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Impact of activating Notch signaling in osteocytes on osteogenic differentiation of

bone marrow stromal cells in vitro
XIE Yingchun, TU Xiaolin Bone Development and Regeneration Platform, Life Sciences Institute, Chongqing
Medical University, Chongging, 400016, China

[ Abstract | Objective To investigate the effect and underlying mechanism of activating Notch
signaling in osteocytes on osteogenic differentiation of bone marrow stromal cells (BMSCs). Methods The

. Notch
osteocytes derived from Rosa "

mice were infected with recombinant adenovirus expressing Cre or GFP
respectively, and then the obtained cells were co-cultured with BMSCs isolated from wild-type C57BL/6 mice,
and named as Ad-Cre group and Ad-GFP group, with a BMSCs group without any treatment as blank control.
Alkaline phosphatase ( ALP ) staining and detection of ALP relative activity were used to measure the

expression of ALP. The mRNA expression levels of the target genes in osteocyte of Rosa"""

and ligands of
Notch signaling, osteogenic markers, and angiogenic makers in the co-cultured product were detected by
qPCR. Alizarin red staining was applied to test the matrix mineralization on day 21. Results Infection of
recombinant adenovirus Ad-Cre could successfully activate Notch signaling. ALP staining and detection of

ALP activity showed that the expression level of ALP was significantly lower in the Ad-Cre group than the
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Ad-GFP group and Blank group (P<0.05), and there was no statistical difference in the level between the

latter 2 groups. The results of qPCR indicated that the mRNA levels of osteogenic makers ALP, Osterix,

Runx2 and Notch ligand Dll4 were deceased significantly, while those of Jagl, VEGF, hypoxia-inducible
factor laa ( HIF1a ), platelet endothelial cell adhesion molecule-1 ( CD31/PECAM-1), and endomucin
(EMCN) were statistically increased in the Ad-Cre group when compared with the Ad-GFP group and Blank

group (P<0.05). Alizarin red staining displayed that the Ad-Cre group had more calcium deposition in 21 d

after co-culture than the Ad-GFP group and blank group (P<0.05). Conclusion Activating Notch signaling

in osteocytes inhibits osteogenic differentiation of BMSCs in witro.
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AR RT S B RN T A RS & S
AN Notch {55 ] 310 4L 20 M 1] BB 2 A S BB 2
167220 S T WA M B 41 Notch %§ BMSCs i
SHRIEEE AT AEAR PRI Ad-Cre 375 Notch {5
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B F 26 [ Jackson S35, 8 PR RN R 752 B S
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112 FEA5) SE4 R IR I 10% JE 2F 13
(FBS, Gibco ) +89% o-MEM/DMEM/F12-DMEM/DMEM
(HyClone ) +1%% %5 & -5 5 Z (PS, HyClone ) ;0. 25% i
HFIB(HyClone ) ; Ad-Cre \Ad-GFP ( H XA VA FI A= Wy Bl
$2) s BCIP/ NBT g4 78 922 it . €, 2 1 1 2 At A 3000 3
A& BCA H 1k B i 1200 & (R 5K 5 TRIzol
(Tnvitrogen ) ; Wi%% 551857 &5 . Syber Green Supermix ( K%
FAP AT Vit CB-BERR Hl L ZER L VR (2
Ke) qPCR 519 b T I1 B i ram A= )
FHICABRA VG, BARS YPs) bk 1.2,

%1 Notch (FSEER EMA&S 75
HH IESE(5"—3") S SHE(S'—3")
GAPDH GCACAGTCAAGGCCGAGAAT GCCTTCTCCATGGTGGTGAA
Hesl TACCCCAGCCAGTGTCAACA TCCATGATAGGCTTTGATGACTTTC
Heyl CACTGCAGGAGGGAAAGGTTAT CCCCAAACTCCGATAGTCCAT

HeyL GAAGCGCAGAGGGATCATAGA CCAATCGTCGCAATTCAGAA
Jagl TGGCCGAGGTCCTACACTT GCCTTTTCAATTATGCTATCAGG
Jag2 TCCTCCTGCTGCTTTGTGAT TTGCAGGGCTGAAAGACAC
b1 GGGACAGAGGGGAGAAGATG TCCATGTTGGTCATCACACC
DII3 GGGGGCAGCTGTAGTGAA ACATCGAAGCCCGTAGAATC

DIl4 AGGTGCCACTTCGGTTACAC GGGAGAGCAAATGGCTGATA
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R2 BEMKE BNERSHS|HEFT

HE IEXEE(5'>3") S (5" —3")

DMP1 CATTCTCCTTGTGTTCCTTTGG TCAGTATTGTGGTATCTGGCAACT
Sost CGTGCCTCATCTGCCTACTTGTG ~ CCGGTTCATGGTCTGGTTGTTCTC
ALP  ACACCAATGTAGCCAAGAATGTCA GATTCGGGCAGCGGTTACT

Runx2 CCGGTCTCCTTCCAGGAT GGGAACTGCTGTGGCTTC
Osterix CCCTTCTCAAGCACCAATGG AAGGGTGGGTAGTCATTTGCATA
VEGF AGCACAGCAGATGTGAATGC AATGCTTTCTCCGCTCTGAA
HIFla AGTTCCGCAAGCCCTGAAAGC TCAGTGGTGGCAGTGGTAGTGG
CD31 GCCTAGTGTGGAAGCCAACA GAGCCTTCCGTTCTCTTGGT

EMCN  CCACAGTGAGGACGGCAAAGATG CGATGCCTGGTATTGTGACAGAGG

113 Sy ae 37 °C 5% CO, 2 M 1% 7 46
(Thermo Fisher) , & il 5 AR 25001 CF FLLES) |
R = B Lo B ( Sigma ) | f81'E 55 7455 ( Nikon )
1.1.4 SCEYH0E NJE'E 293 Zjifd ( human embry-
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C57BL/6 /)N, BMSCs, Rosa™" /)N BB 41 i T 5 P 12
PR R =g e A s 5 = 4555

1.2 ZFik
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BEEERE - TEERC LUK 43 B, IE R BRI T 450
1.2.2  EgEsL it S e i oy 4535 4~
6 JEI I Rosa™" /NEUBRIBUR 40 0™, B G B 450 T &
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1 mg/mL [ AR EE 37 °C 120 v/min JH 4L 3 K,
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UK EARAF . AIFET 3 I AL B 15 4 M Bk £1-3, 5 9
1] 3 AR f4-6, 5 IF fc a3 IRAHLFR £7-9, & 0 A
AR AIHEFR BC, f1-3.£4-6 .£7-9 Jz BC 425 4f Jfl LA
2x10°/FLAH M, a-MEM 5842353555 37 C 5%CO, W4
tiiFE S d ] T ALP et ALP A= {bE s, gPCR
Aor I BB 4 AR 7S ) ALP KB 40 ML bR 75 4 DMP1
Sost mRNA #% 5% 7K -, 1 mL TCRHES &R op i 4~6 J
WP AE CSTBL/6 /N BB B N 40 e, 800 +/min 5
05 min FEJGHA F12/DMEM 52415358 & 37 °C
5%CO, Wffh iR, B AR R A IE Y
WLEE B SRR R 5 S B A (1 1) o
1.2.3  BRmdd s SORYym e e Ry
FAEIAR 4 HEK293 Ziifig (DMEM 5¢ 415 72 3k s
F%) K Ad-Easy RGe431 , IF I BREg (6.5 1
BRICHE PEAT T 0 O 30 3 ) A 4 SR B R - Ad-
GFP. 2.07x10" GFU/mL,Ad-Cre: 1.83%x10"GFU/mL,

AR 2% 10* /LA AR (24 FLAR) W BE IS, 43 510 m
ARG B 10 1% )5 (9 Ad-GFP % Ad-Cre 2 .4 .8 .16 .32,
64 pL HEATIERY (n=3) , {8 B 56 B e T~ M e td
YL B, e ARSI Ad-GFP J¢ Ad-Cre 9 5 7 I
A PR 1.6 wl/2x10%,

1.2.4 E40j'5 BMSCs itz B4 L) 2x10%/
FLAAR , W BE J5 i ACHE R B B AR 24 h 5, R
PBS 2 0P I Ve )5 43 3l ] Blank 40 Ad-GFP 4 J% Ad-
Cre 41HMA 8x10*/FLEF 4= C57BL/6 /)N i, BMSCs 4t
Kide L35 5 d J5 ik T ALP Jefa $2H0 ALP A {bE
A S RNA BEAR AT TG S48 (n=3) o

1.2.5 ALP Jefa  4ifaks: 5 d 548 BCIP/NBT
Tl ot 1 I il S € iR & A B AT ALP e, 5
TG UG B PRI RERBZ (n=3),

1.2.6  ALP 3§ % BCA Z8 F ik B DU - 35 5%
5 d J5EFLINA 300 wL 50 mmol/L pH=17. 4 Tris-HCI,
T P i A SR TR 240 i oM 3, # BCA Bk
B 52 R F S BRVE ARSI N =592 nm A Y6535 EE(E, TR
PEPRUE 2T T3 RE T BR . ALP 3 i J s M A
R R 1 e R T 120 R SE N =405 nm 405
5 B I 0 SR FH R[], R0 A o TS A vk B il AR
ALP Wi s il R L it 5 ALP 9y 5a i) i S AR R
[B)TH3 ALP AHXE M (n=3) o

1.2.7 4iffg s RNA #2134 5% & qPCR EaS B
5 d J5,Trizol $2HU . RNA , $#28f TaKaRa 106 %% 553057 &
FEAEUI T VK AR UK I K Rz 3590 i 25 cDNA, 7= 4]
515 B IG R PCR BRI & AH I H )55 mRNA
[ FE SRR o T FE R % S K -3 L GAPDH it [H 3%
REAE X (n=3) . 5IWFHIILEE 1.2,

1.2.8 PEREA G (BRI L) HHEF 3 d
JE ¥ o-MEM 5% 42 15 5% 36 B 4 1% 50 mg/L Vit C
0.1 pwmol/L i ZEK 4 Sz 10 mmol/L B~ F& H i ) A%
B FHREIEE,37 °C 5%CO, F#MF TR 21 d J5 1R IR
PR ARSI B T g, BB KIS
S A W N SRR REEZR (n=3)

1.2.9 Geils#4tr {dFH SPSS17. 0 X S A ok
TP AT AR xs FOR SRR R 7 220 i L 2
AR 25 57, student ¢ K 50 HL AT PO A (R 22 570 A 56 /K U
a=0.05,

2 #HR

2.1 Rosa™" s KL B A BB tm i % 2

FEHL Rosa™ " /N[l DNA 738 J5 4331 % WT Al Mut
FPo AT PCR 471 S 485 , AUERIE Mut [ 471 (flox J7471))
RFIE WT S Rosa™" /N (£/F) , (U35 WT 3
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PIARZRIR Mut [F31135 HEPAERNR (+/+) (B 1A)
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5d AT ALP Jefa  ALP A fb 5 5t o qPCR 3l
ALP Jua 2k B i 7R BC 41 JE /R fie 59 ALP 4o (oo 1 (&
1B) ;3538 Y 0 fBE T WL B 4 i 2% fioh 22 AR FHUDN,
BCE S fid /> ARFROR (T 1C) s ALP A A0E 5 R
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2 ALP JE PSS £7-9 5 23R4I (P<0. 05, & 1D) ;qPCR
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"= 0.204
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5 z
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Vil
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ALP A AL HiE B A3 A bR 75 1 B 5 6 UK £
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(EI3A) 52450 5 ALP AE {6 it J¢ ALP mRNA #% 5%
JKF-(BE 3B .C) AHAF . qPCR Z5 R 7R Ad-Cre 21t 85
FEY B PR &Y Runx2 J Osterix mRNA %% 5% 7K A
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Jeta 25 0 R BUBA SR R AL 55 21 d 5 Ad-Cre
HE5 R YUK B A% T Blank 41 & Ad-GFP 4,
Blank 2 5 Ad-GFP ZH [k W4t it 22 5 (J& 3C.D)
PR, S B A0 S Noteh {55 R # ] BMSCs B 431k
K ERTTRUK- .

7-9 BC | 48 ”
B ‘ |
Th . X
] / A
¢ ] i % "/
L « B 100 pm 100 m C
0.12- 0.04
0.09- =
0.061
0.031
a
0- 0-
f1-3 f4-6 {7-9 BC f1-3 f4-6 t7-9 BC E

415
A.PCR 3 5miid b e DAL R A ;B D, x} f1-3 £4-6 £7-9 BC #8420 fi ik 47 ALP % &, % ALP AL 4
W5 C RAAL T IR 20 J0T 2, AT A ARE R T 2056, 20 57 kAR AR 296 E: qPCR &) ik B 5L 4= & 4 ALP
B4 e AE &4 DMP1 Sost(n=3) ;a:P<0.05, 5 f1-3 rbix

41531

1 NREFBEE
) 0.025 : H X 0.012
4%) a oo X é a
0020 = =
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F0015 % 002 =7
= = =
Z
Z 0010 Z o001 & 0.004
= 000s o} 3
t oo 2 S 0
o = AJ-GFP Ad-Cre ™ = Ad-GFP  Ad-Cre

A

5

Ad-GFP  Ad-Cre

e 245 B

A % 2 Ad-GFP Ad-Cre & % Rosa™™" /s RE 288 ;B . qPCR A& B 48 fe Notch 12 5 323k B Hesl ,Heyl ,HeyL

(xEN(n=3);a:P<0.05,%5 Ad-GFP 4ikix

& 2

Ad-Cre #;E Rosa™™ " /N B 40 Notch =5
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2.5 #IEF e Notch 435 34k 8 B T &k 69 %h
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mRNA 5% K . qPCR 4534 i 7R 005 B 4 2 Notch
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7K P45 Blank 41 % Ad-GFP 4] . %15 ( P<0.05) ,
I Blank 2[{5 Ad-GFP 4{[n] Joig & 2: 57 (& 5) .

3 it

Notch 55 J2& & BE OR 5F 115 5 1% 730 1%, i 55 12
7NV ] — 20 B 2 A () AR 25 4 B T 3 AN [ 5
M 20 e 2.3 kb TRV U B Tl i LS A
Runx2 0] s 20 T RE 400 il 300 i 40 e 1) 3 Ak 4
T, R A B A T S B0 A R
TN e S 1 g 2 DURR, i B & 3 A AR KR
%5005 3.6 kb T BURE 5 jS 2l 45 i 9 NICD 3 52 417
) 200 B/ #EL 200 B P B A S B B A B R DR
B

CANALIS 2" %] H] DMP1-10kb-Cre 343 & 20 i
22t Notch {55 Al ' 3015 BT g AT , (HIZ A 5% 2o 2
[ TG S A8 B 20 L B B 40 Jfd b Noteh 545, [
W25 A BEUE S0 - 40 Notch {55 X% BMSCs
BB AR SENE o AR Ad-Cre (A SMEE B 20
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5 & Notch 5SS HHSEFEE/NR BMSCs HiEFY AR MEREFRIEER(n=3)

Notch {55 5 5 B4 C57BL/6 /)N R, BMSCs L% 7= 300
FEXF BMSCs JiH /Ay, 45 3R @R B 4 CSTBL/6
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(P<0.05) , A0 B 40 Bl Notch {55 AT il il BMSCs
TN e g WS ) RS T R T ) S OB U SN s
Noteh {5518 F 38 /N BB BRI 5% 7 A 4 B Jt R W] g
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A0 Noteh {55 B i BB AE HTHRTH , &Rl



http ://aammt. tmmu. edu. cn

S A BE R, 2020,42(9) 897

FE R, Notch [F57E M8 N E kK& B IRE
PEEEAE BT R D4 7031 4 N Bz A K A
T R & 2R 4r 25 B Noteh fit f& DlI4 5
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