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Supplementary Figure 1: Workflow of the study. DEGs: Differentially expressed genes; GO: Gene ontology; NC: Normal control.
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Supplementary Figure 2: (A) Volcano plot of all DEGs in GSE72376. Red: relative upregulated genes; blue: downregulated genes. (B) KEGG pathway and Reactome enrichment analyses of the DEGs in GSE72376, showing the fold enrichment, number of shared genes, and −Log10 (P-value). (C) PPI of all DEGs from GSE72376. Red ellipses, blue arrows, and yellow rectangles indicate upregulated, downregulated, and interacting proteins. DEGs: Differentially expressed genes; KEGG: Kyoto Encyclopedia of Genes and Genome; PPI: Protein–protein interaction.
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Supplementary Figure 3: ROC curve analysis of the hub genes. X-axes indicate specificity and the Y-axes indicates sensitivity. AUC: Area under the curve; ROC: Receiver operating characteristic.
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Supplementary Figure 4: Validation of the hub genes using external microarray datasets. (A, B) Standardized expression of the hub genes in GSE9006 and GSE55100 datasets. *P-value < 0.05, **P-value < 0.01, ***P-value < 0.001. (C) Relative mRNA expression of the hub genes and TFs. GAPDH expression was used as internal reference. (D) MFI of the hub genes in flow cytometry detection. MFI: Mean fluorescent intensity; NC: Normal control; TFs: Transcription factors.
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Supplementary Figure 5: Landscape of the immune cells in PBMC between T1D and NCs samples using ImmuCellAI in the GSE72376dataset. (A) Abundance of 24 immune cells in T1D and NC samples. (B) Difference of immune cells between T1D and NC groups. Data are represented as media ± quartile. NC: Normal control; PBMC: Peripheral blood mononuclear cell; T1D: Type 1 diabetes.
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Supplementary Figure 6: (A) Network between hub genes and targeted TFs. Pink circles and blue arrows represent upregulated and downregulated proteins. Yellow squares represent TFs. (B) Network between hub genes and targeted miRNAs. Yellow circles indicate hub genes and blue squares indicate interacting miRNAs. TFs: Transcription factors.

Supplementary Table 1: Basic information of the selected datasets and validation group.

	Items
	GSE72376
	GSE55100
	GSE9006
	Validation group

	
	NC (n=10)
	T1D (n=12)
	NC (n=10)
	T1D 

(n=12)
	NC 

(n=24)
	T1D (n=43)
	NC 

(n=19)
	T1D 

(n=20)

	Selected sample
	All unstimulated samples
	All mRNA samples
	New onset samples of T1D
	

	Duration (years)
	NA
	NA
	NA
	Newly diagnosed
	NA
	Newly diagnosed
	NA
	0.55 ± 0.55

	Women/men (n)
	NA
	NA
	6/4
	5/7
	14/10
	26/17
	10/9
	10/10

	Age (years)
	NA
	NA
	18.7±1.2
	17.5±3.7
	11.3±4.6
	10.1±3.8
	29.0±10.8
	28.2±10.9

	FBG (mmol/L)
	NA
	NA
	4.78±0.20
	6.37±1.93
	NA
	NA
	4.65±0.37
	7.28±0.54

	HbA1c (%)
	NA
	NA
	5.29±0.42
	11.78±3.63
	11.80±2.00
	12.20±1.50
	5.28±0.32
	8.34±3.40

	GADA (U/mL)
	NA
	NA
	2.50

(1.87–2.91)
	149.85

(47.30–319.33)
	NA
	NA
	NA
	NA

	GADA positivity
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	30%

	Fasting C peptide
	NA
	NA
	2.08±0.77 (ng/mL)
	0.47±0.20 (ng/mL)
	NA
	NA
	502.63±143.28 (pmol/L)
	190.76±158.83 (pmol/L)

	Initial pH <7.3
	NA
	NA
	NA
	NA
	NA
	37%
	NA
	NA


NA: Not available; NC: Normal control; T1D: Type 1 diabetes.
Supplementary Table 2: The top 10 upregulated and downregulated DEGs ofT1D.

	Gene symbol
	Name
	Log2FC
	P-value

	Upregulated
	
	

	CES1P1
	Carboxylesterase 1 pseudogene 1
	1.6329
	1.65E(03

	CES1
	Carboxylesterase 1
	1.5434
	8.97E(04

	ATP5MD
	ATP synthase membrane subunit DAPIT
	1.3977
	2.01E(02

	CHI3L1
	Chitinase 3 like 1
	1.2395
	1.12E(02

	MS4A14
	Membrane spanning 4-domains A14
	0.86718
	3.71E(02

	C16orf54
	Chromosome 16 open reading frame 54
	0.83852
	4.62E(05

	VSIG4
	V-set and immunoglobulin domain containing 4
	0.83378
	2.62E(02

	AK4
	Adenylate kinase 4
	0.80226
	3.34E(03

	VEGFA
	Vascular endothelial growth factor A
	0.80091
	3.78E(02

	SNX10
	Sorting nexin 10
	0.79867
	4.42E(04

	Downregulated
	
	

	KRT72
	Keratin 72
	(1.2303
	2.57E(02

	PLA2G4C
	Phospholipase A2 group IVC
	(1.1679
	1.93E(03

	C1orf21
	Chromosome 1 open reading frame 21
	(1.1043
	1.22E(03

	CELSR3
	Cadherin EGF LAG seven-pass G-type receptor 3
	(1.0469
	3.74E(04

	COL18A1
	Collagen type XVIII alpha 1 chain
	(1.0293
	7.60E(03

	BAIAP2L2
	BAR/IMD domain containing adaptor protein 2 like 2
	(0.99803
	7.87E(04

	KRT73
	Keratin 73
	(0.97663
	3.27E(02

	PLCD1
	Phospholipase C delta 1
	(0.93227
	6.25E(04

	ADGRG1
	Adhesion G protein-coupled receptor G1
	(0.92762
	6.73E(03

	KLRC2
	Killer cell lectin like receptor C2
	(0.92349
	4.89E(02


DEGs: Differentially expressed gene; T1D: Type 1 diabetes.

Supplementary Table 3: GO analysis of DEGs in T1D (P-value < 0.05).
	Category
	Term
	Count
	P-value
	Gene

	BP
	GO:0006954~inflammatory response
	15
	2.01E(03
	SERPINA3, PXK, SGMS1, TNFRSF9, CCL4L2, PLA2G4C, AOAH, TLR1, ADGRE2, TPST1, HCK, IL18RAP, TNFRSF8, CHI3L1, TLR4

	BP
	GO:0042535~positive regulation of tumor necrosis factor biosynthetic process
	3
	1.15E(02
	TLR1, TNFRSF8, TLR4

	BP
	GO:0006955~immune response
	14
	1.23E(02
	CD86, SEMA3C, TNFRSF9, CCL4L2, GZMA, CD1E, RFX1, CST7, TGFBR3, TLR1, FCGR3A, IL18RAP, TNFRSF8, TLR4

	BP
	GO:0008152~metabolic process
	8
	1.44E(02
	UGT2B11, OXCT1, LPCAT2, PLA2G4C, ARSG, ARSB, SULF2, CES1

	BP
	GO:0007015~actin filament organization
	5
	2.39E(02
	BIN3, CAV3, TMOD2, SORBS1, DBN1

	BP
	GO:0003151~outflow tract morphogenesis
	4
	3.25E(02
	TGFBR3, SEMA3C, DVL2, VEGFA

	BP
	GO:0072583~clathrin-mediated endocytosis
	3
	3.65E(02
	INPP5F, FCHO1, HIP1R

	BP
	GO:0071345~cellular response to cytokine stimulus
	3
	4.35E(02
	CD86, IL18RAP, ITGA4

	
	CC
	
	
	

	CC
	GO:0045334~clathrin-coated endocytic vesicle
	3
	2.12E(02
	MYO1E, INPP5F, DVL2

	CC
	GO:0016010~dystrophin-associated glycoprotein complex
	3
	2.40E(02
	SGCE, CAV3, UTRN

	CC
	GO:0030426~growth cone
	6
	3.21E(02
	CCDC120, TMOD2, TIMP2, KIF21B, UTRN, DBN1

	CC
	GO:0043202~lysosomal lumen
	5
	4.06E(02
	SDC4, GAA, CD1E, IFI30, ARSB

	MF
	GO:0008061~chitin binding
	3
	5.90E(03
	OVGP1, FIBCD1, CHI3L1

	MF
	GO:0004065~arylsulfatase activity
	3
	1.34E(02
	ARSG, ARSB, SULF2

	MF
	GO:0008168~methyltransferase activity
	6
	1.35E(02
	TRMU, SUV39H2, METTL4, SMYD4, TRDMT1, ALKBH8

	MF
	GO:0008484~sulfuric ester hydrolase activity
	3
	2.07E(02
	ARSG, ARSB, SULF2

	MF
	GO:0016301~kinase activity
	9
	2.92E(02
	WEE1, CHKB, SGMS1, TXK, COQ8B, IRAK4, MASTL, CLK4, NRGN

	MF
	GO:0035091~phosphatidylinositol binding
	5
	3.89E(02
	MYO1E, PXK, NCF1, HIP1R, SNX10

	MF
	GO:0004672~protein kinase activity
	11
	4.47E(02
	NEK8, PXK, WEE1, DYRK3, TXK, DAPK3, PIK3R4, MAP3K10, COQ8B, VRK2, IRAK4

	MF
	GO:0004872~receptor activity
	8
	4.55E(02
	TLR1, CD86, IL18RAP, TNFRSF9, TREM2, CLEC4E, TLR4, CD33

	MF
	GO:0004713~protein tyrosine kinase activity
	6
	5.00E(02
	HCK, WEE1, DYRK3, TXK, MAP3K10, CLK4


BP: Biological process; CC: Cellular component; DEGs: Differentially expressed gene; GO: Gene ontology; MF: Molecular function; T1D: Type 1 diabetes.

Supplementary Table 4: Function of the ten hub genes.

	Gene symbol
	Gene description
	Function

	CX3CR1
	C-X3-C motif chemokine receptor 1
	Receptor for the CX3C chemokine fractalkine and mediates both its adhesive and migratory functions. Acts as coreceptor with CD4 for HIV-1 virus envelope protein (in vitro)

	FCGR3A
	Fc fragment of IgG receptor IIIa
	Receptor for the Fc region of IgG. Binds complexed or aggregated IgG and also monomeric IgG. Mediates ADCC and other antibody-dependent responses, such as phagocytosis

	CD86
	CD86 molecule
	Receptor involved in the costimulatory signal essential for T-lymphocyte proliferation and interleukin-2 production, by binding CD28 or CTLA-4. May play a critical role in the early events of T-cell activation and costimulation of naive T-cells, such as deciding between immunity and anergy that is made by T-cells within 24 h after activation. Isoform 2 interferes with the formation of CD86 clusters, and thus acts as a negative regulator of T-cell activation

	TLR4
	Toll like receptor 4
	Cooperates with LY96 and CD14 to mediate the innate immune response to bacterial LPS. Acts via MYD88, TIRAP, and TRAF6, leading to NF-kappa-B activation, cytokine secretion, and the inflammatory response

	PRF1
	Perforin 1
	In the presence of calcium, perforin polymerizes into transmembrane tubules and is capable of lysing non-specifically a variety of target cells

	TLR1
	Toll like receptor 1
	Participates in the innate immune response to microbial agents. Cooperates with TLR2 to mediate the innate immune response to bacterial lipoproteins or lipopeptides. Acts via MYD88 and TRAF6, leading to NF-kappa-B activation, cytokine secretion, and the inflammatory response

	CD33
	CD33 molecule
	Putative adhesion molecule of myelomonocytic-derived cells that mediates sialic-acid dependent binding to cells. Preferentially binds to alpha-2,6-linked sialic acid. The sialic acid recognition site may be masked by cis interactions with sialic acids on the same cell surface. In the immune response, may act as an inhibitory receptor upon ligand induced tyrosine phosphorylation by recruiting cytoplasmic phosphatase(s) via their SH2 domain(s) that block signal transduction through dephosphorylation of signaling molecules. Induces apoptosis in acute myeloid leukemia (in vitro)

	VEGFA
	Vascular endothelial growth factor A
	Growth factor active in angiogenesis, vasculogenesis, and endothelial cell growth. Induces endothelial cell proliferation, promotes cell migration, inhibits apoptosis, and induces permeabilization of blood vessels. Binds to the VEGFR1/Flt-1 and VEGFR2/Kdr receptors, heparan sulfate and heparin. Neuropilin-1 binds isoforms VEGF-165 and VEGF-145. Isoform VEGF165B binds to VEGFR2/Kdr but doesn’t activate downstream signaling pathways, doesn’t activate angiogenesis, and inhibits tumor growth

	TREM2
	Triggering receptor expressed on myeloid cells 2
	May have a role in chronic inflammations and may stimulate production of constitutive rather than inflammatory chemokines and cytokines. Forms a receptor signaling complex with TYROBP and triggers activation of the immune responses in macrophages and dendritic cells

	TNFRSF9
	TNF receptor superfamily member 9
	Receptor for TNFSF14/4-1BBL. Possibly active during T cell activation


ADCC: Antibody-dependent cellular cytotoxicity; LPS: Lipopolysaccharide.
Supplementary Table 5: The primer set of detected genes.

	Gene symbol
	Forward
	Reverse

	CX3CR1
	5′-CACGCCAGGCCTTCACCATG
	5′-GTCCCAAAGACCACGATGTCC

	FCGR3A
	5′-GCAGCTAGAAGTCCATATCGG
	5′-CTTCCTGCCTTTGCCATTCTG

	CD86
	5′-TCTCAAGATAATGTCACAGAACTG
	5′-TCTGTTCACTCTCTTCCCTCTC

	TLR4
	5′-GCGTGAGACCAGAAAGCTGGGA
	5′-ATATTAGGAACCACCTCCACGCAGG

	PRF1
	5′-AACTTTGCAGCCCAGAAGACC
	5′-GGGAGTGTGTACCACATGGAAA

	TLR1
	5′-CTGGTATCTCAGGATGGTGTGC
	5′-TTGGAGTTCTTCTAAGGGTATGTTCC

	CD33
	5′-TTCCTCCTGTGGGTCTTCAC
	5′-CTTTCCAGGAGATGGCTCAG

	VEGFA
	5′-GGGCAGAATCATCACGAAGT
	5′-TGGTGATGTTGGACTCCTCA

	RELA
	5′-TGAACCGAAACTCTGGCAGCTG
	5′-CATCAGCTTGCGAAAAGGAGCC

	NFKB1
	5′-GCAGCACTACTTCTTGACCACC
	5′-TCTGCTCCTGAGCATTGACGTC


Supplementary Table 6: Hub genes expression in different immune cell types using CIBERSOFTx.
	Gene symbol
	B cells
	Plasma cells
	T cells CD8
	T cells CD4
	NK cells
	Monocytes
	Dendritic cells
	Mast cells
	Eosinophils
	Neutrophils

	CD33
	NA
	0.00
	0.00
	0.00
	NA
	264.69
	NA
	NA
	NA
	0.00

	CD86
	NA
	0.00
	0.00
	NA
	NA
	272.11
	NA
	NA
	NA
	0.00

	CX3CR1
	NA
	13616.90
	NA
	NA
	512.39
	NA
	NA
	0.00
	NA
	0.00

	FCGR3A
	NA
	NA
	55.65
	NA
	NA
	26.38
	NA
	0.00
	NA
	NA

	PRF1
	0.00
	NA
	NA
	0.00
	3226.22
	NA
	0.00
	0.00
	0.00
	0.00

	TLR1
	NA
	NA
	NA
	NA
	NA
	139.80
	0.00
	0.00
	13945.30
	NA

	TLR10
	NA
	NA
	NA
	NA
	NA
	0.00
	0.00
	0.00
	NA
	0.00

	TLR4
	0.00
	NA
	0.00
	0.00
	0.00
	108.68
	NA
	NA
	NA
	0.00

	TNFRSF9
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	0.00
	NA
	NA

	TREM2
	0.00
	NA
	NA
	0.00
	0.00
	109.44
	NA
	NA
	0.00
	0.00

	VEGFA
	NA
	NA
	0.00
	NA
	NA
	NA
	NA
	NA
	0.00
	NA


NA: Not available.
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