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Extraction of therapeutic proteins from dried blood spots and their 

analysis on Gyrolab 

Populärvetenskaplig sammanfattning 

Hanna Garbergs 

Proteiner är organiska molekyler som bland mycket annat styr olika funktioner i vår kropp. Inom 

sjukvården används numera speciella proteiner som läkemedel för behandling mot reumatism och olika 

typer av cancer. Under utvecklingsprocessen av proteinläkemedel måste bland annat analyser av 

koncentrationen av läkemedlet i blodet hos patienten eller försöksdjuret kunna utföras. Ett sätt att 

analysera koncentrationen av proteinläkemedel, som studerats under det här examensarbetet, är genom att 

applicera blod innehållande proteinläkemedlet till filterpapper, låta det torka för att sedan inför analys 

extrahera läkemedlet från filterpappret i en lämplig vätska. För att analysera koncentrationen av 

läkemedlet har det bioanalytiska systemet Gyrolab använts. Systemet är ett litet laboratorium på en CD 

skiva där man kan analysera koncentrationen av till exempel ett proteinläkemedel. Fördelen med att 

använda Gyrolab är att endast 0,000003 liter prov behövs för att kunna utföra en analys, vilket leder till 

att små mängder blod går åt. När man kombinerar provtagning med hjälp av filterpapper med analys av 

prover i Gyrolab skapar man förutsättningar att kunna följa hur koncentrationen av ett proteinläkemedel 

förändras över tid i ett enskilt försöksdjur, en omständighet som i sin tur innebär att antalet djur som ingår 

i en studie kan reduceras samtidigt som kvaliteten på informationen förbättras.  
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2 Abbreviations  
A  Absorbance  

Aa   Amino acid 

Ab  Antibody 

Abs  Antibodies 

b  Biotinylated  

BIA  Bridging immunoassay 

BSA  Bovine serum albumin 

CD  Compact Disc 

CV  Coefficient of variance 

Da  Dalton 

DBS    Dried blood spots 

DOL  Degree of labeling 

EGFR   Epidermal growth factor receptor 

EMA  European Medicines Agency  

f  Fluorescently labelled  

FAB  Fragment antigen binding 

FC-region Fragment crystallizable region 

FDA  Food and Drug Administration 

HPLC  High performance liquid chromatography 

IAA   Indirect antibody assay 

Ig  Immunoglobulins  

k  Kilo 

LBA  Ligand binding assay 

LBABFG  Ligand Binding Assay Bioanalytical Focus Group 

LIF  Laser induced fluorescence 

LLOQ  Lower limit of quantification 
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mAb  Monoclonal antibody 

mAbs  Monoclonal antibodies  

MW  Molecular weight 

PBS  15 mM phosphate buffer and 150 mM NaCl, pH 7.4 

PBS-T   15 mM phosphate buffer and 150 mM NaCl, pH 7.4 and 0.01% Tween 20  

PMT  Photomultiplier tube 

QC  Quality control 

RE   Relative error 

S/B  Signal to background 

TNF-α  Tumor necrosis factor alpha  

ULOQ  Upper limit of quantification 
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3 Introduction 

3.1 Background 
In the early 60s Robert Guthrie and Ada Susi published a ground-breaking article (Guthrie et al., 1963). 

The article described a method for screening infants for phenylketonuria, a disease that if untreated leads 

to brain damage. Guthrie and Susi used filter paper to sample blood from infants and measured after 

extraction the presence of elevated levels of phenylalanine. Since 1965 all infants in Sweden have been 

screened for phenylketonuria (Larsson, 2010). Dried blood spots (DBS) represent a sampling technique 

that uses cotton or cellulose fibre based paper for blood spotting (Pitt, 2010). After drying, a portion of 

the spot can be utilized and the analyte of interest can be extracted and analysed.  

The DBS technique has been used for a long time. During the last few years there has been a revival of 

the technique due to its low sample volume consumption, easy shipment and storage, and simple handling 

(Hannam et al., 2010). Today DBS is used for drug monitoring along with qualitative or quantitative 

screening for metabolic dysfunctions (Edelbroek et al., 2009).  

Therapeutic monoclonal antibodies (mAbs) have been used for 20 years as therapeutics, primarily treating 

oncologic diseases, inflammatory and hematological disorders (Keizer, 2010). The market for therapeutic 

mAbs is rapidly growing. Today there are more than 20 mAbs or antibody (Ab) fragments on the market 

(Chames, 2009). The six top ten selling mAbs or Ab like proteins reached sales values of $34,2 billions 

during 2009 (Walsh, 2010). To our knowledge, the use of DBS for analysis of therapeutic antibodies 

(Abs) has only been described in one article so far (Prince et al., 2010).  

3.2 Therapeutic antibodies 
Abs are 150 kiloDalton (kDa) stable proteins that bind with high specificity and selectivity to an antigen 

(Chames, 2009). The chemical and basic structure of an Ab is illustrated in Figure 1. Abs can be used as 

therapeutic proteins because the variable region of the heavy and light chain can bind to a specific antigen 

of interest and therefore, for example, block the antigen from exerting its normal biological functions. 

Chimeric Abs originate partly from human immunoglobulins (Ig) with the variable domain often being of 

mouse origin. A murine Ab is of 100% mouse origin. The more murine mAb, the higher is the risk that 

patients react to the mAb, recognize it as foreign and thereby develop Abs against the mAb and thereafter 

eliminate the mAb.  
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A) 

 

B) 

 
Figure 1. A) Chemical structure of an Ab (Drugbank, DB00002). Figure used with permission from Craig Knox. B) Schematic 

structure of an Ab. The Ab has two identical heavy chains and two identical light chains. The light chain is built up by two 

domains and the heavy chain is built up by four domains. The red blocks represent the variable regions and the blue blocks 

represent the constant regions. The antigen binding sites are marked with two hatches. The black lines that connect the building 

blocks are disulphide bridges preserving the 4-chains structure. The blue lines connecting the blocks are called the hinge region. 

The upper part of the Ab (containing the light and half of the heavy chain) is called the fragment antigen binding (Fab) and the 

lower part is called fragment crystallizable region (Fc-region).    

MAbs have long half-lifes compared to other non-mAb drugs (Keizer, 2010). The mAbs available on the 

commercial market have half-lifes in the range 30 minutes to 26 days. Other examples of pharmacokinetic 

characteristics that differentiate mAbs from other drugs are that the distribution of mAbs to tissue is slow. 

The slow distribution is a consequence of the size and sometimes hydrophobic nature of the mAbs. 

Therapeutic mAbs also often give a non-linear metabolism and distribution (Lobo, 2004).  

Two approved mAbs (IgG1) for therapies are Infliximab with trade name Remicade (approved by FDA 

1998 and EMA 1999) and Cetuximab with trade name Erbitux (approved by FDA and EMA 2004) 

(Chames, 2009).  

The target antigen of Infliximab is tumor necrosis factor alpha (TNF-α) (Drugbank, DB00065). The drug 

binds both the transmembrane and soluble form of TNF-α and neutralizes the biological activity of the 

receptors to TNF-α. The binding of Infliximab to TNF-α among other pharmacological effects, inhibits 

production of pro-inflammatory cytokines. Infliximab is a chimeric Ab and is used for treatment of 

psoriasis, rheumatoid arthritis and Crohn’s disease as well as several other inflammatory disorders. The 

half-life of Infliximab in serum is 9.5 days and the reported affinity for TNF-α is Ka=10
10

 M
-1 

(Scallon et 

al., 1995). After infusion of the recommended dose, which is 5 mg/kg body weight, the median peak 

concentration in serum is 118 µg/mL (F Cornillie, 2001).  

Cetuximab is a chimeric Ab used for treatment of metastatic colorectal cancer (Drugbank, DB00002). The 

mAb binds and blocks the epidermal growth factor receptor (EGFR) and thereby competitively inhibits 

epidermal growth factor to bind to its receptor. The blocking of EGFR inhibits the cell from growing and 

induces apoptosis. The indirect immunoassay consisting of Cetuximab as analyte, EGFR as capture and 

JDC-1 as detection reagent has been validated on the bioanalytical system Gyrolab™ (see 3.4 Gyrolab), 

resulting in an analytical range of 2-500 ng/mL Cetuximab (Eckersten et al., 2010).  
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3.3 Dried blood spots 
DBS is a sampling technique where 15-50 µL blood can be applied and absorbed to specially designed 

filter papers (see Figure 2) (GE Healthcare, 2010). After 2 hours of drying a disc can be punched out and 

the analyte can be extracted by addition of extraction liquid. Whatman (GE Healthcare) provides three 

different types of cards, two of which are treated with substances to denature endogenous enzymes. The 

dried blood spot card DMPK-C is an untreated card that can be used with biomolecules (see Figure 2). 

Using DMPK-B for blood spotting and extraction of Abs do not work and using DMPK-A gives a relative 

recovery of 44%, compared to using DMPK-C (Prince et al., 2010).  

 
Figure 2. Dried blood spot card. 15 µL blood is spotted on this DMPK-C card. A 3 mm Uni-Core punch is seen just above the 

card.   

Many of the analyses of DBS specimens is performed using high performance liquid chromatography 

(HPLC) together with tandem mass spectroscopy or fluorescent detection and UV (Edlbroek et al., 2009). 

Also other kinds of immunoassays have been used together with DBS.  

3.3.1 Pro’s and con’s of DBS 

The analyte on the DBS card is stable for many weeks or years if properly stored (Edelbroek et al., 2009). 

The extraction methods used for DBS typically give inter assay precision and accuracy below 15%, which 

is the limit for providing reliable results according to Guidance for Industry (FDA et al., 2001). After 

sampling and two hours of drying the filter card can be put in an envelope along with a desiccant and 

thereafter be shipped (Parker et al., 1999; Li et al., 2010; Spooner et al. 2009). Typically plasma is 

processed from blood before analysis of drugs and metabolites. In order to generate plasma from whole 

blood requires processing, large amounts of blood (often more than 0.5 mL) and shipping on dry ice. 

Therefore the DBS technique is cheap and more easy to use compared to use plasma.  

Using DBS often requires that the laboratory is equipped with sensitive and often expensive analytical 

techniques (e.g. mass spectroscopy) (Edelbroek et al., 2009). The hematocrit
1
 is known to have an effect 

of the area of the blood spot (Denniff et al., 2010). The hematocrit will therefore influence the 

concentration of the analyte extracted from the filter paper. The analytical variation of the performance of 

the filter paper produced by Whatman (GE Healthcare) is 4-5% (Mei et al., 2010).  

3.3.2 3R’s 

The principles of the 3R’s are guidelines of how to minimize the use and suffering of experimental 

animals (Robinson, 2005). The 3R’s stands for replacement, refinement and reduction. ¨Replacement¨ 

means replacing experiments on animals with, for example, computational modeling or cell cultures. 

                                                      
1
 The hematocrit is the relative amount of red blood cells compared to the total volume of the blood. The Hematocrit 

varies between individuals.  
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Refinement¨ signifies that the methods used should minimize pain, suffering and distress for the animal. 

¨Reduction¨ stands for methods that enable fewer animals to be used and still give the same results or gain 

even more information from using the same number of animals.  

In order to maintain healthy animals during experimental activities only small amount of blood can be 

allowed for blood sampling (Diehl et al., 2000). When taking 7.5% of an animal’s circulating blood it 

takes approximately one week for the animal to recover. Using 7.5 % of one mouse’s circulating blood 

volume enables 100 µL blood to be taken yielding at best 50 µl of plasma. Therefore, in order to generate 

the required amount of blood for analysis, multiple serial composite
2
 sampling is often utilized which 

result in increased numbers of animals used in experiments. When using DBS only as little as 15 µL 

blood can be utilized to generate one spot that can be used for analysis (Prince et al., 2010). Using DBS 

might therefore lead to less animals being used which is in alignment with the ¨Reduction¨ aspect of the 

3R´s.  In addition, DBS allows for more consistent data due to serial sampling of individual animals 

instead of composite sampling.  

3.4 Gyrolab 
Gyrolab is a bioananalytical system which based on micro fluidic principles utilizes immunoassay 

techniques in a spinning compact disc (CD) (Gyros, applications, 2010). The technique is automated, 

needs small sample volumes and yields results within the hour, and is therefore potentially a high-

throughput method. Different applications on the system are biomarker monitoring, pharmacokinetics, 

pharmacodynamics, immunogenicity, product quantification and impurity testing.   

3.4.1 Immunoassays 

Gyrolab utilizes different types of immunoassays in order to measure the analyte. An immunoassay is a 

bioanalytical method that can be used to quantify an analyte (Findlay et al., 2000). A dose-response curve 

can be created where the reaction between the antigen and Ab and thereby concentration of analyte can be 

measured.  

Streptavidin is a 60 kDa large protein and contains of 4 subunits, each unit specifically binding one biotin 

(244.31 Da) with a non-covalent interaction with an affinity constant of 10
15

 ligands*mol
-1

 (Diamandis et 

al., 1991; Hermanson, 1995). This affinity constant is typically more than 1000 times greater than the 

interaction between an Ab and its ligand. In most situations biotin does not interfere with the activity of 

proteins. A protein can be covalently conjugated with biotin using the amine group of the protein. 

Labeling proteins with biotin make it possible for the protein to bind streptavidin with high specificity 

which is feasible in immunoassays.  

Two out of many types of immunoassays that can be used in Gyrolab for quantification of Abs are 

indirect antibody assay (IAA) and bridging immunoassay (BIA), schematically illustrated in Figure 3.  

Streptavidin coated beads are used in order to allow the capture reagent (green in Figure 3) of the reaction 

to bind to the bead. The capture reagent is biotinylated (b) and therefore binds the bead. The analyte (blue 

in Figure 3) can thereafter bind to the capture reagent followed by a fluorescently labeled reagent (yellow 

in Figure 3) which then can be detected with laser induced fluorescence (LIF).  

                                                      
2
 Sampling from many animals. 
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Human or animal plasma is often used for determination of the concentration of proteins utilizing 

immunoassays. Usually in order to be able to analyse samples when using IAA, the sample must be 

diluted to less than 10% plasma. 

A) 

 

B) 

 

Figure 3. A) IAA B) BIA. IAA utilizes an immobilized antigen as capture reagent, with which the analyte interacts, and a mAb 

with affinity for the Fc-part of the analyte as detection reagent. When using BIA the antigen of the analyte is used both as 

detection and capture reagent. Used with permission from Gyros AB.  

3.4.2 Bioaffy CD 

Bioaffy™ CDs come in three different versions all containing beads coated with streptavidin (Gyrolab 

User Guide, 2010; Product sheet Gyrolab Bioaffy CDs and Rexxip buffers, 2010). The structure of the 

Bioaffy CD is illustrated in Figure 4. The main differences between the CDs are the volume definition 

chambers which are 20 nL, 200 nL and 1000 nL respectively. The capture beads used in the Bioaffy 20 

HC CD are TSK-GEL particles (spherical silica or polymeric resins (TSK-GEL, 2010)) and in the Bioaffy 

200 and 1000 Dynospheres. The Bioaffy CD 20 HC is used for analysis of samples in the range mg/L. 

Bioaffy 200 and 1000 are used for analysing lower concentrations of analytes. Using Bioaffy 200 and 20 

HC allows the user to obtain up to 112 data points. Bioaffy 1000 can be used to analyse 96 samples.  

 

Figure 4. The structure of Bioaffy CDs. Bioaffy 20 HC and 200 consist of 14 segments. Bioaffy 1000 has 12 segments. Every 

segment has 8 microstructures which generate one data point each. One Bioaffy 200 and 20 HC CD respectively can be used to 

analyse 112 samples. Bioaffy 1000 can be used to analyse 96 samples. Every microstructure has one pre packed affinity column 

which consists of streptavidin-coated beads. The media used in the columns are, using Bioaffy 1000 and 200, streptavidin-coated 

Dynospheres and using Bioaffy 20 HC, streptavidin coated TSK-GEL particles. The figure is used with permission from Gyros 

AB.  
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A microstructure consists of different functional parts (Gyrolab User Guide, 2010). A schematic picture 

of the microstructure can be found in Figure 5. The wash, capture and detection reagents are added 

through the common channel for liquid distribution. The sample to be analysed is added through the 

individual inlet containing a volume definition chamber. Hydrophobic barriers prevent the liquid from 

moving within the CD in an uncontrolled manner. Spinning the CD enables centrifugal force to push the 

solution over the hydrophobic barriers and onto the affinity-capture column. After washing, the capture 

reagent is added and spun through the column. The capture reagent, which is biotinylated, binds to the 

streptavidin coated beads in the capture column. The samples are added and the analyte is captured by the 

immobilized capture reagent in the column. Moreover, the detection reagent is added in the volume 

definition area and allowed to bind to the captured analyte molecule when spun through the column. After 

a few wash steps the fluorescent response level, which is proportional to the analyte concentration, is 

detected with LIF.  

 

Figure 5. The functional parts of a microstructure. Each microstructure consists of different functional units. There is an 

individual inlet leading to the volume definition chamber. The common channel for liquid distribution is connected to the volume 

definition area. The affinity capture column is 15 nL. There are two hydrophobic barriers as indicated to make sure that the 

correct volume is distributed on the CD. The overflow channel ensures reproducible filling of the reagents. The figure is used 

with permission from Gyros AB.      

3.4.3 Gyrolab detector 

The detection reagent is labeled with a fluorophore which enables detection with LIF. When the laser 

emits light the fluorescent labeled reagent is excited (Hamamatsu PMT Handbook, 2006). When the 

excited electron jumps back the atom emits light. This light is detected with a photomultiplier tube 

(PMT). The device multiplies the signal by allowing the light to excite the electrons in the tube which 

then multiplies the signal. The signal is detected by the anode in the end of the tube.  

There are three different PMT adjustments that typically are used with Gyrolab, 1%, 5% and 25% 

(Gyrolab User Guide, 2010). The different PMT settings allows different lengths of the PMT to be used 

and therefore results in different strengths of the signal.  

3.4.4 Why to use Gyrolab instead of ELISA?  

Gyrolab uses immunoassay technology in CD micro laboratories. ELISA also performs immunoassays 

but in micro titer plates. The same basic technique is used but in different settings. ELISA is the most 

common technique used for immunoassays and therefore it is relevant to compare Gyrolab to ELISA.  
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As can be seen in Table 1 Gyrolab need only 3 µL sample to generate one data point, compared to ELISA 

that need 50 µL sample (Inganäs et al., 2008). In a pharmacokinetic study in 20% human serum 

conducted by MedImmune the dynamic range increased from 63-315 ng/mL to 13-2500 ng/mL when 

using Gyrolab instead of ELISA. Also the assay development time is shorter using Gyrolab compared to 

ELISA (3 days compared to 2 weeks) and the coefficient of variation (CV) is <25% using ELISA and 

<12% using Gyrolab. The assay time including preparations is 3 hours using Gyrolab and 3 days using 

ELISA.  

Table 1. Comparative study between development of an immunoassay on ELISA and Gyrolab done by MedImmune.  

 ELISA Gyrolab 

 

Assay development time  2 weeks 3 days 

Assay time including 

preparations 

3 days 3 hours 

Precision (CV) <25% <12% 

Measurement range  63-315 ng/mL 13-2500 ng/mL 

Sample volume  50 µL 3 µL 

3.5 Validation of immunoassays  
Validation is preformed to make sure that the analytical process is valid (Findlay et al., 2000). 

Immunoassays present a challenge for validation mainly because the assay depends on the binding 

between an analyte and Ab (a ligand binding assay (LBA)). Therefore the accepted and used statistical 

acceptance criteria for immunoassay validation are less demanding than proposed by FDA and in the draft 

from EMA (EMA, 2009; FDA, 2001). The statistical criteria for LBA have been developed by Ligand 

Binding Assay Bioanalytical Focus Group (LBABFG) (DeSilva et al., 2003).  

Validation is built up of three main parts; method development / pre-validation, pre-study validation and 

in-study validation (Findlay et al., 2000; DeSilva et al., 2003). Fields to investigate are assay reagents, 

specificity, selectivity, matrix, standard curves and calibrators, precision and accuracy, range of 

quantification, sample stability, dilution linearity, parallelism and robustness. Pre-validation is used to 

develop a method which includes selection of Ab reagents, evaluation of the specificity of the Ab 

reagents, selection of standard curve fit model and ultimately to determine the range of the standard 

curve. During pre-validation the assay is studied with regards to accuracy, precision, dilutional linearity, 

standard curve range, specificity (ability to bind the antigen of interest) and selectivity (ability to measure 

the analyte of interest in presence of compounds similar to the analyte), stability of analyte and the 

manual and automated process (robustness). During the pre-study validation the method from the pre-

validation is confirmed. During the in-study validation the developed method is applied.   

Sample stability should be tested with repeated freeze and thaw cycles, 2 hours on bench stability and 

refrigeration for at least 24 hours (Findlay et al., 2000; DeSilva et al., 2003; Smolec et al. 2005; Kelley et 

al. 2007). The standard curve should include at least 6 different standard points, in addition to the blank, 

in at least duplicates. Choosing standard curve anchor points should be done in order to make sure that the 

curve fitting is good. The point for investigation of linear dilution should be chosen to the highest value 

that could be monitored in a study. The dilutions should be made so that the final concentration of the 
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data points ends up further up on the calibration curve (to study if there are any hook effects
3
) and on the 

calibration curve. To perform a pre-study validation, at least six different validation runs should be made 

in minimum three days with two different analysts. During the validation quality control (QC) samples in 

at least three replicates should be used at lower limit of quantification (LLOQ), less than three times 

LLOQ, midrange, high and upper limit of quantification (ULOQ). Formulas for the statistics can be found 

in Appendix 1. Limits for acceptance criteria can be found in Table 2.  

Table 2. Limits for acceptance criteria for immunoassays.  

Acceptance criteria Limit 

Total error <30% (40% at LLOQ) 

Precision (CV, variance) <20% (25% at LLOQ) 

Accuracy (Mean Bias, Relative Error (RE)) <20% (25% at LLOQ) 

3.6 Aim 
The aim of this diploma work is to develop a method using the DBS technique for blood sampling of 

therapeutic Ab and extraction and analysis of the analyte. The analysis is preformed on Gyrolab. The 

development of the method will consist of the following parts. 

 Initial method development and selection of model system using the DBS technique.  

 Method development of extraction of analyte using the DBS procedure and the immunoassay 

chosen. 

 Partial pre-validation using the developed immunoassay. 

The aim is to develop a method by which an analyte can be extracted and measured in a broad 

concentration range, in as low concentration as possible and at high precision. The optimized method will 

use small amounts of blood and therefore also reduce the number of animals that are needed for studies on 

therapeutic protein drug monitoring, contributing to implementation of the 3R’s, replace, reduce and 

refine. 

 

 

 

 

 

 

 

                                                      
3
 Hook effect means that a sample that is analysed with a nominal concentration higher than ULOQ measures a 

concentration below ULOQ.  
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4 Materials & methods 

4.1 Materials 

4.1.1 Consumables 

FTA DMPK-C filter paper (WB129243), dry rack with Velcro (WHAT10539521) and Harris Uni-Core 

punch 3 mm and 6 mm (WB100039 and WB100040) were obtained from GE Healthcare, former 

Whatman (Uppsala, Sweden). Ahlstrom 226 Specimen Collection Paper (IDBS1004) was obtained from 

ID Biological Systems (Greenville, SC, USA). Polystyrene assay plate (extraction plate) with 250 µL 

working volume and U bottom (353910) and Plate film pressure sensitive (353073) were purchased from 

VWR (Stockholm, Sweden). Gyrolab Bioaffy™ 200 (P0004180), Gyrolab Bioaffy™ 1000 (P0004253), 

Micro plate (P0004861) and Micro plate foil (P0003160) were supplied by Gyros (Uppsala, Sweden). 

Nanosep 30 K membrane (OD030C35) and Nanosep 3 K membrane (OD003C33) were obtained from 

Pall Corporation (Lund, Sweden). The syringe filter Millex GP 0.22 µM, sterile, was supplied by 

Millipore (Solna, Sweden). Protein Desalting Spin column (89849) was obtained from Thermo Scientific 

(Stockholm, Sweden).  

4.1.2 Reagents  

Mouse Anti-Human IgG (γ chain specific), clone JDC-10, (9040-01) was supplied by SouthernBiotech 

(Birmingham, AL, USA). Purified Mouse Anti-Human IgG1 clone JDC-1 (555871) and purified Mouse 

Anti-Human IgG clone G17-1 (555868) were obtained from BD Bioscience (Stockholm, Sweden). 

Recombinant Human Epidermal Growth Factor Receptor, Sf9 (PKA-344) was obtained from Prospec 

(Rehovot, Israel). Recombinant Human Epidermal Growth Factor Receptor (10001-H08H) was also 

purchased from Sino Biological Inc (Beijing, China). Biotinylated Bovine Serum Albumin (BSA) (B-

2007) was obtained from ImmunKemi (Järfälla, Stockholm). Recombinant Human TNF-α (Z01001) was 

purchased from GenScript Corporation (Piscataway, NJ, USA). Rat anti-mouse IgG, clone 8.F.161 was 

obtained from US Biological (Swampscott, MA, USA). 

Cetuximab (trade name Cetuximab,) Infliximab (trade name Infliximab) and Avastin (trade name 

Bevacizumab) were obtained from Apoteket Akademiska (Uppsala, Sweden).  

Rexxip
TM

 A (P0004820), Rexxip AN (P0004994), Rexxip F (P0004825), Rexxip HN (P0004996) and 

Rexxip H (P0004822) were supplied by Gyros (Uppsala, Sweden). 15 mM phosphate buffer and 150 mM 

NaCl, pH 7.4 (PBS) 10x pH 7.2 (70013016), Alexa Fluor 647 Monoclonal Ab Labeling Kit (A-20186) 

and Alexa Fluor 647 Microscale Protein Labeling Kit (A-30009) were purchased from Invitrogen 

(Lidingö, Sweden). Bovine serum albumin (BSA) 10% (126615) was obtained from Calbiochem. EZ-

Link Sulfo NHS-LC-Biotin (89849) was supplied by Thermo Scientific (Stockholm, Sweden).  

NaH2PO4 (280013.264) was obtained from VWR. Na2HPO4 (31.08.13), Tween 20 (8.22184.0500) and 

NaCl (1.06404.1000) were supplied by Merck (Solna, Sweden). NaN3 (103692K) was obtained from 

BDH.  

Human EDTA blood was obtained from laboratory blood donors from Akademiska sjukhuset (Uppsala, 

Sweden).  
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4.1.3 Systems 

Centrifuge Biofuge primo 7593 was obtained from Heraeus instruments (Hanau, Germany). Centrifuge 

5810R (rotor A-4-62) was supplied by Eppendorf (Copenhagen, Denmark). Centrifuge Pico 17 was 

obtained from Thermo Scientific (Stockholm, Sweden). Gyrolab was supplied by Gyros (Uppsala, 

Sweden). The rotating/turning device was obtained from Selecta P. The spectrophotometer 2100 pro was 

supplied by Amersham Bioscience (Uppsala, Sweden). The micro centrifuge was obtained from ALC. 

4.2 Methods 

4.2.1 Protein labeling 

4.2.1.1 Calculation of extinction coefficient and molecular weight 

The extinction coefficient and molecular weight (MW) was calculated using the ExPaSy ProtParam tool. 

The tool utilizes the amino acid sequence of the protein, and use the Edelhoch method with the 

contribution to the extinction coefficients for tyrosine and tryptophan from Pace, to calculate the 

extinction coefficient (Pace et al., 1995; Edelhoch 1967). The extinction coefficient was also calculated 

according to Mach et al. where the contribution to the extinction coefficient is 5540 M
-1

 per tyrosine and 

56920 M
-1

 per tryptophan (Mach et al., 1992).  

4.2.1.2 Buffer exchange and protein concentration 

Buffer exchange and protein concentration was performed on Nanosep devices by centrifugation at 

10000xg for 1-5 minutes and diluting the sample in PBS, filtered with a 0.22 µM filter for syringe, 

repeatedly for at least three times using Nanosep 30 K for Ab and Nanosep 3 K for TNF-α.   

4.2.1.3 Fluorophore labeling of  proteins 

The following steps were preformed following the protocols Alexa Flour 647 Monoclonal Ab Labeling 

Kit (A-20186) (to label 100 µg monoclonal antibodies) and the protocol Alexa Fluor 647 Microscale 

Protein Labeling Kit (A30009) (to label proteins 20-100 µg). Buffer exchange was performed to PBS if 

the buffer contained NaAzid, glycine or tris(hydroxymethyl)aminomethane (see 4.2.1.2).  The sample was 

concentrated or diluted to a final concentration of 1 µg/µL (see 4.2.1.2).  A tenth 1 M sodium carbonate 

of the volume of the protein or mAb to be labeled was added to the protein or mAb, mixed and moved to 

the vial containing the active dye. The active dye from the kit was used for labeling of the mAb. The 

amount of dye to be added to the protein was calculated according to Equation 1, where MR is the molar 

ratio. For TNF-α MR was chosen to 10. For EGFR MR was chosen to 12.  

Equation 1. Amount of dye to add to the protein.  

µL reactive dye to add to protein=(µg protein/protein MW)*1000*MR/7.94 

The sample was incubated for one hour using the mAb and 15 minutes using the protein, covered with 

foil on a spinning/rotating device. For desalting of the mAb: The column was packed with the resin from 

the kit to a final bed height of 1.5 mL. The column was centrifuged at 1100xg for 3 minutes. The sample 

was added to the resin and the column was centrifuged in a swing out rotor at 1100xg for 5 minutes. For 

desalting of proteins: 800 µL of the resin was added to the column and the device was centrifuged at 

16000xg for 15 seconds. The sample was added and the column was centrifuged for 1 minute at 16000xg. 

The protein and mAb was diluted 1:10 and the absorbance was measured at Absorbance280 (A280) and 
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A650 using PBS as reference solution. The protein concentration and degree of labeling (DOL) was 

calculated according to Equation 2 where ε is the extinction coefficient. 

Equation 2. Calculation of DOL. 

Protein concentration (M)= (A280-(A650*0.03))*dilution factor*cuvette length/ε 
ε=depending of the protein and 203000 cm-1M-1 for IgG at A280. 
DOL: moles dye per mole protein=(A650*dilution factor*cuvette length/ (ε*protein concentration(M)) 
ε=239000 cm-1M-1 of fluorophore dye at A650.  
 
The labeled protein was diluted to 1000 nM in PBS+0.2% BSA (filtered with 0.22 µM filter for syringe) 

and stored in freezer (-20˚C).  

4.2.1.4 Biotinylation  

The following steps were done according to the protocol EZ-Link Sulfo NHS-LC-Biotin (2010). The 

storage buffer for the mAb was exchanged to PBS if the buffer contained NaAzid, glycine or 

tris(hydroxymethyl)aminomethane (see 4.2.1.2). The sample was concentrated or diluted to a final 

concentration of 1 µg/µL (see 4.2.1.2). 1 µg/µL EZ-Link Sulpho NHS-LC-Biotin was added to the 

sample at a molar access of 12 times. The solution was mixed and incubated for 1 hour. The protein 

desalting spin column was centrifuged at 1500xg for one minute. The solution was added (maximum 100 

µL) and the column was centrifuged at 1500xg for two minutes. The absorbance was measured and the 

protein concentration was calculated according to Equation 3 where ε is the extinction coefficient. The 

solution was stored in 4-8˚C. 

Equation 3. Calculation of protein concentration. 

Protein concentration (mg/mL)= A280*dilution factor/(ε*cuvette length) 

4.2.2 Extraction using DBS 

4.2.2.1 Preparation of blood 

The desired concentrations of the analyte, Infliximab or Cetuximab, were obtained by adding the analyte 

to human EDTA blood followed by serial dilution of the Ab in neat blood. The spiked blood was spotted 

to the DBS card by applying 15 µL or 5 µL blood to the card. The tip of the pipette was not allowed to 

touch the card. To generate spiked EDTA plasma the resulting blood from the blood preparation was 

centrifuged at 2000xg for 10 minutes. The plasma was aliquoted, stored in the freezer and referred to as 

the original reference plasma. Non-spiked blood was centrifuged at 2000xg for 10 minutes and the plasma 

was removed and stored in the freezer (-20˚C). This plasma was used for preparation of the reference 

curve. The spotted cards were allowed to dry on a dry rack at least over night. The cards were stored on 

dry rack in room temperature.  

4.2.3 Investigation of inherent fluorescence of filter cards 

Fibres from the DBS cards were extracted mechanically in order to release fibres in Rexxip A from the 

paper disc by using a puncher. The solution was put on bench for 2 hours. The columns on Bioaffy 200 

were washed via manually pipetting through the common and individual inlet. The CD was centrifuged 

briefly at 10000 rpm. The column profiles were detected with 5% PMT. The DBS fibre solution was 

added through the common and individual inlet. The CD was centrifuged briefly at 10000 rpm. PBS was 



16 

 

added via the common, respectively individual inlet four times, with brief centrifugation between each 

run. The fluorescent profiles were detected with 5% PMT.  

4.2.4 Immunoassay analysis on Gyrolab 

The analyses on Gyrolab were executed according to the Gyrolab User Guide (version P0004354/D, 

2010). PBS+0.02% NaN3+0.01% Tween 20, pH 7.4 was prepared and used as pump and wash liquid and 

PBS-T. PBS-T was filtered and used for preparation of capture reagents. For preparation of detection 

reagents JDC-10, JDC-1, EGFR, 8.F.161 and G-17, Rexxip F was used. For preparation of detection 

reagent TNF-α Rexxip A was used. All detection reagents were centrifuged at 14000xg for four minutes 

before use. The capture reagent contained of 0.625 µM X% capture reagent+100-X% bBSA. Fresh 

standard curves and samples were prepared every day and the samples were stored on ice while being 

prepared. The reference curve, original reference 5% plasma was made by dilution of the spiked plasma 

in Rexxip A. The reference 5% plasma was made by serial dilution using 5% plasma and Rexxip A. The 

dilutions are made with the same relative dilutions of the drug as if a 5% patient plasma sample were to 

be analysed. A sample list was created from the wizard template for Gyrolab Bioaffy 200 C-A-D or 

Gyrolab Bioaffy 1000 C-A-D. The reagents were added to the micro plate according to the sample list and 

the plate was sealed with foil. The plate was centrifuged at 2320xg for 2 minutes. The system was loaded 

and the run was executed. The analysis was done with a five parameter logistic curve with weight 

response on Gyrolab Evaluator using 5% PMT and with the unit ng/mL on the x-axis.  

4.2.5 Standard protocol for extraction 

The spotted DBS card was punched using a 3 mm or 6 mm puncher. The disc was put in the extraction 

plate and buffer was added at the quantity 15 µL-200 µL. The plate was put on a shaker at 600 rpm for 15 

minutes up to beyond overnight. The solution was removed to a fresh micro titer plate and the plate was 

centrifuged for 5 minutes at 2320xg and, before analysis on Gyrolab, finally moved to a new micro titer 

plate (see 4.2.4).  
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5 Results 

5.1 Selection of model system to use together with the DBS technique 
Different assays were investigated in order to choose an appropriate assay which work together with the 

DBS technique and analysis on Gyrolab yielding low variation, a broad concentration range and ability to 

measure low concentrations of the analyte. The following four assays were investigated, IAA with 

Infliximab as analyte, IAA with Cetuximab as analyte, BIA with Infliximab as analyte and BIA with 

Cetuximab as analyte. The IAA assay with Infliximab as analyte was proven to be the most successful 

immunoassay and the method development was therefore continued with this assay (the results can be 

found in 5.1.4). The main results of the other assays can be found in 5.1.2 and 5.1.3.  

IAA using Cetuximab as analyte has been successfully validated (Eckersten, 2010). This has not been 

done with IAA and BIA using Infliximab as analyte. Therefore a small validation study was done with 

these assays. No validation of BIA using Cetuximab as analyte was done due to that the assay early in the 

development phase was found unsuitable for the purpose of this study.   

5.1.1 Labeling of reagents 

The MWs and extinction coefficients were calculated for EGFR and TNF-α (the sequences can be found 

in Appendix 3, Table 14 and Table 15). The calculated MW of EGFR, was 68 784 Da and the extinction 

coefficient was 56 920 M
-1

cm
-1

. The MW of TNF-α was 17 300 Da (obtained from product sheet) and the 

extinction coefficient was 21 500 M
-1

cm
-1

. The DOL for fluorophore labeling of JDC-10 was 2.4, of G-17 

was 6.4, of EGFR was 5.6, of TNF-α was 0.7 and of Rat anti-mouse IgG was 5.9. EGFR, TNF-α and 

Avastin was successfully labeled with biotin.  

5.1.2 Assays for Cetuximab  

The assay used for Cetuximab uses EGFR as capture reagent and Cetuximab as analyte.  

5.1.2.1 Cetuximab IAA 

Cetuximab IAA uses bEGFR (obtained from Prospec) as capture, Cetuximab as analyte and fJDC-10 as 

detection reagent. After titration 6.25 nM JDC-10 was used as detection reagent and 60% 0.625 µM 

bEGFR+40% 0.625 µM bBSA was used as capture reagent (data not shown). After evaluation of Rexxip 

F, Rexxip CCS, Rexxip HN, Rexxip AN, Rexxip A and PBS+Rexxip A, Rexxip A was chosen as 

extraction buffer (data not shown). After evaluation of the Bioaffy CD (comparing Bioaffy 200 and 1000) 

and extraction time, one hour extraction time and Bioaffy 200 was chosen as conditions for Cetuximab 

IAA using the DBS technique (data not shown).  

The range of the standard curve for IAA using Cetuximab as analyte was investigated using Bioaffy 200, 

a 15 µL blood spot, standard points in triplicates, one hour extraction time and 20 µL Rexxip A as 

extraction buffer. The standard curve can be found in Figure 6. According to Table 3, CV concentration 

and bias (relative error) is within the limit of 20%, proposed by LBABFG (see Table 2 and 3.5), between 

the concentrations 114 ng/mL to 5714 ng/mL. The total errors between these concentrations of analyte are 

below 30%.  
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Figure 6. Dose-response curve for the range of standard curve for IAA using Cetuximab as analyte and Bioaffy 200. The 

scale on the x-axis is ng/mL.  

Table 3. CV concentration, bias and total error for IAA using Cetuximab as analyte and Bioaffy 200. 

Cetuximab (ng/mL) CV concentration (%) Bias (%) Total error (%) 

65 57 -25 82 

114 9 8 17 

199 3 4 7 

348 5 2 7 

3265 4 4 8 

5714 9 -2 11 

10000 25 8 33 

5.1.2.2 Cetuximab BIA 

Cetuximab BIA uses bEGFR (obtained from Prospec) as capture, fEGFR (obtained from Sino Biological) 

as detection reagent and Cetuximab as analyte. 25 nM fEGFR was used as capture reagent and 80% 0.625 

µM bEGFR + 20% 0.625 µM bBSA was used as capture reagent. 

Evaluating the functionality for the DBS technique used together with BIA for Cetuximab was preformed 

by comparing IAA with BIA for Cetuximab using the DBS technique. The evaluation was done using 15 

µL blood spots, standard points in duplicates, 100 µL Rexxip A as extraction buffer, Bioaffy 1000 and 

one hour extraction time. As can be seen in Figure 7 the response values when using BIA is low. 

Therefore it is not possible under these settings to use Cetuximab as analyte with BIA together with the 

DBS technique.  
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Figure 7. Dose-response curves for IAA and BIA for Cetuximab on Bioaffy 1000 using 100 µL Rexxip A as extraction 

buffer. For the reference 5 % plasma IAA is used. The unit on the x-axis is ng/mL.   

5.1.3 Assays for Infliximab  

5.1.3.1 BIA for Infliximab 

For Infliximab BIA TNF-α is used as detection and capture reagent. Infliximab is used as analyte. When 

preparing TNF-α as detection reagent diluent Rexxip F was used. As detection reagent 12.5 nM TNF-α 

along with capture reagent 5% 0.625 µM bTNF-α+95% 0.625 µM bBSA was used. After evaluation (data 

not shown) Bioaffy 200 (comparing Bioaffy 200 and 1000), 20 µL Rexxip F and 1 hour extraction time 

were chosen as conditions for BIA for Infliximab using the DBS technique. 

The range of the standard curve of BIA for Infliximab was investigated using the calibration points in 

duplicates, Bioaffy 200, 15 µL blood spot, 20 µL Rexxip F as extraction buffer and 1 hour as extraction 

time. The standard curve can be found in Figure 8. As can be seen in Table 4 the CV concentration is 

below 20% within the range 284 to 25000 ng/mL of Infliximab. Bias (relative error) is below 20% 

between concentrations of 497 and 25000 ng/mL of Infliximab. The total error is below 30% between 

concentrations of 497 to 25000 ng/mL of Infliximab. The dynamic range for BIA is 497 to 25000 ng/mL 

of Infliximab.  
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Figure 8. Dose-response curve for BIA using Infliximab as analyte and Bioaffy 200. The unit on the x-axis is ng/mL. 

Table 4. CV concentration, bias and total error for BIA using Infliximab as analyte and Bioaffy 200.  

Infliximab (ng/mL) CV concentration (%) Bias (%) Total error (%) 

162 58 10 68 

284 18 76 94 

497 2 14 16 

870 6 -7 13 

14285 3 -4 7 

25000 4 4 8 

5.1.4 IAA for Infliximab 

IAA using Infliximab as analyte compose of bTNF-α as capture and fJDC-10 as detection reagent. After 

titration 12.5 nM JDC-10 was used as detection reagent and 0.625 µM 60% bTNF-α + 40% bBSA was 

used as capture reagent (data not shown). The development of the conditions used in the assay can be 

found in 5.2. 

The range of the standard curve of IAA for Infliximab as analyte was evaluated using a 15 µL blood spot, 

20 µL extraction buffer Rexxip F, one hour extraction time and Bioaffy 200. The dynamic range obtained 

when using IAA for Infliximab can be seen in Figure 9. As can be seen in Table 5 the total error, CV 

concentration and bias in the range between 93 ng/mL to 8164 ng/mL are below 13%. The dynamic range 

for IAA using Infliximab is therefore 93 to 8163 ng/mL.  
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Figure 9. Dynamic range for IAA using Infliximab as analyte using Bioaffy 200. The unit on the x-axis is ng/mL. 

Table 5. CV concentration, bias and total error for IAA using Infliximab as analyte and Bioaffy 200.  

Infliximab 

(ng/mL) 

CV 

concentration 

(%) 

Bias 

(%) 

Total error 

(%) 

17 7 -24 31 

30 16 5 21 

53 13 25 38 

93 8 3 11 

162 - -3 - 

8163 8 5 13 

14286 11 -21 32 

25000 - -15 - 

5.1.5 Accuracy and precision for IAA and BIA using Infliximab as analyte 

In order to make sure that the immunoassay that utilizes Infliximab as analyte, bTNF-α as capturing 

reagent and fJDC-10 as detection reagent is valid, the accuracy and precision for the assay was 

investigated. The accuracy and precision was studied in 5% plasma on Bioaffy 200. QC samples were run 

in triplicates at twice the LLOQ, less than three times LLOQ, midrange, high and ULOQ in three separate 

runs. The statistics was calculated according to the formulas found in Appendix 1. The total error is the 

sum of CV and bias. As can be seen in Table 6, CV inter run and intra run was below 20% which is 

within the limit for this criteria (see 3.5 Validation of immunoassays). Also bias for inter and intra run, 
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respectively, was lower than 20% which is within the acceptance criteria for precision. The total error was 

lower than 30% which is within the criteria for the total error.  

Table 6. CV inter and intra run, mean bias and bias inter and intra run and total error for inter and intra run using 

Infliximab as analyte and IAA on Bioaffy 200. 

Nominal 

concentration 

(ng/mL) 

CV inter 

run (%) 

Mean bias 

inter run (%) 

Total error 

inter run 

(%) 

CV intra 

run (%) 

Intra run 

bias (%) 

Total error 

intra run (%) 

3 7 6 13 2-5 1-12 3-23 

6 4 -1 6 1-6 -6-0 4-10 

60 3 -16 19 1-3 -18-(-14) 16-19 

600 3 3 6 1-3 0-8 1-11 

800 2 -6 9 1-4 -8-(-5) 6-12 

In order to make sure that BIA using Infliximab as analyte, bTNF-α as capturing agent and fTNF-α as 

detection reagent is valid, the accuracy and precision for this assay was investigated. The accuracy and 

precision was studied in 5% plasma on Bioaffy 200. QC samples were run in two times triplicates on 

LLOQ, midrange, high and ULOQ in three separate runs. The statistics was calculated according to the 

formulas found in Appendix 1. The total error is the sum of CV and bias. According to Table 7, CV inter 

and intra run was below 20% which is the criteria for accuracy. Also mean bias was below the criteria 

20% excluding the QC sample 20 ng/mL for inter and intra assay. The total error should be less than 30% 

which was achieved both for intra and inter assay. 

Table 7. CV inter and intra run, mean bias and bias inter and intra run and total error for inter and intra run using 

Infliximab and BIA on Bioaffy 200. 

Nominal 

concentration 

ng/mL 

CV inter 

Run (%)  

Inter run 

mean bias 

(%) 

Inter run 

total error 

(%) 

CV intra 

run (%) 

Intra run 

bias (%) 

Intra run 

total error 

(%) 

20 9 18 27 3-12 16-21 20-28 

200 2 -12 14 1-3 -13-(-11) 12-14 

1500 4 1 4 3 -2-2 5-6 

3000 9 1 10 8-10 -5-7 10-16 

Comparing BIA and IAA for Infliximab shows that the dynamic range is broader and shifted versus low 

concentrations using IAA (3-800 ng/mL) compared to using BIA (200-3000 ng/mL). Studying IAA 

where 5% spiked plasma is used enables quantification of the analyte in ranges 60-18000 ng/mL. Also the 

CV is lower using IAA than BIA. Therefore IAA for Infliximab was used for further studies.  

5.2 Method development for DBS using IAA for Infliximab 
IAA using Infliximab as analyte is composed of bTNF-α as capture and fJDC-10 as detection reagent. 

After titration 12.5 nM JDC-10 was used as detection reagent and 0.625 µM 60% bTNF-α +40% bBSA 

was used as capture reagent (data not shown). 

5.2.1 Alternative detection reagents for IAA for Infliximab 

G17-1 (anti human IgG1) and JDC-10 (anti human IgG) were evaluated as detection reagents using 

Bioaffy 1000. All of these reagents belong to the mouse IgG1 subclass. Standard concentrations for 

detection and capturing reagents were used. The standard concentrations are 50% 0.625 µM bBSA+ 50% 
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0.625 µM biotinylated reagent and 12.5 nM of detection reagent. To investigate the behavior of using 

JDC-10 and G-17 as detection reagents, the reagents were used along with Infliximab as analyte in 5% 

plasma. As can be seen in Figure 10 the response values for G-17 are very weak compared to using JDC-

10.  

 

Figure 10. Dose-response curves for IAA using Infliximab as analyte, bTNF-α as capture reagent and G-17 and JDC-10 as 

detection reagent. The response values corresponding to detection reagent G17-1 is low. The unit on the x-axis is ng/mL. 

In order to investigate the affinity for G17-1 to human IgG1 and comparing G17-1 to JDC-1 (reference 

material) and JDC-10 the following setup was used: capture G17-1 (IgG1); analyte JDC- and JDC-10 and 

G-17, respectively and detector 8.F.161 (rat-anti mouse IgG). Bioaffy 1000 was used. There was a 

difference in affinity between JDC-1 and JDC-10, compared to G-17. G-17 had 3 times lower functional 

affinity than JDC-1 and JDC-10 (see Appendix 3 Figure 18). Because the affinity of G-17 to human 

IgG1was low and that using G-17 as detection reagent in IAA for Infliximab resulted in an almost flat and 

therefore non-usable standard curve, it was decided to use JDC-10 as detection reagent in further 

experiments. 

5.2.2 Choice of CD 

Bioaffy 200 and Bioaffy 1000 were evaluated for assay performance using IAA for Infliximab and a 

standard curve containing of 5% plasma prepared in Rexxip A. As can be seen in Figure 11 using Bioaffy 

200 results in a broader analytical window than obtained when using Bioaffy 1000 extending a bit further 

in the upper portion of the curve. Using Bioaffy 1000 did not give the possibility to measure the analyte 

further down in the analytical window. This was due to that not only the amount of analyte increased with 

a larger volume of sample added but also the total amount of IgG (which the detection reagent binds to), 

and therefore also the background increased. For this reason Bioaffy 200 was used throughout the study.  



24 

 

 

Figure 11. Dose-response curves for IAA using Infliximab as analyte, bTNF-α as capture- and JDC-10 as detection 

reagent. The analyte is prepared with 5% plasma and Rexxip A. The assay is run in the CDs Bioaffy 1000 and 200. The unit on 

the x-axis is ng/mL. 

5.2.3 Choice of extraction buffer 

Rexxip A, Rexxip F and PBS were evaluated as extraction buffers for extraction of Infliximab from DBS. 

One hour extraction time, Bioaffy 200, a 15 µL spot and 100 µL extraction buffers was used. As can be 

seen in Figure 19 in Appendix 3 using the extraction buffer PBS implies a significantly higher 

background compared to the other extraction buffers used (compare PBS* with Rexxip A*). As can be 

seen in Table 8 signal to background (S/B) is highest using Rexxip F as extraction buffer, tightly followed 

by Rexxip A. A high signal implies that S/B to is high and that the detected analyte is in great excess 

compared to the background level. CV concentration is lowest using Rexxip A and Rexxip F. A low value 

of CV concentration means that the variance is small. Both Rexxip A and Rexxip F can be used as 

extraction buffers. Rexxip F was chosen as extraction buffer for this assay and was used throughout this 

study. 

Table 8. S/B and CV concentration using PBS, Rexxip A and Rexxip F as extraction buffers for IAA using Infliximab on 

Bioaffy 200. (*) Diluted two times compared to the other DBS extractions. The dilution was made with Rexxip A. 

Extraction 

buffer 

S/B   

1563 ng/mL 

S/B  

25000 ng/mL 

CV concentration (%) 

1563-25000 ng/mL 

PBS 7 142 1-4 

PBS (*) 7 245 1-5 

Rexxip A 13 394 0-1 

Rexxip A (*) 8 200 3-27 

Rexxip F 13 461 1-2 
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5.2.4 Extraction volume 

Different extraction volumes were investigated by using IAA for Infliximab. 15 µL, 20 µL, 40 µL, 50 µL, 

60 µL, 80 µL and 100 µL Rexxip F were evaluated as extraction buffers. Also Bioaffy 200 and a 15 µL 

spot were used along with 1 hour extraction time.  

As can be seen in Figure 20 in Appendix 3 the different elution volume results in response levels 

inversely proportional to the extraction volume. As shown in Table 9 the S/B increases with decreasing 

extraction volume. When using different extractions volumes CV concentration varies in the same range, 

irrespective of extraction volume. The data suggest that it is possible to perform extractions in as low 

volume as 15 µL if needed. 20 µL was, however, used as extraction buffer volume throughout the study. 

Table 9. S/B and CV concentration for 15 µL, 20 µL, 40 µL, 50 µL, 60 µL, 80 µL and 100 µL extraction buffer Rexxip F 

for IAA using Infliximab on Bioaffy 200.  

Extraction volume S/B  

391 ng/mL 

CV concentration (%) 

391-25000 ng/mL 

15 µL 9 2-5 

20 µL 11 2-6 

30 µL 9 1-11 

40 µL 6 0-3 

50 µL 4 3-10 

60 µL 5 0-6 

80 µL 5 0-5 

100 µL 4 1-6 

5.2.5 Extraction time 

For investigation of extraction time IAA was used together with the analyte Infliximab. The extraction 

time was examined by using 15 µL blood spots containing spiked Infliximab, Bioaffy 200, 20 µL Rexxip 

F and extraction times 30 minutes, 1 hour, 1 hour and 30 minutes, 2 hours and 2 hours and 30 minutes.  

The dose-response curves can be found in Appendix 3 Figure 21. The percentage of relative yield was 

calculated analysing the samples obtained from the blood spots containing 391, 1563 and 6250 ng/mL 

Infliximab, as unknown samples towards the standard curve 1 hour extraction. The calculated 

concentrations were normalized towards the highest calculated concentration in the same series (391, 

1563 or 6250 ng/mL) using Excel, the Gyrolab module and XL-fit. The results can be found in Figure 12. 

The standard points were analysed against the standard curve for one hour and not towards any of the 

reference curves because the background are different using the reference curve containing 5% plasma 

compared to the standard curve when using extraction with the DBS technique. This difference might 

impact the result when analysing low concentrations of the analyte. When analysing the data points 6250 

ng/mL and 1563 ng/ml with the standard curve reference original 5% plasma similar results as in Figure 

12 were obtained. The curves show no clear trends when looking at the overall impression from the 

curves suggesting extraction times between 30 min and 2 hours and 30 minutes will generate comparable 

data.  
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Figure 12. Relative yield for the amount of eluted mAb normalized to the standard point with the highest value of 

concentration for IAA using Infliximab on Bioaffy 200. Standard points used were 391 ng/mL, 1563 ng/mL and 6250 ng/mL.  

5.2.6 Concentration gradient in the blood spot  

In order to investigate if there are any analyte gradients present in the discs taken from the blood spot, the 

concentration of the analyte from discs taken from the edge and middle of the spot were compared. The 

extractions of the analyte were done for 1 hour using 20 µL Rexxip F and Bioaffy 200, using Infliximab 

as analyte and analysed in IIA 

The relative yield (%) is calculated analysing the samples 391, 1563 and 6250 ng/mL from the different 

extractions using discs taken from the edge and central part of the blood spot. The samples are analysed 

as unknown samples using the standard curve for edge 1. The calculation of the relative yield is done by 

normalizing the calculated concentration of each point towards the highest calculated concentration at 

each point. The analysis is made with Excel and XL-fit using the Gyrolab Evaluator. The relative yield 

when taking the disc from the edge and central part of the spot can be found in Figure 13. No clear trends 

can be seen. Therefore there is no evidence of any analyte gradient being present in the blood spot.  
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Figure 13. Relative yield for discs taken from the edge and central of the blood spot using IAA with Infliximab as analyte 

on Bioaffy 200.  

5.2.7 Carry over between discs 

Carry over between discs generated by using the same manual puncher was investigated. Between every 

disc taken from a standard point, a disc was taken from a new DBS card using the same puncher (carry 

over standard curve). 20 µL Rexxip F, Bioaffy 200, a 15 µL blood spot and 1 hour extraction time were 

used for extraction of the analyte.  

The dose-response curves can be found in Figure 22, Appendix 3. In the figure it can be seen that the 

response was low for the carry over curve. Not until the standard point 6250 ng/mL there was an increase 

of the response values on the ¨carry over¨ curve. When analysing the standard points from the carry over 

curve as unknown samples, using the curve for DBS as standard curve, the calculated concentration was 

in all cases less than 12 ng/mL (which is the lowest quantifiable amount of analyte). The highest possible 

carry over was calculated by calculation of the percentage of the lowest quantifiable amount of analyte 12 

ng/mL towards the highest used standard point, 25000 ng/mL, and was found to be 0.05%.  

5.2.8 Dilutional linearity of the analyte 

Dilutional linearity was evaluated using 20 µL Rexxip F for extraction, 1 hour extraction time, a 15 µL 

blood spot and Bioaffy 200. 150000 ng Infliximab/mL blood was spotted and extracted together with 

several blank samples. The standard point 150000 ng/mL was after the extraction serially diluted in steps 

of two using the extractions from the non spiked blood and the DBS technique. The results can be found 

in Table 10. The CV concentration was below 14 % for the samples in the range 73 to 9375 ng/mL 

Infliximab. Bias was less than -17% in the range 73 to 9375 ng/mL Infliximab. Also the total error within 

this range was within the acceptance criteria proposed by LBABFG. Therefore it is possible to dilute the 

extracted sample to concentrations that fall on the standard curve.  

Table 10. Dilution linearity using IAA for Infliximab on Bioaffy 200. The table shows the nominal concentration, calculated 

concentration, CV concentration, bias and total error for the points from the linear dilution of the extract from one blood spot 

with the initial concentration of 150000 ng/mL Infliximab.   
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Expected concentration 

Infliximab (ng/mL) 

Calculated 

concentration 

(ng/mL) 

CV 

concentration 

(%) 

Bias (%) Total 

Error 

(%) 

150000 >25000 - - - 

75000 >25000 - - - 

37500 >25000 - - - 

18750 15085 16 -20 36 

9375 7759 1 -17 18 

4688 4549 4 -3 7 

2344 2195 6 -6 12 

1172 1028 5 -12 17 

586 504 9 -14 23 

293 248 0 -15 15 

147 141 14 -3 17 

73 66 6 -10 16 

 

5.2.9 Stability of the extracted analyte 

The stability of the extracted mAb was studied for one week on bench, in fridge (4˚C) and in the freezer (-

20˚C), respectively, using IAA for Infliximab. 20 µL Rexxip F, 1 hour extraction time and a 15 µL blood 

spot were used for the extraction of the analyte. Bioaffy 200 was used for the analysis.  

As can be seen in Figure 14 the appearance of the standard curves are the same irrespective of whether 

the extracted sample has been stored on bench, in freezer or in the fridge.  

 

Figure 14. Dose-response curves for reference original 5% plasma, reference 5% plasma and extracted fraction from DBS 

after storage for one week on bench, fridge or in freezer for IAA using Infliximab on Bioaffy 200. The scale on the x-axis is 

ng/mL.  
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The relative yield was calculated treating the standard points as unknown samples and analysing the 

samples towards the standard curve for storage in the fridge. Table 11 shows that the percentage of 

relative yield is spread normally between storage on bench, in fridge and in freezer. Therefore it is 

possible to store the extracted sample on bench, in fridge (4˚C) and in the freezer (-20˚C) for at least one 

week. 

Table 11. Relative yield (%) after storage for one week on bench, in fridge and in freezer for IAA using Infliximab on 

Bioaffy 200. 

Relative yield (%) 

Concentration of Infliximab (ng/mL) 

Bench (%) Fridge (%) Freezer (%) 

98 100 97 98 

391 99 100 97 

1563 97 96 100 

5.2.10 Recovery of the analyte after extraction from DBS 

The recovery was investigated using IAA with Infliximab as analyte, Bioaffy 200, 80 µL extraction buffer 

Rexxip F, 6 mm disc size, 5 µL spot size and 1 hour extraction time. The complete spot was extracted 

from the blood spots containing 256, 640, 1600 and 4000 ng/mL Infliximab. The samples were analysed 

towards the reference plasma 5% standard curve using the XL-fit module and Gyrolab in Excel. The 

overall yield can be seen in Table 12 and was found to be 73%. 

Table 12. Calculated concentration for the reference and the 5 µL spot and yield the DBS technique. (*)With the same 

relative dilution as the reference plasma 5%. (**) Yield using the DBS technique compared to using conventional plasma.   

Nominal 

concentration 

(ng/mL) 

Calculated 

concentration for 

reference (ng/mL) 

Calculated 

concentration for the 5 

µL spot (*) (ng/mL) 

Yield(**)  

(%) 

Overall 

yield 

(%) 

256 255 193 76 73 

640 607 468 77  

1600 1569 1126 72  

4000 4188 2747 66  

5.2.11 Evaluation of different brands of DBS cards 

IAA for Infliximab on different brands of DBS cards was studied along with 20 µL Rexxip F as 

extraction buffer, 1 hour extraction time and 15 µL blood spot sizes. The DBS cards FTA DMK-C and 

Ahlstrom 226 were evaluated.  

The standard points with nominal concentration 102, 256, 640, 1600 and 4000 ng/mL Infliximab from the 

extractions from the FTA DMPK-C and Ahlstrom 226 DBS cards were analysed towards the reference 

original 5% standard curve using Excel, XL-fit and the Gyrolab module. During this analysis it was 

necessary to use the reference original 5% as standard curve because it was of greatest interest to 

investigate the differences between the calculated concentrations of the analyte. As can be seen in Figure 

15 Ahlstrom 226 DBS card generates in general a slightly higher calculated concentration than when 

using the FTA DMPK-C DBS card. It is possible to extract a larger portion of analyte from Ahlstrom 226 
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than FTA DMPK-C. FTA DMPK-C has been used for all experiments apart from this one. 

 

Figure 15. The calculated concentration for the standard points with nominal concentration 102, 256, 640, 1600 and 4000 

ng/mL Infliximab extracted from FTA DMPK-C and Ahlstrom 226 DBS cards, when using the original reference curve 

5% as standard curve. Bioaffy 200 and IAA with Infliximab as analyte were used.  

5.2.12 Analytical background 

The background was investigated by comparing the column profiles from the blank samples from the 

reference 5% plasma and from the DBS technique obtained from a 15 µL spot, 1 hour extraction time and 

20 µL Rexxip F as extraction buffer. The analysis was preformed using Bioaffy 200 and IAA for 

Infliximab. The blank column profile in Figure 16 A) utilizing the DBS technique shows a profile with a 

signal that increases towards the end of the column. The pattern from the blank column profile obtained 

from the reference curve is flat (see Figure 16 B). This suggests that there is something present 

downstream in the capture column using the DBS technique that yields fluorescence. 

A) 

 
 

B) 

 

Figure 16 Column profiles from blank samples from A) DBS extraction B) reference 5% plasma original using Bioaffy 

200 and IAA for Infliximab. The scale is the same on the y-axis of both figure A and B.  
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5.2.13 Fluorescence from the DBS cards present in the columns on Bioaffy 200 

The hypothesis that fibres from the DBS card is generated during the extraction process and may 

contribute to increased fluorescence in the capture column was investigated. Mechanically released fibres 

from discs from the DBS cards were added to Bioaffy 200 manually via the common and individual 

inlets. The results from using both fibres from FTA DMPK-C and Ahlstrom 226 can be found in Figure 

17. The background from the detection of fluorescence (using 5% PMT) before addition of the fibres has 

been withdrawn from the column profiles. The figure shows that using both Ahlstrom 226 and FTA 

DMPK-C DBS paper can contribute to the fluorescence when using the DBS technique.  

A) 

 

B) 

 
Figure 17. Column profiles of columns were fibres have been added from A) FTA DMPK-C and B) Ahlstrom 226 DBS 

cards. Both using fibres from FTA DMPK-C and Ahlstrom 226 give yields fluorescence. Bioaffy 200 has been used. 

5.3 Pre-study validation for Infliximab IAA 

5.3.1 Accuracy and precision for Infliximab IAA using DBS 

Accuracy was investigated by using Bioaffy 200, IAA for Infliximab as analyte, one hour extraction time, 

20 µL Rexxip F as extraction buffer and a 15 µL spot. The QC samples evaluated were LLOQ1 100 

ng/mL, LLOQ 2 150 ng/mL, less than three times LLOQ 300 ng/mL, MLOQ 600 ng/mL, HLOQ 2000 

ng/mL and ULOQ 6000 ng/mL. The QC samples were analysed towards a standard curve which can be 

found in Figure 23 Appendix 3 and each calibration point was extracted from six separate spots and 

analysed three times per extracted spot, which give in total 108 points of evaluation. The statistics is 

calculated according to the formulas found in Appendix 1. The total error is the sum of CV and bias. The 

analysis was done in one day. 

8% of the samples analysed were outliers and were excluded. The outliers can be found in the low range 

of the standard curve, 100-600 ng/mL and the relative errors for these outliers are in the range -43-103%. 

The CV concentration, relative error and total error from the pre-validation can be found in Table 13. The 

outliers were excluded in this data set. The CV concentration, relative error and total error for inter assay 

are in the range 5-12%, -4-17% and 8-22% respectively. The CV concentration, relative error and total 

error for intra assay are in the range 0-14%, -17-22% and 4-33% respectively. This data is within the 

criteria proposed by LBABFG except for the intra run bias and total error which is 2% respectively 3% 

outside the acceptance criteria.  
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Table 13. CV concentration, relative error and total error calculated for inter and intra run for the pre-validation using 

Bioaffy 200 and IAA with Infliximab as analyte. In these data the outliers are excluded. 

Nominal 

concentration 

(ng/mL) 

CV inter 

run (%) 

Mean bias 

inter run (%) 

Total error 

inter run (%) 

CV intra 

run (%) 

Intra run 

bias (%) 

Total error 

intra run (%) 

100 12 -4 16 1-14 -9-15 4-24 

150 9 -4 13 1-10 -16-5 6-14 

300 6 -3 8 3-5 -7-6 4-33 

600 10 8 18 0-12 -17-5 13-25 

2000 5 -17 22 3-5 9-22 14-25 

6000 7 -1 8 2-6 -10-7 4-14 
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6 Discussion 

6.1 Evaluation of model system 
The primary purpose with this study was to investigate the compatibility between the DBS 

sampling/extraction procedure and protein quantification in Gyrolab for large molecules. Two different 

therapeutic antibodies were tested as analyte models, Infliximab and Cetuximab, using two different 

immunoassay principles, BIA and IAA, respectively. The criteria for selection of model system were 

based on the overall performance of the assay including a broad concentration range and low imprecision 

and relative error, particularly in the low end of the measuring range. 

The two assay formats differ principally such that in BIA two identical reactive structures on the analyte, 

e.g. a bivalent antibody (see Figure 1), interacts with two identical, equally reactive structures on the 

corresponding target molecules, e.g. TNF-α or EGFR. The target molecules are immobilized and 

fluorescently labeled, respectively. In IAA, the antigen binding structures of the antibody may react with 

the immobilized target antigen on either or both antigen binding arms, followed by detection with a 

reagent specific for IgG (see Figure 3). 

Using Cetuximab as analyte in BIA did not generate a useful standard curve. This might be due to that the 

analyte not is capable to simultaneously bind to the capture and detections regents. Using BIA for 

Infliximab resulted in a less favorable analytical range and also a higher LLOQ compared to IAA, 200-

3000 ng/mL compared to 3-800 ng/mL. When using samples generated by the DBS technique in these 

assays and analysis on Gyrolab the same patterns as during the pre-validation for Infliximab was seen 

with analytical ranges for IAA of 93-8163 ng/mL and for BIA of 497-25000 ng/mL. Therefore IAA for 

Infliximab was chosen as the assay to study further. The ability to measure the analyte in a broader range 

and also at lower concentrations when using IAA compared to using BIA, might, as well as in the case 

when using BIA for Cetuximab, be a consequence of that the analyte must be arranged in a specific 

orientation to be able to bind both the detection and capturing reagent.   

When using immunoassays, only the proteins that bind the detection reagent can be detected. In BIA a 

protein which is highly specific for the analyte is used as both capture and detection reagent and thus 

requiring two antigen-specific reactions to generate a detectable signal. This potentially increases both the 

specificity and selectivity of the assay. Therefore the background is expected to be reduced in this type of 

assay compared to using an assay where a more generic type of detection reagent, e.g. anti-IgG, is used. 

Obviously anti-IgG Abs may interact with many different versions of IgG proteins affecting the 

selectivity of the assay. Using IAA with a detecting reagent that should bind all of IgG molecules may 

result in a higher background than when using BIA. These differences in background should make BIA 

more sensitive than using IAA, but, unfortunately, this is not the case. A plausible explanation might be 

that the ability of the analyte to simultaneously bind to both capture and detection reagent is too low 

affecting the low end of the concentration range.  

Comparing IAA for Cetuximab with IAA for Infliximab shows that the analytical range for Cetuximab is 

between the concentrations 114-5714 ng/mL, a range of approximately 50 times, compared to Infliximab 

which covers an analytical range of 93-8163 ng/mL, a range of approximately 88 times, using the 

optimized conditions for extraction from DBS and analysis on Gyrolab. The difference between the 
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assays might be due to differences in the ability for Cetuximab to bind its capture or/and detection reagent 

compared to the IAA using Infliximab as analyte.  

The hydrophobicity of Infliximab is -0.441 and of Cetuximab -0.413 (Drugbank, DB00002 and 

DB00065). According to this data Infliximab is more hydrophilic than Cetuximab and this may have an 

effect on the behavior in the analytical situation generating a broader standard curve when using 

Infliximab as analyte. It is also possible that the drying–extraction process when using DBS may have an 

effect on the molecular structure of the analytes affecting the propensity of non-specific interactions 

affecting the performance of the assays. Alternatively there might be differences in how the immobilized 

capture reagents TNF-α and EGFR interact with IgG from the sample matrix. This difference can lead to 

difference in background between the two assays. The analytical window is broader for Infliximab than 

Cetuximab and therefore Infliximab was chosen for further development.  

6.2 Method development and pre-study validation for IAA using Infliximab as 

analyte 
In order to develop and assure that the method based on the DBS technique is valid a number of different 

questions were addressed. The questions were; selection of the detection reagent, CD type used for 

analysis, extraction buffer, extraction volume, extraction time and the slope and range of the standard 

curve. Also DBS related carry over and stability of the extracted analyte were investigated, different 

brands of DBS cards was evaluated, the presence of an analyte gradient on the discs and the dilution 

linearity was investigated, and the analyte recovery from DBS discs was studied.  

During the method development it has been shown that: 

 JDC-10 is feasible as detection reagent. 

 The extracted analyte can be stored in fridge (4˚C), freezer (-20˚C) or on bench for at least one 

week.  

 Bioaffy 200 is best suited as CD micro laboratory. 

 It is possible to extract the analyte using down to 15 µL extraction buffer. 

 A suitable extraction buffer is Rexxip F.  

 The extraction can be performed between 30 min to 2 hours and 30 minutes and still give 

comparable and stable data.  

 The potential problem of analyte carry over when repeatedly using the same punch is less than 

0.05%.  

 The punch can be taken anywhere from the blood spot and give consistent data. 

 It is possible to dilute the highest sample that could be monitored in a study to concentrations in 

the validated range of the standard curve. 

 The validated range of the standard curve is 100-6000 ng/mL with 9 out of 108 samples analysed 

being outliers. 

 Both DMPK-C and Ahlstrom 226 is usable as DBS cards with Ahlstrom probably giving a 

higher yield. 

 The analyte recovery is slightly higher than 70%.  

Non-used DBS cards and not DBS cards prepared with non spiked blood were used when preparing the 

carry over samples (see 5.2.7). Hence the background is different for the carry over preparations 
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compared to the DBS standard curve used for calculating the concentration of the carry over samples. 

Also the analyte might bind stronger and be harder to extract form a non used DBS card. These two 

conditions might impact the calculated carry over. Therefore it is reasons to believe that the carry over 

might be higher than 0.05% as proposed. 

The analyte recovery was 43% for the DBS procedure applied when using electrochemiluminescence 

immunoassays for analysis of the human monoclonal antibody to Receptor Activator of NF kappa B 

(Price et al., 2010). The analyte recovery when using Gyrolab for analysis and using Rexxip F as 

extraction buffer was slightly higher than 70%. The greater recovery obtained when using Rexxip F as 

extraction buffer, compared to using SuperBlock T20 (PBS) Blocking Buffer, used by Prince et al., might 

be a consequence of different properties of the mAb analysed or the different compositions of the buffers 

used. Therefore it is of greatest interest to study these issues when choosing extraction buffer. The fact 

that the measured recovery only is slightly higher than 70% and not 100%, when using Gyrolab for 

analysis and Rexxip F as extraction buffer, might be due to that some proportion of the analyte bind the 

DBS paper with high affinity. The modest but stable recovery might also be an affect of that the analyte is 

denatured when drying the blood spot and therefore not able to bind to the capture reagent after extraction 

during analysis. These circumstances might be overcome by optimizing the extraction buffer further 

enabling a larger proportion of the analyte to be extracted from the DBS card and maybe even saved from 

denaturation.  

It was interesting to note that the recovery of analyte can increase slightly by using Ahlstrom 226 

compared to DMPK-C DBS cards (see Figure 15). The reason for the significant differences of recovery 

might be that the distribution of blood on Ahlstrom 226 is different in some respect compared to the 

DMPK-C card. Different properties of the DBS cards allowing the blood to flow differently would imply 

different spot-sizes and concentrations of analyte per area unit, which would affect the recovery. However 

the blood spots obtained on the DMPK-C and Ahlstrom 226 card had similar sizes and the analyte per 

area unit should therefore be similar. Therefore, hypothetically, these findings support the view that 

analyte extraction from the Ahlstrom 226 DBS card is slightly more efficient than when using the 

DMPK-C DBS card.   

There is still more issues to investigate to perform a full pre-study validation and validate the extraction 

procedure and assay for analysis on Gyrolab. Specificity, variance and bias, selectivity, assay reagents, 

matrix, parallelism and robustness should be further investigated.  

6.3 Effects of matrix 
Analysing the concentrations of Infliximab in 5% spiked plasma makes it possible to measure the analyte 

in ranges from 60 ng/mL to at least 16000 ng/mL (see the conclusion in 5.1.5). Analysing Infliximab 

using the DBS technique, which yields approximately 9% plasma in the extraction solution, makes it is 

possible to analyse the sample at concentrations between 100 ng/mL and 6000 ng/mL. There are 

differences in the ability to measure the analyte both in the very low and high end of the concentration 

range. The difference might be a result of differences in analytical backgrounds as well as the fact that 

70% of the analyte added to the DBS paper can be extracted when using the DBS technique compared to 

using plasma. The different backgrounds are illustrated in Figure 23 and can be seen in the lower part of 

the curves when comparing the reference curves to the DBS curve. The different background might be a 

consequence of that the fluorescence in the capture column increases further down the column (see Figure 
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16) when using the DBS technique for extraction of the analyte. This is not seen when analysing 5% 

plasma samples instead of using samples processed with the DBS technique. The blood spotting and 

extraction of the Ab might cause the Ab to denature and/or aggregate. These Ab may interact weakly with 

the column and yield the high background seen when analysing samples extracted using the DBS 

technique. Alternatively, debris from cellular constituents of the blood sample may contaminate the 

extracted sample and contribute to increased background when processed in the capture column. The 

increased signal is seen in the end of the column and it seems like that these components are in the 

process of being washed out of the column. Maybe it will be possible to reduce this unwanted signal by 

additional washes prior to adding the detection reagent? 

The matrix effects seen when using the DBS procedure limit the sensitivity of the assay. One application 

of the technique, where sensitivity of the assay not is a major issue, is when performing toxicokinetic 

studies on small animals (Vugmeyster et al., 2010). Such studies are performed to investigate possible 

toxicological effects of the drug. Usually samples are taken repeatedly over time that may exceed the 

physiological limits for maintaining homeostasis
4
 of the animal. In this situation analyte concentrations 

are very high and assay sensitivity may become less of a problem. To be able to monitor the amount of 

drug in the blood several blood samples are needed to be taken. For this reason the technique developed 

in his study might be highly applicable for toxicokinetic studies.  

There are several ways to improve the sensitivity of this assay. One way to improve the sensitivity is 

paradoxically to use less sample volume which reduces the amount of analyte but also the total amount of 

IgG present in the sample. Thus, keeping control of the analytical background is the key to assay 

sensitivity. Also the reagents used in the assay can be further developed and replaced by other reagents 

with higher specificity/affinity for the analyte used. Reducing the background for IAA for Infliximab 

would improve the assay. There is no difference in background seen for the DBS curve and reference 

curve using IAA for Cetuximab (see the lower part of the standard curve found in Figure 6 and compare it 

to the case with Infliximab found in Figure 9). Therefore the contribution to the high background obtained 

when using IAA for Infliximab comparing the DBS procedure to plasma, might be something that is 

specific for when using TNF-α as capture-reagent. The high background might be caused by TNF- α 

binding different denatured proteins, particularly matrix IgG. The proteins might have been denatured 

during the DBS processing and therefore bind the capture reagent TNF- α non-specifically, to which the 

detection reagent also will bind. Therefore maybe other types of assays would allow detection at lower 

concentrations of the analyte.    

6.4 Possible reasons for outliers  
During the pre-validation run the numbers of outliers were 9 out of 108. The outliers were in the low 

range of the standard curve with relative errors in the range -50% to 100% compared to the expected 

values. This data suggest that there in some cases are material present in the sample that contribute to the 

response signal. When analysing samples with a larger concentration of the analyte the effect of the 

material in the samples is probably too small to be detected and hence do not significantly contribute to 

response variability.  

When investigating possible causes to this observation, fibres from DBS discs were manually added to 

the Bioaffy CD via the inlets of the CD, with the result that the response levels increased even though no 

                                                      
4
 Homeostasis is an animal’s ability to maintain stabilized constant inner environment.   
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analyte or detection reagent were added. This implies that the fibres from the DBS cards are somewhat 

fluorescent and that it is possible for fibres generated during the extraction process to pass through the 

inlet and onto the column. If there are fibres present in the column during analysis on Gyrolab this may 

increase the response of the analyte. The column profiles obtained in this manner hade several similarities 

to the column profiles of the outliers (data not shown) from the pre-study validation run. It might also be 

possible for the analyte and the detection reagent to bind nonspecifically to the fibres on the column and 

increase the effect of the fibres even further, which implies that a too strong signal is measured. The fibres 

might also block the column and prevent the detection reagent to move properly through the column, 

which might result in lowered response values. 

During the study several different batches of the DBS card DMPK-C have been used. The different 

batches appeared to be different with regards to generating background fluorescence with the last batch 

looking more bleached compared to the previously used batches. Can different batches of DBS cards 

different in inherent fluorescent properties and if so, can this variation be reduced? It is important when 

using the DBS technique on Gyrolab to carefully investigate the fluorescent properties of the DBS paper.  

In order to remove the fibres from the sample, the extracted sample can be centrifuged in an 

ultracentrifuge. It is also possible to use a filter with a higher cut off way above the size of the analyte and 

thereby remove the fibres from the sample. However, using this way of removing the fibres take a lot of 

time and is expensive. Another alternative to remove the fibres from the extracted sample can be to use an 

extra column on the CD. The sample can then be spun through the first column with a separating effect 

where the fibres can get stuck onto the column. In the second column the analyte can bind to the 

streptavidin coated beads and thereafter be detected with LIF without any possible fibres interfering with 

the data.  
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7 Conclusions 
A method for extraction of therapeutic proteins from dried blood spots (DBS) followed by quantification 

on Gyrolab
TM

 has been developed. The method makes it possible to measure the concentration of the 

analyte in the range 100-6000 ng/mL. The procedure can generate full analytical information from 15 µL 

blood originally sampled from a subject. The modest sample requirements allows for sampling a full pre-

clinical pharmacokinetic profile from a single mouse. This may allow for reduced usage of animals during 

preclinical development of new therapeutic proteins in accordance with the 3R’s, replace, refine and 

reduce.  
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8 Future perspectives 
The development of a feasible method which includes investigation of which buffer, extraction volume 

and extraction time to use, can be done in as little as two days.  

However cautions must be taken and several issues must be studied before robust data from analysis of 

therapeutic protein from DBS on Gyrolab can be generated. To be able to generate data with low variance 

and relative error it is important to study different procedures that can eliminate fluorescent fibres that are 

obtained through the DBS technique. Also, in order to improve analyte recovery a more detailed 

investigation of extraction buffers should be preformed. It is also of greatest importance to improve the 

ability to measure the analyte in low concentrations. Therefore a mean to further reduce the analytical 

background generated through the DBS procedure should be studied.  

When these precautions are taken a procedure that enable low amount of blood to be used for analysis of 

therapeutic proteins has been developed. This is in line with the 3R’s and has the prospects to reduce the 

number of animals used during development of therapeutic antibodies. 
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11 Appendix 

11.1 Appendix 1 
Descriptions 

Measured result       z 

Replicate number      j 

Number of batch/run      i 

Nominal concentration (target concentration)       

Total number of batch runs     p 

Number of replicates in the i:th batch/run   ni 

Statistics 

Overall average (mean)           
 

 
    
 
    

Total number of results           
 
    

Effective number of replicates        
 

 
   

  
        

Statistics for intra batch 

Average value (mean) for the i:th run         
 

  
    
 
    

Standard deviation for the i:th run        
 

      
           

  
    

Percentage coefficient of variation (CV)                   ) 

Percentage relative error                    )/    

Analysis of variance  

Mean square intra batch          
 

     
    
 
        

  

Mean squares interbatch          
 

     
              

  
    

Mean squares total          
 

     
             

   

   
 
    

Variance intrabatch      
       

Variance interbatch      
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Variance total        
    

    
  

Interbatch statistics 

Standard deviation             
               

                

Percent coefficient of variation            
   

    
    

Percent relative error                        
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11.2 Appendix 2 
Table 14. Sequence of the extracellular part of EGFR (25-647 aa obtained from product data sheet). 

LEEKKV CQGTSNKLTQ LGTFEDHFLS LQRMFNNCEV VLGNLEITYV QRNYDLSFLK TIQEVAGYVL IALNTVERIP 
LENLQIIRGN MYYENSYALA VLSNYDANKT GLKELPMRNL QEILHGAVRF SNNPALCNVE SIQWRDIVSS 
DFLSNMSMDF QNHLGSCQKC DPSCPNGSCW GAGEENCQKL TKIICAQQCS GRCRGKSPSD CCHNQCAAGC 
TGPRESDCLV CRKFRDEATC KDTCPPLMLY NPTTYQMDVN PEGKYSFGAT CVKKCPRNYV VTDHGSCVRA 
CGADSYEMEE DGVRKCKKCE GPCRKVCNGI GIGEFKDSLS INATNIKHFK NCTSISGDLH ILPVAFRGDS 
FTHTPPLDPQ ELDILKTVKE ITGFLLIQAW PENRTDLHAF ENLEIIRGRT KQHGQFSLAV VSLNITSLGL RSLKEISDGD 
VIISGNKNLC YANTINWKKL FGTSGQKTKI ISNRGENSCK ATGQVCHALC SPEGCWGPEP RDCVSCRNVS 
RGRECVDKCK LLEGEPREFV ENSECIQCHP ECLPQAMNIT CTGRGPDNCI QCAHYIDGPH CVKTCPAGVM 
GENNTLVWKY ADAGHVCHLC HPNCTYGCTG PGLEGCPTNG PKIPSIA  
 
Table 15. Sequence of TNF-α (obtained from national center of biotechnology information GenBank number 

CAA26669.1).  

MSTESMIRDV ELAEEALPKK TGGPQGSRRC LFLSLFSFLI VAGATTLFCL LHFGVIGPQR 
EEFPRDLSLI SPLAQAVRSS SRTPSDKPVA HVVANPQAEG QLQWLNRRAN ALLANGVELR 
DNQLVVPSEG LYLIYSQVLF KGQGCPSTHV LLTHTISRIA VSYQTKVNLL SAIKSPCQRE 
TPEGAEAKPW YEPIYLGGVF QLEKGDRLSA EINRPDYLDF AESGQVYFGI IAL 
 
 
 
 
 
 
 
 
 
 
 
 
 



47 

 

11.3 Appendix 3 

 

Figure 18. Dose-response curve for semi sequence Ab assay comparing the affinity of G17-1, JDC-1 and JDC-10 to IgG on 

Bioaffy 1000. bAvastin is used as capturing reagent, JDC-10, JDC-1 and G17-1 as analyte and 8.F.161 (anti mouse IgG) as 

detection reagents. The response curves corresponding to JDC-1 and JDC-10 look similar. The response of G17-1 is lower. The 

unit on the x-axis is ng/mL.  

 

Figure 19. Dose-response curves for IAA using Infliximab as analyte on Bioaffy 200 with extraction buffers Rexxip A, 

Rexxip F, Rexxip A*, PBS*, PBS, Reference plasma 5% and Reference plasma 5%. The unit on the x-axis is ng/mL. 

*Diluted two times compared to the other extraction buffers used. The dilution is made with Rexxip A. The unit on the x-axis is 

ng/mL. 
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Figure 20. Dose-response curves for IAA using Infliximab as analyte on Bioaffy 200 using extraction volumes 15 µL, 20 

µL, 40 µL, 60 µL and 100 µL. Also reference original 5% plasma and reference 5% plasma is seen in the overlay chart. The 

curves are located in levels with the highest extraction volume in the bottom of the chart. The unit on the x-axis is ng/mL. 

 

Figure 21. Dose-response curves for IAA using Infliximab as analyte on Bioaffy 200 using extraction times 1 hour, 1 hour 

and 30 minutes and 2 hours and 30 minutes. Also reference original 5% plasma and reference 5% plasma is seen in the overlay 

chart. The unit on the x-axis is ng/mL. 
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Figure 22. Dose-response curves for IAA using Infliximab as analyte on Bioaffy 200 for standard curve reference original 

5% plasma, reference plasma 5%, DBS and the disc taken between the spots (carry over). The carry over curve is flat 

except for in the end of the curve where there is a small increase in the slope. The unit on the x-axis is ng/mL. 

 

Figure 23. Dose-response curves for IAA using Infliximab as analyte on Bioaffy 200 for standard curve reference original 

5% plasma, reference plasma 5% and DBS. The calibration curve is used during the pre-study validation. The unit on the x-

axis is ng/mL. 


