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Effects of bergapten on osteogenic differentiation of human dental pulp stem cells
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[Abstract] Objective: The current study aims to explore the effect of bergapten (BP) on the osteogenic differentiation of human
dental pulp stem cells (hDPSCs ). Methods : Specific antigens of hDPSCs were identified by flow cytometry analysis. The cytotoxicity
and biosafety of BP was detected by CCK - 8. The hDPSCs were randomly divided into the control and BP groups. Different
concentrations of BP (7.5 wmol/L, 15.0 pmol/L and 30.0 wmol/L) were added to complete medium in the BP groups , while an equal
volume of DMSO was added to the complete medium in the control group. The morphology of hDPSCs in the BP and control groups was
observed by fluorescent stain. The BCIP/NBT staining and alkaline phosphatase (ALP) quantitative detection were used to detect the
effect of BP at the early stage of osteogenic differentiation of hDPSCs. The alizarin red S (ARS)staining and semi-quantitative analysis
was used to assess the degree of extracellular matrix mineralization at the late stage of osteogenic differentiation. Expressions of
osteogenic-related genes such as Runt-related transcription factor 2(RUNX2) , osteocalcin (OCN) , osteopontin (OPN) , and ALP were
detected by quantitative real -time PCR (qRT-PCR). Expressions of osteogenic -related proteins were detected using Western blot.
Results: BP of 7.5 pwmol/L, 15.0 wmol/L. and 30.0 pmol/L. showed better biosafety (P < 0.01). The ALP activities in the BP groups
were higher than that in the control group, and the 15.0 wmol/L. BP was the best (P < 0.01). The degrees of extracellular matrix
mineralization of the BP groups were higher than that of the control group, and the number of calcium nodules in the 15.0 pmol/L. BP

treatment group was more and deeper. The expressions of osteogenic-related genes and proteins were significantly increased in the BP
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groups and the 15.0 pwmol/LL BP treatment was the best (P < 0.01). Conclusion: BP shows good biosafety and can promote the

osteogenesis differentiation of hDPSCs with better effect at the 15.0 pwmol/L concentration in vitro.

[Key words] bergapten; human dental pulp stem cells ; osteogenic differentiation ; bone tissue engineering
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TV FRIEE , TG TAEG UL ARl gL, IRE T
BURE SR JE ISR E T 3 mg/mL 1 B 5 BEA R
H1,37 ‘CiH1£20~30 min J&5 , 1 000 r/min Z5.0> 5 min, 57
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FBS 1 1% XL i o-MEM 35 35 3645 55 . R4 e 4
J5, FRA S AR SR SR 0 N PO, 3 d R 1 IR,
MM B E A 70%~80% 5 , IS ALAL A . TEHR
55 2~6 FCANA T IS S50 o o S A bk 5
YAt FH RO A B 5175 S 3 T kA 7
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Table 1 Primer sequences of qRT-PCR

kS LR35 —3") TSI (5'—3")
GAPDH GGCACAGTCAAGGCTGAGAATG ATGGTGGTGAAGACGCCAGTA
RUNX2 ATGATGACACTGCCACCTCTG GGCTGGATAGTGCATTCGTG
ALP GAGGATGCCGCTCTGTGA GCTCTTGCGTGGGTTTCG

OCN TGCAAAGCCCAGCGACTCT TTGAGCTCACACACCTCCCTGT
OPN ATGATGGCCGAGGTGATAGT ACCATTCAACTCCTCGCTTT

PR BRI RE A L KA 90 V HELE R 43, 28300 mA fH
T, A% 2 PVDF I 200 T A s P
W] 15 min, 4 CF—PUiFF %, %16 N H TBST
VRS IR, B 6 min, 560N —PiiFE 50 min, Bf
R mmE s Wik OCRYIR &Y e
B ROCHR RG T W 08k o K BEAE 5508
Image J FEA T

1.3 “%itss%

Fir AT S /D T 3R SR, S Y+
PREZE (3 +5) o, GraphPad Prism9 PHATEE
3T, AL ] AR B R 2R T 22 43 AT RIGR S A 251
R, P < 0.01 MZERA G E L.
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J 35 A — e R UEVE I (& 2B, P < 0.01) , 55 7 KA
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Figure 1 Morphology of the primary hDPSC and flow cytometry analysis of surface antigen markers of stem cells
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AL AL (ORI A CHIL B el 03 ﬁ
V(4 A) . ALP IR IESE TS5 iR, BP AL ALP i °w>% Sy
iia%ﬁT%@uEM$;P<oon 15.0 pmol/L BP 4 @§1M%w &v w w
ALP Y% J7%:7.5 wmol/L BP 415 30.0 wmol/L BP 41 130 %NWW%W“ .
B 22 A ST X (4B, P < 0.01)., e
2.5 BP % hDPSC @ lS P 5 4 3% =75 umol/L BPAL

—4—15.0 pmol/L BPZH

ARS J 0565 0 240 Jf 71 356 0T 5 45 15 K PF-f BP X £ 27-%-30.0 pmol/L BP 4]
hDPSCBiﬁlﬁfit%%ﬁﬁﬁﬁﬁﬁﬁﬁﬁf4tEﬁ%% Mo, 25 53R §
W], 76 21 d3ESE U7 S5 L BP 4150 A28 R ol
WAL TR, BP 412 %ﬁﬁz?ﬁ%éga%@ﬁ
W, H115.0 mol/L BP 41 4 {4455 7.5 pumol/L BP 41 0 1 2 3 45 6 7 8
330.0 pmol/L BP ARV (5 A) o ARS i k% AR B R . SRR <
RERAAZEIHRT (BI5B,P <0.01), 0.01(n=3).

2.6 BPAThDPSC & /B 48 % A& B £k 6938
qRT-PCR 7344 5¢ BP %} hDPSC 5@%’%.%%53

X A2 7.5 wmol/L BP4H

E2 HAESERENLEERI
Figure 2 Cytotoxicity and biosafety detection
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Figure 3 Cell live/dead fluorescence staining (x100)

A i IR

AREHIBST d}:%fﬁ hDPSCE’J AL %éél’é‘l(xmo) ;B:

7 5 pmol/L BP 4

H ﬁ?ﬂ d}:%fﬁ hDPSC B9 ALP 75 P 2 f G

B

IS
<)
1

(%]
S
1

ALPIEHE(U/g 1)
o 3 8
:P
:P
W K
2 T

XML, P < 0.01(n=

3);57.5 pmol/L BPAIAHLL, “P < 0.01(n=3) ; 15 30.0 pmol/L BPZHAH L, "P < 0.01(n=3),
El4 BPXthDPSC ALP i& 4 HI R0
Figure 4 Effects of BP on the ALP activity of hDPSC
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FkE T 7.5 pmol/L BPAL(P < 0.01), H.15.0 wmol/L
BPZH OPN \RUNX2 ik & T HARAML (P < 0.01),
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G5 B8 15 43 B 45 2 0B o A AR DG B I 3R
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Q0.4
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¥ Q¥ oV
ARG

e SXTER4IM L, P <0.01(n=3);5

7.5 pmol/L BPALAH L, “P < 0.01(n=3) ;5 30.0 pmol/LALA L ,*P < 0.01(n=3),
E5 BPXthDPSC 4HAESMNERH LB MT

Figure 5 Influence of BP on the extracellular matrix mineralization of hDPSC

ST LR, B OCN  ALP .OPN .RUNX2 3
IRHTE T IE4H (817 B, P < 0.01), H.15.0 wmol/L2H
ALP OCN . RUNX2 FiAH)E FHAMA (P <0.01),

3 3t i
BP 2 — Pk & G RZ IR RN &, A
%*%iﬁ%ﬁﬁi%%zr“ RMEAEIT T BP AP

TGRS BT IAE BB AR SR BRI
/N BP i T#ﬂﬂﬂbﬂiﬂ’éﬂiﬂﬁiﬁi fie #E}Zﬂfﬁlﬂﬁi‘ﬁﬁé}

[ POYEESEN
3.0 mm 7.5 pmol/L BP 41 i
15.0 pmol/L BP 41 - 4
. 257 mm30.0 pmol/L BP4L T A
% A .
~N 2 0.
i = L.
w®
= 1.5
=
Z 1.0
ot
g
0.5
0.
RUNX2

sxﬂﬁéﬂ*ﬁ Lt, P<0.01 (n=3) ;5 7.5 pmol/L BPAHAM L, 2P <
0.01(n=3) ;5 30.0 pmol/L. BPAAHLL,"P < 0.01(n=3),
El 6 BPXhDPSC B & 18X E EFRiL AN
Figure 6 Effects of BP on the expression of osteogenic re-
lated genes in hDPSC
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CD105.CD73 F1CD166 24 BH: , £ & E Br 4t M i 77
P2 (ISCT) W 1] 70 5% T 40 6 R b e, JE BH e 325
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30.0 wmol/LVK 1Y BP, AEW) e Vi K BL7.5.
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FH XS4 RIS T X hDPSC, 7.5.15.0,30.0 pmol/L
BP HLAT RAFI &t
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