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Scope of the thesis 
 

 

 

The work described in this thesis was performed to explore and extend the 

possibilities of liquid chromatography coupled to tandem mass spectrometry (LC-

MS/MS) as an analytical technique for the absolute quantification of proteins in 

complex biological matrices such as serum and plasma. 

For over 50 years, the quantification of proteins in such matrices has commonly 

been performed with ligand binding assays (LBAs). In recent years, however, LC-

MS/MS, which has been the golden standard for the quantification of small 

molecules for more than 20 years, has also been gaining popularity for the 

quantitative determination of proteins. One of the reasons for this trend is the 

possibility to use internal standards to correct for analytical variability which 

improves the precision and accuracy of the results. 

The analytical techniques and principles required for protein quantification with LC-

MS/MS are already commonly used in the area of proteomics, where LC-MS/MS is 

firmly established as an analytical method. However, analysis in that field is typically 

of a qualitative or semi-quantitative nature and to allow successful use for absolute 

protein quantification and compliance with the high quality standards of regulated 

bioanalysis, there is a need for further optimization of analytical approaches. In the 

studies described in this thesis, the main goal was to address several analytical 

challenges commonly associated with protein quantification in biological samples 

and to help extend the possibilities of LC-MS/MS in this field as a true alternative for 

LBAs. Since LC-MS/MS currently is less sensitive than LBA for protein 

quantification, the possibilities to improve the concentration sensitivity without the 

use of antibody-based reagents were investigated with several proteins. The general 
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benefit of LC-MS/MS of a superior precision and accuracy was further explored in a 

systematic way by investigating the impact of several internal standardization 

approaches. The clinically very relevant discrimination between free and antibody-

bound drug levels, which is difficult to establish by LBAs, was another major topic of 

investigation. To explore the general applicability of the results, a variety of protein 

analytes with widely different sizes and molecular masses were studied and both a 

number of biopharmaceuticals and a biomarker were used. In all cases, the 

reliability of the developed methods was demonstrated by an extensive validation 

according to the most recent regulatory guidelines, and the methods were applied to 

a range of biological samples from clinical and pre-clinical studies. 

 

 

Chapter 2 presents an extensive overview of the scientific literature on the various 

internal standardization techniques for protein quantification by LC-MS/MS and 

discusses the way in which these can be applied to reduce assay variability. 

Compared to the quantitative determination of small molecules with LC-MS/MS, in 

which stable isotope labelled (SIL) versions of the analyte are commonly used as 

internal standards, the situation for proteins is more complicated due to the 

application of a proteolytic digestion step. Several ways of internal standardization 

are in use and these are compared and critically evaluated.  

In the other chapters several important aspects of protein quantification with LC-

MS/MS are studied. 

 

 

 Chapter 3 describes the practical comparison of the performance of 10 different 

internal standardization approaches and discusses the obtained results. For this 

purpose we quantified the small biopharmaceutical protein salmon calcitonin as a 

model protein with LC-MS/MS in three different sample preparation workflows which 

are commonly used for protein quantification in the literature; quantification of the 

intact protein directly following an extraction from the sample, quantification of the 

signature peptide after extraction followed by proteolytic digestion and quantification 

of the derivatized signature peptide after extraction, digestion and chemical 

derivatization. For each of these workflows, the available internal standardization 

options were applied and compared. The comparison was performed with protein 

concentrations down to 10.0 pg/mL in human plasma, which is a relevant level for 

proteins of low abundance. The results offer generally applicable information which 

can help researchers select an appropriate internal standardization approach. 

Furthermore, the chromatograms obtained with the different workflows clearly show 

that the myriad of proteolytic peptides which result from the digestion can 

significantly interfere with the LC-MS/MS measurement and thus reduce the 

sensitivity of an analytical method. This finding underlines the importance of a 

selective sample preparation strategy. 
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Chapter 4 explores two features of an analytical method for the absolute 

determination of a 28-kDa biopharmaceutical protein in plasma with LC-MS/MS. 

Firstly, the possibility to obtain a low quantification limit by using an antibody-free 

sample extraction strategy was investigated. A quantification limit of 10.0 ng/mL was 

obtained, which is comparable to the commonly used LBA developed for this 

analyte, and sufficiently low to allow the quantification of the analyte during clinical 

trials. Single-cartridge multi-dimensional solid-phase extraction, a generally 

applicable extraction method for signature peptides from a proteolytic digest, was 

used. The combination of two orthogonal extraction dimensions on one cartridge 

removes sufficient amounts of interfering plasma components to allow quantification 

at the necessary levels and, at the same time, significantly reduces the time required 

for sample preparation. In addition, it minimizes the risk of losing the analyte through 

adsorption to container materials during the sequential drying and redissolving 

steps, which would be required in a multiple cartridge approach. Secondly, the 

method uses an in-house created SIL-internal standard peptide. The use of an 

internal standard created by acid-catalysed oxygen exchange in a validated method 

for the absolute quantification of a protein with LC/MS-MS had not been described 

before. This is mainly due to the instability typically associated with this type of 

internal standard. However, the measures we took to prevent oxygen back-

exchange greatly increase the stability of the internal standard. The methodology 

was successfully validated according to international regulatory guidelines and 

applied to samples from a preclinical trial with the drug. 

 

 

In Chapter 5 an analytical strategy is reported which allows the quantitative 

determination of the total and anti-drug antibody (ADA) bound concentrations of the 

105-kDa biopharmaceutical protein recombinant human alpha-glucosidase. The 

method has general use, as it can be applied to most non-IgG based 

biopharmaceuticals. The majority of the currently available biopharmaceutical 

proteins can illicit an immune response in their host, which leads to the formation of 

ADAs. These ADAs occur in the circulation and bind the drug with high specificity, 

which may result in the reduction of the therapeutic effect. The possibility of 

monitoring the extent of ADA binding of a drug in plasma is, therefore, an important 

feature for any analytical platform used for therapeutic drug monitoring of 

biopharmaceutical proteins. We present an approach to discriminate between free 

and ADA-bound concentrations of alpha-glucosidase, by extraction of the ADA-

glucosidase complex from plasma before digestion and LC-MS/MS analysis. 

Important parameters for the quantitative performance of the approach are 

discussed and the methodology is applied to plasma samples obtained from patients 

with Pompe’s disease who are on long-term treatment with the drug.  
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Chapter 6 describes the development and validation of a quantitative LC-MS/MS 

method for the 7.6-kDa endogenous biomarker insulin-like growth factor 1 (IGF-1) in 

human plasma. This protein is traditionally quantified using LBAs, but the typical 

poor inter-laboratory comparability of this platform has prompted us to investigate 

LC-MS/MS in order to establish a quantitative reference method. The main reason 

for the poor comparability of the LBA methods is the use of several critical reagents, 

all of which are proteins (antibodies), which may show considerable between-batch 

variability and whose quantitative performance is difficult to control. In this chapter, 

an antibody-free LC-MS/MS method is presented with good accuracy and precision 

down to the clinically relevant level of 10 ng/mL in plasma. By selection of two 

signature peptides, the method allows the distinction between mature IGF-1 and the 

potentially occurring different N-terminally extended forms of the protein. The 

absolute nature of the LC-MS/MS method revealed large differences in purity and 

concentration between the reference standards obtained from several suppliers. The 

method was applied to plasma samples obtained from a large number of individuals. 
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I fear not the man who has practiced ten thousand kicks once, but I fear the man 
who has practiced one kick ten thousand times. 

 Bruce lee. 

 

 

  


