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Abstract

BACKGROUND: It was found that the ligands and receptors of Notch are both cell membrane surface proteins, which are important proteins to mediate
intercellular communication, and the Notch signaling pathway plays a crucial regulatory role in the proliferation and differentiation of mesenchymal stem cells.
OBJECTIVE: To review the regulatory mechanism of the Notch signaling pathway on the proliferation and differentiation of mesenchymal stem cells, summarize
and clarify the research advance in how the Notch signaling pathway regulates the proliferation and differentiation of mesenchymal stem cells, and provide
theoretical support for the future use of stem cells to treat various related diseases.

METHODS: By using the computer, the first author searched the relevant studies involving Notch signaling pathway regulation of mesenchymal stem cell
proliferation and differentiation on CNKI, Wanfang, VIP, PubMed, Web of Science, and Nature databases with Chinese search terms “mesenchymal stem cells,
Notch, Notch signaling pathway, proliferation, differentiation” and the English search terms “mesenchymal stem cells, MSC, Notch, Notch signaling pathway,
proliferation, differentiation”. Part of the literature was searched in combination with the literature tracing method. Finally, 87 articles were included in the
review analysis.

RESULTS AND CONCLUSION: (1) Notch signaling pathway is a conserved signaling pathway in multicellular organisms, which plays an important role in
regulating cell differentiation, proliferation, apoptosis, and the cell cycle by mediating communication between neighboring cells through receptor-ligand
binding. (2) Mesenchymal stem cells are a class of adult stem cells with self-proliferative and multi-directional differentiation potential, which can be
regulated by external signaling pathways to affect their proliferation and differentiation. Notch signaling pathway, as one of them, when Notch ligands are
activated, the Notch proteins will undergo two protein hydrolysis cleavages to release Notch intracellular structural domain NICD, which then enters the
nucleus and thus promotes the transcription of target genes to regulate the proliferation and differentiation of mesenchymal stem cells from different
sources, such as bone marrow, adipose, and umbilical cord. However, the specific mechanisms that regulate the proliferation and differentiation of
mesenchymal stem cells from different tissue sources of the same species are different. (3) The Notch signaling pathway can regulate the differentiation
of mesenchymal stem cells into different target cells, but due to different target cells, the expression levels of receptors or ligands in the Notch signaling
pathway vary. (4) Clinical targeting of the Notch signaling pathway to promote mesenchymal stem cells for the treatment of various refractory diseases,
such as aplastic anemia, severe joint injuries, ischemic strokes, and myocardial infarctions, has a promising application. (5) By exploring the Notch signaling
pathway via regulating the expression levels of its receptors and ligands in bone marrow mesenchymal stem cells from rat, mouse, and human, it can be
found that the Notch signaling pathway expression levels in the proliferation and differentiation of mesenchymal stem cells from different species origins
are also different. (6) The role of mesenchymal stem cells in tissue engineering has been gradually highlighted due to their advantages of safety, low
immune rejection, and wide therapeutic prospects. The Notch signaling pathway regulates the proliferation and differentiation of mesenchymal stem cells
with a wide range of influencing factors, and subsequent studies should further optimize the influencing factor variables and explore the standardized
studies of regulating the proliferation and differentiation of mesenchymal stem cells.

Key words: Notch signaling pathway; signaling pathway; stem cell; mesenchymal stem cell; clinical significance; cell fate; proliferation; differentiation; review
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2 iAot Bk AZ, 12 B BT KIR AR AR E F £ Notch 12 58 5%
AR R T mie sl B AR ey ¥rn, 200 R LS
Hrbemipnt st g 12T AREXNIRTEEE. XFELL BRI,
Notch % # B Be Ak 69 X KT 2 18] R F 4m oo AL ik T ) o4 e 4m it
RAR, £E&ET A4, 4o Notch 12 5 18 55 5T VAL 3E 8] AU/R
F e B e, A2R AL I TR T e d g A dn gk e AR
Fp4#4) Notch 13 5 18 3484 A R &4 ) 18] 7050 tm it o4k,

2.3.1 Notch 12 5@ 34iR42 18 75 T mA@ B a8 70T it
BB AR LR T mieg bk % 65 X —., MEIEE
FREBE, BRI R T et h s B dn i ad A A e S R R 49 1)
RF i E & ", bR LR R T mie ek B it it A2 F Notch %
PR B S Bk 4 R A LK L, Notch 43 5 i@ 34 P % 4k 5 Be ko9 £ ik KT
st B R 18] ZUR T dm e sk e #em ik K, 8 i siRNA 7 Notchl & 4K,
VA % Jf| Notch 13 5 1 3% 37 4| %] DAPT 24 Notch 12 5 i & it 47 F 1 & I
Notchl &4 F & FA& T pA4% it 84 18] 7% F it ed 204k 7, & 9 Notchl
ST AP B 4R 18] SR T n e B am it a4, Notchl #93807%E =T 46 - BORE
KALEEF A F Runx2 89 A A BEE T FEWZ 4], 1224208 AR T @
SO AL TALAL R AT Notchl &4k, L7738 1307 Notch2. Notchd.
Jagl vA B 74| Notch3 3% 3% 18] 7R T aIe B o4k, B, AFHE L
JiF i d B ey 142, Notch 43 5@ s L %Ak B BAR L IET
FTEGIATHER.

F 5 b, —AVARSF Notch iA4% 18] LR F 4 o) B 40 e o1 4t
Yrtm, A B A INK Notch 15 51834 69 3% 41 T 18 Fo R F m e B tm
feg 4%, B4 NICD 3 Heyl #9432 48 ZAE A #74%] Runx2 &bk, EfE4k
BB T L% Notch 15 538 3464 4 T A 34 B B 18] 2L/ T 4 I8 A,
B emlenie Y, e AR A R IVE Z ALY Jagl AL AR E i NICD
89 L iRE Notch 155465, ST vA-$-8008) 0 T @it R E a1k i ),
Xk £ ol k BT 48 5 18 00T an it e AR R R R ) 4 A % V)
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6 R LA 10%-20% 498 47 & F A d A R s, RATFHKY
L E LG Rk, HIBEEY RIS 0B TRE T F B B Andkin
LN F AR LAY I T AR LIS, BRI LR T AL R R AR A R A
A, VR BB TN AR T @iy 5 Fr Rae s gk . &
BFRAES, 2B AL 4 FH T Notch 12 5 &S 80 & F M3 o,
R T R e ARk ALK S, RATHE AR T ek s
R, A FRERIK, FHRHES, LES. ATBassn
Notchl #) F A FH Bty @A A, FHLBY ", Rtk Jagl 49
TN AF T TR B A E R Y, R Notch 1258 48 45 18] &
T Fimfa g i b ey LARAE], B A B BT B AT A da L
BE BT RA AT E L.

Notch {7 5 i %

— —ty — \) ( )] (/
U R [ e
il 70 % -4 AR ‘ ) ,\ |

\ \
AR,

\ ;
4 S BRREE

PVE: Notch {55388 B% ) T U 2 2 S0 PR 15 8 180 78 )5 T-20 ML 2% 2540
MURZS, BE 5 B0 6 1 78 LA M ke o, B ER /R R,
raags

5 | Notch FSi@EFIATEFIIE BEHERRTHIMEEE

2.3.2 Notch 1z 5 i@ #4342 18] 7 i T 4 L) 5 B ta il 4. Notch 12 518
444 F AR KT B AE RS of 18] TR T 4 ek S -4k, 122 Notch 12 5B 34 /2
I TR T e @ S I B AL AR P e M R — B AR BUR YT, R
B F 484 Notch R a9k Al A B h £l b f b I K ) £ 7. A%
B3 & BB i 5 % J5 ik 47 ) Notch 13 538 34 9T vA G 3% 18] 7030 T 4m L 84 A%,
Bg o4k B0, {22 Notch AN Akt RS 49V A 20 0 A 47, @it pbdg
Notchl #= Notch3 ZE4Rksh %5 8 B 18] 49 A AR I, FE18 5 & 494
¥-Ex Notch3 #% L, Notchl F &, f 555 3 d /& Notch1 ¢4 & & L if,
Notch3 T/ B, B gk, {21 F/f F a e AR SE 4k 49 53 Notch3 ¢ & ik
Rty FEZ B394 Notchl 69 A 7T vASTHE RS I 697 Ax..

BAr, & TRB@BEARA &R —2 et HARIEEeZ
Fe— A Est AR B0 o F R R, #ORIE IR AR T tm A IS B
AN JRRL ARV . AR Sk R B AR S 2R 45 18] AR T a e g
W tm et e, i F ARG RE I 4 A 3 2 R B K SLEG — AT 4FAE, e
B B AR R E B AR S N AR s T L. AR AR,
JEF P 1) SR T AR BN AR A A IS I 4 B, IR LA A %%
AREmieA 2B ME, FHMEBERLS D, FRAEE AL T @i
JIE J A8 F R A IZATIREG — AN E R, PR A, T TR
Notch 12 5 i 3 ¢4 & A4 i g PTEN-P13K/Akt/mTOR i 34 /5 49 AF B4
18] 7% F tm gy A5 o o4k Y, Notch 12 546 55T 6448 o A k16 R LA
9] F 5 F 4m L6 BE Ty 4m AR Ak 06 57 AR S gk S GG A Be b
2.3.3 Notch 13 5@ 343518 7 T aalo @ BF it %70 8F d 3k
B m T RSN IR LR, REE R AL AR R e = oA
89 EF &4 /X —, Notch 13 518 2449 A X T YA F 7w [8] FL i T w6 30 g
S, X P A Bl it it kA —AF K4k E 440 RNA 2 3 4K Notchl
Fo Hesl 693 @ &L, dmATHtIa) LR T e S8 e ofb. Ttk
Jagl 42 % T i Notch 3 5T vA Bl T4 & 19 LR T 0 je s 4k B o 1L dik
Fy B8, X T #6238 1E T 8 Notch 15 5 5T pAR 2 21 B 4% Fc B F Sox9 A= ik
FREG TR BT g Rk P {25 —FULEiAA, Notch 15 5Bkt
Kok LA T ) FUR T bt 3R E 44k, JEONG 5 345 T W R
F 4w it &) $RF A AT 8 Notch 13 5 i 34 & AR B Rk Rk, A IR
A Notch3 Ly aT 4 d FHAL, HMRFREN, SAGKT AR
Jagl FEHRF oAt A2 b AR BT 5, i@ 1T DAPT 5 X8 LR T ek
3% %% JL DAPT =T vA3 4| 18] 7% F fa By 318 oAk, & R4 £ £ F 64+
#E 2 [E % Notch 135 & ik 69 RF B A X, Ao HF 44/ F X M Notch
155, 122 ESF e nds 4] Notch 125 ¢ s BTSSR E %, M
%2 30% 49 Notch 13 538 34 R M 238 1T F I Sox9 fe ik R & @ 1A B3 T

3080 | PEHRTIEHAR | 5528% | 55198 | 2024F78

#ykak, ] R R T e AR Al O,

RPBGABKT BIATHE—AARBIRT H S 6954, BTAK
B & 69558 a0 IOAT FRVA BB AS A 64 BT, &E KRB —AF K& 5 2u%
a7k, BAMATARIAZGFEARS, £15/K LKA Notch 125
B Fe EIRAE I AR T A eAS R MK T IR R AR E A AR 69 R
2.3.4 Notch 1% 5@ 3% A5 18] R T mieér b Z A tmla it A4z mib g
FARImAe, X —FiEL R LT B ARFRIEIAM TR, R 2IR
AR K SR IR — B AR EZIARE F T, 18 LR T T vA 5Lk,
AP 22 A 4mftL, Notch 435 il 3449 £ A KF T A 42 sbid 2, £ K I,
BB R T mie @Ay Z AN MIEF60 7 d 5, Jagl #9 KA R E K,
FEES 0% 14 RAF Jagl, Jag2 4= Hesl 84 A A HiH 2 3 64 ek ©, F
i Notchl #4 & ik 3T AR 1) LR F e @y b 2 A mfie stk B9, 22 1
455 38 3T A5 Notch 13 538 34 4 18] 70 T 4m oL 63 4 42 4 4m 0 94X 4
#otr, K ILHE Notch 12 5 18 3% R fo A8 8E 18] F0 5 T am it ey A 22 4% 4w i,
Ak, ddH) Notch 413 5835 N A& 2| RAEA . A LSR5 A RA T =
Bl 40 BR B 4R 47 kR 49 T8 FOR T i, 1 Rk £ £ F04 BB T kR 1)
AR mfeed kB RF T3,

EHF R, B R R T s T AY 2AR KR RIAT T — ey k.
W) F 35\ KRG 77 IERA 18 AR T 40l 7 AV 42 R Godk k698 B0 Ae B
Ko A ATE ™, i@ id A Notch 15 53l 546g £k, TALT VLB 2
QAR I T VARG SR 18] FU T mfie by b 22 dm A dm i 44 oAk h Ay O,
2.3.5 Notch 12 5@ #&R 42 0] LR F tafed) & A tm et 1EF KA
SR e dn AR IR AL B L BT R A T AR R —, &
S B R T A M2 8 F Ao b R AA T e, LA
L ih T E A B TR T LA R A R R e, it — S
AR R kA T, B e N R SR AR AT IR R T i)
%N R IRt 4T5 %, &I Notchl, Notch4, DLL4, Hesl A= Hes5 4
AKX B F G F A A B I8 6938 Ao 3G o, e\ DAPT #ATF B L E
KM E R ES AR RV Y, Notch 12538 3 ) 7L T 0
dFHAT LA AR P RARUE R, HBdE e ARARRFRES LM
Ve —A A g e A R P, RMadept, i@ idid &K Notchl if 5T ¥A$%
B 1A R T me ikt s ik, SRt — et i g A R .

8] 7L T 4m FL 64 AR ofn A AT A AR R A 06 9T Bl s A b 2OR BT
fa. 2 5 IR b 4k 18] R F am e e A A6 77 HOR 5 TR R AR AT £ 36,
E B R AT w425 X £ A5 48 ) A FR. Notch 42 5 i@ 94 5T vA{T it
Fmpe R R BE A, R ER SR ey AR aE "
Notch 12 538 34 4 ¥2.5, KFAENE R LG J7 g 40K SR 5w 7T B2 7 & —
Fr 646 77 Sk
2.3.6 Notch 1% 5@ 3% if45 18] R T tmle b A it otk 18] 7R T e
BT A A AR, X at B AT AR A AR A A R I v —i6 77 5
Frh B R —KAGE. vA Notch 12 538 3449 % Ak R Btk Ak 2 de 5.,
AR SR T a2 B AT AT R B9 A R . Numb 2 —FF 8tk & BAR S
4935 B, ot Notch {55424 R AT 691, i@ idif4E Numb K-Fitm
#7f Notch #9&:k, o1 vA sk 18] FL R T dm fe 51X o T AF 4m i 28 e 6 A% 4m
JL, Notch 15 5 44 F 8 5T WAL IA] 0% T gm g IFAE gm i qe 7Y, 954
H AT tm e £ % B F (hepatocyte grow factor, HGF) ok 4F 44 KA F 4
(fibroblast growth factor, FGF-4) #43& 73k -5 18] 7R T 4m fenvé) BF A 4m e
24k, FAE M Notch 42 5 18 552 AR R Be Ak 69 R X LR I, FL& 8 Uk
Fimpt e oAb, AT ke HGF A= FGF-4 4932 7 L 49 xF B840, Notchl &
G 49 R BB AR, ELE 37 4] Notchl 84 & ik &3t —H 3% 5k F 09 ik
B E S N AR F i s AR e a4, 5 21 R Bt
49 Notch1, Notch2, Notch3, Jag2, Deltal #= Delta3 B 2/kF % 0, 7,
11 X ", L Jagl $47% #9 Notch 12 5 & ] Fo /- M Je AL AR P, iX
S B 4 Notch 135 643% 7% F 2 Hesl #= Heyl 44 R kK38 &, dtmipsh)
T R FJRF e & & a Rk

B AT A 4 % BRI HE AU AR BR8] SR T am i is o7 B IEAR %
S, FFEAFT RARGACE, 12012 5, A AR AT B kR 4G 1) SR
Fomfess 77 QR K B4 2R AT T 745, ARETRALR T @i
HE AR T AR AT RARR 6937 0 7. Rf2dost, 18 20T @ieis 5712
MR35, AT KR AR K AT AR A A T o M T AR A S T M AR X %
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A BT H) I 2. "vA Notch i@ 34AE e 5, 4R 18 R T @Ik A
A AR e 2, T VAR 3 8 R T @3- 4976 77 BOR.
2.3.7 Notch 12 5@ 335 18] 7% F ta o) S WU it 4Rk, 4]
TR IR NE R L6 57 s dn i AR SRR AR R — AR AT, HIRIFT
A LR G RATR AR, 18T m e B TS IR A g SR A
S ILIR 5 gk A G 64 S MRS AL, R FUR T 4a B ¥ 49 Notchl 43 5 69 & A K
TS LEm ARG T AR ATAZ P AL E T EAE R . Notchl 2 8] 7R T 4w i L
SAE 2B KA Notch 4K, % 1A Fof F e et & & ik NICD B A J&
P49 Notchl 43 5 AF, =T AR 18] FUJR T 40 J oA R, s JILAF m it e 1) L
wieit 4 "7, @ B Notchl 42 5 89 307E B o VAR 228 b 5457, 8,V
W8 IULE HEAL S B B o e 7,

FAHEFEE R, RARGRIRIE CIE B, B A ROk
69 18) FU R T AR 6 7T St TR R T ) R T ATAY, AR08 AR T e R
B HGFHAZE G EFHANARH L. Hk, @iLvd Notch 12549
FARREAR A Fe BRI R F R T ame U, R s 5T S R R R A A RE
F B RAAEA A ST G USRI, M fZe AT AR 8906 57 2R A=
AE R AL

LF LT AT mI L R Yo tn il £2 F Notch %4k 5 Btk
8RB AR R, JLER 3.

3 | BERTARD UK EFEMAARILIZF Notch ZFSRIFHIRIE
(PRI

FESIEA R Notch NI Notch  BiFH & X
i) ZARBICA B2 AR A
B 4 Notch2"”,  Notch1®”, T A e A T DA AT O R
Notch4”™,  Notch3"™ K7 Runx2 [ 3&ih Fif, s ik a)
Jag1®”, F0 5 440 A A A
JIg 077 4 e Notch3®¥ Notch1®! JE YRR I G S K PPAR 1)
Fik, kR 7 R 4 4 R
i
R AR Notch3, Notch1®”! Notch {551 % ) Rk B 2 S BUNR
Notch2, R ARSI T Sox9 K I AL Jie R 25 1
Jag1®! FIEMAR A, HET 200 R 78 5T 40
SHRTE R AR e 7
MLFEAINE Notch3®  Notch1®™, ¥ Notch {538 1R 11952 ¢ M itk E
Jagl, Jag2™ RN LK T I F Mashl 1)
ek, A EE R T4 A0
THZ R
ML Notchl, HAhR 11 Notch {55538 16 32 (A sl e 4 (132
Notch4, T, TSR ) ) 785 A A e L R
Jag1®, 4313 i R IR S5 A4 38
DLL4"Y
FEREGN A Fedtiik Notch1", IR Notch {5 53l 4 1 32 AR BT
Notch2, A, BB 78 57 T4 1 A 4T A 43
Notch3, it RE b, AN bs BRI A
Jag2, Deltal, FEIAMGH, i@k A 70 /5 40 o) JFF A
Delta3" MRk
JUUEE4HN Notchl™ Atk B80T Notchd B LA 3E ) 76 T
4l ]ORN 1 2R o1k
BTEE A s A :

T B A I R I, 1) 78 5 2 A V6 T 5 A IE Ao T BUS T —
SERIRCR . AR AT 5 S e A ELAE T, RIS AR S DI RE- £ Notch
A5 5 300 B A 42 1) 78 5 T 4 L A PSS (R S A e R v 52 A TR k4 3 i
IKFAFAERE 2257, IX {343 BL Notch {55 3@ B A #E A I 254 H RTEARME R T I
PRo AEEAALHIIR T Notch {5538 i 75 42 6 78 5 41 ML 7316 RS [T $E 400 i
RIENCERIGHAEAL], AR T Noteh 15 5 3 2% 48 3 8 28 18 78 I 40 IO V6 97
ASEIB B R L

2.4 Notch ESEBBEARMEBRRTHRDLTEPHRIEIES
RA AR 8 18] LR F 4m e fm EAw S 4 SRR 49 18] TR T e R E A&
WAn Z R ACHE ) F ARG @A AL, (2R C B A FRAEY
RE A ] 18] TR T oA ed 38 78 5 A EE A A F B B0 £ Fei B,

A4z Notch 12 5@ BAE S — AP &em 1A LR T miestbe) T8, 5%
J2 7% Notch 13 518 34 f£ 71 B 4 A 18] 49 18] FUJR T tm e ad 42 o 64 ik
H U, %3 Notch & @ it 2 ASAB4F m iy 4m & & Notch % 4K 5 Beik
B IR TIRE, TR AR, Rk Ral by kB AL I R 4k

HR#E—FE, EARNICD FHILEmietn, H#EXKE T CSLLESE
1B AR AR, MERE MAMLE R=ZTH R I 64, RET
HaRME - 5% - IR - $25% (basic-helix-loop-helix, bHLH) # 47 4| B F %
AR R FEF, HEmIAIE R R A B AR R A48 R 69 8 FLR T e, A
BRI R T R ) RIS, 4R E B B AR P &R
847K 48 Z 7T vA3@ 1T k38 VEGF/Notchl 42 53 3449 4] AE 8 18) % F m i
8 RA T, JF LI Runx2 S AVE T AR S e R, st mAtst AR it
18] F R F B R A, R AR RRTR 69 B R 1A AR T IR R
A2, 7] 7 DAPT 32 Notch 13 5 44 Bt B 4 ) & % 4Tt )y SR 3
18] F % m e A3 e R B iR R . R AE Pl it A iR
Notch 15 5@ %%, _E i Notch 13 -5i@ 34 P ¢4 Notchl, Jagl #= Hes ¢4 & ik,
RILT AR R BB 6B BER R T mAe s o, X—E5AEKF
B0 R T m L,

TR kR R SR T m ey 25 R AT tm e des) 25 M BT oL R
JEGFIRL, A RAY SR 84 18] F0 R T g A AT AR 84 18] FUUR T an Ak
Fimpp e 657 F R LA LK, FFH Notch 13 5@ &AL P42 RE At 4y
18 T m i A2 F AR e Bk 6 A BT R

3 BRZE5RE Summary and prospects
3.1 BAEMMATEZISARNAEMAEEIEE 18 AR/ T @les s T
HFLMEEETLEE, EAEHFE . RARHERY, WSZEA T
W& KA S f . BRAEAT A 2 Notch 43 538 348 4% 18] SR T 40 R 6%
I 5 AT T KEMAFR, 12K 5434215 F £ Notch 12 518 34 4%
AL —RR A R T I 3G Ak, B ESREFE— e
mfipid A2 F 4K Notch AR RBLAR ) R AL, EH A/ ARKLINT
%9t Notch P42 18] R F a0l B 269 A 22 M, {2 X300 Rtk T —3
EZE, do AR E R IR R LR T a0t # 0k Notch 15 5 18 3404 R A LR,
F 1 A8 T B W Notch 13 53834 69 2 AA T R R, FHAALH 55
INBYT Red e R .

32 {FBERXBIFAMRIVNER A7 Notch 42 5@ 342 i8] FL IR T
MR G AR LI, AL KA K Notch 15 51854 LiEE
BT mieiga, K& FIARE L5, % B &% em Notch 12 53t &
JiFampeegifds, e Notch il 343t 7R ] 4949 & R 64 18] 7% T m i 74
5 Aty iRz a8 A B £ 5 Notch 13 518 343 B A~ 4h A R ) kR 49 4]
FIRF e B AE B ) A BT £ 5 18 SR T fa i AE AL R TS ) ¥e da SR
JUTF Notch 49 £ A4 B £ F; Notch 13 5 i@ % 42 18] 7 T @it 2
A R F AR LR KA BT £ 5 Notch 43 5 38 3% AR Fe ek
5T T BB AR LA FRARERITEFSF, ERET@
JE T BRARGEF, ARAR R ZAFILEH T, ZERLELSTEHR
Sh 3T Notch 43 5 38 S4B 42 18] 7L T 4 iIG I 5 AL ey AR 0, B R 4k
T 18 LR T m A A R TR ) ¥E 4m BT Noteh 2 Ak e B Ak 69 X 4 L,
AT T Notch 45 538 34 AL iR 42 19 LR T 4w fo AL R R ) ¥e.4m it g 16 R &
L, FFaE R I Notch 42 538 B4 A4% 18] FL i T amJe 38 78 5 ey 48 X %
oy [B) F o e

3.3 LRRBVSERME Notch 12538 2448 % 18] AR T amfay 3838 5 1L £
— AR R A A%, XFRIF@IRT T Notch 12 5B 3B 4210 AR F
4 JiR 6938 7 5 4k, {22 Notch 13 5 i@ %L 5 Wnt, MAPK, TGF-B
Hedgehog 413 5 i@ 34 Z A0 AT R — AN K 6915 Tl 96 W, L ia A
BB IAE BT Z RS —FIRET Y. ERRATROLET B
T & 4 % F Notch 4z 53l 3438 42 18] A T a0 78 5 1L e A0 K L3,
@ T REHBHRT AR RFDWHE, kAl RAURE—F %
TR TAT .

3.4 ZRNETBRN v Notch 25 @3 A 3e b, xR LF-Fahissy
BFbAR K R R HATHE AR G ARIE B AT R, L ELA LR
#FF R R, 4 &4 Notch 13 538 349 4% 18] R T tn 038 78 5 ok e
R, BT T 8 FR T e oAt R R F) $e4n i Notch & AR 2 e,
PR FAEME UBNE RS, LR &P ST fe-A % 7A Notch 13 5 il 543 42 4]
AR FmpIgA L e B &, LFERENIHTERA LA RET @
$e0) 06 77 BAY RIS B, I A AR ARG AT AR AL — R 4 22 1%
I
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3.5 RTBEERNRRNEIN F@ieiss7 omA AL EFARG R
ER, H % HFRAE S VA Notch 43 538 54 4 Yo 5 5T VAR A2 18] AU T i ed
Wik, BESHMEMCER T LFHEZHRR, EdeX TR
Ry, P EBAEADRG L, LEAT A @RI T Notch 12518
HAR IR TR T IG5 ity Fm B &, A2 BAR e #vh B & VA R
H TR E B R F ey AR, AT B ATvA Notch 1351894 2 Yo, 5.1
F2 18 FRF s 57 AP A KR R 6 RRIR AR Y, BSARIRTE ¥
At —F R, #tddeik T am i) 16 RAEL g LR

1EERML: 5 A FTHEMTRT R B, Bk, R F 404245 R
T ARG L JESEIPAn B R e kA B, R ARAIE A R 5T AR
BN H T AN F A A S T AL

FIEHZE: LFa3H A, ERAHA AL FRE TR F AGLE
E- &

FFHOREUERR: 2 — &AL, AR4E (Geirk FHTH) “F
4 - EF AN - AR KEF 407 Fik, ASHEIINAHLT, AFMR
AVAAE T Akt B 0K T RN B iR ., RESY K, BB TR PR,
THR. HN. ik, 379, k. REKBEIZIK, FAHZET LI, Ak
BRAF 6 NFIR R E AT AR R i

MRAREEIL: X5 R AT k& B 38230 5 F T IR AR AR X,

HREISE: ZXFHREEATEFEFPFRALEN L (AAGEFZFE
FAREHLEY (PRISMA 8% ). L3 AT €2+ R 21 5 Ltk & St AT
3REE, XFENFATHF ERRGINT, FATIFBUAA XEHFSHFILA
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