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Abstract The aim of this article was to investigate the effects of activation of the Wnt microenvironment
of osteoblast MLO-Y4 by the small molecule drug C91 (CHIR99021) on the osteogenic differentiation of ST2
cells after co-culturing the treated osteoblast MLO-Y4 cells (without C91) with bone marrow stromal cells ST2
cells. CCK8 assay was performed to detect the effects of different concentrations of C91 on osteoblastic MLO-Y4
activity and to determine the concentration of C91 used for subsequent experiments; ALP (alkaline phosphatase)

staining, ARS (alizarin red S) staining and quantitative analysis were used to detect the level of osteogenic differ-
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entiation; fluorescence quantitative PCR was used to detect the mRNA expression levels of the ST2 cell osteogenic
differentiation marker genes Alp, Runx2, Osx, the vasculogenic factor Vegf, and the Wnt signaling target genes
p-catenin, Axin2 and Lefl, as well as the osteogenic inhibitory factor Sost; immunofluorescence staining detected
the entry of B-catenin into the nucleus; Western blot detected the protein expression level of B-catenin in the cells.
When the concentration of C91 was 2.5 pmol/L and 5 umol/L, C91 had no effect on the proliferative activity of
osteoblast MLO-Y4 regardless of the action time of 12 h and 24 h, which can be used as the maximum safe con-
centration for the subsequent experiments; C91 promoted the mRNA expression of the Wnt signaling target genes
[S-catenin, Axin2, Lefl, and osteoclastogenic factor Sost in a dose-dependent manner (P<0.05), and the expression
level of B-catenin protein was up-regulated (P<0.05); C91 was able to significantly promote the nucleation process
of B-catenin in osteoblasts MLO-Y4; following activation of the Wnt microenvironment in the co-culture system
of bone cells MLO-Y4 by C91, the mRNA expression levels of Alp, Runx2, Osx, and the angiogenic factor Vegf in
ST2 cells increased in a dose-dependent manner (P<0.05), however, the expression level of the osteogenic differ-
entiation factor Ocn was significantly reduced (P<0.05). C91 treatment promotes early osteogenic differentiation of

ST2 cells in co-culture systems (as evidenced by elevated alkaline phosphatase expression), while simultaneously

inhibiting their late-stage matrix mineralization.
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Table 1 Primer sequences

BRI AR FA(5'—3")

Gene name Sequences (5'—3")

GAPDH Forward: GCA CAG TCA AGG CCG AGA AT
Reverse: GCC TTC TCC ATG GTG GTG GTG AA

Alp Forward: ACA CCA ATG TAG CCAAGA ATG TCA
Reverse: GAT TCG GGC AGC GGTTAC T

Runx2 Forward: CCG TGG CCT TCAAGG TTG T
Reverse: TTC ATA ACA GCG GAG GCA

Osx Forward: CCC TTC TCA AGC ACC ATT GG
Reverse: AAG GGT GGG TAG TCATTT GCATA

Lef1 Forward: CCT ACA GCG ACG AGCACT TTT
Reverse: CCT TGC TTG GAG TTGACATCT G

Axin2 Forward: TGA GCG GCA GAG CAA GTC CAA
Reverse: GGC AGA CTC CAATGG GTA GCT

Sost Forward: TGA GAA CAA CCA GAC CAT
Reverse: ACATCT TTG GCG TCA TAG

Vegf Forward: CCC ACC CAC ATA CAT ACATT
Reverse: CTC CCAACT CAA GTC CACA

[-catenin Forward: TGG CAA CCAAGAAAG CAAG
Reverse: CTG AAC AAG AGT CCC AAG GAG

Ocn Forward: CTG ACC TCA CAG ATC CCAAGC

Reverse: TGG TCT GAT AGC TCG TCA CAA G
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C91 /umol-L! C91 /pmol-L!

A B: FIARNFRIERICI1(0. 500 nmol/L. 1 pmol/L. 2.5 pmol/L. 5 pmol/L. 10 pmol/L. 15 pmol/L)4; 7l 4b¥E MLO-Y 441 /ig 12 hfl124 h),
CCKS8 S A MIMLO- Y44 3G FE 15 Bl . *P<0.05, 50 pmol/L CO1ZHA LE

A,B: after MLO-Y4 cells were treated with different concentrations of C91 (0, 500 nmol/L, 1 pmol/L, 2.5 pmol/L, 5 pmol/L, 10 pmol/L, 15 pmol/L)
for 12 h and 24 h, CCKS8 experiments were used to detect the proliferation of MLO-Y4 cells. *P<0.05 compared with 0 pmol/L C91 group.
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Fig.1 The effect of different concentrations of C91 on the proliferation of MLO-Y4 cells
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A: COE FIMLO-Y 441124 h, 4R J7 K QRT-PCR 7 i 53 #if-catenin. Axin2. Lefl F1SostfimRNAJK . B: Western bloths iill il il o B-catenin 1

FILFEWL. *P<0.05, 50 pmol/L CO1ZHM L, n=3.

A: C91 acted on MLO-Y4 cells for 24 h, and then the mRNA levels of f-catenin, Axin2, Lef] and Sost were analyzed by qRT-PCR. B: Western blot de-
tects the expression of B-catenin in cells. *P<0.05 compared with the 0 pmol/L C91 group, n=3.
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Fig.2 (€91 activates the Wnt signaling pathway of MLO-Y4 cells
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A: immunofluorescence staining image of B-catenin in MLO-Y4 cells treated with C91 for 12 h. B: immunofluorescence staining image of f-catenin in

MLO-Y4 cells treated with C91 for 24 h. DAPI staining of the nucleus is blue, and B-catenin is green fluorescence.
E3 COMRMLO-Y44AHE B-cateninFI N 1%id 72
Fig.3 C91 accelerates the process of B-catenin into the nucleus in MLO-Y4 cells
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A: C91 treated MLO-Y4 cells for 24 h, then co-cultured with ST2 cells for 2 days, and then cells were stained with alkaline phosphatase staining kit.
The red arrow indicates the ALP-positive area. B: quantitative analysis results of ALP staining. *P<0.05 compared with the 0 pmol/L C91 group, n=3.
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Fig.4 C91 indirectly promotes early osteogenic differentiation in co-cultured ST2 cells by activating Wnt signaling in MLO-Y4 cells

FEFE LL AL 3 12 hivh 558

2.4 CO1ET B EMLO-Y440 faWnt{s S (8] 3E 1

FHEIEFRST24AR R HARR B 7L
FRIFHE Wnt{E 5 I8 B 50, B MO A A2 —

FhE B AN, fEAERENLR IR SRR

B B A DL KA i B S LA 2 TA) B 58 SOXT

(bone-muscle crosstalk) 1 & # EE/E . Rk, &

AR MR g A 4 ) B o P O B A i B R I A 3
Kbl Ze NHIiE P, BATHEIC T B 40 7= A 1 A 1
T 75 REHE TR T R AR ) AR BRI R B R
il ALP 2 B0 73 A 5 1A bR &5 290, ALP YL g AT
SER TR, TR R, 2 COVALFE 1) & 240
Jd MLO-Y 4 DA 71 5 AR 6 14 1 77 =388 n ST 2490 i 1) s
PR R BN PE (FAARTE4B) . X 3R I G L8 74K



TP WOH L TR F B A ML O-Y 4 1) Wt iR 5 i R o7 40 S T2 5 & 43 1 IR B2

Alp
0.004 5 =
%
=
.2
2 0.0030
g
s
s
~ 0.0015 9 *
=
O -
0 2.5 5
C91 /umol-L~!
Osx
0.000 24 =
*
g '
é 0.000 16 =
g
<
Z  0.000 08 =
E
0=
0 2.5 5
C91 /umol-L!

mRNA expression

2545
Runx2
0.001 5 *
%
0.001 0 =
0.000 5 o '
0 m
0 2.5 5
C91 /umol-L!
Ocn
0.004 5 =
S
= |
.S | *
a 0.0030 |
8 ‘ *
g
p
Qé‘ 0.001 5 |
\
0 =
0 2.5 5
C91 /umol-L!

FCOIALBEMLO-Y4ZH 324 h, H5 H 5ST240 fu HL 55 F-2 K, 28 )5 K FHQRT-PCRJjVE 5 Hrdlp. Runx2. OsxF1Ocnif)mRNA7KF. *P<0.05,

50 umol/L CO14HAHEL, n=3.

MLO-Y4 cells were treated with C91 for 24 h, then co-cultured with ST2 cells for 2 days, and then the mRNA levels of Alp, Runx2, Osx and Ocn were

analyzed by qRT-PCR. *P<0.05 compared with the 0 pmol/L C91 group, n=3.
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Fig.5 C91 indirectly regulates the osteogenic differentiation of co-cultured ST2 cells

by activating the Wnt signaling pathway in MLO-Y4 cells
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A: alizarin red S staining of C91-preconditioned MLO-Y4 cells co-cultured with ST2 cells (co-cultured in osteogenic induction medium for 14 days).

B: the image under the 10x microscope of figure A, the red arrow indicates a mineralized nodule. C: alizarin red staining quantitative analysis. ¥P<0.05

compared with the 0 umol/L C91 group, n=3.
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Fig.6 C91 activation of osteoblast Wnt microenvironment may attenuate the matrix mineralization capacity of co-cultured ST2 cells
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COLEFEMLO-Y 44124 h, S8 J5 44 H 5 ST2 A JL 8 372K, 1R HIqRT-PCRIT 243 T VegfMImRNA/K . #P<0.05, 50 pmol/L CO1414H EL, n=3.
MLO-Y4 cells were treated with C91 for 24 h and then co-cultured with ST2 cells for 2 days. The Vegf mRNA expression level was then analyzed by

qRT-PCR. *P<0.05 compared with the 0 pmol/L C91 group, n=3.
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Fig.7 (C91 enhances the proangiogenic capacity of co-cultured ST2 cells by activating Wnt signaling in MLO-Y4 cells
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