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│∂╘⌐ 

 T ꜞfiⱤ  (T-cell Acute Lymphoblastic Leukemia; 

T-ALL)  │ T ꜞfiⱤ ─ ⌂ ─ ≈≢⁸ALL ⌐

╘╢ │⁸ ≢│ 15%⁸ ≢│ 25%≢№╢⁹ ⁸

─ ⌐╟╡⁸ │ ⇔≈≈№╢⅜⁸ ⌐

╛ ≢│ ∞⌐ ≢№╢ 1)⁹ ⁸T-ALL ⌐ ⇔≡ ⌂

⌐ ⇔™↓≤⅛╠⁸T-ALL ─ ⇔™ ╩ ⇔≡™ↄ↓≤│

≢№╢≤ ⅎ╠╣╢⁹ 

 Notch1 │T-ALL ─50% ≢ ⅜ ↕╣╢↓≤ 2)-4)╛ⱴ►☻

⌐⅔™≡ ⌂ ⌐ Notch1 ╩ ↕∑╢≤ T-ALL ╩ ∆╢↓≤

5)⅛╠⁸T-ALL ─ ⌐⅔™≡ ╙ ⌂ ─ ≈≢№╢≤ ⅎ╠╣≡™

╢⁹╕√ Notch1 │☻♥꜡▬♪ ╩ ╘≤∆╢ ↄ─ ⅜╪ ─ ⌐╙

∆╢↓≤⅜ ↕╣≡™╢ 6), 7)⁹ ⌐ T-ALL ⌐⅔™≡│☻♥꜡▬♪ ≤

Notch1 ─ │ ∆╢↓≤⅜ ↕╣≡™╢ 8)⁹ ALL ⌐⅔™≡☻

♥꜡▬♪ ⅜ ⌂ │ ⅜ ⌂ ⌐ ⇔⁸  (87% 

vs 70%)⁸8  (33% vs 17%)⁸8  (32% vs 22%) ⅜

≢№╢↓≤⅜ ↕╣≡™╢ 9)⁹ 

 Notch 1 │ Notch ⱨ□Ⱶꜞכ─ ≢№╢⁹Notch ⱨ□Ⱶ

│⌐כꜞ 4 ─  (Notch1 -4)⁸5 ─ꜞ●fi♪ (Delta1,3,4, Jagged 

1,2) ⅜ ∆╢ 10), 11)⁹Notch 1 │ ♪ⱷ▬fi  (Extracellular 

domain; ECD ) ≤ ♪ⱷ▬fi (Intra cellular domain of Notch1; NICD ) ⅛

╠ ↕╣⁸HD ♪ⱷ▬fi (Heterodimerization domain; HD ) ⌐╟╡ ↕╣

≡™╢⁹Notch 1 ⌐ꜞ●fi♪⅜ ∆╢≤⁸ ⌐│ɘ-secretase≢

↕╣⁸Notch1 ─ ≢№╢ NICD ⅜ ⇔⁸∕╣⅜ ⌐ ⇔≡™ↄ↓

≤≢ ─ ⁸ ⁸∕⇔≡▪ⱳ♩כ◦☻ ─ ╩

⇔≡™╢ 11), 12) ( 1)⁹T-ALL ⌐⅔™≡ Notch1 ─ │⁸NICD ─ ⌐ ╦

╢ C ─ proline/glutamic acid /serine/threonine -rich  (PEST) ♪ⱷ▬fi№╢

™│ HD ─™∏╣⅛⁸№╢™│ ≢ ∂⁸NICD ─ №╢™│ꜞ●fi♪
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⌐ NICD ─ ╩ ∆╢↓≤⌐╟∫≡ ⌂ Notch ◦◓♫ꜟ─

╩ ⅝ ↓∆ 2), 11), 12) ( 2)⁹   

 

 

 

1. Notch ◦◓♫ꜟ 

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

Notch 1 ─ ♪ⱷ▬fi⌐ꜞ●fi♪⅜ ⇔⁸ ─ⱪ꜡♥▪כ♀⌐╟╡ ↕╣╢≤⁸

Notch1 ─ ≢№╢ NICD ⅜ ⇔⁸ ⌐ ∆╢⁹NICD │ ≢ RBPJ ⌂≥─◄

ⱨ▼◒♃כ ≤ ⇔⁸HES1 ╩ ╘≤∆╢ ─ⱪ꜡⸗כ♃כ ⌐ ⁸

╩ ∆╢⁹NICD │ PEST ♪ⱷ▬fi╩ ⇔⁸∕─ Serine/Threonine ⅜ꜞfi ↕╣╢

≤ FBXW7 ⌐╟╡ꜚⱦ◐♅fi⅜ ↕╣⁸ⱪ꜡♥▪♁כⱶ ⌐ ↕╣╢⁹ 
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2. Notch1 ─ ≤ HD⁸PEST ♪ⱷ▬fi─  ( 2╟╡ ) 

Notch ─ │ epidermal growth factor -like repeat (EGFR) ⁸LIN12/Notch 

repeat (LNR) ⁸HD ♪ⱷ▬fi⌐╟╡ ↕╣≡™╢⁹EGFR │ꜞ●fi♪─ ⁸LNR ≤

HD │ꜞ●fi♪ ─ Notch ╩ ∆╢ ╩ ∫≡™╢⁹

⌐│♃fiⱤ◒─ ⌐ ∆╢ RAM ♪ⱷ▬fi≤ ankyri n repeat (ANK) ⁸PEST ♪ⱷ

▬fi⅜ ∆╢⁹HD ♪ⱷ▬fi⌐ ×≢ ∆ ⅜ ∂╢≤ NICD ⅜ ⇔⁸PEST

♪ⱷ▬fi⌐ ⅜ ∂╢≤ NICD ─ ⅜ ∆⁹ 

 

 ↓╣╠─ ⌐ ≠⅝⁸ɘ-secretase ⅜ NICD ─ ╩ ⇔⁸Notch

◦◓♫ꜟ╩ ∆╢↓≤≢ T-ALL ⌐ ⇔ ╩ ∆╢≤ ↕╣√

13)-15)⁹⇔⅛⇔⌂⅜╠╒≤╪≥─ T-ALL ⁸ ⌐ HD ⌐ ╩ ∆╢

≢│⁸ɘ-secretase ⌐ ╩ ⇔√ 16)⁹╕√⁸ ₁⌂ ╩ ≤

⇔√ɘ-secretase─ з ≢│⁸ │ ↄ⁸⅛≈ ⅜

≤⇔≡ ↕╣√ 17), 18)⁹╕√⁸Notch1 ─ ╙ ↕

╣≡™╢⅜⁸ ⌐ Notch1 ⌐ ⅜№╢ ⌐ ⇔≡─ │

≢№╢ 19), 20), 21)⁹ ╟╡⁸ ≢│ Notch ◦◓♫ꜟ╩ ≢⅝╢ ⅛≈

⌂ │ ∑∏⁸ √⌂ ─ ⅜ ≢№╢≤ ⅎ╠

╣≡™╢⁹ 

 ⱪ꜡♥▪♁כⱶ ⁸ ⌐ ≢ ╘≡ ↕╣√ bortezomib │⁸

NICD 

stability ћ 

NICD 

productionћ 

RAM  

 

PEST

T 
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⁸  (multip le myeloma ; MM ) ─ ⌐ ↄ ↕╣≡⅔╡⁸∕

─ ⁸ ⁸╕√ ⌐⅔↑╢ │ ≢ ⌐

↕╣≡⅝≡™╢ 22)⁹ ≢│ MM ⌐ ∆╢ bortezomib ─ ⅜ ≤

⌂∫√⁹ ≤ ⇔≡⁸ │ ≢⅛≈ ⌂≥─

│ ⌐ ⇔⁸╟╡ ⌐ ≢⅝╢╟℮⌐⌂∫√ 23)⁹↓─√╘

│ ─ ⌐№╡⁸ ⅎ┌⁸ ─ B-ALL ⌐ ⇔⁸bortezomib

╩ ─ ≤ ╖ ╦∑√ⱪ꜡♩◖כꜟ⌐╟╢ ⅜ ╦╣≡™╢⁹

│ 70%╩ ⅎ╢ ™ ≢⁸ ⌐ ⇔≡╙ ╙ ↕╣╢

╙ grade 3 │ 9%⌐≤≥╕╡⁸ ⌐ ⇔≡╙⁸ ⁸ ─

⅛╠ ─ ≡╢ ≤⌂∫≡™╢ 24)⁹ 

MM ⌐⅔™≡ bortezomib │ nuclear factor -ɟB (NF -ɟB) ╛ histone 

deacetylases (HDACs ) ╩ ≤∆╢↓≤⅜ ╠╣≡™╢ 25), 26)⁹™∏╣─

╙ T-ALL ⌐⅔™≡╙ ≤⌂╡℮╢↓≤⅜ ╠╣≡™╢ 27)-30)⁹T-ALL

⌐ ∆╢ bortezomib ─ ╩ ⇔√ │№╢⅜ 31)⁸ ⌐

∆╢ ⌂ │ ╦╣≡™⌂™⁹∕↓≢ ₁│ T-ALL ⌐ ∆╢

─ ≤⇔≡ bortezomib ⌐ ⇔⁸∕─ ─ ╩ ╖√⁹ 
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T-ALL ≤⇔≡⁸Jurkat, MOLT4, CEM, KOPT -K1 ( ה

╟╡ ) ─ 4≈╩ ⌐ ⇔√⁹∕─ ─ ─

≤⇔≡ ╩ ⇔√ ╩ ⌐ ∆ KMS12 -BM⁸U266⁸RPMI8226 

(MM)⁸KOPM30 (B -ALL)⁸HBL -2 (mantle cell lymphoma ; MCL )⁸Namalwa 

(Burkitt lymphoma ; BL )⁸HL -60⁸K562 (acute myeloid leukemia ; AML ) 

(Health Science Research  Resources Bank ╟╡ )⁹∆═≡─ │►◦

(Sigma-Aldrich,  St Louis,  MO,  USA)╩ 10% ⇔√ RPMI1640  

(Sigma-Aldrich ) ╩ ™⁸CO2 5%⁸37ϴ─ ≢ ⇔√⁹RPMI1640

│⁸D-glucose ⅜ 2,000 mg/L, L-asparagine ⅜ 50 mg/L,  

L-glutamine ⅜ 300 mg/L ≢№╡⁸ ─ ⌐ ⌂ ≤⌂∫≡™

╢⁹ │⁸1 x 105 cells/ml ≢ ⇔⁸1 x 106 cells/ml ╕≢ ⇔√

≢ 1 x 105 cells/ml ⌐ ⇔ ⇔√⁹ 

 

 

≢ ⇔√ ≤ │ ─≤⅔╡≢№╢⁹ 

Bortezomib⁸MLN120B (Millennium Pharmaceuticals) ⁸K-7174 (Kowa)⁸

doxorubicin (ADM)(Meiji) ⁸ vincristine (VCR)(Shionogi) ⁸mithramycin ⁸

dexamethasone (DEX)  (Sigma-Aldrich) ⁸cytosine arabinoside (Ara -C)⁸and 

4-hydroxycycl ophosphamide (4-OHCY)  (Wako Biochemicals)⁹  

™∏╣─ ╙ dimethyl sulfoxide ≢ ⇔⁸1/1000 ⌐ ⇔≡ ⇔√⁹ 

 

   

╩ 1 x 105 cells/ml ─ ⌐⌂╢╟℮⌐ RPMI1640 ≢ ⇔⁸96►

▼ꜟⱪ꜠כ♩⌐ 100µl ∏≈ ⇔√⁹∕↓⌐ ─ ╩⁸ ⌂ ⌐⌂╢

╟℮⌐ ⅎ√⁹CO2 5%⁸37ϴ─ ≢ 72 ⁸ ►▼ꜟ⌐ 

2-(2-methoxy -4-nitrophenyl) -3-(4-nitrophenyl) -5-(2,4-disulfophenyl) -2H-tetra
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zolium,monosodium salt  (WST-8) ╩ 10µl ∏≈ ⅎ⁸ⱴ▬◒꜡ⱪ꜠כꜞ♩כ♄

BIO) כ -RAD) ⌐╟╡⁸450 nm ─ ╩ ⇔√⁹WST-8│ ⌐╟∫

≡ ↕╣⁸ ─ⱱꜟⱴ◙fi 450 nm ╩ ∆╢√╘ OD450│

⌐ ∆╢⁹ ╩ ⅎ≡™⌂™►▼ꜟ─ ╩ ≤⇔≡ ╩

⇔≡ ─ ≤⇔√⁹ ⅜ ╩ ∆╢↓≤│⁸∕╣

∙╣─ ⌐⅔™≡ ╩ ⇔⁸ ╩ ⇔≡™╢⁹ 

 

▪ⱳ♩כ◦☻  

 ╩ phycoerythrin -conjugated annexin -л (annexin -л/PE) (Biovision, 

Mountain View,  CA, USA ) ≢ ⇔⁸BD LSRFortessa flow cytometer 

(Becton Dickinson, Bedford, MA, USA )╩ ⇔≡⁸annexin -V/PE ─

╩ ⇔≡▪ⱳ♩כ◦☻ ≤⇔√⁹ 

 

─  

 bortezomib ≤ ─ ⅜╪ ≤─ ╩ ∆╢√╘⌐ combination 

index (CI)╩ ⇔√ 32)⁹ ─ ≢─ X ⅜ ╠╣╢ ⁸ ⌐

X ⅜ ╠╣╢ ╩ ─ ⌐╟╡ ╘⁸ ⌐ ∆ ⌐

⇔≡ CI ╩ ⇔√⁹CI<1 │  (synergism)⁸CI=1 │  

(additive) ⁸CI>1 │  (antagonism)≤ ↕╣╢⁹ 



9 

 

 

 

3. Combination index ─ ⁸Fa-CI ⱪ꜡♇♩─ ⁹ 

 

ꜞ▪ꜟ♃▬ⱶ RT-PCR 

RNeasy Kit (QIAGEN) ╩ ⇔≡⁸1~5 x 105 ─ ⅛╠ total RNA ╩

⇔√⁹RNA 500 ng ╩ oligo (dT) primers ─ ⌐ ReverTra Ace  

(TOYOBO) ≢ ⇔  (42ϴ  20 ⁸99ϴ  5 ⁸4ϴ  5 )⁸ ─

complementary DNA (cDNA)  ╩ √⁹TaqMan Expression Assays ( Notch1, 

HES1, CYLD, GATA3, RUNX3 , RELA, NFKB1 , and GAPDH ) ≤ TaqMan  

Fast Universal PCR Master Mix ╩ ™⁸StepOne Plus (Applied Biosystems) 

≢ꜞ▪ꜟ♃▬ⱶ RT-PCR╩ ∫√⁹ │♃כ♦√╣╠ 2-ȺȺCt ≢ ⇔√ 33)⁹ 

2-ȺȺCt ⅔╟┘ꜞⱨ□꜠fi☻ ─ ⅜ ╡⌂ↄ 1⌐

™ ⁸1 ◘▬◒ꜟ≢ 2 ⌐ ↕╣╢≤ ⅎ╠╣╢⁹ ⌐⅔™≡│⁸

GAPDH ╩ꜞⱨ□꜠fi☻  ( ◖fi♩꜡כꜟ ) ≤⇔√⁹ ⅎ┌

Notch1 ╩ N ≤∆╢≤⁸ȺCtN =GAPDH ─ Ct -Notch1

─ Ct ≢№╡⁸n=2ȺCtN ≢ GAPDH ⌐ ∆╢ Notch1 ─

⅜ ⌐ ↕╣╢⁹ 

↕╠⌐◘fiⱪꜟ ≢─ ╩ ∆╢√╘⌐⁸ ─ ╩ ™√⁹ ⅎ



10 

 

┌ bortezomib ◘fiⱪꜟ a⌐ ∆╢ bortezomib ◘fiⱪꜟ b─Notch1

╩ ∆ ⌐│⁸ȺȺCt(b-a)=ȺCtN b-ȺCtNa ≤⇔≡⁸Y=2-ȺȺ

Ct(a-b)≢∕─ ─ ╩№╠╦∆⁹∆⌂╦∟⁸Notch1 │ bortezomib

◘fiⱪꜟ⌐ ⇔≡ ◘fiⱪꜟ≢│ Y ⇔≡™╢≤™℮↓≤⅜≢⅝

╢⁹↓─ ╩ ™≡ mRNA ╩ ⇔√⁹ 

 

►◄☻♃fiⱩ꜡♇♩ 

5~10 x 105 ─ ⅛╠ⱪ꜡♥▪כ♀ ╩ ╪∞ RIPA lysis buffer ╩

™⁸ ♃fiⱤ◒ ╩ ⇔√⁹♃fiⱤ◒ ─ ╩⁸Bradford ╩ ™≡

⇔⁸◘fiⱪꜟ№√╡ 30 µg ╩⁸ ≤∆╢♃fiⱤ◒ ─ ⌐ ∂√

─ SDSⱳꜞ▪◒ꜞꜟ▪Ⱶ♪◕ꜟ⌐≡ ⇔⁸Immobilon -P (Millipore) ⌐

⇔√⁹ │ 10% non-fat dry milk ≤ 1% bovine albumin ╩ ╗

Tris -buffered saline  + 0.05% Tween-20 (TBS-T) ≢Ⱪ꜡♇◐fi◓⇔√⁹1

│ ╩ ≤⇔≡ ≢ 1 ⁸№╢™│ 4ϴ≢ 16 ↕∑√⁹

Wash buffer ⌐│ TBS-T ╩ ⇔√⁹ ⁸horseradish peroxidase ≢

ꜝⱬꜟ↕╣√ ╩ ≢ 1 ↕∑⁸ꜟⱵⱡכꜟ ╩ ⇔√

ECL P rime  Western Blotting Detection Reagent  (GE Healthcare ) ⌐≡◦◓♫

ꜟ╩ ⇔√⁹ ⇔√ ╩ ⌐ ∆⁹ 

1 anti -Notch1⁸anti -cleaved Notch1⁸anti -KLF4⁸anti -p105/p50⁸

anti -p100/p52 ⁸ anti -p65 ⁸ anti -c-Rel ⁸ anti -RelB ⁸ anti -IKK ß ⁸

anti -phosphorylated  IKK a/ß⁸ anti -I ɟBa (Cell Signaling  Technology)⁸

anti -HDAC1 (Sigma -Aldrich ) ⁸ anti -Sp1 ⁸ anti -histone H1  (mouse) ⁸ 

anti -MZF -1 (goat)⁸anti -GAPDH (Santa Cruz Biotechnology)  ( ╩ ⇔≡™⌂

™ │∆═≡ rabbit )⁹ 

2 anti -rabbit  donkey IgG  (H+L)⁸HRP Conjugate⁸anti -mouse sheep 

IgG  (H+L) ⁸HRP Conjugate  (GE Healthcare )⁸ anti -goat donkey IgG   

(H+L)⁸HRP Conjugate  (Santa Cruz Biotechnology )⁹  

╕√⁸ ♃fiⱤ◒ ≤ ♃fiⱤ◒ ─ │⁸1~3×106 ─
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⅛╠ nuclear extraction kit (Cayman Ch emical ) ╩ ⇔≡ ∫√⁹ 

NF -ɟB ─  

NF -ɟB ─ canonical pathway ≢№╢ p65≤ p50─ DNA

╩ enzyme-linked immunosorbent assay  (ELISA ) ⌐ ≠ↄ NF -ɟ B 

Tr anscription Factor Assay Kit (Cayman Chemical) ⌐≡ ⇔√ 34)⁹NF -ɟ

B ─ ◖fi☿fi◘☻ ╩ ╗○ꜞ◗♯◒꜠○♅♪

(5õ-AGTTGAG GGGACTTTCC CAGGC-3õ)╩ ⇔√ⱪ꜠כ♩⌐◘fiⱪꜟ╩

ⅎ⁸ ⁸1 ≤⇔≡ anti -p65 ⌂™⇔│ anti -p50 ╩ ⇔√⁹

⇔√ p65⅔╟┘ p50╩ horseradish peroxidase ≢ꜝⱬꜟ↕╣√ 2 ⌐

≡ ⇔√⁹ ≢ ♩ⱨ◦הꜟ◕≥♃כ♦╢╣╠ ⌂≥ ─ ≤─

│ ⌐╟∫≡ ↕╣≡™╢ 34)⁹↓─◐♇♩≢│ p65/p65 ─ⱱ⸗♄▬ⱴכ

≤ p65/p50 ─Ⱬ♥꜡♄▬ⱴכ─ ⁸№╢™│ p50/p50 ─ⱱ⸗♄▬ⱴכ≤

p65/p50 ─Ⱬ♥꜡♄▬ⱴכ─ │≢⅝⌂™⁹↓╣╠─ │ NF -ɟB

╩ ╗○ꜞ◗♯◒꜠○♅♪⌐ ⇔√⁸p65⁸p50─♃fiⱤ◒ ⌐ ∆╢⁹ 

 

ⱪ꜡⸗כ♃כ  

Notch1 ─ⱪ꜡⸗כ♃כ ─  (-392~-1, -342~-1, -315~-1, 

-300~-1) │⁸ T ꜞfiⱤ ─ genome DNA ╩ ≤⇔⁸5õ⌐ Kpnз⁸3õ

⌐Nheз─ ╩ ⇔≡PCR≢  ( 98ϴ 2 ⁸98ϴ 10 ⁸

68ϴ 30  30◘▬◒ꜟ⁸72ϴ 7 ⁸4ϴ ӓ) ⇔√⁹ ╩ pGL4.17 firefly 

luciferase vector (Promega)  ─ Kpnз⁸Nheз◘▬♩ ⌐ ⇔√⁹ⱪꜝ▬ⱴ

─כ │ 1⌐ ∆⁹ ⇔√ⱬ◒♃כ╩ T-ALL CEM ⌐⁸ⱳ☺♥▫

Ⱪה◖fi♩꜡כꜟ≢№╢ pGL4.73 Renilla luciferase vector (Promega) ≤ ⌐

Microporator MP -100 (Digital Bio)  ╩ ⇔≡◄꜠◒♩꜡ⱳ꜠כ◦ꜛfi ⌐╟

╡ ⇔√ (Voltage 1230  V⁸Width 40  ms⁸Pulse Number 1) ⁹48 ⁸

firefl yהRenilla  luciferase ╩ Dual -Luciferase Reporter Assay System 

(Promega) ╩ ™≡ ⇔√⁹╕∏⁸Luciferase Assay Reagent II (LAR II) ╩

⇔≡ firefl y luciferase ꜠ⱳכ♃כ ╩ ⇔⁸ ⌐Ⱪכꜙ♅∂ Stop & 
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Glo® Reagent ╩ ⇔≡↓─ ╩ ↕∑╢≤ ⌐⁸Renilla  luciferase

꜠ⱳכ♃כ ╩ ⇔√⁹ⱪ꜡⸗כ♃כ ─ ↕╣≡™⌂™ pGL4.17 

firefly luciferase ⱬ◒♃כ╩Ⱡ●♥▫Ⱪה◖fi♩꜡⁹√⇔≥ꜟכ 

 

◒꜡ⱴ♅fi  

◒꜡ⱴ♅fi │ ChIP -IT Express Enzymatic (Active Motif) ╩

⇔≡ ∫√⁹╕∏ ╩1%ⱱꜟⱶ▪ꜟ♦ⱥ♪≢  ( ⁸10 )⇔⁸Enzymatic 

Shearing Cocktail ≢ 37ϴ⁸10 ↕∑⁸ ⇔√◒꜡ⱴ♅fi╩ √⁹

15000 rpm⁸ ϴ≢ 10 ⇔√ ⁸ ╠╣√ ⌐ protein G magnetic 

beads≤ anti -Sp1  (Santa Cruz Biotechnology ) 3µg⌂™⇔ IgG

 (Cell Signaling Technology) 3µg╩ ⇔⁸4ϴ≢ 16 ↕∑√⁹

⇔√ DNA ⱨꜝ◓ⱷfi♩╩⁸ ╩ ™≡ ⇔⁸Notch1 ⱪ꜡⸗כ♃כ

─ Sp1 ╩ ╗-480~-342╩ amplicon ≤⇔≡⁸GC rich ≢╙

─╟™Mighty Amp (Takara) ╩ ⇔⁸PCR ( 98ϴ 2 ⁸98ϴ 10

⁸68ϴ 30  40 ◘▬◒ꜟ⁸72ϴ 7 ⁸4ϴ ӓ) ╩ ™⁸ ⌐ ⇔

√ Sp1 ╩ ⌐ ⇔√⁹ ⇔√ⱪꜝ▬ⱴכ─ ╩ 1⌐ ∆⁹ 

 

1.ⱪ꜡⸗כ♃כ ⁸◒꜡ⱴ♅fi ⌐ ⇔√ⱪꜝ▬ⱴכ─  

ⱪ꜡⸗כ♃כ   

--------------------------------------------------------------------------------------------------------- 

Sense   -392 5ô-GAGGTACCCTCGGGGAGGCGCAAAGGCGG-3ô 

  -342  5ô-GAGGTACCAGGGGGCGGGGGGACCGGCG-3ô 

  -315  5ô-GAGGTACCGGCCGGGCGGGGCGGGGCCGGC-3ô 

  -300  5ô-GAGGTACCGGCCGGCGGGGGCGGAGCGCACC-3ô 

Antisense  -1    5ô-GAGCTAGCGCCTCCCCACCGGCTGCCCTC-3ô 

--------------------------------------------------------------------------------------------------------- 
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◒꜡ⱴ♅fi  

--------------------------------------------------------------------------------------------------------- 

Sense  -480  5ô-AAGTAGTCCCAGGCGCCCGCTCCCG-3ô 

Antisense -342  5ô-CCGCGGCCACCTCCTCCCGCAC-3ô 

--------------------------------------------------------------------------------------------------------- 

 

꜠fi♅►▬ꜟ☻⌐╟╢ T-ALL ⌐ ∆╢ NICD  

Notch1 cDNA ─ NICD ⱨꜝ◓ⱷfi♩(Val1754 ╢∆♪כ◖╩( ╩⁸

TꜞfiⱤ ─ cDNA ╩ ≤⇔≡ ─ⱪꜝ▬ⱴכ╩ ⇔≡PCR≢ ⇔√⁹ 

 

 Sense : 5õ-TTCTCGA GCACCATGGTGCTGCTGTCCCGCAAGCG -3õ 

 Anti -sense : 5õ-AAGGATCCTTACTTGAAGGCCTCCGGAATG -3õ 

 

PCR ╩꜠fi♅►▬ꜟ☻ ⱬ◒♃כCSи-CMV-MCS-IRES2 -VENUS ⌐

⇔√⁹↓─ⱬ◒♃10 כµg╩ packaging plasmid (Invitrogen)  ≤ ⌐ 293FT

 (Invitrogen) ⌐♩ꜝfi☻ⱨ▼◒◦ꜛfi⇔√⁹48 ⌐ ╩ ⁸

28,000 rpm⁸15ϴ⁸2 ⌐≡►▬ꜟ☻ ╩ ⇔√ ⌐ ─

⌐ ↕∑√⁹ ⅛╠ 24 ⌐⁸VENUS ╩ⱨ꜡כ◘▬♩ⱷ♩ꜞכ≢

⇔⁸stable transformant ╩ ╢√╘⌐ ⇔≡ 96►▼ꜟⱪ꜠כ♩⌐

⇔⁸37ϴ⁸5% CO2─ ≢ ⇔√⁹ ╩ 48►▼ꜟⱪ꜠כ♩ќ

24►▼ꜟⱪ꜠כ♩ќ12►▼ꜟⱪ꜠כ♩ќ6►▼ꜟⱪ꜠כ♩≤ ⌐ ⇔√⁹

↓─╟℮⌐⇔≡ ─fiכ꜡◒√╣╠ VENUS ╩ⱨ꜡כ◘▬♩ⱷ♩ꜞ⁸כ

NICD ╩►◄☻♃fiⱩ꜡♇♩≢ ⇔⁸NICD ⅜ ↕╣≡™╢ stable 

transformant ╩ √⁹ 

 

ⱴ►☻  

CSи-CMV-MCS-IRES2 -VENUS ⱬ◒♃כ⌐ firefly luciferase cDNA  (

 ╟╡ ) ╩ ⇔⁸ ─≤⅔╡⌐꜠fi♅►▬ꜟ☻
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╩ ⇔⁸MOLT4 ⌐ ↕∑≡stable transfo rmant ╩ √ (MOLT4 -Luc)⁹ 

 1 x 107 cells ─ MOLT4 №╢™│ MOLT4 -Luc ╩⁸100µl ─ Iscoveõs 

modified Dulbeccoõs medium⌐ ⇔⁸100µl─Matrigel basement membrane 

matrix (Becton Dickinson) ≤ ⁸6 ─nonobese diabetic/severe combined 

immunodeficiency (NOD/SCID)  ⱴ ► ☻ (Charles River Laboratories, 

Wilmington, MA, USA ) ─ ⌐ ⇔√⁹3₩5 ⇔√ ⁸vehicle

⁸bortezomib ⁸DEX ⁸bortezomib  + DEX ─ 4 ⌐ⱴ►

☻╩ ╡ ↑⁸ ⌐ ≢ꜟכꜙ☺◔☻∆ ╩ ⇔√⁹Day0⁸day7⁸day14⁸

day21 ⌐ ╩ ⇔⁸4/3ɥ×(width/2) 2×(length/2)─ ⌐╟╡

╩ ⇔√⁹╕√MOLT4 -Luc ╩ ⇔√ⱴ►☻≢│ day14 ⌐ D-Luciferin  (1.5 

mg/body) ╩ ⇔⁸IVIS Imaging System ≤ Living Image software 

(Xenogen) ╩ ⇔⁸ ─ ⅜╡╩ ⇔√⁹ 

 

 

 

4. NOD/SCID ⱴ►☻⌐ ∆╢  ꜟכꜙ☺◔☻
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ⱪ꜡♥▪♁כⱶ │ T-ALL ⌐ ⇔⁸ ™ ╩ ∆╢  

 ╕∏⁸ⱪ꜡♥▪♁כⱶ ⌐╟╢ ₁─ ⌐ ∆╢

╩ ═√⁹Cell Counting Kit ╩ ⇔√ ⌐╟╡ ⇔√

IC 50≤ ⌂ dose-responese curve─ ╩ ∆ ( 5A⁸B)⁹bortezomib ─

IC 50│ Jurkat 13.0 ±2.9 nM⁸MOLT4 4.5±0.24 nM⁸CEM 3.5±0.24 nM⁸

KOPT-K1 4.7±0.29 nM ≢№╡⁸Jurkat ─ T-ALL ≢│⁸MM ╛MCL

─ ≤ ⇔≡╙╟╡ ⌂ ╩ ∆╢↓≤⅜ ╠⅛⌐⌂∫√⁹

↕╠⌐ bortezomib ≤ ⅜ ⌂╢ⱪ꜡♥▪♁כⱶ ≢№╢ K-717435), 36)│⁸

Jurkat ╩ ╘√ T-ALL ⌐ ⇔≡ ™ ╩ ⅝ ↓∆↓≤⅜

⇔√⁹ ─ ╟╡⁸ⱪ꜡♥▪♁כⱶ ⅜ MM ⁸T-ALL ─ ⌐

≢№╢ ⅜ ↕╣√⁹ 

 

 

A 
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5. ₁─ ⌐ ∆╢ⱪ꜡♥▪♁כⱶ ─ IC 50─  

(A) U266⁸KMS12 -BM⁸RPMI8226 (MM) ⁸KOPM30 (ALL) ⁸HBL -2 (MCL)⁸Namalwa 

(BL)⁸Jurkat ⁸MOLT4⁸CEM⁸KOPT-K1(T-ALL)⁸HL -60⁸K562 (AML) ─ ⌐

⇔⁸ ⇔√ 3 ─ ╩ ⇔⁸ + bar ╩ ⇔√⁹(B) CompuSyn software

≢ ⇔√ U266 ⌐ ∆╢ bortezomib ─ dose-response curve─ ⁹IC 50│ ⌐

↕╣╢⁹ 

 

Bortezomib │ T-ALL ─ Notch1 ♃fiⱤ◒─ ╩ ↕∑╢ 

 ⌐⁸ⱪ꜡♥▪♁כⱶ ─ T-ALL ⌐ ∆╢ ─ ⱷ◌♬☼

ⱶ─ ╩ ╖√⁹bortezomib │∆≢⌐ ≢ ↕╣⁸ ה

⅜ ↕╣≡™╢ ≢№╢ 22)⁹↓─√╘⁸ ─ │ bortezomib

╩ ™≡ ℮↓≤⌐⇔√⁹T-ALL ─ bortezomib ⌐ ∆╢ ™ │⁸

⌐ ⌂ ╩ ∆╢√╘≤ ⅎ╠╣╢⁹∕↓≢╕∏ Notch1 ─ ─

╩►◄☻♃fiⱩ꜡♇♩≢ ∆╢↓≤⌐⇔√⁹ALL ─ ⌐ ⌐ ™╠╣

≡™╢ ⅜╪ ≢№╢ 4-OHCY⁸ADM⁸DEX⁸VCR⁸Ara -C≤ bortezomib ╩

IC 50≢ MOLT4 ⌐ ↕∑√≤↓╤⁸bortezomib ⌐╟∫≡ full length  Notch1  

(FL)⁸transmembrane  region  (TM)⁸NICD ≡─ ⅜ ↕╣╢↓≤⅜

⅛∫√⁹∕─ ─ ⅜╪ ≢│⁸DEX ≢ ─ ╩ ╘√⅜⁸ ─ │

bortezomib ⌐ ═≡ ⅛∫√ 6A ⁹4-OHCY ≢│ FL⁸TM ─ ─

B 
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⅜╖╠╣╢⅜⁸NICD ⌐│ ⅜⌂⅛∫√ ( 6A)⁹bortezomib │

Notch1 ─ ╩ ⅛≈ ⌐ ⇔⁸MOLT4 ⌐ Jurkat

╛ CEM ≢╙ ⅜ ↕╣√( 6B⁸C)⁹ 

 bortezomib │ MM ⌐⅔™≡ Sp1─ ╩ ⇔≡ HDAC1 ─ ╩ ⇔⁸

╩ ∆╢↓≤⅜ ╠╣≡™╢ 26)⁹T-ALL ⌐⅔™≡ Sp1│ ⌐ ⅜

⇔≡™√⅜⁸HDAC1 ─ │ ╠╣⌂⅛∫√ ( 6B⁸C)⁹ 

 

   

 

 

6. Bortezomib │ Notch1 ─ ╩ ⇔⁸ ─◦◓♫ꜟ⌐ ╩ ⅎ╢ 

A 

C B 

D E 
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(A) MOLT4 ⌐ ⅜╪ ╩ IC 50 (1 µM 4-OHCY⁸15 nM ADM ⁸150 nM DEX ⁸1 nM 

VCR⁸5 nM Ara -C⁸4 nM bortezomib) ≢ ⇔⁸24 ⇔≡ ♃fiⱤ◒ ╩

⇔√⁹◘fiⱪꜟ ╡ 30 µg╩ ⇔⁸Notch1 ≤ NICD ⌐ ∆╢ ≢►◄☻♃fiⱩ꜡

♇♩╩ ∫√⁹(B) T-ALL ⌐ IC 50─ bortezomib (Jurkat │ 12nM⁸MOLT4 ≤

CEM │ 4nM)  ╩ ⅎ⁸ ⌐ ⇔√ ⌐ ♃fiⱤ◒ ╩ ⇔√⁹◘fiⱪꜟ ╡ 30 µg

╩ ⇔⁸Notch1, NICD, Sp1, GAPDH ⌐ ∆╢ ≢►◄☻♃fiⱩ꜡♇♩╩ ∫√⁹

(C) T-ALL ╩ ⌐ ⇔√ ─ bortezomib ≢ ⇔⁸24 ⌐

♃fiⱤ◒ ╩ ⇔√⁹◘fiⱪꜟ ╡ 30 µg ╩ ⇔⁸Notch1, NICD, HDAC1, 

GAPDH ⌐ ∆╢ ≢►◄☻♃fiⱩ꜡♇♩╩ ∫√⁹(D)(E) (C)─ ─ ⌐ ⌐ RNA

╩ ⇔ cDNA ╩ ⁸ꜞ▪ꜟ♃▬ⱶ RT-PCR≢ Notch ─ ╩ ⇔⁸2-ȺȺCt

≢ ⌐ ⇔√⁹ p<0.05 

 

Bortezomib │ ꜠ⱬꜟ≢ Notch1 ─ ╩ ↕∑╢ 

 6A⁸B⁸C ≢ FL ─ Notch1 ─ ⅜ ⇔≡™√√╘⁸T-ALL ⌐⅔

™≡⁸bortezomib ⌐╟╢ Notch1 mRNA ─ ─ ╩ ═≡╖╢√╘⌐⁸ꜞ

▪ꜟ♃▬ⱶ RT-PCR╩ ∫√⁹∆╢≤ ╡⁸Notch1 mRNA ─ ⅜

╘╠╣√ ( 6D)⁹↕╠⌐ Notch1 ≢№╢ HES1 27)37)⁸GATA3 38)⁸╕

√RUNX1 ≤PKC-ɝ─ ╩ ⇔≡ ⌐ ⇔≡™╢RUNX3 39)

─ ─ ╩ꜞ▪ꜟ♃▬ⱶ RT-PCR ≢ ⇔√⁹∆╢≤↓╣╙ ╡⁸

⅜╖╠╣√ ( 6E)⁹CYLD │HES1 ⌐╟╡ ⅜ ↕╣≡™╢⅜ 27)⁸

HES1 mRNA ─ ⌐ ™⁸CYLD  mRNA ─ ⅜ ⇔≡™√ ( 6E)⁹

─ ╟╡ bortezomib │ Notch1 ─ ╩ ꜠ⱬꜟ≢ ↕∑╢↓≤⅜

╠⅛⌐⌂∫√⁹∕─ ─ ─ mRNA ╙ Notch ◦◓♫ꜟ⅜ ↕

╣≡™╢↓≤⌐ ⇔⌂™ ≢№∫√⅜⁸bortezomib ─ ≢№╢↓≤

╩ ∆╢√╘⌐│⁸NICD ─ ⌐╟∫≡◐ꜗfi☿ꜟ↕╣╢⅛≥℮⅛─

⅜ ≢№╢⁹ 
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7. T-ALL ⌐⅔↑╢ NF -ɟB◦◓♫ꜟ 

Canonical pathway ≤ non-canonical pathway ⅜№╡⁸T-ALL ≢│ ⌐ canonical pathway

╩ ⇔≡™╢⁹Notch1 ─ ⌂ ⌐╟∫≡ HES1 ╩ ∆╢ CYLD ─ ⅜

↕╣╢⁹CYLD ─ ⌐╟∫≡ IKK ɗ ⅜ ↕╣⁸IɟBɖ─ꜞfi ⁸ⱪ꜡♥▪

ⱶכ♁ ╩ ∆╢⁹∕─ ⁸p65/p50 ⅜ ⌐ ⇔⁸NF -ɟB ◄ⱨ▼

כ♃◒ ─ ⅜ ↕╣╢⁹ 

 

Bortezomib │ p65≤ p50─ ╩ ↕∑╢↓≤≢ canonical NF -ɟB ╩

∆╢ 

 T-ALL ⌐⅔™≡│⁸NICD ⌐╟∫≡ ↕╣╢ HES1 ⅜⁸NF -ɟB ◦◓♫ꜟ

─ ⌐ ↄ ꜚⱦ◐♅fi CYLD ─ ╩ ⁸∕─ ⁸NF -ɟB ─

⅜ ↕╣╢≤ ↕╣≡™╢ 27), 28) ( 7)⁹∕↓≢ bortezomib

⌐╟╢ NICD ⅜⁸↓─ ─ pathway ╩ ⇔≡ NF -ɟB◦◓♫ꜟ╩

∆╢⅛≥℮⅛╩ ∆╢↓≤⌐⇔√⁹ 

NF -ɟB ⌐│ canonical pathway ≤ non-canonical pathway ⅜ ∆╢⁹∕

╣∙╣ ≤⇔≡ p105/p50⁸RelA (p65)≤ p100/p52⁸RelB ≢ ↕╣≡⅔╡⁸
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canonical pathway ─◄ⱨ▼◒♃כ⌐│↓╣╠⌐ ⅎ≡ c-Rel⅜ ∆╢⁹╕∏

T-ALL ⅛╠ ♃fiⱤ◒ ה ♃fiⱤ◒ ╩ ⇔⁸►◄☻♃fiⱩ꜡

♇♩≢ NF -ɟB ─ canonical pathwayהnon-canonical  pathway ∕╣∙╣─

─ ╩ ⇔√⁹∆╢≤ p65הp50│ ה ™∏╣⌐╙ ⅜ ╠╣

√⁹╕√ c-Rel │ ─╖⌐ ⇔⁸p52הRelB │™∏╣─ ⌐╙ ⅜

╠╣⌂⅛∫√⁹ ─ ⅛╠⁸T-ALL ⌐⅔™≡│ canonical pathway ─

⌐╟╢ p65/p50 ─ ⅜ NF -ɟB ─ ≤ ⅎ╠╣√ 

( 8A)⁹╕√ MOLT4 ⌐⅔™≡│ p50─ ⅜ ↄ⁸p65/p65 ─ⱱ⸗♄▬ⱴכ

⅜ ≢№╢ ⅜ ⅎ╠╣√⅜⁸↓╣│ ─ ≤╙ ⇔≡™╢ 40)⁹ 

 ⌐ bortezomib ⌐╟╢NF -ɟB◦◓♫ꜟ─ ⌐ ∆╢ ╩ ═√⁹

6E ⌐ ⇔√╟℮⌐⁸bortezomib │ NICD/HES1 ─ ╩ ⇔⁸CYLD ╩

∆╢⁹∕─ ⁸IɟBɖ⅜ ↕╣⁸ ⅜ ∆╢≤ ↕╣√ 

⅜⁸ ⌐ ⇔ IɟBɖ─ │ ⇔√ ( 8B⁸C)⁹↓─ ≤⇔≡⁸IɟB

ɖ│ NICD ─ ─ ≢№╢√╘ 41)⁸CYLD ⌐╟╢ ╟╡

╙ NICD ⌐╟╢ ⅜ ⌐ ╢√╘≤ ⅎ╠╣╢⁹╕√ MM ⌐⅔™

≡│⁸bortezomib ⅜ IɟB ɗ (IKK♀כ♫◐ ɗ) ╩ ∆╢↓≤⅜ ↕╣≡

™╢⅜⁸T-ALL ⌐⅔™≡│ ꜞfi ╩ ⇔⌂™─╖⌂╠∏⁸∕─

╩ ↕∑≡™√ ( 8B⁸C)⁹↓─ ─ ↑≤⇔≡⁸IKK ɗ ≢

№╢ MLN120B ╩ ⇔√ ╩ ∫√⁹ ─ T-ALL ⌐ ⇔≡│

bortezomib ≢╙ IKK ɗ─ ╩ ⇔≡⇔╕℮√╘⁸bortezomib ≤

MLN120B ╩ ⇔√ ─ CI │ 1╩ ⅎ≡⇔╕™⁸ ≤ ↕╣╢⅜⁸

NICD ╩ ↕∑⁸bortezomib ⌐╟╢ IKK ɗ ╩◐ꜗfi☿ꜟ↕∑╢≤

CI ⅜ 1 ╩ ╡⁸MLN120B ╩ ∑⇔√ ⅜ ╠╣╢╟℮⌐⌂╢ ( 9)⁹

⁸bortezomib ╩ ↕∑╢≤⁸p65הp50 ™∏╣╙ ה

⌐ ⌐ ⅜ ⇔√ ( 8B⁸C)⁹ 

 ꜞ▪ꜟ♃▬ⱶ PCR≢ mRNA ─ ╩ ∆╢≤⁸p50 mRNA │ ⇔≡™

√⅜⁸p65 mRNA │ ⅜⌂ↄ⁸MOLT4 ≢│╗⇔╤ ⇔≡™√ ( 10)⁹⇔

√⅜∫≡ p65 ─ │⁸ ꜠ⱬꜟ≢│⌂ↄ⁸NICD ─ ╩ ∆╢
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─ ⅜ ≤ ⅎ╠╣√ 31), 41)⁹ELISA ╩ ™≡ p65הp50─ DNA

╩ ∆╢≤ ≤╙ ⌐ ⇔≡™√ ( 8D⁸E)⁹ ╟╡⁸T-ALL

⌐⅔™≡ bortezomib │ ⌐ p65הp50 ─ ╩ ↕∑╢↓≤⌐╟╡⁸NF -ɟ

B ╩ ∆╢↓≤⅜ ╠⅛≤⌂∫√⁹ 

 

 

 

 

 

8. T-ALL ⌐⅔↑╢ bortezomib ⌐╟╢ canonical NF -ɟB ─  

B 

A 

C 

E D 
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 (A) T-ALL ╩ Nuclear extraction kit ╩ ™≡ ♃fiⱤ◒ ≤ ♃fiⱤ◒ ⌐

⇔⁸NF -ɟB ⌐ ╦╢♃fiⱤ◒ ─ ╩ ⇔√⁹(B)(C) 5B⁸C≤ ─

≢ NF -ɟB ─ ⌐ ∆╢ bortezomib ─ ╩ ⇔√⁹ fi─♃fiⱤכ꜠

◒ ─ │ 30 µg≢№╢⁹(D)(E) T-ALL ⌐ IC 50─ bortezomib (Jurkat │ 12nM⁸

MOLT 4 ≤ CEM │ 4nM)  ⇔⁸ ♃fiⱤ◒╩ ⇔⁸p65⁸p50─ ╩ ELISA ⌐

╟╡ ⇔√⁹ 

  

 

9. Bortezomib ≤ IKK ɗ MLN120B ─ ─ combination index ⁹ 

│ ─ ⱪ꜡♇♩╩ ⇔√╙─⁹ p<0.05 
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10. T-ALL ⌐⅔↑╢ bortezomib ⌐╟╢ RELA (p65)⁸NFKB1  (p50) ─ mRNA

─ ╩ꜞ▪ꜟ♃▬ⱶ RT-PCR≢ ⇔√⁹ p<0.05 

 

Bortezomib ⌐╟╢ Notch1 ─ │ Sp1─ ⌐ ∆╢ 

 ⌐ bortezomib ⌐╟╢ Notch1 ─ ─ ╩ ⇔√⁹◔ꜝ♅ⱡ◘▬

♩≢│-392 -1─ ⅜ ⌂ⱪ꜡⸗כ♃כ ╩ ∆╢≤™℮ 42)╩╙≤

⌐⁸ 11A ⌐ ∆ ─ⱪ꜡⸗כ♃כ ╩ ⇔√꜠ⱳכ♃כⱪꜝ☻Ⱶ♪

╩ ⇔⁸T-ALL CEM ⌐ ⇔≡꜠ⱳכ♃כ▪♇☿▬╩ ∫√⁹

bortezomib ╩ ↕∑╢≤-392~-1 ─ⱨꜝ◓ⱷfi♩╩ ╗꜠ⱳכ♃כⱪꜝ☻Ⱶ

♪≢│ ⌐ⱪ꜡⸗כ♃כ ─ ╩ ╘√⁹-342~-1≢│ ⅜ ╘╠╣⌂

⅛∫√√╘⁸-392~-342⅜ bortezomib -responsive element ≤ ⅎ╠╣√⁹∕↓

≢⁸↓─ ⌐ ∆╢ ה⁸Sp1╤↓≥√⇔♅כ◘≢☻כⱬ♃כ♦╩

KLF4הMZF1 ⅜ ≤⇔≡ →╠╣√⁹∕↓≢↓╣╠─ ─ T-ALL

⌐⅔↑╢ ╩►◄☻♃fiⱩ꜡♇♩≢ ∆╢≤⁸Sp1─╖⅜ ⇔≡⅔╡⁸

⌂⅔⅛≈ bortezomib ⌐╟╡ ⌐ ⅜ ⇔√ ( 11B)⁹╕√ Sp1

≢№╢ mithramycin 43)╩ ↕∑╢≤⁸Notch1 ─ ⅜ ⌐ ⇔⁸
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⅛≈∕─ ⌐ ≠↑╠╣╢ p65 ─ ╙ ⌐ ⇔√ ( 11C)⁹╕√

bortezomib ⌐╟∫≡ Notch1 ⱪ꜡⸗כ♃כ┼─ Sp1─ ⅜ ∆╢↓≤╩◒

꜡ⱴ♅fi ⌐╟╡ ⇔√ ( 11D)⁹ ─ ⅛╠ ⌐ Sp1 ⅜

Notch1 ─ ╩ ⇔≡⅔╡⁸bortezomib ⌐╟╢ Sp1─ ⅜

꜠ⱬꜟ≢─ Notch1 ─ ≢№╢↓≤⅜ ╠⅛≤⌂∫√⁹√∞⇔ Sp1

♃fiⱤ◒ ─ ⌐ ═⁸꜠ⱳכ♃כ▪♇☿▬⌐╟╢ⱪ꜡⸗כ♃כ

─ │ ≢№╡⁸ ─ ─ │ ≢⅝⌂™⁹ 

 

 

 

11. Bortezomib ⌐╟╢ Sp1─ ⅜⁸Notch1 ⱪ꜡⸗כ♃כ ╩ ↕∑╢ 

(A) Notch1 ⱪ꜡⸗כ♃כ─ ╩ pGL4.17 ⱬ◒♃כ⌐ ⇔⁸꜠ⱳכ♃כ▪♇☿▬≢

bortezomib ╩ ↕∑√≤⅝─ⱪ꜡⸗כ♃כ ─ ╩ ═√⁹ p<0.05 (B) 

─ ⁸bortezomib ╩ ↕∑√≤⅝─ ╩►◄☻♃fiⱩ꜡♇♩≢ ⇔√⁹K562

│ MZF -1─⁸HEK293 ⌐ KLF4 ⱬ◒♃כ╩♩ꜝfi☻ⱨ▼◒◦ꜛfi↕∑√╙─╩ KLF4

─ ₁ⱳ☺♥▫Ⱪה◖fi♩꜡⁹√⇔≥ꜟכ ◒fi─♃fiⱤכ꜠ ─ │ 30 µg≢№╢⁹(C) 

A B 

C D 
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Jurkat ⌐ mithramycin ╩ ↕∑⁸24 ⌐►◄☻♃fiⱩ꜡♇♩╩ ∫√⁹ fiכ꜠

─♃fiⱤ◒ │ 30 µg≢№╢⁹(D) MOLT4 ⁸CEM ⌐ bortezomib ╩ ↕∑⁸48 ⌐

◒꜡ⱴ♅fi ╩ ™⁸Notch1 ⱪ꜡⸗342-~480-─כ♃כ ╩ amplicon ≤⇔≡

PCR╩ ∫√⁹ 

 

T-ALL ⌐ NIC D ╩ ↕∑╢≤ bortezomib ⌐╟╢▪ⱳ♩כ◦☻⅜

↕╣╢ 

 T-ALL ⌐⅔↑╢ bortezomib ─ ⅜Notch1 ≢№╢↓≤╩ ↑╢⌐│⁸

NICD ─ ⌐╟∫≡ bortezomib ⌐╟╢ ⅜◐ꜗfi☿ꜟ↕╣╢↓≤╩

∆╢↓≤⅜ ≤⌂╢⁹∕↓≢ Jurkat MOLT4ה ⌐ NICD ╩ ⇔√ ╩

™╢↓≤⌐⇔√⁹╕∏│꜠fi♅►▬ꜟ☻ⱬ◒♃כ≢ ⌐ NICD ╩

↕∑√ ≈─  ( 12A) ⌐ bortezomib ╩ ↕∑⁸annexin -л≢▪ⱳ♩

☻◦כ ─ ╩ ═√⁹Jurkat ⁸MOLT4 ™∏╣─ ≢╙ mock╩

↕∑√ ≤ ═≡ NICD ≢ ⌐▪ⱳ♩כ◦☻⅜ ↕╣√ 

( 12B)⁹╕√ MOLT4 ⌐ NICD ╩ ↕∑√ stable transformant ╩ ⇔

√⁹NICD ⌐⅔™≡│ bortezomib ╩ ↕∑≡╙ NICD ─ │╒≤

╪≥ ↕╣∏⁸∕╣≤ ⌐∕─ ⌐ ∆╢≤ ⅎ╠╣≡™╢ p65 ─

─ ╙ ╠╣⌂⅛∫√ ( 12C)⁹bortezomib №╢™│ Sp1 ≢

№╢mithramycin ╩ ↕∑≡╙NICD ≢│ p65─ ─ ⅜

↕╣≡™√ ( 12D)⁹ ⌐ ⌐╟╢▪ⱳ♩כ◦☻╙ ⌐ ↕╣√ 

( 12E)⁹╕√⁸NICD ⌐ ⅜╪ ╩ ↕∑╢≤⁸bortezomibה

DEXהAra -C≢│ ⌐ ⅜╪ ─ ⅜ ↕╣√ ( 12F)⁹ ─ ⅛

╠⁸T-ALL ⌐ ∆╢ bortezomib ─ ₁⌂ ⅜ NICD ─ ⌐╟

╡ ↕╣╢↓≤⅜ ╠⅛⌐⌂∫√⁹ 
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12. NICD ⌐╟╢ bortezomib ─ ─  

(A) Jurkat ⁸MOLT4 ⌐꜠fi♅►▬ꜟ☻≢ ⌐ NICD ╩ ↕∑⁸►◄☻♃fiⱩ꜡♇

♩≢ ⇔⁸(B) annexin -л ⁸ⱨ꜡כ◘▬♩ⱷ♩ꜞכ≢▪ⱳ♩כ◦☻ ─ ╩

⇔√⁹MOLT4 ≢ NICD ─ stable  transformant ╩ ⇔⁸(C) bortezomib ╩ ↕∑√

≤⅝─ NICD⁸p65─  ( ◒fi─♃fiⱤכ꜠ ─ │ 30 µg≢№╢)⁸(D) bortezomib⁸

mithramycin ╩ ↕∑√≤⅝─ p65 ─ ⁸ (E) ▪ⱳ♩כ◦☻ ─ ⁸ (F) 

⅜╪ ─ ─ ╩ ⇔√⁹ p<0.05 

 

 

 

F 

A B 

C D 

E 
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Bortezomib ≤ ─ ⅜╪ ≤─ │ T-ALL ⌐ ™ ╩ ∆ 

 ⌂ Notch ◦◓♫ꜟ─ │ ≤ ⌐ ⇔≡™╢ 6)7)⁹ 

∕↓≢bortezomib ⌐╟╢Notch◦◓♫ꜟ─ │ ╩ ↕∑╢≤™

℮ ╩ ≡⁸bortezomib ≤ ─ ⅜╪ ≤─ ╩ CI ≢ ⇔√⁹

Jurkat ⁸MOLT4 ™∏╣─ ≢╙⁸ ⌐ DEX⁸ADM ≤─ ⅜ ≢⁸

4-OHCY⁸Ara -C≢╙ ⌂ ╩ ⇔√ ( 13A)⁹Bortezomib ≤DEX⁸

ADM ╩ ∆╢≤ Notch1 ♃fiⱤ◒ ─ │╟╡ ↕╣√ ( 13B)⁹

NICD ╩ ↕∑√ stable transformant ≢│ ⌐ DEX ≤─ ⅜◐ꜗ

fi☿ꜟ↕╣≡™√⁹ ╟╡⁸bortezomib │ ─ ⅜╪ ─ ╩ ↕

∑╢↓≤⅜ ╠⅛≢⁸bortezomib ≤ ─ │ ™ ╩ ∆

⅜ ↕╣√⁹ 

 

   

 

 

A Jurkat  MOLT4  

B 
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13. Bortezomib ≤ ─ ⅜╪ ≤─  

(A) ₁Jurkat  ( )⁸MOLT4  ( ) ≢ bortezomib ≤ 4-OHCY⁸DEX⁸ADM⁸Ara -C

≤─ ⌐ ∆╢ combination index ╩ ⇔√⁹ (B) ₁MOLT4 ⌐⅔↑╢

bortezomib ≤ DEX ( )⁸ADM ( ) ≤ ⇔√ ─ Notch1⁸NICD ─ ─ ╩

►◄☻♃fiⱩ꜡♇♩≢ ⇔√⁹ ◒fi─♃fiⱤכ꜠ ─ │ 30 µg≢№╢⁹(C) Jurkat ⁸

MOLT4 ≤ ₁ ⇔√ NICD ─ stable transformant ≢ bortezomib ≤ ⅜╪ ─

combination index ╩ ⇔√⁹ n=20~25 ─ plot ╟╡ ╩ ⇔√⁹ p<0.05. 

 

In vivo ⌐⅔↑╢ bortezomib ≤ DEX ─  

 MOLT4 ⅔╟┘ⱱ♃ꜟꜟ◦ⱨ▼ꜝכ♀╩ ↕∑√ MOLT4 -Luc ─ stable 

transformant ╩⁸NOD/SCID ⱴ►☻─ ⌐ ⇔⁸ in vivo ⌐⅔↑╢

bortezomib ≤ DEX ─ ╩ ⌐ ⇔√⁹ ◘▬☼╩ ⇔√

 ( 14A⁸B)⁸IVIS ╩ ⇔≡ꜟ◦ⱨ▼ꜝכ♀ ╩ ⇔√ 14C⁸

D ─™∏╣⌐⅔™≡╙⁸ ⌐╟∫≡ ⌐ ─ ⅜ ↕╣√⁹∆

⌂╦∟ in vivo ≢╙ bortezomib ≤DEX ─ ⅜ ≢№╢↓≤⅜ ↕╣√⁹ 

 

C 
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14. In vivo ⌐⅔↑╢ bortezomib ≤ DEX ─  

NOD/SCID ⱴ►☻─ ⌐ MOLT4 ╩ ⇔⁸Vehicle ( ) ⁸bortezomib ⁸DEX

⁸bortezomib DEX ⌐ ↑ (n=3~4)⁸ ─ ≢ ╩ ⇔√⁹(A) 

≤ (B) day14, day21 ⌐⅔↑╢ ─ ─ ╩ ⇔√⁹(C) MOLT4 -Luc

╩ ⇔√ⱴ►☻⌐ ≢ꜟכꜙ☺◔☻─ ⇔⁸IVIS ≢ ╩▬ⱷכ☺fi◓⇔√⁹

(D)ꜟ◦ⱨ▼ꜝכ♀ ─ bar ╩ ∆ n=3 ⁹ p<0.05. IV IS⌐╟╡

⇔√ꜟ◦ⱨ▼ꜝכ♀ ⅜ ─ ◘▬☼≤ ∆╢↓≤│ ─ ⌐╟╡ ↕

╣≡™╢ 44)⁹ 

 

 

 

 

 

 

A B

V 

C D 


