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Sanguinarine Regulates Osteogenic Differentiation of Periodontal Ligament
Stem Cells through NF-kB Signal Pathway*
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ABSTRACT Objective: To investigate the effect and mechanism of sanguinarine (SAN) on osteogenic differentiation of human
periodontal ligament stem cells (hPDLSCs) treated with tumor necrosis factor-a (TNF-a). Methods: hPDLSCs were divided into 6
groups: Control group, TNF-a group, TNF-a+0.1SAN group, TNF-a+1SAN group, TNF-a+10SAN group and TNF-a+100SAN group.
All hPDLSCs were cultured in osteogenic induction medium. Except Control group, 10 ng/mL TNF-« was added to the culture medium
of other groups. 0, 0.1, 1, 10, 100 wmol/L sanguinarine were added to the culture medium of TNF-a+0.1SAN group, TNF-a +1SAN
group, TNF-a+10SAN group and TNF-a+100SAN group, respectively. HPDLSCs of all groups were cultured at 37 'C and 5% CO, for
21 days. The activity of alkaline phosphatase (ALP) was detected by visible light colorimetry. The formation of calcified nodules was
observed by alizarin red staining, and ODsg, ,, (representing the amount of calcified nodules) was counted. The transcription levels of
Runt-related transcription factor 2 (RUNX2), osteocalcin (OCN), osterix (OSX), cementum attachment protein (CAP) and Smad4 were
detected by qRT-PCR. The phosphorylation level of NF-kappa B (NF-«kB) p65 was detected by Western blot. Results: Compared with
that in the Control group, the relative ALP activity, amount of calcified nodules, and the relative expression of RUNX2, OCN, OSX, CAP
and Smad4 mRNA in TNF-«a group decreased (P<0.05), while p-NF-kB p65/NF-kB p65 increased (P<0.05). Compared with that in the
TNF-a group, the relative ALP activity, amount of calcified nodules, RUNX2, OCN, OSX, CAP and Smad4 mRNA expression of
TNF-a+1SAN group, TNF-a+10SAN group and TNF-a+100SAN group increased (P<0.05), while p-NF-kB p65/NF-kB p65 decreased
(P<0.05). Conclusion: Sanguinarine can promote the osteogenic differentiation of hPDLSCs treated with TNF-a, and the mechanism may
be related to the inhibition of the activation of NF-kB. Sanguinarine may be a candidate drug to promote the osteogenic differentiation of
hPDLSCs in inflammatory microenvironment.
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Table 1 Primer sequences

Gene Primer sequence (5" -3" )
RUNX2 F: ATGTGTGTTTGTTTCAGCAGCA
R: TCCCTAAAGTCACTCGGTATGTGTA
OCN F: CCCTCCTGCTTGGACACAAAG
R: AGGTGACCACACCCCAAGAT
OSX F: GCCATTCTGGGCTTGGGTATC
R: GAAGCCGGAGTGCAGGTATCA
CAP F: CTGGCTCACCTTCTACGACA
R: TACCTCAAGCAAGGCAAATG
Smad4 F: CTCATGTGATCTATGCCCGTC
R: AGGTGATACAACTCGTTCGTAGT
GAPDH F: TCAAGGCTGAGAACGGGAAG

R: TGGACTCCACGACGTACTCA
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Fig. 1 Morphological observation and identification of hPDLSCs
Note: A: Morphology of hPDLSCs (x40); B: Expression of STRO-1, CD146, CD34 and CD45 in hPDLSCs
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Fig. 2 Effect of sanguinarine on proliferation of hPDLSCs
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a2 (AR BGR] F AR T (P<0.05) . TLIET 4,
2.5 M#REEHXT TNF-o 4bIEEY hPDLSCs 5 B 48 S B F & F i
=210

Control £l . TNF-o 2] .0.1SAN 4 . 1SAN 41 . 10SAN 41 #iI
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Fig. 3 Effect of sanguinarine on ALP in TNF-a-treated hPDLSCs

Note: A: ALP stained image (x200); B: Relative ALP activity; Compared with Control group, *P<0.05; vs Compared with TNF-a group, “P<0.05;
Compared with 0.1SAN group, “P<0.05; Compared with 1SAN group, * P<0.05; Compared with 10SAN group, *P<0.05.

Control

4 M ARFERT TNF-o AbIRE9 hPDLSCs 54k 25 T S AL 2400
Fig. 4 Effect of sanguinarine on the formation of calcified nodules in TNF-a-treated hPDLSCs

Note: A: Alizarin red staining image (x200); B: Quantitative analysis of calcified nodules (ODs,,); Compared with Control group, *P<0.05;
vs Compared with TNF-a group, #P<0.05; Compared with 0.1SAN group, ¥P<0.05; Compared with ISAN group, * P<0.05;
Compared with 10SAN group, 4P<0.05.
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Fig. 5 Effect of sanguinarine on transcription of osteogenic genes in TNF-q-treated hPDLSCs

Note: A-E: The relative mRNA expression levels of RUNX2, OCN, OSX, CAP and Smad4, respectively; Compared with Control group, *P<0.05;

vs Compared with TNF-a group, “P<0.05; Compared with 0.1SAN group, ¥P<0.05; Compared with ISAN group, * P<0.05;
Compared with 10SAN group, 4P<0.05.
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Fig. 6 Effect of sanguinarine on p-NF-«B p65/NF-«B p65 in
TNF-a-treated hPDLSCs
Note: Compared with Control group, *P<0.05; vs Compared with TNF-«
group, “P<0.05; Compared with 0.1SAN group, “P<0.05; Compared with
ISAN group, * P<0.05; Compared with 10SAN group, 4P<0.05.
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