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Research advances in the NOTCH1 signaling pathway and T - cell acute lymphoblastic
leukemia

CHEN Yizi, WENG Changjian, LU Chao"
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[Abstract] T-cell acute lymphoblastic leukemia(T-ALL) is a highly aggressive hematologic malignancy, accounting for approximately
15% and 25% of all pediatric and adult ALL cases, respectively. In T-ALL, approximately 60% of cases have NOTCH1 mutations.
These mutations, caused by truncation of the PEST (a cluster of proline, glutamic acid, serine, and threonine residues) domain or
abnormal heterodimerization, lead to impaired degradation or persistent release of the NOTCH intracellular domain (NICD), resulting
in aberrant activation of downstream target genes such as MYC. This process synergizes with oncogenic factors like TAL1 and LMO2 to
drive leukemogenesis. Among therapeutic strategies targeting NOTCH1, v - secretase inhibitors have been limited by their broad -
spectrum toxicity. However, novel agents such as the PSENT1 -selective inhibitor MRK - 560, NOTCH1 monoclonal antibody C(OMP -
52M51) , and the small molecule CB-103 demonstrate precise inhibition of NOTCH1 signaling with reduced toxicity. Additionally,
metabolic interventions and epigenetic regulation have shown synergistic potential. Although significant progress has been made in
understanding the role of the NOTCH1 signaling pathway in T-ALL, further research is needed to unravel its complexities. This review
focuses on the impact of NOTCH1 mutations on T-ALL cells, discusses drugs targeting the NOTCH1 pathway, and explores the
association between NOTCH1 signaling and drug resistance.
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NOTCH1 £ 5 HAh 80 K 1A S B T-ALL
R o TALL A& — B 1 201 W e - A5 - 058 e % 5% A
T, TE 40%~60%11] T-ALL &35 Wik 3k, TALL BH 4
T-ALL 3 % TAL1-MYCN I NOTCH1-MYC i #%
F LB A TS, T AE TALL B A4 7 AL efr, TALL #0141
NOTCH1-MYC @ % H 5 S -1 54k, LMO2 1E
NIRRT, WS TALL — i Rk . AR
W], LMO2 i 3% 3 45 iy Jl 48 Jid 7£ DN2 (CD4-CD8
double-negative 2) Bt B¢ & & BT, T2 B H 3K BT
1 IL95 §T T4 (preleukemic stem cell, pre-LSC) , 1
NOTCH 1 Z&7% Jini# 3 7] T-ALL # AL i 3ERE , R & 41
55 4 Chn 5] N BFAE R A0 i L i R IA P T IR T
BCL2) 1] BHLWT pre-LSC [ & K 1 IL973 FA) R A= 07s
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— AN BRI AL T KT, 7R T-ALL Hx i
Ju i i AT J M 2 O H B, A 2 UE SE TCRL ] 45
MYC 8 2 1 58 7 X 3011 e 68 )57 mT S Pk J = 41
L, WOHEMYC KB 534, NOTCH1 5 4&-HES4
FARAE TPS3 K F L T I A133p53 F R R4k,
A BT A I 4B FE T-ALL KU 40 J2 7
T, BEAERE AL R W, [FB 4772 NOTCH1/FBXW7(N/F)
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He T8 — A 7 (next-generation sequencing, NGS)
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NOTCH1 i 545 7 £ DNA 4 & 2 [ CTCF (CCCTC-
binding factor) &5 &, CTCF 45 & J5 28 Bl 3% 9 1%
P, B 1R 0E Bom B K k. tAh, NOTCH1 18
ot A A SO R R R 7 2 1 1 (branched - chain
amino acid transaminase 1, BCATD) i &) 1, I i
BCATI1 ik, AT I 5 32 5% & 2 R (branched-chain
amino acid, BCAA) & 3-8 T HRIH(3-hydroxy butyrate ,
3-HB) (& it $0ili BCAT1 ] {858 Gl BR AR 1 %% o) =
A 3-HB, 111 3-HB AF 9 IR PELL 8 12 LI AL B4
il 77, AR R AT R 3 U R SR KT, AT
TN T - ALL 40 B () DNA #7345 2 . 724 38 7 1
NOTCHI1 AJ L i 451 % FR = Bt -tRNA 5 h g » fie 22k 450
R (RNA W5 1l IRB) 2R iR S 54 1 ok
AU, BR i S0z B B N, 7T IS g B 2R A 52 5 )
I W2 mRNA Bi% %, SBE &Y 1 AR RE
AL BERR A 32 450, 400k o 3k e o A, A
WF ¢ 3 W] NOTCHI1 i 7T 3 B4 2 Bt e & 1 g
(glutamine synthetase, GS) [ fif , £ B 1 2 It i I
(glutaminase, GLS) i f1 mTORC1 15 5 ¥i& , 18 1#
T-ALL 4K A AN I A A 2B
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SHE S T-ALLYI R T2 SR, JRiE M GSLAE
) i A6 B (1) y- 0 WA 52 60, BT 51 % DA S AR AR 4
LA AR R AIE () 71 B T AN RSORE, 7 E R | T
HmR R (B TR R, y-2r B A1)
ALY 3 HL AT B FF 7Y : PSEN1.PSEN2. WA FE
B, 7E T-ALL H, PSEN1 [ 3R 1A L PSEN2 15 30 £i5°*,
HIE PSS PSENT, 7T fe ikt 6 5 i A B R N>,
BT I, Habets %5 HIF 92 3% 5 1 PSENT 11 1] 751
MRK-560) [¥1 37T [ 10555 35 14 15 56 4 4 ] y- 53 Wl g )
Y, B A a0 5 kB, MRK-560
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JFL At RS e 00 1) 700 B [ 184 SR B 1 L AR, DB R
VG TT AR FR AL 7 SEIG MK AE . AR i GSI R
) 33 38 3K, A A BT R LT T d AL TT KB A 1)
P W A 4 K Uk, ] RS v 6 0% GST & [ I 7 40
Ji 5 BT 38 5 T- ALL 41 g 1 32 550 Ay AR B B
AL, oAl NOTCH 38 2% 17 1) 571 1 B %t 7 41 32
CB-103 £ A —FZ NOTCH #0145, HAR A T I
2 I AN R ROBE, 3X AT B2 R A CB-103 (334 T
Pt NOTCH %% % 52 & ) B % B F T g, %F NOTCH
55 S T 5 R GST AT . BAR A IRiE
PR A7 2 52 CB-103 ¥6 97 12 R MEIR 14 T-ALL i
&, 1EK CB-103 I AAMRUME 5 S8 5 1 J A RIIA 3 58
AECRARDY, (RAZ 2T X 22 b R RE 1 T/ 10 34
I R 4 56 (NCT03422679) H IRl PR 52 97 2R A 1
BRI, SR, CB-103 &F X NOTCH 380 74 i £
FevbyE ) 1710 30 PR 056 (NCT05774899) H R AT)
TEFTJE

OMP-52M51 J& — F i 1] NOTCH1 52 44 1 N Ui
T ST RE P, 3 I R 7 1 45 & NOTCH 1 3244 (1) £t
75 DX B LE c 4 Cin DL Jagged 3 1) 5 324K (1) 45
o Minuzzo 55718 i % 2 52 B R #2252 OMP-52M51
1097 1) 5 AP A2 HE (patient derived xenografts, PDX) /)N
BB AL HEAT RNA M, R ILHTNOTCH 697 2 5
WERS U IS4, 5 Rk A — 2012 , OMP-52M51
S5 AR 2B TR T T SR bt A E ROR . 3
K OMP-52M51 5 IR [8]/4E RF B Befst H (0 Bt A s
2454 CRAl A H T o R 0 M P8 AR 6- 7 L P2 04 ) 6 FH BT
FHAMHENIR W T RS S B (KEH
Wl A EFEZO WA E NEZE .

FHIUT NES ATPEE (sarco/endoplasmic reticulum
calcium ATPase, SERCA) il i BH B NOTCH1 5% {4 [
21 o =% T 7 7% R P2 LBt 1 i 4 BT 24 i 24
Mipsagargin~ JQ-FT CAD204520) 7E & i L[] V£ Fl %2
21 1) [ IS A5 8 FEAIS T 4% G SERCA 11 77 1) o
#E M), H AU, Mipsagargin & 58 5% 1T i R BF 50
(NCT02067156) . PBH1ENOTCHI 15 5 38 B 0% i AR
KGN 1.

32 ¥®NOTCH113 5@ 5% 69 X MR 12 R4
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Table 1 Drugs that inhibit the activation of the NOTCH]1 signaling pathway
Category Drug Mechanism of action Advantage Limitation
GSI MRK-560 Selective PSENT inhibitor Reduced gastrointestinal toxicity ~ Limited monotherapy effi-
cacy, delayed effects

CB-103 CB-103 Blocks NOTCH transcriptional ~ Oral , no dose-limiting toxicity Unconfirmed long - term
complex(non-GSI) safety/target specificity

NOTCH1 mAb OMP-52M51  Binds the negative regulatory Precise NOTCHI inhibition , Limited efficacy against all
domain of NOTCH1 receptor,  avoids GSI toxicity NOTCH1 mutations
blocking ligand binding

SERCA inhibitor ~ CAD204520  Inhibits SERCA, prevents Lower Ca™ toxicity , retains Long - term cardiac safety

NOTCH1 maturation

anti-T-ALL activity requires verification

FUR R o FoHR B Y B TS 1R R A 2
J& . BRD41ENBET KR 01, it 54 8 H H3
1) AR 2 FR TR BL 4 A, IRB MY C 3R, b T 4 ¢
NOTCH1 %A% [ IfiL I i 46 41 i (leukemia - initiating
cell, LIC) A7 « #7030, B FH BRD4 & fige 771 7T
A B A NOTCHI-MYC-CD44 i, i /> LIC ¥ &,
TEK /N R A AE AR, H AT, EP31670 (—Ff BET #1
CBP/p300 X4 1l 51 ) 1E 78 T # 1l R X 56 35 47
(NCTO05488548) . 73 4b, 2H & 1 fi &R 2 H R AL Iy
(KDM6B) # 1iF B J2& T-ALL /& J& A4t 15 BT 4 75 1 96
o1, AR T-ALL 40 i 952 5% NOTCH1 {5 5 175
SR TS, KR R KDM6B A ik #4015 % NOTCH 1
5 5 1 T-ALL 40 ",

7E RNA RS 2 T, A5 5 5 A0 AR JE AR OC 28
(fat mass-and obesity-associated protein, FTO{E N m6A
AL, I8 PR AR T P02 R 1 A 8 Ginterferon

regulatory factor 8, IRF8) mRNA [1] m6A & 1fii , {i¢ 12
PI3K/AKT {5 5 0 36 [F] NOTCH1 3K 3l 1 1ifiL 5 i3k
J& . SEUGAESE, M FTO AT IRF8 234 K, 4E4%
T-ALL &™), [RIRT, B 5 AR KR 7 2 mRNA 45
& &5 1 2 (Ginsulin-like growth factor 2 mRNA -binding
protein 2, IGF2BP2)E T-ALL H iR IE , il i m6A &
AL £ 2 NOTCH1 mRNA, {2 3 T-ALL 40 i 77 3%
FACST TR 24, 06 e LI & B /N 43 F0 ) 71 JX5
AT 4MH] IGF2BP2 5 NOTCH1 454, #0) T-ALL 41 Jf1
B, A AT T-ALL G

FRit 2 Ah, Ge o )5 58 5 54 SWI/SNF (A% L
W3 SMARCA4 5 RUNX1 AH BAE A, v $p [A] 1 4% e
i A f M, 4E R NOTCHI-MYC 38 B il o 4100 6]
SMARCA4 7 854> He PR 41 G 62 J o] Je 1k R B, 15 3
T-ALL A0 JH -1, $815 NOTCH1 15 5 38 i 1) %= W
B A W 2,

#*2 HENOTCHI{ESEBHRIEERIZHY
Table 2 Epigenetic-targeting agents against the NOTCH1 signaling pathway
Target Mechanism of action Advantage Limitation
BRD4 degrader Disrupts NOTCH1-MYC-CD44 axis,reduces  Selective LICs elimination May impair normal hemato-

KDMG6B inhibitor

FTO inhibitor

IGF2BP2 inhibitor
(JX5)
SMARCA4 inhibitor

LIC survival
KDM6B knockout selectively clears NOTCH 1-

mutant cells

FTO inhibition restores IRF8, blocking PI3K/
AKT and NOTCH1 activation

Blocking IGF2BP2-NOTCH1 mRNA binding
inhibits m6A-dependent NOTCH1 expression
Inhibits SWI/SNF, reduces chromatin acces-
sibility , blocks NOTCH1-MYC

Targets NOTCHI - hyperactive
cells with high precision,
minimizing off-target effects
Reverses epigenetic dysregu-
lation, delaying leukemia pro-
gression

Overcomes chemoresistance

Genome-wide epigenetic

remodeling

poietic stem cell function
Impact on normal T-cell de-

velopment needs validation

Complex m6A regulatory net-
work may cause non-specific
effects

As above

SWI/SNF’s essential role in
gene regulation risks systemic

toxicity
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3.3 ¥@ NOTCHI 13 5835 a9 Kt Z smA2 2540

£ T-ALL V67 SRS B Fi b, £ % NOTCHI 15
5 10 % S T AU R L A 0 B e T TR AL
EWE . VBN A M 40 AT ) B 12, Ak
1% R {1t Coxidative phosphorylation, OXPHOS) [1] 1]l il
CORCNEE T A . TIACS-010759 & —Ff /N1
LRARE AW T HHI5R, B A5 sk I R 525
(NCT02882321) , 1 7t & & B T-ALL 41 g v] i i 4%
AT e (1) 340 JE P AR X TACS-010759 1EH R AR
R, B TACS-010759 97 %%, ¥ TACS-010759
5B GLS MG M L- R A W B B A5 4, mT
SECT-ALL 40 (A QU R % 3 A 5, AT 2 25 PRAIK
i 98 7 A A A AR A7 A, AT A S I 0 A1 5
CB-839 IE7E AT IR PR A5 . 5k — 8 2,
NOTCH 1 #3751 T-ALL 418 B T GS 3Rk 32 411, {41
MRTEVE BLAT G AR 8 R 23 ST e » R I R 1) 23 2
1% 5 R A mTORC 1 IS, o] P [F) 1755 T-ALL
YU T, BRAh, B LR R R L S MB1-47
i 0% AMPK. #5] mTOR & %, ¥5 5 T-ALL 41
A 0135t , 7E NOTCH1 55 19 J5 & P A 19 J& PDX
R R 5 R AR s B s e, B 5 IATT

L ERHEY,

BB T N, DNA B HLH 54 6 5 4 2
A% 47 2L A 73 Ceell division cycle 73,
CDC73) AL AT AE Jy 39 5 7 12 3F T- ALL % 5 8] 1)
Ik, i A7 3 i 3B A A ) BE (R 3 DNA &2 2 M
OXPHOS & [K 5% 5% , 22 fi NOTCH 1 i F& 38035 51 2 1)
AL EE PR AR S, TR, S #) CDC73 B4R
I8 2 (1 OXPHOS) 1] #iikE K] B 424 1) NOTCH1 /=
AR S R

B S AU S JO 1A PR ARG Y T T BR LE AN W 4R
J& . W5 R I MYCN PH A T-ALL X6 $2 3 75— iR
BT A B A I8 JR ¥ (HMG-CoA reductase, HMGCR)
A 00 Chn At VT 28 w3 B BUR , 38 s BT X R R
12 1 25 W] fg 58 AR NOTCHI B [ ¥A 7 16 =) PR
PEUST S HfE w0 BT R, 9 BCATT w8 R AR ¢
B, [ 3-HB R R, F8UE O OB E L
FH 0 DNA #5145 , K5 BCAT1 4101 i) 71) 55 4 6 1A 7 Bk
F 5 AT B [ 40 1) PDX S 2 A (1 Jifr9gg , X 3R B BCAT1
0441 751 7T B AE M VA M T-ALL #3500y % b R 15 1
FAPY . B NOTCH1 {5 538 2% AR Em AR 244
W3,

&®3 HENOTCHIESEBNREEREZHNY
Table 3 Metabolic reprogramming drugs targeting the NOTCH]1 signaling pathway

Target/Strategy Mechanism of action

Advantage

Limitation

TACS-010759
in NOTCH1 mutant cells
CDC73 inhibitor
blocking DNA repair & OXPHOS genes

MB1-47 Mitochondrial uncoupler, activates AMPK,,
inhibits mTOR , induces metabolic stress
HMGCR inhibitor  Inhibits mevalonate pathway, targets MYCN "

T-ALL
BCAT1 inhibitor

lism towards 3 - HB production, exacerbating

DNA damage

Inhibits OXPHOS, causing metabolic collapse

Inhibits CDC73 - NOTCH1 - ETS1 complex,

Inhibition of BCAT1 redirects leucine metabo-

Combination with L - asparagi-
nase may enhance efficacy
Avoids toxicity associated with
direct NOTCH targeting

Broad anti - leukemia activity,
non-overlapping toxicity

Drug repurposing, known safety
profile

Synergizes with chemotherapy
(e.g., etoposide) to eliminate

tumors

May affect normal cell
energy metabolism

May exacerbate genomic
instability

Potential mitochondrial
toxicity

Effective only in MYCN®
subtypes

Metabolic compensation
may limit monotherapy

efficacy

3.4 ¥ NOTCHI1 1S 5 i@ #5869 R A&

LR, 2 W SRR 7RG YIFE T-ALL
RIT P RS EVE RN . Besser SR IL T —FhiE
SR E B ORRR M R SR EY, v e R S
NOTCH1 ZEA2 ) T-ALL 40 LI T AT A HE-478 1 1L
PR, FEHUH K 4 e T RS 7 P y- 1 B IR B 7
1§ 1 (ChaC glutathione-specific vy-glutamyleyclotrans-
ferase 1, CHACI) X NOTCH1 1] S1 o7 xi 2 fifg 1) $1 i

fER, MM 1E NOTCH . #F— B0 ¢ o,
KRR Gl KRR ER 324K 2 BRI TRPV L, V4 AE4H
FL N Ca® BTG 25 6 MR M I8 4%, 1 CHACT 3R
1K, 0 NOTCH1 J& 324, 930/ 3 1% NICD 7K 1, AT
F MR T BRItz A, AR N R
SRAELY) (U] 7 A 28 A rp B2 RS IR L
BA R AT BraAL U S 2 M AEY) S ThRE .
B FAR I A2 B A BN R T-ALL IE A, 3
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MU AT A2 38 5 4014 NOTCHI {3 530 B & 54 FH
Ak, FH R NE TR ZE T B 1 — RO A
53 TEW AR BT AT R 5 38 27 2 o 24 B
PE, W 58 B P DL A S R BOE . A
TR I 2 3 R TE I PR R Ak B R A7 SR 3 5% Ml -1
ANGF AR UMI-77 5 5 (0 T-ALL 40 T2, AL
HI AT fg 5 H0H] NOTCH1 135 5 38 BEAH 7,
3.5 Xk

b & B FLIR N, B8 22 VB 0 VR T 0 s R TV I o
BF 58 R B, A2 K )RR S 1% £ 2 (growth arrest -
specific protein 2, GASiE T 5tk [+ CXC I F
52 A& 4(C-X-C chemokine receptor type 4, CXCR4)
AEAE S 305 NOTCH1/e-MYC 15 5 # 5 o 4k £
T-ALL 40 () A, 3275 B8 1] GAS2/CXCR4 Hli 72 R
J7 T-ALL [y E 5 mg S, b4, cireFBXW7 16 T 4]
it v B R GA , (HAE T-ALL B3 b i 8 365 A5
2], circFBXW7 (B K AT 2L MYC.NOTCH1 &5 H PA K&
FHOC R I DR (W 2R 0K O, (12 a3 1 of s 440 36 4, T
circFBXW7 fIFRIE 5 FBXW7 RAZ T 5%, $En HAE N
ST R DR T 4. Rk A, NOTCHT — 3%
PRREAE 5 0 0 T2 3 DR R 0A TR B A G, 54N R IR &5
Jabr EVE MK, SR M NOTCHI —RI&(E 5
B U 0N 28 T B8 A SR IR VR 9T M S R
FWg . G342 WO A R OTSSP167 18 i
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