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Figure S1. Spectral data of PBMT and assessment of photosensitivity in thyroid cancer cell lines.
A. Spectral data and optical cell culture incubators with varying wavelengths.
B. Relative cell counts after 24 hours of PBMT treatment at different wavelengths(*P<0.05, n=3, vs. CTL group).
C. Cell counts after 24 hours of PBMT treatment at different wavelengths, as determined by crystal violet staining in the Transwell assay(**P<0.01, n=3, vs. CTL group).
D. Wound healing rates after 24 hours of PBMT treatment at different wavelengths in the scratch assay(**P<0.01, n=3, vs. CTL group).
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Figure S2. Assessment of ROS levels and proliferative capacity.
(A) Assessment of ROS levels in TPC-1 cells after blue light PBMT(**P<0.01, n=3, vs. CTL group).
(B) Cell cycle analysis of TPC-1 cells under different oxidative stress conditions(n.s. : No significance, **P<0.01, n=3, vs. CTL group).
(C) In the DMEM culture medium supplemented with 1μM/mL PMA (NOX5 activator) (Phorbol 12-myristate 13-acetate), the healing area of scratch wounds after 24 hours of PBMT treatment(**P<0.01, n=3, vs. CTL group).
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Figure S3. Retinal pathway disturbance and PBMT effect.
A. Cell count statistics after blue light PBMT treatment and supplementation with different concentrations of all-trans retinal (10 μM and 20 μM) (**P<0.01, n=3, vs. CTL group).
B. Cell cycle analysis after supplementation with 10 μM all-trans retinal(**P<0.01, n=3, vs. CTL group).
C. Protein densitometry analysis following supplementation with 10 μM all-trans retinal (p21 and CDK4 proteins)(**P<0.01, n=3, vs. CTL group).
D. Evaluation of retinoic acid content in TPC-1 cells after blue light PBMT(**P<0.01, n=3, vs. CTL group).
E. Cell viability assays of TPC-1 cells with retinoic acid supplementation to simulate the effects of blue light PBMT(**P<0.01, n=3, vs. Retinoic acid 0 μM group).
F. Crystal violet staining of TPC-1 cells under varying levels of retinoic acid. Scale bars, 100 μm.
G. Western blot analysis of cell cycle-related proteins in TPC-1 cells at different retinoic acid levels (n=3).
H. Cell cycle determination in TPC-1 cells influenced by varying levels of retinoic acid (n=3).
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Figure S4. The OPN3-Retinal complex is critical for the effects of blue light PBMT.
A. Agarose gel analysis of opsin family expression levels in TPC-1 cells.
B. Western blot analysis of OPN3 protein levels in TPC-1 cells 24 hours after blue light PBMT treatment(*P<0.05, n=3, vs. CTL group).
C. Efficiency of OPN3 knockdown and overexpression(**P<0.01, n=3, vs. NC group).
D. Analysis of cell cycle-related protein levels under different OPN3 expression levels(**P<0.01, vs. CTL group, ##P<0.01, vs. BL group, n=3).
E. Cell count statistics after OPN3 knockdown and 24 hours of blue light PBMT treatment(**P<0.01, vs. CTL group, ##P<0.01, vs. BL group, n=3).
F. Cell cycle analysis after OPN3 knockdown and 24 hours of blue light PBMT treatment(#P<0.05, vs. BL group, n=3).
G. Cell count statistics after OPN3 overexpression and 24 hours of blue light PBMT treatment(**P<0.01, vs. CTL group, ##P<0.01, vs. BL group, n=3).
H. Cell cycle analysis after OPN3 overexpression and 24 hours of blue light PBMT treatment.(n=3)
I. Cell count statistics under varying OPN3 expression levels simulating blue light PBMT effects by all-trans retinal supplementation in a non-light environment(**P<0.01, vs. CTL group, ##P<0.01, vs. BL group, n=3).
[bookmark: _GoBack]J. Immunofluorescence-positive cell count under varying OPN3 expression levels simulating blue light PBMT effects by all-trans retinal supplementation in a non-light environment(*P<0.05, **P<0.01, vs. CTL group, n=3).


	Wavelength
	Exposure Time (hours)
	Irradiance (mW/cm²)
	Total Energy (J/cm²)
	Photon Energy (eV)
	Einstein Dose
(photons)

	Blue (465 nm)
	24
	2
	172.8
	2.66
	4.05×1020

	Green(520 nm)
	24
	2
	172.8
	2.38
	4.52×1020

	Red (650 nm)
	24
	2
	172.8
	1.91
	5.65×1020


Table S1 Correlation optical parameter
	REAGENT or RESOURCE
	SOURCE
	IDENTIFIER

	CDK4
	Proteintech
	Cat##66950-1-Ig, RRID: AB_2882273

	p21
	Proteintech
	Cat##67362-1-Ig, RRID: AB_2882614

	OPN3
	Bioswamp
	Cat##PAB39666

	Cyclin D
	Proteintech
	Cat##26939-1-AP

	Cyclin E
	Proteintech
	Cat##11554-1-AP

	β-ACTIN
	Proteintech
	Cat##66009-1-Ig, RRID: AB_2687938


Table S2 Relevant antibody



	Primer name
	Primer sequence (5'-3')
	Primer name
	Primer sequence(5'-3')

	p21
	Forward:TGTCCGTCAGAACCCATGC
	OPN1SW（OPN1）
	Forward:ATGGGCCTCAGTACCACATTG

	
	Reverse:AAAGTCGAAGTTCCATCGCTC
	
	Reverse:GGGAACCCTATAAGGAAGACAGT

	HMOX1
	Forward:AAGACTGCGTTCCTGCTCAAC
	RHOOPN2（OPN2）
	Forward:GTGCCCTTCTCCAATGCGA

	
	Reverse:AAAGCCCTACAGCAACTGTCG
	
	Reverse:TGAGGAAGTTGATGGGGAAGC

	DHRS3
	Forward:ACTGAGTGCCATTACTTCATCTG
	OPN3
	Forward:CTGGTGCTCGTCCTCTACTAC

	
	Reverse:CATCACTGTCCATTAGGCTCTTC
	
	Reverse:GGACACGAAGGTAAAGGTGAC

	OPN3(human)-siRNA-3-342
	Forward:CUCACCUCCUCCUGGUCAATT
	OPN4
	Forward:ACCGCTACCTGGTAATCACAC

	
	Reverse:UUGACCAGGAGGAGGUGAGTT
	
	Reverse:GCGTGAAGCTCATGTAGTCCC

	OPN3(human)-siRNA-1- 285 
	Forward:GCAACAACCUGCUGGUGCUTT
	OPN5
	Forward:CGCCTGCCCCATTACCTTC

	
	Reverse:AGCACCAGCAGGUUGUUGCTT
	
	Reverse:ACAACTGAAATCCCCAGATCAC

	OPN3(human)-siRNA-2-422
	Forward:CUGAGGAACGGCUGGGUGUTT
	OE-OPN3
	Forward:gccgccagtgtgctggaattcAGTGCACAATGGCTAGAGCAGG

	
	Reverse:ACACCCAGCCGUUCCUCAGTT
	
	Reverse:tatagaatagggccctctagaCCAGTTTCCTCCATAGTAGCTTCTT


Table S3 Relevant primer sequence
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