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Bone morphogenetic protein 2 transfection by SonoVue promotes osteogenesis differentiation of human

periodontal ligament fibroblasts

WANG Xue-man, LLUO Shu-mei” , ZHONG Xiao-bo, HE Bin, TANG Yu-ying

Department of Conservation Dentistry and Endodontics, the Affiliated Stomatology Hospital of Chongqing Medical University,
Chongging Key Laboratory of Oral Diseases and Biomedical Sciences. Chongging Municipal Key Laboratory of Oral Biomedical
Engineering of Higher Education, Chongqing 401147, China

[Abstract] Objective To explore the conditions of transfecting bone morphogenetic protein 2 (BMP2) gene into human
periodontal ligament fibroblasts (HPDLFs) by SonoVue and its effects on osteogenesis differentiation of HPDLFs. Methods
The HPDLFs were primary cultured and transfected under different conditions (concentrations of SonoVue, different ultrasound
exposure intensity and time) to screening for the optimum parameters. Cells were randomly divided into four groups: SonoVue
-+ plasmid+ultrasound group, liposome- plasmid group, ultrasound group, and blank control group. After transfection with
the corresponding strategies, the alkaline phosphatase activity was detected on day 3, 5, 7 and 9 d, and alizarin red staining was
applied to check the calcium nodus on day 21 d, respectively. The mRNA expression of osteopontin (OPN), bone sialoprotein
(BSP), type | collagen (Col | ), osteocalcin (OCN), and runt-related transcription factor-2 (Runx2) was detected by RT-PCR
on day 7, 10 and 14 d of transfection. Results The transfection rate and the cell survival rate were relatively high under the
following condition: 0.8 W/cm?, 90 s and 20% SonoVue solution, and they were selected as the final transfection parameters.
Both alkaline phosphatase activity and matrix mineralization content in SonoVue-t plasmid-tultrasound group were significantly

higher than those in blank control group and ultrasound group (P<C0. 05) at all time points. RT-PCR results revealed that the
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expression of OPN, BSP, Col | , OCN and Runx2 mRNA in SonoVue+ plasmid—+ ultrasound group was significantly higher

than that in the ultrasound group and blank control group (P<Z0. 05), but was similar to that in the liposome— plasmid group

(P>0.05). Conclusion The BMP2 gene can be successfully transfected into HPDLFs by SonoVue and can induce osteogenesis

differentiation of HPDLFs, which lays a foundation for its application in periodontal tissue engineering.

[Key words] SonoVue; bone morphogenetic protein 2; periodontal ligament; fibroblasts; osteogenesis
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Tab 1 Primer sequences for RT-PCR

Gene Forward primers sequences (5'-3") Reverse primers sequences (5'-3")
OCN CTC ACA CTC CTC GCC CTA TTG CTC CCA GCC ATT GAT ACA GGT AG
Runax2 CTT TAC TTA CAC CCC GCC AGT C AGA GAT ATG GAG TGC TGC TGG TC
BSP GAT TTC CAG TTC AGG GCA GTA G CCC AGT GTT GTA GCA GAA AGT G
OPN CAG TTG TCC CCA CAG TAG ACA C GTG ATG TCC TCG TCT GTA GCA TC
Col 1 AAC ATG GAG ACT GGT GAG ACC T CGC CAT ACT CGA ACT GGA ATC
GAPDH GAG CCA AAA GGG TCA TCA TCT C AAA GGT GGA GGA GTG GGT GTC

OCN: Osteocalcin; Runx2; Runt-related transcription factor 2; BSP: Bone sialoprotein; OPN: Osteopontin; Col [ : Type [ collagen;
GAPDH: Glyceraldehyde-3-phosphate dehydrogenase

AR 2 B [ Se 2 LB i TR IR HES ] 2R R
o 1~5 AUHIIIIE 25 S A A B H 0 s AR 1, USRS
A AUHIMLEA TR s . S AU A g Eon R A
BRI BT AR B TR D5 T R LT 1,

N
s

2.1 HPDLFs 94 ¥E LA RRLE T JFAREFM
HPDLFs KZA1ER: 5% 5 d JgIFRIe ), BERIE A K A4

1 JRfX HPDLFs f) £ K1ER R KIFELEE
Fig 1 Primary culture and identification of HPDLFs
A: Primary cultured HPDLFs; B: HPDLFs of the 4t passage; C: Negative for keratins; D: Immunopositive for vimentin. HPDLFs: Human

periodontal ligament fibroblasts. Original magnification: <40 (A, B), X200 (C, D)
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Tab 2 Transfection efficiency of HPDLFs under different SonoVue concentrations, ultrasound exposure intensities and time

%, n=10, z+ts

Exposure intensity (W « cm™2)

Concentration of SonoVue (%) Exposure time ¢/s
0.6 0.8 1.0
10 60 8.76+0.08 8.3640. 34 9.23740. 39
10 90 10. 0340. 73 13.43£2.78 12.1940. 32
10 120 11. 4040. 59 12.21+1. 24 13.7940.78
20 60 13.3841.09* 15.1540. 79* 16.1440. 96 *
20 90 15.7941.79* 17.574+1.02** 17.6441. 38"~
20 120 16.26+0.49* 17.89+0. 92 16.7240.27* *
30 60 4. 8740. 99 5.0970. 59 7.4870. 68
30 90 4, 23%0. 82 5.98%0. 38 6.3740. 17
30 120 7.45%0. 69 9.42%40. 83 8.21+£1.67

HPDLFs: Human periodontal ligament fibroblasts. * P<C0. 05, * * P<C0. 01 vs 0. 8 W/cem?, 120 s in 20% SonoVue solution group

R3 FHRERER 20%H R ERESRERIERAE &G THARNFEE

Tab 3 Survival rate of HPDLFs with 20% SonoVue solution under different ultrasound exposure intensities and time

%, n=3, s
Exposure intensity (W« cm™?)
Exposure time ¢/s
0.6 0.8 1.0
60 96.2341.84* 94, 39+1.69* % 89.4140.93*
90 97.91+1. 86~ 93.8840. 89 84.5140.49*
120 90. 9740. 48* 86.42+2.75% 75.1241. 94

HPDLFs: Human periodontal ligament fibroblasts. * P<C0. 05, ** P<C0.01 vs 0.8 W/cm?, 90 s
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A 5 % B /0 8 25 8 . B R D T
Y-+ 5Ok - B8 2H F0AR BT A - JBORE ZH 41 A v A
S5 B (B 3)

7d

9d
2 RAMMWE BRI
Fig 2 Alkaline phosphatase activity in each group

SonoVue-+tplasmid-+ultrasound group
O Liposome+plasmid group

3 Ultrasound group

B Blank control group

* P<C0. 05 vs SonoVue+ plasmid-+ultrasound group at each time point; £ P<Z0. 05 vs liposomeplasmid group at each time point; 4 P<Z0. 05

vs ultrasound group at each time point. n=3, T+s
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B3 FHAMMTRILEBHER
Fig 3 Alizarin red staining in each group
A: SonoVue + plasmid + ultrasound group; B: Liposome + plasmid group; C: Ultrasound group; D: Blank control group. Original

magnification: X100
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Relative expression
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Fig 4 Relative expression of osteogenic genes in each group
OPN: Osteopontin; BSP: Bone sialoprotein; OCN; Osteocalcin; Col [ : Type | collagen; Runx2: Runt-related transcription factor 2. * P<C

0. 05 vs SonoVue+ plasmid-ultrasound group at each time point; £ P<0. 05 vs liposome+ plasmid group at each time point; 4 P<C0. 05 vs

ultrasound group at each time point. n=3, 7%
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