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Introduction

Effects of over-expression of Notch1 intracellular domain on the differentiation of
c-Kit" bone marrow mesenchymal stem cells

Ha Yan-ping, Wang Zhen-liang, Lei Hong, Ding Ran-ran, Jiang Xiao-fan, Wang Ke-ke, Shen Zhia-hua,
Jie Wei (Department of Pathology, Guangdong Medical University, Zhanjiang 524023, Guangdong
Province, China)

Abstract

BACKGROUND: Activation of Notch signaling plays a critical role in stem cell differentiation, and this
effect seems to be cell-type dependent. Little is reported on the role of activation of Notch1 signaling in the
differentiation of c-Kit* bone marrow mesenchymal stem cells.

OBJECTIVE: To analyze the influence of activation of Notchl signaling on the differentiation of c-Kit+
bone marrow mesenchymal stem cells.

METHODS: The Notchl intracellular domain (N1-ICD) was obtained from the cDNA library by PCR and
cloned into BamHI/Agel digested adenoviral GV314 plasmid to construct N1-ICD overexpressing shuttle
plasmid, and the positive clones were verified by sequencing. N1-ICD shuttle plasmid and helper plasmids
pBHGIoxAE1,3 Cre were used to co-transfect HEK293T cells to obtain N1-ICD overexpressing adenoviral
particles (N1-ICD-Ad). The c-Kit" subpopulation were isolated from bone marrow mesenchymal stem cells
of the Sprague-Dawley rat femur via magnetic activated cell sorting. After transfection of the c-Kit" BMSCs
with N1-ICD-Ad adenovirus, we assessed the activation of Notch1 signaling and differentiation in c-Kit"
bone marrow mesenchymal stem cells by quantitative RT-PCR and immunofluorescent staining.
RESULTS AND CONCLUSION: N1-ICD coding sequence was successfully generated from the cDNA
library, and then was cloned into the linearized adenoviral vectors GV314. The resistant clones were
verified by sequencing. With the assistance of packaging plasmids, recombinant N1-ICD-Ad adenovirus
plasmids were successful packaged in HEK293T cells, and its title was 2x10® PFU/L. c-Kit" bone marrow
mesenchymal stem cells with the purity of 91.6% were successfully isolated from the bone marrow
mesenchymal stem cells of the Sprague-Dawley rat femur. Compared with the blank and negative controls,
N1-ICD-Ad infection in the c-Kit" bone marrow mesenchymal stem cells led to substantial accumulation of
N1-ICD in the cytoplasm and nuclei, significantly unregulated expressions of Hes1 (a downstream gene of
Notch) and cardiomyocyte differentiation genes Nkx2.5 and cTnT, significantly increased the expression of
von Willebrand factor, an endothelial cell differentiation gene, and mildly increased the expression of
smooth muscle 22a, a smooth muscle cell differentiation gene. These experimental results indicate that
the activation of Notch1 signaling contributes to multi-lineages differentiation of c-Kit* bone marrow
mesenchymal stem cells, and the construction of N1-ICD overexpressing adenoviral vector makes the
foundation for further research on the role of Notch1l signaling in stem cell biology.

Subject headings: Proto-Oncogene Proteins c-kit; Mesenchymal Stem Cells; Cell Differentiation; Tissue
Engineering
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T AT, Notchfs 5 R4 A 4512 44 (Notch 1-4) FI5F
fidfA(Jagged1-2. Delta like 1. 3. 4). HRETAWNML
J i Notch s 5 4% 8 1 72 & Notch 52 44 15 1 3 40 i 2% 1
BeRAHEs &, S2ARP KR, SLH P (noteh intracellular
domain, N-ICD)#UI%], MAHMEE BB, #Hizidk A
AR S 454G, WS Notchif T L R 1 5%,
T 5 55 400 94 R 2 AR 63 B 1 42341 9 Noteh
5 IR RS2 AR 2 Al PRI R AR 1, 5 50 v B
TR AR AN M) EA T, DA, A 40 D T A —
AT

FIHT, 47 XNotch 5 555 i i) 70 )5t 140 i i) ik 72
AR AR AT . R4 R, Notehfs 576
Weha A ML dF B E R . A *Notehf5 5 5
C-Kit" i i 7] 78 T 41 4 AH P 98 15 T4 SE 6 15
FERFENL-ICDRE K IA B 88, I Yc-Kit ™o i 1) 78 i+
40 UG AL Notch 1455, 43 HTNotch 145 5 i b fE c-Kit”
P 1) 70 T 40 B A I R R, R A TR IR AIE ST
C-Kit ™ i ¥ 76 J5 40 (0 s DA A (1 B8 0 S it

1 ##F043% Materials and methods

1.1 & RSN S .

1.2 B AL SEE 20124710 H $220144F10 H
TE) IR B 2 e I8 BE 2 B S 30 =8 S ) 2R s A o B e s e
15 R = 22 fF 5 v o0 S 6 5 5 il o

1.3 M# HEPESPRLSD ARG, Milk4, W) &K
=27 B sh Py s i b iR, S G IE S SYXK(E)
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2008-0007. K fiHFET25 C. #/E50%. 12 h#IEAL
BB . 920l Rt S AL BT 4 sh e B2y
Y i

1.4 7k

1.4.1 Notchlfa I (N1-ICD)F R TRt S
K i Notch15E P 41 AH 945 EW(NM_001105721) ¥ vl
XIN1-ICDIYIPCRG Y, 5198 A8l it . B D) A7
s IS RS S 43 41 T PCREVEL H 12k
K. Notchl-P15[#)/7%1: AGG TCG ACT CTA GAG
GAT CCC GCC ACC ATG CGC AAG CGC AGG CGG
CA; Notch1-P25|#}¥%]: TCC TTG TAG TCC ATA
CCC TTAAAT GCC TCT GGAATG TGG G. FJ/f] LiF
gl A F) I CDNASC R, N bk v ot 1) 51 P kA7
RT-PCRY" 14 H H 3K, PCRX N 454F: 95 C iz
45 sPRJF195 'C 15s, 60 'C 45, 72 °C 90 sfi#f30
o PCRF=WIZL 2% I N bt i v ik, YIRS/
2 399 kbft H B GVI1AMRIH R AR (541 :
CMV-MCS-3FLAG-SV40-EGFP, L i i gl )&
Bam H I /Age [ (NEBZ w)) AU U] AT Bt i b vt e v
VK [RICHG AR AR K Bk PE AL IR 304K 1 ] In-fusion™
PCRE I ;) W A& % (BD Biosciences/A ), K3kfd 4k
PEALGV314RIAH Ak 5 H M EEINL-ICD Jr Bedic R IR 44
L1 @ SIR4A, 25 °C 30 min, 42 ‘C 15 mini&4%, B
10 Pl 3 #2900 2 A N P S A 80 71 5% 1R 5 1) K AT v
DH50# 52 A 40 B ( By 9L ), FER A S 12 2
I 4 7% B 2 N T A = PUMEILBBRIR PR b, GG H B
Mo B B, SR USRS % Invitrogen 23 7] JE AT I 4
5E o

1.4.2 WEHAMYEEFRQRE. Y. itk KREE R
JAdMax i 5 3 R 40, HNL-ICD % M Tk 15 4
A JikipBHGIOXAEL, 3 Cre( il 2y w)) g i
{&Lipofectamine2000(Invitrogen/ & ) L4 JtHEK293T
i (3 ULA FD), A CrellocP B 21 i 2 48 52 It
B A, 3%, Bl d, HEK293TAI B iefhks
IR, LA AR5 $10% i 71 37 (1) DMEM H A 5 %
I, FEYLHT2 hole g s 5L B 4 T ifL i OMEME: 57
Beo K45 pLIE RE A R JBORLANS LA B f 2 ok ]
OMEM#i B 2250 pL, =W ES min; 110 pL
Lipofectamine 2000550 yL OMEMIE 4, =iiE
5 min, $ P F A, SEEURCE 20 minjs N 2HEK293T
b, #5376 hig, BIESA RPN TR,
Ty B ) o2 A b R S AR S 9, R Y I 4
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A KRB . #5545 K210 dJn, HEK293T 4 i JF4f i
T, 5 A0 I H LA B AR O, T AR B R
R 4 L KB 43 A 5 7 I AT S ot 7 T {1l g o i 4
AL JF A T2 mL DMEMY, -70/37 C R E . =
%3, T4 °C, 7000 r/minE.05 min, WA i
REA S LR RN (PL) . #FEFPPL/ 5 1T-80 CUkHifr
17, HLAPLUKYLHEK293 T4 MI20K, S B H 41 9 25 1
KB d o WU 38 P 43 5 41000 #9010 mLf%
Adeno-X™4li{k ik 7% (BD Biosciences 2y w)) 2 B4l
WG, G2 sRRREEI B I TR FE T 5 ISE 58 . i
WA A W E =10 (X+0.8) (PFU/mML),
X=10"-10" M CH B T 40 05 2 2508 B Ak % B A
1.4.3 K Ele-Kit™ & [0 78 1 4 it 0 ik . %00 Jis
7= SDK R 10%7K £ SR BRI i W SAL 8, AR S
75% L2010 min, @B TAES FEWBURE, K
FH 28 ML (10 DU B 5 AN SD K BRI fs o 4 8 - # 1) 78
T a0, i A 2 B 1) 7 T T DA S
i 53 38 ¥ S ik c-Kit™ R o 41 il FE B 4 mL DMEM(#
1AFR 7 400.5% i 2F 13F) » A c-Kit—Hi(febiil; Santa
Cruz/A+])80 pL (1 : 50), M ELVRBAX(T W = EMF}
Hi B R A5 r/min=#L% F60 min, 800 r/min&;
10 min, F B3, g0 FIDMEMIEELIR, HIRE D,
4 mL DMEM( /A1 5> $00.5% i 4= 35 ) &, A
40 pL (1 : 100)+Ptfielizk —Hi(Miltenyi Biotech A 7]),
HS-3 T H &S r/minfiéd 5% 530 min /5 40 e it
iR, c-Kit 4N e N ok, c-Kit™ 4 i JUDKS R 5 AT
b, LY )G DMEMMYERERE, 3575 c-Kit™ i i v 72
T anpe, JaCdn AN E c-Kit" 4l g fE . c-Kit™H i
(i) 78 00 40 2 20 M 85 R (5L g/ LI 1 s 44 61
)87, AR T AHOCSE R .

1.4.4 FEAINI-ICDL %A B9 55 K G c-Kit i i 1] 78
FUT 48 S84 h341: N1-ICD i % ik 41 (N1-
ICD-OV) . BH 7% X} Je 95 B 41 (NC-Ad) f 2% 11 % 1 41
(MOCK, Bl 75 8 G 1 c-Kit ™7 i 7] 76 o T 41 Big) -
c-Kit" 4 1) 75 50 T-40 0 L 1 x 10°/FLAE R AN TLIR, 5555740
BrFe24 g, A4 BEL BI70% A AT ), 7 LG
PBSYE27K, FHLINA K AEDMEMK500 L, LAMOI=100
IINEZ AR, Y12 hE AL SRR $010%
G A ML 0 T 40 i 5 IR ) MR A W] mL, 4k
SEREFRL2 hG i, LUG RS difill, YB3 R DL
TIUBE T WL 58 1 5 T 2t €0 25 Dl B 1 (1R 20 LA T Ik e 2
#, SR8RMGRYN M T )5 82555
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1.45 £ RT-PCR  IIREYL G 341 c-Kit™ 1 & ]
7R AR FE8 d)i, N A Trizol(Invitrogen 2y @] ) HE B
RNA, H10.5 ug/iRNA #5% J)cDNA, JiTf3cDNAFGFES
% 53T EEPCREN . PCRNAKZR20 uL, & Syber
Green | mixture 10 uL, 5#)( b3, T%)0.8 uL, cDNA
2 ULFMIDEPCIK7.2 L. PCRFE}¥ H95 CHilAEME30's, 4k
JF4%95 C 5's, 60 C 20 sH:A0MEI, Fpkess ekt
Ja st N . LAB-actin’h NS, Jr#TNotchlf5 5 T iif
H )2k A Hes1(HI BiNotch 15 53 46) . O JUL4H o AL 2k
KI(Nkx2.5, cTnT). ~FI VL4 Ha o34 5 (SM220) FT P B2
AR LR (W)L, 45 LL2 R,

PCRHERAISIHIT:
R4 TR RS

5191F5(5-3)

N NM_024360.3 GTG GGC CCTAAC GCAGTGTC
Hesl CTC CCTAAAGTC CAAGTT CGATT

PN NM_ 053651.1 ATG GAAAGG CTC CCACTGT
Nkx2.5 AGG CAT CAG GTTAGG TCAACAA

K NM_017184.1 ATCACT GCC TCC CGT AAACTC
cTnT ACG CAC CTT CTCAGC CTC TC

K NM_031549
SM22a

CTG TAATGG CTT TGG GCAGT
CTCTTATGC TCCTGG GCTTTC

K WF NM_053889.1 ACT TCA CCT TCAGTG GCATCT
AGA CAG CAT CAG GGT CAT CAG

PN NM_031144 CCC ATC TAT GAG GGT TAC GC

B-actin TTT AAT GTC ACG CAC GAT TTC
1.4.6 Qg d . Eke-Kit i i 1R 78 0T 4h i Te

s R R 9% 5 e Al c-Kit. Hesl. N1-ICD# [
(RI5 . A PIC T 2218 52 . PBSYLI o 14 IN0.5%1f 4 ifi.
AR AZEEE 30 min, 50 Eiddic-Kit. Hes1 Al
N1-ICD—¥Hu(¥)4%1 : 100% k)4 CiLAIFHE, PBSYE3
i, HINTRITC-8FITC-FRid 58t —Hi(L © 10088 ik
W =& AT, 37 CHEOLIF F40 min, PBSPESikE, DAPI
HY %, 37 CHEB10 min, PBSERE HHIZE
VR E S A, BWOLIER £ Wi (Leica, TCS SP5
1) T EE I

15 EENEMAF OFELKRNL-ICD L %k
B 2R TORL 1A AL £ 505 25 (10 A0 2% . @ c-Kit™ i 4 7] 78
T4 L Rl Sh 4y ik 5 % . @FEA K RINL-ICDIE R IE
973 45 S e - Kt B 7] 78 5% T 41 i JS X Noteh1 /5 5
B354 . @41 K FUNL-ICD I 2 3A I 5 I Y c-Kit”
‘#1778 5T 40 i JS 6 0 A AH DG S R (NKx 2.5 ¢TnT
SM22a. VWF)FIARI 0,
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1.6 “itFatr R Hxxs®R, {fHGraphPad
5.0 AT 430 o AL LLICSR R 5 24007, P <
0.0524 % 57 W & M o

2 4R Results

2.1 N1-ICDM# & F Rk ey d R fE ik
GV314Y3i 25 44 <] WLEI1A . N1-ICDJF 51| PCR™ #1445 2%
DENEREAE R FYK, T —%92 400 bpife st cdr, 5
TS R—3(B1B). ¥t/ 7ol wfEAZLBam H 1 /Age
T XD BRI 25 M ORI G V314, FEAb sz 541 U siAs
BHE Te e, Pk BH P v B 28 0 il 52 77 41 5 15 (B 1.C)
FEIRNL-ICD MR B AR TR R iy, K SR OTRE
%M.

2.2 NI1-ICDid R Haae k. 3. A
BRI AdMax i T R 4%, KN1-1ICD
FIE TR TR 5 pBHGIOXAEL, 3 Crefu s ik 4% Y
HEK293T4il s, H ] Cre/locP & 41 filf 2 4 S HLx A
HMEA, W, 2090, RERGWMEN
2x10" PFU/LI{IN1-ICDidt 2 il 5 kN 1-ICD-Ad.
DA R, N1-ICD-Ad/E Y HEK293T 41 il i 14 55 77 &
RN TR SR (E2).

2.3 cKit"FHMIE AR Famiey ik s S5r N
T A0 I 3 % T e 8 ) 78 0 40 P 332k HE e-KGit”
AR, AN AR A c-KitBH P %14 91.6%, fuj
P R e-Kit 2 M i/ A B s AR KIE AR e-Kit™
HHEE 7R TR Z RRTE, 4R (ES3).

2.4 N1-ICD-Ad7E 1.c-Kit" & %5 18] 7 & -F 4m A+ Notch
125 MOMY 41001}, N1-ICD-Ad& Y kc-Kit i fifiH 78
T3 dfg 2t i NS 2185% LA F 11 & #E ] 78
41 i B A s R SR 0 0O R A ISR O 5 (B
4), JEYLIE8 disERgni, B EPCREE R TR, SR
WG FEZH S A5 A IRZHAR LG, N1-ICDId % ik ZHe-Kit ™ B i
6] 78 )5 4l g H Noteh 5 5 RUF L A Hes1T mRNAZK -
BT s Tl G D 45 AL W N 1-ICDIE N 5T 55
%, Hes 1A FI7E MRS S B S R e 4R 8 5\ 5 (B 5) -
2.5 &{tNotchfs 5% Fc-Kit B 4R i F @ %
24k N1-ICD-AdE G c-Kit 8 18] 76 )0 141 )28 dJi
X 1 RT-PCR K il 0 L 40 M 43 4k b & 3%
(Nkx2.5, cTnT). P L4l i 7 4 bs & K SM22a il
W s IR RIVWR IR IS, 455 2R, Notehfis s
AL BRI T Nkx2.5, cTnTHIVWFR) ik,
T SM22aft % ik (F6).
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3 1}i¢ Discussion

SR FH R 335075 40 0 4 32 9% B By DA 86 ) 7 0T 4 i
H Al SRR C-Kit I A B . 4336 1 - Kt 40 it 4 — ik
H80% LA P, szt S Ralifh i ARl
J& h91.6%(Hc-Kit B 7 T4, B& b, AR
£ ) R C-Kit™ i R 17 78 T4 5 oA 4034 -1 1) 78 o
UMICRA B2 5, BIUAREN S . fEDhRE I, cKit®
0 ) 7 T 4 6 5 A 3 ) D) 7 O 40 i ) L
ARG R BT AN R s e, FLe-Kit™ i s 78
JTT 0 A A 433 1 R ) 70 U 40 M A, i e T
ALY EC-Kit T A1 CR R R OB o [ 3 IV 22
T A B e RS TRROR , 45 A T4 bR S e KitR
MYV 12 53 PR 1 NKx 2 BRI IA 175 0, MBH B 7] 70 0141
I 3 32 2R S A PO 40 B B - it A T e T
. IR, oKit E s 7o T AR ] AR —
PR IR ) 2 P 1R 40 BT A

Shy AR C-Kit ™1 170 78 0T A0 ) oAk B, S0
T4 HrNotch /5 S im A HoAME I 52 md . Notch {5 5 &
— MR HE SRR, ThRE LA R AR EIRE,
LAY Dl e B AT 40 AR R I T4 o 22 BT
Notchfi 5 ¥% 4 H1NotchZ {4 55 I/ 41 i 2 [T ic A4 5 &
MEsh, B, Notch32 kit 2k YY) j5 Ho i Py 5N-1CD
AN ARASE E 0, Fs g NI S sk 45, Bos
Notchi- 53 8 i ® ¥, Aot R AINL-ICDI #ik it
PR3 BRI e-Kit B R 7 T A, Ae-Kit B TR 7 T
40 i H K IENL-ICD T 3R G L Noteh (55, 1T AS % 18
c-Kit" B il 78 i T4 & 75 K 1A Noteh 2 44

REEA S BT R RA T s g2 1 TH. i
Tod 75 o AT RE 7 A2 ST BE R RS RO 1) B DR
Yoo ANEEL BN 40 DL SRR A e K A R
RS2 BB IR R o A SI2 46 38 Y R0 2 AMO ML
“h 100 Hec-Kit ™ B i 1) 78 Jo 14N B J5 e 4, 1 HAS
S AN M I G, A0 S G BRI, R R
95 T IR  YesO  BE AT UAT I o L vk S g 2 )
NICD-AdH A 1 s B 4R (5 G i AR B 1 o B iR A 4
025 6 B 11—l FH TR 00 41 i S DR 3 8 B 1 A
BT AMR 5 o1, ANTe NIRRT = A5k, Uit
s HAE DR, SRR M TC B, AR bR ic i n] L
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Figure 1 Construction of Notchl intracellular domain
adenoviral shuttle plasmid
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Figure 2 Infection of HEK293T cells with Notch1l intracellular
domain over-expressing adenovirus (x100)
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Figure 3 Identification of c-Kit" bone marrow
mesenchymal stem cells
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Figure 4 Infection of c-Kit" bone marrow
mesenchymal stem cells with Notchl
intracellular domain over-expressing
adenovirus (x200)
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