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Abstract

Bone marrow suppression after chemotherapy is a common and clinically restrictive toxic and side
effect in the treatment of malignant tumors. Its mechanism is complex, involving hematopoietic
stem cell (HSC) aging, destruction of the hematopoietic microenvironment, immunosuppression,
and dysregulation of multiple signaling pathways. The Notch signaling pathway, as an important
signaling network that regulates HSCs, promotes the construction of the hematopoietic microenvi-
ronment, and regulates immune homeostasis, plays a key role in hematopoietic repair after chem-
otherapy. Traditional Chinese medicine (TCM), with its advantages of multi-target, holistic regula-
tion, and low toxicity and side effects, has shown significant effects in improving bone marrow sup-
pression. TCM compound prescriptions, single herbs, and external therapies such as acupuncture
and moxibustion can improve the self-renewal ability of HSCs and promote microenvironment re-
pair by regulating Notch receptors, ligands, and downstream target genes such as Hes1 and Hey1.
Based on a systematic review of the mechanisms related to bone marrow suppression after chemo-
therapy, this article provides a comprehensive review from the hematopoietic regulatory function
of Notch signaling, research progress on TCM intervention in the Notch pathway, integrated regula-
tory mechanism models, and future trends, aiming to provide a systematic theoretical basis and
research direction for the treatment of bone marrow suppression after chemotherapy with TCM.

Keywords

Bone Marrow Suppression after Chemotherapy, Notch Signaling Pathway, Traditional Chinese
Medicine, Hematopoietic Stem Cells, Hematopoietic Microenvironment

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

AT A& 2R R IR T B BB R 4y, (H G IE R G L R A EEA B . AT e B
RN B (20 R LRSS AR B2 R AG,  = d  EL dsey ™ F 1 7 2 PR A B i IS 2 —
A GBS  HA IS ™ R ORI, e A A R IR B R AT, R SR A A R[] [2]. A4
MAEVE IR 7 (R L0 3 Bl i S H ia vT 7 — @ R ol g, (EAF/ER A&, 78008 . K
PEIRSE R3] [4], HILFZE TR, RAEMNBUG L BAR AN S G M Ihee k2 . Fik, FHR%4
A3 H e AR A 38 18 I D RE Y SR UM BB 2L, 56 45 36 1f 41 B (hematopoietic stem cells, HSCs) 2442
5538 MM BEAF 5T IR N, Notch 15 538 B & T I\ 9 2 4Rl AR (R E8 1518 5 AN R 4% B R Tl R B2
() 8 2L P& [5] . Notch il 4% HSCs frig thiE « ## S 5T R RIS, LR 4EREIE AR 25 5 8
P, TEAYT 5 I i = R FEAS AT B AR - (B AR, Noteh 5 5 7EAIT 5 AN [RIBY Bt 2 B
VAR A, R R R IR O ) B rT B BOE T RE RS, DR P T O R 6]

= 257 BT 16 i BE R 77 T B A MR A . REFEANIGIR . 4008, 2 FEAFZHUE T HEEZ
F BT RO TR HORFEAE R IALHI[7],  RotE7m v B 2 R BARAE LS B2 (B i B Sa ity . BTk, 28
# LA Notch ¥ FREEZy . 7 JaH BEHI/E A2 817 A 2% PubMed . HH A 1) 4 SCHHE 1 (CNKI S5 50 s
JE A A SR R 255 T Notch il i R HEHUBAL ST 5 B BEH ] A AH DG SE BRI SR, FEAEAR 5G4 LRI IEAT
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REEIRgN, VIR EZGRA G RN A 5 5 22— D RN IR A — 2 5%
2. WIT R BRI RIEE A
2.1. WITHHMFES HSCs FE

V2T A (e de i) 128, P S ma i 1) 55 2 BRI B (R s 7], W 3 e 40 L DNA 45245,
52 DNA EHi|LL & DNA Fl RNA & Rezdn, W B R E L2 S EREAR. Rgdh. HiiEiRe
VEN—Fh B A0 AL 7= R G0, FR e i) HSCs. HH [a] f AEL4H AR AN JEC 0 1Y) KL 40 234k T A4 4L i (8] AT 24
Vit ) DNA BELEEAR S 7T S8 HSC = AR XUEE T S B A AR, S A i i s . e R A ek
PHT, KAk B BB BE J[9]. [RIETA0TT REHE = 40 M P A AL R (ROS) KT, 5 3 R A4 473 H 80
P38MAPK, T A K T FRIAFETF M HSC H IR Hr, TG MEE S FFE[10]. BB W TR,
WITAMUAE HSC A B 322, 1 ] A5 &) BB 240 ik N 3 2 R R TR VEA IR IR -, P AR M S RE TR B, IR 1)
IRl HSC Dy REE 2K I 23 A i el [11]

2.2. WITERBRE M IR

R I M P UL AE . R ZE L - RESE ST L 1 (A 78 BT 4 L(BMSCs) . 2 A [H] 145
R, i MR AT A 20 2R 58 L ki i 3 HH A SRAE — R AT Re fe it 1 A AL[12] [13]. i M
I AT 2 el i B RS A O I, 2 & B BE R SO A0 M S5 A G MLV AR A A B R R S R, i
M AAEE,  BUEF G 2D RERT T FE[14]. Aoy R I X Y S A L 8] 78 5/ R i AR M 5 e s A R A )
EAR M AE[15]. SN IR T PR E IR SASP [16]. 415 BESC AP [17] 4R R &5 B
DTSR EP[18)F L Hiki, RGVEMIAEBERIAE, AR S HSC ThRe R, &M EIR S
ARG LY 27 I AAE o
3. Notch ESiBRAEMER+HRIER

34 I/ AEL 20 R - ) 7 o 25 S 4 A, T v B R R ) BE A B v, 32 31 22 Fh AT 4 AN 4 i A
SRR, 26 SEBILRSSX - FHRPIEE. S dris o 9], H,
Notch 15 ‘S IBBEEiE M RGP TR AR Z: MU S HiE MR A, SR EHMRE T 447
EWEAMBAE . 3t BMSCs 13654 5 /- 6[20], FIREA HSC 7EREAG I B 4E R FLAE - 70 1b I8 RE T
HEAE 54, X iE AR B AT S8k = X [21] . Notch i@ #% B — KAZ 0 M ;3244 (Notch 1-4). BLi&(DIIL,
3, 4, Jaggedl, Jagged2) LA Jz DNA £ 8 F CSL (CBF1/Su(H)/Lag-1) & &1&[22] .

3.1. Notch iBJ&£& 5 HSCs #riEigiF

Notch {5 5B 7F HSC fiviz 4% P e B M . fEARAAI, Notch (JEI Notchl) /S B ik fb/ 1 &
- AR, 3 A P R SR A5 L A (hemogenic endothelium) &g 77, AT HESHHf 2 B HSC HITEE[23]-
AW FUAR B AR 5 52 4 14 2 ) R (i P B0 4 P9 B SRR ) Jagged 1/DLL) A B A28 ke T Notch X
HSC H IR H 5 t A [F 2 [24] . T HTEHE SR~ 1 cis-inhibition HLEIHE— 5 R T [R]— 40 B
Notch Jf 1 I 25 22 SR I #[25] . X BUREEE Noteh oA RRRA &2 15 2RI £ K REd i —AS “ %A%
PEOCHRE” (5518 .
3.2. Notch BB 5MNIEEE

Notch 15 5 il i 1 42 B B8/ 20 2R (R P B2 4R B TR 78 53/ s i AH 40 fi (MSC/SSPC) 1 fim iz 5 43 b i, Jf3
TR EREE S 550G S, SE5ZWMARNEE SHE. 558N 24002 Notch Btk f) 3= ZokIE
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-

Z—, P Notch 3P4 520 4 i K 7~ (151 40 CXCL12/SCF) 73k, M A FE A 3 52 451 HSC SR 1 Th g
P [26]. Jagl F1 Hesl #4i% Notch B, W 2Zf# BMSC (32 KA . (Rt g /ML 5165, Mok
A E BERE T AR AR 77, AH, Notch Sy BT B2 41 B i3 s #HLAH i iz Jf sema B 12 5 [27]. ik
SERMIBFFCHE— PR IH, Notch {55 AT UpH BMSC. P4 Ji7 40 A5 38 i 0 it 2 10 ) B fih 5 55 o0 A 2, it 4
FEE BE O B B0 AP i ) B Y A5 (28] HLAEH ER . gIOoRIERE I, H¥ 5 Wnt. TGF-A.
VEGF/angio i i bl 7] 50F B 29[29]

4. REZHIFE Notch (S SiBRE & Z i & REHIHIER

BRI IR A ST 25 AR G IR AR 59 UIAR G, KR T “ g
“RETFT  CREDR” AEVEWE. SR DAPRIEANEON EELA N, ARBRICHONE, RORAMERANE . 2R AR
ik, WAL R 2y MRBEZG[30] [31] w253t BHRSE T Bl iz N T4 T a1 BRI ) 2B
HBA B I RT3

4.1 PHERS

MR R S A M Ty, T D). F e, B e S AT R 2 . Bl
W SIZB6 2% B 24 9 Kb I 37 W] DA AR R S /)N B Notehl. Jaggedl. Hesl #iA&:, il NRF2-Notch 15 58
P, (B RELE ML G A0k, WA R T IE (L D RE K S [32] . [ A & 7 BB S5 P A,
AIEE Notch1-NICD, {3 e 7k, $&mid S RFRE 71[33]. g UEE T+ (A F0RE A= 38 1 SEAE SN
WRZGH AL, e EIRE R Z 10 Notchl. Notch2. Notch3. CSL J:[RI ik, (i 563 i 40 b5,
[ B 0 ) AR A0 R A B [34] . I\ B2zt NS, Bb . A% \BRrP 25, R EALT S B B A  E 1
jagl. notch2 KJA N %, numbl. numb2 F&Er, it FEBGE noteh {5 5B, KE M B TIAE[35]. &4
. FEE AP IEAM Iy 77 7] B B Jaggedl. Notchl. Notch2 ik, 3% Notch Mg, it HSCs Bi%H .
PRARIET R, ZBfft HSCs fhyT B FEFE[36].

4.2. BIRPE RN ST A0 EEIER

P24 825 1 S M ) #5255 (baicalin) AT #4958 Notchl X HESImRNA [FJ540, 7£ Notchl 4 fiii 17515
AR R A I8 2% BMSC S5 AR, M () 422 5 1 Je IR B [37] o 3 1S 32 B AR 49 0 3 16 Y 7 (Astragial osidle)
FERUE 7 AR R T4 Noteh2, AR T pe, S EE s vl 4 Notch WEAZ: 53/ 12
52, NI ecE & B8 5E[38]. AZS 24 Rl ReiAR AT/ S e A LAY (1) B 4], i van L4 T 45
AT BAREER T, FEA TP Ryl Rl 0 Noteh 5 Wint #3 [F {23k HSC/BMSC 1j6E[39]
F2 1 2 (curcumin) 7E 2 P AL ZUE T 1 Bt 98 A5 ) o gl 40 T il Noteh {55, 76 B i HH 22 15 2508 I 52 M 41 g
R B S 0UWEE T (B AR Notch RIFERON., AT RIF18 & B B854 5 [40]

4.3. §t&k. XRFIMNGEBIE

ERRIORHE TRAT. B ar. & =B nT DA IRIE RS Si3RA 1 jagl. notch2, A & = A
FI¥) Notch 15 52812, $2T FVAHH/K T, SRR ERRATSE AL B 550w B4 [41] . B F0IE R AT & Bet% b 148
i I AR 55 FORG B 20T VCAM-1 R I 1E 38 4% X 1 SCF ik &, R ICAM-1 Aitid if #7145 K T TGF-
Pl RIEE, RIEBEEE MRS AT R [42]. AW E S0 U 5 8 = B o B B A 78 /N B
FIREIR, 25 RE ] ¥ 4 m) LLE 42T CSL. Jaggedl. Jagged2. Notchl. Notch2. Notch3 & /K, fiik&
HAAMH FPRAS, B0 Notch {5 5%, M2 & BEFDHI[43].

g BRTR, wppE 2y i R R T4 N (R 9 Noteh 3244, ik 545 &% AFRIR) 5Msh(E 2 ik
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MRS ek i f ), SRRz s e TR, Bl 12REK. Sl LINBEREM.
XA “ 2 R SRS REREMKE HSC I NFEFHERE ), XAEB IR Bt IR HSC HIZEZRSAL, RIS
G5 JOERES LA R 12 R RE A7 Rk 5 2 4tk

5. Notch B 5 %15 SiB A Z E{ER K HEZHI ML FT5HLH]

EAEENRE, W7 EEEMH I RESEEFI R —(E SEBRIE, MERZAME S MO
FAMI45 3 . Notch J8 B it i Fas 5 ROE0E ) B Z R4, 5 Wit. TGF-A. NRF2 S CHEE 5 M
EAPE R E I NREAC H., IFEF MBS 5 IR E D B LR E R ME S W IR R, TEAHZ K
gy R SRR, (EHARREFINER T2 ME SR, MR WIS LEE .

Notch 5 Wnt JL[AZ 5 HSCs BB H B 5§ SARG W, WHEENIT EHROEE @ 28 H Ak
WFEER . BTSN, Wt i BE0E 2 530 HSCs ThEEFEME, 1M Notch {5 5 FRERE 7R £ i 3L 7 ki
s MR, M FHIEREHTEE NI R, w] R R RS R, 4ERF HSC ¥ “I3M%H - 587
SAFT[44]. A HPEEZGIETE RS CIESEREE/E Notch-Wint X126 Hp SEEILXU ) 5. dun, 23750 a]
DL ZEH 5 Wit notch T g-catenin FIAZK T, ORAP AT 4EAH A S A8 B4R A, kb 98 VR4 IR i [45] s
FANLLF 0] LLIH T Wnt/Noteh {5538 8%, SR BAT I R0, 4 M FaAS[46]; X T BN T 1ilia
SRR #E Wit. Notch 1551828 b E ZEER ik, RILHXHE 588 HSCs B I Ry 1E I [47].

TGF-p f&Aby7 Ja B R0 405 fe B B G MK 72—, 7RISR R, B Rl P s 4l 1
TGF-B 5 T BT, 251K p38MAPK EERFFELH0Y, JF 73 VEGF/Noteh (5532 B, AN &
S AR 25 T 1 A R SRR I LRI BE 9 [48]. B TR R B WS 24 75 FIFE. Notch—-TGF-g -~ i 45 b HAG Bl
WA, BRI E BTz 8 #H1] Notehl {5 5 d %, #Emifeidt Treg 40 Th REFFE T FH 43 Wb 1) TGF-B1 /K
P, ARILT Notch #ifil 5 TGF-g Ihfessm i rE, 75 %oy a7 i A ME[49]; W& B ZATER
ST VE B SR BB, Gl I #H] Notch3, fRR N Bed 74 i, I EI i BMP-2 (TGF-B X
R RIS, SEF{EE BMSCs [ B 40 43 AL 36 56 [50]

DRI, SRRt 2 24 et BB S0 o (RO BIF FE AN B2 SR BR 1 88— Noteh JE %, 1M M5 Bh 2 4 2 R kg gt « v
PR%j - ZP A - EIIKE” ZEAE, MRS A B4R 7R L B S o

6. &g

HE 2597 @ L 4% Notch 15 S3@ B, 4ERF HSCs H5E, /b oeRs, Mimispusibsy 5o i
i, TR SNE R R EHAA E R SCR 2 N AT R AR JiE S e 25T TR T i B
AR st — e B 5 7R, (A Notch 15518 % B S BUR A I E 28V (AN IE MR BRI SR E A 1&
M40 A A0 RE , AHIF FE 45 0 R LA 5 P 8O 22 I SO CARAIE . M AT R 2 T 3)
VIsEgs, Sz KEEARIRRUEYE, MU TOREEAE, 2 IBE%AE SRR MR eI B o KRR GE 2 4H %%
LB TT, EUGE— D HE Y RNA-seq + FANM ATAC-seq + 75135k AR A S00E, TR IEZ
FHG B BEAEAS A Notch 8 B EAS [F) 40 ML RF HH R AR, 545 & 4H i 7] 38 7R 53 #r (CellChat, Nich-
eNet) J17fi Notch 7£ “ P 2GR ROAEE P 2% 7 rp i) JARAE R I 2%

EEUH
oS ST LR HORTEL I H (9 H %5 2023K'Y20).
S5 3k

[11 PP PGB ES A MR k2R R ey, IR TR TT 5 A I v T B 2 SR 9T R 3R (2022 4EAR) [J].
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