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Table S1: Genes involved in BC. Genes are categorized as their change and penetrance. A remark has been put for each gene for their specific characteristic described in the literature.
	Gene
	Change
	Gene penetrance
	Remark
	Reference

	BRCA1
	Mutation
	High
	Breast cancer risk at the age of 70 is 57% for BRCA1 mutation carriers
	(1-3)

	BRCA2
	Mutation
	High
	Breast cancer risk at the age of 70 is 49% for BRCA2 mutation carriers
	(1-3)

	Tp53
	Inactivating Mutation
	High
	Tp53 mutation also causes Li-Fraumeni syndrome
	(4, 5)

	PTEN
	Truncating mutation
	High
	Mutated in Cowden syndrome families. 25-50% lifetime BC risk in women.
	(6-10)

	BARD1
	LOF mutation
	High
	BARD1-mutated BC patients showed a significantly younger mean age at first diagnosis
	(11, 12)

	CHEK2
	Mutation
	High
	Deletion in CHEK2 (CHEK2*1100delC)
	(13-16)

	CDH1
	Germline mutation
	High
	CDH1 have been associated with an increased risk of hereditary diffused gastric cancer
	(17-19)

	ATM
	Truncating and exon-skipping mutations
	High-moderate
	A-T patients do not survive to an age at which BC generally occurs. The penetrance for L1420F mutation is high (85% at age 60)
	(20-26)

	NF1
	LOH
	High-moderate
	Women with NF1 develop BC at younger ages
	(27-29)

	STK11/ LKB1
	Truncating germline mutation
	High-Moderate
	LKB1 gene is mutated in patients with Peutz-Jeghers syndrome
	(30-33)

	PALB2
	Biallelic mutations
	High-Moderate
	L35Pa is a pathogenic missense mutation in PALB2
	(34-37)

	BRIP1
	LOF mutations
	Moderate
	Increases developing risk of BC at an early age
	(38, 39)

	RAD51C
	Mutation/pathogenic variant
	Moderate-Low
	Risk increases with variant carriers with two first-degree relatives diagnosed with BC
	(40, 41)

	RAD51D
	Mutation/pathogenic variant
	Moderate-Low
	Risk increases with variant carriers with two first-degree relatives diagnosed with BC
	(41, 42)

	SMAD4
	Inactivation
	Moderate-low
	SMAD4 is located on 18q21, a region frequently lost in breast cancers
	(43-46)

	NBN
	Mutation
	Moderate-low
	A protein-truncating variant, c.657del5, is sufficiently common in some Eastern European populations
	(47, 48)

	MutYH
	Mutation
	low
	p.Tyr179Cys/p.Arg241Trp are pathogenic variants of MutYH
	(49-51)

	CDK12
	Mutation
	Low
	The penetrance estimates of 39% by age 80 years is a cumulative risk in the absence of other causes of cancer/mortality
	(14, 16, 52)

	MSH2
	Mutation
	Low
	1.1% woman with BC carries MSH2 mutation
	(17)

	APC
	Mutation/polymorphism
	Low
	A single nucleotide polymorphism (SNP), rs2229992 was identified in the APC gene, with an increased risk of breast carcinogenesis
	(53, 54)

	CDKN2A
	Mutation
	Low
	Variant A148T was identified in 5.1% of women with breast cancer, in a Polish study
	(55)








Table S2: Biofluids Breast Cancer Proteomics Biomarker

	[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK6]Biomarkers
	UniProt/Kegg Code
	Trend
	Biofluid
	Significance
	Ref

	HDAC9
	Q9UKV0/9734
	up
	serum
	higher levels in the serum of recurrent breast cancer patients

	(56)


	HDAC5
	Q9UQL6/3066
	up
	serum
	
	

	SUMO1
	P63165/7341
	up
	serum
	
	

	HDAC7
	Q8WUI4/51564
	up
	serum
	
	

	OLFM4
	Q6UX06/-
	up
	serum
	OLFM4 levels are significantly higher in the DCIS cohort and in the breast cancer cohort compared with the healthy controls.
	(57)

	RETN
	Q9HD89/56729
	down
	serum
	Overexpression resistin in BC may be anindicator of improved prognosis, so down regulation of resistin may be considered as negative prognosis biomarkers
	(58)

	KCC2A
	Q9UQM7/-
	up
	plasma
	significantly higher plasma CAMK2A level in patients with metastatic TNBC with progression disease phase
	(59)

	BCAS3
	Q9H6U6/-
	up
	plasma
	high levels in BC plasma samples

	(60)

	IRX1
	P78414/-
	up
	plasma
	
	

	IRX4
	P78413/-
	up
	plasma
	
	

	IRX5
	P78411/
	up
	plasma
	
	

	APOA2
	P02652/336
	up
	plasma
	High levels were detected and correlated with early and advanced stages of the disease
	(61)

	APOC3
	P02656/1071
	up
	plasma
	High levels were detected and correlated with early and intermediate stages of the disease
	(61)

	CLUS
	P10909
	up
down
up
	plasma
urine
serum
	High levels were detected and correlated with early and intermediate stages of the disease
	(61-63)


	ZA2G
	P25311/-
	up
	urine
	candidate markers that could discriminate breast cancer patients from healthy controls
	(63)

	A2GL
	P02750/-
	up
	urine
	
	

	ANXA1
	P04083/301
	up
	urine
	
	

	GELS
	P06396/-
	down
up
	urine/
plasma
	candidate markers that could discriminate breast cancer patients from healthy controls
	(63, 64)

	A1AT
	P01009/5665
	down
up
	Urine/
serum
	candidate markers that could discriminate breast cancer patients from healthy controls
	(63, 65)

	CAH2
	P00918/-
	up
	Nipple Discharge
	protein levels differed significantly between patients with and without breast cancer

	(66)

	CATA
	P04040/-
	up
	Nipple Discharge
	
	

	PRDX2
	P32119/7001
	up
	Nipple Discharge
	
	

	PRG4
	Q92954/64748
	up
	serum
	the ratio of serum proteoglycan 4 to protease C1 inhibitor may be used for screening of early breast cancer

	(67)

	IC1
	P05155/-
	down
	serum
	
	

	ECM1
	Q16610/1893
	up
	urine
	significantly different in breast cancer patients compared to the normal control subjects
	(68)

	MAST4
	O15021/375449
	up
	urine
	
	

	FILA
	P20930/-
	up
	urine
	
	

	NCHL1
	O00533/-
	up
	plasma
	signature for breast cancer diagnosis
	(69)

	APOC1
	P02654/-
	down
	Plasma/
serum
	signature for breast cancer diagnosis
	(69-71)

	CAH1
	P20507/8893
	up
	plasma
	signature for breast cancer diagnosis
	(69)

	AHSG
	P02765/197
	up
	serum
	serum autoantibodies against AHSG protein may be useful as serum biomarkers for early-stage breast cancer
	(72, 73)

	ANGT
	P01019/-
	up
	serum
	ATII serum levels were increased in women who exhibited worse mortality outcomes
	(74)

	ANXA3
	P12429/3326
	up
	serum
	ANX A3 was significantly upregulated in the benign disease group sera
	(75)

	DCD
	P81605/-
	up
	plasma
	DCD levels may increase in early carcinogenesis
	(76)

	HEPC
	P81172/-
	up
	plasma
	Protein plasma levels may be of clinical usefulness to predict malignant and benign disease with respect to healthy controls
	(77)

	FRIL
	P02792/-
	up
	plasma
	
	

	CO3
	P01024/-
	up
	serum
	Candidate biomarkers in serum samples from BC comparing to healthy subjects
	(70, 71, 73)


	TTHY
	P02766/-
	up
	serum
	Candidate biomarkers in serum samples from BC comparing to healthy subjects
	(70)

	GRHL3
	Q8TE85/57822
	up
	plasma
	Over-expression of GRHL3 in breast cancer patients in the early stages
	(78)

	TNFA
	P01375/7124
	up
	plasma
	Over-expression in breast cancer patients in the advanced stages
	(78)

	PMS2
	P54278/5395
	up
	plasma
	
	

	CD14
	P08571/929
	up
	serum
	CD14 could be related to the risk of recurrence
	(79)

	TSP1
	P07996/-
	up
	plasma
	Proteins resulted increase in breast cancer plasma
	(80)

	BRWD3
	Q6RI45
	up
	plasma
	
	

	CADH5
	P33151/-
	up
	serum
	serum cadherin-5 discriminated patients with recurrent breast cancer from those with no sign of recurrence
	(81)

	ORM2
	Q06144/5005
	up
	serum
	Candidate serum biomarkers
	(62)

	VTDB
	P02774/-
	down
	serum
	
	

	APOA1
	P02647/-
	down
	serum
	
	

	LEG3
	P17931/
	up
	serum
	significantly increased reactivity in early-stage breast cancer
	(82)

	RACK1
	P63244/10399
	up
	serum
	
	

	EGFR
	P00533/1956
	up
	plasma
	validated as a predictor of breast cancer risk
	(83)









Table S3: Extracellular matrix/Secretome Breast Cancer Proteomics Biomarker 
	Biomarkers
	UniProt/KeggCode
	Trend
	Significance
	Ref

	SERPINB1
	P30740/1992
	up
	protein elevated in brain metastases
	(84)

	MFAP5
	Q13361/8076
	up
	MFAP5 is secreted by CAFs,and drives the invasion and migration of MCF7 breast cancer cells.
	(85)

	TOP1
	P11387/7150
	up
	Protein increased in human BRCA1 secretome

	(86)

	CDH3
	P22223/1001
	up
	
	

	EDIL3
	O43854/-
	up
	In patients with metastatic breast cancer, the levels of EDIL3 on circulating extracellular vesicles are significantly elevated.
	(87)

	LTBP3
	Q9NS15/4054
	up
	High extracellular matrix expression of proteins correlates with poor outcomes for breast cancer patients.
	(88)

	SNED1
	Q8TER0/-
	up
	
	

	ANXA2
	P07355/302
	up
	secretion of annexin II correlated well with the invasive phenotype of triple-negative human breast carcinoma cells.

	(89)

	THS7A
	Q9UPZ6/ -
	up
	high abundance of these proteins from cell lines and in their culture media was considered breast cancer-specific potential biomarkers

	(90)

	LG3BP(LGALS3BP)
	Q08380/-
	up
	
	

	CATD
	P07339/13033
	up
	
	

	VIME
	P08670/-
	up
	
	

	ZA2G
	P25311/-
	up
	
	

	CD44
	P16070/960
	up
	
	

	EGFR
	P00533/1956
	up
	
	

	IL18
	Q14116/3606
	up
	
	





[bookmark: _Hlk46834008]Table S4: Cell/Tissue Breast Cancer Proteomics Biomarkers
	Biomarkers
	UniProt/Kegg Code
	Trend
	Significance
	Ref

	CTSD
	P07339/1509
	up
	CTSD expression is associated with poor prognosis in breast cancer patients
	(91)

	RNF144A #
	P50876/9781
	down
	RNF144A was downregulated in a subset of primary breast tumors
	(92)

	HSPA2
	P54652/3306
	up
	oncoprotein frequently upregulated in human cancer and promotes tumor growth and progression
	(92)

	CEAM6 §
	P40199/-
	up
	novel biomarker on the cancer stem cells surface
	(93)

	AXL/UFO *
	P30530
	up
	specific proteome expression for basal B subclass, the more aggressive TNBC cell lines

	(94)

	PEAK1 *
	Q9H792
	up
	
	

	TGFR2 *
	P37173
	up
	
	

	SEPR *
	Q12884
	up
	
	

	UCHL1*
	P09936
	up
	
	

	MMP2 *
	P08253
	up
	
	

	MMP14 *
	P50281
	up
	
	

	LEF1 *
	Q9UJU2
	up
	LEF1 facilitates metastasis during breast cancer cells colonization of the brain parenchyma
	(95)

	STMN1
	P16949
	up
	STMN1 was related to tumourgrade, proliferation, vascular and immune responses
	(96-98)


	UBP47
	Q96K76
	up
	USP47 has a role in cell growth and genome integrity, and was correlated to Epithelial to Mesenchymal Transition
	(99)

	EPCAM #
	P16422
	up
	proteins were associated with the progression of breast cancer

	(98)

	FADD #
	Q13158
	up
	
	

	NDRG1 #
	Q92597
	down
	
	

	CRYAB #
	P02511
	down
	
	

	ISG15
	P05161
	up
	possible biomarkers related with CNS metastasis development
	(100)

	TSP1
	P07996
	up
	
	

	AP1M1
	Q9BXS5
	up
	possible biomarkers related with CNS metastasis development
	(100, 101)

	GPDA #
	P21695
	down
	proteins were down-regulated in tissue tumor groups in comparison to controls
	(102)

	MGLL #
	Q99685
	down
	
	

	DOCK4 #
	Q8N1I0
	up
	high DOCK4 in early breast cancer is associated with aggressiveness and with future bone metastasis
	(103, 104)

	FABP7
	O15540
	up
	increased levels of FABP7 correlate with a lower survival and higher incidence of brain metastases in breast cancer patients
	(105)

	DSC1
	Q08554
	up
	DSC1 is validated as a protein connected with lymph node status of luminal A breast cancer and tumor grade in 96 primary breast tumors tissue
	(106)

	COMT *
	P21964
	up
	catechol-O-methyltransferase is successfully verified as a protein associated with lymph node metastasis of triple negative breast cancer as well as with tumor grade
	(106)

	DNAJB4
	Q9UDY4
	up
	protein expression increased on Epithelial to Mesenchymal Transition induction
	(107)

	CD81
	P60033
	up
	
	

	MUC1
	P15941
	up
	upregulation of MUC in response to epidermal growth factor receptor (EGFR)-targeting treatments in breast cancer models
	(108)

	STAU1 *
	O95793
	up
	modulation of these proteins was noted in 231BR relative to precursor 231 cell lines
	(109)

	AT1B3 *
	P54709
	up
	
	

	NPM *
	P06748
	up
	
	

	HNRPQ *
	O60506
	up
	
	

	HNRPK *
	P61978
	up
	
	

	TUBB4B *
	P68371
	down
	
	

	TUBB5 *
	P99024
	down
	
	

	K2C1
	P04264
	up
	KRT1 as the target receptor highly expressed on MCF-7 breast cancer cells
	(110)

	COF1 #
	Q03048
	up
	associations of protein levels with tumor grade (G3vsG1)
	(97, 111)

	PAIRB #
	Q8NC51
	up
	associations of protein levels with tumor grade (G3vsG1)
	(97)

	TSP2 #
	P35442
	down
	
	

	POSTN #
	Q15063
	down
	
	

	TAP1 *
	Q03518
	up
	candidate prognostic biomarkers in TNBC and basal-like breast cancer patients
	(112)

	CETN3
	O15182
	down
	connected loss of CETN3 and SKP1 to elevated expression of epidermal growth factor receptor (EGFR)
	(113)

	SPK1 *
	P63208
	down
	
	

	TAGL #
	Q01995
	up
	transgelin can relate to the higher risk of metastasis development
	(114)

	TAGL2 #
	P37802
	up
	transgelin-2 levels were increased in metastatic and poorly differentiated tumors
	(114)

	SAP3
	P17900
	up
	candidate diagnostic and prognostic marker in Breast Cancer
	(115)

	CBPB1
	P15086
	up
	up-regulation of putative biomarkers in lymph node positive (versus negative) luminal A tumors
	(116)

	PDLI2
	Q96JY6
	up
	
	

	TF65
	Q04206
	up
	
	

	BAG6
	P46379
	Up
	candidate putative biomarkers in breast cancer cell lines
	(117)

	DX39A
	O00148
	Up
	
	

	ANXA8
	P13928
	down
	
	

	COX41
	P13073
	down
	
	

	MMP1 *
	P03956
	up
	the major protein changes in 231-BR was able to predict the occurrence of brain metastases, and their potential value as therapeutic targets
	(118)

	EFNB1 *
	P98172
	up
	
	

	STML1 *
	Q9UBI4
	up
	
	

	MYCT1 *
	Q8N699
	up
	
	

	TGM2 *
	P21980
	down
	
	

	S10A4 *
	P26447
	down
	
	

	PLSL *
	P13796
	down
	
	

	NDUV1 *
	P49821
	down
	complex I deficiency is a potential and important biomarker of aggressiveness of human breast cancer cells
	(119)

	RAB1B *
	Q9H0U4
	down
	down-regulated in highly metastatic breast cancer cells
	(120)

	CAPS1 #
	Q9ULU8
	up
	protein is involved in processes such as calcium (Ca(2+)) signaling, metabolism, epithelial mesenchymal transition, metastasis and invasion
	(121)

	NB5R3
	P00387
	up
	significant correlation between high CYB5R3 expression and poor disease-free and overall survival
	(122)

	IF4A1
	P60842
	up
	increased protein expression is related to the metastatic phenotype of advanced breast cancer
	(123)

	EF2
	P13639
	up
	
	

	LAMP2
	P13473
	up
	potential adaptive mechanism to grow in acidic conditions
	(124)

	GDIR2
	P52566
	up
	overexpression of GDIR2 in distinct breast cancer subtypes, as well as in metastatic cell lines derived from lung, prostate, and breast cancer
	(125)

	RD23B
	P54727
	down
	modulated in highly invasive breast cancer cell lines
	(126)

	FRIH * # §
FRIL* #
	P02794
P02792
	Up
up
	proteins modulated in good-prognosis patients in the training set
	(101, 127, 128)

	KCY #
	P30085
	up
	proteins modulated in good-prognosis patients in the training set
	(101)

	AIFM1 #
	O95831
	up
	
	

	EMAL4 #
	Q9HC35
	up
	
	

	GANAB #
	Q14697
	up
	
	

	CTNA1 #
	P35221
	up
	
	

	AP1G1 #
	O43747
	up
	
	

	STX12 #
	Q86Y82
	up
	
	

	CAPZB #
	P47756
	up
	
	

	C1TC #
	P11586
	down
	
	

	CD44 *
	P16070
	up
	MDA-MB-231cell surface markers
	(90, 129, 130)

	EGFR *
	P00533
	up
	MDA-MB-231cell surface markers
	(90, 130)

	LEG3 *
	P17931
	up
	MDA-MB-231cell surface markers
	(130, 131)

	BCAM *
	P50895
	up
	MDA-MB-231cell surface markers
	(130)

	HG2A *
	P04233
	up
	CD74 is overexpressed in human cancer
	(132, 133)

	CALR3 #
	Q96L12
	up
	overexpression of calreticulin in infiltrating ductal breast carcinomas
	(134, 135)

	LGUL #
	Q04760
	up
	enzyme involved in detoxification of methylglyoxal, a cytotoxic product of glycolysis in tumor breast tissues
	(136)

	IDHL
	P48735
	up
	candidate prognostic markers for overall breast cancer survival
	(137)

	CRABP2
	P29373
	up
	
	

	S14L2
	O76054
	down
	
	

	CATD
	P07339
	up
	high abundance of this protein from cell lines and in their culture media was considered breast cancer-specific potential biomarkers

	(90, 138)

	THS7A
	Q9UPZ6
	up
	high abundance of this protein from cell lines and in their culture media was considered breast cancer-specific potential biomarkers
	(90)

	LG3BP
	Q08380
	up
	
	

	VIME
	P08670
	up
	
	

	ZA2G
	P25311
	up
	
	

	PGS2 #
	P07585
	up
	high expression of these proteins are associated with lymph node metastasis
	(139)

	ENPL #
	P14625
	up
	
	

	PDIA3 #
	P30101
	up
	biomarker candidates for breast cancer tissues
	(135)

	DDX5
	P17844
	up
	DDX5 is Up-regulated in Invasive Human Breast Cancers
	(140)

	LRC59 *
	Q96AG4
	up
	correlation with metastatic capability
	(141)

	CD59 *
	P13987
	down
	
	

	CSPG4 *
	Q6UVK1
	down
	
	

	ATPA *
	P25705
	up
	up-regulation of α-subunit of ATP synthase was identified in high metastatic cells compared with low metastatic cells
	(142)

	ANAX1 #
	P04083
	up
	significantly up-regulated in the model group and down-regulated upon treatment with RuXian-I
	(143)


*for TNBS protein biomarkers
#for protein markers obtained from studies conducted and validated in primary tumor tissues of BC patients
§ for Cancer Steam Cells (CSCs) protein biomarkers
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Table S5: Biofluids Breast Cancer Metabolomics Biomarker
	[bookmark: _Hlk55397201]Biomarkers
	Kegg Code
	Trend
	Localization
	Analytical technique
	Ref.

	Phosphocholines
	
	up/down
	plasma
	LC-MS/MS
	(144)

	LysoPhosphocholines
	
	down
	plasma
	LC-MS/MS
	(144)

	Sphingomyelins
	
	up
	plasma
	LC-MS/MS
	(144)

	O-butanoylcarnitine
	C02862
	up
	plasma
	LC-MS/MS
	(144)

	Homovanillate

	C05582
	down
	urine/urine/
blood/
cerebrospinal fluid
	GC-MS, GC-MS,
GC-MS
	(145, 146)

	4-hydroxyphenylacetate
	C00642
	down/
down
	urine/urine/
urine
	GC-MS, NMR,
GC-MS
	(145-147)

	5-hydroxyindoleacetate

	C05635
	down
	urine/blood/
cerebrospinal fluid
	GC-MS, GC-MS
	(145, 146)

	Urea

	C00086
	up/down
	urine/urine/
blood/ cerebrospinal fluid
	GC-MS, GC-MS, NMR
	(146, 147)

	5-hydroxymethyl-2-deoxyuridine
	not available
	
	
	GC-MS
	(148)

	8-hydroxy-2-deoxyguanosine
	not available
	
	
	LC-MS
	(148)

	Histidine
	C00135
	up/
down/up
	serum/serum MBC/saliva
	NMR, GC-MS, NMR, GC-MS, HILIC and RPLC UPLC-ESI-MS
	(149-151)

	Proline

	C00148
	down/up/up/up/up
	serum/serum MBC/plasma/
serum/dried blood spot
	NMR, GC-MS, NMR, LC-MS/MS, GC-MS, NMR, GC-MS/MS
	(149, 152-154)

	N-acetylglycine

	not available
	down
	serum
	NMR, GC-MS
	(149)

	3-hydroxy-2-methyl butanoic acid
	not available
	down
	serum
	NMR, GC-MS
	(149)

	Alanine
	C00041
	down/
down/
down/
down/up
	serum MBC/
urine/urine/
serum/plasma/
plasma
	NMR, NMR, GC-MS, LC-MS/MS, LC-TOFMS, GC-TOFMS, LC-MS/MS, GC-MS
	(147, 150, 152, 155, 156)

	Acetoacetate

	C00164
	up
	serum MBC
	NMR
	(150)

	3-hydroxybutyrate
	C01188
	up

	serum MBC
	NMR
	(150)

	Glycerol
	C00116
	up
	serum MBC
	NMR
	(150)

	Phenylalanine
	C00079
	up/up/up
	serum MBC/
urine/saliva
	NMR, LC-MS/MS, HILIC and RPLC UPLC-ESI-MS
	(150, 151, 153, 157)

	Mannose
	C00159
	up
	serum MBC
	NMR
	(150)

	L-Lysine
	C00047
	up/up/
down
	serum MBC/plasma/
plasma
	NMR, NMR, LC-MS
	(153, 158, 159)

	N-acetylcysteine
	C06809
	up
	serum MBC
	NMR
	(153)

	Total free fatty acids
	
	up
	serum
	GC-MS
	(160)

	Palmitic acid
	C00249
	up
	serum
	GC-MS
	(160)

	Stearic acid
	C01530
	up
	serum
	GC-MS
	(160)

	Linoleic acid
	C01595
	up
	serum
	GC-MS
	(160)

	Creatine
	C00300
	down/
down/up
	urine/plasma/
plasma
	NMR, LC-MS, NMR
	(147, 158, 159)

	Acetate
	C00033
	down
	urine
	NMR
	(147)

	Succinate
	
C00042
	down/
down
	urine/ serum, plasma
	NMR, LC-TOFMS, GC-TOFMS
	(147, 156)

	Levoglucosan
	not available
	down
	urine
	NMR
	(147)

	Lactate
	C00186
	down/up
	urine/serum
	NMR, NMR, GC-MS
	(147, 149)

	Pyroglutamate
	C01879
	down
	urine
	NMR
	(147)

	Formate
	C00058
	down/up
	urine/serum
	NMR, NMR, GC-MS
	(147, 149)

	Isoleucine
	C00407
	down
	urine
	NMR
	(147)

	Sucrose
	C00089
	down
	urine
	NMR, LC-MS, GC-MS
	(147)

	Trigonelline
	C01004
	down
	urine
	NMR
	(147)

	Leucine
	C00123
	down
	urine
	NMR
	(147)

	Asparagine
	C00152
	down/up
	urine/dried blood spot
	NMR, MS
	(147, 154)

	Glucose
	C00031
	down/up/up
	urine/plasma/
serum MBC
	NMR
	(147, 153, 159)

	Ethanolamine
	C00189
	down
	urine
	NMR
	(147)

	Dimethylamine
	C00543
	down
	urine
	NMR
	(147)

	4-hydroxyphenylacetate
	C00642
	down
	urine/urine
	NMR, GC-MS
	(146, 147)

	Creatinine
	C00791
	down/up
	urine/plasma
	NMR, NMR
	(146, 147)

	Glycerol-3-phosphate

	C03189
	down
	serum/plasma/
urine
	LC-TOFMS, GC-TOFMS, LC-MS/GC-MS
	(155, 156)

	Glycine
	C00037
	down/
down
	serum/plasma/
urine
	LC-TOFMS, GC-TOFMS, LC-MS, GC-MS
	(155, 156)

	Serine
	C00065
	down
	serum/plasma
	LC-TOFMS,
GC-TOFMS
	(156)

	Choline

	C00114
	down/up
	serum/plasma
	LC-TOFMS,
GC-TOFMS, NMR, GC-MS
	(147)

	Hippurate
	C01586
	down
	urine
	NMR
	(147)

	1-methylnicotinamide
	C02918
	down
	urine
	NMR
	(147)

	Uracil
	C00106
	down
	urine
	NMR, LC-MS, GC-MS
	(147, 155)

	Valine
	C00183
	down/up/
up/down
	urine/plasma/
plasma/plasma
	NMR, LC-MS,
GC-MS, NMR, LC-MS
	(146, 147, 152, 158)

	trans-Aconitate
	C02341
	down
	urine
	NMR
	(147)

	Threonine
	C00188
	down
	urine
	LC-MS, GC-MS
	(155)

	Alanine
	C00041
	down
	urine
	LC-MS, GC-MS
	(155)

	Glutamic acid
	C00025
	down
	urine
	LC-MS, GC-MS
	(155)

	Cysteine
	C00097
	down
	urine
	LC-MS, GC-MS
	(155)

	Tryptophan
	C00078
	down
	urine
	LC-MS, GC-MS
	(155)

	Glycolic acid
	C00160
	down
	urine
	LC-MS, GC-MS
	(155)

	Malonic acid
	C00383
	down
	urine
	LC-MS, GC-MS
	(155)

	Maleic acid
	C00922
	down
	urine
	LC-MS, GC-MS
	(155)

	Succinic acid
	C00036
	down
	urine
	LC-MS, GC-MS
	(155)

	Aminomalonic acid
	C00872
	down
	urine
	LC-MS, GC-MS
	(155)

	N-methyl-glutamic acid
	C01046
	down
	urine
	LC-MS, GC-MS
	(155)

	N-acetylglutamic acid
	C00624
	down
	urine
	LC-MS, GC-MS
	(155)

	Homovanillic acid
	C05582
	down
	urine
	LC-MS, GC-MS
	(155)

	4-hydroxymandelic acid
	C11527
	down
	urine
	LC-MS, GC-MS
	(155)

	Citric acid
	C00158
	down
	urine
	LC-MS, GC-MS
	(155)

	Adenine
	C21844
	down
	urine
	LC-MS, GC-MS
	(155)

	Gulonic acid
	C00800
	down
	urine
	LC-MS, GC-MS
	(155)

	Indoleacetic acid
	C00954
	down
	urine
	LC-MS, GC-MS
	(155)

	5′-methylthioadenosine
	C00170
	down
	urine
	LC-MS, GC-MS
	(155)

	Turanose
	C19636
	down
	urine
	LC-MS, GC-MS
	(155)

	Decenoylcarnitine
	C03299
	down
	urine
	LC-MS, GC-MS
	(155)

	Decatrienoylcarnitine
	not available
	down
	urine
	LC-MS, GC-MS
	(155)

	Octenoylcarnitine
	C02838
	down
	urine
	LC-MS, GC-MS
	(155)

	Cadaverine
	C01672
	up
	saliva
	UPLC-ESI-MS/MS
	(161)

	Spermine
	C00750
	up
	saliva
	UPLC-ESI-MS/MS
	(161)

	N1-Acetylspermine
	C02567
	up
	saliva
	UPLC-ESI-MS/MS
	(161)

	Spermidine
	C00315
	up
	saliva
	UPLC-ESI-MS/MS
	(161)

	N1-Acetylspermidine
	C00612
	up/up
	saliva/saliva
	UPLC-ESI-MS/MS
	(161, 162)

	N8-Acetylspermidine
	C01029
	up/up
	saliva/saliva
	UPLC-ESI-MS/MS
	(161, 162)

	Citrulline
	C00327
	up
	saliva
	HILIC and RPLC, UPLC-ESI-MS
	(151)

	Phosphatidylserine (14:1)
	C02737
	up/down
	saliva/urine
	HILIC and RPLC UPLC-ESI-MS, LC-MS, GC-MS
	(151, 155)

	Phosphatidylserine (16:1)
	C02737
	up
	saliva
	HILIC and RPLC, UPLC-ESI-MS
	(151)

	Monoacylglycerol (0:0)
	C01885
	up
	saliva
	HILIC and RPLC, UPLC-ESI-MS
	(151)

	Monoacylglycerol (14:0)
	C01885
	up
	saliva
	HILIC and RPLC UPLC-ESI-MS
	(151)

	Lysophosphatidylethanolamine (18:2)
	C04438
	up/down
	saliva/
urine
	HILIC and RPLC, UPLC-ESI-MS, LC-MS, GC-MS
	(151, 155)

	Lysophosphatidylethanolamine (0:0)
	C04438
	up
	saliva
	HILIC and RPLC, UPLC-ESI-MS
	(151)

	Phosphatidylethanolamine (22:0)
	C00350
	up
	saliva
	HILIC and RPLC, UPLC-ESI-MS
	(151)

	Phosphatidylethanolamine (20:4)
	C00350
	up
	saliva
	HILIC and RPLC, UPLC-ESI-MS
	(151)

	N-Acetylneuraminic acid
	C00270
	up
	saliva
	HILIC and RPLC, UPLC-ESI-MS
	(151)

	4-hydroxyphenylpyruvic acid
	C01179
	up
	saliva
	HILIC and RPLC, UPLC-ESI-MS
	(151)

	Total cholesterol
	
	down
	plasma
	Spectrophotometry
	(163)

	Dimethylarginine
	C03626
	up
	urine
	LC-MS/MS
	(157)

	Tyrosine
	C00082
	up/up
	urine/serum
	LC-MS/MS,
NMR, GC-MS
	(149, 157)

	Tyrosine
	C00082
	up
	urine
	LC-MS/MS
	(157)

	Pantothenic acid
	C00864
	up
	urine
	LC-MS/MS
	(157)

	Succinyladenosine
	not available
	up
	urine
	LC-MS/MS
	(157)

	Threonylcarbamoyladenosin
	
	up
	urine
	LC-MS/MS
	(157)

	Tryptophan
	C00078
	up
	urine
	LC-MS/MS
	(157)

	Kynurenic acid
	C01717
	up
	urine
	LC-MS/MS
	(157)

	Nicotinuric acid
	C05380
	up
	urine
	LC-MS/MS
	(157)

	Indolelactic acid
	C02043
	up
	urine
	LC-MS/MS
	(157)

	3-methyl-pentanoic acid
	C00077
	up
	saliva
	GC-MS
	(164)

	p-tert-butyl-phenol
	C00146
	up
	saliva
	GC-MS
	(164)

	Phenol
	C00146
	up
	saliva
	GC-MS
	(164)

	Acetic acid
	C00033
	up
	saliva
	GC-MS
	(164)

	Propanoic acid
	C00163
	up
	saliva
	GC-MS
	(164)

	Benzoic acid
	C00180
	up
	saliva
	GC-MS
	(164)

	1,2-decanediol, 2-decanone
	C10482
	up
	saliva
	GC-MS
	(164)

	Decanal
	C12307
	up
	saliva
	GC-MS
	(164)

	Hypotaurine
	C00519
	up
	serum/plasma
	LC-TOFMS,
GC-TOFMS
	(156)

	Pyruvate
	C00022
	up/up
	serum/plasma/
serum MBC
	LC-TOFMS,
GC-TOFMS, NMR
	(150, 156)

	Carnitine
	C00318
	up
	plasma
	LC-MS, GC-MS
	(152)

	Lysophosphatidylcholine (20:4)
	C04230
	up/down
	plasma/urine
	LC-MS, GC-MS
	(152, 155)

	Lysophosphatidylcholine (16:1)
	C04230
	up
	plasma
	LC-MS, GC-MS
	(152)

	2-octenedioic acid
	not available
	up/down
	plasma/plasma
	LC-MS, GC-MS,
LC-MS
	(152, 158)

	2-hydroxy-3-methylbutyric acid
	C00141
	up
	plasma
	LC-MS
	(158)

	2-hydroxy-3- methylpentanoic acid
	C02486
	up
	plasma
	LC-MS
	(158)

	3-methylglutaric acid
	C03761
	up
	plasma
	LC-MS
	(158)

	7-ketocholesterol
	not available
	up
	plasma
	LC-MS
	(158)

	Chenodeoxycholic acid
	C02528
	up
	plasma
	LC-MS
	(158)

	Cytidine
	C00055
	up
	plasma
	LC-MS
	(158)

	DL-pipecolic acid
	C00408
	up
	plasma
	LC-MS
	(158)

	Dopamine
	C03758
	up
	plasma
	LC-MS
	(158)

	Homocystine
	C01817
	up
	plasma
	LC-MS
	(158)

	Inosine diphosphate (IDP)
	C00104
	up
	plasma
	LC-MS
	(158)

	Linoleic acid
	C01595
	up
	plasma
	LC-MS
	(158)

	Myristic acid
	C06424
	up
	plasma
	LC-MS
	(158)

	Oleamide
	C19670
	up
	plasma
	LC-MS
	(158)

	Stearic acid
	C01530
	up
	plasma
	LC-MS
	(158)

	Taurine
	C00245
	up
	plasma
	LC-MS
	(158)

	Threonate
	C01620
	up
	plasma
	LC-MS
	(158)

	Uric acid
	C00366
	up
	plasma
	LC-MS
	(158)

	2-methylhippuric acid
	C01586
	down
	plasma
	LC-MS
	(158)

	3-hydroxyanthranilic acid
	C00632
	down
	plasma
	LC-MS
	(158)

	4-acetamidobutanoate
	C02946
	down
	plasma
	LC-MS
	(158)

	5β-cholestane-3α,7α,12α-triol
	C05454
	down
	plasma
	LC-MS
	(158)

	5α-androstane-3,17-dione
	C00674
	down
	plasma
	LC-MS
	(158)

	7α-hydroxy-cholesterol
	C03594
	down
	plasma
	LC-MS
	(158)

	Caproic acid
	C01585
	down
	plasma
	LC-MS
	(158)

	Cortisol
	C00735
	down
	plasma
	LC-MS
	(158)

	Cortisone
	C00762
	down
	plasma
	LC-MS
	(158)

	Hippuric acid
	C01586
	down/
down
	plasma/urine
	LC-MS, GC-MS
	(155, 158)

	L-Arginine
	C00062
	down/up
	plasma/plasma
	LC-MS, NMR
	(148, 158)

	Retinoic acid
	C00777
	down
	plasma
	LC-MS
	(158)\

	Glutamine
	C00303
	down/up
	plasma/plasma
	LC-MS, NMR
	(148, 158)

	Ceramide (18:1)
	C00195
	down
	plasma
	LC-MS
	(158)

	3-hydroxybutyrate
	C01089
	up
	serum
	NMR, GC-MS
	(149)

	Glutamate
	C00025
	up/up
	serum/serum MBC
	NMR, GC-MS, NMR
	(149, 150)

	Nonanedioic Acid
	C08261
	up
	serum
	NMR, GC-MS
	(149)

	N-Acylglycine
	C02055
	up
	serum
	NMR, GC-MS
	(149)

	Lysophosphatidylcholine (18:2)
	C04230
	down
	saliva
	HILIC and RPLC, UPLC-ESI-MS
	(151)

	Lysophosphatidylcholine (18:1)
	C04230
	up
	saliva
	HILIC and RPLC, UPLC-ESI-MS
	(151)

	Lysophosphatidylcholine (16:0)
	C04230
	up
	saliva
	HILIC and RPLC, UPLC-ESI-MS
	(151)

	Lysophosphatidylcholine (22:6)
	C04230
	up
	saliva
	HILIC and RPLC, UPLC-ESI-MS
	(151)

	Palmitic amide
	not available
	down
	saliva
	HILIC and RPLC, UPLC-ESI-MS
	(151)

	Phytosphingosine
	C12144
	down
	saliva
	HILIC and RPLC, UPLC-ESI-MS
	(151)

	N-Acetyl-L-Phenylalanine
	C03519
	down
	saliva
	HILIC and RPLC, UPLC-ESI-MS
	(151)

	Propionylcholine
	not available
	down
	saliva
	HILIC and RPLC, UPLC-ESI-MS
	(151)

	N-acetyl-putrescine
	C02714
	up
	saliva
	UPLC-ESI-MS/MS
	(162)

	3-(Cystein-S-Yl)Acetaminophen
	not available
	up
	plasma
	UHPLC-MS,
GC-MS
	(165)

	Cysteine S-Sulfate
	C05824
	up
	plasma
	UHPLC-MS,
GC-MS
	(165)

	Indoleacetylglutamine
	not available
	down
	plasma
	UHPLC-MS,
GC-MS
	(165)

	Sphingosine
	C00319
	down
	plasma
	UHPLC-MS,
GC-MS
	(165)

	Adenine
	C00147
	down
	plasma
	LC-MS/MS
	(166)

	N6-Methyladenosine
	not available
	down
	plasma
	LC-MS/MS
	(166)

	1-methylguanine
	C04152
	down
	plasma
	LC-MS/MS
	(166)






Table 6: Cell/Tissue Breast Cancer Metabolomics Biomarkers
	Biomarkers
	Kegg Code
	Trend
	Localization
	Analytical technique
	Ref.

	Glycine

	C00037
	up/up/up/
up/up
	tissue/tissue/
tissue/tissue/
tissue
	HR-MAS, NMR, HR-MAS, NMR,
HR-MAS, NMR,
LC-MS, GC-MS
	(167-172)

	Lactate

	C00186
	up/up/up/
up/up
	tissue/tissue/
tissue/tissue/
tissue
	HR-MAS, NMR, HR-MAS, NMR, LC-ESI-MS, HR-MAS, NMR
	(168-173)

	Choline

	C00114
	up/up/up/
up/up
	tissue/tissue/
tissue/tissue/
tissue
	HR-MAS, NMR, LC-ESI-MS, HR-MAS, NMR, HR-MAS, NMR, LC-MS, GC-MS
	(167, 169-171, 173, 174)

	Glycerol-3-phosphate
	C03189
	up
	tissue
	
	(175, 176)

	Glycerophosphocholine

	C00670
	down/up/up
	tissue/tissue/
tissue
	HR-MAS, NMR, LC-ESI-MS
	(169, 173, 177)

	Phosphocholine
	C00588
	up/up/up/
up/up/up/up
	tissue/tissue/
tissue/tissue/
tissue/tissue/
tissue
	HPLC-ESI-MS,
LC-MS, NMR, HR-MAS, NMR, HR-MAS, NMR, LC-ESI-MS,
HR-MAS, NMR
	(169, 171, 173, 176-180)

	Phosphatidylethanolamines
	C00350
	up/up/up
	tissue/breast cancer cell line/tissue
	LC-MS/MS, 
GC-MS, LC-MS/MS
	(176, 178, 181)

	Phosphatidylcholine

	C00157
	up/up
	breast cancer cell line/tissue
	LC-MS/MS,
GC-MS, LC-MS
	(176, 181)

	Lysophosphatidylcholine

	C04230
	up
	breast cancer cell line
	LC-MS/MS
	(181)

	Total Choline
	
	up
	tissue
	LC-MS, NMR
	(179)

	Glycerol
	C00116
	down
	tissue
	GC-TOF-MS
	(182)

	Glucuronic acid
	C00191
	down
	tissue
	GC-TOF-MS
	(182)

	N-methylalanine
	C02721
	down
	tissue
	GC-TOF-MS
	(182)

	[bookmark: _Hlk55480562]Cytidine-5 monophosphate
	C00055
	up
	tissue
	GC-TOF-MS
	(183)

	Adenosine-5 monophosphate
	C00020
	up
	tissue
	GC-TOF-MS
	(183)

	Phosphoethanolamine
	C00346
	up/up
	tissue/tissue
	GC-TOF-MS, NMR
	(180, 183)

	Taurine
	C00245
	up/up/up/
up/up/up
	tissue/tissue/
tissue/tissue/
tissue/tissue
	GC-TOF-MS, HR-MAS, NMR,
HR-MAS, NMR, LC-ESI-MS, HR-MAS, NMR
	(169, 171-173, 180, 183)

	Pyrazine 2,5-dihydroxy
	C20515
	up
	tissue
	GC-TOF-MS
	(183)

	Creatinine
	C00791
	up
	tissue
	GC-TOF-MS
	(183)

	Hypoxanthine
	C00262
	up
	tissue
	GC-TOF-MS
	(183)

	Glycerol-3-phosphate
	C03189
	up
	tissue
	GC-TOF-MS
	(183)

	Aminomalonate
	C00872
	up
	tissue
	GC-TOF-MS
	(183)

	Glutamic acid
	C00025
	up/up
	tissue/tissue
	GC-TOF-MS
	(182, 183)

	Malate
	C00149
	up/up
	tissue/tissue
	GC-TOF-MS
	(182, 183)

	Oxoproline
	C01877
	up
	tissue
	GC-TOF-MS
	(183)

	Inosine
	C00294
	down
	breast cancer cell line
	HPLC-QqQ-MS
	(184)

	Adenosine
	C00212
	down
	breast cancer cell line
	HPLC-QqQ-MS
	(184)

	2-pentanone
	C01949
	up
	breast cancer cell line
	GC-MS
	(185)

	2-heptanone
	C08380
	up
	breast cancer cell line
	GC-MS
	(185)

	Ethyl acetate
	C00849
	up
	breast cancer cell line
	GC-MS
	(185)

	Ethyl propanoate
	C00163
	up
	breast cancer cell line
	GC-MS
	(185)

	2-methyl butanoate
	C00141
	up
	breast cancer cell line
	GC-MS
	(185)

	Uridine
	C00299
	down/up
	breast cancer cell line/tissue
	HPLC-QqQ-MS,
LC-MS, GC-MS
	(170, 184)

	Ascorbate
	C00072
	up
	tissue
	HR-MAS, NMR
	(169)

	Creatine
	C00300
	up/up
	tissue/tissue
	HR-MAS, NMR, HR-MAS MR
	(169, 171)

	Phosphatidylinositol
	C04195
	up
	tissue
	GC-MS, LC-MS
	(176)

	Sphingomyelin
	C00550
	up
	tissue
	GC-MS, LC-MS
	(176)

	Triglycerides
	C00422
	up
	tissue
	GC-MS, LC-MS
	(176)

	N-acetylalanine
	C01073
	up
	tissue
	LC-MS, GC-MS
	(170)

	N-acetylaspartate
	C01042
	up
	tissue
	LC-MS, GC-MS
	(170)

	Cystathionine
	C00542
	up
	tissue
	LC-MS, GC-MS
	(170)

	N-acetylmethionine
	C02712
	up
	tissue
	LC-MS, GC-MS
	(170)

	S-adenosylhomocysteine
	C00021
	up
	tissue
	LC-MS, GC-MS
	(170)

	Glutamate
	C00025
	up
	tissue
	LC-MS, GC-MS
	(170)

	5-oxoproline
	C01879
	up
	tissue
	LC-MS, GC-MS
	(170)

	N-acetylglucosamine
	C00043
	up
	tissue
	LC-MS, GC-MS
	(170)

	Betaine
	C00719
	up
	tissue
	LC-MS, GC-MS
	(170)

	N-acetylthreonine
	not available
	up
	tissue
	LC-MS, GC-MS
	(170)

	Threonine
	C00188
	up
	tissue
	LC-MS, GC-MS
	(170)

	3-(4-hydroxyphenyl)lactate
	C03964
	up
	tissue
	LC-MS, GC-MS
	(170)

	Putrescine
	C00134
	up
	tissue
	LC-MS, GC-MS
	(170)

	Aspartate
	C00049
	up
	tissue
	LC-MS, GC-MS
	(170)

	Tryptophan
	C00078
	up
	tissue
	LC-MS, GC-MS
	(170)

	Dimethylarginine
	C03626
	up
	tissue
	LC-MS, GC-MS
	(170)

	Proline
	C00148
	up
	tissue
	LC-MS, GC-MS
	(170)

	Stachydrine
	C10172
	up
	tissue
	LC-MS, GC-MS
	(170)

	trans-4-hydroxyproline
	C05147
	up
	tissue
	LC-MS, GC-MS
	(170)

	2-methylbutyroylcarnitine
	C02301
	up
	tissue
	LC-MS, GC-MS
	(170)

	Urea
	C00086
	up
	tissue
	LC-MS, GC-MS
	(170)

	Erythronate
	C03064
	up
	tissue
	LC-MS, GC-MS
	(170)

	N-acetylglucosamine
	C00043
	up
	tissue
	LC-MS, GC-MS
	(170)

	Fucose
	C02095
	up
	tissue
	LC-MS, GC-MS
	(170)

	N-acetylglucosamine
	C00043
	up
	tissue
	LC-MS, GC-MS
	(170)

	6-phosphate N-acetylneuraminate
	C06241
	up
	tissue
	LC-MS, GC-MS
	(170)

	Fructose
	C10906
	up
	tissue
	LC-MS, GC-MS
	(170)

	Maltose
	C01971
	up
	tissue
	LC-MS, GC-MS
	(170)

	Maltotetraose
	C02052
	up
	tissue
	LC-MS, GC-MS
	(170)

	maltotriose
	C01835
	up
	tissue
	LC-MS, GC-MS
	(170)

	Mannose-6-phosphate
	C00275
	up
	tissue
	LC-MS, GC-MS
	(170)

	3-phosphoglycerate
	C00197
	up
	tissue
	LC-MS, GC-MS
	(170)

	1-palmitoylplasmenylethanolamine
	C04756
	up
	tissue
	LC-MS, GC-MS
	(170)

	Fructose-6-phosphate
	C00085
	up
	tissue
	LC-MS, GC-MS
	(170)

	Glucose-6-phosphate (G6P)
	C00092
	up
	tissue
	LC-MS, GC-MS
	(170)

	Lactate
	C00186
	up
	tissue
	LC-MS, GC-MS
	(170)

	Phosphoenolpyruvate (PEP)
	C00074
	up
	tissue
	LC-MS, GC-MS
	(170)

	Gluconate
	C00257
	up
	tissue
	LC-MS, GC-MS
	(170)

	Ribulose 5-phosphate
	C00199
	up
	tissue
	LC-MS, GC-MS
	(170)

	Xylulose 5-phosphate
	C00231
	up
	tissue
	LC-MS, GC-MS
	(170)

	Ribose
	C00121
	up
	tissue
	LC-MS, GC-MS
	(170)

	Ribulose
	C05052
	up
	tissue
	LC-MS, GC-MS
	(170)

	Ascorbate
	C00072
	up
	tissue
	LC-MS, GC-MS
	(170)

	Threonate
	C01620
	up
	tissue
	LC-MS, GC-MS
	(170)

	1-methylnicotinamide
	C02918
	up
	tissue
	LC-MS, GC-MS
	(170)

	Pantothenate phosphate
	C03492
	up
	tissue
	LC-MS, GC-MS
	(170)

	Pyrophosphate
	C00013
	up
	tissue
	LC-MS, GC-MS
	(170)

	3-dehydrocarnitine
	C02636
	up
	tissue
	LC-MS, GC-MS
	(170)

	Acetylcarnitine
	C02571
	up
	tissue
	LC-MS, GC-MS
	(170)

	Dihomo-linolenate
	C06427
	up
	tissue
	LC-MS, GC-MS
	(170)

	Docosahexaenoate
	C06429
	up
	tissue
	LC-MS, GC-MS
	(170)

	Eicosapentaenoate
	C06428
	up
	tissue
	LC-MS, GC-MS
	(170)

	2-hydroxypalmitate
	C18218
	up
	tissue
	LC-MS, GC-MS
	(170)

	4-hydroxyphenylpyruvate
	C01179
	up
	tissue
	LC-MS, GC-MS
	(170)

	Cytidine
	C00475
	up
	tissue
	LC-MS, GC-MS
	(170)

	Cytidine-5'-diphosphocholine
	C00307
	up
	tissue
	LC-MS, GC-MS
	(170)

	Ethanolamine
	C00189
	up
	tissue
	LC-MS, GC-MS
	(170)

	Inositol 1-phosphate (I1P)
	C01177
	up
	tissue
	LC-MS, GC-MS
	(170)

	Adrenate
	C16527
	up
	tissue
	LC-MS, GC-MS
	(170)

	Arachidonate
	C00219
	up
	tissue
	LC-MS, GC-MS
	(170)

	cis-vaccenate
	C21944
	up
	tissue
	LC-MS, GC-MS
	(170)

	Oleate
	C03425
	up
	tissue
	LC-MS, GC-MS
	(170)

	Palmitate
	C00249
	up
	tissue
	LC-MS, GC-MS
	(170)

	Stearidonate
	C16300
	up
	tissue
	LC-MS, GC-MS
	(170)

	1-oleoylglycerophosphocholine
	C03916
	up
	tissue
	LC-MS, GC-MS
	(170)

	1-oleoylglycerophosphoethanolamine
	C04475
	up
	tissue
	LC-MS, GC-MS
	(170)

	1-palmitoylglycerophosphocholine
	C04102
	up
	tissue
	LC-MS, GC-MS
	(170)

	1-stearoylglycerophosphocholine
	C04230
	up
	tissue
	LC-MS, GC-MS
	(170)

	1-stearoylglycerophosphoethanolamine
	C04475
	up
	tissue
	LC-MS, GC-MS
	(170)

	1-stearoylglycerophosphoinositol
	C03819
	up
	tissue

	LC-MS, GC-MS
	(170)

	2-arachidonoylglycerophosphocholine
	C04230
	up
	tissue
	LC-MS, GC-MS
	(170)

	2-arachidonoylglycerophosphoethanolamine
	C04475
	up
	tissue
	LC-MS, GC-MS
	(170)

	2-docosahexaenoylglycerophosphoethanolamine
	C04475
	up
	tissue
	LC-MS, GC-MS
	(170)

	2-linoleoylglycerophosphoethanolamine
	C04475
	up
	tissue
	LC-MS, GC-MS
	(170)

	2-oleoylglycerophosphocholine
	C03916

	up
	tissue
	LC-MS, GC-MS
	(170)

	2-oleoylglycerophosphoethanolamine
	C04475

	up
	tissue
	LC-MS, GC-MS
	(170)

	2-palmitoylglycerophosphocholine
	C04102

	up
	tissue
	LC-MS, GC-MS
	(170)

	Sphinganine
	C00836
	up
	tissue
	LC-MS, GC-MS
	(170)

	Sphingosine
	C00319
	up
	tissue
	LC-MS, GC-MS
	(170)

	Sphingomyelin
	C00550
	up
	tissue
	LC-MS, GC-MS
	(170)

	Hypoxanthine
	C00262
	up
	tissue
	LC-MS, GC-MS
	(170)

	Adenosine
	C00212
	up
	tissue
	LC-MS, GC-MS
	(170)

	N1-methyladenosine
	C02494
	up
	tissue
	LC-MS, GC-MS
	(170)

	Guanine
	C00242
	up
	tissue
	LC-MS, GC-MS
	(170)

	Guanosine
	C00387
	up
	tissue
	LC-MS, GC-MS
	(170)

	Cytidine 5'-monophosphate
	C00055
	up
	tissue
	LC-MS, GC-MS
	(170)

	Pseudouridine
	C02067
	up
	tissue
	LC-MS, GC-MS
	(170)

	Inositol
	C00137
	up
	tissue
	HR-MAS MR
	(171)

	UDP-N-acetylgalactosamine
	C00203
	up
	tissue
	NMR
	(180)

	3-phosphoglycerate
	C00597
	up
	tissue
	GC-TOF-MS
	(182)

	β-Alanine
	C00099
	up
	tissue
	GC-TOF-MS
	(182)

	Fumaric Acid
	C00122
	up
	tissue
	GC-TOF-MS
	(182)

	2-Hydroxyglutaric Acid
	C01087
	up
	tissue
	GC-TOF-MS
	(182)

	Serine
	C00716
	up
	tissue
	GC-TOF-MS
	(182)

	Threonic Acid
	C01620
	up
	tissue
	GC-TOF-MS
	(182)

	2-Aminoadipic acid
	C00956
	up
	tissue
	GC-TOF-MS
	(182)

	Citrulline
	C00327
	up
	tissue
	GC-TOF-MS
	(182)

	Glyceric Acid
	C00258
	up
	tissue
	GC-TOF-MS
	(182)

	Uracil
	C00106
	up
	tissue
	GC-TOF-MS,
LC-MS, GC-MS
	(170, 182)

	Myo-Inositol
	C00137
	down
	tissue
	NMR
	(170, 180)

	UDP-N-Acetylglucosamine
	C00043
	up
	tissue
	NMR
	(180)

	Glucose
	C00031
	down
	tissue
	NMR
	(180)

	Ceramide (16:0)
	C00195
	up
	tissue
	LC-MS/MS
	(186)

	Ceramide (24:1)
	not available
	up
	tissue
	LC-MS/MS
	(186)

	Ceramide (24:0)

	not available
	up
	tissue
	LC-MS/MS
	(186)







Data processing and elaboration
In order to combine the results from different “omics” studies, we introduced a new methodical framework by performing a meta-analysis through data “omics” integration. 
[bookmark: _Hlk89082522]In particular, we used Ingenuity Pathway Analysis software (IPA, Qiagen, Hilden, Germany) for “Core Analysis” to map statistically each gene or protein or metabolite for their functional annotation, such as network discovery, Upstream Regulator Analysis (URA) and downstream effects networks. Details of data processing and elaboration by IPA are fully described in Supplementary Materials. As reported in the previous tables, we have evaluated the single trends of each probable molecular biomarker (genes, proteins and metabolites) in the BC tissue and/or cells compared with controls. In this first scenario, we started from each single “omics” analysis, whose datasets were created in a separate data matrix for the three “omics” platforms (e.g. genomics, proteomics, and metabolomics). Dataset from genomics studies were uploaded on IPA software as a matrix where the rows in every data matrix correspond to a single gene with a measurement of its expression (0.01 for low, 0.1 for moderate-low, 10 for high-moderate, 100 for high Gene penetrance, as specified in Supplementary Table S1). At the same time, proteomics and metabolomics datasets were used individually for functional enrichment analyses on IPA by uploading their own expression (0.1 for down-regulation and 10 for up-regulation, see above Supplementary Tables S4 and S6).
At a later time, we performed a multi-omics integration strategy by simultaneously including and combining multiple datasets from different “omics” platforms. In particular, single data from each “omics” study were merged in a unique data matrix and uploaded on IPA software in order to build a cross-platform in which we better assessed new key pathways or functions related to BC.
According to IPA tool’s statistics, in all cases we considered molecules and/or relationships in all species and a confidence setting as high predicted or experimental observed (excluding medium predicted). IPA is able to identify relationships and pathways relevant to the uploaded dataset. In particular, it provides the principal diseases and function categories resulting from some of the modulated molecules of the uploaded dataset. Instead, URA is based on prior knowledge of expected effects and relationships between transcriptional regulators and their target genes from published literature citations stored in the IPA system (187). The p-value is a measurement of the statistical overlap between the protein dataset and the genes or function categories, and the significance is attributed to p-value < 0.05. Instead, the predicted activation or inhibition of each transcriptional regulator or downstream is inferred by the z-score generated by IPA system (z-scores ≥ 2.0 indicate that a molecule is activated, whereas z-scores ≤ -2.0 indicate the inhibition of target molecules). In fact, disease and functions and upstream regulators will be listed below with their own predicted z-score.
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