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Abstract: Background Columbin, a diterpenoid furanolactone-type compound isolated from the traditional Chinese herb
Tinospora sagittate, exhibits diverse biological activities, and the effects of columbin on the osteogenic differentiation of bone
marrow mesenchymal stem cells remain elusive.Objective To study the effect of columbin on osteogenic differentiation of human
jaw bone marrow mesenchymal stem cells and explore its molecular mechanism. Methods The extracted h-JBMMSCs were
identified by flow cytometry and osteogenic and lipogenic differentiation; h-JBMMSCs were subjected to osteogenic induction in
the presence of columbin at concentrations of 0, 5, 10, 20, 40, and 80 umol/L. The effect of columbin on cell proliferation was
detected by CCK-8 assay; ALP activity assay, alizarin red staining and calcium ion semi-quantitative assay were used to evaluate the
effect of columbin on osteogenic differentiation of h-JBMMSCs; The expression of Runx2, Collal proteins and mRNA were
detected by Western blotting and q-PCR; Bioinformatic analysis of transcriptome data and in vitro experiments were conducted to
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investigate the molecular mechanism of columbin in promoting osteogenic differentiation of h-JBMMSCs. Results Columbin
exhibited no inhibitory effect on the proliferation capacity of h-JIBMMSCs with concentration less or equal to 20 pmol/L (P<0.05).
Compared with the 0 umol/L group, the ALP activity was increased in the 5 umol/L group (P<0.01). The alizarin red staining area
and the density of calcium nodules increased in 20 pumol/L columbin group (P<<0.001). The expressions of osteogenesis-related
genes and proteins Runx2 and Collal were increased after the osteogenic induction of columbin (P<<0.05). The results of
enrichment analysis showed that differentially expressed genes were significantly enriched in ECM receptor interaction and
P53 signaling pathway, further analysis of box plots and in vitro experiments showed that the mRNA and protein expression of
[ -catenin, the main downstream effector of Wnt signaling pathway, significantly increased after columbin-induced osteogenesis.

Conclusion Columbin with concentration less or equal to 20 pmol/L exerts a promotive effect on the osteogenic differentiation of

h-JBMMSC:s, and this process may involve the activation of the Wnt signaling pathway.
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Tab.1 Primer sequences of osteogenesis-related genes
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Fig. 1 Culture and identification of human jaw bone marrow mesenchymal stem cells
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Fig.2 h-JBMMSCs were co-cultured with different concentrations
0,5, 10, 20, 40, 80 pmol/L) of columbin for 24, 48 and 72 hours,
and cell proliferation was detected by CCK-8

TSR L5
2.3 WS ERT h-JBMMSCs BB 434k B9 24011

P10 pmol/L BIfE T2 20 AE Ry X HRZH, 5 pmol/L .
10 umol/L, 20 umol/L #41 fE Jy 3¢ 46 41 X} h-
JBMMSCs # 17 BUH 155 7 d #1 14 d B 53 0l 347
ALP {E AN R 3G R 40 ye o, ALP KGN ZS SR Bos
76 5 pmol/L I 42 /& T ALP B I PE(P< 0.01), 7E
10 pmol/L 1 20 pmol/L B 2 Wi %€ 3] i 2% 4 75 1k,
(KI3B), RGO RE R, HE WS =R E
FRBE N, 2T G R R B2k B ke,
WAE T2 4R BEAE 20 wmol/L B &% SR B 2. 35 (K1 3A) . 2F
FE M R RIRER I, AHEAE 20 pmol/L MifE 52
AT I B IS DR T IR (P<<0.001)
(K13C). #F— qPCREFR R, MIMEEAUE 52
7 d f1 14 d i} h-JBMMSCs H' Runx2 i1 Collal ff £
IR 7K T X RE2H (1K1 4), Western blot 25 5 G R,
B3 7 A, Runx2 8 1263k BERE S M8 5
Y VR BE B T = i FH 55, Collal 8K 1 #6355k i
TXIRA . 7E5 55555 14 diF, Runx2 1 Collal f)
Fk T, IR S).
24 HRANFHIBLERSH

20 pmol/L MI{& 40 A] 1458 h-JBMMSCs JiH5 43
LR IR B B R T, DR S B 4 e R 48 1=
W RE R 20 pmol/L (1Y) TAEWRAE Jis = R 2 R i AT
SN, O 2 087 4 DEGs, i ggplot2
A AE DEGs kL (E 6), Hirp Ll FE A 896



R E2:Bi2# R Acad J Chin PLA Med Sch Apr 2025, 46 (4) https://xuebao.301hospital.com.cn 373
® 0 pmol/L 5 umol/L 10 pmol/L 20 pmol/L

e UESS _— L= - \;\ .
w
&
<

®
o
S

0.15F

=4

—_

(=3
T

OD{E(405 nm)

0.05¢

0.00
0 pmolV/L. 5 pmol/LL 10 pmol/L. 20 pmol/L

L f{oe=

© o3
P<0.001
1
_ 06t T
g
N
o
a
o
0.2+
0.0

0 pmolV/L. 5 pmol/LL 10 pmol/L. 20 pmol/L
U s

A MIMETERCE R 14 ARG ORIV S EE V40 x )5 B: ALPIEPERGIN; C: #5455 5T
B3 h-JBMMSCs 5REKRE®. 5. 10, 20 pmol/L)MMEFE LR 7 d FHH1T ALP F MR IR 1555 14 d FHATE RO L BB ETF
EESH
Fig.3 h-JBMMSCs were co-cultured with different concentrations (0, 5, 10, and 20 pmol/L) of columbin for 7 days, and alizarin red staining

and semi-quantitative analysis of calcium nodules were performed after 14 days
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Fig. 4 qPCR was used to detect the expression of osteogenesis-
related genes in h-JBMMSCs cultured with different concentrations
(0, 5, 10, 20 pmol/L) of columbin for 7 days (A) and 14 days (B)
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Fig. 5 Western blotting was used to detect the expression of
osteogenesis-related proteins in h-JBMMSCs cultured with
different concentrations (0, 5, 10, 20 pmol/L) of columbin for 7 days
and 14 days
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Fig. 6 Volcano plot analysis of differentially expressed genes in
transcriptome of h-JBMMSCs cultured under 0 pmol/L and 20
pmol/L columbin for 14 days
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Fig. 8 The box plot of B-catenin in the sequencing results and the
expression levels of B-catenin protein and mRNA in h-JBMMSCs co-
cultured with different concentrations (0, 5, 10, 20 pmol/L) of

columbin for 14 days
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Fig. 9 Results of molecular docking between columbin

and B-catenin
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