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1. Supplementary Materials and Methods

Gene set list 
The following gene set lists were used: Hallmark interferon gamma response, Reactome The NLRP3 inflammasome, GOBP Toll-like receptor 9 signaling pathway, Reactome STING-mediated induction of host immune response, KEGG NK Kappa B signaling pathway, GOBP epidermal growth factor receptor signaling pathway, Hallmark PI3K AKT mTOR signaling, GOBP ERK1 and ERK2 cascade, KEGG Cell cycle, Hallmark Hypoxia.

Immunohistochemistry and hematoxylin and eosin (H&E) staining
Sectioned tissue slides were subjected to antigen retrieval using 0.1 M citric acid (Biosesang, CR2004-050-60), peroxidase-blocking solution (S2023; DAKO, Santa Clara, CA, USA) treatment, and 3% BSA under 0.1% H2O2 incubation for 1 h at room temperature (RT) to block nonspecific binding. The sections were then incubated overnight at 4 °C with the primary and secondary antibodies for 30 min at RT. The stained sections were incubated with a diaminobenzidine substrate kit (ab64238; Abcam, Cambridge, UK). The immunoreactivity of each sample was analyzed using a light microscope (DMI8; Leica, Wetzlar, Germany). All experiments were approved by the Institutional Review Board of CHA Bundang Medical Center (2022-03-061).
   H&E staining of resected mouse thyroid tissues was performed to examine the histopathological difference between PINK1 KO and PINK1 WT mice. Paraffin-embedded tissue blocks were cut into 5-μm slices and fixed onto glass slides. After deparaffinization, the tissue slides were incubated with hematoxylin for 5 min following 1 min of dehydration with 100% ethanol, and then incubated with eosin for 1 min. H&E-stained thyroid tissue slides were analyzed using a light microscope (DMI8; Leica, Wetzlar, Germany). Immunostaining scores were analyzed according to staining intensity (0, no staining, 1 = weak staining, 2 = moderate staining, 3 = strong staining) and extent of the stained area (0 = 0%, 1 = 1–25%, 2 = 25–50%, 3 = 50–100%). The final scores were determined by multiplying the two scores.

[bookmark: _Toc119601892]Transmission electron microscopy
Mouse thyroids were cut into 5-mm cross sections, fixed in 1% osmium tetroxide for 1 h, and decalcified at RT. The sections were washed with phosphate-buffered saline, and the fixed thyroid samples were dehydrated and embedded. Fixed mouse thyroids were cut into semi-thin (1 μm) and ultra-thin (80 nm) sections and stained with 1% uranyl acetate and lead citrate. The ultrastructure of the thyrocyte mitochondria was analyzed via transmission electron microscopy (JEM-1400; Jeol, Tokyo, Japan).

Western blot
Mouse thyroid tissues were lysed in RIPA buffer (PRO-PREP™ Protein Extraction Solution, iNtRON Biotechnology, Sungnam, South Korea) on ice for 30 min. Protein samples (15–40 μg) were loaded on 10% polyacrylamide gels (Bio-Rad, San Francisco, CA, USA). Polyvinylidene fluoride membranes were blocked with 5% skim milk for 1 h at room temperature. All primary antibodies were diluted 1:1000 and incubated at 4 °C overnight. The corresponding HRP-conjugated secondary antibodies (ab6721; Abcam, Cambridge, UK) were diluted 1:5000. Signals were developed using the EZ-Western Lumi Femto Kit (DoGenBio, Seoul, South Korea) and Clarity Western ECL Substrate (Bio-Rad) following the manufacturer’s recommendations.
 
[bookmark: _Toc119601893]Cell culture and treatment
HTori-3 and Jurkat cells were cultured in RPMI‐1640 medium (Welgene, Gyeongsan, South Korea) supplemented with 10% fetal bovine serum (FBS) (Thermo Fisher Scientific) and 1% penicillin-streptomycin (Thermo Fisher Scientific). The cultures were maintained at 37 °C in a humidified incubator in an atmosphere of 5% CO2.
For immunoblotting, RT-PCR, cell proliferation assay, and ELISA, HTori-3 cells were transfected with siRNAs against PINK1 and a nonspecific siRNA as a control using Lipofectamine RNAi MAX. The supernatant and cell pellets were harvested after an incubation period of 24  h.
   For RT-PCR, cell proliferation assays, and ELISA, HTori-3 cells were treated with the mitophagy inhibitor mitochondrial division inhibitor 1 (5 µM) or 0.5% dimethyl sulfoxide (Sigma Aldrich, Saint Louis, MO, USA) as a control. The supernatant and cell pellets were harvested after an incubation period of 24  h.
   For the cell proliferation assay, transfected cells were treated with with/without 50 µg/mL Cetuximab or 20 ng/mL AREG in fresh media. After an incubation period of 24  h, cell proliferation was evaluated using MTT assay.

RT-PCR sequence primer
	Gene
	
	Sequence

	PINK1
	Forward
	TGTGGTGGCTAGTGCTCCTA

	
	Reverse
	TCCAGACGTGAGACAGTTGG

	IL1A
	Forward
	ATCAGTACCTCACGGCTGCT

	
	Reverse
	CTCATCTGGGCAGTCACA

	IL6
	Forward
	AGGAGACTTGCCTGGTGAAA

	
	Reverse
	CAGGGGTGGTTATTGCATCT 

	TNF
	Forward
	CAGAGGGCCTGTACCTCATC

	
	Reverse
	GGAAGACCCCTCCCAGATAG

	IL1B
	Forward
	GCTGAGGAAGATGCTGGTTC

	
	Reverse
	TCCATATCCTGTCCCTGGAG

	AREG
	Forward
	GACACCTACTCTGGGAAGCG

	
	Reverse
	AAGGCATTTCACTCACAGGG





2. Supplementary Table


Table S1. Results of differentially expressed genes (DEG) analysis in mitophagy-related genes between thyroid with and without LT. PINK1 is marked in red

	Symbola
	Mitophagy score in genecards DBb
	Adjusted p-valuec
	Log2 foldchanged

	PRKN
	17.68
	0.0934
	-0.1297

	PINK1
	15.48
	0.0036
	-0.1412

	MAP1LC3B
	9.11
	0.0307
	-0.1155

	VDAC1
	8.50
	0.6982
	-0.0337

	MFN2
	7.49
	0.0143
	-0.1080

	SQSTM1
	6.96
	0.2450
	-0.0907

	MAP1LC3A
	6.24
	0.0185
	-0.1681

	PHB2
	6.15
	0.6458
	-0.0282

	FUNDC1
	6.02
	0.2550
	-0.0600

	ATG13
	5.77
	0.2437
	0.0402



aTop 10 mitophagy-related genes. 
bMitophagy relation scores obtained via Genecards
cBenjamini–Hochberg–corrected p–value of DEG analysis results
dLog2–foldchange of DEG analysis results

Table S2. Results of DEG in growth factor activity related genes between thyroid with and without LT. PINK1 is marked in red

A
Pink1 KO vs Pink1 WT
	Symbola
	Adjusted p-valueb
	Log2 fold changec

	Areg
	0.009689663
	2.06249523

	Bdnf
	0.016187193
	1.64510606

	Ccn2
	0.005749392
	1.1854337

	Ccn5
	7.13865E-10
	2.70944852

	Cxcl1
	0.005566496
	1.93664957

	Efemp1
	3.84705E-14
	1.20400344

	Ereg
	7.45693E-07
	4.73313905

	Gdf3
	0.012413122
	2.26636837

	Gdf6
	0.047491693
	1.88988376

	Hgf
	0.01974342
	1.18766035

	Il7
	0.001923608
	1.11877917

	Inhba
	0.000640709
	1.34563162

	Inhbb
	0.037024766
	1.03558658

	Mdk
	0.015488897
	1.04814828

	Osgin2
	1.64913E-07
	1.27318

	Osm
	0.025924738
	1.806608

	Timp1
	1.91916E-09
	2.45894548



B
GTEx LT vs No LT
	Symbola
	Adjusted p-valueb
	Log2 fold changec

	AREG
	2.603E-09
	1.20465194

	BDNF
	0.008365614
	-0.3363163

	CTGF
	0.549039955
	-0.146101

	CXCL1
	2.23034E-08
	-1.2569729

	EFEMP1
	0.022441739
	-0.2123572

	EREG
	0.19827546
	0.42432826

	GDF3
	0.185906
	-0.3792239

	GDF6
	0.917830243
	-0.0264583

	HGF
	0.678430013
	-0.0737121

	IL7
	1.2696E-08
	0.47229463

	INHBA
	0.646509457
	-0.1005187

	INHBB
	0.00197602
	-0.4473335

	MDK
	0.006759235
	0.37793521

	OSGIN2
	0.369747587
	-0.0566762

	OSM
	0.017313216
	0.51067759

	TIMP1
	0.839907637
	-0.0546886

	WISP2
	0.842397577
	-0.0677519



aGenes are included in GOBP growth factor activity gene set. 
bBenjamini–Hochberg–corrected p–value of DEG analysis results
[bookmark: _GoBack]cLog2–foldchange of DEG analysis results
