Supplementary Materials for
Reduced graphene oxide loaded with tetrahedral framework nucleic acids for combating orthodontically induced root resorption
Authors: Wenxiu Yuan 1, 3, Maotuan Huang 4, Wenqian Chen 2, Sihang Chen 3, Jingwen Cai 3, Linxin Chen 3, Hanyu Lin 2, Kaixun He 2, Huachen Chen 2, Wenting Jiang 2, Yanjing Ou 2, Jiang Chen 2, *

Supplementary Figures
[image: ]
Fig. S1. The schedule of orthodontically induced root resorption models.
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Fig. S2. Palatal root was marked by green dashed line whereas the resorption area was represented by red.
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Fig. S3. tFNAs-rGO suppresses M1, promotes M2 polarization, and boosts the migration ability in vitro. (A) Quantitative RT-PCR analysis of the mRNA levels of M1-like macrophages related genes of RAW264.7 cells after indicated treatment. (B) Quantitative RT-PCR analysis of the mRNA levels of M2-like macrophages related genes of RAW264.7 cells after indicated treatment. (C) Immunofluorescence staining showing the iNOS+ or CD86+ RAW264.7 cells. Scale bar: 100 μm. (D) Immunofluorescence staining showing the CD163+ or CD206+ RAW264.7 cells after indicated treatment. Scale bar: 100 μm. (E) Crystal violet staining showing the migration ability of RAW264.7 cells after indicated treatment. Scale bar: 200 μm. Data are represented as mean ± SEM. * P < 0.05, ** P < 0.01, *** P < 0.001.











Supplementary Tables
Table S1. The sequences of each single-stranded DNA (ssDNA).
	ssDNA
	Sequences (from 5′ to 3′)

	S1
	ATTTATCACCCGCCATAGTAGACGTATCACCAGGCAGTTGAGACGAACATTCCTAAGTCTGAA

	S2
	ACATGCGAGGGTCCAATACCGACGATTACAGCTTGCTACACGATTCAGACTTAGGAATGTTCG

	S3
	ACTACTATGGCGGGTGATAAAACGTGTAGCAAGCTGTAATCGAGGGAAGAGCATGCCCATCC

	S4
	ACGGTATTGGACCCTCGCATGACTCAACTGCCTGGTGATACGAGGATGGGCATGCTCTTCCCG



Table S2. Sequences of forward and reverse primers of the housekeeper gene and related genes designed for qRT-PCR.
	Gene
	Primer Sequence (from 5′ to 3′)

	Gapdh (Murine)
	F 5’- TGTTTCCTCGTCCCGTAGA -3’
R 5’- ATCTCCACTTTGCCACTGC -3’

	Gapdh (human)
	F 5’- GCCAACGTGTCAGTGGTG -3’
R 5’- AAGGTGGAGGAGTGGGTGT -3’

	Ocn (human)
	F 5’- GGCGCTACCTGTATCAATGG -3’
R 5’- GTGGTCAGCCAACTCGTCA -3’

	Opn (human)
	F 5’- CTCCATTGACTCGAACGACTC -3’
R 5’- CAGGTCTGCGAAACTTCTTAGAT -3’

	Runx-2 (human)
	F 5’- TGGTTACTGTCATGGCGGGTA -3’
R 5’- TCTCAGATCGTTGAACCTGCTA -3’

	Osterix (human)
	F 5’- CTCCTTTCACCTGCAGGCAG -3’
R 5’- CAGACAGTCAGAAGAGCTGT -3’

	Alp (human)
	F 5’- ACTGGTACTCAGACAACGAGAT -3’
R 5’- ACGTCAATGTCCCTGATGTTATG -3’

	Tnf-α (Murine)
	F 5’- CCCTCACACTCAGATCATCTTCT -3’
R 5’- GCTACGACGTGGGCTACAG -3’

	Inos (Murine)
	F 5’- GTTCTCAGCCCAACAATACAAGA -3’
R 5’- GTGGACGGGTCGATGTCAC -3’

	Arg-1 (Murine)
	F 5’- ACATTGGCTTGCGAGACGTA -3’
R 5’- ATCACCTTGCCAATCCCCAG -3’

	Tgf-β (Murine)
	F 5’- CTCCCGTGGCTTCTAGTGC -3’
R 5’- GCCTTAGTTTGGACAGGATCTG -3’

	Cd206 (Murine)
	F 5’- ATGGATTGCCCTGAACAGCA -3’
R 5’- CTCGTCAGCACCCCAGTTAG -3’

	Il-1β (Murine)
	F 5’- GTATGGGCTGGACTGTTTC -3’
R 5’- GCTGTCTGCTCATTCACG -3’




Table S3. Comparison of the tFNAs-rGO complex with previously published biomaterials in root bone related diseases.
	Biomaterial
	Component
	Preparation method
	Main results
	Advantages 
	Disadvantages
	Ref.

	tFNAs-rGO complex
	tFNAs, rGO 
	Self-assembly
	Enhanced osteogenic differentiation of PDLCs and facilitated M2-phenotype polarization of macrophages to ameliorate OIRR
	Simple synthesis, high reproducibility, relatively stability, and dual functionality
	Metabolism, immunoreaction unknown
	Our study

	Melt electrowriting scaffolds
	3D printed bone compartment, melt electrospun PDL compartment
	Melt electrowriting
	Guided periodontal ligament fiber attachment to the tooth root and alveolar bone interfaces, achieved periodontal regeneration
	Porous, highly adaptable
	Complex preparation, high equipment requirements
	 [1]

	Nanofibrous membrane
	Magnesium oxide nanoparticles, pol/gelatin
	Electrospun
	Guided periodontal tissue regeneration
	Early antibacterial activity, elevated tensile strength 
	Short antibacterial time limit, broad spectrum antibacterial activity unknown
	 [2]

	3D matrix
	Collagen, sodium alginate and titanium oxide
	Fibrin precipitation, freeze-drying
	Supported the differentiation of the HPLF cells into osteoblastogenic lineage cells in-vitro
	High porosity, stiffness
	Effect in vivo remains to be confirmed
	 [3]

	Acerogenin peptide
	Tyrosine, enamel matrix derivative
	High performance liquid chromatography
	Stimulated migration of human periodontal ligament cells and HUVECs
	Commercialization of basic materials
	Complex and unclear composition
	 [4]

	Nanoparticle
	Fibrin chitosan matrices, ε-aminocaproic acid
	Fibrin precipitation, tripolyphosphate initiated ionic gelation
	Developed structural integrations of the cementum-periodontal ligament-bone complex 
	Feasibility of tooth roof-of-furcation defects regeneration
	Complex composition
	 [5]

	Platelet-derived growth factor
	Chitosan/coral composites, platelet-derived growth factor B
	Freeze-drying
	Promoted HPLCs proliferation and periodontal regeneration 
	Large internal surface, easy plasticity
	Transient effectiveness, immunogenicity
	 [6]

	Hydrogel
	β-glycerophosphate, chitosan
	Steam sterilization, aggregation induced self-assembly
	Promoted periodontal tissue regeneration class III furcation defects
	Temperature control, biocompatibility
	Unclear immunological response, poor mechanical performance
	 [7]

	Scaffold/hydrogel membrane
	Wollastonite scaffolds, gelatin hydrogel
	Digital light processing, photo-crosslinked technique
	Exhibited favorable cell viability and osteogenic ability, a strong periodontal regeneration capability
	Precise tissue regeneration
	Complicated technology, high-level equipment
	 [8]
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