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Mechanism of the stimulation of osteoblast differentiation by Smad4
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Abstract: Objective To determine the mechanism of promoting osteogenic differentiation by osteocyte-specific gene Smad4.
Methods Conditional gene knockout technique Cre/loxp was used to produce osteocytic Smad4 specific knockout mice ( Smad4™
cko). Embryonic mouse skeletal growth was shown by whole mount skeletal staining of new pups. The bone mineral density was
detected in one-month-old mice with radiography. Changes in bone mass, trabecular number, and osteoblast number were analyzed
by static bone histomorphology. The osteoblastic makers ALP, Runx2, OSX, OCN, and osteoclastic markers RANKL, OPG were
detected by qPCR. The RANKL/OPG ratio was calculated. Results Smad4” cko mice displayed no gross skeletal abnormalities at
birth. X-ray radiography showed reduced bone mineral density, bone mass, and osteoblast number compared with controls ( P<
0.05). Similarly, the expression of osteoblastic differentiation marker genes were decreased. The expression of RANKL increased
while OPG decreased. The radio of RANKL/OPG increased significantly ( P<0.05). Conclusion The Smad4 gene in the
osteocytes regulates bone homeostasis by promoting osteoblastic differentiation and possibly by down-regulation of osteoclastic
differentiation.
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Table 1 Sequences of the primers

Genes Forward (5'—3') Reverse (5'—3")
CS-Cre AGGGATCGCGAGGCGTTTTC GTTTTCTTTTCGGATCCGCC
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Runx2 CCGTGGCCTTCAAGGTTGT TTCATAACAGCGGAGGCATTT
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OCN CAGCGGCCCTGAGTCTCA GCCCCGAGTCTCTTCACTACCTTA

2 &m 2.3 HHE Smadd Ik A RF 5 1 AR D BB R AL
=]

2.1 RRREE A0 AR Smadd EE R LS 2K [ AL
Y

/NERBY R 56 C it I A fR, X DMP1-Cre,
Smad4 43 HI 4T H B PCR SN, & L R o A 5K
B % #% Dmpl-Cre+ ., Smad”"( Smad4® Cko) /N B K
BN, AU loxp {7 LB 15 19 Smad4 (Smad4™")
g U

Smad4

1 B 205 2 Pk R BR Smadd /) B AE PR B4 72
Fig.1 Genotyping of the mice specific knockout Smad4
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Fig. 2 A: Total embryo morphology and embryo

weight, control (left) , mutant (right) ; B: Whole mount
skeletal staining of new pups, control (left), mutant
(right).
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Fig.3 A Morphology of mice at one month and

analysis of the length of the femur, tibia, and

vertebrae; B: BMD of the femur, tibia, and

vertebrae at one month.
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Fig.4 A. HE staining of the bone tissue on paraffin sections (inverted fluorescence microscope X40) and analysis of total bone mass

in the cancellous bone and cortical bone ( inverted fluorescence microscope X100) ; B: Microscopy images showing osteoblasts, and

quantitative analysis of osteoblasts and osteocytes in cancellous bone and cortical bone (inverted fluorescence microscope x400). B.Ar/

T.Ar, Bone area/Tissue area; N.ob/T.Ar, Osteoblast number/Tissue area; N.Ot/B.Pm, Osteocyte number/bone perimeter.
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