
 

 

 University of Groningen

Enhancing the possibilities of LCMS/MS for the absolute quantification of proteins in biological
samples
Bronsema, Kornelis Jouke

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2015

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Bronsema, K. J. (2015). Enhancing the possibilities of LCMS/MS for the absolute quantification of proteins
in biological samples. [Thesis fully internal (DIV), University of Groningen]. University of Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 25-05-2023

https://research.rug.nl/en/publications/d6867400-a286-42f6-b824-a497284b2b57


141 

    6  
 

Development, validation and application of a 

quantitative LC-MS/MS method for insulin-like 

growth factor-1 in human plasma. 
 

 

 

 

 

 

Manuscript in preparation 

 

 

Authors 

Kees J. Bronsema 
1,2

, Rainer Bischoff 
2
, J. Schlaman

1
, F.B.Schalk

1
, Ido P. Kema 

3
, Nico 

C. van de Merbel 
1,2

. 

 

Affiliations 

1. Bioanalytical Laboratory, PRA Health Sciences, The Netherlands. 

2. Analytical Biochemistry, Department of Pharmacy, University of Groningen, The 

Netherlands. 

3. University Medical Center Groningen, Department of Laboratory Medicine, The 

Netherlands. 

  



142 

6.1 Abstract. 

 

Background. Deviations in circulating concentrations of IGF-1 have been used as a 

biomarker in several therapeutic areas. Traditionally, IGF-1 measurements are 

performed by (automated) ligand binding assays, which rely on the consistency of 

critical reagents often resulting in poor inter-laboratory comparability. 

Methods. An LC-MS/MS method was developed that discriminates between mature 

IGF-1 and total IGF-1, including all isotypes with extended amino acid sequences, in 

human plasma. The method is based on tryptic digestion of plasma and 

quantification of two IGF-1 specific signature peptides, one of which occurs only in 

mature IGF-1 while the other is present in all isotypes. Extraction was avoided prior 

to trypsin digestion to prevent any loss of isotypes by differences in extraction 

efficiency. After digestion, solid-phase extraction was applied to enrich both 

signature peptides. 

Results. The method is capable of measuring IGF-1 concentrations over the relevant 

range of endogenous IGF-1 concentrations (calibration range 10 to 1000 ng/mL). 

The method was validated according to regulatory guidelines. Observed differences 

in response between several commercial IGF-1 reference standards demonstrated 

inconsistencies in purity and absolute amount between several commercially 

available IGF-1 preparations. Normalization against the WHO standard for IGF-1 

resulted in a good correlation (<0.97) between the LC-MS/MS method and an 

existing ELISA method. 

Conclusions. LC-MS/MS is a reliable alternative to ligand binding assays (LBAs) for 

the quantitative determination of IGF-1 in plasma. Contrary to LBAs, it does not 

suffer from lot-to-lot variability of critical reagents, although the variable qualityof 

reference standards proved to be a problematic factor for the absolute quantification 

of IGF-1. LC-MS/MS showed that IGF-1 isotypes do not constitute a significant 

fraction of the total plasma IGF-1 content.  
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6.2 Introduction 

 

Insulin-like growth factor 1 (IGF-1) is considered an important biomarker for several 

conditions, such as the human growth hormone secretion disorders acromegaly and 

(Laron-type) dwarfism 
1
, as well as in oncology 

2,3
. Furthermore, IGF-1 is measured 

to assess the effects of calorie restriction as well as in other research in the areas 

related to (healthy-) ageing 
4–6

. It is further monitored as an indicator of growth 

hormone abuse in competitive sports and livestock 
7–9

. 

Quantification of IGF-1 in biological samples is traditionally performed with ligand-

binding assays (LBAs), which show a high variability due to their dependence on 

immunochemical reagents of varying quality 
10,11

. This results in poor inter-laboratory 

comparability and the need for different sets of reference values at different sites. It 

may even be necessary to adjust reference values when new lots of critical reagents 

are purchased. 

The use of liquid chromatography coupled to tandem mass spectrometric detection 

(LC-MS/MS) has gained popularity as an alternative platform for the absolute 

quantification of proteins in recent years 
12–14

. This technique combines an efficient 

chromatographic separation with the highly selective mass spectrometric detection 

of well-defined ions and is, as such, based on the physicochemical properties of a 

specific analyte. LC-MS/MS provides higher accuracy, better repeatability and is 

less prone to interferences from other proteins, which makes inter-laboratory 

comparisons typically more straightforward than for LBAs 
15

. 

Several LC-MS/MS based quantitative methods have been described for IGF-1 for 

clinical diagnostic purposes in plasma or serum. These methods typically employ an 

extraction of IGF-1 to reduce the complexity of the sample, followed by LC-MS/MS 

quantification of either the intact protein or a signature peptide released after trypsin 

digestion. Due to the relatively low molecular mass of IGF-1 (7.6 kDa), its 

physicochemical properties are rather peptide-like which allows it to be separated 

from the majority of large plasma proteins. The use of solid-phase extraction to 

extract IGF-1 from plasma, followed by trypsin digestion and LC-MS/MS analysis 
16

 

has been reported. This approach reached a lower limit of quantification (LLOQ) of 

254 ng/mL, which is insufficient to cover the entire range of reference values which 

spans from 15 to ~650 ng/mL depending on age and gender of the patient
17

. The 

method was therefore mainly used for the detection of acromegaly, as these patients 

typically have an increased circulating IGF-1 concentration up to 2000 ng/mL. 

Another approach to enrich IGF-1 relied on precipitating the majority of plasma 

proteins with acidic ethanol 
18

 while maintaining IGF-1 in the supernatant. After 

neutralization, an on-line extraction using a monolithic reversed phase cartridge was 

used to further clean up prior to LC-MS/MS analysis using a qTOF mass 

spectrometer with high-resolution fragment ion analysis. This method reached an 

LLOQ of 15 ng/mL, which is sufficient to quantify clinically relevant IGF-1 
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concentrations 
19

. The use of immunoaffinity extraction, described by Oran et al. 
20

, 

resulted in sufficiently clean extracts to allow the use of a MALDI-TOF mass 

spectrometer without any further HPLC separation. Although this workflow allowed 

the quantification of IGF-1 down to 5 ng/mL in plasma, batch to batch variability in 

the selectivity and affinity of the antibodies used in the approach are a potential 

source of variability. Furthermore, the measured result does not account for any of 

the IGF-1 isoforms. 

A range of IGF-1 isoforms have been identified and detected in the circulation 
121

, all 

of which have an elongated amino acid sequence, on either the C-terminal or the N-

terminal side of the molecule, or both. A list of the identified IGF-1 extensions found 

in humans is shown in Table 1. So far, the impact of the presence of these isoforms 

on the analytical results for IGF-1 has not been addressed. The various antibody-

based reagents of LBAs may respond to IGF-1 and its isoforms in different ways, 

and the concentration results obtained may thus vary. Likewise, the use of LC-

MS/MS with a chemical or immunocapture extraction as mentioned above might 

introduce a bias into the IGF-1 measurement, as the selectivity of the extraction 

towards the isoforms is unknown and may differ.  

In this paper, we present an LC-MS/MS based method for IGF-1 over the clinically 

relevant range of 10 to 1000 ng/mL in plasma, which distinguishes between mature 

IGF-1 and its various isoforms. Special attention was paid to the selection of 

appropriate reference standards for calibration, which is essential for the accurate 

quantification of endogenous IGF-1 
22,23

. 
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Mature IGF-1:      

GPETLCGAEL VDALQFVCGD RGFYFNKPTG YGSSSRRAPQ TGIVDECCFR SCDLRRLEMY 

CAPLKPAKSA 
N-terminal extensions: 

 Signal peptides 

MGKISSLPTQ LFKCCFCDFL K 

MGKISSLPTQ LFKCCFCDFL KVK 

MITPTVK 

SEAMGKISSL PTQLFKCCFC DFLK 

SEAMGKISSL PTQLFKCCFC DFLKVK 

Propeptide 

MHTMSSSHL FYLALCLLTF TSSATA 

C-terminal extensions: 

 E peptides 

RSVRAQRHTD MPKTQKEVHL KNASRGSAGN KNYRM 

RSVRAQRHTD MPKTQKYQPP STNKNTKSQR RKGSTFEERK 

RSVRAQRHTD MPKTQKYQPP STNKNTKSQR RKGWPKTHPG 

GEQKEGTEASLQIRGKKKEQ RREIGSRNAE CRGKKGK 

       

Table 1. Amino acid sequences of mature IGF-1 and the known naturally occurring N-terminal 

and C-terminal extensions. 

 

 

6.3 Materials and Methods 

6.3.1 Chemicals. 

Methanol, acetonitrile, formic acid, Tween-20, ammonium bicarbonate, ammonia 

(25% in water), non N-Tosyl-L-phenylalanine chloromethyl ketone treated trypsin 

from porcine pancreas, ammonium acetate, hydrochloric acid, sodium chloride, 

dithiotreitol (DTT), iodoacetamide (IAA), urea, ovalbumin (from chicken egg-white), 

phosphate buffered saline solution 1x (PBS), ammonium formate and hydrochloric 

acid (37%) were purchased from Sigma Aldrich (St. Louis, MO, USA). 

Unlabeled and fully 
15

N-labeled IGF-1 were obtained from Prospec (Ness-Ziona, 

Israel). An aliquot of the WHO international IGF-1 reference standard (nr. 02/254) 

was purchased from the National Institute for Biological Standards and Control 

(NIBSC) (South Mimms, UK). An IGF-1 reference sample for interlaboratory 

harmonization was obtained from the Dutch foundation for quality assurance in 

medical diagnostic laboratories (SKML). Aliquots of recombinant human IGF-1 were 

also obtained from R&D systems (Minneapolis, MN, USA) and Sigma Aldrich (St. 

Louis, MO, USA). 
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6.3.2 Preparation of samples. 

A 200 µg/mL stock solution of IGF-1 was prepared by dissolving a 100 µg aliquot as 

purchased (Prospec) in 0.5 mL of proxy matrix (2% ovalbumin in PBS). Two further 

dilutions to 20 and 2 µg/mL in proxy matrix were prepared and used to make 

calibrators with concentrations of 10; 20; 50; 100; 200; 500; 800 and 1000 ng/mL. 

The internal standard stock solution was created by dissolving a 50 µg aliquot as 

purchased (Prospec) in 0.5 mL proxy matrix to obtain a final concentration of 100 

µg/mL. Stocks, dilutions and calibration samples were stored in polypropylene tubes 

at -20°C.  

 

6.3.3 Sample pretreatment.  

Aliquots of 50 µL plasma were pipetted into a polypropylene 96-well plate with a well 

volume of 2.2 mL (Corning B.V. Life sciences, Amsterdam, The Netherlands). The 

proteins in the samples were denatured by the addition of 100 µL of an 8M aqueous 

urea solution which contained 200 ng/mL of the internal standard. After vortex-

mixing for 60 seconds, 100 µL of a 25 mg/mL DTT solution in 50mM ammonium 

carbonate buffer at pH~8 was added for chemical reduction of disulfide bonds; to 

this end the plate was incubated for 30 minutes at 60°C while vortex-mixing at 600 

rpm. By the addition of 100 µL of a 75 mg/mL solution of IAA in 50mM ammonium 

carbonate buffer at pH~8, followed by incubation at room temperature protected 

from light for 30 minutes, the reduced thiol groups were alkylated. Subsequently, 1 

mL of digestion solution containing 5 µg/mL of trypsin and 50 mM of ammonium 

bicarbonate buffer (pH~8) was added and tryptic digestion was performed for 3 

hours at 37°C while vortex-mixing at 750 rpm. The digestion was stopped by the 

addition of 100 µL of 2% formic acid, after which the sample was centrifuged for 5 

minutes at ~2500g. 

The digests were extracted using HLB reversed-phase solid-phase extraction (SPE) 

cartridges with 30 mg stationary phase and a barrel size of 1mL (Waters, Milford, 

MA, USA.). The cartridges were conditioned with 1 mL methanol followed by 1 mL 

2% formic acid in water, after which 1 mL of the digested sample was loaded. The 

cartridges were then washed with 1 mL of a 100 mM ammonium acetate buffer at 

pH 4 which contained 20% of methanol. The peptides were eluted with 1 mL of 0.5% 

ammonia in a 50:50 (v/v) mixture of water and methanol. After evaporating the 

extracts to dryness at 60°C under a gentle flow of nitrogen, they were redissolved in 

200 µL of the injection solvent which consisted of 1% formic acid in a mixture of 

acetonitrile and water (10:90, v/v). 

 

 

 



147 

6.3.4 LC-MS/MS analysis. 

25 µL of the pretreated sample were injected using an I-class UPLC system 

(Waters) equipped with a 150x2.1mm Acquity PST CSH130 C18 column (Waters) 

with a particle diameter of 1.7µm. The mobile phases where 0.1% formic acid in 

water (A) and 0.1% formic acid in acetonitrile (B). Linear gradient elution was 

performed from 10% to 13% mobile phase B in 6 minutes at a flow of 0.4 mL/min 

during which the first signature peptide (APQTGIVDECCFR ) eluted. The 

percentage modifier was increased to 25% B at 6.01 min after which a linear 

gradient to 28% B at 11 min followed, eluting the second signature peptide 

(GPETLCGAELVDALQFVCGDR). After a washing step at 90% B to clean the 

column for 3 minutes, the column was equilibrated at initial mobile phase conditions 

for another 3 minutes before the next injection, which made the total gradient time 

17 minutes. 

For mass spectrometric detection a Xevo-TQS triple quad (Waters) was used with 

an ionization voltage of 3500V; a desolvation temperature of 400°C and a cone 

voltage of 40V. The monitored SRM transitions and their respective collision 

energies for the two signature peptides and their internal standards are shown in 

Table 2. 
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Name Sequence ion / mass fragment / mass CE 

- -  - / m/z - / m/z v  

IGF-1 T-1 GPETLCGAELVDALQFVCGDR [M+3]
3+ 

/ 769.7 y6
1+

 / 753.3 24 

SIL T-1
a
 GPETLCGAELVDALQFVCGDR [M+3]

3+
 / 778.2 y6

1+
 / 762.3 24 

IGF-1 T-4 APQTGIVDECCFR [M+2]
2+

 / 776.8 y7
1+

 / 985.4 27 

SIL T-4
b
 APQTGIVDECCFR [M+2]

2+
 / 785.3 y7

1+
 / 995.3 27  

 a 
Fully 

15
N labelled. 

Table 2. Monitored SRM transitions and their collision energies (CE). 

 

 

6.3.5 Quantitative Ligand binding assay for IGF-1. 

The IGF-1 concentrations obtained by LC-MS/MS were compared to those obtained 

with an automated chemiluminescence sandwich immunoassay for IGF-1 (iSYS, 

IDS, Copenhagen, Denmark). Samples were first diluted and incubated for 30 

seconds with 0.15M HCl to dissociate IGF-I from the binding proteins. Aliquots of 50 

µL pre-diluted sample were neutralized with 100 µL of a tris buffer at pH 8.7 and 

incubated with 25 µL of acridinium-conjugated detection MAb (0.75 mg/L, diluted in 

PBS-BSA) and 25 µL of the biotinylated capture antibody (2 mg/L, diluted in PBS-

BSA). After incubation at 37 °C, 20 µL of streptavidin-coated magnetic particles 

were added. After a second incubation, a washing step was applied under a 

magnetic field to eliminate nonspecific binding, after which the chemiluminescence 

triggers (hydrogen peroxide and, sodium hydroxide) were added and the 

luminescence was recorded as a measure for the amount of IGF-I present in the 

sample. 

 

 

6.3.6 Method validation. 

Method validation for both signature peptides was based on the validation and 

implementation guidelines defined by the Dutch coordinating commission for quality 

management in medical laboratories (CCKL) and the ISO 15189 norm 
24

 addressing 

the following quality criteria: linearity, precision, accuracy, carry-over, interference by 

IFG-1 binding protein-3 (IGFBP-)3, stability of IGF-1 in plasma stored at room-

temperature, -20°C and after 3 freeze-thaw cycles, stability of the signature peptides 

in extracted digests stored in the autosampler, stability of IGF-1 in stock solution 

after storage at -20°C. The trueness of the method was evaluated by comparing the 

results of the LC-MS/MS method with those of a quantitative ligand binding assay for 

IGF-1 as described above and by analyzing the WHO IGF-1 reference sample. 
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6.4 Results and discussion 

6.4.1 Signature peptide selection.  

Mature IGF-1 consists of 70 amino acids, has three disulfide bonds and a molecular 

mass of approximately 7.6 kDa. An in silico trypsin digestion, performed with mMass 
25

, revealed the theoretical formation of eight different peptides, four of which were 

deemed useable for quantification based on their size and the absence of unstable 

(methionine) amino acids in their sequence. Three of these, T-1, T-2 and T-4 were 

identified by LC-MS in a trypsin digest of the IGF-1 stock solution. Comparison of 

the amino acid sequences of these peptides to the non-redundant sequences of the 

known human proteome, using the basic local alignment search tool (BLAST, 

version 2.2.29) 
26

, showed that they were all unique for IGF-1. During method 

development, it became apparent that the T-2 peptide had an unfavorable 

adsorption behavior. Although analytical methods for IGF-1 have previously been 

reported based on the quantification of the T-1 peptide, this peptide contains the N-

terminus of IGF-1, which is subject to proteolytic N-terminal clipping resulting in the 

presence of active IGF-1 isoforms, such as DES(1,3)-IGF-1 
27

 and potentially other 

isoforms which contribute to the overall IGF-1 activity. The T-4 peptide is released 

from all isoforms and therefore constitutes the best possible candidate for the 

quantification of the overall IGF-1 concentration. 

Peptide T-1 (GPETLCGAELVDALQFVCGDR) starts at the N-terminus of mature 

IGF-1and can therefore only be released from the mature form. Theoretically, it 

could also be released from isoforms which are not N-terminally modified or have an 

N-terminal extension ending with a lysine or arginine but these have not been 

described (see Table 1). Although analytical methods for IGF-1 have previously 

been reported based on the quantification of the T-1 peptide, the N-terminus of IGF-

1 is subject to proteolytic N-terminal clipping resulting in the presence of active IGF-

1 isoforms, such as DES(1,3)-IGF-1 
27

 and potentially other isoforms which 

contribute to the overall IGF-1 activity. The T-4 peptide (APQTGIVDECCFR) is 

located in the central region of the mature form of IGF-1 and will therefore be 

released from all known IGF-1 isoforms therefore it constitutes the best possible 

candidate for the quantification of the overall IGF-1 concentration. 

Measurement of T-1 and T-4 will thus give quantitative information about the 

occurrence of mature IGF-1 and total IGF-1, respectively, and any difference 

between the two can be attributed to the presence of N-terminally extended or 

shortened isoforms. 

With the current methodology the presence of C-terminally modified isoforms could 

not be detected, as the tryptic peptide which contains the C-terminus, the dipeptide 

SA, is not uniquely released from IGF-1. To assess the occurrence of these isoforms 

in plasma/serum samples further research will be required. 
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6.4.2 Reference material comparison. 

One of the drawbacks of LBAs for protein quantification is the variability in the 

quality of critical reagents such as capture antibodies, detection antibodies and 

analytical reference standards. As these are produced in genetically modified 

organisms or cells, which are sensitive to variations in growth circumstances, their 

molecular structure and binding specificity may vary. Many LBAs use polyclonal 

antibodies produced in animals, which are likely to have even more variability 

between production batches. For IGF-1, this effect is quite significant and has led to 

a rather large inter-assay and inter-laboratory variability and the need for 

international inter-laboratory harmonization and standardization of analytical 

methods. For antibody-free LC-MS/MS-based methods the situation is different, as 

only the reference material comes from such variable sources. To assess the 

magnitude of this problem for IGF-1, solutions of undigested (mature) IGF-1 from 

several vendors were prepared by dissolving the total amount of the reference 

standard obtained in the appropriate volume of PBS buffer and diluting it to 

5.0µg/mL with a volume of PBS calculated based on the absolute amount and purity 

as supplied with each material.  

 

Figure 1. The relative responses of IGF-1 found for five different reference materials. The 

height of the response is expressed relative to the WHO reference standard for IGF-1 for both 

peptides. The error bars indicate the relative standard deviation from the repeated 

measurements 
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These solutions were analyzed using the instrumental system described in the 

experimental section, with several changes to enable the detection of undigested 

IGF-1. The eight-fold positively charged IGF-1 molecule was monitored at an m/z 

value of 968.8. This m/z value was selected for both quadrupoles, as no 

fragmentation was observed for intact IGF-1. We obtained an unexpected result for 

the material from one supplier that claimed purity above 97% (see supplemental 

Figure S1). Instead of a single chromatographic peak representing IGF-1, two peaks 

were obtained with the same (pseudo)SRM transition, indicating the presence of 

IGF-1 isoforms. Reduction of disulfide bonds with DTT resulted in a single peak 

indicating that the two forms differ in their disulfide bond configuration, a common 

artefact when producing proteins in E. coli-based systems. Whether this 

conformational change affects the LBA remains to be determined. 

A range of reference materials from different sources were compared after 

dissolvation and dilution in proxy matrix to 450 ng/mL, based on the purity and 

absolute amount data that were supplied with each material. The samples were 

analyzed in six–fold for both tryptic peptides with the validated method. The internal-

standard-normalized results for all tested reference standards are shown in Figure 1 

and presented relative to the WHO international IGF-1 standard. Significant 

differences were observed. While precision of the analytical method was good for 

replicates of each standard and results for the T-1 and T-4 peptides were consistent, 

a bias of between 10% and 40% relative to the WHO standard was found. This 

indicates that the quality of commercially available IGF-1 standards in terms of purity 

and/or quantity is rather poor and that the large inter-assay variability of IGF-1 LBAs 

may be attributed not only to differences in the antibody-based reagents but at least 

in part also to inconsistencies of the reference standards. Although the use of LC-

MS/MS circumvents issues with regard to the variability of immunochemical 

reagents, accurate quantitative results can only be obtained when the varying quality 

of the reference standards is also addressed.  

For the described LC-MS/MS method, all three materials could essentially be used 

after correction for the observed deviation from the WHO IGF-1 standardized 

sample. 

 

  



152 

6.4.3 Proxy matrix selection.  

As IGF-1 is present in plasma, an alternative, representative and IGF-1 free matrix 

had to be used for the preparation of calibration and quality control standards. This 

is often done with a solution of a carrier protein, e.g. bovine serum albumin (BSA), in 

a solution which mimics physiological pH and ionic strength, such as PBS 
22-23

. 

However, we found a considerable amount of IGF-1 in our initially chosen proxy 

matrix (2% BSA in PBS), corresponding to approximately 2-5 times the LLOQ of 

10.0 ng/mL for both the T-1 and the T-4 peptides (Figure 2). This could be traced 

back to the BSA, which apparently contained bovine IGF-1 as a minor 

contamination. Most probably, this is a result of the incomplete purification of BSA 

from bovine plasma, which is known to contain the exact same form of IGF-1 as 

human plasma, since the structure of the protein is conserved across several 

mammalian species, including bovine.  

 

Figure 2 LC-MS/MS chromatograms of the IGF-1 peptides T-4 (eluting at 5.0 min) and T-1 

(9.8 min) recorded for a 10 ng/mL calibration standard in proxy matrix with ovalbumin (upper 

pane), a blank proxy matrix with ovalbumin (middle pane) and a blank proxy matrix with BSA 

(lower pane). For each peptide, the three chromatograms are scaled to the same intensity. 
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As an alternative, we found that ovalbumin from chicken eggs did not contain 

significant interferences, and was equally capable of preventing adsorption issues. 

The IGF-1 sequence of this species differs from most mammals by one amino acid 

located in the T-4 peptide and therefore no interference for this peptide was 

expected. The absence of interferences for the T-1 peptide indicates that a proxy 

matrix based on ovalbumin was sufficiently IGF-1 free to be used in a quantitative 

setting. For reliable quantification, the response of the analyte from the proxy matrix 

has to correspond to that found in the actual sample matrix, in this case human 

plasma. This was demonstrated by fortifying a plasma lot, containing endogenous 

IGF-1 at approximately 200 ng/mL, with an additional 100, 200, 300 and 600 ng/mL 

of IGF-1. These samples were analyzed and their concentrations calculated using a 

calibration curve prepared in the proxy matrix. The calculated values for each of the 

fortified plasma pools corresponded to the expected total concentration of IGF-1 

(endogenous + added IGF-1) with an average deviation of 3.7% for T-1 and 7.1% for 

T-4. This indicates that the IGF-1 responses obtained from the proxy matrix and the 

fortified plasma samples were equal and that the selected proxy matrix was indeed 

suitable for use in our method. 

 

Validation item Maximum bias Highest CV 

  (%) (%)  

 

Method characteristics 

 Accuracy and precision (10 runs in 3-fold) -14.7 13.3 

 Accuracy and precision (1 run in 10-fold) -5.7 10.4 

 Linearity -2.1 7.3 

 Interference of IGFBP-3 -13.8 9.4 

 Carry-over (% of response of the LLOQ) +5.9 n.a. 

Stability of total IGF-1 in plasma 

 Bench-top (96h) -14.0 14.9 

 Freeze-thaw -20°C (3 cycles) -6.5 9.7 

 Storage stability -20°C (21 days) -7.6 2.8 

Stability of IGF-1 in stock solution 

 Frozen storage -20°C (195 days) +3.4 2.6 

Stability of the signature peptide in extracted plasma digest 

 Autosampler 10°C (72h) 3.3 4.9  

 

Table 3. The maximum observed total bias and CV values for each validation experiment, as 

obtained for peptide T-1 and T-4. 
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6.4.4 Method validation. 

All individual validation results have been included in the supplemental Tables S1-

S13. A concise summary including the highest total bias and CV values per 

experiment is shown in Table 3. The results show that the method is sufficiently 

accurate and precise (bias and CV below 15%) and that it is not influenced by the 

presence of a 10-fold molar excess of IGF-1 binding protein 3 (IGFBP-3), the most 

common naturally occurring IGF-1 binding protein. In addition, the analyte is 

sufficiently stable during normal sample storage and analysis conditions, allowing 

reliable quantification without special precautions. 

As part of the validation, a comparison of analysis results from the LBA method and 

the results generated with LC-MS/MS was performed. For this purpose, plasma 

samples from 40 patients of both genders with ages ranging from 2 to 87 years were 

used. The results obtained with the LBA and the LC-MS/MS method for both the T-1 

and the T-4 peptides were compared using Bland-Altman plots 
28

 (Figure 3). The 

results of both methods correspond very well with just two of the 40 samples having 

a bias exceeding the 95% agreement interval. The absence of a proportional bias 

indicates that the methods correlate through the entire calibration range. 
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Figure 3. Bland-Altman plots showing the comparison of the results from the LBA method and 

the LC-MS/MS method for both the T-4 peptide (upper pane) and the T-1 peptide (lower 

pane). The 95% confidence intervals are indicated in the dotted lines. 
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6.5 Conclusions. 

We describe a method capable of accurately determining and distinguishing the 

concentrations of total IGF-1 (including all extended IGF-1 isoforms) and mature 

IGF-1 in plasma by digesting untreated plasma, which includes all potential isoforms 

of IGF-1, and avoiding any pre-digestion extraction steps bearing the risk that larger 

isoforms are lost. Following proteolytic digestion, two signature peptides, one 

representing mature IGF-1 and the other representing all isoforms, were released 

and further purified by solid-phase extraction. 

With only 50 µL of plasma, the method is sufficiently sensitive to cover the entire 

range of endogenous IGF-1 concentrations. The method was validated according to 

the standards used in Dutch clinical laboratories and correlated well with a traditional 

LBA. 

By comparing the concentrations found for the two peptides we were able to 

conclude that N-terminal modifications do not constitute a significant portion of the 

plasma IGF-1 content. A comparable finding was previously made 
16

, but the 

analytical strategy did not account for potential losses of larger isoforms from the 

use of an extraction strategy. 

This implies that both peptides are suitable for quantifying mature IGF-1 and that, for 

routine analysis, monitoring only one of them might be sufficient which would 

increase sample throughput. To prevent issues from N-terminal clipping by e.g. 

proteolytic degradation, the T-4 peptide is the preferred peptide for bioanalysis, 

which is contrary to previous methods, which used the T-1 peptide for quantification 

of IGF-1
9,16

. 

By not introducing selectivity at the protein level with (immune based) extractions, 

the measured signal for the T-4 peptide represents all IGF-1 isoforms, including 

those potentially lost during such extraction procedures. The excellent correlation 

between the results obtained with LC-MS/MS and LBA indicates that the presence 

of other IGF-1 isoforms does not constitute a significant portion of the IGF-1 content 

in the measured samples. 

Using the developed method, the IGF-1 content of reference standards obtained 

from several commercial sources were compared and found to have differences up 

to 40%. While the use of absolute LC-MS/MS methods for protein biomarkers, such 

as the one described here for IGF-1, does not suffer from the variability in critical 

antibody-based reagents of LBAs, it still does rely on the quality of commercially 

available reference standards and, at least for IGF-1, these need to be more 

comprehensively characterized. This includes purity and product content 

assessments with analytical techniques which are suitable for absolute 

determinations such as quantitative amino acid analysis. 
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6.7 Supplemental materials for chapter 6 

 

 

Acceptance criteria. As per international guidelines, all Bias and CV acceptance 

criteria were set at 15%, (20% at the LLOQ), except for the stock-stability 

assessments, for which 10% limits were used. 

 

Linearity. Each validation run contained a calibration curve prepared in proxy matrix 

at the following levels: 10.0, 20.0 50.0 100, 200, 500 800 and 1000 ng/mL. The ratio 

of the measured peak area of the signature peptide over that of the internal standard 

was used in calculations. Weighted linear regression was used with 1/xx as 

weighting factor. The obtained correlation coefficient (r
2
) has to be greater than 0.99. 

 

Precision and Accuracy. The within and between run precision and accuracy of 

the method were determined at three concentration levels of IGF-1. The 

endogenous level of IGF-1 in a plasma sample was used as the medium 

concentration level. In this matrix lot, the average value for the measured 

concentrations during the precision and accuracy experiment was used as a nominal 

value during data processing. The low concentration sample was prepared by 

diluting the same matrix lot with proxy matrix by a factor of four and the high 

concentration IGF-1 level was prepared by fortifying the plasma sample with an 

additional 700 ng/mL of IGF-1. 

To assess the within run precision and accuracy, the samples mentioned above 

were analyzed in tenfold in one run, and the between run precision and accuracy by 

analyzing the samples in threefold in ten separately prepared runs, prepared on 

different days. 

 

External Accuracy. The external accuracy of the method was determined in three 

ways. Firstly, using aliquots of the interlaboratory IGF-1 standardization sample 

obtained from The National Institute for Biological Standards and Control (NIBSC). 

Secondly by analyzing aliquots of an interlaboratory harmonization sample obtained 

from the Dutch foundation for quality assurance in medical diagnostic laboratories 

(SKML). And finally by comparing the measured values of a representative amount 

of patient samples analyzed by both the LC-MS/MS method and a LBA. 

 

Interference test. The effect of IGF-1 binding protein 3 (IGFBP-3) on the response 

of the method was assessed using a tenfold molar excess of the binding protein in 

samples prepared in both plasma and proxy-matrix samples, analysed with and 

without IGFBP-3 challenge. 
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Bench-top stability. The high and low validation samples in plasma and equivalent 

samples prepared in proxy matrix were stored on the bench-top exposed to normal 

daylight for 96 hours, after which the samples were analyzed in a run which 

contained a freshly prepared calibration curve. 

 

Freeze-thaw stability. The high and low validation samples in plasma and 

equivalent samples prepared in proxy matrix were stored at -80°C and subjected to 

3 freeze-thaw cycles, in which thawing was performed on the bench-top for a 

minimum of three hours, followed by frozen storage for at least 12 hours. The 

samples were analyzed in a run which contained a freshly prepared calibration 

curve. 

Frozen stability. The high and low validation samples in plasma and equivalent 

samples prepared in proxy matrix were stored at -20°C for XXX days. The samples 

were analyzed in a run which contained freshly prepared calibration curve.  

 

Extract stability in the autosampler. The high and low validation samples in 

plasma and equivalent samples prepared in proxy matrix. The calibration curve was 

directly analyzed, and the extracts were kept in the autosampler at +4°C in the dark 

for 72 hours, after which they were analyzed and calculated against the original 

calibration curve. 

 

Frozen stability of the stock solution. A 0.200 mg/mL stock solution of IGF-1 was 

prepared from the reference material and stored at -20°C. After 195 days of storage 

a second stock solution was prepared freshly. Aliquots from both stock solutions 

were diluted and analyzed in six-fold. Stability evaluation was performed by 

comparing the found concentrations in the samples. 

 

 

Robustness. The robustness of the method was evaluated by evaluating the effect 

of deliberate deviations in critical steps of the sample preparation protocol. 

The time allowed for chemical reduction with dithiotreitol and the subsequent 

alkylation with iodocetamide as well as the duration of the trypsin digestion were 

assessed. 

 

Extraction recovery. By comparing the response measured in a digested sample of 

high concentration before and after the solid phase extraction step, the recovery of 

the extraction was calculated after correcting for differences in dilution.
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Results of the validation experiments for the IGF-1 method. 

Run Concentration (ng/mL)      Corr. slope intercept  

# 10.0 20.0 50.0 100 200 500 800 1000  (R
2
)    

VAL 1 10.7 20.1 47.3 97.5 196 512 791 1005  0.9994 0.0020 0.0006 

VAL 2 10.1 19.9 47.0 102 209 484 806 1013  0.9986 0.0017 0.0039 

VAL 3 9.63 22.2 47.4 93.5 193 505 840 1022  0.9953 0.0020 0.0086 

VAL 4 9.88 20.2 51.2 102 204 478 784 999  0.9992 0.0019 0.0020 

VAL 5 10.1 19.6 48.4 109 202 469 824 976  0.9977 0.0020 0.0067 

VAL 6 9.80 20.4 52.4 100 208 482 770 987  0.9985 0.0019 -0.0036 

VAL 7 10.3 19.0 48.9 102 206 492 799 1012  0.9989 0.0019 -0.0022 

VAL 8 10.5 18.1 47.7 102 200 495 827 1038  0.9968 0.0019 0.0067 

VAL 9 10.4 18.2 50.8 106 203 489 789 999  0.9974 0.0020 0.0018 

VAL 10 10.3 19.0 49.6 99.1 207 475 817 1038  0.9983 0.0020 0.0010 

 

Average 10.2 19.6 48.9 102 203 490 803 1010  0.9980 0.0019 0.0024 

Bias +1.8 -2.1 -2.1 +1.6 +1.4 -2.1 +0.4 +1.0 -- -- -- 

CV 3.2 6.0 3.7 4.1 2.4 2.8 2.6 2.0 -- -- --   

 

Table S1. Individual calibration curve results for the T-1 peptide. The calculation of average, 

bias and coefficient of variation (CV) values was performed before rounding. All values were 

taken from the data-processing software Masslynx 4.1. 

 

 

 

Run Concentration (ng/mL)      Corr. slope intercept  

# 10.0 20.0 50.0 100 200 500 800 1000  (R2)     

VAL 1 10.2 18.1 53.7 100 201 495 802 999  0.9998 0.0028 0.0001 

VAL 2 10.2 15.1* 44.5 99.3 203 492 848 1036  0.9966 0.0035 0.0031 

VAL 3 10.1 19.6 48.2 111 202 467 820 972  0.9964 0.0030 0.0028 

VAL 4 10.0 20.0 49.7 96.8 206 522 767 1000  0.9989 0.0033 0.0025 

VAL 5 9.95 20.7 48.5 93.2 193 507 845 1029  0.9972 0.0029 -0.0026 

VAL 6 10.2 19.2 50.8 95.6 206 498 809 1011  0.9990 0.0029 0.0010 

VAL 7 10.1 19.1 51.3 107 199 468 805 1001  0.9977 0.0030 -0.0049 

VAL 8 10.1 19.5 49.8 104 193 496 808 1007  0.9992 0.0030 -0.0044 

VAL 9 9.39 22.9 48.0 95.1 202 515 804 960  0.9939 0.0030 0.0024 

VAL 10 9.68 21.9 47.2 92.9 212 462 846 1022  0.9940 0.0034 -0.0081 

 

Average 10.0 20.0 49.5 100 201 494 812 1006  0.9974 0.0031 -0.0009 

Bias(%) +0.1 +0.1 -1.0 -0.3 +0.4 -1.3 +1.5 +0.6  -- -- -- 

CV(%) 2.5 7.3 5.2 5.8 3.1 4.1 3.2 2.3  -- -- --   

* value out of limits 

Table S2. Individual calibration curve results for the T-4 peptide. The calculation of average, 

bias and coefficient of variation (CV) values was performed before rounding. All values were 

taken from the data-processing software Masslynx 4.1. 
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Sample results      average bias CV 

 conc. (ng/mL)      (%) (%) 

T-1 peptide 

Fresh 0.398 0.401 0.401 0.404 0.400 0.405 0.402 ref. 0.6 

stored 0.413 0.387 0.394 0.387 0.385 0.396 0.394 -2.0 2.6 

 

T-4 peptide 

Fresh 0.419 0.417 0.423 0.419 0.424 0.430 0.422 ref. 1.1 

stored 0.408 0.397 0.406 0.399 0.398 0.393 0.400 -5.4 1.4 

Table S12. Peak area over internal standard ratio shown for both peptides of the experiment 

to determine the stability of the stock solution during 196 days of storage at -20°C. The 

calculation of average, bias and coefficient of variation (CV) values was performed before 

rounding the values. 

 

 

 

 

 
 

Figure S1. Extraction recovery determined for both peptides in both proxy matrix and plasma 

in all fractions collected from the extraction procedure. The observed signal enhancement in 

some situations might signify a reduction in ion-suppressing interferences. 
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Reduction Alkylation  T1 peak area T4 peak area 

 (min)  (min)  (counts)  (counts)  

 20  30  896,7  339,1 

 40  30  1062,9  329,7 

 60  30  1002,8  329,0 

 60  20  1012,3  347,2 

 60  10  1059,9  368,0  

 

Table S13. Robustness of the reduction and alkylation time. In the validated method both the 

reduction and alkylation were performed in 30 minutes.  

 

 

 

 

 

 

Figure S2. Digestion time course.Iin the validated method a digestion time of 3 hours was 

used. 
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Figure S3. LC-MS/MS chromatograms of undigested IGF-1 from the WHO standard (pane A) 

which has only one single peak while the material from supplier 3 (Pane C) has two. After 

chemical reduction with dithiotreitol, both the WHO standard and the material from supplier 3 

have only one peak. The two separated IGF-1 isoforms present in the material from supplier 3 

differ only in disulfide configuration. 
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