWe (Figure 9A), Z /37 B3BLUL, W o7 6k & il U THERR T
BHEIC EH L TWe (Figure 10), MV4;11 M DWW T, BIERIZEB W T MYC OFEBLN
OTXO015 L % 1 el ds O 24 WEfE], CDK6., CDK4, BCL2 HMLiE T 24 FE CHEIZIL T L
7oo MHPERETIX, MYC, BCL2 DFEBUIBIE ORI HREE & [FFRE CTd o 72, CDK6 DFEBLIXIMiH 4
FRIZBW T HIKIRE L TIR T LT 223, CDK6 120 CDK4 DOIEEDSHER D% BREE L [7]
FEEEE C RH LT (Figure 9B), # v/ 7 ERBUT, WThos 11 OTX015 24L& L7
BIEE & Hels UIHERE C_EH- L Tz (Figure 10), PAEOFER 5 | 8IS L 72 WPERE IV T
BRD4 % /X7 B O K TIC K 28R 72 E5505, IR FORSiiELE Z L, BET A
EHNMEEZ 725 L TWD I ERRBR I,
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Myc Bcl?2
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Figure 9. Alteration of mRNA expressions of BRD4-related molecules in OTX015-S and OTX015-
R MLL-r cells.

(A) MLL-AF5q31 cells and (B) MV4;11 cells were treated with DMSO or OTXO015, and then qRT-
PCR was performed. Data represent the mean + SEM of three independent experiments. Means + SEM
were analyzed using a one-way ANOVA, and multiple comparisons of means were performed with
Bonferroni’s correction; “p < 0.05, “p < 0.01, ™p < 0.001, p < 0.05, 'p < 0.01, 7'p < 0.001.

Modified from Amari, K., et al., Biochem. Biophys. Res. Commun., 588, 147-153 (2022)
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MLL-AF5q31 MV4;11

c-Myc .| cMYC | »
Cdke  |™= - CDK4 I
Bcl-2 J— q BCL-2 s -
B-actin ...{ B-actin - — -‘
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Figure 10. Alteration of protein expressions of BRD4-related molecules in OTX015-S and
OTX015-R MLL-r cells.

MLL-r cells were treated with DMSO or OTX015, and then western blotting was performed. Results

shown are representative of two independent experiments.

Modified from Amari, K., et al., Biochem. Biophys. Res. Commun., 588, 147-153 (2022)
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1-3-3. OTXO015 MHPERRIC I 1T 5 = B % F o Bl oy 1- D3 B b

BRD4 % /\JHE, 28X F -7 uT7 7 Y — A% (ubiquitin-proteasome system; UPS) (Z
Lo CEDONMBPHE S TR, BRD4 ¥ X7 EONRICED 5 2% F By 1 &
LT, 28X F 2425 2 6% F AulEsR Td 5 speckle type BTB/POZ protein (SPOP),
X TFUERETHML X TF UALEEE ThH D deubiquitinating protein 3 (DUB3) 23 &
ITWD (54, 55), L L7t ARHFZECRINL L7= OTX015 it MLL-AF5q31 fifigicBu
T SPOP £ X UYDUB3 ® mRNA HLAZfER L& 2 A, BUKIZEBWT S uM @ OTX015 ALE
IZL % SPOP OFBUEAIT R AT, BIEE & MHERR ORI LI BLO ZITFRO b o7,
F£72. DUB3 ® mRNA FEBUIBUK, MHHEE & B ICHBN O 720 o 72 (Figure 11), Z O
BE0., EkoOME L ITRR 2T UBES T OMERNRE SN,

Dub3

-
o
T

Relative expression of mMRNA
transcripts (/1718S rRNA)

N.D.

w

1h 1h

Figure 11. Alteration of expressions of Spop and Dub3 mRNA transcripts in OTX015-S and
OTX015-R MLL-AF5q31 cells.

MLL-AF5q31 cells were treated with DMSO or OTX015, and then qRT-PCR was performed. Data

represent the mean + SEM of three independent experiments. N.D., not detected.
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% Z T, MLL-AF5q31 fifaz T Blkk & mHERRIZ I 1T 5 = B % F 2 BE 51O mRNA
WHZLE LT 2 A, v XTF U AblEE CTh D ubiquitin carboxyl-terminal hydrolase L5
(UCHLS) ™ mRNA FEBLA, Hikk & bl U CRHEARIZ IV THY 2.5 /% E5- L Cuiz (Figure
12A), OTXO015 MittE MV4;11 AARIZ IV T [RIARIZ, OTX015 AL 3Bk & Hulg LT, 24 FFfH
#121% UCHLS ® mRNA F8HLAK 3 f512 - L (Figure 12B), UCHLS # > /87 G DB L5
HBIEE STz (Figure 13), DL EOFERD G BISL L72MERRIZI51T % BRD4 & 2 /37 E D
RN Z > CWDJRIR E LT, UCHLS 23B5 U152 rTREME A RIR S iz,

A Uchl5 Usp10 Usp39

w
o

20

Relative expression of mRNA
transcripts (/18S rRNA)

1.0
0.0
opos 3§ & S 3 & 5§ 8
(5 uM)
h 1h 1h
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Figure 12. Alteration of ubiquitin-related molecules in OTX015-S and OTX015-R MLL-r cells.
(A) MLL-AF5q31 cells were treated with DMSO or OTX015, and then qRT-PCR was performed. (B)
MV4;11 cells were treated with DMSO or OTX015, and then qRT-PCR was performed. Data represent
the mean + SEM of three independent experiments. Means + SEM were analyzed using a one-way
ANOVA, and multiple comparisons of means were performed with Bonferroni’s correction; “p < 0.05,
p <0.05, p < 0.01. USP, ubiquitin-specific protease.
Amari, K., et al., Biochem. Biophys. Res. Commun., 588, 147-153 (2022)

MLL-AF5q31 MV4;11

Uchis | " D UCHL5 | -

B-actin -“i B-actin - — —

R S
OTX015 n n oTX015 n +

(5pM) (250 nM)

Figure 13. Alteration of expression of UCHLS in OTX015-S and OTX015-R MLL-r cells.
MLL-r cells were treated with DMSO or OTX015, and then western blotting was performed. Results
shown are representative of two independent experiments.

Amari, K., et al., Biochem. Biophys. Res. Commun., 588, 147-153 (2022)
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A B

BET PHEHNZ T 2 EAMMEIC TS LGS0 FORELZHE LT, BET [HEAITH S
OTX015 ZRHMMLET S Z &£ T, 5 uM ® OTX015 (2t & FF> MLL-AF5q31 #ifgs L O
250nM @ OTXO015 |ZMiPEZ £5-> MV4; 11 Ml A 82 L7z, TARFEERE LT, Blkk & MR
BT D OTX015 DA HEIZ L DR E 2 it L= & 2 A, OTX015 OIFE T (MLL-AF5q31:5
uM, MV4;11:250 nM) TIFEIRITIZ E A I L 72 o 72205 IPERR CIIEEsE+ 5 2 &3 C
X722 0D, OTXO015 (25T D HERMIEN R STz (T — X KHHK), 72, OTX015 FEAF/E
TITEUT 2 BUE LMK O BEFHEEE L ik Uiz & 2 A MV4; 11 HIE ClI s s B X RIFLE C
Ho7=H, MLL-AF5q31 #lfid IR D 725, HHEE IR T L (57— 2 RK¥HERK), €D
BHHAZ#E49 5 L. MLL-AF5q31 fifdi%, ~ 7 A B4 lineage FRVEMALIZ MLL-AF5q31 fit&E
GFEBANLBNL LM TH D (53), AFSq3] BEEIG 1T AF4 OFE&E G & L CRIE
I, MLL-AF4 BhE 81 & [AERICIE AR 38\ T HOXAY X° meis homeobox 1 (MEIST) @
RG24 TLESE 5 2 & THIIRORIEIZHF ST 5 (53,56), — /i T, MV4;11 11X MLL Bin1D
#4852 )0 2. C FLT3-internal tandem duplication (ITD) & ¥ %Ki 7= flifldtk TdH 5 (57), FLT3-
ITD Z %1% AML O 30%IZ 6N AERTHY | ITD ICERPER IS &L, FLT3 OFr v
X —BEALBEFEIEEET D22 ik v, VAV REFHETIZBNTE Fito
phosphatidylinositol-3 kinase (PI3K) 35 & TN RAS ¥ 7 /LRI &\ o T2 5E S 27 ) L O fl & 3
JLET D (58), $E-> T, FLT3-ITD ZEOAF MM BIkE & Hulg U 7= MHHERE O HEFR L (2 2253 H
THERO 1 D #EIND, SHIT, MHEERIZIB W TR O OTX015 O 2 K 2 HgE
HMEZHE L7 E 2 A, OTXO015 FEAFE(E FIZI W CHEFEEEE DMENITH R L7z, 72 K &
TORBRICBWUIAERELIIE AR T2 (T — X RKFEE), £z, HIREREICOVNTY
FEH DI T T LD | HIR & HlR U 7o MR O MERfiR T O B T, @ Btk OB &
itk & MMMERR DO RE RS & o Hel. @ OTX015 f#/E K (MLL-AF5q31: 5 pM. MV4;11: 250
nM) (23T 2B & IHERR & DBIZ OWTIRETT 5 2 & & Lz, L L7ed 5, 0TX015 3
F1E F COMMEROEHMOEERIIBIR TE TNz, S 672 5 HIRIBHT ORMETH 25
ThdEEZD,

FIST L 72 OTXO015 (iR Tld, OTX015 7217 T2 <, flid BET [HEAITH S JQ-1 X 1-
BETIS1 IZxT DI BN T LT\, £72. 203 2O(LEMIIWVT NG T B E B
ThHD, VU o EEZ D BET EA (59) IZOWTHIMMMEEZRT Z &% PHFERT
R LTS (T—ZRHEE), ZNOHOFER LY, BET LEAIOMIEIZBIR R < JEE Mm%
RTZENRBEINTZ, O, MIEYBLIOT R NV R L& 2 A, MiHERET
X BUR TR O L7z BET BAEANC X 2 MIaE M OEIELCT R h— ZAOFEERD 2oz,
AR E W OAF (R T AR b — A DFHEE A EEET 287 & L Cid. BET [HEAIOERTH D
BRD4 % > /X7 EOE R HBL EAITE D R F CTd 5 CDK4 7213 CDK6 <° BCL-2 0)%:
T, FRROTEIZ I b1 SO RTHDHEE XD, —FH T, BRD4 D mRNA %%fﬁ
ENIRMoT=Z EnD, BRDA X X7 B O3B ER X, BRD4 ¥ 2 /X7 B D5y iR iz
HDOTHD EREI N2, MV4; 11 MIIZ DWW T, MHERRIZ IS T BRD4 %E%%@iéﬂbn@mbx
D B2, BRD4 BI5T DHREIL, miR-125b <> miR-3140 & V> 7= microRNA (2 L 5 il f#1 23
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WEINTED (60,61), RUFFETHINL LIRSV T, 2405 O microRNA OFEREDNE
PEAEL T D ABEMEIE B 2 b D, £io, B L7233 % BRD2, BRD3 O3 HLZ1L
[Z oW, OTXO015 ifif?: MLL-AF5q31 #iliZ3V C, BRD2 8L O BRD3 O33N EH L
TS Z EZTPIRFERICTHER L TWD (T —FKIHK), NF«B ¥ 7 /LB OIEMEIZ X
% BET FLEAIMHEALOBEFFIZIB VT, BRD2 WBE L TWAD Z ERNRENTED (50). #T
L 72 MHMERRIZ BV T8 BRD2 38 L OVBRD3 23— B85 L TWA AIREMEIZB 2 I d 2 &b,
INBIZOWVWTIEHS O RDLIBMFADBLETH D,

BRD4 % L /87 B O5RARIET 54+ & LT, MRS D2 B F o B sy D%
BRHTIC L0, a5 LB CTH 5 UCHLS % fLH L7=, UCHLS (X, UPS IZHB\C,
ERZ X EORY) 2 8FF UEHERIISEMET 5 19S 7 a7 7 Y —hY T a=y M
AL, B RO REFRIE LTS (62), UCHLS 20 fifa i+ 2 g % o R0 g
IZ. transforming growth factor-B (TGF-B) + 7 /Wi IKICEE S350 7 CTH Y . TGF-B 12 L Dl
WL ) o 2 & ClEM L LERB R 7 & L CHRET % Smad2/3 X°, Wnt/B-catenin
TR B 59 HHRE R - CTd D transcription factor 7 (TCF7) 2A#E ST\ 5 (63,
64) 73, BRD4 % /X7 E DO RIZBE- L TV B HEIT 2, 6> T, WRETIX OTX015 ififik
R BRD4 % > /X7 E D4R E T D UCHLS O 5 Z sl 9 5,

VL EX Y, AT BET EANCHMEZ - 2 FEE O MLL & s BEE 3 7 ARk 2 bt
N U72, F£7- BET FHEAIMMEESHF & LT, BRD4 ¥ /37 EOEW 7238 EFIZHES
BRD4 il 155 1 D5, FIRRILEN T ST H 2 E2H LI Lz, S 52, BRD4 ¥ V87 g
DOFB EFIT, Pl xF AbEEFE TH D UCHLS (2K 5 BRD4 & /X7 B O43 RN &
HH DT D AREMEN RIS S L7z,
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2 E BRD4 Z L7 EONRIZEE LT~ BET PHEMIME 2 #45 L7- MLL &fsFBE
IR I 1T B M LA P o b

1 S

UPS 1L, EERMIENS v RI BN AT LD 1 OTHY, 2 EXF OB IO
BT 7Y=L X TF OO E SMRIZ I . B X7 E ORIREY R o2 48
> TW5, EFXTF L, adenosine triphosphate (ATP) O = F /X —ZF|f L7z X% F 0
PE(LBESR Bl & 2 X% F U A IR B2 OF X I L iR bEIh s, HHbahl-aexTr
X, 2EXFF UV H—Y E3 BIOAMNZ V0 ELEEEEZER L, B3 2N LT xF
URIEnD, 0%, 2 EXT UALKISREY IREIND T ETREEEINTZARY 28X TF
VB E, TR T T Y — AR T 5 E TCHMZ NI ENGREND (62,65), B MIEBW
Ti, 1 FEO E1, 9 50 FEE D E2 36 LUV 500 FEEELL B B3 BEIEE TIZRIE STV 5D,
MMENT=RY 28 F 8T, ¥ o7 BOnfigia e X T AR > TE /2
XF o ERVBAAIND, Fo, BT ALRER X DfERTO X X7 HIZf s
WAHZEXTFUDOREBICHEGLTEY, BBabeXxTF U T—B LB TF AL DY
52 L VEERY 2 X7 B D RIS ([ZHAE STV D (66),

F7o. UPSITERZ 2 /X7 O RIZINZ T, bk 7o EBEEICEE S LTk v, UPS A3 E8
I HifEIL, 2oV BICHT AR F oAV RS, a T TV — A
L5 TN EIRZDDIT 48 FEADY Vv (K48) 2N LR 2 FF o ThHdH, —
FT. NFEHOY P (K1), 63FBEHDY > (K63) I L72AR Y 28 FF A HInE
7B R FIIM D &2 R G EFEERTHZ LT LD, Ml NFkB & 7LD
REEICBE S35 2 LB TWD (67, 68).

DS AR BT, TEFEAN 2 MBS DOHERFCT AR b — 3 A [EIEED 7212, UPS & #H
IZIEME AL STV D Z g S Tuns, Gl #i-S 1o T2 535 cyclin E/CDK2 %
BUCHIET 2 2 & CHREORE @< ps3 1X, E3 =X F U F—ETH % murine
double minute 2 (MDM2) (Z LV 3RS CER Y . UPS OIEMEAKIZ X 0 M & B O ST 2 jid
SHTWD (69,70), F7=. UPS (FIETEREREFE (reactive oxygen species; ROS) DFRZEIZEI 55
52 LT, THRBM—VADERHZIEFE L TND (7]), —H T, DAMBROAEFZAGRRDT
IZOWTIE, B X F AR ZN LTERN S VP D EXTF U OREICLD
UPS #4252 & TEORRAELZENLSE WD, Bz xF AR ITHIER 100 FEEE
MAE SN TEY, #EOHELPEIZ L 5T 6 DORIIPEINTND (72), v XF 1k
BB B G320 FIXTVE TICEEHRE S TH Y . ubiquitin specific peptidase 28 (USP28)
L USP17 1 3EE 2 72 M AFEOHEFEIZEE & STV D -MYC OZELIZEES- LT\ 5D (73,74),
F 72, USP15 % ROS DOFREIZEI 5795 kelch like ECH associated protein 1 (KEAP1) % 22 &4k
L. NFE2 like BZIP transcription factor 2 (NRF2) DiEf:{t %4 L7z ROS DFREIZH G LTV 5
(75)e ZOE DI, DAMBIOMERE, AFFIZBWT UPS NEERERHEZR-L TR, 7m
TT = LHERITHLRLT VI T EIICDE LT, UPS 2= & LI=3KAI OB R B HE D
5TWND (76-78),
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& BT, UPS 75§#75%§U (2% B AN B EE L TnD Z ERmiEshTlh,

2 X FUALEERE OBEER 2R L OWi % F L ALBERE OTEME(LIC X 5. DNA B8 ICB 53
AR, AR b7 U AR—Z — L LT PHES X7 B DR ELE I U TS

:%?5 LTW5% (79,80), BET BHEANCSOWVTY, mjﬁ%m&ﬂw IZ3\C, BRD4 %
T DX TF ALEEE TH D SPOP DA FRIZ L HHEEEAR 2, BRD4 @/\ﬁef%jﬁfnﬂ%lﬁ"é
i &% F ALl#%E Tdh H DUB3 DOIEME(LE 4 L7= UPS @i’fﬂﬁﬁl ZX %5 BRD4 ¥ X7 ED
EALNEANMECF T 5 2 EDRWMEIN TS (54, 55), AIEEICBWTEHE L, BET IKEH£
FlPE 2 45 L 72 MLL 8 ix1-BE B s RERIZ 3V T BRD4 & 2 /37 B O FEBLSBHZE 1
EHRLTHY, BRD4 Z VB O fRERIET 28RO e F By & LT, iz
X F ALEERE TH D UCHLS ORG-OR[RetEZ R LTz, & 2 CARE TIL, B w:mm%
DOEFE, AA73 L OVBRDE & /"7 E D53 i#IZ351F 5 UCHLS OFEZH 60T 5729
small hairpin RNA (shRNA) 35 L OPHEAIZ V2 UCHLS OFFEIC X Dtk ~D 5 %i.“%:*ﬁ
S L72, &5, MHERRICEIT D UCHLS O3 HLHIEBERE > W TRt L7z,
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%26 ERIGE
2-2-1. i AR IS L OAEE

ARETHHT 5 MLL Bs 1B 1 i fifaiki L5 1 = & [FERIZ MLL-AF5q31 fifdds L O
MV4;11 #ITH 5, HEEEMELE 13 12-1. LEEETH D, £7-. E FUCHLS /) v 7 &
T AR T A VARG H— T ERS B 72912, HEK293T #lfidz ATCC LA LT,
HEK293T #ifiiX, 10% FBS (Sigma-Aldrich), 1%~<=3U -2 kL7 h~A > > (FUJIFILM
iSRS 4) & & Te Low-Glucose Dulbecco's Modified Eagle Medium (FUJIFILM Fil3¢ i
kA Sth) T Le, & TOMMIT 37°C. 20% 0., 5% CO,. 75% N, OEREE F TH#% L
72, UCHLS5 [HEAITH 5 b-AP15, CDK4/6 FHEHITH 5 Abemaciclib {3 MedChemExpress 7>
SEEA LTz,

2-2-2. OTXO015 [t MV4;11 fifRlZ 3517 5 UCHLS / v 7 X7 v DRI DWW T OfEt
2-2-2-1.UCHLS / v 7 & 7 > Hifaik o /EHL

OTXO015 it MV4;11 ffRiCB TS NUCHLS © ) v 7 X o, 7 T3 A 7 U Uil
1 ShRNA 35l 7 7 A 2 R (EZ-tet-pLKO-puro-UCHL5) % VA VAR X —{ETHATLHZ L
IZ X V1T o7, EZ-tet-pLKO-puro-UCHLS (%, EZ-tet-pLKO-puro (#85966; Addgene, Watertown,
MA, USA) {Z UCHLS (2% 9 % shRNA Eil ZflAiAte Z & TERLL 72 (81), T A VAR 1%
Fugene HD (Promega) % FV T, shRNA %877 A I R X7 % —_ pMDLg/pRRE, pRSV-Rev
BEL O pMD2.G X7 ¥ — (Addgene) % HEK293T fifdica 7 v A7 =27 v ar352 LT
B, hT AT 27 v a % AR TUANVARR TG END EEEBI LT, Z Dk,
OTXO015 TfiHE MV4;11 ffE OB I 7 A VA EIER KL OV 16 pg/mL polybrene (757 A 7
A7 RS ZNZ T 72 WS L, Milaz 7 A4 VR Y S 72, A L7z shRNA 3§
BT A F_T Z—[%, puromycin [HPEEA T2 — RSN TWD Z L h | YL S H 75
Jid % 0.15 pg/mL puromycin (FUJIFILM FOGHMBEMRS ) 2 58A Lo To ARgEE L, 7
T A RASEA ST HII 0D B % 384K 7=, shRNA BHAFHET 572010 L pgml 7 k7
A 7V~ (FUJIFILM Fotfligrkastl) #4@ L, 0% OFmIC AV, xHREX, & b
270 I FICHEAE L2 WAL HIC L 72 shRNA (shCtrl) %3 A L 7= OTXO015 (fittE MV4;11 i
& L7z, ZOEBRTHA L= shRNA EFIZ-2U Tt Supplementary Table 4 (27~ L7z, 728,
DANART B —ECL DT TAI KRR —DEAE IO E LT —EOBEGA A2
FERIZ DWW T, AR KBS T A X RO AGEZ STV D KRE 5 G21-016-01),

2-2-2-2. mRNA F 5L
UCHLS5 / v 7 %o UHilatk % 1.0x10° cells/mL OBEETHER L, 1 uygmL 7 8 7% A2V
VEALE LTz, 48 FERIMZICHIIRZEIR L, B 1 & 1-2-6. L [RIEED 5L T qRT-PCR {EI2 XY
mRNA R AT LTz, ZOFEBRTHEHALLET 7 A4 ~v—72 6T 7 —7 1%, Supplementary
Table 1 127~ L1772,

2-2-2-3. & X7 G IS A
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UCHL5 / v 7 B v ARk % 5.0x10% cells/mL DEFETHEML, 1 pg/mL 7 7% A 27V
Y EALVE LTz, 96 REFIZICHIIAZ IR L, 5518 1-2-7. LREBEOFETYZAZ Ty K
FENCE 0 &2 R EIRBLEfRAT LT, PEEHEIZIT Vinculin 2 VW7o, ZOFEBRTHEALZ—
BRI Supplementary Table 3 127~ L7z,

2-2-2-4. HMRREFERE O R
MPERRIZH5 1T 2 UCHLS /v 7 20 OAIRIIEFEREIC KT T~ D 588 % . b Y R 7 —Yufh
kDALY TR L7, UCHLS / v 27 X7 Uitk % 6-well 7L — K (Thermo
Fisher Scientific) (T 5.0x10%cells/mL &L THERE L, 1 pg/mL 7 F %A 7 U U2 /E LT,
24 Ff 2 & 12 96 WFfE] & CHEFIREIIR 2 10 uL BREX L, 10uL @ R U N7 — LiRE L Tk
N NaiTole, MUV =28 L. b U AU T —EIK T S L7 WOl 2
AR & UL AR A A L 72,

2-2-3. OTXO015 MHPERKRIZ %9 % UCHLS BHEH] b-AP15 ORZEIZ DUV T OfiGET
2-2-3-1. SRR O R

MPERRIZH81F % UCHLS BEEOF 2% | UCHLS BHEAITH D b-AP1S ZALET H 2 & CTHE
i L7z, b-AP15 OMIALIEFHEEIZ T D 88X, WST-8 assay Calfi L 7=, MLL iE{s 1B
M #la % 96-well 7L — b (Thermo Fisher Scientific) (24 well 72 ¥ 1.0x103 cells/well (MLL-
AF5q31) F£721% 1.0x10* cells/well (MV4;11) D% CTHEFE L | 48 FFHE538 L 7=, £ D14, b-AP15
D B EATIRIE & 24 BE[E1 5% L. Cell CountKit-8 73K % 4% well (Z 10 L T2z, v~ 7
L — K U —4#— (GloMax: Promega) % i/ L CWEE (MR & 450 nm) % HE L 7=,

F£7-. UCHLS [HEIZ X 0 iERRICH 1T D BET BLEARIORZMENE(LT D008 5 & FEHl
L 72, OTXO015 ffif: MLL-AF5q31 #lfE% 6-well 7" L— R IZ 1.0x10* cells/mL D% FE CHERE L |
48 P L7-#%. 500 nM @ b-AP15 % 3 il &R L7c, 3 RISz EI L, Briwv
BEHiC 2 [FIYEF1%  96-well 7' L — MZ%& well &72 D 1.0x103 cells/well D% THEFE L, OTX015
D BEFERIIE & & 12 72 R[] #4FE L7, Cell Count Kit-8 3XIE % % well (2 10 pL " DMLE L |
~Ar7a T — )= =% U TRORE (BRI R 450 nm) ZHIE L7, 50% D
FudEFERHEIREE CTd> 5 1Cso DB, FEFPZENF T = 77 F A CaleuSyn Z M L TR L7z,

2-2-3-2. TR b — 3 AfRNT

b-APIS IZ X VFFHIND T A b— ADOMHTIE, 8 1 &7 1-2-5. & [AIFRIC Annexin V/PI &
BIZL D7 —H A F A MU —iE TR L7z, MLL 8 {s+ B A fpfila 4 1.0x10 cells/mL
(MLL-AF5q31) 7203 1.0x10°cells/mL (MV4;11) O FECHERE L, 48 Kefil5# L 7214, b-API15
% 24 WE[Z#% L7 (MLL-AF5q31: 1 uM, MV4;11: 750 nM), 24 FFRI# g A B L, PBS
(-) T¥e¥Fi%. AnnexinV, PI CTH«f (%R, 1047) L. BDLSR Fortessa flow cytometer 33 & T
BD FACS Diva Y 7 b7 =7 2 HWTHNT L7z, #ERIX Flowlo Y 7 b =7 2 HWTT —#
ST LTz,
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2-2-3-3.4 2 X 7 B B
MiFEAR &2 1.0x10% cells/mL (MLL-AF5q31) %7203 1.0x10%cells/mL (MV4;11) D% CHERE L |
48 RFHIEEE L7, b-APIS & LT, ZOHKMIMEZEIIRL, Vo2 Z 7 my MEITKD
B IR AT LT, PIEEYEIZIT Vinculin & VN2, Z OFEBRTHH L= —&kHUAIE
Supplementary Table 3 |27~ L7,

2-2-4. OTXO015 MHPERKRIZ 3% CDK4/6 FHE A Abemaciclib DFZEEIZ DT D FRET
2-2-4-1. FMREEFERE O M

MHPERRIC 31T 5 CDK4/6 [LE D% . CDK4/6 BLEH|TH % Abemaciclib # ALE 45 Z &
TRl L7z, Abemaciclib OHEFLIEFEREIZ x5 5 281%. WST-8 assay Taiii L 72, MLL #Eix
B [ MRS & 96-well 7' L — MZ4 well 729 1.0x10° cells/well (MLL-AF5q31) F£7-1%
1.0x10* cells/well (MV4;11) D% E THERE L. Abemaciclib DEXMEZIRIL & & B2 72 BifH R
L7, Cell CountKit-8 #IK %A% well (IZ 10 uL 2%, v 7 a7 L — K U —%— (GloMax:
Promega) %M L TG (WKW 450 nm) % HIE L7z,

Fio. MPERRIZISIT 2 OTX015 & CDK4/6 FHEAIO GF I & 2 MRS FEm sl h iz > T
S L7=. MLL &5+ EE A MmAin 2 96-well 7' L— ~Z£ well 720 1.0x10° cells/well
(MLL-AF5q31) F721% 1.0x10* cells/well (MV4;11) D% TR L., OTX015 (MLL-AF5q31: 5
uM, MV4;11: 250 nM) 35 & TY Abemaciclib (MLL-AF5g31: 50 nM, MV4;11: 50 nM) % 72 RffH]
5% L7-, Cell Count Kit-8 I Z % well IZ 10puL ¥z, v~ 7S L —h) —F—
(GloMax: Promega) Z i/ L TG (R R & 450 nm) A HIE L7z,

2-2-4-2. TR b — 3 AFRHT
Abemaciclib IC L VFFHEINDT A b— AN IX. F 1 8 1-2-5. & [FFEIZ Annexin V/PI
Rk 7v—H% A M A MY —JETEMli L7z, MLL B{x7BIE H Mz 1.0x10*
cells/mL (MLL-AF5q31) %7213 1.0x10° cells/mL (MV4;11) D% CTHERE L. Abemaciclib % 4L
& L7= (MLL-AF5q31:250 nM, MV4;11: 150 nM), 72 FEf#ICHIEZ [ L, PBS (-) TH%
%2, AnnexinV, PI TY¢fa (=R, 1047) L. BDLSR Fortessa flow cytometer 35 J2 U8 BD FACS
Diva ¥ 7 b7 =7 & HWTHAT LT, FE8RIE Flowlo Y 7 b =7 & W CTT — X 081 L=,

2-2-4-3. mRNA 3¢ 513
MR IZ 1T 5 CDK4/6 BHLEIZ X % mRNA J681% qRT-PCR 5% HVW TR L 7=, MLL &
{57 BEIE [ PR AE 2 1.0x10% cells/mL (MLL-AF5q31) %7213 1.0x10° cells/mL (MV4;11) D%
FECHEFE L. Abemaciclib % #Li& L 7= (MLL-AF5q31: 250 nM, MV4;11: 150 nM), 24 B§ffj#£(Z
MifEZ BT L, 55 1 3 1-2-6. L [AIERD 55T mRNA BB AT L7, ZOFEBRTHEALE
7T A ~—72 b5 NI 17— L, Supplementary Table 1, 2 (27~ L7,

2-2-4-4. % X7 S B ETAM
MPERRIZ I T 5D CDK4/6 BREIC L 2 X VXV ERBR A, Vo AX 7y MEZHWTEE
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fifi U7=. MLL & f=+BEE (A i psfiiE 2 1.0x10% cells/mL (MLL-AF5q31) %7213 1.0x10° cells/mL
(MV4;11) O%FECHefE L | Abemaciclib Z ZL{&E L 72 (MLL-AF5¢31:250 nM, MV4;11: 150 nM),
72 REfER IS A EI U, 55 1 3 1-2-7. LR HIETE ™7 B3 BLA ffir LT, NARYE
(21 B-actin 35 X T8 Vinculin 2 Vo, ZOFEBRTHH L 72— $FUAIX Supplementary Table 3
W2 LT,

2-2-5. WREHEAT

2T OfEMNTIL GraphPad Prism 5 (GraphPad Software Inc.) % W TIT-o 72, fGRE 5%LL T %
MEHFHINCHEZNH D EHIE LT,
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%3 A ERRRER
2-3-1. OTX015 MMPERRIZ 1 D UCHLS FHLE O 2 DT O

MR DEFE, A A1FF KON BRD4 # /X7 B O3 EICk$ % UCHLS O A B 52T
%7212, UCHLS (%45 shRNA FHL 77 A I K7 ¥ —% OTX015 fitth MV4;11 fiziz
ML= UCHLS / v 7 ¥ v Ufiflakk s AV -C UCHLS / v 7 ¥ v D58 % 3~ 7=, UCHLS
IZ%f9 % shRNA (shUCHLS) (3 2 FifERGH L, qRT-PCRIEIZE D T h T ¥ A 7 U ALE 48 I
[f1%% ™ UCHLS5 @ mRNA FBLZ R L7 & 2 A UCHLS / v 7 # 7 U AlifakkIZ 31T D UCHLS
DOFBLUX, 22> h a2 —/L shRNA (shCtrl) ZEH A L7-Aifd & i L THEIZIEK T L T\
(Figure 14), UCHLS / v 7 X2 7 0 Fi%, shUCHLS #1 % 3E A L 7= #lifid T3k 25%, shUCHLS
#2 %N L7=HIE T3k 80% CTdH W, shUCHLS #2 (%, shUCHLS #1 (2 LT, L Vi&ENIC
UCHLS / v 7 # 0 hRam LIc 2 Lonh | LIREOER TIE shUCHLS #2 8 A L 72 #ilfie 2
RV L 7=,

UCHLS

wRE

-l
o

-
o

o
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o
=
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transcripts (/18S rRNA)
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Figure 14. Alteration of expression of UCHLS5S mRNA transcripts after UCHLS knockdown in
OTX015-R MV4;11 cells.

UCHLS5 mRNA transcript levels after 48 h of treatment with tetracycline detected by qRT-PCR. Data
represent the mean + SEM of three independent experiments. Means + SEM were analyzed using a one-
way ANOVA, and multiple comparisons of means were performed with Bonferroni’s correction; “p <
0.05, ™p < 0.001.

Amari, K., et al., Biochem. Biophys. Res. Commun., 588, 147-153 (2022)
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VIAZTay MEICXDT T A 7 U CALER 96 IEfE]O UCHLS, BRD4 O & /X
7 EFRBEFIE L7 & Z A, shUCHLS #2 38 A L7- UCHLS / v 7 Z0 AlflatkIZIs VT
UCHLS & & 12 BRD4 # "V E D L WRBUK T 23380 bit/z (Figure 15), £72. 7 7
T A 7 U HLER 24 W & L ICHIIRE A FHAIT S Z LI R D MR A R L 2 AL T
YA 7 U HLE 96 FE# 21T D UCHLS / v 7 &2 0 AR oML shCrl 38 A
LMD CTh o722 & v, UCHLS @/ v 7 X2 07 A2 X0 THERE 0O HH HR a5 5 L M

T L7z (Figure 16),
ons G

BRD4 Lol

Vinculin

shCtrl

shUCHLS5 #2

Figure 15. Alteration of protein expressions of UCHLS and BRD4 after UCHLS knockdown in
OTX015-R MV4;11 cells.

UCHLS5 and BRD4 protein levels were assessed by western blotting after tetracycline treatment for
96 h. Results shown are representative of two independent experiments.

Amari, K., et al., Biochem. Biophys. Res. Commun., 588, 147-153 (2022)
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Figure 16. Effect of UCHLS knockdown on cell growth in OTX015-R MV4;11 cells.

Cells were counted by trypan blue staining every 24 h up to 96 h after tetracycline treatment. Data
represent the mean = SEM of three independent experiments. Means + SEM were analyzed using a two-
way repeated-measures ANOVA, and multiple comparisons of means were performed with Bonferroni’s
correction; ~p < 0.005, “p < 0.001.

Amari, K., et al., Biochem. Biophys. Res. Commun., 588, 147-153 (2022)

33



#eVN T, UCHLS FHEHITH 5 b-AP15 Z AV, MiHRkICI 1T 5D UCHLS FHE O 2D

TaMli L7, b-AP15 IZ,

MLL-AF5q31 3 £ O MV4;11 MR OB 72T T < MRPEFRIZ IV T

R EARAFR RS O I &2 5 & = L7- (Figure 17), F 72, 50% 0Dl i B 5 55
T 5 ICsofli TP b-AP15 ALEIZ & ¥ . Annexin V BV OEIG NN L2 Z L6, #il
FEDOFHE R I 7= (Figure 18, Supplementary Figure 3), %72, MLL-AF5q31 3 LU MV4;11
AR OTX015 MHPERRIZISUVN T, b-AP15 OALER 3 FFHLIE T BRD4 % o /X7 ERELOK T
DFRO BT (Figure 19),

o O == -
o o o kN

o o
N

Relative cell growth
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Figure 17. Effect of b-AP15 on cell growth in MLL-r cells.
MLL-r cells were treated with DMSO or b-AP15 at different concentrations for 24 h, followed by

measurement of cell viability. Data represent the mean = SEM of three independent experiments.

Amari, K., et al., Biochem. Biophys. Res. Commun., 588, 147-153 (2022)
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Figure 18. Effect of b-AP15 on apoptosis in MLL-r cells.
MLL-r cells were treated with DMSO or b-AP15, followed by analysis of apoptosis. Data represent
the mean + SEM of three independent experiments. Means = SEM were analyzed using an unpaired t-

test; p < 0.001.
Amari, K., et al., Biochem. Biophys. Res. Commun., 588, 147-153 (2022)
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Figure 19. Alteration of protein expression of BRD4 after b-AP15 treatment in OTX015-R MLL-
r cells.

OTXO015-resistant MLL-r cells were treated with b-AP15 for the indicated times, and then western
blotting was performed. Results shown are representative of two independent experiments.

Amari, K., et al., Biochem. Biophys. Res. Commun., 588, 147-153 (2022)
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& 512, UCHLS DFHEIC L BRD4 # SV BRBAIK T SE5 2 &2, MHEREICBIT 5
BET BHEAIMMED wRIZ D723 5 A fatd 572912, OTX015 ffift: MLL-AF5q31 #EfaiZ 3
VT, b-AP15 BITALE OAEIZ X % OTX015 (Zxh3 2 M s s il 2h 5 2 574 L 7=, b-AP15 &
RLEEFE 1L, OTXO015 Mit?E MLL-AF5q31 FIIOBFHICIE & A L8912 BRD4 % 37 'F
DIR T ZFHET HIRETH D 500 nM & L7 (Supplementary Figure 4), WST-8 assay D5,
b-AP15 Z HIALE L CWZRWHIIEIZE T D OTX015 D 50%D A FELERRE THh 5 1Cs H
110 uM BL EToH o 72DIzxf L, b-AP15 ZRiALE L 72 AIfIZ 31T 5 OTX015 O ICso fE I 3.3
uM TH Y . OTX015 OEZMEN EF- L7z (Figure 20), LA EOFER X v | BISL L -itErRIC 3
VT, UCHLS 1% BRD4 % v /37 O3 RGN % 5 L CH Y . UCHLS O%BL 573 BRD4
B R B OB ERORIK & 705 2 & B3R E Tz,

14
12 -=0=- b-AP15(.)
1.0 N —o— b-AP15 (+)
0.8
0.6
04
0.2
0.0

Relative cell growth

0 5000 10000
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Figure 20. Evaluation of the sensitivity of OTX015 after b-AP1S treatment in OTX015-R MLL-
AF5q31 cells.

OTXO015-resistant MLL-AF5q31 cells were treated with DMSO or b-AP15 (500 nM) for 3 h. After
removal of b-AP15, cells were washed twice and treated with OTXO015 at different concentrations for
72 h, followed by measurement of cell viability. Data represent the mean = SEM of three independent
experiments.

Amari, K., et al., Biochem. Biophys. Res. Commun., 588, 147-153 (2022)
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2-3-2. CDK4/6 (235 B L7z OTXO015 MifERRIZF51F 5 UCHLS il st o f s

i &% T ALEESR OMSERIZRIS ICHIE STl 0, HliE L L, BB - REORE
SR BIER 72 CRE 2 RS STV D (82-85), UCHL5S d¥Hii%. E2 promotor
binding factor 1 (E2F1) IZ LV HfI S TWD Z ERE LTV D (86), E2F1 1%, 2 AHNHE
f5¥- T % retinoblastoma transcriptional corepressor (RB) (Z351F % U U IBLIESF DA HEIZ LV
ZOMRENHE SN THEY, RB BN UEBLEZT 5 & E2F1 EHEEREZERTE R,
E2F1 |2 & DA B s - OG0T T4 %5, £72. RB X CDK4/6 & Cyclin D 72572 A
IZED U U b EZT TN D (87), & 2 TEHIX, [CDK4/6 A3 UCHLS OFBLHIEIZES- L
TW5 ] S %E LT, CDK4/6 BLEAITH 5 Abemaciclib 2 FVN T, UCHLS #§RERIEIZ I 1)
% CDK4/6 O3 45-% Figt L 72, MLL-AF5q31 35 X O'MV4;11 i OTX015 iRz B0V
CDK4/6 [H5E1Z £ % UCHLS HELOFZIZ OV T qRT-PCR {ERB LNy = A X 7 my MET
A L 72 & 2 A, 24 K§fi] > Abemaciclib DALEIZ K UCHLS ¢ mRNA J3817% MLL-AF5q31
AR THI 40%, MV4;11 Al THI 30%1I5 N L7= (Figure21), F 7=, 72 K] Abemaciclib DAL
&1 UCHLS # > X7 B ORIBULT & & 12, UCHLS PHEHMLEREZ A 5 1172 BRD4 4 /X

BHORBIK T 2755 L, BRD4 mﬂﬁﬁﬁuz:%f%é ¢c-MYC. BCL-2 @%ﬁ%ﬁ?éﬁf:

(Flgure 22), T B DFEFRN S, CDK4/6 75 UCHLS D35k %2/ L C BRD4 ¥ v /37 &
SR AE R LSS 2 E RS VT,
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Figure 21. Alteration of expression of UCHL5 mRNA transcripts after Abemaciclib treatment in
OTXO015-R MLL-r cells.
MLL-r cells were treated with DMSO or abemaciclib, and then qRT-PCR was performed. Data represent
the mean + SEM of three independent experiments. Means + SEM were analyzed using an unpaired t-
test; “p < 0.01, *p < 0.001.

Amari, K., et al., Biochem. Biophys. Res. Commun., 588, 147-153 (2022)

38



MLL-AF5q31 MV4;11

Brd4 - BRD4 e
Vinculin — Vinculin --
Uchl5 - UCHL5 -—
c-Myc — - c-MYC i ;
Bcl-2 — BCL-2 -— "'“
B-actin v wo— B-actin o —
Abemaciclib . Abemaciclib
(250 nM) + (150 nM) +

Figure 22. Alteration of protein expression after Abemaciclib treatment in OTX015-R MLL-r cells.
MLL-r cells were treated with DMSO or abemaciclib, and then western blotting was performed.

Results shown are representative of two independent experiments.
Amari, K., et al., Biochem. Biophys. Res. Commun., 588, 147-153 (2022)
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WIZ, BET FLEAIMYERIC K95 CDK4/6 FLEAOFUEE 2R IZ >V TR LT,
Abemaciclib OALE T MLL-AF5q31 3 X X MV4;11 #lOW-F B VLT, #ikkE X ONmE
BRCIR R AF ) 72 MR BEFE PN &4 5538 L 7= (Figure 23), F£7-. MLL-AF5q31 33 X OV MV4;11 #l
R DB 72 & ONTMHMHERRIZ I8N T, 50% D A HEFE PR E I EE T d 5 1Cso T Abemaciclib 4LiE
LIRS 2 5l L7 & = A, MLL-AF5q31 #faO#IRE Tt Annexin V BEPEHIIEOBIMIT R S
IR o 7oy MHPERRIZE VT Annexin V GPEMIIE OGRS H v, MIIEOFHFEI R I
ALTzo MV4 1T MIBEIZ 3N TIE, 8RR & i ERK & $ 12 Abemaciclib ZLE (2 & 0 AHAESE A 358 <
U7z (Figure 24, Supplementary Figure 5),
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Figure 23. Effect of Abemaciclib on cell growth in MLL-r cells.
MLL-r cells were treated with DMSO or abemaciclib at different concentrations for 72 h, followed
by measurement of cell viability. Data represent the mean £ SEM of three independent experiments.
Amari, K., et al., Biochem. Biophys. Res. Commun., 588, 147-153 (2022)
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Figure 24. Effect of Abemaciclib on apoptosis in MLL-r cells.

MLL-r cells were treated with DMSO or Abemaciclib, followed by analysis of apoptosis. Data
represent the mean + SEM of three independent experiments. Means + SEM were analyzed using an
unpaired t-test; “p < 0.001.

Amari, K., et al., Biochem. Biophys. Res. Commun., 588, 147-153 (2022)

41



S 5T, Abemaciclib & OTX015 OUFHIZ K 0 | WHERRIZ KT 2 HUIESE R R A3 R T2 i
~7=, OTX015 HA| (MLL-AF5q31: 5 uM, MV4;11: 250 nM) TOAIAEHESEIT MLL-AF5q31 #
JETHI 40%, MV4;11 TIHK 10%5] 21, Abemaciclib Hi%| (MLL-AF5q31: 50nM, MV4;11:
50nM) TOMAIHETEIL 2 Bk & HITHI 20% 6] S 7z, — . 2 FOPFHFFCiX, MLL-AF5q31
HRR D ARRIETE DK 60%. MV4;11 AL O HERLIEFE K 50% I S ivie 2 &b 2 #lZ& O
T5HZ LT, XYM E O 25 /L 5407 (Figure 25), LA EOFER G CDK4/6 FH
EHNT BET BREAIMIEZ e ik 3 2182 015D 2 LR STz,
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Figure 25. Combination effect of OTX015 and Abemaciclib on cell growth in MLL-r cells.

MLL- cells were treated with OTX015 or abemaciclib or both drugs at different concentrations for 72
h, followed by measurement of cell viability. Data represent the mean + SEM of three independent
experiments. Means + SEM were analyzed using a one-way ANOVA, and multiple comparisons of
means were performed with Bonferroni’s correction; “p < 0.05, “p < 0.01, ™*p < 0.001, Tp < 0.01, 'p
<0.001.
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AT B
BRD4 # > /X7 EO53fEIX UPS ICE D HI S TEY . W DD B % F sy 10
®2S BET [EAIMMELZ -T2 eRBEINTWD, & 1 ETEHIL, B L
OTXO015 i MLL 1& s B (3 MM AaER I3 T BET BLEAIOFER) T&H 5 BRD4 B8 L
HFE:L B F AR T D UCHLS DREN EF L TW\W=Z &» 5, UCHLS 75 BRD4 # /)
B O o 2t U7z BET BREAIMMEC TS L2 B o= % F Bs 1 CTh 5 AlhE
r%,%m L7z, 2 FIZ, UCHLS5 @ BET BHEHIMH &S OB F ¥ OV UCHLS FE LU DREFT
ZRERT N MET Lo, £, shRNA I L OPHFAIZ v 72 UCHLS OFHEFERIZ L5 BET
Bﬂ%ﬁﬂﬁﬁﬂ%ka@%’iﬂmﬁﬁ L7z, shRNA |ZX % UCHL5 @/ v 7 %73 X1 UCHL5 BH
EHTh D b-AP15 DALEIZ LV . BRD4 # o 37 BORBUL T, HIFHEAINEI S L O A R
—VAEFHE LT, :@F%z‘) 5. BET BHEAMMARIZI VT, UCHLS 1 BRD4 # /37 &
DHRIZEE- LT Y . UCHLS O3B EFH 29 L7z BRD4 & /X7 E D53 fENHNT
BRD4 % L XV EOFERDIEE EANEZ 5 Z ENRBEINT-, £7-. b-API15 @HU@L z
. MERRIC BT 5 BET BLEA] OTX015 O N —EREIE L= Z & 2>5, UCHLS Bﬂ%“ﬁﬂ
IXBRD4 % L R E OB KT &5 2 & CBET MLEANMMEZ iR T2 HAN 2055 2
E MRS T, b-AP1S @HIJML (2 X DIHPERRIZI 1T D OTX015 DEZ D [EIE N ER 43T dH
S7-DIX, b-AP15 ALEIZ X ATTERKIZIS 1T 5 BRD4 OFEBLA, BIKIZE1T 5 BRD4 DR BLE
F TR T, UCHLS FLEIC L % BRD4 # > /7 EORBUK FIERBIREN TH - 725 T
bn MRS D, — . UCHLS BWofRz T o 5E % "7 E & LT, TGF-B ¥ 7 F /L%
% BH58 551 Smad2/3 X°, Wnt/B-catenin 7 /LR ESE 751 TCF7 s STV 5 (63, 64),
TGF-B 3 X O Wat/B-catenin > 7 /U 1% BET FHEFIMHERIZ VTR S ST
WHREETH D Z LD (48). ABFFEIZEVT, UCHLS FHEIC K U MRPERE O Fl fa b FE il <>
FEAEDNEE = » 727 & LT, TGF-p B X O Wnt/B-catenin ¥ 7 /LRI L E OB 51345 € C
e, WIS L72MERRIC 31T 5, UCHLS FFEIZ £ 5 Smad2/3 <° TCF7 OFEZEIZ DWW T
TR TWRW), EORIRFBMETHD B2 D,

EHIT S DI MPERRIC 31T 2 UCHLS #EREHIAENZ -2 T CDK4/6 FHE I T d % Abemaciclib
75 UCHLS OB AL T EE5Z L 2WH 5T LTZ, £7-. Abemaciclib ZLEIZ X v MHERRIC
B % BRD4 By FOFRBUK T, MIHEHEIEH . 7R b= Z0OFEREO Ll 2 &
5. CDK4/6 [HEI7S BET [HEAM M 2 7k 9~ 2 AN /2 % 2 L 2V S4vlz, CDK4/6 DFRE
78 UCHLS ORBAK T S5 & LT, E2F1-RB REOMHEICL Y 725 Sh-fER &
Ez bbb, F£7o. BET BFEANCHMEZFFORINVIRDBA T, B XF AL THD
DUB3 DOIEMEAY CDK4/6 # /1 L7V VDY VEMEUIZ L D i STV D 2 & 3l X
NTWD (54) Z L. RbNIA IO AN 5, BET BLEARIMEAL 2 ¢ 72 b9 2 2% F B
53 FDOFENZIBN T, CDK4A/6 [TEE R EFIZ R L TWD I LRI, £/o, B L
72 OTXO015 MHEFRk D 1T 6 MLL-AF5q31 AlaIZ 35U Tl CDK4/6 BHEAI DALEIZ L v BAZE
ICHE N BB Sz Z LD MLL-AF5q31 fifio> BET FLEFIMHE(LIL CDK4/6 (258 < 4K
FLTWDZ ERHEREIND,

LbEX Y, KRETIT BET FAEAMMEZ 4 L7z MLL #E{s1BE A s iz 3T
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CDK4/6-UCHL5-BRD4 #%i#& DI AL 23 BET FEAIMEIC AT 5 L TVWDH Z BRI E T, &
512, CDK4/6 1Z BRD4 |Z & » TERGE NG S5 50 FO—2>Th 5 Z &5 BRD4, CDK4/6,
UCHLS5 O] T7 4 — Ry 7 V—T%TET 5 Z LI LV BET FEANT T 5 i 2
SETWAAREMENRE 2 B D (Figure 26), Z DRRIEOIEMACICE TS, gl 4L 5 H K
IZOWTIEE LR MM AMETH DN, ZORKAZLES 5 UCHLS BLEHA], CDK4/6 [LE
Fl% BET PREAIMME 2 7 ik 3 2351 & L THIfF S5,

[ cdk4s6 |

\ 4

Ub
Ub

3

BRD4 ~ K Kk

BRD4 BRD4 MYC, CDK4/6, BCL2 t

BETi resistance

Figure 26. Schematic mechanism of resistance to BET inhibitor in MLL-r leukemia cells.

In this study, we demonstrated that dysregulation of the expression of BRD4-related molecules in
response to BRD4 overexpression contributes to BET inhibitor-resistance. In addition, we showed that
UCHLS is involved in BRD4 stabilization, and CDK4/6 contributes to the regulation of UCHLS
expression. Moreover, as CDK4/6 expression levels are regulated via BRD4, we propose that a CDK4/6-
UCHLS5-BRD4 feedback loop contributes to BET inhibitor-resistance.
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=1

A
N[WY

AL IZBWTC, MLL {51 OEsIE % £ 5 MLL & s 1-BIE AR 1, 76RO IR CILEiR%h
BENZ L FPHRARBRTH D0, TG ORBENREDORETH D, TOWRROPF T,
BET 77 XV —X /U ExFEN & Lz BET MERIE. MLL xR A i o FAE 2B
% SEC 12X 2 B/ ER AL 2 BT 5 2 & Tl PilEEshi iz /~r L, MLL &5 1
B A MIFIZ I 1T 2 A LRIGHEE L L THIRF SN TS, LLRns, FRICHWDIEE
Al EDIEMZ BT, RIS X2 3EAIMEO HBUIEEZME L LTEX LN TND,
BET FHEANZ DWW T HFIFCTidze < B HIC X 2 AL OSBRI TR Y BET
BRI R 2 M EE T O f#IA 72 & ONC BET BLEAFIMEL 2 s iR 2 GBI O R E 13 &
ERETH 5,

BET BHEANZ T 5 FEAIM ML 2 & 72 & &AM 011X, shRNA T4 75 U —% W 7c e
72 RBHFGEIC L U . ANASKIBENR AR EDO VL ODONRAFEICB W TRIES L TWNS
(88), FE U TIL, KA AMIRIZ 8 TR0 R BE 2 A Rl 3~ 2 RVECRI AR 208 K% 208 AU
(2%t LC BET [EEAIMMEZ 72532 & bMEINTIY (80). MHE(LHEFF 3k~ 224l 2>
LGNNI SN TE TN D, —J7 T, AL 128 5 BET BHFEANI 3 2 MM IZ DUV T,
Wnt/B-catenin 3 7 F /LR EER> NF-kB 3 7 F VIR OVEMEAL S EE STV D08, £ b DR
FHIZBWTHMDO T 7 T AREOBEG R TR ENTEY . S 5722 DT O M -3 22
Thbd,

ATl BIERARRBR D 51T 5 BET [LEAITH 5 OTX015 O K HAMALE 2 X
V. OTXO015 [fifth: 2 5E15% L 7= MLL & 1x 7B = i s fi e 2 46030 U W ERR OMRARAT I X 2
FH O BET FLEAIMHE LB 72 & ONC BET BLEAIMHEZ a3 2 1A BIE 2 R Lz, 55 1
B CIE, OTX015 (ZJEaz 2 Fro#ikk & i U 7 ik O MR ENT 2170, (A% ClX BRD4
L N7 B OFER I EAIZME S BRDE il OWRE, FIFRUERN R Z > TnbH 2 &%
522 LTz, F72, BRD4 Z X7 O3B EH N, Pl e F AR TH 5 UCHLS O
BHL LR %I L7z BRD4 Z U8 B OGN K Vi Z V155 etk a R~ Lz, 2 ®T
&, MPERE CRELEFA SO b7z UCHLS 125 H L, MR o5, 42473 L OV BRD4 ¥ >
NI B DRI T D UCHLS D% 5122V Tt L, shRNA Z /= UCHLS / v 7 X'v
V725 ONZ UCHLS BHEAIOEIZ XV | WHERRIZIT 5 BRDE & 2 X7 B OFRBUL T,
FRBEREANH], 7R =V A EFHFETH Z L 2B 6T Ls, 72, CDK4/6 BHER DOALEIZ X
Y UCHLS OFRHENME T L7722 &5 CDK4/6 7,3 UCHLS O3B A2 HIH L5D = & 2R Lz,
IS ORERENS . CDK4/6 310 UCHLS % BRD4 % 2 /R B DEZEIICHE L TEY
MLL &1+ B F %12 3517 2 BET FHEAIMME 2 7k 95 72 91213, BRD4 # /37 B D3
BREWMDSELENEETHDLZ LN RE I NI, 72, UCHLS I% BET FHEAIMEL %
H72 5T D 1 > TdH 5 Wnat/B-catenin ¥ 7 F VRIS B# >+ DO LZECIC b A H L TnD =
& 725, UCHLS 13 BET FHERIMM: 4 ik 58 L 7 50 FTH D Z LTS5,

SEDOEL L LT, ARBFETH 62T L7z i LT O 23 . MLL 8151 A M 1
B AMOYEEEREEORIZBNTHHRG L TWDLON, FRENAMIZELTEHFELTW
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DOMWERRGET HZEDBMETHDL B2 D, Fio, AHFFETHW- CDK4/6 THERIX, i
HEILDABERICBWNT, BETHERASNTWDEATH Y (89, 90). AWFZETREBT S
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Supplementary Table 1.

Primer and probe sequences used for detection of human mRNA transcripts in this study.

Target Length (bp) Sequence Accession Number
Fw 20 5-GGATCCATTGGAGGGCAAGT-3'
18S rRNA Rv 23 5-TCCCAAGATCCAACTACGAGCTT-3' NR_003286.4
Pr 26 5'-CAGCCGCGGTAATTCCAGCTCCAATA-3'
Fw 22 5'-GCACTGGGCCTACACGACTACT-3'
BRD4 Rv 22 5'-GAGAACATCAATCGGACGTCAG-3' NM_001379291.1
Pr 29 5'-CACAATCAAGTCTAAACTGGAGGCCCGTG-3'
Fw 18 5'-GAGCCCCTGGTGCTCCAT-3'
MYC Rv 23 5'-GCAGAAGGTGATCCAGACTCTGA-3' NM _002467.6
Pr 25 5-CACCAGCAGCGACTCTGAGGAGGAA-3
Fw 25 5-CACTACTCGGTGTGAATGAAGAAAG-3'
CDK6 Rv 23 5-TTGAACATGTCGATCAAGACTTG-3' NM_001145306.2
Pr 30 5-CATATCCTTTATGGTTTCAGTGGGCACTCC-3'
Fw 22 5-TCAGATCAAGGGAGACCCTCAC-3'
CDK4 Rv 17  5-CTGCTCCGGACCGAGCT-3' NM_000075.4
Pr 20 5'-CCGGAGCCGGTTCCTACGGC-3'
Fw 22 5'-CAGCCAGGAGAAATCAAACAGA-3'
BCL2 Rv 24 5-CCTGTGGATGACTGAGTACCTGAA-3' NM_000633.3
Pr 22 5'-CACAAAGGCATCCCAGCCTCCG-3'
Fw 20 5'-AAGGCTTGGCACTGAGCAAT-3'
UCHLS Rv 25 5-TGCTGATGTCTTCGTATCAAATTCA-3' NM 15984.5
Pr 29 5-CAAGTACACAACAGTTTCGCCAGACAGCA-3'

Fw, forward; Rv, reverse; Pr, probe; bp, base pair.
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Supplementary Table 2.

Primer sequences used for detection of mouse mRNA transcripts in this study.

Length Probe Accession
Target Sequence
(bp) Number Number
Fw 20 5-GCAATTATTCCCCATGAACG-3'
18S rRNA #48 NR_003286.2
Rv 20 5-GGGACTTAATCAACGCAAGC-3'
Fw 26 5-CCAGGACTTCAACACTATGTTTACAA-3
Brd4 #80 NM_001286630.1
Rv 21 5-GCTTCTGCCATTAAGACGATG-3'
Fw 21 5-TAGTGCTGCATGAGGAGACAC-3'
Myc #77 NM _001177354.1
Rv 21 5-TCTCCACAGACACCACATCAA-3'
Fw 18 5-GCCCTTACCTCGGTGGTC-3'
Cdk6 #15 NM_009873.3
Rv 18 5-ACAGGGGTGGCATAGCTG-3'
Fw 20 5-AGTACCTGAACCGGCATCTG-3'
Bcel2 #75 NM_009741.5
Rv 21 5-GGGGCCATATAGTTCCACAAA-3
Fw 19 5-GCAGCCAGGAGAAGAACCT-3'
Uchl5 #21 NM 019562.2
Rv 20 5-ATAGCCTGAGTGGCACAAGC-3'
Fw 22 5-GGCTCACAAGGCTATCTTAGCA-3'
Spop #25 NM_025287.2
Rv 22 5-AATCTCAACCCGATTCTTTTTG-3'
Fw 20 5-GCTCTTTCCTTCCCAGAAGC-3'
Dub3 #25 NM_001256973.1
Rv 23 5-GACTGTGCTTTCCATTGGTAGTT-3'
Fw 20 5-CCCTCCATACAGTGGGACTC-3'
Uspl0 #41 NM_001310630.1
Rv 20 5-CTCTGGTGCTCCTGTCCATC-3'
Fw 22 5-CTGGAGACCCTAGGAGTAAACG-3'
Usp39 #66 NM_138592.4
Rv 22 5-GGAGCTACAGGAAAGCCACTAC-3

Fw, forward; Rv, reverse; bp, base pair.
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Supplementary Table 3.

Primary antibodies used for western blot analysis in this study.

Antibody Source Identifier
Anti-c-MYC Cell Signaling Technology #5605
Anti-caspase-3 Cell Signaling Technology #9662
Anti-cleaved caspase-3 Cell Signaling Technology #9661
Anti-BRD4 Bethyl Laboratories A301-985A100
Anti-BCL-2 Santa Cruz Biotechnology SC-7382
Anti-CDK6 Santa Cruz Biotechnology sc-7961
Anti-CDK4 Santa Cruz Biotechnology SC-23896
Anti-UCHL5 Santa Cruz Biotechnology sc-271002
Anti-Vinculin Santa Cruz Biotechnology sc-73614
Anti-B-actin Sigma-Aldrich A5441
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Supplementary Table 4. shRNA sequences used in this study.

Target Sequence
shUCHLS #1 5-GCATGCAATCAAGATGATTGG-3'
shUCHLS #2 5-GCAGAAGATAGCAGAGTTACA-3

shCtrl 5-CGCTGAGTACTTCGAAATGTC-3'
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Supplementary Figure 1. Histograms showing the effects of OTX015 treatment on the cell cycle of
MLL-r cells.

(A) MLL-AF5q31 cells and (B) MV4;11 cells were treated with DMSO or OTXO015, followed by

analysis of cell cycle status. Results shown are representative of three independent experiments. Control,
DMSO treatment; OTX015 Tx, OTXO015 treatment.

Amari, K., et al., Biochem. Biophys. Res. Commun., 588, 147-153 (2022)
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Supplementary Figure 2. Dotplots showing the effects of OTX015 treatment on MLL-r cell
apoptosis.

MLL-r cells were treated with DMSO or OTX015, followed by analysis of apoptosis by Annexin
V/PI double staining. Results shown are representative of three independent experiments. Control,
DMSO treatment; OTX015 Tx, OTX015 treatment.

Amari, K., et al., Biochem. Biophys. Res. Commun., 588, 147-153 (2022)
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Supplementary Figure 3. Dotplots showing the effects of b-AP15 treatment on MLL-r cell
apoptosis.

MLL-r cells were treated with DMSO or b-AP15, followed by analysis of apoptosis by Annexin V/PI
double staining. Results shown are representative of three independent experiments. Control, DMSO

treatment; b-AP15 Tx, b-AP15 treatment.
Amari, K., et al., Biochem. Biophys. Res. Commun., 588, 147-153 (2022)
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Supplementary Figure 4. Effect of b-AP15 on BRD4 protein levels in OTX015-R MLL-AF5q31
cells.
OTXO015-resistant MLL-AF5q31 cells were treated with b-AP15 at the indicated concentrations for 3
h, and then western blotting was performed. Results shown are representative of two independent
experiments.
Amari, K., et al., Biochem. Biophys. Res. Commun., 588, 147-153 (2022)
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Supplementary Figure S. Dotplots showing the effects of Abemaciclib treatment on MLL-r cell

apoptosis.

MLL-r cells were treated with DMSO or Abemaciclib, followed by analysis of apoptosis by Annexin

V/PI double staining. Results shown are representative of three independent experiments. Control,

DMSO treatment; Abemaciclib Tx, Abemaciclib treatment.

Amari, K., et al., Biochem. Biophys. Res. Commun., 588, 147-153 (2022)
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