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Knowledge about the normal human cerebrospinal fluid (CSF) proteome serves as a
baseline reference for CSF biomarker discovery and provides insight into CSF physiology. In
this study, high-pH reverse-phase liquid chromatography (hp-RPLC) was first integrated with
a TripleTOF 5600 mass spectrometer to comprehensively profile the normal CSF proteome. A
total of 49,836 unique peptides and 3256 non-redundant proteins were identified. To obtain
high-confidence results, 2513 proteins with at least 2 unique peptideswere further selected as
bona fide CSF proteins. Nearly 30% of the identified CSF proteins have not been previously
reported in the normal CSF proteome. More than 25% of the CSF proteins were components of
CNS cell microenvironments, and network analyses indicated their roles in the pathogenesis
of neurological diseases. The top canonical pathway in which the CSF proteins participated
was axon guidance signaling. More than one third of the CSF proteins (788 proteins) were
related to neurological diseases, and these proteins constitute potential CSF biomarker
candidates. The mapping results can be freely downloaded at http://122.70.220.102:8088/csf/,
which can be used to navigate the CSF proteome.

Biological significance
This study identified and functionally annotated the largest high-precision dataset of the
CSF proteome, which offers a baseline reference for CSF biomarker discovery and reveals
insight into CSF physiology.

© 2015 Elsevier B.V. All rights reserved.
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1. Introduction

Cerebrospinal fluid (CSF) is a water-like, colorless fluid that
circulates within the brain ventricles and subarachnoid
spaces and surrounds the parenchyma of both the brain and
spinal cord. CSF is mainly formed at the choroid plexus in the
brain ventricles and contains a large number of proteins that
originate from the blood [1]. A small amount of CSF is also
derived from the extracellular fluid of brain tissue, which
contains proteins released by cells of the central nervous
system (CNS) [1]. These proteins may be altered in disease
states and are believed to be a rich source of neurological
disease biomarkers.

Proteomic technology has proven to be a useful tool for
the discovery of biomarkers. Several proteomic studies have
attempted to identify biomarkers in CSF [2–5]. However, to
facilitate the process of biomarker identification, it is also
important to study the normal CSF proteome because knowl-
edge of the normal protein composition and concentration
provides a baseline for comparison. Meanwhile, knowledge of
the normal CSF proteome provides insight into CSF physiology,
as the proteins are directly involved in physiological processes.

One of the earliest studies of the CSF proteome was led by
Jos Raymackers in 2000 [6]. This work first combined mass
spectrometry and 2D-PAGE to comprehensively study protein
composition in the CSF. However, the proteins identified in
the study do not represent a truly normal CSF proteome
because the CSF samples were pooled from patients with
neurological diseases, including dementia, multiple sclerosis,
and suspected CNS infection. The earliest study of the normal
CSF proteome, to the best of our knowledge, was conducted by
Albert Sickmann et al. in 2002 [7]. In this study, 85 proteinswere
identified frommore than 480 spots in 2D-PAGE. Because a few
high-abundance CSF proteins constitute a very large fraction of
the total protein amount and the range of protein concentra-
tions spans up to 12 orders of magnitude [8,9], it is very
important to deplete these high-abundance proteins or to
enrich relatively low-abundance proteins before comprehen-
sivemapping of theCSF proteome. Immunoaffinity depletion of
high-abundance proteins [10–12] and lectin affinity of glycopro-
teins [13] have been demonstrated to be efficient methods for
increasing the detection of low-abundance proteins in normal
CSF. The use of a combinatorial peptide ligand library has
been demonstrated to be a powerful method for reducing the
dynamic range of protein concentration in the CSF, and in 2010,
Mouton-Barbosa E. et al. used this method to identify a record
number of proteins (1212 proteins) [14].

Recently, a few large-scale studies of the normal CSF
proteome have been conducted. Steven E. Schutzer et al. [10]
combined SCX-RP-HPLC with LTQ or LTQ-Obitrap to compre-
hensively profile CSF proteins from healthy volunteers and
identified a total of 2630 non-redundant proteins; of these, 1506
had at least 2 unique peptide identifications. Guldbrandsen et
al. [15] reported the largest dataset of the normal CSF proteome
to date. In that study, the human cerebrospinal fluid (CSF)
proteome was mapped using three different strategies prior to
Orbitrap LC–MS/MS analysis: SDS-PAGE and mixed mode
reversed phase-anion exchange for mapping the global CSF
proteome, and hydrazide-based glycopeptide capture for

mapping glycopeptides [15]. As a result, the group identified
2875 protein groups, of which 1944 had at least two unique
peptide identifications. Their mapping results can be freely
downloaded from an online database: the CSF Proteome
Resource (http://probe.uib.no/csf-pr).

The recent rapid development of LC–MS/MS technologies has
provided a powerful discovery platform that allows for the global
proteomic coverage of CSF proteins. High-pH reverse-phase
liquid chromatography (hp-RPLC) is well established as a
first-dimension peptide fractionation method and has been
shown to performmore effectively than strong cation exchange
chromatography (SCX) or off-gel electrophoresis (OGE) in qual-
itative andquantitative proteomic studies [16–18]. TheTripleTOF
5600 system combines high resolution andmass accuracy with
high rates of MS/MS acquisition, and it provides a desirable
discovery platform for the in-depth profiling of complex
biological mixtures [19]. In the present study, hp-RPLC was
first integrated with TripleTOF 5600 to comprehensively profile
the normal CSF proteome. The dataset offers a useful baseline
reference for CSF biomarker discovery and provides further
insight into CSF physiology.

2. Experimental procedures

2.1. Apparatuses

ATripleTOF5600mass spectrometer fromABSciex (Framingham,
MA, USA) and an ACQUITY UPLC system from Waters (Milford,
MA, USA) were used.

2.2. Reagents

Deionized water from a MilliQ RG ultrapure water system
(Millipore, Bedford, MA, USA) was used at all times. HPLC-
grade acetonitrile and formic acid, ammonium bicarbonate,
iodoacetamide, dithiothreitol, sequencing-grade modified
trypsin, and protease-inhibitor PMSF (phenylmethanesulfonyl
fluoride) were purchased from Sigma-Aldrich (St. Louis, MO,
USA).

2.3. CSF collection

CSF samples were collected by lumbar puncture from patients
who received spinal anesthesia before non-neurological
operations at Beijing Tiantan Hospital. These patients were
checked by an independent medical doctor to rule out
neurological diseases and recent medication use. Following
collection, a subsample of each CSF sample was sent to a
clinical laboratory for routine CSF diagnostics. The remaining
sample was immediately centrifuged for 10 min at 2500 ×g to
remove cellular components and subsequently aliquoted and
stored at −80 °C for further analysis. A total of 14 samples
from 14 individuals (7 women and 7 men, aged 24 to 55 years,
with a median age of 28 years) were selected and subjected to
quantitation by the Bradford method [20]. Equal protein
amounts from 14 CSF samples were mixed, resulting in the
pooled CSF sample for the proteomic analyses. All selected
samples had normal clinical laboratory values with respect to
microbiology, chemistry, and cell counts. Approval for this
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