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I 
I. Traditional CVD diagnostics and risk models 

Traditional CVD risk assessment:  

 

A. Assessment of lipoprotein composition by measuring OVERALL blood lipids: 
 

•     total cholesterol,  

•     LDL-cholesterol (LDL-c)  

•     HDL-cholesterol (HDL-c)  

•     triglycerides 

 

 

 

 

 

Classical lipids partially reflect the atherogenic burden! 

Limited clues to underlying molecular defects! 
 

B.     Risk prediction models: US Framingham score, European SCORE, … 
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SCORE: European High Risk Chart 



Treatment of CVD anno 2017 is based on:  

 

A. OVERALL blood lipids: 
LDL-c:  pro-atherogenic   

 Higher LDL-c translates into increased CVD risk! 

 Established therapeutic target in CVD!  

 

HDL-c:  anti-atherogenic 

 Well-known inverse correlation between plasma HDL-c and atherosclerosis 

 Not a good surrogate measure for therapeutics or functionality. 

 Consensus: HDL function (CEC*) may be a better target than HDL-c! 

 

Triglycerides:  debated  

 Risk marker vs risk factor for CVD? 

 Primary role of TG-rich lipoproteins in CVD? 

 

B. Risk prediction models: US Framingham score, European SCORE, … 

 

*cholesterol-efflux-capacity: low CEC is an independent risk factor for CVD 
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Unchanged Medical Test Practice since 1960s 

 

     Tunnel vision? 
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4162 8888 10,001 

95 

*Mean or median LDL-C after treatment 

62 104 81 101 77 

Statistically significant, but clinically inadequate CVD reduction, in part,  

due to a lipid treatment focus on LDL-c alone with a resultant neglect  

of other important aspects of lipoprotein metabolism1 

Standard statin therapy 

Intensive high-dose statin therapy 

 

Are we measuring the wrong targets!? 

 



Apolipoproteins: holy grail for unraveling dyslipidemia? 
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   Apo C-III 

 

Ignored in most clinical 

guidelines for CVRM so far! 
 

 

 

If available: uniplex immunoassays for RUO 

 



 
 
 

 

 

II. Drivers for  

Mass Spectrometry-based 

(Apolipo)Protein Tests!? 
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A. The era of Precision Medicine 

 

B. Technological Revolution enabling Precision Medicine 



 

2001: publication of the Human Genome by HUGO 
i. Surprise: lower-than-anticipated number of genes identified  

                  ( 20.300 protein-coding genes rather than 100.000 estimated;  3% genome). 

ii. ENCODE project: 4 * 106 locations within the genome that serve as switches to control 

transcriptional activity of  the  20.300 genes. 

iii. Recognition that complexity of biological machinery is at the level of protein variation. 

 

2003: founding of the Human Proteome Organization (HUPO) 

 

2010: announcement of  the Human Proteome Project (HPP) 
i. To identify and characterize all proteins encoded by each of the  20.300 human protein-coding 

genes, as well as their co- and posttranslational modifications. 

 

2015: Obama announces a new era of medicine, called Precision Medicine,  
i. One that delivers the right treatment at the right time. 

 

 

 

 

A. The Human Proteome Project & the era of Precision Medicine 



Collaborative efforts providing the foundation for proteomics-based precision medicine 

initiatives are highlighted. Data repositories such as Peptide Atlas and knowledgebases like 

neXtProt and TopFIND are key to disseminate data and knowledge to the broader scientific 

community, providing the foundation for the development of diagnostic, prognostic, therapeutic, 

and preventive medical applications.  

The Human Proteome Project 



The drugs don’t work ….. 

Recognition that doctors need to 

take INDIVIDUAL VARIABILITY 

into account is driving huge interest 

in Precision Medicine.  

 

Urgent need for (protein) tests that 

enable patient STRATIFICATION!  

 

Opportunities for medical labs! 

 

Schork NJ, Nature, 2015; 520: 609-611 

 

Imprecision Medicine and 

Prescription Roulette 

 



Precision Medicine: away from one size fits all! 

“Precision Medicine” rests upon genomics, proteomics, 

metabolomics and bioinformatics. 

STATIC 

 DYNAMIC 



Genotype – Proteotype - Phenotype 
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Focuses on a specific set of protein(s) of interest 
• Measure disease related changes in proteins 
• Obtain knowledge on molecular pathophysiology or defects in signalling pathways 
• Identify potential therapeutic targets 
• Assess efficacy and safety of therapy 
• Highly multiplexed alternative method to western blots/antibodies 
• Hypothesis driven questions!  

B. Technological Revolution: Targeted MS-based Proteomics  

2012 



Protein Quantification with LC-MRM-MS 
QqQ-MS: riding the workhorse 
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III. IFCC WG on 

Apolipoproteins by Mass 

Spectrometry 
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IFCC WG on Apolipoproteins by Mass Spectrometry 
(WG-APO MS) 

Terms of Reference 
 

1. To achieve standardization of a panel of clinically relevant serum 

apolipoproteins (apo) A-I, B, C-I, C-II , C-III, E and apo (a) (including 

qualitative phenotyping where needed).  

 Standardization will be done in such a way that measurement results become 

traceable to SI as outlined in ISO 17511.  

 Other traceability chains will be used in cases where traceability to SI cannot be 

achieved.  

 

2. To evaluate clinical performance and clinical utility of serum 

apolipoprotein panel(s) for improved CVD risk stratification and treatment, 

in comparison to or together with contemporary blood lipids. 
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WG-APO MS & members 
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WG-APO MS & stepwise approach 

1. Define the analytes / measurands intended to be measured.  

 

2. Development of primary and secondary Reference Materials, including evaluation of 

commutability. 

 

3. Development of a candidate  LC-MS/MS-based Reference Method that is unaffected by 

genetic variants, post-translational modifications and other factors. The reference 

method should meet relevant ISO standards (i.e., ISO 15193, 15194 and 15195).  

 

4. Validation of the analytical performance of the LC-MS/MS Reference Measurement 

System. 

 Assessment of the performance of commercially available apolipoprotein tests compared to the 

reference method using commutable reference materials as well as single donation samples.  

 

5. Any Reference Materials and Reference Measurement Procedures developed will be 

submitted to JCTLM for review and listing on the JCTLM database. 
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IV. Development of a candidate  
MS-based Apolipoprotein 

Reference System 
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MS-based Protein Tests:  
Critical Factors for Standardization 

1. (Protein) Sample preparation 

4. LC separation 5. MS detection 

I van den Broek et al. J Chromatogr B 929 (2013) 161-179 

2. Trypsin digestion 

3. (Tryptic Peptide) 

Sample processing 

6. Signature Peptide selection 

7a. Internal standardization 

7b. External calibration 
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Specific challenge in bottum up proteomics: changing measurands! 



   
 
 
  A. Development of a common accuracy base by IFCC WG APO-MS 
       Starting point: Lab-developed Multiplex Serum Apolipoprotein Tests 

apoA-I apoB 

2 x 5 calibrators 

2 x 3 QCs 

2 x 40 samples 

96 samples max 

30min 

denaturation / 

reduction 

30min 

alkylation 
3h 

digestion 

~20 min per sample 

~ 32h for 96 samples 

I. Van den Broek et al., Clin Chem, 2016 

 

96  Samples in 32 h 

0.4 μl 
serum 

Protocol Leiden method: 
 Direct measurement of apo A-I, B, Cs and E (µmol/L range) 

 DOC/TRIS/TCEP  
 Semi-automated BRAVO LH platform 
 3 hrs tryptic digestion 37  degrees Celsius 
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3 calibration labs:  
CDC, Leipzig and Leiden UMC 



Multiplex apolipoprotein test  

Apolipoproteins 
A-I 

B100/B48 
C-I 
C-II 
C-III 

E (E3, E2 and E4) 

Total of 17 peptides 
6 Quantification peptides 
6 Confirmation peptides 
2 differential peptides 

14(SIL)-peptides 
3 phenotyping peptides 

 

Total of 84 MRM 
3 ions/peptide 

1 quantifier + 2 qualifiers 
 

Dynamic MRM 
14 peptides within their Rt 

window during chromatographic 
run (total run time 17 min)  

2.5 – 11 min  
chromatogram 

I. Van den Broek et al., Clin Chem, 2016 



Optimized digestion efficiency with DOC in 3 hrs 

Digestion time curves: previous (red) and optimized (black) conditions 
Blue: quantification peptides; Gray: confirmation peptides; Yellow: Differential peptides. 

Digestion time curves representing the average relative response (light-to-heavy ratio) of 
triplicate preparations at 11 time points.  
Note that although scaling of the y-axis is arbitrary (absolute peptide recovery is unknown), 
the intensities between both conditions are proportional. 

Van den Broek I. et al., Clin Chem, 2016 



Implementing the Concept of Metrological Traceability  
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Van den Broek I et al., Clin Chem, 2016 

Prerequisites for traceability 

 of apo results: 
 

1. Well defined measurands; 

 

2. Calibration standards: CLSI-C37A 

prepared, value-assigned  native PROTEIN 

calibrators traceable to WHO-IFCC RMs;  

 

3. IS: SIL-PEPTIDES undergoing the entire 

workflow, incl. tryptic digestion; 

 

4. Equimolarity between quantifying 

peptides and apolipoproteins. 

 

5. Predefined Analytical Performance Specs. 

 

www.westgard.com 
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Additional challenges for Apo(a) /Lp(a) standardization 

1. LDL particle with apoB-100 linked with apo(a). 

2. Lp(a) concentration dependent on apo(a) size, highly dependent on genetics. 

3. Biologic function uncertain; thought to be thrombogenic given homology to plasminogen and/or  

          to be atherogenic given homology with LDL. 

4. Commercial assays are not well standardized and sensitive to size of apo(a). 

5. Nanomolar concentration range (0.5 – 250 nmol/L) demands sample enrichment! 
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Lipoprotein (a) with apo (a) containing 
6 (left) and 35 (right) KIV-2 repeats. 
KIV-1 and KIV-3-10 are identical in all 
apo (a) isoforms. Guadagno et al.  
 
Smaller apo (a) with lower KIV-2 
repeats is associated with higher Lp(a) 
concentration and increased risk for 
CVD and calcific aortic valve stenosis 
(CAVS) (Tsimikas S., JACC, 2017). 

 

 Lp(a) mass: a massively misunderstood metric! 
 

McConnell et al., JCL 2014   

 



 Apo(a) size polymorphism:  
 requirements for accurate MOLAR quantitation 

Apo(a) with few kringle IV-2 repeats 

Apo(a) with many kringle IV-2 repeats 

Kringle IV-2 specific signature peptide Non-kringle IV-2 specific signature peptide 

1. Quantification of serum apo(a) should be performed on a non-kringle IV-2 peptide (non-
green), while the number of kringles might be indicated by a kringle IV-2 peptide (green).   

2. The non-kringle IV-2 peptide reflects the apo(a) concentration, while the relative abundance 
of the kringle IV-2 peptide to the concentration reflects the number of kringles.  
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 B. Development of Reference Materials by IFCC WG APO-MS 

Starting point: striving for SI-traceability with molar concentrations! 

 

Under investigation in the WG: 

 

a. General calibration strategy: 

    Peptide-based calibration (CDC) versus native protein-based calibration (LUMC) 

    of MS-based multiplex apo test, beyond SIL-peptide internal standardization? 

 

    Required: complete digestion and commutability of matrix-based RMs 

 

b. Apo(a) specific calibration strategy: 

    Apo(a) specific transgenic pig apo (a) with defined number of KIV-2 repeats 

 

31 JCTLM 2017 



 
 
 

 

 
 

  V. MS-based proteomics:  
 

     potential for SI-TRACEABLE standardization of both  

 

     well defined and heterogeneous protein analytes? 
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Conclusions so far 

 

1. Well defined apoprotein analytes in the top of the traceability chain, 

including apo E isoforms. 

 

2. Selective, direct and mass-independent measurement of specific 

apolipoproteins by LC-MRM-MS. 

 

3. Multiplexing capabilities, theoretically enabling the develpment of one 

candidate RMP. 

 

4. Co-development of well characterized secondary Reference Materials, 

value-assigned by peptide-based methods, and providing an anchor for SI-

traceability of serum apo tests.  
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Thanks for your attention                   

QUESTIONS? 


