
TO DOWNLOAD A COPY OF THIS POSTER, VISIT WWW.WATERS.COM/POSTERS  ©2007 Waters Corporation v1 

Schizophrenia is characterized by hallucinations, delusions, 

inappropriate affects and bizarre or inappropriate behaviours 

and is a common, chronic and disabling neuropsychiatric 

disorder which will affect approximately 1% of the population 

during their lifetime. Current diagnosis of schizophrenia relies 

on a complicated clinical examination/interview of the patient’s 

family history, personal history, current symptoms (mental 

state examination) and the presence/absence of other 

disorders. An objective diagnostic test/tool for schizophrenia 

would help improve current diagnosis and aid the monitoring 

of individuals over the course of illness (treatment response, 

compliance etc.) and may also be useful in determining 

prognosis. Patients treated at early onset have the best chance 

of recovery. The discovery of biomarkers for schizophrenia is a 

fundamental step towards a molecular diagnosis of the disease 

and the delivery of a diagnostic test. In the present study, we 

have applied a label-free proteomics methodology to protein 

biomarker discovery. We examined the reproducibility of 

protein expression results as well as the sensitivity in detecting 

CSF proteins in clinical samples.  
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CSF samples were collected from 10 drug-naïve patients 

diagnosed with first episode paranoid schizophrenia due to 

duration of illness (DSM-IV 295.30) and from demographically 

matched  healthy volunteers (n=10). 

As outlined in Figure 1 below, 75µL aliquots of  CSF and 20µL 

of sera (depleted of the 6 most abundant proteins) were 

reduced alkylated and digested with sequencing grade Trypsin 

(Promega) in the presence of 0.1%  Rapigest SF (Waters 

Corp.MA). The resulting mixture was diluted and spiked with 

internal standard (yeast Enolase) prior to analysis.  

The samples were analysed in triplicate and the 
resulting data-set was processed using Waters Protein 
Expression System Informatics incorporated in 
ProteinLynx Global SERVER 2.2.5 (PLGS) and searched 
against a Human database which contained 21,975 
entries and 72,471 random protein entries.  
Relative expression levels of proteins between the 
sample groups (schizophrenic and control) were 
obtained, together with an estimation of the molar 
amounts of each protein present, using the quantitative 
capabilities of PLGS 2.2.5   
Statistical analysis 
To efficiently evaluate the proteomic variability within 
and between samples derived from patients and 
controls, data from each EMRT cluster were exported 
into SIMCA-P (version 10.5, Umetrics AB, Umeå, 
Sweden), in which a range of multivariate statistical 
analyses were conducted. Any EMRT with more than 20 
missing value in the total of 60 runs was omitted from 
the dataset. Initially principal components analysis was 
applied to the data in order to discern the presence of 
inherent similarities in spectral profiles. Only one 
spectrum was excluded from the 
analysis on the basis of the Hotelling’s t-test, which 
provides a 95% confidence value for a model based on 
the sample composition (see Results). In order to 
identify the biomarkers differentiating the patients with 
schizophrenia from matched controls, partial least 
square discriminant analysis (PLS-DA) was employed. 
To avoid overfitting in PLS-DA, cross-validation was 
applied using a built-in method in SIMCA.  

• A label free, exact mass, mass spectrometry-based 
approach was used to investigate the proteomic 
profiles from CSF. 

• Without prior depletion of abundant protein 
species, using only 0.3µL of CSF per sample and 
with technical and biological variation controlled, 
seventy seven proteins were detected with high 
confidence, of which seven were newly identified. 

• Twenty five of these proteins were detected 
consistently across all sixty replicates 

• Partial least squares discriminant analysis showed a 
significant separation of first-onset, drug-naive 
schizophrenia patients away from healthy controls 
in both metabolic and proteomic studies.  

• Some gender differences were observed. 
• From this study a number of proteins, some 

associated with other neurological disorders are 
undergoing further validation. 

•We employed a ‘label-free’ mass spectrometry based ap-
proach to determine proteomic profiles from CSF and sera 
samples from first-onset, drug-naïve paranoid schizophrenia 
patients and healthy controls.  

•Seventy seven proteins were detected with high confidence, in 
at least three of the samples. Of these, seven proteins were 
newly identified in CSF. 

•Partial least squares discrimi-
nant analysis showed a sig-
nificant separation of first-
onset, drug-naive schizo-
phrenia    patients away 
from healthy controls in this 
study.  

•From this study a number of 
putative biomarker proteins, 
some associated with other 
neurological disorders are 
undergoing further validation. 
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A total of 77 proteins were identified and quantified 
from more than 3 CSF samples across the sample set. A 
representative 2D map (exact mass vs retention time) 
from a control sample showing more than 4500 features 
is presented below in Figure 2.  

Figure 3. Results browser showing serum albumin precursor 
identification from 37 peptides with good mass accuracy.   

The proteins responsible for separation within the 
data were determined from the associated weights 
plot and subjected to a gene ontology search. The re-
sults are presented in Figure 5. 
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Figure 4. Proteomics CSF data PLS-DA with UV scaling 
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phrenic samples (redtriangles) cluster together in the 
top right of the plot with the exception of one repli-
cate from sample 381and the 375 group, which fall 
outside of the 95% confidence limit. In contrast the 
controls (black boxes) are clustered in the bottom left 
corner.  

Figure 5. Weights plot with gene on-
tology search result for all clusters 

The proteins detected in at least three of the CSF 
samples are shown opposite in Table 1. Among these 
77 proteins, 25 were  consistently detected in all 60 
runs. The majority of these proteins have been re-
ported previously in other studies in which much 
higher protein levels were used and/or abundant pro-
tein species (such as albumin) had been depleted in a 
prior step. Furthermore, we report 7 newly identified 
CSF proteins (blue font) which fulfill the acceptance 
criteria used in this study. These include beta-Ala-His 
dipeptidase precursor, calsyntenin-1 precursor pro-
tein, contactin precursor, MAC-2 binding protein pre-
cursor, plasma protease C1 inhibitor precursor, hevin-
like protein and protein GS3786. Our results suggest 
that even without removing the most abundant pro-
tein fraction, the method is sensitive enough to detect 
at least 77 proteins with high confidence in CSF.  
Further analysis ((SIMPCA-P), produced a PLS-DA 
scores plot, Figure 4, of PC 1 v PC 2 where the schizo 

CLINICAL SAMPLES 
METHODS 

The Ethical committee of the Medical Faculty of the University 

of Cologne reviewed and approved the protocol of this study 

and the procedures for sample collection (lumbar puncture) 

and analysis. All study participants gave their written informed 

consent. All clinical investigations were conducted according to 

the principles expressed in the Declaration of Helsinki.   
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Figure 1. Experimental work flow 

Figure 3 shows the PLGS results browser obtained fol-
lowing a databank search showing the identification of 
serum albumin.  

Figure 2. 2 Dimensional representation of the data from a 
control CSF sample. Upper panel shows the associated TIC.  

The difference in protein expression  between the 
schizophrenic and control groups was determined in 
two ways. Quantitation was performed at the protein 
level, with all the identified peptides contributing to 
the fold change of a particular protein (3) and sec-
ondly the absolute molar amounts of each protein 
(after normalisation) was determined, using the 
method described previously (4). From this study a 
number of proteins are currently being evaluated as 
potential biomarkers of schizophrenia. Several of 
these proteins have been associated with other neu-
rological conditions and many of them can be de-
tected in the serum samples analysed to date. 

• Waters nanoACQUITY™ UPLC System  

• Column: Trap cartridge; Symmetry®  C18 (180µm x 20mm, 

5µm particle size)  

• Analytical column; AtlantisTM C18 (75µm x 100mm, 3 µm)  

or BEH (75µm x 100mm, 1.7 µm )  

• Gradient: H20/MeCN/formic acid at 300nL/min  

• Waters Q TofTM Premier (oa-Tof) MS Mode:  

• ESI +ve  at 10,000 resolution (FWHM) using “Expression” 

mode1,2  

• Collision Energy: Function 1- 4eV; Function 2 - 15 to 40eV 

• Lock reference: Glu fibrinopeptide B 

• Calibration: NaI + CsI mix 
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