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[bookmark: _Toc183960689]Supplementary data 1 – Protein standards

	
	Company name
	Product number
	Measured concentration of stock solution (µg/L)

	IGF-I
	Bio-techne
	291-G1
	170000

	IGF-II
	Bio-techne
	292-G2
	260000

	IGFBP2
	SIGMA
	SRP3063
	60000

	IGFBP3
	SIGMA
	SRP3067
	50000

	IGFBP4
	SIGMA
	SRP3064
	40000

	IGFBP5
	SIGMA
	SRP3068
	130000

	IGFBP6
	SIGMA
	SRP3065
	100000

	IGFALS
	Bio-techne
	9917
	550000



List of commercial recombinant proteins used for creation of standard samples. Freeze-dried proteins were reconstituted in 5% acetonitrile and the protein concentration was measured by amino acid analysis (Alphalyse A/S, Odense, Denmark).
















[bookmark: _Toc183960690]Supplementary data 2 - ELISA

Targeted proteomics of 6 IGF proteins were compared with commercial ELISA of human serum. The ELISA was performed as described by the manufacturers. 
	Protein
	Company 
	Product number

	IGF-II
	AnshLabs
	AL-131

	IGFBP2
	AnshLabs
	AL-140

	IGFBP4
	AnshLabs
	AL-126

	IGFBP5
	AnshLabs
	AL-127

	IGFBP6
	Fine Biotech
	EH0170

	IGFALS
	Mediagnost 
	E35



[image: ]






[bookmark: _Toc183960691]Supplementary data 3 – Literature search

The PubMed. database was searched for publications on targeted proteomics of IGF proteins. 

[image: ]
Row 1: Tryptic peptides previously identified.
Row 2: Literature reference (see reference list below).
Row 3: Tryptic peptides in human serum.
Row 4: Tryptic peptides selected for targeted proteomics of serum proteins.
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[bookmark: _Toc183960692]Supplementary data 4 – LC-MS/MS of candidate tryptic peptides in serum

LC-MS/MS of selected tryptic peptides of serum IGF proteins and corresponding internal standards.
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[bookmark: _Toc183960693]Supplementary data 5 – Posttranslational modifications

List of known post-translational modifications (PTMs) on IGF proteins.
The tryptic peptides that were selected for targeted proteomics is provided above each table.

IGF-I, tryptic peptide: GPETLCGAELVDALQFVCGDR, Residues 49-69 
[image: ]
IGF-II, tryptic peptide: GIVEECCFR, Residues 65-73 
[image: ]
IGFBP2, tryptic peptide: LIQGAPTIR, Residues 293-301 
[image: ]







IGFBP3, tryptic peptide: FLNVLSPR, Residues 226- 233
[image: ]
IGFBP4, tryptic peptide: LPGGLEPK, Residues 237-244
[image: ]






IGFBP5, tryptic peptide: IISAPEMR, Residues 177-184
[image: ]
IGFBP6, tryptic peptide: HLDSVLQQLQTEVYR, Residues 166-180
[image: ]
IGFALS, tryptic peptide: LAELPADALGPLQR, Residues 470-483
[image: ]



[bookmark: _Toc183960694]Supplementary data 6 – DIA proteomics of IGFBP3 and IGFALS

The tryptic peptide used for targeted proteomics of IGFBP3 (FLNVLSPR) was confidently identified in all 44 samples by DIA proteomics profiling (LC-MS/MS-based sequencing, see supplementary data 11 for method description). There was close correlation (R>0.8) between the concentration of IGFBP3 measured by targeted proteomics and the peak area detected by DIA proteomics analysis (below left).
The tryptic peptide used for targeted proteomics of IGFALS (LAELPADALGPLQR) was confidently identified in all 44 samples by DIA proteomics profiling (LC-MS/MS-based sequencing). There was significant correlation (R>0.3) between the concentration of IGFALS measured by targeted proteomics and the peak area detected by DIA proteomics analysis (below right).
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[bookmark: _Toc183960695]Supplementary data 7 – Method ranges and standards


	
	Normal range (expected) (µg/L)
	Assay Linear range  (µg/L)
	Standards (µg/L)

	
	
	
	S0
	S1
	S2
	S3
	S4

	IGF-I
	10-1200
	LOD - 1200
	0.0
	120.0
	300.0
	450.0
	600.0

	IGF-II
	250-1000
	LOD-1000
	0.0
	100.0
	250.0
	375.0
	500.0

	IGFBP2
	40-250
	LOD - 500
	0.0
	50.0
	125.0
	187.5
	250.0

	IGFBP3
	80-8000
	LOD - 12000
	0.0
	2000.0
	4000.0
	6000.0
	8000.0

	IGFBP4
	120-270
	LOD - 400
	0.0
	40.0
	100.0
	150.0
	200.0

	IGFBP5
	200-400
	LOD - 600
	0.0
	60.0
	150.0
	225.0
	300.0

	IGFBP6
	150-250
	LOD - 500
	0.0
	50.0
	125.0
	187.5
	250.0

	IGFALS
	15-12000
	LOD -20000
	0.0
	2500.0
	5000.0
	7500.0
	10000.0






















[bookmark: _Toc183960696]Supplementary data 8 –Signal suppression of internal standards with digestion time.

The figures show the peak areas of the internal standards (IS) (isotopic labelled tryptic peptides) for IGF-II, IGFBP2, 4, 5 and 6 as a function of digestion time. The IS peptides are spiked in serum and the peak areas are relatively high at the onset and decrease after a few minutes of trypsin digestion. The observations correspond with the commonly held view that the analytical sensitivity of shot-gun proteomics is undermined by the digestion of high abundant plasma proteins (i.e. albumin) that produce many highly abundant tryptic peptides that suppress the signal of all peptide ions in the low mass range.
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[bookmark: _Toc183960697]Supplementary data 9 – WHO standards for IGF-I, IGF-II and IGFBP3

	
	
	
	

	IGF-I: Targeted proteomics versus WHO standards

	WHO IGF-I standard 02/254, 8500 
	Expected (µg/L)
	Measured (µg/L)
	Difference (%)

	Dilution x 10
	850.0
	903.4
	5.9

	Dilution x 5
	1700.0
	1834.0
	7.3

	
	
	Mean difference(%)
	6.6

	
	
	
	

	
	
	
	

	IGF-II: Targeted proteomics versus WHO standards

	WHO IGF-II standard 96/538 , 5000 µg/L
	Expected (µg/L)
	Measured (µg/L)
	Difference (%)

	Dilution x 10
	500.0
	494.0
	-1.2

	Dilution x 5
	1000.0
	956.7
	-4.5

	
	
	Mean difference(%)
	-2.85

	
	
	
	

	
	
	
	

	IGFBP3: Targeted proteomics versus WHO standards

	WHO IGFBP3 standard 93/560 , 5000 µg/L
	Expected (µg/L)
	Measured (µg/L)
	Difference (%)

	Dilution x 10
	3500.0
	1108.0
	-215.9

	Dilution x 5
	7000.0
	2917.0
	-247.1

	
	
	Mean difference(%)
	-231.5

	
	
	
	













[bookmark: _Toc183960698]Supplementary data 10 – Targeted proteomics of IGF proteins in children
A total of 289 serum samples from healthy Danish boys and girls were measured by targeted proteomics. Below the concentration (µg/L) of IGF proteins is plotted as a function of age.
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[bookmark: _Toc183960699]Supplementary data 11 – Proteomics profiling of serum
Protein digestion and Evotips loading for proteomics profiling
Sample preparation was performed on an Agilent Bravo Liquid Handling Platform according to the previously published method described in (Geyer et al. 2016). Briefly, serum amples were aliquoted into a 96-well format plate and introduced to the Bravo Robot. Each serum sample was diluted 1:10 with the PreOmics Lysis buffer (P.O. 00001, PreOmics GmbH) and  20 µl of the dilution was incubated at 95 °C for 10 min in order to denature proteins, reduce disulfide bridges and alkylate cysteines (Kulak et al. 2014). After cooling the sample for 15 min at room temperature, trypsin and LysC were added in a ratio of 1 µg enzyme to 100 µg proteins and the mixture incubated at 37°C for 4 h. The enzymatic reaction was quenched by the addition of 64 µl of 0.2% TFA and the samples were loaded onto Evotips (Evosep Biosystem, Denmark) according to the manufacturer’s recommendations. The Evotips were wetted with isopropanol for 5 min, activated with 20 µl solvent B (99% ACN, 0.1% FA) and centrifuged at 700 x g for 1 min. 20 µl of buffer A was then added to equilibrate the tips followed by sample loading. Finally, 20 µl Buffer A was used to wash the Evotip and 100 µl was added to avoid drying.
Proteomics profiling by liquid chromatography and mass spectrometry analysis
The samples were injected to an Exploris 480 Thermo Fischer Scientific system using an Evosep One instrument (Evosep Biosystem). A preset chromatographic method was used corresponding to 60 samples per day. The peptides were separated on an 8 cm Pepsep (Marslev, Denmark) column (100 μm ID/3 μm bead size Reprosil-Pur C18 beads) at 1 μL/min flow rate with a 21 min gradient. The heated capillary temperature was set to 275, the spray voltage to 2650 V and the funnel radiofrequency to 40. The mass spectrometer was operated in a data-independent mode (DIA) with a full MS range from 350 to 1650 at a resolution of 60000 at 200 m/z. The AGC target was set to 300 % with an injection time of 50 ms. The AGC value of the targeted MS2 experiment was set to 1000%. Thirty-two windows of variable sizes were defined for target MS2 (tMS2) acquisition and subjected to high-energy collisional dissociation (HCD) fragmentation with a normalized collision energy at 30%. Each tMS2 scan was acquired at a resolution of 30000 with a maximum ion injection time (IT) of 100 ms for a scan range of m/z 349.5 to 1650.5. 
Data analysis of proteomics profiles
The MS raw files were processed with Spectronaut version 15 (Biognosys, Zurich, Switzerland). A previously generated plasma spectral library was imported from (MaxQuant software analyses). The library contained 2137 protein groups and 16254 peptides. DIA files were searched against the library using default parameters except for the normalization which was set to local. Dynamic mass and retention time tolerances (for both MS1 and MS2) were applied. Qvalue cutoff was set to 1% both at precursor and protein level using a mutated decoy method (Bruderer et al. 2017). The calibration was performed based on a local regression model (Callister et al. 2006). 
Bioinformatic analysis of proteomics profiles
Proteins data were exported from Spectronaut and loaded into the clinical knowledge graph (CKG) together with their matching experimental and clinical data. 
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