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Construction of MLO-Y4 cells with overexpression of Delta-like genes and their

effects on osteogenic differentiation of bone marrow stromal cells
FENG Wei, XIE Zhengsong, LUO Cen, TU Xiaolin Bone Development and Regeneration Platform, Life Science
Institute, Chongqing Medical University, Chongqing, 400016, China

[ Abstract ] Objective To construct the MLO-Y4 cell strains stably expressing exogenous genes of
ligands for Notch receptors Delta like-1 (DII1), DII3, and DIl4 and determine the effects of these ligands on
osteogenic differentiation of bone marrow stromal cells. Methods  MLO-Y4 cells were infected with
recombinant lentiviral vectors carrying D11, DII3 and DI14 genes. Puromycin was used to choose the MLO-Y4
cells with stable expression of these genes. Then, real-time fluorescence quantitative (qPCR) was applied to
identify the expression of above genes in the selected MLO-Y4 cells. The 3 cell strains were respectively co-
cultured with wild-type mouse bone marrow stromal cells ( BMSCs). In 3 d after co-culture, alkaline
phosphatase ( ALP) staining and ALP quantitative detection were used to detect changes in ALP activity, and
qPCR was employed to detect the expression levels of osteogenesis-related markers and target genes of Notch
signal. The above indicators were measured again after DAPT, a Notch signaling inhibitor was added in the

culture medium. Results Compared with the blank group and the negative control, the mRNA levels of DI,

[E£ME] EEA/BEIEE- RKGEEWH (U1601220)
[BEEE] B/ME,E-mail; xiaolint@ hotmail. com



900 S = A BRI, 2020,42(9)

http : //aammt. tmmu. edu. cn

DII3, and DIl4 were significantly increased in the corresponding transfection cells (P<0.05). After 3 days of co-

culture, the overexpression of DIl4 gene in MLO-Y4 cells promoted the ALP activity in the BMSCs, which was

significantly stronger than that of the negative control group (P <0.05). gqPCR results showed that the

expression levels of osteogenesis-related marker genes, such as ALP, Runx2, OPN and Collagen | in the

MLO-Y4-DIl4 group were all risen (P<0.05), and so were those of Notch signaling target genes, Heyl,
HeyL, Hesl and Hes7 (P<0.05). However, the addition of DAPT inhibited the ALP activity in the MLO-

Y4-DIl4 group, and decreased the expression levels of above osteogenesis-related markers and Notch signaling

target genes (P<0.05). Conclusion MLO-Y4 cell strains stably expressing the exogenous genes DII1, DII3

and DIl4 are established successfully. Overexpression of DIl4 in osteocytes can promote early osteogenic

differentiation of BMSCs, and the classic Notch signaling pathway may play an important role in this process.

[ Key words |

lentivirus; Delta-like genes; overexpression; murine osteocyte-like cells; bone marrow

stromal cells; osteogenic differentiation; DAPT
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DAPT;a:P<0. 05,5 MLO-Y4-GFP }t# ;b: P<0.05, 5 MLO-Y4-GFP+DAPT W4k ;c: P<0.05,5 R An DAPT # 48

x5 4R P AR

7 qPCR #2ill DAPT 3§ & 488 Delta-like £ F i3 &A% S8 BMSC B S5 U PR EEE RIZEH M0



http ://aammt. tmmu. edu. cn

S A BE R, 2020,42(9) 905

0.000 3 7

0.000 2 1

RSNy

be

be

Heyl mRNA

=
T

ik

0.000 4 +

0.000 2 A

Hesl mRNA FHXf %3

2e-005 1
i
)
K
=
=
< 1e-005 A &
=
z
=
b——i l)(',
P
jus)
04
1 2 3 4 5 6 7 8 B
415
0.000 4 -
1
)
K
=
=
= 0.000 2
<
z
=
=
~
5
T
04

D

A:Heyl # 4% ik ; B: Heyl #9 % ik ; C: Hesl #9 % ik; D: Hes7 # & ik ; 1: MLO-Y4-GFP; 2 MLO-Y4-GFP + DAPT;
3.MLO-Y4-DIl1 ;4: MLO-Y4-DII1+DAPT; 5. MLO-Y4-DII3 ; 6 : MLO-Y4-DII3+DAPT; 7. MLO-Y4-DIl4; 8 ; MLO-Y4-DIl4+
DAPT;a: P<0.05,%5 MLO-Y4-GFP tt#i;b.P<0.05,%5 MLO-Y4-GFP+DAPT 3tk ;c. P<0. 05,5 5 /= DAPT #4548

st R 40 5 e dk

8 qPCR #il DAPT 318 40 Delta-like i1 3% ;75 19 BMSC Notch /= 2200

2.6 DAPT #p%) 5 20 ft Delta-like 3 B i3 & ik 8 7 69
BMSC % Notch 155

h T #E—2EBE Noteh {55 76 B 41 i DI4 15511
BMSC i e R4 2R, 4% I 2.5 v pirid A
DX B AL 5 %5 in DAPT 41 Notch {5 5 3L A Heyl |
HeyL Hesl Hes7 33k, 25K WLIE 8, 7E A DAPT
J& ,MLO-Y4-DI14 2[{ (¥ 3£ A Heyl .HeyL Hes1 [ 321k
B TFRE(P<0.05) , LA Hes7 Ay (P>0.05)
MLO-Y4-DII1 % DU3 2RI T ARSI BS . K
WESE T Notch {5 578 4 D4 52 63515 51 BMSC
AR S E R

3 e

AR, A D4 LR Y 5 3Rk B 2 A
BT BMSC B 74k, DIIT D3 & D14 J& T Notch
BLiA Delta-like JEPRI K15 . H X T Notch Bt {42 Y
FEREBAT4E TP BE AN L, A 55 £ X6 Noteh 5

SR H A —ZEELA Delta-like 5& W) LR ST T B 40l
v DI DU3 , DUI4 ) jf B ShAE, 75 1B 41 i v D114
(122 15 BEAS 7 1A SN 2. 35 1 7 o R 40 7 00 1 2
L2, 2 Notch {5 5 AT REFEIX — i B P R 45 T
=EEA

B AR A 2H 4R R RO e 22 O 20 A B A
T, AR, SR R AN R LR b 1 R EE B A
IRt N W N 9 e ) I e v S N ]
WHHAZ SRR S ERE, TU % @i
T 40 Rt T DG i B B ) O T
T P TG 0 R 4 IS, PR e 4
PP T et M /N . T 200 A 7
B, A KIS B RS, PR AN 25 5 3RSt e L 445
HIBAS . BARITAER O AW M 207 14 85 5 4
Ft 1O SRR A i e i AR, T LA 5 a2 HiAt
21 i 0 FAC T 4 AN 5 5 A P R R, H
FITA L R 22550 AR A1 512 365 38 2 A B %) A4 i R



906 S = A BRI, 2020,42(9)

http : //aammt. tmmu. edu. cn

MLO-Y4 #fifig"™ .

Y g2 41t Notch 5 S35 7~ 0T 55k (194> 1, Notch
FURTE R & & RS R I B R T Y
YEM . A WF5E# W], Notch Biifk DI3H™ LA EH-11
IR 2 SO H Rl B R RE IE 4K . NOBTA 457 fJf
FEINN Jagl 1 DI 768 FAE A A5 B3, i J§ MUGU-
RUMA %775 5B 40 i v ot 2635 DUT 2 B H: BH W
B 240 L R, T o 8 ) 3 A R, DT
SECCER BN . LR A B AR R
FATY Notch 2K SR 45 & 28R i 4. 3%
fitif , Jagl F1 Notchl | {H DI 1 Notch2 {i& i i B
A A R . Notch Fit i DI ZE B0 T A 26 8
T AN . ATSUMI 45 §IESE T Notch fig {4 DIIL 7&
RSN ATDCS (—Ff i A £k W 6 988 20 My, mT A8 1R oh
Sk LA SR A R 1 ) AR R k. R
VA W I 7S 2 W DU BE A% B 12 98 75 B 40 e
S A A 31k B g, fH SR DU4 — B A INAIAE
A A A 120 TR 26 I 5 L4 A
H ARG, DI 2770 BB BR R T XA 4
WA TSR

AL EWFSEIE R Notch FL{ATE BB 20 i 5 1 B
YHHLA L EIE R S BRSO E KA REA 2
Notch P4 B 20 Hh 2 75 FLAT IR 43 FH 2817 52 el -
FRBEARA W AT o 189 B AR HA e el
AT R I TR R B AN B2 ) e G 44T it 1 A ) 2
Ve, HARIERGE , DL BV 56 7 B Ao 3 IR 1) B AR 48
k. AWFFL%EHE T Notch BLA R Delta-like 51, 2257
T RasE ik DI DU3 % DI4 FEFH 9 MLO-Y4 41 ffd bk ,
DIl \DU3 J% D4 3 4> [ 45 R 2 2k, 1 2 T 4%
SEB TR, 5 MRS BEAH FL, Delta-like 3 PR3 36 1 B9
3 Fh MLO-Y4 4iifg 5 B4 BN, BMSC 28532 3 d )5,
ALP JEPERGSR | i b ik L R B ek A Fre s .
FRAE R 2 B2 D4 SRR 150 B 7E B 40 i o R
5 DI 35 DR AE %tk 25 0 2 6 2 5 40 o 1 7 300
Stk RINFRAT] % B Notch {5 S #0 L R I IH L E
I EMIA Notch {5 540147 DAPT J& , ALP 3% P4 F#41%
JCH A AR 7 JE R S Noteh {55 #3586 R 9 ikt F
W, S 1A UE B T 22 8 Noteh {5 576 41 Jfg DUI4 {2 1k
BMSC HIRGE /b 5] T E A, AR, &
ITAEANA DAPT J5 , B AKX 40l D4 {2 7 BMSC i,
BB, (02 5 PP IR AR HE ARS8 HLAT i 2 22

Sto P, FATR AR X — i B i AU Noteh {55
FAE T AR, AT REATE AR ROBILAR , FAT ks Ak 2
ESE

LR LI AT HEN B E 3R A Delta-like &
DI DU3 % DII4 1§ MLO-Y4 2 it , 78 20 i s
4235 DI SR B 5 2 5 15 B 5L B AN 19 730 01 5y
f, 2t Noteh 55 5@ s fEH b T B A T AR

S Xk

[1] BLACK D M, ROSEN C J. Postmenopausal osteoporosis[ J].
N Engl J Med, 2016, 374(3) . 254-262. DOI. 10. 1056/
NEJMcp1513724.

[2] BONEWALD L F. The role of the osteocyte in bone and non-
bone disease[ J]. Endocrinol Metab Clin North Am, 2017,
46(1) . 1-18. DOI:10. 1016/]j. ecl. 2016. 09. 003.

[3] DEMPSTER D W, LAMBING C L, KOSTENUIK P J, et al.
Role of RANK ligand and denosumab, a targeted RANK
ligand inhibitor, in bone health and osteoporosis: a review of
preclinical and clinical data[ J]. Clin Ther, 2012, 34(3):
521-536. DOI:10. 1016/]. clinthera. 2012. 02. 002.

[4] DRAKE M T, KHOSLA S. Hormonal and systemic regulation
of sclerostin[ J]. Bone, 2017, 96: 8-17. DOI: 10. 1016/j.
bone. 2016. 12. 004.

[5] OMINSKY M S, BOYCE R W, LI X D, et al. Effects of
sclerostin antibodies in animal models of osteoporosis [ J ].
Bone, 2017, 96. 63-75. DOI. 10. 1016/]. bone. 2016. 10.
019.

[6] TU X L, DELGADO-CALLE ], CONDON K W, e dl.
Osteocytes mediate the anabolic actions of canonical Wnt/
B-catenin signaling in bone[ J]. Proc Natl Acad Sci USA,
2015, 112 (5). E478 - E486. DOI; 10. 1073/pnas.
1409857112.

[7] MUGURUMA Y, HOZUMI K, WARITA H, et al. Mainte-
nance of bone homeostasis by DLLI-mediated notch signaling
[J]. J Cell Physiol, 2017, 232(9) : 2569-2580. DOI: 10.
1002/ jep. 25647.

[8] TU X L, JOENG K S, NAKAYAMA K I, et al. Noncanoni-
cal Wnt signaling through G protein-linked PKCdelta activa-
tion promotes bone formation[ J]. Dev Cell, 2007,12(1) .
113-127. DOI:10. 1016/]. devcel. 2006. 11. 003.

[9] BONEWALD L F. The amazing osteocyte[ J]. J Bone Mineral
Res,2011,26(2) :229-238. DOI.;10. 1002/jbmr. 320.

[10] VAN DER PLAS A, NIJWEIDE P J. Isolation and purifica-

tion of osteocytes[ J]. J Bone Miner Res, 2009,7(4) :389-



http ://aammt. tmmu. edu. cn

B SRR A2, 2020,42(9)

907

[11]

[12]

[13]

[14]

[15]

[16]

396. DOI; 10. 1002/ jbmr. 5650070406.

NIJWEIDE P J, VAN DER PLAS A, ALBLAS M ], et al.
Osteocyte isolation and culture [ J ]. Methods Mol Med,
2003, 80: 41-50. DOI:10. 1385/1-59259-366-6:41.
STERN A R, STERN M M, VAN DYKE M E, et al. Isola-
tion and culture of primary osteocytes from the long bones of
skeletally mature and aged mice [ J]. Bio Techniques,
2012, 52(6): 361-373. DOI.10.2144/0000113876.
KALAJZIC 1, MATTHEWS B G, TORREGGIANI E, et al.
In vitro and in vivo approaches to study osteocyte biology
[J]. Bone, 2013, 54(2): 296-306. DOI. 10. 1016/j.
bone. 2012. 09. 040.

BONEWALD L F. Establishment and characterization of an
osteocyte-like cell line, MLO-Y4[J]. J Bone Miner Metab,
1999, 17(1): 61-65. DOI.10. 1007/s007740050066.
DUNWOODIE S L., CLEMENTS M, SPARROW D B, et al.
Axial skeletal defects caused by mutation in the spondylocos-
tal dysplasia/pudgy gene DII3 are associated with disruption
of the segmentation clock within the presomitic mesoderm
[J]. Development, 2002, 129(7) : 1795-1806.

WONG P C, ZHENG H, CHEN H, et al. Presenilin 1 is
required for Notchl and DII1 expression in the paraxial mes-

oderm[ J ]. Nature, 1997, 387 (6630): 288 —292. DOI:

[17]

(18]

[19]

[20]

[21]

10. 1038/387288a0.
NOBTA M, TSUKAZAKI T, SHIBATA Y, et al. Critical
regulation of bone morphogenetic protein-induced osteoblastic
differentiation by Deltal/Jaggedl-activated Notchl signaling
[J]. J Biol Chem, 2005, 280(16) . 15842-15848. DOI.
10. 1074/ jbe. M412891200.
SEKINE C, KOYANAGI A, KOYAMA N, et al. Differential
regulation of osteoclastogenesis by Notch2/delta-like 1 and
Notch1/Jaggedl axes[ J]. Arthritis Res Ther,2012,14(2) ;
R45. DOI;10. 1186/ar3758.
ATSUMI T, IKAWA Y, MIWA Y, et al. A chondrogenic
cell line derived from a differentiating culture of AT805
teratocarcinoma cells [ J]. Cell Differ Dev, 1990,30(2) :
109-116. DOI; 10. 1016/0922-3371(90) 90079-c.
BENEDITO R, ROCA C, SORENSEN I, et al. The notch
ligands DIl4 and Jagged1 have opposing effects on angiogene-
sis[ J]. Cell, 2009, 137(6) . 1124-1135. DOI.10. 1016/
j. cell. 2009. 03. 025.
RAMASAMY S K, KUSUMBE A P, WANG L, et al. Endo-
thelial Notch activity promotes angiogenesis and osteogenesis
in bone[ J]. Nature, 2014, 507(7492) . 376-380. DOI.
10. 1038/ nature13146.

(Y575 :2020-01-01; &[] : 2020-01-26)

(m#E Tk %)



