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Activation of mir-30a-wnt/B-catenin signaling pathway upregulates cathepsin K expression
to promote cementogenic differentiation of periodontal ligament stem cells
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Abstract: Objective To explore the role of cathepsin K (CTSK) regulated by mir-30a-wnt/B-catenin signaling pathway in
cementogenic differentiation of periodontal ligament stem cells (PDLSCs). Methods Human PDLSCs isolated by limiting
dilution culture were induced by enamel matrix protein derivative (EMD) for differentiation into cementoblast-like cells.
MicroRNA chip technique was employed to screen the differentially expressed microRNAs in the cells during induced
differentiation. The effect of inhibiting miR-30a on CTSK expression in the induced cells was examined using RT-PCR and
Western blotting. Ceramic scaffolds coated with PDLSCs treated with EMD and transfected with the miR-30a inhibitor or a
lentiviral vector for CTSK overexpression were prepared and implanted subcutaneously in nude mice, and 8 weeks later the
cellular expressions of cementoblast markers CAP and CEMP-1 were detected with immunohistochemistry to verify whether
CTSK participate in cementogenic differentiation of PDLSCs. The role of wnt signaling pathway in miR-30a-mediated
regulation of CTSK expression was explored by examining CTSK protein expressions after blocking wnt signaling in PDLSCs.
Results In PDLSCs with EMD-induced differentiation into cementoblast-like cells, multiple microRNAs exhibited differential
expressions; and among them, miR-30a was specifically and significantly up-regulated (P<0.05). Up-regulation of miR-30a
obviously increased the expression of CTSK (P<0.05) and promoted PDLSCs to form cementum-like tissues with high

expressions of CAP and CEMP-1. The regulatory effect

of miR-30a on CTSK expression was obviously

attenuated after inhibiting wnt/p-catenin signaling

Mt FI3:2021-08-04 pathway. Conclusion EMD induces cementogenic

EETA : [F5 A ARG (81530050) s BRI H A Hi— Bt H differentiation of PDLSCs possibly by up-regulating

(2020SF-047) ; BRPU A HAERHH A0 H (202 1KIXX-24) ; Ui A 1A X 5 the expression of miR-30a, which further activates the

SRR H (XZ202001ZY0059G) wnt/B-catenin signaling pathway to enhance the
expression of CTSK.
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Tab.1 Primer sequence used in this study

Gene Primer

miR-144-3p UGUGGUACUAGAAUGUAUAGAU
miR-143 UACCUUAACAGAGUGAUGUUCA
miR-21 UAGCUUAUCAGACUGAUGUUGA
pre-miR-30a-F 5'-GCGACTGTAAACATCCTCGA-3'
pre-miR-30a-R 5'-GCAGCTGCAAACATCCGACT-3'

F: Forward primer; R: Reverse primer.
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miR-21 miR-101-3p.miR-30a.miR-1.miR-1060 .miR-
424 .miR-138, [F4HMIL 5 EAHSCHY microRNA A 167,
4394 : miR-31, miR- 144-3p . miR- 214, miR-9, miR-
145 miR-143 miR-451 .miR-486 .miR-24 miR-21 .miR-
210, miR- 223, miR- 133, miR- 1256, miR- 30a . miR-
155, [F]4 3 55 53 A 3425 DA G %) microRNA A7 4
b, 235128 : miR-144-3p.miR-143 . miR-21 .miR-30a, H:
H, miR-144-3p Al miR-143 ik T 18, miR-21 Fl miR-
30a7Rik L,

R2 ERFTIAEmicroRNA R F MR

2.2 EMD#£/1J& PDLSC £ 544 microRNA #9 J i
X910 (1) 4 Ff microRNA #E 75215} & £ PCR G
(A1) :EMDAE] 24 h )7 ,miR-144-3p 35 T i, X —
T 2 % 48 h(P<0.05) ., Z EMD{E 72 h,
miR-144-3p FRIKFIX A AH L E TG 25 5 (P>
0.05, 1 1A), Ti%FT miR-143, ZE4& R[] fi 3
Nk 2E TG R E L (P>0.05, K 1B) , iX—45
5 microRNA K A 25 5 M1% . 7 EMDi55: 24 h
J&i ,miR-30a YA TC i AR (P>0.05) , {H7E48 h 5,

Tab.2 MicroRNA chip results for screening differentially expressed microRNA

miRNA Regulation P Fold change Sequence

hsa-miR-100 down 0.0266 AACCCGUAGAUCCGAACUUGUG
hsa-miR-31 down 0.0148 AGGCAAGAUGCUGGCAUAGCUGU
hsa-miR-1183 down <0.001 2.082 CACUGUAGGUGAUGGUGAGAGUGGGCA
hsa-miR-144-3p down 0.0101 2.391 CUACAGUAUAGAUGAUGUACU
hsa-miR-182 down 0.0076 UUUGGCAAUGGUAGAACUCACACU
hsa-miR-214 down 0.0051 UGCCUGUCUACACUUGCUGUGC
hsa-miR-9 down 0.0141 UCUUUGGUUAUCUAGCUGUAUGA
hsa-miR-134 down 0.0219 UGUGACUGGUUGACCAGAGGGG
hsa-miR-141 down 0.0014 2.031 CAUCUUCCAGUACAGUGUUGGA
hsa-miR-145 down <0.001 GUCCAGUUUUCCCAGGAAUCCCU
hsa-miR-143 down 0.0100 2.061 UGAGAUGAAGCACUGUAGCUC
hsa-miR-451 down 0.0114 AAACCGUUACCAUUACUGAGUUU
hsa-miR-486 down <0.001 UCCUGUACUGAGCUGCCCCGAG
hsa-miR-320c-1 down 0.0183 2.078 AAAAGCUGGGUUGAGAGGGU
hsa-miR-498 down 0.0241 UUUCAAGCCAGGGGGCGUUUUUC
hsa-miR-24 up 0.0347 2.154 UGGCUCAGUUCAGCAGGAACAG
hsa-miR-21 up 0.0075 2.010 UAGCUUAUCAGACUGAUGUUGA
hsa-miR-210 up 0.0053 1.595 CUGUGCGUGUGACAGCGGCUGA
hsa-miR-101-3p up 0.0310 1.377 CAGUUAUCACAGUGCUGAUGCU
hsa-miR-223 up <0.001 2.318 UGUCAGUUUGUCAAAUACCCCAA
hsa-miR-133 up 0.0116 1.671 CAAUGUUUCCACAGUGCAUCAC
hsa-miR-1256 up 0.0072 1.490 AGGCAUUGACUUCUCACUAGCU
hsa-miR-548 up 0.0054 1.791 CCCUGAGACCCUAACCUUAA
hsa-miR-575 up 0.0238 2.297 GAGCCAGUUGGACAGGAGC
hsa-miR-218 up <0.001 1.303 UUGUGCUUGAUCUAACCAUGU
hsa-miR-454 up 0.0110 1.821 ACCCUAUCAAUAUUGUCUCUGC
hsa-miR-30a up 0.0101 2.118 UGUAAACAUCCUCGACUGGAAG
hsa-miR-1 up <0.001 ACAUACUUCUUUAUAUGCCCAU
hsa-miR-331-3p up 0.0255 1.307 CUAGGUAUGGUCCCAGGGAUCC
hsa-miR-266 up 0.0429 1.983 CUGACCUAUGAAUUGACAGCC
hsa-miR-155 up 0.0103 1.389 UUAAUGCUAAUCGUGAUAGGGGUU
hsa-miR-1060 up 0.0067 1.372 UCAGUGCACUACAGAACUUUGU
hsa-miR-758 up 0.0324 1.595 GAUGGUUGACCAGAGAGCACAC
hsa-miR-424 up 0.0188 CAGCAGCAAUUCAUGUUUUGAA
hsa-miR-138 up <0.001 2.254 AGCUGGUGUUGUGAAUCAGGCCG

hsa-miR-4539 up 0.0108 1.354

GCUGAACUGGGCUGAGCUGGGC
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Fig.1 Verification of the differentially expressed microRNAs using RT-qPCR. A, B: qPCR
results of miR-144-3p and miR-143 (down-regulated after EMD induction according to
microRNA chip data); C, D: qPCR results of miR-30a and miR-21 (up-regulated after EMD
induction according to microRNA chip data). *P<0.05, **P<0.01, ***P<0.001.
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Fig.2 Effects of EMD and miR-30a inhibitor toward the
expression of miR-30a in PDLSC. *P<0.05, **P<0.01,
*#%Pp<0.001.
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Fig.3 Effects of EMD and miR-30a inhibitor on expression of CTSK in PDLSC. A: qPCR results
showing the effect of miR-30a inhibition on CTSK mRNA expression in PDLSC with EMD induction.
B: Western blotting results of CTSK protein expression. **P<0.01.
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Fig.4 Effects of miR-30a inhibitor and CTSK activator on cementogenic differentiation of PDLSCs. Up: Original
magnification: x40; Down: x200.
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Fig.5 Effects of EMD and miR-30a inhibitor on expressions
of related proteins of wnt signaling pathway in PDLSCs.
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Fig.6 Effects of EMD and DKK1 on expression of CTSK in PDLSC. A: gPCR results of CTSK mRNA expression
in PDLSCs with EMD induction after inhibiting the wnt signaling pathway. B: Western blotting of CTSK

protein expression. *P<0.05, **P<0.01.
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