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[ Abstract ]| Objective To explore whether c-Jun N-terminal kinase (JNK) pathway is involved in the osteogenic
differentiation of human periodontal ligament stem cells (WPDLSCs) induced by low-frequency pulsed electromagnetic field
(PEMF) via using the specific inhibitor SP600125 to intervene JNK signaling pathway. Methods hPDLSCs were exposed to
the low-frequency PEMF stimulation (15 Hz, 0-3.0 mT, radiate for 1 h every 12 h) in vitro for 7 d or 14 d and the expression
levels of osteogenic-related genes Runt-related transcription factor 2 (Runx2), alkaline phosphatase (4LP), osteopontin (OPN) and
osteocalcin (OCN) were detected by quantitative polymerase chain reaction (QPCR), so as to determine the osteogenic differentiation
ability of cells induced by low-frequency PEMF and the appropriate magnetic field intensity. To determine whether JNK pathway
plays a role in the osteogenic differentiation of hPDLSCs stimulated by low-frequency PEME, the expression levels of JNK and
phosphorylated-JNK (p-JNK) proteins were detected by Western blotting; and the expression levels of osteogenic genes in cells
treated with different concentrations of SP600125 were detected by qPCR. Results The expression levels of osteogenic-related
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genes Runx2, ALP, OPN and OCN were higher in hPDLSCs irradiated with low-frequency PEMF at 15 Hz and 2.5 mT than other
intensity groups (all P<<0.05). Low-frequency PEMF significantly stimulated the expression of INK and p-JNK proteins in cells (both

P<0.05). The expression levels of osteogenic genes in hPDLSCs were decreased after the JNK pathway was inhibited by
SP600125, and the inhibitory effects of 20 and 30 umol/L SP600125 were more obvious than that of 10 umol/L SP600125 (both
P<0.05). Conclusion PEMEF (15 Hz, 2.5 mT) partially activates JNK pathway to induce hPDLSC osteogenic differentiation.

[ Key words ] low-frequency pulsed electromagnetic fields; periodontal ligament stem cells; JNK signaling pathway;

osteogenic differentiation; SP600125
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Fig1 Schematic diagram of PEMF exposure of cells irn vitro

0.02 ms
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A: PEMF exposure system comprises a pulsed signal generator and Helmholtz coil pair assembly with two-coil array. An oscilloscope

was used to monitor waveform and amplitude of current. B: PEMF generator produced an open-circuit PEMF waveform (burst width

5 ms, pulse width 0.2 ms, pulse wait 0.02 ms, burst wait 60 ms, pulse rise 0.3 ms, pulse fall 2.0 ms). PEMF: Pulsed electromagnetic field.
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Tab 1 Sequences of gene primers

Gene Forward primer sequence (5-3") Reverse primer sequence (5-3")
B-actin GCCAACACAGTGCTGTCT AGGAGCAATGATCTTGATCTT
ALP GTTGCCAAGCTGGGAAGAACAC CCCACCCCGCTATTCCAAAC
Runx2 TAGATGGACCTCGGGAACC GGGTGGTAGAGTGGATGGAC
OPN GGCAGCGAGGTAGTGAAGAG CTGGAGAGGAGCAGAACTGG
OCN GCCGAGGTGATAGTGTGGTT CTGGACTGCTTGTGGCTGT

ALP: Alkaline phosphatase; Runx2: Runt-related transcript
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111 %tz 42 ) SPSS 19.0 B AF 174811
223 #F, I GraphPad Prism 8.0 44 &, &
PERL x££ R, L] SR FH LR 2 2200,
P LR Tukey’s KB #5536 7KHEC ) 4 0.05,

ion factor 2; OPN: Osteopontin; OCN: Osteocalcin.
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B2 hPDLSC ¥%E
Fig 2 Identification of hPDLSCs

A: Tsolated CD146 " hPDLSCs were round, fusiform, and small (arrows). The cells had less cytoplasm and a large nucleus. B: Flow

cytometry showed that the double-positive rate of CD146 and STROI in cells obtained by immunomagnetic beads was 55.3%.

C: Immunofluorescence staining showed that isolated hPDLSCs were vimentin-positive, but were cytokeratin-negative. hPDLSC: Human

periodontal ligament stem cell; APC: Allophycocyanin; FITC: Flu

oresceine isothiocyanate; DAPI: 4°,6-diamidino-2-phenylindole.
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Fig3 Effect of PEMF stimulation of different intensities on expression of osteogenesis-related genes in hPDLSCs

A: ALP activity in hPDLSCs exposed to PEMF stimulation of different intensities was measured via a quantitative kit on day 7; B,
C: mRNA expression of ALP (B) and Runx2 (C) in hPDLSCs exposed to PEMF stimulation of different intensities was detected
by qPCR on day 7; D, E: mRNA expression of OPN (D) and OCN (E) in hPDLSCs exposed to PEMF stimulation of different
intensities detected by gPCR on day 14. "P<<0.05 vs conrtol group; “P<C0.05 vs other intensity groups. n=4, X+s. PEMF: Pulsed

electromagnetic field; hPDLSC: Human periodontal ligament stem cell; ALP: Alkaline phosphatase; Runx2: Runt-related transcription

factor 2; OPN: Osteopontin; OCN: Osteoclain; qPCR: Quantitative polymerase chain reaction.
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Fig 4 Effects of SP600125 on protein expression of JNK (A) and p-JNK (B) in hPDLSCs stimulated by PEMF
"P<<0.05 vs control group; “P<0.05 vs 2.5 mT PEMF group. n=4, x&s. PEMF: Pulsed electromagnetic field; hPDLSC: Human
periodontal ligament stem cell; JNK: c-Jun N-terminal kinase; p-JNK: Phosphorylated-INK; GAPDH: Glyceraldehyde-3-phosphate
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Fig5S Effect of SP600125 on osteogenic differentiation ability in hPDLSCs stimulated by PEMF
A: The ALP activity in hPDLSCs stimulated by PEMF was assessed by a quantitative assay after treatment with SP600125 of different
concentrations on day 7; B, C: The ALP (B) and Runx2 (C) mRNA expression in hPDLSC stimulated by PEMF was assessed by
qPCR after treatment with SP600125 on day 7; D, E: The OPN (D) and OCN (E) mRNA expression was assessed by qPCR after

treatment with SP600125 of different concentrations on day 14. "P<<0.05 vs control group; £P<0.05 vs 2.5 mT PEMF group;
4P<0.05 vs 2.5 mT PEMF+10 pmol/L SP600125 group. n=4, x+s. PEMF: Pulsed electromagnetic ficld; hPDLSC: Human

periodontal ligament stem cell; ALP: Alkaline phosphatase; Runx2: Runt-related transcription factor 2; qPCR: Quantitative

polymerase chain reaction; OPN: Osteopontin; OCN: Osteoclain.
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