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[Abstract] Objective To study the regulatory effect of coiled-coil domain containing 134 (CCDC134) on the osteo-
genic differentiation of human dental pulp stem cells (hDPSCs). Methods HDPSCs were isolated and cultured from
dental pulp tissue and transfected with NC-CCDC134, shCCDC134 and CCDC134 lentiviruses. They were divided into
the control group, negative control group, CCDC134 downregulation (shCCDC134) group and CCDC134 overexpression
(CCDC134) group. Surface markers of hDPSCs (Stro-1, CD105, CD34, CD45) were detected by flow cytometry; colony

formation was analyzed by toluidine blue staining; ALP expression was estimated by ALP staining; mineralized nodule
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formation was evaluated by alizarin red staining; lipid droplet formation was examined by oil red staining; and gene and
protein expression of CCDC134, Runt-related transcription factor 2 (RUNX2), osteocalcin (OCN), bone morphogenetic
protein-2 (BMP-2), and mothers against decapentaplegic homolog 1 (SMAD1) was detected by qPCR and western blot,
respectively. Further, a BMP-2 activator (BMP-2) and inhibitor (Dorsomorphin) were used to down-regulate and up-regu-
late CCDC134, respectively (shCCDC134, shCCDC134+BMP-2, CCDC134, CCDC134+Dorsomorphin), in hDPSCs. The
hDPSC aggregates were subcutaneously transplanted into nude mice for 2 months, and new bone formation was detected
by H&E staining. The BMP-2/SMADI signaling in each group was detected by qPCR. Results hDPSCs showed high
expression of mesenchymal markers and low expression of hematopoietic markers. Compared with the control group, the
expression of CCDC134 was increased in the osteogenic-induced hDPSCs (P < 0.05). Compared with the negative con-
trol group, the expression of CCDC134 was decreased in the shCCDC134 group, whereas it was increased in the
CCDC134 group (P < 0.05). The mineralized nodules, osteogenic genes and proteins in the shCCDC134 group were de-
creased (P < 0.05), while they were increased in the CCDC134 group (P < 0.05). The expression of BMP-2/SMADI sig-
naling decreased in the shCCDC134 group, while it increased in the CCDC134 group (P < 0.05). Compared to the
shCCDC134 group, osteogenic genes and proteins increased in the shCCDC134+BMP-2 group, and subcutaneous new
bone formation increased in nude mice (P < 0.05). The indexes of the CCDC134+Dorsomorphin group decreased com-
pared with the CCDC134 group (P < 0.05). Conclusion CCDC134 promotes the osteogenic differentiation of hDPSCs

by regulating the BMP-2/SMAD1 signaling pathway.
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Table 1  Primer sequences
Gene Forward (5’-3") Reverse (5'-3")
CCDC134 TGTTGGACCTTCGAGCCTA CATGACATCAAGGATCTTGTACTG
RUNX2 CCCGTGGCCTTCAAGGT CGTTACCCGCCATGACAGTA
OCN ATGAGAGCCCTCAGACTCCTC CGGGCCGTAGAAGCGCCGATA
BMP-2 CGGACTGCGGTCTCCTAA GGAAGCAGCAACGCTAGAAG
SMAD1 GTTTCAGGCGGTTGCTTA ACACTTGTGGAGGAGGC
GAPDH AGGTCGGAGTCAACGGATT TCCTGGAAGATGGTG

CCDC134: coiled-coil domain containing 134; RUNX2: Runt-related transcription factor 2; OCN: osteocalcin; BMP-2: bone morphogenetic protein-2;

SMADI1: mothers against decapentaplegic homolog 1
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a: surface markers of Stro-1, CD105, CD34 and CD45; b: colony formation; c: alizarin red staining; d: oil red staining
Figure 1  Identification of hDPSCs
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a: CCDC134 mRNA expression; b: CCDC134 protein expression; n = 4; *P < 0.05; ***P < 0.001
Figure 2 Expression of CCDC134 in hDPSCs after osteogenic induction
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a: CCDC134 mRNA expression; b: CCDC134 protein expression; control group: the hDPSCs were not infected with

any lentivirus; negative control group: the hDPSCs were infected with blank plasmid lentivirus; shCCDC134 group:
the hDPSCs were infected with CCDC134 low expression lentivirus; CCDC134 group: the hDPSCs were infected
with CCDC134 overexpression lentivirus; hDPSCs: human dental pulp stem cells; n =4, *P < 0.05,**P < 0.01,

###P < 0.001; hDPSCs: human dental pulp stem cells

Figure 3 Expression of CCDC134 in human dental pulp stem cells after lentivirus transfection
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a: alkaline phosphatase; b: alizarin red staining; ¢: mRNA expressions of RUNX2 and OCN; d: protein expressions of RUNX2 and OCN; control

group: the hDPSCs were not infected with any lentivirus; negative control group: the hDPSCs were infected with blank plasmid lentivirus;

shCCDC134 group: the hDPSCs were infected with CCDC134 low expression lentivirus; CCDC134 group: the hDPSCs were infected with

CCDC134 overexpression lentivirus; hDPSCs: human dental pulp stem cells; RUNX2: Runt-related transcription factor 2; OCN: osteocalcin; n =

4, *P < 0.05,**P < 0.01,***P < 0.001

Figure 4  Effect of CCDC134 on osteogenic differentiation of human dental pulp stem cells
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Control group: the hDPSCs were not infected with any lentivirus; negative control group: the hDPSCs were infected with blank plasmid lentivi-
rus; shCCDC134 group: the hDPSCs were infected with CCDC134 low expression lentivirus; CCDC134 group: the hDPSCs were infected with
CCDC134 overexpression lentivirus; hDPSCs: human dental pulp stem cells; BMP-2: bone morphogenetic protein-2; SMAD1: mothers against
decapentaplegic homolog 1; n=4, *P < 0.05, **P < 0.01, ***P < 0.001

Figure 5 Expression level of BMP-2/SMADI1 signal pathway protein in human dental pulp stem cells after lentivirus infection
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a: mRNA expressions of RUNX2 and OCN; b: protein expressions of RUNX2 and OCN; c: subcutaneous new bone formation; shCCDC134
group: the hDPSCs were infected with CCDC134 low expression lentivirus; shCCDC134 + BMP -2 group: the hDPSCs were infected with
CCDC134 low expression lentivirus and added BMP-2 signal activator; CCDC134 group: the hDPSCs were infected with CCDC134 overexpres-
sion lentivirus; CCDC134+Dorsomorphin group: the hDPSCs were infected with CCDC134 overexpressing lentivirus and added inhibitor of BMP
-2 signaling pathway (Dorsomorphin); hDPSCs: human dental pulp stem cells; RUNX2: Runt-related transcription factor 2; OCN: osteocalcin;
BMP-2: bone morphogenetic protein-2; n =4, *P < 0.05, **P < 0.01, ***P < 0.001

Figure 6 CCDC134 regulates the osteogenic differentiation of human dental pulp stem cells through BMP-2 signaling pathway
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