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Abstract Understanding the relationship between the chemical signals generated by biological materials and cellular be-
haviors has great significance for the design and preparation of high-performance tissue engineering biomaterials. In the past
several decades, silicate bioceramics have been widely used in tissue engineering. Bioactive ions released from silicate bioc-
eramics can act as chemical signals to regulate cellular behaviors and promote the tissue regeneration. Moreover, by regulat-
ing the components of silicate bioceramics, silicate bioceramics can generate specific chemical signals to regulate cellular
behaviors of multiple cells. Here, by introducing molybdenum (Mo) element into silicate bioceramics, we have successfully
developed Mo-containing silicate (MS) bioceramics which are able to regulate cellular behaviors of tendon stem/progenitor
cells (TSPCs) and bone marrow mesenchymal stem cells (BMSCs) simultaneously. Using ammonium molybdate as a source
of Mo element, MS bioceramics were prepared by chemical coprecipitation method. The synthesized MS bioceramics were
mostly below 10 pm in size and had uniform distribution of Mo elements. Moreover, MS bioceramics were composed of
high-purity CaMoO4 and CaSiOs. To explore the effect of chemical signals generated from MS bioceramics on TSPCs and
BMSCs, we prepared MS extracts for cell culture. MS bioceramics supported the survival of TSPCs and BMSCs and main-
tained a better cellular state during the culture period of 5 d. Due to the released Ca, Si and Mo ions from MS bioceramics,
TSPCs and BMSCs cultured with MS extracts exhibited excellent proliferation and migration activities. Interestingly, after
cultured with MS extracts in the appropriate concentration, the expression of osteogenic genes and protein of BMSCs and the
expression of tenogenic genes and protein of TSPCs were significantly enhanced, suggesting that chemical signals generated
by MS bioceramics simultaneously promoted the specific differentiation of TSPCs and BMSCs. Such MS bioceramics are
believed to be an effective “bioactive factor” for repairing injury at the tendon-bone interfaces.
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Figure 1 Characterization of Mo-containing silicate (MS) bioceramic
powders. (A) XRD pattern of MS particles. (B) SEM image of MS parti-
cles. (C) Particle size distribution of MS particles. (D) EDS elemental
mapping of MS particles. MS bioceramics were successfully prepared
with uniform particle size and homogeneous distribution of Mo element
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Table 1 The concentration of chemical signals generated from different
concentrations of MS extracts

Tonic conc./(mgeL ')  Ca Si Mo

Control 71.854+2.58 2.45%1.13 0+0

12 83.77+4.34 136.06%7.61 14.29£0.94
1/4 96.18+£6.39  73.191+4.80 7.6710.62
1/8 85994243 39.2940.85 3.9240.31
1/16 79.294+4.85 21.09%0.89 1.954+0.07
1/32 76.39+£2.83 11.75£0.20 1.27£0.08
1/64 70.53£1.67 6.96+0.35 0.43£0.26
1/128 72.99+0.36 4.86%+0.21 0.37£0.13
1/256 70.92+1.82 3.40£0.94 0.18+£0.22
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Figure 2  Proliferation and live/dead assay of TSPCs (tendon
stem/progenitor cells) and BMSCs (bone marrow mesenchymal stem
cells) cultured with different concentrations of MS extracts. Proliferative
activity of (A) TSPCs and (B) BMSCs after cultured with different dilu-
tion of MS extracts (n=3) *p<<0.05, **p<<0.01, ***p<<0.001. Live/dead
assay of TSPCs (C) and BMSCs (D) after cultured with MS extracts for 1
and 5d
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Figure 3 The effect of different dilution of MS extracts on migration of
TSPCs and BMSCs. After induced with MS extracts, crystalline violet
staining images of the migration of TSPCs (A) and BMSCs (B). Quanti-
fication of TSPCs (C) and BMSCs (D) induced to migrate (n=4). *p<<
0.05, **p<<0.01, ***p<<0.001
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Figure 4 The expression of tenogenic differentiation-related genes and
Tenomodulin (TNMD) of TSPCs cultured with different dilutions of MS
extracts (1/16 and 1/32). The expression of (A) BGN, (B) DCN and (C)
TNC of TSPCs incubated with different dilutions of MS extracts after 5
days of culture (n=6). *p<<0.05, **p<<0.01, ***p<<0.001. (D) Immuno-
fluorescence staining images of TNMD protein of TSPCs cultured with
different concentrations MS extracts
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Figure 5 The expression of osteogenic differentiation-related genes and
Bone sialoprotein (BSP) of BMSCs cultured with different dilutions of
MS extracts. (A) The expression of ALP, (B) BMP2, (C) RunX2 and
(D) OPN of BMSCs incubated with different dilution of MS extracts after
5 days of culture (n=6). *p<<0.05, **p<<0.01, ***p<<0.001. (E) Immu-
nofluorescence staining images of BSP protein of BMSCs cultured with
different concentrations of MS extracts
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Figure 6 Semi-quantitative analysis of immunofluorescence staining
images of TNMD (A) and BSP (B) expression (n=3). *p<<0.05, **p<<
0.01, ***p<<0.001
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A 1LE (FBS, Gibeco, USAYAI 1% (w) & 85 & -FE 5 & (P/S,
Gibco, USA)f) MEM-alpha 3% 7% 2:(MEM-a, Gibco, USA)
BeFR. DA - gH M 3R BT B A 4 I R it B R 2 B I R
[ 8 Sl A4 ER RO ASE FH 25 03 23 BT b e 1R o DU gk A7 (B 4 i
KA AL S . DWSY-210466).
4.3 EHENERIMMEMS)ZIRERSIE

MS 4 Jid 15 77 5 2 32 AR 9 [ B b i 2 21 (1SO
10993-5)iE 471 #%. B, ¥ 8 g MS M &R IEAE 40 mL
MEM-a 1, 7£ 37 ClEIGREIK FHCE 24 h. 285, MS 4
5% FREE R BEMRAE 800 % T B30 10 min, FIHEWREZ 0.22
pm PRI JER ] MS RIRREI. SR 5K i R R A
B EE VR FE ) MS FB(1/2+ 1/44 1/8+ 1/164 1/32. 1/64+
1/128. 1/256).
4.4 (RPEIETESIIS

K H CCK-8 fa il i 7 & (Cell counting Kit-8,
Dojindo, Japan) 73t AS [F] A BE A5 20 MS IR G 7R 1
TSPCs 1 BMSCs H3GFETENE. HANFEHREE R MS =4
TRICE BMSCs 1 TSPCs 2. A4 4 Bt 100
uL (2000 ANHHE)EEFT 96 FLAR E, 373859 1. 3. 5d.
Ja, ERFLF A 100 pL 10% CCK-8 R:i3R3k, 78
37 ClEE, MBS EN 5% CO %4 TH: 7% 1 h, J+H
BEHRCRSIIAE 450 nm AL RO .
4.5 Live/dead F:faSEls

K H Calicein-AM/PT XU AR G 0 W AN [FI R A
B MS 420055 9% )5 1) TSPCs A1 BMSCs FIAEIE B .
fE ok Ul, HfE B AT, BEE Mgk
[m(AM) : m(PI) : m(PBS)=1 : 1 : 100010\ 24 fLH+
&, FERER EE 20 min. 25, FRMH%OLEME
(DMi8S, Leica Microsystems, Germany)idE 17 W1 42,
46 YHREIEFESILE

Transwell iE Il MS 23205 TSPCs #11 BMSCs 1]
IERETERI M. 1 267E 24 FUBUR b 9 B ph 0 (4
FL 1. A, £ FEFIMARFEIRER MS 232)
FIEREREFRIE. K59% 6 h J&, F 4% w)Z RFEERE 2
BMSCs f TSPCs, A& Frgife. 25, BT
R 1% (W) i SIS 10 min, &5 HEE
EBE(DMISS, Leica Microsystems, Germany) Wi 22 41 fiy.
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4.7 ApREERIA

IR MS 2 BMSCs Fll TSPCs 45573 14 401k
HIMER, R SEm e & 5 A 5% XU N (RT-qPCR) o
TA WA R RGN, B, FARWER MS 2
Wi IE BMSCs B{ TSPCs. 7E%5 1L R Trizol X7
(Invitrogen, USA)AbERAH M, FFHZEL RNA. 2R)5, %8
PrimeScript 1st Strand ¢cDNA Synthesis Kit (TOYOBO,
Japan)f# FH U B 5 3E1T cDNA & 1k, )5, RT-qPCR i £
Hi StepOnePlus SR 245 (Applied Biosystems, USA)it
7. FREEF 5190741 WL Supporting Information.
48 HREBERALEXE

fal B R, 7EFH MSIRIRE IR 5 d A, FH 4% (w)

5 HIEE[F 2 BMSCs F1 TSPCs 30 min. i (4

B, ARG PBS R gE i = k. AR5,
0.1% (w) Triton-100 AL FEAH L 5 min, #35 H 5% (w) BSA
AEFRANAR 30 min. BEJE, K—HUIMAFLIRIFAE 4 CUKFE
HICE 12 h, ARE PBS &L B K, Kb K
ZHUMASRIFAE 37 CHFE 1 h. 85, H 2 EERN]
Wk(DAPI, Sigma-Aldrich)f! Alex Fluor 488 phalloidin
(Molecular Probes, USA)K /33474 Ho A2 A1 20 il B 2L 70
et & JE, SRR EEOCHE B S (TCS SPS,
Leica, Germany) X %% 58 4 L G AT Ha G,
49 BitFESH

T A7 Hu s DL B £ A 22 20K, SRA Origin 2018
BAFREAT B R 2R T ZE 0 #T. *p<<0.05, **p<<0.01, ***p<<
0.001, INAZERF B
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