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Summary and future perspectives 
In the search for diagnostic markers, therapeutic response indicators and to 

unravel pathological mechanisms, numerous proteomic biomarker studies have 

been initiated. But despite extensive research there are few proteomic biomarkers 

that have made it to the stage where they are implicated in the clinic. Proteomic 

biomarker studies suffer from poor reproducibility which in part is caused by the 

lack of standardization of analysis methods and sample handling. The sensitive 

nature of biomolecules and the complexity of biological samples cause challenges 

for the researcher. Sample collection procedure, time span between sample 

collection and storage, contamination, additives, storage time, storage 

temperature, number of freeze-thaw cycles, digestion protocol, analysis strategy 

and data processing method are some  of the procedures that affects the quality of 

the results.  

This thesis focus on the screening of cerebrospinal fluid (CSF), in search for 

molecular biomarkers related to sample stability. CSF is the most suitable 

compartment to analyze when searching for biomarkers related to central nervous 

system (CNS) disorders. In this thesis CSF from an rat model of multiple sclerosis 

(MScl), the acute experimental autoimmune encephalomyelitis (EAE), was 

analyzed in order to search for biomarkers related to the disease.  

Chapter 2 deals with the study on the effect of different sample handling 

procedures on proteins, metabolites and free amino acids in porcine CSF. Three 

sample handling procedures were investigated; samples were left at room 

temperature directly after sampling, up to two hours. The room temperature 

introduced quantitative changes of prostaglandin D synthase derived peptides, 

and a number of metabolites and free amino acids. The second condition analyzed 

was the effect of freeze-thaw cycles on the proteome profile; this treatment 

introduced changes in the amount of transthyretin derived peptides. The third 

condition investigated was the storage of digested CSF samples at 4 °C. After 

storage at this temperature reduced amounts of prostaglandin D-synthase and 

serotransferrin derived peptides were detected. 

In Chapter 3 the study of human CSF samples left at room temperature 

after centrifugation are presented. The CSF samples were analyzed by the means 

of proteomics, metabolomics and free amino acids. The results were homogenous 

across the platforms, showing that biological variation was the main variable in 

the data sets. The only discriminatory features beween samples left at room 

temperature compared to controls were two non identified ions and 2,3,4-

trihydrobutanoic acid.  
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Chapter 4 and 5 describes proteomic biomarker studies applied on CSF 

from an acute EAE model in rat. In chapter 1 the model is described and previous 

proteomic biomarker studies on the EAE model are reviewed. In chapter 4 CSF 

from the EAE model was screened for discriminatory biomarkers connected to the 

disease by the combination of two different mass spectrometry based proteomic 

platforms. A number of proteins were discovered at increased levels in EAE rats 

compared to controls. The combination of different analysis as well as data 

processing strategies resulted in increased coverage but also showed overlapping 

results. The combination of different techniques at different levels is an interesting 

aspect that needs more attention.  

Chapter 5 presents an extension of the EAE study described in chapter 4. 

Described here, is the investigation of the effect of minocycline on the previously 

detected discriminatory proteins. In this study only the QTOF platform was 

applied. The results show that 8 out of the 18 discriminatory proteins detected in 

chapter 4 were significantly changed by the minocycline treatment. These proteins 

show a reproducible behavior between the first and the second study as being 

increased in EAE rats compared to control animals. An additional discovery was 

that minocycline also affected the peptide level of control animals.  

Conclusively, different sample handling procedures introduce quantitative 

changes of different biomolecules; this ought to be taken into account when 

designing biomarker studies. Key to reproducible results are the standardization 

of sample handling and sample analysis procedures, which can be done on several 

levels. It would be interesting to further investigate the effect of long time storage 

at different temperatures as well as freeze-thaw cycles with the addition of 

stabilizing agents. A full comparison of different proteomic platforms and data 

processing pipelines would also be interesting, to further address the 

reproducibility question. 

In the EAE studies we have discovered candidate markers that are related 

to the disease. An interesting question is if these results are translatable to human 

subjects and if the same pattern would be detected in blood samples as well. The 

collection of CSF is relatively easily done but is still of a quite invasive nature and 

the detection of biomarkers in blood would be more optimal. The fact that 

minocycline treatment of EAE rats affected a number of proteins show that this 

drug has a possible effect on inflammation and/or blood-brain barrier function but 

the increased protein level in control animals could be a sign of an adverse effect 

that calls for attention. Finally, I have through the work on this thesis come to the 

understanding that the discovery of specific, useful and fully reproducible 

molecular biomarkers is an art and requires full attention on the small details, 

nothing can be neglected, everything influences the end results. 


