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a b s t r a c t

Protein profiling of cerebrospinal fluid in Guillain–Barrè syndrome (GBS), an acute and immune-mediated
disease affecting the peripheral nervous system, was performed by two-dimensional electrophoresis. Sig-
nificant modulated spots in GBS patients vs. control groups (a group of multiple sclerosis patients and
one of healthy donors) underwent MALDI-TOF/TOF investigation. Inflammation-related proteins, such
as vitamin D-binding protein, beta-2 glycoprotein I (ApoH), and a complement component C3 isoform
SF
roteomics
iomarkers
xidative damage
rotein carbonylation

were up-regulated in GBS, whereas transthyretin (the monomer and the dimer forms), apolipoprotein
E, albumin and five of its fragments were down-regulated. Then, we used an isoelectric-focusing-
dinitrophenylhydrazine-based technique to analyse the extent of carbonylation and, as a result, of
oxidative damage of GBS CSF proteome. We observed a major sensitivity to carbonylation for albumin
and alpha-glycoprotein in inflammation and a selective increase of reactivity for a glycosylated Fab from

SF. Ou
d con
an IgM globulin in GBS C
that oxidative stress coul

uillain–Barré syndrome (GBS) is a presumed autoimmune dis-
rder characterized by an inflammatory process that can target
yelin sheaths and axons of the peripheral nervous system. The

orrelated clinical spectrum comprises an acute inflammatory
emyelinating polyradiculoneuropathy, which accounts for nearly
5% of the cases in Europe and North America, and the less frequent
cute axonal motor disorder, and acute sensory and motor axonal
europathy [16]. Clinically, GBS is characterised by acute/subacute
scending symmetrical paresis with areflexia and mild sensory
eficits. A minority of patients die notwithstanding prompt inten-

ive care, or show permanent neurological sequelae [17]. The
isease is relatively rare (incidence, 1–2 cases per 105 [15]), and
ffects equally both genders usually at 30–50 age range.
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r results add new proteins to candidate CSF features of GBS, and suggest
tribute to the immunopathological mechanisms in this syndrome.
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The cause of GBS is unknown, but some cases follow a minor
infection, usually respiratory or gastrointestinal, and therefore
molecular mimicry between microbial antigens and the nerve
host tissue might underlie the pathogenesis of these cases [1].
Among microbes, a special role for Campylobacter jejuni has been
proposed, given the high resemblance between some of its parietal
glycolipids and human peripheral myelin [31]. Diagnostic tests
include neurophysiological studies and cerebrospinal fluid (CSF)
analysis, which shows a typical inflammatory pattern charac-
terised by the combination of high CSF albumin concentration and
normal CSF cell count [17].

Using 2D-electrophoresis (2DE) and MALDI-TOF/TOF tech-
niques, we aimed to investigate the CSF proteome in GBS and, as
a result, to characterise the underlying immune-mediated mecha-
nisms, and to identify potential GBS-related biomarkers. Moreover,

we analysed the post-translational carbonylation of CSF proteins to
evaluate the impact of oxidative stress on such immune-mediated
mechanisms.

CSF samples were collected by lumbar puncture from 6 patients
with GBS, diagnosed in accordance with Asbury and Cornblath diag-
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Table 1
Clinico-demografic characteristic of patients with Guillain–Barrè syndrome.

Patient Male, 1; female, 0 Age at onset (years) Disease duration (days) CSF alb (mg/dL) Serum alb (mg/dL) alb % transfer CSF (cells/�L)

I 1 59 4 49 4049 1.2 <2
II 0 15 5 84 4155 2.0 3
III 1 65 25 42 3660 1.1 <2
IV 0 37 4 81 4617 1.8 2
V 0 67 15 96 3621 2.7 <2
VI 1 43 20 44 4607 1.0 <2
Median 51 10 65 4102 1.5 <2

C
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w
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m
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SE 8.2 3.7
Reference ranges

SF, cerebrospinal fluid; alb, albumin; n.a., not applicable.

ostic criteria [2], from 5 patients affected by multiple sclerosis
MS) as inflammatory controls and from 5 patients who underwent
pinal anaesthesia for non-inflammatory orthopaedic pathologies,
nd whose CSF routine analysis resulted to be normal. Lumbar
uncture was performed for diagnostic purposes in GBS patients,
hose clinico-demographic characteristics are shown in Table 1.
he power setting pre-established from the study according to
he sample is definitely under 80%. More details about samples
ollection and preparation for 2DE, statistical analysis and mass
pectrometry analysis are reported in Supplementary files.

ig. 1. Representative silver stained 2DE maps of cerebrospinal fluid from control subjects
icrograms of samples were separated on pH 3–10 NL IPG strips followed by a second d
rey numbers indicate spots down-regulated in GBS vs. CTRL and MS, while black numbers
9.7 178 0.2 n.a.
10–30 3700–5100 <0.7 <2

The data on blood–brain/CSF barrier permeability, which
derived from the calculation of albumin quotients, showed that
GBS patients formed into a rather homogeneous group, as they
shared a rather similar amount of protein leakage from plasma to
CSF (Table 1).

Samples from each subject were analysed individually in repli-

cated experiments after separation of the CSF proteins by 2DE on
18 cm non-linear 3–10 pH range 1st dimension and 2nd dimension
on 9–16% gradient SDS-PAGE (Fig. 1). After silver staining, protein
expression profile of each subject was analyzed by PD-Quest soft-

(CTRL), Guillain–Barrè syndrome (GBS) and multiple sclerosis (MS) patients. Thirty
imension on 9–16% gradient SDS-PAGE. The synthetic master gel is also displayed.
indicate spots up-regulated in GBS vs. CTRL and MS (Table 1S, Supplementary files).
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are. Spots with volume values >500 ppm, showing a significant
ifferential distribution according to the Mann–Whitney test with
ratio above 2 were isolated by excision from the 2DE gels (Fig. 2A
nd B), analyzed and identified by Peptide Mass-finger printing and
y peptide sequencing (Table 1S A and B, Supplementary files). A
otal of 17 differentially expressed spots among the 300 ± 30 visu-
lized by silver staining were identified with this screening. Three
pots were found to be more represented in GBS: a polypeptide
hain belonging to gene product of apolipoprotein A-IV, vitamin
-binding protein and a specific isoform of albumin.

Two spots corresponding to different haptoglobin isoforms, a
pecific protein spot of beta-2 glycoprotein I (ApoH), and a spot
dentified as complement component C3 fragment were present
nly in GBS protein maps. The complement component C3 frag-
ent spot was not visible on control maps, although this protein is

hysiologically present in serum at high concentration, the specific
rotein isoform associate with these maps seems to be a specific
eature of GBS samples. Although the spot values of haptoglobin
nd complement component C3 were lower than 500 ppm, we
ecided to pick them since they were particularly well-defined and
eproducible in GBS maps. Ten spots were down-regulated in GBS.
mong them, we identified five different additional albumin frag-
ents with an apparent SDS-PAGE molecular mass ranging from

5 to 54 kDa (Table 1S B, Supplementary files).

Moreover three protein spots corresponding to transthyretin

the monomer and the dimer forms) and a spot identified as
polipoprotein E were significantly decreased in GBS.

The extent of protein carbonylation was evaluated in pooled
SF samples from GBS patients, MS patients and non-inflammatory

ig. 2. Box and whisker views of differentially expressed protein spots among the investi
ubject. Panels A and B show up-regulated and down-regulated spots in GBS, respective
p < 0.05; **p < 0.01; ***p < 0.001).
Letters 485 (2010) 49–54 51

controls by 2DE-Western blot immunoassay (oxyblot, see
Supplementary files for more information) (Fig. 3). The subsequent
statistical analysis revealed 8 significant differentially-modified
spots among GBS and other groups. Corresponding spots in
7 × 10 cm silver stained gels were isolated by excision, analyzed and
identified by peptide mass-fingerprinting and peptide sequenc-
ing using a MALDI-TOF/TOF instrument (Table 2S; Fig. 4 and
Supplementary files).

Spots no. 1 and no. 2 were negative on oxyblot staining of GBS
CSF pool. They were identified as transthyretin dimer and albu-
min fragment, respectively. Spot no. 3, an alpha2-HS glycoprotein
isoform, had almost no reactivity in the control pool respect to
both GBS and MS and about the same level of reactivity in these
last groups. Spots no. 4–8 were more reactive in the GBS vs. con-
trol pool. Among them spots no. 4–6, recognized by means of
NCBI database as albumin protein isoforms, were more carbony-
lated in MS respect to GBS. Spots no. 7 and no. 8 were associated
with a protein sequence highly homologous with a Fab chain from
an IgM globulin. While spot no. 7 had the same trend in GBS
and MS interesting the spot no. 8 was specifically more reactive
in GBS.

For the present proteomic study on CSF samples from GBS
patients, we decided to analyse each sample individually, since
this strategy seems to be the best compromise in the search for

disease-associated proteins [9,23]. A different approach, namely
the enrichment of CSF samples for low-concentration brain-specific
protein detection, would have required large amounts of samples
and their pooling. The approach, which needs pre-analytical pro-
cedures aimed to deplete the CSF samples of non-cerebral and

gated clinical groups. Dots represent the mean value obtained for replicate of each
ly. Statistical analysis was performed applying the Mann–Whitney test (•p < 0.05;
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Fig. 2.

ighly abundant proteins like albumin and immunoglobulins, has
ome drawbacks, such as the removal of potentially interesting
roteins.

Our results, however limited by the sample size which set our
tatistical power <80%, provide both confirmatory and novel evi-
ences. Recent proteomic studies showed that apolipoprotein A-IV
nd haptoglobin were up-regulated, whereas transthyretin and
polipoprotein E were down-regulated in the CSF of GBS patients
21,19,33,7].

Some proteins, such as transthyretin, apolipoprotein A-IV, vita-
in D-binding protein, and haptoglobin, which were differentially

egulated in the CSF of our GBS patients vs. controls, have been
eported to be expressed in the CSF of patients with very dif-
erent diseases, which range from neuromyelitis optica, a severe

nflammatory CNS disease (transthyretin and vitamin D-binding
rotein [3]), and viral meningitis or multiple sclerosis (vitamin D-
inding protein [21]), to non-overtly-inflammatory CNS diseases,
uch as temporal lobe epilepsy (vitamin D-binding protein [32]),
umbar disk herniation (apolipoprotein A-IV and vitamin D-binding
inued )

protein [23]), Alzheimer disease (transthyretin [26,11]), and amy-
otrophic lateral sclerosis (transthyretin [25]). As a result, it is likely
that the relative-to-total-protein CSF concentration of these pro-
teins is non-specifically influenced by very different neurological
pathologies, and therefore it is very unlikely that they can be used
as biomarkers in GBS.

Apolipoprotein A-IV is a glycoprotein synthesized by the human
intestine, and secreted into the blood, where its levels raises in
inflammation [30]. Data on animal models suggest that apolipopro-
tein A-IV up-regulation in GBS might follow active processes of
myelin repair that take place after the acute inflammatory insult
[20]. Up-regulation of haptoglobin, beta2-glycoprotein I, and com-
plement component C3, could thus be explained within the frame
of the well-known inflammatory reaction that affects nerve roots

in GBS.

Interestingly, we found for the first time that vitamin D-binding
protein was up-regulated in the CSF proteome of GBS patients. Sim-
ilar up-regulations of this multifunctional protein, which acts as
a transporter of vitamin D sterols and fatty acids, by activating
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ig. 3. (A) Two-dimensional (2D) western blotting of derivatized proteins detected
synthetic master gel image is also presented: black circles indicate differentially c

r present in the clinical groups.

acrophage and chemotaxis, and as a scavenger [12], have been
eported in many other neurological diseases [23,21,3,32]. There-
ore, it is likely that vitamin D-binding protein up-regulation in
SF could represent a non-specific reaction to neurological inflam-
atory, or even non-inflammatory insults, with possible beneficial

unctions on post-inflammatory tissue repair.
Transthyretin is a retinol- and thyroxine-binding protein that

hould play a fundamental role in the brain, a role that is different
rom that played in the blood, given that its gene is expressed at a
igh rate in the choroid plexus. The protein is enriched in the CSF,
nd genetic deficits have been never reported [13]. Transthyretin
ecreases in the CSF of patients with GBS [19,33,7], as well as in
atients with other neurological diseases [21], has been reported.
ur data expand these observations, showing a down-regulation
f an isoform of transthyretin monomer and of two forms of
ransthyretin dimer. In contrast with proteomic data, Chiang and
olleagues, using ELISA, reported CSF transthyretin concentrations

hat were higher in GBS patients than in controls [8]. These find-
ngs could be, at least partially, explained by the fact that ELISA

easures absolute concentrations of a protein, whereas 2DE yields
elative concentrations, namely the ratio with total, and a leakage
f plasma into CSF typically characterizes GBS.

ig. 4. Bar chart of differentially carbonylated spots among the clinical groups identified
resented as mean + SD. Statistical analysis was performed applying the Student’s T-test (
nti-2,4 dinitrophenylhydrazine antibodies. Grey circles indicate internal standard.
lated protein spots. (B) Zoomed areas of 2D western blotting showing spots absent

Albumin is the most abundant protein in both plasma and CSF,
and it is currently used to calculate the degree of blood–CSF bar-
rier damage. Many CSF albumin fragments have been observed in
2DE maps in different pathological conditions [9,14,5]. We found
an extensive albumin fragmentation in our GBS CSF samples. These
fragments were down-regulated in comparison to controls, and
therefore the phenomenon should be independent from total albu-
min concentrations, that are typically increased in GBS [2]. Albumin
fragmentation that we observed is likely due to reducing condition
of electrophoresis [4]. Another possible explanation of the phe-
nomenon refers to albumin carbonylation, which might make the
protein undergo lysosomal degradation. Indeed, our study on CSF
protein carbonylation showed evidence of albumin carbonylation
in GBS vs. controls, although the degree of carbonylation in controls
is higher than in GBS patients.

To evaluate the impact of inflammation-related oxidative stress
on GBS CSF proteome, we investigated the distribution of car-

bonylated proteins. These proteins, being irreparably damaged,
are removed by proteolytic degradation, or they accumulate as
unfolded proteins [28]. Carbonylation of proteins may provide a
direct indication of protein damage caused by oxidative stress [27],
as shown in various human diseases [22,10].

by mass spectrometry analysis. Measurements were done in triplicate and data are
reported data are significant with p < 0.05).
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We observed eight differentially carbonylated spots, but none
orresponded to the albumin fragments or to the transthyretin
imeric forms which have been highlighted in the total protein
taining of 2DE maps. Our results indicate that albumin, alpha2-
lycoprotein, and Fab fragments from an IgM globulin are the major
argets of carbonylation.

Albumin can exert an important anti-oxidant function against
eactive oxygen species, and our data in GBS parallel those reported
n other conditions, such as ageing [6], uremia [18], and hemodial-
sis [24], that are characterised by oxidative stress. Similarly,
lpha2-glycoprotein carbonylation could play a protective, anti-
xidant role, but no evidence of such role is available in the
iterature so far. While most of the carbonylated spots seemed to
e associated to a general condition of inflammation the spots cor-
esponding to a polypeptide chain that showed extensive sequence
omology to a Fab fragment of an IgM cryoglobulin with proper-
ies of a natural proteolytic antibody was the most reactive in GBS
espect both to MS and non-inflammatory controls. However, we
ould not demonstrate the cryoglobulin properties of this polypep-
ide chain in the 2DE. Such properties have been associated with
iseases such as rheumatoid arthritis, systemic lupus erythemato-
us, chronic viral infections, and B-cell malignancies [29], but not
ith GBS.

In conclusion, the study on carbonylated proteins supports the
nvolvement of oxidative stress in acute inflammatory events that
haracterise GBS.

Our data indicate that CSF proteome in GBS is characterized
ainly by proteins that are non-specifically up-regulated in dif-

erent neurological diseases, and, at a lesser extent, by proteins
nvolved in inflammation and tissue repair. Carbonylation of some
SF proteins likely follows GBS immunopathological mechanisms.
hese data will contribute to complete mapping of CSF proteome
n GBS. Validation of some interesting data with immunoblotting
nd ELISA on larger series of GBS patients and appropriate controls
ill yield possible identification of disease-specific markers.
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