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V. ) % 0 | % o0 - =38 (87%
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FNe 1<% 1= o

Notch 1 | Notch hok' 22— # Nef °Notch hok
"o | 4 — (Notchl-4)s 5 —1 o fi » (Deltal,3,4, Jagged
1,2) % A4 10 1o Notchl | > o wafi (Extracellular
domain; ECD) < ) © ==fi (Intra cellular domain of Notchl; NICD ) %
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1. Notch o = i

(Van Vlierberghe P1, Ferrando A. J Clin Invest. 122 : 3398-3406. 2012 4 - )

Notch1l — )Omafi-! ofi) % o8 —Kk. v= 2 2 | <
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Notch — | epidermal growth factor -like repeat (EGFR) 8 LIN12/Notch
repeat (LNR) 8 HD ) © wafi ~ |} td=™|9EGFR | ' efi»— 8 LNR <
HD | * ofi — Notch LA L g=mo
| afiRe — - A4 RAM » o =afi < ankyri n repeat (ANK) 8 PEST » o
w=fi % A ¢ HD ) O wafi ~ x# A % 084< NICD % =8 PEST
) O wafi ~ % 04 < NICD — Y% A
14 F— - # %% 9 -secretase % NICD — 4 <8 Notch
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=
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8 (multip le myeloma ; MM ) — - 2 td =248/

— 8 e - %1 | # -
t 4l = %= ™ 220 Z| MM~ A4 bortezomib — % <
af Ve < ~= 8 | # Y= o= —

I &

— ,—N_ 8 4 8
r

2% ferof v 29 1 —v E
— B-ALL - <38 bortezomib

Lo— s g gzvkes e M % g
| 70%L 44 ™ % 8 - =L L 14
L grade 3 | 9%~ <>54¢ - o=1Ls 8 —
wh - =4 sof = o

MM ~ % ™= bortezomib |
deacetylases (HDACs) 4
L T-ALL ~25™= L

nuclear factor -} B (NF-; B) 4 histone
<A -” 1 €% Ilel = TM-” 25), 26)9 TMI—H| _

<odedtc% [ =™ 29309 T-ALL

~ A4 bortezomib — AL - | Nof| % 3vs -
A 0 | Fd=™o™e/ 12 | TALL - A
— £ == bortezomib ~ =8/ — — 4L v



T-ALL < <= 8 Jurkat, MOLT4, CEM, KOPT -K1 ( n
e N -
4L =V AL - A KMS12-BM8U2668RPMI8226

< o
(MM) 8 KOPM30 (B -ALL) 8 HBL -2 (mantle cell lymphoma ; MCL )8 Namalwa
(Burkitt lymphoma ; BL)® HL-608 K562 (acute myeloid leukemia ; AML)
(Health Science Research Resources Bank |} 4 ) A== — | »o

(Sigma-Aldrich, St Louis, MO, USA){L 10% =V RPMI1640
(Sigma-Aldrich ) A ™8 CO, 5% 370 — E2 ~Vv ° RPMI1640
| 8 D-glucose ¥% 2,000 mg/L, L-asparagine % 50 mg/L,
L -glutamine % 300 mg/L # Nef @ — - 0 <af=™
] ° | & 1 x 105 cells/ml # <8 1x 106 cells/mlg # =V
# 1 x 105 cells/ml ~ - =V e

# -V < | —<%d9 #Nefo
Bortezomib @ MLN120B (Millennium Pharmaceuticals) 8 K-7174 (Kowa)?
doxorubicin (ADM)(Meiji) & vincristine (VCR)(Shionogi) 8 mithramycin 8
dexamethasone (DEX) (Sigma-Aldrich) & cytosine arabinoside (Ara -C)& and

4-hydroxycycl ophosphamide (4-OHCY) (Wako Biochemicals) ©

™4 — L dimethyl sulfoxide # =81/1000 -~ == =V °

& 1x105cells/ml— - oA e~ RPMI1640 # -8 96 »
vi k™ 2. ~ 100u = vos 1 — e 0 -0
e~ 4 +ve CO5% 376 — % 72 N A

2-(2-methoxy -4-nitrophenyl) -3-(4-nitrophenyl) -5-(2,4-disulfophenyl) -2H-tetra
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zolium,monosodium salt (WST-8) & 10uI[]= 48 ¢ wme. kK™ 20 ' 2 b

> (BIO-RAD) ~ |4 & 450 nm — Ak -V ° WST-8 | - s
= 148 —vi v @fi 450nm &£ AV E ODus|

- A e L g= ™My ™My Y — L <= AL

e — < Ve % L A=/

4 - — 2/ TM= AL 8 JL oz ™9
"WwWJJ-° @

4L phycoerythrin -conjugated annexin -n  (annexin -n /PE) (Biovision,
Mountain View, CA, USA) # = 8 BD LSRFortessa flow cytometer

(Becton Dickinson, Bedford, MA, USA )it == 8 annexin -V/PE —

4 == WJDo ® < =V
bortezomib < — %F < — AL A{ Vv E- combination
index (ChydL  «v 320 - #£- X% |9 8 -
xw MY+ - Bk - s
= Cl 4 =V o Cl<l | (synergism) 8 Cl=1 |
(additive) ® CI>1 | (antagonism)s ¢4 { °



Fa-Cl plot

o 2
()
_-g Antagonism
(a
i) e
w® 1 o Additive
c
5
e Synergism
Q (D) (D)
O 0 : T Cl= i + :
0 0.5 ] (Dx)s (Dx);
] sziﬁg‘é%o)?ﬁ%%}%ét
- BHOEFIDRE
The fraction affected R
BE-ODENETNDRE
3. Combination index — 8 Fa-Clk. pJ — °

' » i 9 wat RT-PCR

RNeasy Kit (QIAGEN) 4 =8 1~5x105 — s [ total RNA 4
-V 2 RNA 500 ng & oligo (dT) primers — — ReverTra Ace
(TOYOBO) # - (426 20 8 996 5 8 46 5 )8 —

complementary DNA (cDNA) 4 Vv ¢ TagMan Expression Assays (Notchl,
HES1, CYLD, GATA3, RUNX3 , RELA, NFKB1 , and GAPDH) < TagMan
Fast Universal PCR Master Mix 4t ™8 StepOne Plus (Applied Biosystems)
2! 20 o wat RT-PCRL [ Vo |kd Ve a| 2%kt ¢ =y 399

2K Kt %! hoo fi @ — % 400 1-
™o 1omei#z 2 o tdfs s 4{e cwmm=o
GAPDH L' ho" fi @ ( ofiy. D )< =V 9 4
Notch1 L N<Aq<® ACIN=GAPDH — Ct -Notchl
— Ct  # N ® n=2%ciN # GAPDH ~ A Notchl —

CIE b
t frafiki  #-— L A{vE-e — L mys



r bortezomib ofiki a- A4 bortezomib  ofi ki b— Notchl
L A - | 8 AKCt(b-a)=A CtNb-A CiNa < == 8 Y=2-4X

Cta-b)t / — — LNelkssA 9 Ao 5 L8 Notchl | bortezomib
ofiki r o= ofiki 2| VY o= ™| < ™e | < %E %
{o1—- & ™= mRNA L Ly

> 40 fi K. P

5~10 x 105 —  Yslk. w= D ¢ A £ oo RIPA lysis buffer 4
™3 afiRe & -V o afiRe — 48 Bradford A =
-8 ofiki Nevq 30 pgds <A{ 2fiR- — - 0V
— SDSw! =« i ek ez =8 Immobilon -P (Millipore) ~
-V 9 | 10% non-fat dry mik < 1% bovine albumin & 5

Tris -buffered saline + 0.05% Tween-20 (TBS-T) Z K. ¢ « fi = =V o 1

| L <o 1 &8 Nef| ™| 40%# 16 tyVoe
Wash buffer - | TBS-T =V o 8 horseradish peroxidase #

bz d v Lz 1 1 ye i bt O L oy

ECL Prime Western Blotting Detection Reagent (GE Healthcare ) m=- =

i dL VAR = AL - A9

1 anti -Notchl 8 anti -cleaved Notchl8 anti -KLF4 8 anti -p105/p508
anti -p100/p52 & anti-p65 8 anti-c-Rel 8 anti-RelB 8 anti-IKK 3 8
anti -phosphorylated KK a/l38 anti-l} Ba (Cell Signaling Technology) 2
anti -HDAC1 (Sigma -Aldrich ) 8 anti-Spl 8 anti-histone H1 (mouse) 8
anti -MZF -1 (goat)® anti -GAPDH (Santa Cruz Biotechnology) ( & <= ™qp
™ | A== rabbit )

2 anti -rabbit donkey IgG (H+L) 8 HRP Conjugate 8 anti -mouse sheep
IgG  (H+L) 8 HRP Conjugate (GE Healthcare )8 anti-goat donkey IgG
(H+L) 8 HRP Conjugate (Santa Cruz Biotechnology )°

Ve afiR- < A fi R~ - | & 1~3x 106 —
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Ys [ nuclear extraction kit (Cayman Ch  emical) 4 o= [ Vo

NF-y B —

NF-; B — canonical pathway # No| p65< p50— DNA

L enzyme-linked immunosorbent assay (ELISA) r Z 0 NF-; B

Transcription Factor Assay Kit (Cayman Chemical) r~ = =V 39 NF-|
B — fi $fio e L-—”oinﬁ-"olﬂﬁ
( BAGTTGAG GGGACTTTCC CAGGC-3 &) -Vk™ 2 rofikid
48 8] < <= anti-p65 0 ™| anti-p50 AL eV o
~V p652% | p50< horseradish peroxidase ' z i t 4 v 2 -
= A 2 | {eoa<csin-hs o2 — < —
| k= 14 =™] 3% L —«es#| p65PES —V : b mmt D
< p65/P50 —Z Y. b mm¥ D — 8 Nof ™| p50/p50 —Vv 2 b wat D <
P65/P50 —Z ¥ b mmt D — | # %60 ™9 | d| - | NF- B

L ol vgem ondr =V 8p658p50 — = fi R « - A e

K. 229D

Notchl — k. z D 2D — (-392~-1, -342~-1, -315~-1,
-300~-1) | ® T iR — genome DNAL < -8 55 ~ Kpn3s & 38
- Nhe3 — i == PCR# ( 986 2 89806 10 8
680 30 300 mmei 8720 7 840 &) =V ° L pGL4.17 firefly
luciferase vector (Promega) — Kpn3 8 Nhe3 O wm) r =V ek g
> — | 1~ Ao =V 7z« 424 TALL CEM -8 wowe
KN «fiJ. 21 #Ne| pGL4.73 Renilla luciferase vector (Promega) < -
Microporator MP -100 (Digital Bio) 4t c= € «J. W 2 THi o~
={ =V (Voltage 1230 V& Width 40 ms® Pulse Number 1) ¢ 48 8
firefl yn Renilla luciferase AL Dual -Luciferase Reporter Assay System
(Promega) & ™= =V ° 3 [® Luciferase Assay Reagent Il (LAR 1) 4

== firefl y luciferase ™ wD 2D . =8 0 H#H" DKr Stop &
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Glo® Reagent 4 =1 - 4L 3]s ~ 8 Renilla luciferase
WD 4 AL eV 9 ke 2D 2D — t 4 = ™Mo ™ pGL4.17

firefly luciferase z -« 2Dt eweo KN «fiJ. D1 < oV O

v. ¥ HAi
c. ¥ Hfi | ChIP-IT Express Enzymatic (Active Motif) 4
= [ Vo3 L 1%vi i o g2 ( 810 )-8Enzymatic
Shearing Cocktail # 3768 10 t Yy s oV oo vHfid Vo
15000 rpme  ©% 10 v 8 kv ~ protein G magnetic
beads< anti -Spl (Santa Cruz Biotechnology ) 3ugn ™= IgG
(Cell Signaling Technology) 3ug 4 =8 40 # 16 tSVe
=~V DNA h' ~ofisds L s =8 Notchl K. = D 2D
— Sp1 A 5 -480~-3424 amplicon < == 8 GCrich z L
— |F ™ Mighty Amp (Takara) < =8 PCR ( 986 2 8 986 10
8 686 30 00 mme i 8720 7 8 40 é)£ ™8 - -
v sp1 4 - eV e oVk' wmvd— 4L 1~ Ao
1K. =2 2D 8 o, ¥ H i - VK -ty —
K. 2D 4D
Sense -392 56GAGGTACCCTCGGGGAGGCGCAAAGGCGE0O
-342 56GAGGTACCAGGGGGCGGGGGGACCGGCGE0
-315 56GAGGTACCGGCCGGGCGGGGCGGGGCCGED
-300 56GAGGTACCGGCCGGCGGGGGCGGAGCGCACRD
Antisense -1 56GAGCTAGCGCCTCCCCACCGGCTGCCCTHBS
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Sense -480 56AAGTAGTCCCAGGCGCCCGCTCCCa0
Antisense -342 56CCGCGGCCACCTCCTCCCGCAGO

" fi i Pumi ®- |4 T-ALL -~ A4 NICD

Notchl cDNA — NICD h' =~ ofi J (Vall754 )L «2» o ds
T' iR —cDNAL < o= — k' -—v 2L ~= PCR%# VA

Sense: 5-0TCTCGA GCACCATGGTGCTGCTGTCCCGCAAGCG -3 0
Anti -sense: 5 - AAGGATCCTTACTTGAAGGCCTCCGGAATG -30

PCR L™ fi H b @ Z -« 2D CSn -CMV-MCS-IRES2 -VENUS ~

-V 9 | —z <« 4D 10ug packaging plasmid (Invitrogen) < ~ 293FT

(Invitrogen) ~ J ' fi ®h veo T fi oV °48 - L e
28,000 rpm8 1508 2 = puml ® i VA —
- 1YV o s |- 24 ~ 8 VENUS Lh. D)0 wml 0J ' D%
-8 stable transformant & { v k- ~= 96> Vi K™ DU~
=8 37608 5% CO2— # eV o L agwwi k™ D1 K
24p» vi k™ D) K12 Vi k" DJ k6P VIi kT D) < - =V °
1 —|fer o= |4 v -. o fi— VENUS Lh. DO wm 0 ' 28
NICD Ly <«@fiK. 21 2 -8 NICD % t 4 =™{ stable

transformant & v ©

¥ re

CSu -CMV-MCS-IRES2-VENUS z - 2D r firefly luciferase cDNA (

IF4 ) 4 o8 —<2%d -7 fi - ®
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A ~8MOLT4 - t Y = stable transfo rmant & v (MOLT4 -Luc)?®
1 x 107 cells — MOLT4 Nef| ™| MOLT4 -Luc s 100u — Iscoved
modi fi ed Dul bec c o=-8H0umneMatrigehbasement membrane
matrix (Becton Dickinson) < 86 — nonobese diabetic/severe combined
immunodeficiency (NOD/SCID) ¢« » @& (Charles River Laboratories,
Wilmington, MA, USA ) — - =V ° 3W5 =V & vehicle
& bortezomib 8 DEX 8 bortezomib + DEX —4 v »

ol 4 158 -~ Ae:o D¢ AL =V °DayO®day72day14?

day21 - AL =8 4/3y x (width/2) 2x (length/2) — - |4

AL -V °3 v MOLT4 -Luc & -V v »@®% | dayld - D-Luciferin (1.5
mg/body) 4 =8 |VIS Imaging System < Living Image software
(Xenogen) 4 -8 — %d 4L oy 9

dayO day7 day14

A A A A

Bort

ex 1111 11111

4.NOD/SCID v » o~ A ®@:* 0 DI
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K. = 5D F | T-ALL - <8 ™ 4L A

A% Ke v 80k ~H .- - b
d =+ 9 Cell Counting Kit - - | _—
ICs0< o doseresponese curve— 4 A ( 5A8 B)° bortezomib —

IC50| Jurkat 13.0 £ 2.9 nM8& MOLT4 4.5+ 0.24 nM& CEM 3.5+ 0.24 nM8

KOPT-K14.7+ 0.29 nM # Nef #Jurkat — T-ALL %z | esMM 4 MCL
— < -= L | 0 L A% |F%-of Vo
t |k~ bortezomib < % o4 k. v s2F % Nof| K-7174%).36)| s
Jurkat &L kv T-ALL - e= ™ L % 1A1<%
RV — 4 8ke o 5o+ % MM ¢ T-ALL — -
# Nej| % td Ve
A
MM Lymphoid T-ALL Myeloid
25 oBort ("M) mK-7174 (uM)

N
o
J——

HL-60 ™

K562 mam

CEM mman
KOPT-K1

Namalwa |

IC5 values
o (@) o (@)
U266 s |
KMS12-BM
RPMI8226 ns
KOPM30 =
HBL-2
|
Jurkat e
MOLT4 ;
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L] brort

Fa
o.sr

Dose =0

5 1 - - A-”Kuv-ésjl- — ICs0—

(A) U2668 KMS12-BM8 RPMI8226 (MM) 8 KOPM30 (ALL) & HBL -2 (MCL) ¢ Namalwa

(BL)® Jurkat 8 MOLT4 8 CEM® KOPT-K1(T-ALL) & HL -60°8 K562 (AML) — -
-8 -V 3 - dL -8 + bar && <V °(B) CompuSyn software
# -V U266~ A4 bortezomib — doseresponse curve — ° ICso | -
rald e
Bortezomib | T-ALL — Notchl sifiRe— & 1 3
-8 K. = 5D+ — T-ALL - A — 00 s

F— 4 4 v bortezomib | A # - # I n

Y% tq =™ #Nof| 220 4 —v ks — | bortezomib
d ™= e <r oV OTALL — bortezomib -~ A4 ™ | @

- 0 L AV E< a4 v #5310 Notcht— —
LpqoafiKe e A1 <-oVe AL - - - ™
=™ 3%+ # Nof| 4-OHCY® ADM® DEX® VCR® Ara-C < bortezomib 4
ICs0# MOLT4 ~ t YV < =8 bortezomib ~ |Ff = full length Notchl
(FL) & transmembrane region (TM)8 NICD

— Y8 ! J|| -” 1 £ %
Yof V9/ — — %+ # |8 DEX%# — & Ly s — |
bortezomib - == Yf V 6A °© 4-OHCY # | FL®8 TM — -
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% |4 4 %8 NICD - | %o % Vv ( 6A)° bortezomib |

Notch1 — & Yo= - -8 MOLT4 ~ Jurkat
4 CEM z L Y% 14 v ( 6Bs C)°
bortezomib | MM ~ 2% ™= Sp1— & .= HDAC1 - & -8
Lo oafisw% B =™ oeTAL c%msspr] - %
== ™y %8 HDACL — | | owf v ( 6B& C)
A

GAPDH -
° > 14 (8] T
EEEEEE
8 © <
FL & FL et el . 4
Notch1 Notch1 7

™ p- ~“fi |-

NICD ‘iﬂt m “n NICD (' *.‘ -

™

SpT M - HDAC! CEes s GG e— S = e
GAPDH — CAPDH s e | qumn s e s S———
hours 0 12 24 0 12 24 0 12 24 Bort(nM) 0 4 12 0 2 4 0 2 4
Jurkat MOLT4 CEM Jurkat MOLT4 CEM
D E
Notch1
1.5 _ 4 4 4 4
o 53 3 3 3
8 g2 2 ) 2 2
5 05 : g 1 1 1 1
B °
g * 0 0 0 0
s < s < s < s <
0 fFE 53 §5a@ §E5ad
S O O S O © S O © S O ©
Bort (nM) 0 4 12 02 4 0 2 4 EL - - s Kl
Jurkat MOLT4 CEM HES1 CYLD GATA3 RUNX3
6. Bortezomib | Notchl — 4 -8 —o agqi - S BER
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(A) MOLT4 - %4 4L ICso (1 uM 4-OHCY ® 15 nM ADM & 150 nM DEX & 1 nM

VCR® 5 nM Ara -C# 4 nM bortezomib) # -8 24 o= afiRe 2
~vonfiki 4 30pg =8 Notchl < NICD -~ A > 402 fi K
esd [ Ve @B TAL ~ ICso— bortezomib (Jurkat | 12nMé& MOLT4 <

CEM | 4nM) &£ 18 - oV - afiRe 4 =venfiki 4 30pg

4 =8Notchl, NICD, Spl, GAPDH ~ A ZpaoafikK., pJsd [ Vo
(C) T-ALL 4 - eV — bortezomib # =8 24 -
afiRe 4L ~vonfiki 4 30pug -8 Notchl, NICD, HDACI,
GAPDH -~ A Zp40afiK. psdL [ VID)E)(C) — -~ - RNA
L o cDNAL s i ok RT-PCR# Notch — & o8 2Kk
# - <V ° p<0.05
Bortezomib | " z1i# Notch1— & 15
6A® Bs C# FL — Notchl - % o= ™V Y ks TALL ~ 2
™= 8 portezomib ~ | Notchi mRNA — — &L == v k-3
* | o wat RT-PCRL [ Vo A{c< 4 ® Notchl mRNA — %
Elkd v ( 6D)° ¢ |-~ Notchl # Nof| HES127308 GATA339) 5
v RUNX1 £ PKC-3 — L = - = ™| RUNX339
— — AT . o RT-PCRZ svondsiqtL q s
%7 |F4 v ( 6E)°CYLD | HES1~ |4 Yo tq =™ %2
HES1 mRNA — ~ ™sCYLD mRNA — % == ™y ( 6E)°
— |4 bortezomib | Notch1 — &L 7 zi # 1y <%
F%-of vy — - — MRNA L Notche = gi % 1
=™ =<~ 0™  #Ng V ¥%® bortezomib — % Nof| 1 <
L A{v E-]|®NCD — = figi o4 %2e %—
% #Ne o
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Notch1

N HESH
CYLD U
Canonical l Y TRAF2/3 Non-canonical
NF-kB pathway Wik i ™ NF-kB pathway
IKKﬁ «— "
IKKo:
‘ oot 100 @@ 2
processmg WI““

= .‘-‘:- & (
'\ s @

processmg

S
R NF-«B ‘/ Nucleus

g?_r_" Target genes

7.T-ALL -~ %31 4| NF Bo = gi

Canonical pathway < non-canonical pathway 3/ch_x=| 8T-ALL # | — canonical pathway
Ak == ™{ ° Notchl — 0 ~|Ff = HES1 & A4 CYLD — %
td{ecytb— - |f = IKKd ez rdl 81y B =" fi 8 K. ¥
5§D F L aAes - 8 p65/p50 Y% - -8 NF-} B «h Vv
- 2D - % t e
Bortezomib | p65< p50— &L ¢ ¥ {1 <# canonicalNF-4 B 4
_Aq

T-ALL ~ % ™= | &8 NICD ~ |}[ = t 44 HES1 %® NF- B = g
- - 0 T f « i cYyLb — & 8/ — 8 NF-} B —

% 14 =< td =™ 2029 ( 7)9/ | # Dbortezomib

~ |4 NicD %81 —  — patway &£ <= NF4 B. = gi &

A %zewnd A1~ Vo
NF-; B~ | canonical pathway < non-canonical pathway % A4 ¢/

4 -4 < <= pl05/p508 RelA (p65)< pl00/p52¢ RelB # 14 =24 s
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canonical pathway — «h v« 22>~ | 14 k- a1 =cRel% A{°3

T-ALL Yl afiRe N afi Re 4 =8 p402fi K.
e J # NF-} B— canonical pathway n non-canonical pathway / 4 - 4 —
L <veonqs pe5Nps0| N Mg - b %
Vo3V cRel | —q -8 p52nRelB | ™4 - ~L %
|4l o vf Vo —  Ylke T-ALL ~ 35™= | canonical pathway —
~ |4 p65/p50 — % NF-4 B — < 4 v
( 8A)° 5V MOLT4 ~2™= | p50— % 0 8 p65/p65 —V = b mmt/ D
%o ENe % a4 dVwe i d ] - sl o= o
~ bortezomib ~ |f{ NF- Be =~ gi — - A L =y
6E~ <V |fe ~ @ bortezomib | NICD/HES1 — & -8 CYLD &
Aes — &1y Bd% I % A< td v
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