Supplementary table 1: Correlations between protein expression of ADIRF and clinical features in surgical specimens.
	
	Pearson Correlation
	P value

	Age
	-0.31
	0.057

	Location
	-0.11
	0.283

	AJCC stage
	-0.41
	0.015*

	Tstage
	-0.57
	<0.001***

	Nstage
	-0.22
	0.128


*:P<0.5; ****:P<0.001.


Supplementary table 2: ADIRF expression was significantly correlated 46 keratinocyte differentiation associated genes.

	Keratinocyte differentiation enriched genes
	Protein name
	Functional Annotation
	Pearson correlation
	P value

	CNFN
	Cornifelin
	 Part of the insoluble cornified cell envelope (CE) of stratified squamous epithelia
	0.646
	1E-12

	SPRR1B
	Small proline rich protein 1b
	 Cornifin-B
	0.614
	2E-11

	SFN
	14-3-3 protein sigma
	 Adapter protein implicated in the regulation of a large spectrum of both general and specialized signaling pathways. Binds to a large number of partners, usually by recognition of a phosphoserine or phosphothreonine motif. Binding generally results in the modulation of the activity of the binding partner. When bound to KRT17, regulates protein synthesis and epithelial cell growth by stimulating Akt/mTOR pathway. May also regulate MDM2 autoubiquitination and degradation and thereby activate p53/TP53
	0.587
	2E-10

	TMEM79
	Transmembrane protein 79
	 Contributes to the epidermal integrity and skin barrier function. Plays a role in the lamellar granule (LG) secretory system and in the stratum corneum (SC) epithelial cell formation (By similarity)
	0.553
	4E-09

	SPRR2D
	Small proline-rich protein 2D
	 Cross-linked envelope protein of keratinocytes. It is a keratinocyte protein that first appears in the cell cytosol, but ultimately becomes cross-linked to membrane proteins by transglutaminase. All that results in the formation of an insoluble envelope beneath the plasma membrane
	0.550
	5E-09

	LCE3D
	Late cornified envelope protein 3D
	 Precursors of the cornified envelope of the stratum corneum
	0.542
	8E-09

	PERP
	P53 apoptosis effector related to PMP-22
	 Component of intercellular desmosome junctions. Plays a role in stratified epithelial integrity and cell-cell adhesion by promoting desmosome assembly. Plays a role as an effector in the TP53-dependent apoptotic pathway (By similarity)
	0.541
	9E-09

	PKP3
	Plakophilin-3
	 May play a role in junctional plaques
	0.540
	1E-08

	CSTA
	Cystatin-a/b
	 Cystatin-A
	0.531
	2E-08

	EVPL
	Envoplakin
	 Component of the cornified envelope of keratinocytes. May link the cornified envelope to desmosomes and intermediate filaments
	0.508
	9E-08

	SPRR2E
	Small proline-rich protein 2E
	 Cross-linked envelope protein of keratinocytes. It is a keratinocyte protein that first appears in the cell cytosol, but ultimately becomes cross-linked to membrane proteins by transglutaminase. All that results in the formation of an insoluble envelope beneath the plasma membrane
	0.508
	9E-08

	ANXA1
	Annexin A1
	 Plays important roles in the innate immune response as effector of glucocorticoid-mediated responses and regulator of the inflammatory process. Has anti-inflammatory activity. Plays a role in glucocorticoid-mediated down- regulation of the early phase of the inflammatory response (By similarity). Promotes resolution of inflammation and wound healing. Functions at least in part by activating the formyl peptide receptors and downstream signaling cascades. Promotes chemotaxis of granulocytes and monocytes via activation of the formyl peptide receptors. Contributes to the adapt [...] 
	0.489
	3E-07

	SPRR2A
	Small proline-rich protein 2A
	 Cross-linked envelope protein of keratinocytes. It is a keratinocyte protein that first appears in the cell cytosol, but ultimately becomes cross-linked to membrane proteins by transglutaminase. All that results in the formation of an insoluble envelope beneath the plasma membrane
	0.468
	1E-06

	KLK13
	Kallikrein-13
	 Kallikrein related peptidase 13
	0.453
	2E-06

	KLK12
	Kallikrein-12
	 Kallikrein related peptidase 12
	0.443
	4E-06

	PPL
	Periplakin
	 Component of the cornified envelope of keratinocytes. May link the cornified envelope to desmosomes and intermediate filaments. May act as a localization signal in PKB/AKT-mediated signaling
	0.441
	4E-06

	DSG3
	Desmoglein-3
	 Component of intercellular desmosome junctions. Involved in the interaction of plaque proteins and intermediate filaments mediating cell-cell adhesion
	0.438
	5E-06

	DSC2
	Desmocollin-2
	 Component of intercellular desmosome junctions. Involved in the interaction of plaque proteins and intermediate filaments mediating cell-cell adhesion. May contribute to epidermal cell positioning (stratification) by mediating differential adhesiveness between cells that express different isoforms
	0.430
	8E-06

	CERS3
	Ceramide synthase 3
	 Has (dihydro)ceramide synthesis activity with relatively broad substrate specificity, but a preference for C18:0 and other middle- to long-chain fatty acyl-CoAs (By similarity). It is crucial for the synthesis of very long-chain ceramides in the epidermis, to maintain epidermal lipid homeostasis and terminal differentiation
	0.430
	8E-06

	SCEL
	Sciellin
	 May function in the assembly or regulation of proteins in the cornified envelope. The LIM domain may be involved in homotypic or heterotypic associations and may function to localize sciellin to the cornified envelope
	0.418
	1E-05

	SPRR3
	Small proline-rich protein 3
	 Cross-linked envelope protein of keratinocytes
	0.411
	2E-05

	KRT3
	Keratin, type II cytoskeletal 3
	 Keratins, type II
	0.410
	2E-05

	KRT78
	Keratin, type II cytoskeletal 78
	 Keratins, type II
	0.406
	2E-05

	KRT13
	Keratin, type I cytoskeletal 13
	 Keratins, type I
	0.399
	3E-05

	KRT4
	Keratin, type II cytoskeletal 4
	 Keratins, type II
	0.395
	4E-05

	TGM1
	Protein-glutamine gamma-glutamyltransferase K
	 Catalyzes the cross-linking of proteins and the conjugation of polyamines to proteins. Responsible for cross- linking epidermal proteins during formation of the stratum corneum. Involved in cell proliferation
	0.391
	5E-05

	SPRR1A
	Cornifin-A
	 Cross-linked envelope protein of keratinocytes. It is a keratinocyte protein that first appears in the cell cytosol, but ultimately becomes cross-linked to membrane proteins by transglutaminase. All that results in the formation of an insoluble envelope beneath the plasma membrane
	0.390
	5E-05

	KRT6A
	Keratin, type II cytoskeletal 6A
	 Epidermis-specific type I keratin involved in wound healing. Involved in the activation of follicular keratinocytes after wounding, while it does not play a major role in keratinocyte proliferation or migration. Participates in the regulation of epithelial migration by inhibiting the activity of SRC during wound repair
	0.386
	6E-05

	KRT5
	Keratin, type II cytoskeletal 5
	 Keratins, type II
	0.326
	0.0007

	FLG
	Filaggrin
	 Aggregates keratin intermediate filaments and promotes disulfide-bond formation among the intermediate filaments during terminal differentiation of mammalian epidermis
	0.325
	0.0007

	KLK5
	Kallikrein-5
	 May be involved in desquamation
	0.317
	0.0009

	JUP
	Junction plakoglobin
	 Common junctional plaque protein. The membrane- associated plaques are architectural elements in an important strategic position to influence the arrangement and function of both the cytoskeleton and the cells within the tissue. The presence of plakoglobin in both the desmosomes and in the intermediate junctions suggests that it plays a central role in the structure and function of submembranous plaques. Acts as a substrate for VE-PTP and is required by it to stimulate VE- cadherin function in endothelial cells. Can replace beta-catenin in E-cadherin/catenin adhes [...] 
	0.310
	0.0012

	KRT80
	Keratin, type II cytoskeletal 80
	 Keratins, type II
	0.300
	0.0017

	DSP
	Desmoplakin
	 Major high molecular weight protein of desmosomes. Involved in the organization of the desmosomal cadherin- plakoglobin complexes into discrete plasma membrane domains and in the anchoring of intermediate filaments to the desmosomes
	0.293
	0.0021

	CAPN1
	Calpain-1 catalytic subunit
	 Calcium-regulated non-lysosomal thiol-protease which catalyzes limited proteolysis of substrates involved in cytoskeletal remodeling and signal transduction
	0.292
	0.0021

	S100A7
	S100 calcium binding protein A7
	 EF-hand domain containing
	0.288
	0.0025

	IVL
	Involucrin
	 Part of the insoluble cornified cell envelope (CE) of stratified squamous epithelia
	0.284
	0.0028

	KRT6C
	Keratin, type II cytoskeletal 6C
	 Keratins, type II
	0.270
	0.0042

	KRT1
	Keratin, type II cytoskeletal 1
	 May regulate the activity of kinases such as PKC and SRC via binding to integrin beta-1 (ITB1) and the receptor of activated protein C kinase 1 (RACK1). In complex with C1QBP is a high affinity receptor for kininogen-1/HMWK
	0.266
	0.0048

	KAZN
	Kazrin, periplakin interacting protein
	 Kazrin
	0.266
	0.0048

	KRT14
	Keratin, type I cytoskeletal 14
	 The nonhelical tail domain is involved in promoting KRT5-KRT14 filaments to self-organize into large bundles and enhances the mechanical properties involved in resilience of keratin intermediate filaments in vitro
	0.263
	0.0053

	KRT6B
	Keratin, type II cytoskeletal 6B
	 Keratins, type II
	0.259
	0.0058

	TGM5
	Protein-glutamine gamma-glutamyltransferase 5
	 Catalyzes the cross-linking of proteins and the conjugation of polyamines to proteins. Contributes to the formation of the cornified cell envelope of keratinocytes
	0.258
	0.006

	IRF6
	Interferon regulatory factor 6
	 Probable DNA-binding transcriptional activator. Key determinant of the keratinocyte proliferation-differentiation switch involved in appropriate epidermal development (By similarity). Plays a role in regulating mammary epithelial cell proliferation (By similarity). May regulate WDR65 transcription (By similarity)
	0.243
	0.0092

	SPRR2F
	Small proline-rich protein 2F
	 Cross-linked envelope protein of keratinocytes. It is a keratinocyte protein that first appears in the cell cytosol, but ultimately becomes cross-linked to membrane proteins by transglutaminase. All that results in the formation of an insoluble envelope beneath the plasma membrane (By similarity)
	0.205
	0.0235

	STK4
	Serine/threonine-protein kinase 4
	 Stress-activated, pro-apoptotic kinase which, following caspase-cleavage, enters the nucleus and induces chromatin condensation followed by internucleosomal DNA fragmentation. Key component of the Hippo signaling pathway which plays a pivotal role in organ size control and tumor suppression by restricting proliferation and promoting apoptosis. The core of this pathway is composed of a kinase cascade wherein STK3/MST2 and STK4/MST1, in complex with its regulatory protein SAV1, phosphorylates and activates LATS1/2 in complex with its regulatory protein
	-0.214
	0.0194




[bookmark: _Hlk92728740]Supplementary table 3: The prognostic associations of 12 significantly stage-correlated genes.

	　
	P value
	Hazard ratio
	95% CI

	
	
	
	Lower limit
	Upper limit

	SPRR1A
	0.012*
	0.11
	0.02
	0.62

	SPRR1B
	0.037*
	6.32
	1.12
	35.75

	SFN
	0.187
	1.88
	0.74
	4.79

	CSTA
	0.177
	2.76
	0.63
	12.05

	CNFN
	0.200
	0.33
	0.06
	1.78

	PKP3
	0.049*
	0.40
	0.16
	1.00

	TGM1
	0.141
	2.98
	0.70
	12.74

	SPRR2D
	0.018*
	0.14
	0.03
	0.72

	SPRR2E
	0.063
	3.56
	0.93
	13.57

	FLG
	0.041*
	2.43
	1.04
	5.72

	SPRR2A
	0.756
	0.75
	0.13
	4.50

	KLK5
	0.600
	0.80
	0.36
	1.81


*:P<0.5
